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CONGRESS INFORMATION

1. VENUE

Nihon Toshi Center
2-4-1, Hirakawa-cho, Chiyoda-ku, Tokyo, Japan
Phone: (03) 265-8211

(See the location map on Page 48)

2. DATE

August 23(Mon.)—27(Fri.), 1982

(Regist ration on 23.)

3. OFFICIAL LANGUAGE

The officiai ianguages cf the Congress are English
and Japanese. Simultaneous interpreting be
tween two languages wiil be provided throughout
the sessions.

4. REGISTRATION FEE

(1) Congress participant 55,000
(2) Accompany person 20,000
(3) Fareweil party 1 0,000

The enclosed officiai registration form must be

returned to the Secretariat.

5. PAYMENT

Ail registration fees shaH be paid in Japanese Yen
by a bank draft or bank remittance to the foliow
ing bank account. Neither personal nor traveller’s
checks wHl be accepted.

(1) Bank Remittance
Name of Bank:

The Kyowa Bank, Akasaka Branch
Akasaka, Minato-ku, Tokyo, Japan

Name 0f Account:
“IEA’82 Tokyo”

Number of Account:
No. 916302 (Ordinary Deposit)

Please send or bring a copy cf bank remittance
with your registration form for confirmation.

(2) Bank Draft
A bank draft shouid be payable to the order 0f
“IEA’82 Tokyo”

Participants who have flot paid their registration
tee in advance should pay the tee in Japanese
Yen at the ‘On-Site Registration Desk”.
The Desk wHhl start at 13:00 p.m. on August 23.
No credit cards will be accepted at the Desk.

6. REGISTRATION CARD

The Secretariat has been sending a registration
card and a receipt to those who have paid the
registration fee to confirm their registration.
Please present the Card at the Registration Coun
te r.

7. CANCELLATIONS

In case you canceil your attendance, t shah be
made in writing to the Secretariat. No part 0f the
fee wifl be refunded. However, a copy of Pro
ceedings cf the Congress will be sent after the
Congress concluded.

8. APPLICATION FORMS

The following forms are enciosed with this an
noucement.

[Form 1] Officiai Registration Form
(Mail to the Secretariat)

[Form 2] Application Form for Hotel Accom
modation & Tours
(Mail to Japan Travel Bureau)

j
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OPENING CEREMONY

August 24 (Tuesday) Hall A”
8:45—10:00

8:45 —Music—

9:00 •Declaration 0f Opening
Toshiyuki Furukawa, M.D.
Secretary General
Organizing Committee

•Opening Address
Masamitsu Oshima, M.D.
Chairman
Organizing Committee

•Presidential Address
Prof. Jan Rosner
President
International Ergonomics Association

•Address
(Japanese Guests)

•Awards & Address
Prof. Aiphonse Chapanis (The Johns Hopkins

Univ.)
Prof. Etienne Grandjean (Swiss Federal Institute
cf Technology)

10:00 —Music--

SPECIAL LECTURES

1. August 24 (Tuesday) “Hall A”
10:30—12:00

Modeling 0f Human Performance in Complex Sys
temps with Emphasis on Nuclear Power Plant Opera
tions and Probabilistic Risk Assesment”

Alan D. Swain
Statistics, Computing & Human Factors Division
Sandia National Laboratories

‘The Trends 0f Ergonomics in Japan”
Masamitsu Oshima
Chai rman of Directors
The Medical Information System Development
Center

2. August 25 (Wednesday) “Hall A”
15:00—15:40

“Ergonomics in the Year 2002”
Gavriel Salvendy
Chairman, Human Factors Program and Professor
0f Industrial Engineering, Purdue University

SYMPOSIUM

•August 27 (Friday) “Hall B” 13:00—15:00
“Past, Present and Future 0f Ergonomics”

EVENTS SCHEDULE
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WORKSHOPS

The following order is flot the presentation order. t will be
announced in the Final Program.

August 24 (Tuesday)

13:00—15:15 Room Hall A

Workshop I: Safety

•Ergonomics of Safety
V.D. Keyser(Belgium)

•Life Stress and Occupational Injuries
D. Gloss (U.S.A.)

•One Method for Evaluating Safety Performance in Work
ing Places

S. Hanayasu(Japan)

•Computer Methods in Safety Design with Highway
Vehicle-Object-Environment Simulation

B.K. Huang (U.S.A.)

•Multivariate Safety Assessment 0f the Level-Crossings
with Automatic Full or HaIf Barriers

T. Ikeda, H. Ohtake (Japan)

•Human Factors in Ship Collision in Narrow Waters
N. Ohashi (Japan)

•Safety Work on Small Fishing Boat Operat by One Man
A. Hattori, N. Ohashi (Japan)

•lnfluences 0f Thermal Environment on Safety Behaviour
J.D. Ramsey (U.S.A.)

•Prevention of Occupational Injuries in Greenhouses
B. Gustafsson (Sweden)

•Towards Safer Consumer Product Design
J. Wilson (U.K.)

•Fuzzy Fault Tree Analysis for Accident Caused by Human
Errors

K. Noma, H. Tanaka, K. Asai (Japan)

•Alpha Wave and Miss 0f Signal Detection
H. Kodama (Japan)

•An experimental Study on Human Behavior under the
Sudden Hazardous Situation

W. Masada (Japan)

•Human Errors and the Safety 0f Nuclear Power Plant
G. Mancini, A. Amendola (Italy)

•A Case Study on a Plant Factory f rom the Human Factors
Point 0f View

K. Hashimoto, M. Aoki, Y. Horie (Japan)

•Analytical Procedures on Causes 0f Human Errors in
Plant Accidents

K. Hashimoto, M. Aoki, T. Endo(Japan)

•Hazard Analysis in the Japanese Chemical Industrial
Complexes Especially on the Human Errors

Y. Hayashi (Japan)

•A Study 0f Human-Error Causing by Drug Naming
F. Tsuchiya (Japan)

August 25 (Wednesday)
9:00 —11:00

Workshop III: Productivity I — Automation &
Robotization

•Ergonomics for Pure Efficiency or for Humanization?
G. Olsson (Sweden)

•The Designing 0f Man-Machine Systems Human Role
Consideration in Modernize Industrial Systems

Y. liyama (Japan)

•Automation, Productivity and Stress in Inspection
C.G. Drury (Japan)

•Operator Response to Problems in Proc. Control Sys
tems

K.M. Mallory (U.S.A.)

•Japanese Population Stereotypes for Nuclear Power
Plant Control Room Operators and Engineers

R.M. Kane, J. Farbry, Jr., S. Fleger (U.S.A.)

•An Attempt to Harmonize” Human Operate Job and
Computer in Complex Industrial Processes

P.J. Larriere (France)

•Evolution 0f Man/Computer Air Traffic Control Systems
(The European Approach)

D. Hugh (France)

Room Hall A

Room Hall A

August 24 (Tuesday)
15:15—17:30

Workshop Il: Human Error

•Reliability 0f Human Operator in Man-Machine Systems
M. Iguchi (Japan)

•A Basic Study 0f the Prediction Method 0f Clerical Hu
man Errors Based on Pulse Speed Valiability

E. Koyano (Japan)

—10— —11—



•Automation in the Office; on the Role on the Ergonomist •Task Allocation Based on Human Needs as TooI in the
with Regard to the Communication between Manufac- Humanization 0f Work System
turer and Customer H. Mulder (The Netherlands)

C.K. Pasmooij (The Netherlands) •Human Interface Analysis to Assure lmproved Product
.Japanese Robotization and Human Factors Researches Performance

Y. Okada (Japan) D. Raheja, M. Arjunan (U.S.A.)

•A Critical Analysis 0f Techniques 0f Evaluation 0f Working
Conditions and a ProposaI for a Methodological Ap
proach

R. Edouard (France)
August 25 (Wednesday) •Experiments in the Organization 0f Work in Germany —

11:00—12:30 Room HaIIA ASurveyofMajorTendencies Result, and Problems
P. Hans (F.R.G.)

Workshop IV: VDU & Operator •A Report about the Changes 0f Working Environment
Conditions in Sweden

•Design 0f Human-Computer Dialogues C. Niisson (Sweden)
R.C. Williges (U.S.A.)

•Adjustment 0f Work to People and Humanization 0f the
•An Ergonomic Study of Conversational Work with VDTs Production Line

S. Yamamoto, M. Yoshioka, A. Komatsubara, Y. V. Pareanin (Yugoslavia)
Hayashi (Japan) •Organizational and Technological Aspects 0f the Opera

•The Influence 0f Visual Workload History Visual Monitor- tion 0f Production Lines in Yugoslavia
ing Performance V. Pareanin, R. Pareanin (Yugoslavia)

M.L. Matthews (Canada)
•Ergonomic Workstation Design for Supermarket Scan

•Study on the Evolution in the Field 0f Information ning Systems
Management and Working Conditions, as a Consequence P.L. Martin (U.S.A.)
of the Development 0f Digital Technology and Use 0f

VDU Operator Stations in Steelworks •Check-Out Systems for Self Service Shops Standardiza

F. BertuccioQtaly) tion and Real Working Conditions
S. Helmut(F.R.G.)

.Selecting a Color Monitor for an Interactive Graphics
System Used to Design Integrated Circuits •The Effects of Developments in Grocery Distribution

A. LeCocq (U.S.A.)
Systems

J. Wilson (U.K.)
•Research and Development of Airborne ntegrated Dis

play for NAL Qstol •Ergonomic Design of Press Working Places

M. Okabe, K. Tanaka (Japan) H..J. Bullinger, P. Kern, D. Lorenz (F.R.G.)

•Some Health Hazards Associated with Word (or Text) •Analysis 0f Film Copy Workplaces for Improving Job

Processing and Similar Data-Terminal Equipment. How - Design, Environmental and Ergonomic Conditions

to Avoid Them. H. Strasser (F.R.G.)

A.E. Haugan (Norway) •The Apparel Workplace: An Ergonomic Case Study
L. Middendorf (U.S.A.)

August 26 (Thursday) August 27 (Friday)
9:00—12:30 Room Hall A

9:00—11:30 RoomHaIIA

Workshop V: Productivity II — Humanization &
Workplace Workshop VI: The Aged & Hand icapped

•Development 0f Ergonomic Methods for Productivity 1m- •Anthropometric and Biomechanic Measurements 0f

provement Elderly Women and Men

K. Noro (Japan) P.R. Buzzell (Canada)

—12— —13—



•Measurement 0f the Older Worker’s Capability
K. Yokomizo (Japan)

•A Study of Procedure of Job Redesign for Older Workers
M. Nagamachi (Japan)

•Adult Age and Human-Computer Interaction: Implications
for a Model 0f Performance in Menu-Driven Systems

B. Somberg, G. Boggs (U.S.A.)

•Development 0f Sensor Pegboard for Performance Test
Y. Okada, K. Noro, (Japan)

•Work Load of Disabled People at A Small Factory
T. Hasegawa, K. Noro (Japan)

•Ergonomics for the Mentally Handicapped-Motion Study
E. Kapecka, T. Marek (Poland)

•A Study on Handwork 0f the Mentally Handicapped
A. Tanaka, N. Ando (Japan)

•About the Weight Ratio 0f a Prosthetic Arm to an Ampu
tated Arm Segment

N. Ohnishi (Japan)

•An Evaluation 0f Correlation between Amputated Limb
and Its Dominancy Using Dammy Prostheses

T. Aoyama, Y. Saito, H. Kasahara, T. Yamashita,
K. Koyama, K. Tsuchiya (Japan)

•The Effect 0f Foot-Sole Pressure Sensory Feedback on
the Activity of the Lower Limb Amputee

S. Morimoto, K. Tsuchiya, Y. Saito (Japan)

•Development of Transfer System for the Severely Handi

capped
K. Ichikawa (Japan)

TECHNICAL SESSIONS

The following order is not the presentation order. t will be
announced in the Final Program.

August 24

13:00—14:30 Room Hall B

Session 1: Work Load: General

•The Development of Ergonomic Solution
the Analysis of Task

H. Bubb(F.R.G.)

•Characteristics 0f Office Works
A. Komatsubara, Y. Yokomizo (Japan)

•Synthetic Stress-Profiles
B.H. MuIler(F.R.G.)

•A Contribution to Methodology for the Evaluation 0f a
Welder’s Work-Load

N. Dazord, E. Richard, .J..L. Flores (France)
•Cumulative Fatigue Symptoms and Conditions 0f Work

R. Kosugo (Japan)

•The Methodological Problem of the Predetermination 0f
Load and Possibilities 0f Ifs Solution

W. Laurig (F.R.G.)

•Information Load and Ifs Norming
A. Honkasalo (Finland)

August 24

14:30-17:20 Room Hall B

Session 2: Work Load: Industrial Applications

•On Work Study and Work Load 0f the Computer Operator
M. Umemura (Japan)

•Eyestrain and Muscle Fatigue 0f Data Entry Operators
Using Visual Display Terminais

N. Onishi, T. Kuroe (Japan)

•Constrained Postures at VDTs
W. Hi.inting, T. Laubli, E. Grandjean (Switzerland)

•Fatigue and Health Problems 0f Workers in a Home for
Mentally and Physically Handicapped Person

Y. Ono, K. Masuda, M. Iwata, N. Hisanaga, Y. Take•
uchi (Japan)

Proposais by
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•Health Survey on Plasterers (Stucco-Workers) •Measurement of the Ticket-Selling Worksite-Accordig to

L. Ekkers Kees (The Netherlands) Comfort Experiments
M. Launis (Finland)

•The Effects of Ergonomic Measures on the Health 0f
the Neck and the Upper Extremities 0f Assembly-Line •Teleoperator Systems, Considerations for Human

Packers — A Four Year Follow-Up Study Management 0f Remotely Controlled Tasks

T. Luopajarvi, I. Kuorinka, R. Kukkonen (Finland) N. Shield, Jr. (U.S.A.)

•A Tendonitis Control Program for the Apparel Industry •The Influence cf Camera Logic on Camera Ergonomics

M.A. Ayoub (U.S.A.) H.L. Davis, R.L. Lucas (U.S.A.)

•Assessment of Mental and Physical Work Load For Some
Agricultural Tasks

C. Canan (Malaysia) August 24

•The Effects 0f Change in Transport Methods on Stress 14:30—17:20 Room Hall C

and Strain 0f Truck Drivers’ Work
J. Ilmarinen, C.H. Nygard (Finland)

Session 4: Circadian Rhythm & Shift Work
•Stress and Strain in Cleaners’ Work

V. Louhevaara, J. Ilmarine, C.-H. Nygard, I. Pesonen
(Finland)

•Chronopsychological Approach to Human Factors
P. Naitoh (U.S.A.)

•Influence cf Mechanico-Assisted Blowing on the Fine
Myokinesis of the Forearms on Glass-Blowers

•Shiftwork Research at the UK Medical Research Council

S. Gustav, A. Fuchs, A.v. Laer, P. Mayer(F.R.G.)
Perceptual and Cognitive Performance Unit

W.P. Colquhoun (U.K.)
•Results 0f Fields Studies Concerning Stress and Strain at
Three Different Blast-Furnaces

•Psychophysiological Effects of Shift Work in a Small
Medium Sized Factory

H. Peter (F.R.G.) M. Kumashiro, K. Miyake, K. Saito (Japan)
•Speed Skill in Short-Cycle Repetitive Work •A Case Study on Work Burden of Shift-Workers

A. Khaleque (Bangladesh) T. Kondo, T. Okubo, M. Aoki, Y. Horie (Japan)

•Time-of-the-Day Effect on Human Performance in a Com
bined Manual and Decision Task

August 24 A. Raouf, T.K. Joseph (Canada)
13:00—14:30 Room HaI1C •Circadian Rhythms 0f Body Temperature and Per

formance under a Weekly Rotating Shift System.
Session 3: Systems Design I — Keyboard & Others S. Milosevic, M. Cabarkapa (Yugoslavia)

•Apoarent and True Phase-Shifts 0f Circadian Rhythms
after a Transmeridian Flight

•Ergonomic Development 0f a New Keyboard Design V. Zdenek (Norway)
M. Nakaseko, W. Huenting, R.G.E. Granjean (Japan)

•Diurnal Variations of Reaction Time Performance in the
•Ergonomic Investigation 0f lnterkey Time Distributions of Mentally Retarded Chiidren
Touch-Keying Operators of 1O-Key Numeric Keybaord: K. Kusano(Japan)
Systems Design ImPlications

G.F. Rabideau, R.P..J. Lee (Canada) •Critical Flicker Fusion and Grammatical Reasoning in the
Evaluation 0f Shift Schedules

•Link Analysis 0f ECG Maniplation and Application for De- P. Brian, R. Schiegel (U.S.A.)
sign 0f ECG Equipment

N. Yamanoi, K. Yajima, T. Aoki, S. Kinoshita, H. •Changes in the Subjective Fatigue Scale Characteristic

Tanaka, T. Furukawa (Japan) to the Post-Nightshift Period
K. Kogi (Japan)

•An Educational Equipment for Learners 0f Keyboard Music
and Consideration on the Characteristic of the Playing •lnterindividual Differences in Sleep-Waking Habits 0f

I. Kitagaki, K. Suetake (Japan) Students and Workers Samples
L. Mecacci, A. Zani (ltaly)

•Application of the Plane Switch Using a Pressure-Con
ductive Rubber Sheet to a Control Manipulator •Human Reliability in Process Control with Shift Work

Y. Ikeda, H. Takeda, S. Hata (Japan) G.D. Terssac, Y. Queinnec (France)
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August 24 August 24
13:00—15:20 Room Hall D 15:20—17:30 Room Hall D

Session 5: Anthropometry & Clothing Session 6: Motion & Gait

•Problems in Determining Anthropometric Standards for •On the Central Control 0f Voluntary Arm Movements
Persons T. Kurokawa (Japan)

D. Gloss (U.S.A.)
•Effect 0f Two Handed Asymmetrical Simultaneous

•Measurement 0f Human Body Form Using Pattern Pro- Motions and Task Difficulty on Performance Time and
cessing Techniques Heart Rate Variability

N. Ito (Japan) A. Raout, K. Tsuchiya (Canada)
•A Longitudinal Study on Physical Growth at Adolescence ‘A Study on a Manner 0f Holding Bali-point Pen to Write

Y. Furumatsu, H. Muto, S. Saito, E. Furumatsu LegibleCharacters
(Japan) . Y. Ishida (Japan)

•Two Dimentional Fourier Analysis of Human Torso Surface •Analysis 0f the Human Rhythmic Movement by a Markov
T. Furukawa, N. Yamanoi, H. Tanaka, K. Yajima, Process
T. Aoki, K. Aoki, S. Kinoshita, K. Hirayanagi (Japan) H. Nagasaki (Japan)

‘A Three-Dimensional Measurement 0f the Torso Shape •Mechanism 0f Microvibration and the Application to
and an Application to Early Detection 0f Spinal Deformi- Fatigue in Works 0f Lifting 0f Weight and Typewriting
ties T. Usui, K. Sakamoto, K. Seki, A. Iwasaki (Japan)

Y. Yamashita (Japan)
•The Application 0f the Three Dimensional Measurement

•A Study 0f the Anthropometric Differences cf the Lordotic to the Motion Analysis
Curvature in Adult Men and Women Y. Suzuki (Japan)

N.E. O’NeiIl (U.S.A.)
• Kinematic Analysis 0f Three-Dimensional Motion in

•Head Dimension Measurement for Telephone Handset Loading Operations
Design K. Iwata, T. Moriwaki, T. Kawano (Japan)

H. Matsui (Japan)
‘Force Sensor Using Carbon Fiber and Its Application

‘On Morphological Theorization for the Garment Modeling to Foot-Force Measuring System for the Gait Analysis
S. Nakazawa (Japan) K. Katahira (Japan)

•Physiological Evaluation of Clothing Heat Transfer •Anthropometry in Relation to Ergonomics 0f Walking
H. Ingvar (Sweden) for Work Study Application in I ndian Agricultural Workers

•Body Temperature Measurement for Appropriate Clothing Dr. Rabindra Nath Sen (India)
by Means of Internai Temperature Measurement Device •Characteristics 0f Spectral Analysis 0f Strides on

S. Nagashio (Japan) Treadmill Walking
M. Yamasaki (Japan)•The Protective Characteristics 0f Clothings for Protection

against Heat and Fire •Desktop Computer-Aided Analysis of Dynamics in Hu
Y. Kawashima (Japan) man Standing and Walking

•Thermal Effects and Finger Strength Changes in Cold T. Yamashita, T. Taniguchi, M. Ando(Japan)
Water Immersion with a Survival Suit — •Finite State Measurement System of the Human Gait

K. Kimotsuki (Japan) A. Kato, K. Ito, K. Tsuchiya (Japan)
•Evaluation 0f Shoe-Fitting •A Study on Walking Width, Time and Speed in Manual

N. Yamazaki (Japan) Carrying Loads
•On Mannequins Especially Made for l9th Century Y.Oguro(Japan)
Custumes
Considering Kinesiology 0f Human Bodies

C. Tamagawa (Japan)
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August24

Session 7: QuaI ity 0f Working Life

•Factors in Quality of Working Lite: Two Case-Studies
S. Bagnara, R. Misiti, D. Mazzonis, M. Rollier(Italy)

•Brief Description of a Complex Work Organization
Change in a Big Steel Company in ltaly Involving
Ergonomics and Socio-Technical Approach to Improve
the Quality 0f Working Lite

S. Micheli (ltaly)

•Women and Work in a Finnish Manufacturing Plant
M.L. Honkasalo, M. Lich (Finland)

•A Study on the Motivation 0f a Manager by Canonical
Correlation Analysis

S.Y. Lee (Korea)

Session 8: Environment: Noise & Vibration

•Noise Immissions from Industrial Plants and Annoyance
in the Neighbourhood

G. Stefan, E. Grandjean (Switzerland)

•Tentative Evaluations 0f Oscillating Sounds Based on
Loudness Measures

P. Schaefer (FR.G.)

•lndividual Protection against Noise
J. Ducrocq (France)

•The Influence 0f Environmental Noises on Performance
0f Repetitive Task

K. Takata (Japan)

•Studies on the influence 0f Infrasound to the Human
Body — Physiological Effects 0f Long Term Exposure to
Infrasound by Case of the Rabbits —

N. Machida, Y. Yoshida, H. Ito (Japan)

•Human Response to Infrasound below Hearing Threshold
O. Okai (Japan)

•Studies on the Influence 0f Low Frequency Vibration to
the Human Body — Vertical Vibration —

Y. Yoshida, N. Machida M. Ryota (Japan)

•A Study of Vibration Effect on Muscle Fatigue in Man
K. Ohkoshi, Y. Kikuchi (Japan)

•Effects 0f Psychic Load on the Growth 0f Temporary
Thresholds of Hearing during Exposure to Combination
of Stable Noise and Sinusoidal vs Stochastic Low-Fre
quency Vibration at a Dry-Bulb Temperature 0f 20°C

M. Olavi (Finland)

•TTS of Vibratory Sensation lnduced by Exposure to Inter
mittent Vibration

Y. Fukuchi, S. Watanabe (Japan)

•The Use of Resilient Handgrips f0 Reduce Hand Vibra
tion from Power Tools

C.W. Suggs (U.S.A.)

•The Influence 0f Hyperbaric Environment (11-31ATA, He
02) on Disturbed Human Sleep

K. Seki (Japan)

•The Influence 0f Hyperbaric Environment to Fatigue in
Human Deep Dives

Y. Taya, N. Kuwabara (Japan)
•Convective Heat Transfer Coefficient of Human Body in

Hyperbaric Helium-Oxygen Mixed Gas Environment
H. Nakayama (Japan)

•Neutral Buoyancy Manned Maneuvering Unit—An
Underwater Simulator 0f the Shuttle MMU

C.N. Van Valkenburgh, T.E. Loughead (U.S.A.)
•Manned Zero-Gravity Simulations: Case Histories of Ex
travehicular Activity (EVA) Simulations and Techniques

E.C. Preutt (U.S.A.)

•Dynamic 0f Physical Fitness and Orthostatic Tolerability
during Hypodynamics Exposure

H. Saiki, M. Nakaya, M. Sudo, M. Abe, K. Shioda
(Japan)

•Quantitative Behaviour 0f Intraocular Ascorbic Acid upon
Hypermetropic Amplitude n Overstraining 0f Fictitious
High Altitude

M. Carapancea (Rumania)

13:00—14:00 Room Hall E

August 24

16:00—17:20

August24

14:00—16:00

Session 9: Environ ment: Under Water & Space

Room Hall E

Room Hall E
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August25 •The Effect of Body Postural Change on Anaerobic
Threshold

9:00— 10:45 Room Hall B T. Fukunaga, H. Yata, S. Ikegawa (Japan)

Session 10: Work Load: Muscle Activity •Relation between Excercise Diuresis and Running Load
T. Inomoto (Japan)

•Assessment of Physiological Cost in Dynamic Muscular •The Effect 0f Additional Weight on External Mechanical

Work by Oxygen Cost and Cardiac Cost Energy in Running

H. Sato (Japan) A. Matsuo, T. Hirata, N. Tsunoda, T. Fukunaga

•Several Aspects 0f the Prediction Mthod of Local Muscle
(Japan)

Energy Metabolic Rate •Mechanical Efficiency in Relation t0 Pedaling Rate

S. Yokoyama, K. Yoshida(Japan) Du ring Cycle Ergometer Work

•The Effect of Arm Elevation on Muscle Circulation
Y. Fukuba, Y. Koya, S. Watanuki, K. Fujiie (Japan)

H. Yata, T. Fukunaga,A. Matsuo(Japan) .Optimum Speed 0f Up-Hill Cycling with Special Reference
to Siope Gradients and the Gear Ratio

•Evaluation 0f Local Muscle Fatigue in Dynamic Muscular
- A. Kimura, M. Morioka, S. Horino, K. Kishida, K.

Work by lsometric Test Contraction Uchida (Japan)
S. Kira, K. Yamasaki, H. Sato (Japan)

•Critical Power as a Measure of Muscular Fatigue and
Anaerobic Threshold

A. Nagata, M. Muro(Japan)

•What Do We Neglect when Evaluating Muscle Fatigue? August 25

G.N.Gantchev(Bulgaria) 9:00—10:15 Room HaIIC

•Trunk Muscle Activity during Dynamic forward Bending
and Straightening Up Session 12: System Evaluation Methodology

K. Tanii (Japan)

•Occupational Muscular Strain ndicated by Serum Creatine
•An Application of Decision Data Tables Method in

Kinase
Ergonomic Research

M.T.L.J. Hagberg (Sweden) L. Pacholski, B. Mateja (Poland)

•Creatinine Excretion under Physical Exercise and Hypo- •An Ergonomic Method Diagnosing Complex Production

kinesia
Systems

Y. Zorbas, V. Petrovskiy, Y. Koichi (Greece) L. Pacholski (Poland)

•Pulling and Pushing Forces as a Function of Elbow •Combined Use 0f an Ergonomic Checklist and Complaint

Flexion
Rating as a Means of ldentifying Problems

Y. Ikeda (Japan) K. Sakai, K. Kogi (Japan)

•Pluralistic Treatment in the System Research of Ergo
- nomics

T. Marek, R. Michafek, N. Czelaw (Poland)
August25 •The Use of Operator Workload Measures in the Evalua

10:45 — 12:30 Room Hall B tion 0f Different Telemanipulators
J. Richardson, N.F..Savery, D. Xirau, D.A.-Lescoat

Session 11: Work Load: Physical (France)

•The Evaluation on the Repairmen 0f Motorcar Using the
•Psychophysiological Studies 0f Physical Performance RS-Method

G. Borg (Sweden) S. Nakayama (Japan)

•A Study on Seasonal Variations of Circulatory and Meta
bolic Responses during Prolonged Exercise

A. Okada (Japan)

•Effects 0f Specific Dynamic Action on the Metabolism at
Rest

K. Yamasaki, S. Watanuki, S. Kira (Japan)



•Ergonomical Correction 0f Working Conditions at the
Stage of Working Station

S. Marek (Poland)

•ASystematic Ergonomics Design Procedure
J..H. Kirchner(F.R.G.)

•The Computer Technique Usage in Design and Ergonom
ic Attestation Function 0f Controlling Devices Distribu
tion

L. Pacholski, S. Stanistaw (Poland)

•The Interaction between Ergonomic Criteria and Indus-
trial Design

V. Popovic (Australia)

•Back-to-Front Systems Design: A Guns and Butter Ap
proach

R.S. Didner (U.S.A.)

•The Third Dimension — Computer Modelling for Ergo
nomics

E. Kingsley(U.K.)

•VAD — A Video Aided Ergonomics Design System
F. Peter (Sweden)

•Use of Modular Simulators in Selection, Training and
Workpost Design

J..C. Rouhet (France)

August25

9:00--10:10 Room Hall D

Session 14: Eye Movement

•Maximum Velocity in Smooth Pursuit Eye Movement
K. Horii, K. Tanaka, Y. Tomoda (Japan)

•Frequency Responses of the Pursuit Eye Movement
System

K. Matsuoka (Japan)

•Lambda Responses and Evaluation 0f Visual Task Load
A. Yagi (Japan)

•lndividual Differences Observed f rom Relationship be
tween Percent Correct Counts and Eye Movements

H. Togami (Japan)

•A Sudy 0f the Constitution 0f Visual Judgment Process
on the Composite Images

T. Kurabayashi (Japan)

•Modelling 0f Visual Scanning Sequence to Multiple Targets
M. Makikawa, H. Tamura, M. Makikawa (Japan)

•An Evaluation of the NAC Eye Mark Recorder
E.D. Megaw, J. Richardson (U.K.)

August 25

10:10—12:20 Room Hall D

Session 15: Education & Training

•A Comparison of Exponential and Hyperbolic Functions
Describing Learning Curves in the Literatures of
Psychology and I ndustrial Engineering

L. Stanley (U.S.A.)

•Time Pressure, Training and Decision Optimality
Z. Dan (lsrael)

•Cost-Effectiveness of Ergonomics: Elusive Data and an
Exchange Heuristic

A.B. Russeli (U.S.A.)

•Cognitive Psychology 0f Manual Control: Expert and
Novice Differences in Cognition and Performance

Y. Anzai Y. Ishii, Y. Hayashi (Japan)

•Ergonomics Training for Computer Users
T. Houghton (France)

•The Influence 0f Job Knoledge in Product Quality Judg
ments on a Continuous Process Production Line

J. Richardson, X. Cuny (France)

•Human Factors in Instructions
N.M. Simonelli (U.S.A.)

•lntroduction 0f Ergonomics in the Development of
Educational Systems

S. Kozuki (Japan)

•An Instructional System which Permits the Students to
Critically Discuss Their Own Test Answers

I. Kitagaki, Y. Shimizu, K. Suetake (Japan)

•A Trial of Introducing Game Factor into the Rehabilitation
Training

N. Ohnishi, K. Tsuchiya, F. Ito, S. Nagai (Japan)

•Development of General Purpose Biofeedback System
M. Ohsuga (Japan)

August 25

10:15—12:15

Session 13: System Design Methodology

Room Hall C

1
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August25 August 25

9:00 11:00 Room Hall E 11:00—12:10 Room Hall E

Session 16: Envi ronment: Temperature &
Physiological Responses

•Effects of Repeated CoId Exposures on Thermal Re
sponses 0f Men

Y. Tochihara (Japan)

•Effects of Body Build and Sweat Rate on Rectal Tempera
ture dunng Acute Heat Exposure in Man

K. Iwanaga, K. Yamasaki, . Yasukouchi, H. Sato,
M. Sato (Japan)

•Cardiovascular and Metabolic Reactions to Work in Dit
ferent Amoient Temperatures

T. Nariai, Y. Fukuba, J. Ohashi, Y. Izumitani (Japan)

•Relationships between Physique and Increase in Body
Temperature during Exercise at Different Ambient
Temperatures

T. Katsuura (Japan)

•Effect 0f Hot Dry and Hot Humid Environment in Con
tinuous Work Performance in Man

J.S. Gupta (India)

•Effect 0f Ambient Temperature on Physical Work Capac
ity

T.L. Mathew, J.S. Gupta (India)

•The Effects 0f Work Rates and Amblent Temperature on
Transient Physiological Responses

Y. Takasaki (Japan)

•The Effects 0f Exercise, Ambient Temperature and
Season on Estimation 0f Maximal Oxygen Intake

S. Watanuki, K. Yamasaki, Y. Koya (Japan)

•Influence of Age on Circulatory Responces to Exercise
at Different Air Temperature Conditions

Y. Kikuchi, T. Katsuura, A. Okada (Japan)

•Evaluation 0f Cardiac Output by Electrical Impedance
Method under Defferent Amblent Temperatures

T. Azuma, T. Katsura, A. Okada, Y. Kikuchi (Japan)

•Chnge in Pulmonary Diffusing Capacity for CO under
Various Conditions of Temperature Combined with
Hypobaric Hypoxia

A. Yasukouchi, K. Iwanaga, Y. Koya, M. Sato (Japan)

•Physical Work Capacity of Young Competitive Swimmers
in Water at Three Different Temperatures

T. Nomura (Japan)

Session 17: Environment: Heat Stress Evaluation

•The Effects of Outside Conditions and Cab Temperature
on Tractor Driver Heat Stress

D.H. O’NeiIl (U.K.)

•Sensitivity Analysis Supports Simplified Heat Stress Rules
J.D. Ramsey, C.P. Chai (U.S.A.)

•A Statistical Analysis 0f Values of WBGT Factor in Com
plex Production Systems

L. Pacholski (Poland)

.Analytical Determination 0f Heat Stresses
J.J. Vogt, V. Candas (France)

•Experimental Thermoesthesiometer
H. Mito, J.P. Libert (Japan)

August26
900— 10:45

Session 18: Architecture

Room Hall B

•Shaping (Size and Form) of Workrooms f rom the View
point of Pleasant Working. Environments and Humaniza
tion of the Work System

H.F. Mulder (The Netherlands)

•The Relation between Physical Elements and Visual Ef
fects in Living Rooms — Part 1 On the WalI Colour —

T. Yanase (Japan)

•The Relation between Physical Elements and Visual Ef
fects in Living Rooms — Part 2 On the WaII and Light —

M. Kunishima (Japan)

.Required Clearance for Passages in Dwelling House
Y. Koh, K. Kamada (Japan)

•A Study on Walking up and down Stairs in Eldery People
K. Aoki (Japan)

•Accident Research for Safety on Stairs
H. Nagata (Japan)

•Safety Requirements 0f Stairs
S. Kose, H. Uno(Japan)

•Ergonomic Values 0f Traditional Housing in Bali
A. Manuaba (Indonesia)

•A Systems Approach to the Aetiology of Human Injury
in Livestock Building Design

G.A. Bramail (U.K.)

—26— —27—



•Experimental Study on the Cognitive Process 0f Street
scape

Y. Kubota (Japan)

August26 Room Hall B
10:45--12:20

Session 19: Work Load: Methodology

•On the Validity 0f Japanese Fatigue Feeling Scale
Y. Saito (Japan)

‘Factorial Analysis 0f Fatigue
S. Kondo, M. Oshima (Japan)

•Work Load Studied by Multi-point Critical Fusion Fre
quency (MCFF)

H. Osaki, S. Kikuchi, M. Ogata (Japan)

•Measurement 0f Critical Fusion Frequency by Liquid Crystal
R. Hosaka (Japan)

•A Consideration on the Calssification 0f Two-Dimensional
Displayed Patterns of EEG

H. Takeda, Y. Takashima, Y. Ikeda, S. Hata (Japan)

•Mental Effects 0f Risky Behaviour Seen by Means of a
Portable Heart Rate Analyzer

H. Muroya, M. Ikeda (Japan)

•A Three-Level Computer-Assisted System for the Evalua
tion 0f Physiological Changes during Work, before and
After Ergonomical Intervention

F. Jaroslav (C.S.S.R.)

‘Disturbances in Curve Progress Smoothness 0f Pupillary
Reflex Induced by Mental Workload in the Long Period of
Time

M. Tadeusz, N. Czestaw (Poland)

•Measurement on Brain Arousal Rate
S. Inaba (Japan)

Session 20: Evaluation of Human Activities

•The Evaluation 0f Each Daily Human Activity by the In
strumentation 0f a Continuous Heartrate Measurement

S. Adachi (Japan)

•Measurement 0f the Effect 0f Central Acting Drugs on
Performance and Reaction Time

H. Krueger (F.R.G.)

•Effect of Sleep Deprivation on the CNV and Dual Task
Performance

M. Miyao, T. Ohga, H. Sakakibara, T. Nagasawa, F.
Kobayashi, S. Kanada, K. Takihi, S. Yamada, M.
Terashima, T. Endoh (Japan)

•A Biotechnological Study 0f Relationship between Sleep
and Beds — A Polygraphic Study with Sounds

K. Fukuda (Japan)

‘Responses 0f Sympathetic Nervous System to Hand In
duced Vibration

T. Sakurai (Japan)

‘On the High-Order Dynamic Activity and Ifs Component
Activities

K. Sato (Japan)

August26

10:00—12:10

Session 21: Systems Design Il — Vehicle, Sign &
Others

•Safe and Easy Coupling 0f Tractor Implements
Sjøf lot Lars (Norway)

•Improvement 0f Visibility for Large Truck Drivers to Pre
vent Unsafe Turning to the Left

S. Horino (Japan)

•Ergonomic Aspects 0f Operator Cabs on Earth Moving
Machines

P. v.d. M. Grinten (The Netherlands)

‘Design of a Vehicle for Mail Delivery. An Ergonomic
Study

M. Bjôrksten, D. Caple, S. Carlsoô, P. Friedrich,
J.E. Hansson, (Sweden)

•Ergonomic Changes 0f Our Automatic Welding Machine,
Our Track-Pin Press Machine and Our Fellies Assembling
Machine in Our Repair-Shop

Haugan, Astrid Else (Norway)

•The Use of Routing Information in a Public Environment
H.J. Zwega (The Netherlands)

‘Evaluation of a Set of Graphic Symbols
H.J. Zwega (The Netherlands)

‘Standardization 0f Public Information Symbols
H.J. Zwega (The Netherlands)

‘Standardization 0f Geometric Radar Symbology
R.J. Carter (U.S.A.)

•A Study of Human Cosmetic Behavioral Factors
K. Morooka, S. Morikawa (Japan)

Room Hall C

August 26

9:00—10:00 Room Hall C
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August26

9:00—10:25 Room Hall D

Session 22: Introduction of Ergonomics to
I ndustry

•Ergonomic Aspects 0f New Technologies
Dr. K.J. Zink (F.R.G.)

‘An Investigation on the Actual Condition Pertaining to In
troduction 0f Ergonomics into Japanese Industries

S. Nishikawa (Japan)

•A Problem in Applications: An Investigation info Methods
and Materials for Upgrading Nuclear Power Control
Boards

D. Smith (U.S.A.)

•Ergonomics in Agriculture and Forestry — the Present
and Future State

Ir. J. Zander (The Netherlands)

•Ergonomics in Agricultural Engineering in India
B.G. Yadav, L.P. Gite (India)

•lntergration of Ergonomics in Transportation in Bali
A. Manuaba (Indonesia)

Session 23: Ergonomics of Computer Systems

‘The Use 0f Ergonomics Computer Equipment
T. Houghton (France)

‘The Development 0f User Hostility Towards Computer
Systems

T. Houghton (France)

•The Influence 0f System Response Time and Memory
Load on Problem Solving Behavior

H. Bergmand, A. Brinkman, H.S. Koelega (The
Netherlands)

‘Response Time Discrimination
R.M. WU, C.R. Brown, P.D. Pagerey (U.S.A.)

•Language and Computer Systems Work Analysis and
Cognitive Load’

A. Wisner (France)

•Ergonomics 0f Computer Commands in Restricted
Natural Language

D..L. Scapin (France)

•Reading Grade Level as a Factor in Computer Dialogue
Design

J.M. Roemer (U.S.A.)

•Ergonomics 0f Hybrid Japanese Text Entry Method
M. Kurosu, T. Nakayama (Japan)

•‘ Heimen-Dentaku” — Table Generator with Personal
Computer —

Y. Mon (Japan)

•Eyestrain 0f Industrial Visual Workers
M. Saito, K. Kishida, T. Hasegawa (Japan)

•Subsidiary Behaviors 0f Bottie Inspection Workers in
Three Shift System

K. Kishida, M. Saito, T. Hasegawa (Japan)

‘Accommodation Responses in CRT Display Task
M. Takahashi (Japan)

•A Study on Visual Function 0f VDU Operators
M. Ohashi, K. Aoki (Japan)

‘Visual Loads at VDT Workplace
T. LubIi, G. Etienne, H. Wilhelm (Switzerland)

•Lighting Characteristics of Visual Display Terminais 0f
Different Makes

U. Brauninger, E. Grandjean, R. Gierer, T. Fellmann
(Switzerland)

•Physiological Effects of Oscillating Luminances in
Reversed Display of VDTs

K. Nishiyama, U. Brâuninger, H. DE Boer, R. Gierer,
E. Grandzean (Switzerland)

f •Visual Ergonomics and Existing Person-Display Design
Guidelines

R. Benel, D. Benel (U.S.A.)

August26
9:00-10:35 Room Hall E

Session 24: Work Load: Visual

August 26

10:25-12:20 Room Hall D

August26

10:35-12:35 Room Hall E

Session 25: Visual Inspection & Vigilance

•The Method 0f Evaluating the Aptitutde 0f the Visual In
spectors at Line of the Steel Product

T. Kurabayashi (Japan)

—30— —31—



•The Distribution of Visual Inspection Times •Rural Road Delineation at Night
T.J. Gallwey (Ireland) T.J. Triggs (Australia)

•Conveyor Paced Visual Inspection Efficiency over Short •Fatigue 0f Bullet Train Drivers Operating on Multi
and Extended Work Periods Tunnelled Sections

M.H. Elwany(Egypt) A. Watanabe, K. Kogi, N. Onishi, H. Shindo, K.

•Methodologies for Visual Inspection Research and Devel- Sakai (Japan)

opment of Inspection Robot •Measurement 0f Pilot Workload during Take Off and Landing
K. Noro (Japan) by C-1 Jet Carrier

•Personal Error of Visual Judgement in Precision Measure- Y. Nagasawa, S. Aramaki, (Japan)

ment •A Study on the Changes of Physiological Functions on
K. Tanaka (Japan) Motorcycle Riding

•A Study on the Distribution of Sensory Evaluation and T. Matsumoto(Japan)
Angular Transformation ‘Subjective Symptoms and Physio-Psychological Effects

T. Takahashi (Japan) by Motorcycle Driving

•Psychophysiological Criteria in the Analysis 0f Hypo- A. Hisashige, H. Ohara, Y. Kume, M. Yamamoto, T.

vigilance in Control Rooms Ogawa, H. Aoyama (Japan)
R.J. Claude (France) •Performance, Physiological Stress and Mood State

•Signal Vigilance Errors by Railway Drivers Changes Resulting f rom Vessel Motions at Sea

S. Haga (Japan) R.L. Pepper, S.F. Wiker, M.E. McCauley (U.S.A.)

•Signal Detection Theory in Ergonomics •A Biotechnological Study of Hang Glider Crewmen

M.H. Christoph (F.R.G.) N. Ando (Japan)

August 27

August27 9:00—11:20 RoomHaIIC

9:00-11:30 Room Hall B Session 27: Introduction of Ergonomics to Social
Systems

Session 26: Vehicle Driving

•The Functioning 0f Occupational Health Service in
•Analysis on the Driving Operations of Drivers Scandinavia — on the Basis 0f Emperical Research in

S. Ueno, K. Haneishi, M. Nishikawa (Japan) Norway and Sweeden and Experience f rom a Field

•Evaluation 0f the Arousal Level of Automobile Drivers Research Project in Denmark

Based on Their EEG etc. I O. Rieper, A.S. Johansen (Denmark)

T. Yanagishima (Japan) •Applied Ergonomics in the Danish Labour Inspectorate

•Evaluation of Vehicle Steering Control Characteristics by Lundstedt, Dorte(Denmark)
Skin Resistance Level and Heart Rate •The Tasks of an Industrial Physician

T. Sawada (Japan) J..I. Kamoy (Norway)

•The On-Line Use of Driving Performance Measures to •Is Selective Traffic Code Enforcement Practical? A survey
Detect Abnormal Driving Behaviour i 0f Canadian Traffic Police

Y.I. Noy, D.A. Attwood (Canada) j G.F. Rabideau, M.L. You (Canada)

•Effects 0f Fatigue and Drugs on Driving Performance •Human Factors in Organizational Design and Manage
K. Yajima, K. Aoki, T. Aoki, H. Tanaka, N. Yamanoi, ment
S. Kinoshita, T. Furukawa (Japan) H.W. Hendrick (U.S.A.)

•Autoregressive Analysis 0f Highway Driving Performance I •Cognitive Complexity, Conceptual Systems and Organiza
by a Simulator tional Design: Implications for Ergonomics

S. Kinoshita, K. Yajima, K. Aoki, H. Tanaka, T. Aoki, H.W. Hendrick (U.S.A.)
N. Yamanoi, T. Furukawa (Japan)

•Driver and Pedestrian Speed Estimation
M.H. Bergman (U.S.A.)

—32—

•Assessment Center Ratings as an Interim Criterion
Measure in Leadership Research

H.W. Hendrick (U.S.A.)
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•Accuracy of Leaders’ Perceptions 0f Self and Others. and
Actual Group Status as Functions of Cognitive Complexity

H.W. Hendrick (U.S.A.)
•The Ergonomics, Has t Ifs Specific Laws?

P. Burloiu (Rumania)

August 27

00- 10:20

Session 28: Posture

Room Hall D

•An Ergonomic Evaluation 0f Working Postures in Manual
Weight Lifting

M. Morioka, A. Kimura, K. Kishida, S. Horino, M.
Saito (Japan)

•An Ergonomic Approach To Reduce Hazards of Lifting
Tasks

M.M. Ayoub (U.S.A.)

•Recommended Work Rates and Container Configuration
for Manual Lifting and Lowering Activities

A. Mitai, S.S. Astour, M.M. Ayoub (U.S.A.)

•Guidelines for Permissible Limits for One-Handed Lifts by
Women

A. Garg (U.S.A.)

•Dynamic Analysis of Human Upright Posture Control
Activity

K. Sato, M. Chikami, N. Tajima (Japan)
•On the Analysis 0f Erect Posture by the Foot-Pressure

H. ltoh, T. Sakamoto (Japan)

•An Ergonomic Evaluation 0f Foot-Complaints among
Waiters

Jôrgen Winkel (Sweden)

•The Postural and Health Problems 0f Workers in Pear and
Apple Orcherd

H. Sakakibara, M. Miyao, T. Nakagawa, F. Koba.
yashi, S. Kanada, K. Takihi, S. Yamada, K. Masuda
(Japan)

•Localized Fatigue Complaints Related to Output and
Body Posture 0f Dentists

K. Maeda (Japan)

•A Study 0f Space Allotment Procedure for Dental Treat
ment Area in Measurement 0f Human Posture

M. Ohashi (Japan)

•A Study 0f “Driving Position” in Passenger Vehicles
S. Takaji (Japan)

‘Holding Performance of Automobile Seats
M. Sano (Japan)

August 27

10:20—. 11:30

Session 29: Work Load: Lifting

•Energy Cost 0f Lifting in Sagittal and Lateral Planes by
Different Techniques

S. Kumar, D. Magee (Canada)

August 27

9:00-11:30 Room Hall E

Session 30: Perception & Recognition

•Color Contrast and Visual Task Performance
H.L. Snyder (U.S.A.)

•The Influence 0f Colour Saturation on the Chromatic Error
of Accommodation 0f the Human Eye

H. Krueger(F.R.G.)

•Effects 0f Television Noise Interference on Character
Reading Time

A. Watanabe, M. Saito (Japan)

•Signal Detection in the Noisy Background Figure through
Limited Area of Visual Field

S. Saito (Japan)

•A Discriminability Metric for VDU Characters
M. Schneider (U.S.A.)

•lnteritem and Intraitem Symmetries in Same Responses to
Pairs 0f Letters

S. Bagnara, D.B. Boles, F. Simion, C. Umilta (Italy)

•How Many Letters Can We Recognize at a Glance?
T. Fukuda (Japan)

•An Analysis 0f the Interaction Effects between Succes
sively Exposed Two Figures

T. Yoshida (Japan)

•A Multidimensional Scaling Analysis on Perceptual Struc
tures 0f Japanese Syllables

K. Mizuki (Japan)

‘Tactile Letter Display for a Reading Aid
Y. Shimizu (Japan)

Room Hall D
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•Warmth to Touch the Building Materials
I. Matsui, Y. Kasai (Japan)

‘Pain Sensation and Skin Deformation
M. Akamatsu (Japan)

•Accuracy 0f Time Perception in Rhythmic Movement
T. Niihara, K. Kusano(Japan)

•Study of Time-Estimation on a Reactive Simple Action
I. Yoshimura, M. Nakamura (Japan)

August 27

13:00—14:40 Room Hall C

Session 31: Work Performance

•Dependence 0f Human Performance on Input Information
in Pursuit Manual Control Systems

O. Suenaga, M. Ihara (Japan)

•A Study of Human Operators Dynamics during Training
and Transfer Trials of the Tracking Tasks in Case 0f a
Second-Order Lag System

T. Yamashita, E. Masuyama (Japan)
•Skill Improvement in Manual Control of a Double Integral
Controlled Element

A. Tada (Japan)

•A Consideration on the Index 0f Precognitive Control
Behaviors 0f Human Operator

H. Takeda, Y. ikeda, S. Hata (Japan)
•Analysis of Precognitive Dynamics in Two Axis Pursuit
Tracking Task

T. Aoki, K. Yajima, K. Aoki, H. Tanaka, S. Kinoshita,
N. Yamanoi, T. Furukawa (Japan)

•Modeling the Human Operator in a Preview Compensatory
Tracking Control System

K. Yoshimoto (Japan)

‘On the Self-Paced Preview Manual Tracking Behaviors
K. Ito (Japan)

•Human Operators Compensation Mechanism for Time
Delay in Manual Control System

M. Yoshizawa (Japan)

‘Visual Lead Compensation in Manual Compensatory
Tracking

S. Hara, K. Handa (Japan)

•Effects 0f Exogenic Stimulations upon Monotonous
Performance

T. Watanabe (Japan)

August27
13:00—14:40 Room Hall D

Session 32: Work Load on the Back

•Dynamic Loading of Static Truck
S. Kumar, P.R. Davis, D.P. Currier (Canada)

•Compressive Load at L5/51 Spine Level as a Bio
mechanical Factor during Carious Lifting Techniques

T.P.J. Leskinen, H.R. Staihammar, I. Kuonnka
(Finiand)

•Posture Optimization through Three-Dimensional Kinetic
Biomechanical Modeling

A. Kumer, A. Mitai (U.S.A.)

•Physiological Load on the Back 0f Postmen during Letter
Distribution in Urban Districts.

K. Jogensen, H. Christensen, E. Daitorn (Denmark)

•The Musculoskeletal Status in Airport Transport Workers
K. Undeutsch (F.R.G.)

•A Back-Care Program n the Building and Construction
lndustry in the Netherlands

E.A.P. Oningsveid (The Netheriands)

August 27

Session 33: Working Environment

•Studies on Subjective Sensations on Air Movement for
Creating Comfort Indoor Climate

H. Kubota (Japan)

•Passive Smoking at Work
W. Annetta (Switzeriand)

•An Experimental Study on Irritations and Annoyance due
to Passive Smoking

T. Muramatsu, S. Muramatsu (Japan) A. Weber, F.
Akermann (Switzeriand)

•A Survey on the Effects of lnvoluntary Smoking and At
titudes to Smoking among School Children and Students

S. Muramatsu, T. Muramatsu (Japan) A. Weber
(Switzeriand)

•Effect of Physical Work on Rate of DispersaI of Bacteria
intheAirfrom Man

K. Terayama, T. Kawarabayashi, H. Ohno, F. Hirata
(Japan)

13:00 15:00 Room Hall E
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•Hazardous Materials Encountered in Human Factors TECHNICAL SITE VISITS
Design Practice

D. Gloss (U.S.A.) The Organizing Committee will provide the participants
•Solvent Mixtures Influence Dependent on the Working with the opportunities to visit the tollowing places on 26th
Process in the Wood lndustry (Fri.).

R. Lôdersdorf, G. Schàcke, B. Heydenreich.Adloff, 1 Japanese National RailwaysA. Fuchs (F.R.G.) (Bullet Train Operation Control Center)
•The Aggregation Method 0f Heterogeneous Material 2. Metropolitan Police HeadquartersEnvi ronment 0f Work Factors I (Command & Control Center)L. Pacholski, A. Jasiak (Poland)

3. Tokyo Fire Dept.
(Rescue Control Center)

4. Telecommunication Science Hall of Nippon Telegraph
and Telephone Public Corporation

5. The Federation 0f Bankers Association of Japan
(Data Telecommunication System)

6. Nissan Motor Co., Ltd. — Zama Plant
(Industrial Robot at Assembly Line)

Those who wish to join the Visits are requested to check
the column cf Form (1) — Registration Form —, and to
pay the appropriate fee at the Registration Desk on site.
The tee for course 1-5 will be only tare for city transporta
tion. The tare for a motor coach will be charged for course
6. As the number 0f participants in each course is limited,
please apply as early as you can.

SCIENTIFIC EXHIBITION

Along with the Congress, an Exhibition is scheduled to be
held and the Exhibition Committee has been making
every effort to make the exhibition suitable for the Con
gress. Currently, the proposed exhibits are being screen
ed for the 20-25 booths.
Participants will be able to enjoy this special Scientific
Exhibition.
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SOCIAL PROGRAMS

1. WELCOME RECEPTION

A welcome reception s scheduled to be held
from 6:30 p.m. on 23rd, Aug. at Banquet Hall of
the Congress Site. The Organizing Committee
invites aIl participants and accompanying persons
tothe reception.

2. FAREWELL PARTY

Time and Date:
19:00-21:30 on 26th August.

Place:
Royal Hall, Akasaka Prince Hotel.

Features:
MC. 0f the Party. Mr. Katsuya Kobayashi

Very famous for his job as a disc jockey of
several radio and TV programs. He speaks
fluent English.

Koto Music.. Played by a Koto Music Group con
sisting 0f 4 Ladies.

Japanese Popular Song and Dance Performed

by Miss. Sayaka Ito, Miss Yukiko Yamada, both
famous singers and actresses, and Shower, a
famous singing and dancing team consisting 0f
7 pretty girls.

Japanese Folklore Song and Dance Performed
by the Japan Folk Music Association consisting
0f 13 members, selected performers f rom the
Association members.
Folk songs and dances accompanied by
Shamisen, Japanese Drums, etc. will be per
formed.

String Quartet Music Performed by the Musica
Sacra
String Quartet as background music through
the second half of the party.

Note: Price ol participation in the party: Yen
10,000 per person. Please add the amount
to the registration fee of the congress if
you wish to participate.
The features 0f the party are subject to
change without notice.

Applications on the Social Programs
Please fuI ouf the attached Form 1 if you wiIl or
witI flot participate in each program. In case you
wili be participating in the fareweli party, please
add 10,000 to your registration fee 0f the Con-
gress.

3. LADIES’ PROGRAMS

The Organizing Committee proudly announces
that aIl accompanying persons are invited to the
ladies’ programs, which will provide them with
the opportunity to become familiar with the things
0f Japan. Both programs are available free of
charge for up to Iimited number of seats.

LP-1: Japanese Traditional Arts”
Full Day program on 25th Aug.
Demonstrations 0f tea ceremony with one
cup trial to the aIl participants, paper-folding
class and class 0f Kimono fitting including
a demonst ration 0f bridai Kimono. Lun’h is
not included n the program but may be
available at Chinzanso Garden Restaurant
after paper-folding class on private account
basis.

LP-2: Japanese Garden and Museum”
Morning Tour on 26yh Aug.
Rikugien Garden, one 0f Tokyo’s famous
Japanese Gardens, and Tokyo National
Museum wiII be visited.

The number of participants are strictly Iimited up
to 35 persons for LP-1 and 40 persons for LP-2
respectively.

AIl above programs are subject to change without notice.
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TRAVEL INFORMATION

OFFICIAL TRAVEL AGENT
The Organizing Committee has designated the
Japan Travel Bureau, Inc. (JTB) as officiai travel
agent for the Congress in Japan. JTB will handie
ail arrangements concerning hotel reservations,
tours pre-, post- and during the Congress and
other travel arrangements. Ail inquiries and ap
plications in this regard should be directed to the
following address:

Japan Travel Bureau, Inc. (JTB)
Foreign Tourist Dept.,
Convention and Tours Section
1-13.1, Nihonbashi, Chuo-ku,
Tokyo, 103 Japan
Phone: (03)271.2346
Cable: TOURIST TOKYO
Telex: 124418 TOURIST (Answer Back)

PASSPORTS AND VISAS

Ail foreign visitors desiring to enter Japan must
have a valid passport. Visas are not required for
tourists who are citizens 0f the following coun
tries:

Argentina, Austria, Bangladesh, Belgium, Canada,
Chue, Colombia, Costa Rica, Cyprus, Denmark, Domi
nican Republic, Finiand, France, Federal Republic of
Germany, Greece, Guatemala, Honduras, Iran, ireland,
iceland, lsrael, ltaly, Lesotho, Lichtenstein, Malta,
Mauritius, Mexico, Netherlands, New Zealand, Norway,
Pakistan, Peru, Portugal, El Salvador, San Marino.
Singapore, Spain, Suriname, Sweden, Switzeriand,
Tunisia, Turkey, United Kingdom, uruguay and Yugo

siavia

VACCINATION

No special vaccinations are necessary unless a
visitor enters Japan within 14 days 0f having been
in a smallpox-infected area, in which case he
must have a valid international certificate 0f
vaccination against smallpox. A choiera certificate
is also required for persons coming f rom an in
fected area. For further details, participants are
advised to consuit their local travel Agents or
carriers.

WEATHER AND CLOTHING

The weather in Japan du ring the Congress period
is very hot and humid, with an average tempera
ture 0f about 28°C (82° F). Highest of the tempera
ture will be 35°C in the daytime and the lowest
will be 23°C in the night. Congress site and the

hotels are well air conditioned as well as any
buildings, underg round shopping centers and
many of transportations except most 0f buses
and the subways. Please wear light clothes in
formally.

Japan Air Lines has been appointed as the Officiai
Carrier for the Congress. Any 0f your local JAL of
fice or their travel agents wili help you for travei
arrangements to/f rom Japan. Also, the agencies
Meon Travel in London, U.K. and Garber Travel in
Mass. U.S.A. are the appointed travei agents in
the regions respectively. For group or indivisual
flight arrangements, please consult any of the
followings:

FOR EUROPEAN COUNTRIES

Japan Air Lines
Congress Coordinator
12 Great Marlborough Street,
London W1 V 1 DE, Eng land
Phone: 01-629-9244

Meon Travel
32 High Street, Petersfield,
Hampshire, GU32 3JL, Engiand
Phone: 0730-4011
Teiex: 86181

FOR CONTINENTAL AMERICA

Japan Air Lines
Convention Coordinator
655 Fifth Avenue, New York,
N.Y., 10022 U.S.A.
Phone: 212-758-8850

Garber Travel
1406 Beacon Street, Brookline,
Mass., 02146 U.S.A.
Phone: 617-734-2100

r

TRAVEL TO JAPAN
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TRANSPORTATION BETWEEN NARITA (NEW
TOKYO INT’L) AIRPORT AND DOWNTOWN TOKYO

There are 3 principal methods 0f transportation
between Narita Airport and Tokyo. Among them,
the Organizi.ng Committee recommends to use
Airport Limousine Bus. They have the following
services which may be suitable for your most
convenient travel from the airport to your hotel.

Narita Airport—Tokyo City Air Terminal 70 min.
Tokyo City Air Terminal—Ginza (for Ginza

Capital Hotel) 15 min.
—Akasaka (for Akasaka

Tokyu Hotel and Hotel New Otani)
20 min.

Through tickets for both final destinations are
available at the airport.

SPECIAL PACKAGE TOUR FOR PARTICIPANTS IN
BOTH IEA CONGRESS AND THE “OSAKA SYMPO
SIUM”

To enable participants in those two meetings to
travel in easy way, the following Special Package
Tour is offerred.
Aug. 18(Wed.) You are requested to arrange

the transportation from Osaka
Airport f0 the hotel by yourself.
The tour starts with your check-
in at the hotel. Accommodation
at Senri Hankyu Hotel or Toyo
Hotel for 2 nights. Hotel reserva
tion will be made by JTB ac
cording f0 your choice.
Participate in Osaka Sympos
sium”.
Participate in the symposium.
Atter the symposium, transferred
to Kyoto. Accommodation at
Kyoto Royal Hotel for 2 nights.
Full day sightseeing n Kyoto,
visiting Kinkakuji Temple (Golden
Pavillion), Nijo Castle, Heian
Shrine, Sanju-Sangendo Temple
(Hall of 1001 Buddhas) and Kiyo
mizu Temple.

Aug. 22 (Sun.) Take morning bullet train from
Kyoto to Odawara. Sightseeing
in Hakone and drive to Tokyo.
The tour end upon arrivai at
Tokyo.

The tour includes 2 lunches on Aug. 21 and 22 en
route and 4 breakfasts.
Tour Fares: 106,000 per person on double

occupancy basis.
117,000 per person on single
occupancy basis.

HOTEL ACCOMMODATION

JTB has reserved a sufficient number of rooms at several
hotels for the Congress period in Tokyo and for the pre
Congress period in Osaka. Ail individual participants
wishing to make hotel reservations should filI ouf the at
tached Form 2 and address the form to JTB.
Participants in a group organized by a travel agent are
requested to let JTB know the name 0f travel agent by
using the Form to avoid possible duplicate booking.
In case you need hotel accommodations, the Form should
be accompanied by the remittance of 20,000 Japanese
Yen as a deposit. Otherwise, no hotel reservation will
be made.

The categories and room charges 0f the hotels are as fol
I ows:

(a) HotelsinTokyo

Cate- Twinw. Singlew.
Hotel Name

gory bath bath

A Hotel New Otani (Tower) 1 8,800 1 8,400

B Hotel New Otani (Main) 1 5,800 1 5,400

C AkasakaTokyu Hotel 14,000 11,800

D GinzaCapitalHotel 1064Oj 6,400

Above rates include lO% tax and 1O% service charge but net
any meals. The balance of total hotel expense and the deposited
amount may be settled on your own account.

(b) Hotels in Osaka for those who are going to part icipate
in the Osaka Symposium”

Rate per person

Hotel Name Single Double
Occu- Occu
pancy pancy

Senri Hankyu Hotel 13,000 12,000

13,000 12,000Hotel Toyo

Above rates include breakfast, tax and service charge, and also
the rates cover transportation service between the Sympo
sium Hall and the hotels on August 19 and 20. Please note that
the applications will be accepted for those participants wishing
to participate in both 0f IEA Congress and the Osaka Sympo
sium”

Aug. 19(Thu.)

Aug. 20 (Fri.)

Aug. 21 (Sat.)
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OPTIONAL TOURS

A variety of optional tours are planned during the Con
gress for delegates and accompanying persons who wish
to see even more 0f Japan and enjoy their stay to the
fullest. These tours can be booked in advance with ap
plication Form 2.

(A) During the Congress (OP)

OP-1: ‘Tokyo Morning Tour’
Haif-day sightseeing, visiting Tokyo Tower, Happoen
Garden’ to see tea ceremony and Imperial East Garden
(or lmperial Palace Plaza).
Tour fare: 3,5O0 per person

OP-2: ‘Tokyo Afternoon Tour”
Haif-day sightseeing, visiting Imperial Palace Plaza,
Asakusa Kannon Temple, and boating on the Sumida
River.
Tour tare: 3,500 per person

OP-3: “Tokyo Golden Night Tour”
Sukiyaki Dinner anci Cabaret Mikado (spectacular revue)
and Geisha Party.
Tour fare: 1 1,000 per person

OP-4: “Nikko FulI-day Tour”
The grandeur cf 300-year-old shrines; splendor cf
Japan’s scenic Nikko National Park (lunch included).
Tour fare: 1 6,000 per person

OP-5: “Kamakura-Hakone FulI-day Tour”
A delightful excursion info the beauty 0f nature, with a
visit to the great Buddha at Kamakura (lunch included).
Tourfare: 16,O00 per person

(B) After the Congress (OP-6): Japan Golden Route”

Aug. 28, Sat.: Morning drive to Kamakura to visit Great Image

0f Buddha and sightseeing in Hakone, including
a cruise on the lake and the Open Air Museum.
(lunch included).
Accommodation in Hakone.

Aug. 29, Sun.: Take morning bullet train from Odawara to

Kyoto (lunch included). Afternoon excursion to
Nara, visiting Todaiji Temple, Deer Park and
Kasuga Shrine.
Accommodation in Kyoto for 2 nights.

Aug. 30, Mon.: Morning sightseeing in Kyoto, visiting Nijo
Castle, Kinkakuji Temple (Gold Pavilion) and

Old Imperial Palace. Afternoon sightseeing in

Kyoto, visiting Sanjusangendo Temple, Heian

Shrine and Kiyomizu Temple.

Aug. 31, Tue.: Tour disbands on checking-out at regular

check-ouf time.

Tour tare: 69,O0O per person (Dolby occu
pancy)
82,000 per person (Single occu

Tour Condition for ‘Osaka Symposium Tour” and
Optional Tours

lncluded in the tour fares are hotel accommodations with
bath at standard grade hotels; lunch as specified in the
itinerary; tourist-class reserved seats on super express
trains and best available seats on private railways; sight
seeing and transfers by bus on a group basis; transporta
tion of baggages flot exceeding two pieces per person;
service of an English-speaking escort throughout the
tour; and gratuities to hotel maids, porters, chauffeurs
etc.
JTB reserves the right to canceil any tour should there be
insufficient participation.

CANCELLATION

HOTEL ACCOMMODATIONS

In the event 0f a hotel reservation having to be cancelled,
written notification should be sent to JTB. The following
cancellation fees will be deducted before refunding a
deposit:

If the notice 0f cancellation reaches JTB:

Up to 9 days before the first night 0f stay 1 000
2-8 days before 20% 0f deposit
Less than 2 days before, or not notice given

100% 0f deposit

TOURS

In the event of tour reservations having f0 be cancelled,
written notification should be sent to JTB. The following
cancellation fees wiIl be deducted before refunding the
tour fare:

If the notice 0f cancellation reaches JTB:

Up to 9 days before the departure day 1 000
2-8daysbefore 10%oftourfare
Less than 2 days before, or no notice given

20% 0f tour fare

JTB reserves the right to cancel any 0f the tours if there
is insufficient participation.

Exchange
Upon arrivai, you are advised to exchange some
0f your own currency for Japanese Yen currency
at the banks at Airport. It is possible to ex
change most 0f the foreign currency into Japa
nese money at banks or hotels. Personal Cheques
can not be accepted for immediate exchange,
you are advised not to reply on them.
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•Those who take a taxi f rom Tokyo City Air Terminal to
your hotel, or from your hotel f0 Nihon Toshi Center are
requested to show the following and inform a driver of
the site f0 avoid misunderstanding.

• (ToaTaxi Driver)
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For further information, Please contact:

Sec retariat: IEA ‘82 Tokyo
do Inter Group Corp.

Akasaka Yamakatsu Bldg.
8-5-32, Akasaka, Minato-ku

Tokyo 107, Japan

Phone (03) 479-5318
Cable Address: INTERCON FER TOKYO
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Servin3 you
isourway. A

JAPAN AIR UNES
officiai carrier

Our charming way
You’ll be charmed by our service whenever you f ly JAL.

To 52 cities in 31 countries across six continents.
And wherever you go, you’ll aiways be helped by a

charming stewardess whose upbringing and training go
together in perfect harmony.

Our charming way is just one of the many ways that
make flying the world with Japan Air Lines so

delightfully memorable.
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Adams, Austin S
Cl— Richard Green
25—5, 3 Chome, Sasabe
Matsumoto, Nagano
Japan

Croft, Peter G.
Traffic Authority of NSW
P.0. Box 110, Rosebery, NSW, 2018
Australia

Hall, Roger R.
Dept. of Transport Engineering
University of NSW
P.0. Box 1, Kensington, NSW, 2033
Australia

Howie, Alan
Sheli Company of Australia Ltd.
155 William St.
Melbourne, Australia 3000

McPhee, Barbara J.
Commonwealth Institute of Health
Building A27, University of Sydney,
NSW, 2006
Aust ralia

Popobic, Vesna
Queersland Institute of Techriology
School of the Built Environment
George St. Brisbane 4000
Australia

Belgium
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B elgium

Sporcq, Jacques
Rwaluwerlaan 41
B 1650 Beersel
B elgium

Brazil

Fischer, Frida M.
University of So Paul6
School of Public Health
Avenida Dr., Arnaido, 715
012 55 So Paulo
Brazil

Bulgaria

Gantchev, Gantcho N.
Institute of Physiology
Buigarian Academy of Sciences
G. Bontchev Str. Bi. 1
Sofia 1113, Bulgaria

Canada

Kelly, Ray
Ontario Hydro SSD Pickering A7 A8

Kumar, Shrawan
Dept. of Physicai Therapy
University of Alberta
Edmonton, Alberta
Canada, T6G 2G4

Matthews, Michael L.
Dept. of Psychology
Univ. of Gueiph, Guelph
Ontario, NIC 2W1
Canada

Noy, lan Y.
do Dciem
P.0. Box 2000
Downsview, Ontario
Canada M3M 3B9

Rabideau, Gerald F.
Dept. of Systems Design Engineering
TJniversity of Waterloo
Waterloo, Ontarlo N2L 3G1
Canada

Raouf, Abdul
Dept. of Industrial Engineering
Univ. of Windsor
Windsor, Ontario
Canada, N9B 3P4
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Schneider, Franz
Ontario Hydro SSD
Pickering A7 A8

China (P.R.o.C.)

Cang, Xu Lian
Institute of Psychology
Academia Sinca
Beijing (P.R.0.C)

Co lombia

Buitrago, Aifredo
Aprtado Aereo #72—75
Cali, Colombia
South America

Czechoslovakia

Jorgensen, Kuit
August Krogh Institute
Unviersity of Copenhagen
Universitetsparken 13
DK 2100 Copenhagen O

Leschly, Vibeke
Boegevang 1, 2830 Viruni

Haartmaninkatu 1,
00250 Helsinki 25

Rama, Mikko I.
Kuopion Korkeakoulu/

Berenger, Jean—Victor
Residence es Tamaris 3 Bis Avenue
des Tamaris, 13100 Aix En Provence

Berlatier, Cerman
Asmtbtp Services Medicaux du
Travail Batiment et T.P. 344
Boulevard Michelet 13009
Marseille

Cornu, Lucienne Cabare
6 Boulevard Reynaud
13008 Marseille

Cavalier, Jacques
Michelin Service Spo
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Cleamont, Ferrand

Ducrolq, Julien
Ergos
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Fecci, Roger
Asmtbtp Services Medicaux du
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Heiter, Helene
Ergonome Credit Lgonnais
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Houghton, Antony
Ergos S.A. BP 42
77201 Marne la Vallee Cedex 02

Larriere, Jean Pierre
Raffinerie Elf Donges
44480 Donges

Masson, Yues le
19 Rue du Gord, 91580 Etrechy

Medail, Jacques
11 Parc Ferber
06200 Nice

Mondo, Hugues
111 Avenue de la Bourdonnais
75007 Paris

Muffang, Yves
Electricite de France—Gaz de France
30 Aenue de Wagram
75382 Paris Cedex 08

Pottier, Michel
10 Place de la Bastille
75011 Paris

Quarin, Serge
Raffinerie Elf Donges
44480 Donges

Quere, Jean le
Raffinerie Elf Donges
44480 Donges

Richard, Edouard
Center De Recherche Et D’application
En Ergoromie, Universite Jean
Moulin—Lyon 3
74 Rue Pasteur, 69224
Ryon Cedex 1
France

Rouhet, Jean Claude
Ergos S.A. BP 42
77201 Marne la Vallee Cedex 02

Scapin, Dominique
Inria. Domaine de Voluceau,
Rocquen Court, BP 105, 78153
Lechesnay

Schlumberger, Henry—Georges
Service General de Medecine du
Travail, E.D.F.—G.D.F.
30 Avenue de Wagram 75382 Paris
Cedex—08

Terssac, Glibert De
Centre National de la
Recherche Scientifique
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To ul ous e

Finland

Ahonenm, Mauno K.
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Tuulikki, Tuomi Haapiainen
Institute of Occupational Health
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Fr ance

Andanson, Jack
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Fysiologian Laitos PL 138, 70101
Kuopio 10

Honkasalo, Antero
Lappeenranta University of
Technology
Hakamaki 4 K 127 Espoo 12

Formnek, Jaroslav
tnstitute of Hygiene and
Epidemiology robârova 48,100

Praha 10 Czechoslovakia
42

llonkasalo, Maria—Li isa
Finish Foundation for Alcohol Studies
Kaleuankatu 12
SF—00100 Helsinki 10

Vaneckova, Magda
Institute of Hygiene and
Epidemiology Srobaroa 48,100 42,

Praha 10 Czechoslovakia

Ilmarinen, Juhani
Institute of Occupational Health
Laajaniityntie 1, SF—01620
Vantaa 62

Denmark

Kirjonen, Juhani
Dept. Public Health, University of
Tampere, P.O. Box 607 SE 33101

Johansen, Agnes Saaby
Dept. for Industrial Psychology
Technological Institute
Gregersensvej, DK—2630 Taastrup

Tampere 10

Kuorinka, Ilkka
Institute of Occupational Health
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8000 Munchen 40
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Universitat—Gh—Wuppertal
Gaussstrasse 20, 5600 Wuppertal 1
West Germany

Peters, Helmut
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University of Berlin
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Schaefer, Peter M.
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Technischen Universitat Munchen
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Schoiz, Herbert
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Strasser, Helmut
Institut fur
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Technischen Universitat Munchen
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Werner, Gerhard
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Willi, Wirths
University of Bonn
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5300 Bonn 1

Zademack, Lothar
Max—Brauer—Allee 44
D—2000 Hamburg 50
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Universitat Kaiserslautern
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D—6750— Kaiserslautern

Zorbas, Yan
European Institute of Environmental
Cybernetics, Lif e Sciences Division
4 Kerasundos Road, Athens 514/1

Sen, Rabindra Nath
Ergonomics Laboratory
Dept. of Physiological
Calcutta Unviersity
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Calcutta—700 004

Indonesia

Manuaba, Adnyana
Dept. of Physiology, School of Med.
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GENERAL INFORMATION Hotels
Main hoteis for IEA ‘82 are following:

Regist rat ion
Registration s required of ail participants inciuding Accompanying persons.
Registration desks are located on the Entrance of Nihon Toshi Center.
Preregistrants are requested to present their registration cards.
Registrants at site have to pay the registration fee, 55,000 in Japanese Yen.
Ail registrants can receive name card and congress bag which contains the final
program, Proceedings and other materials.
Accompanying Persons registered can receive ladies program tickets.

Registration desks will be open during the following periods:
August 23(Mon.) 13:00

_____

17:30
24 (Tues.) 08:30

______

17:30
25(Wed.) 08:30

_____

16:00
26(Thur.) 08:30

_____

13:00
27(Fri.) 08:30

_____

12:00

Name Cards
Different colors of name cards are used as follows:

Orange lnvited Persons
Red Chairman, Co-chairman
Green Committee Members
Blue General Participants
Pink Accompany Persons
Brown Secretarial Staff Members (including Press)

AIl participants must put on their name cards to obtain admission to ail

events during the Congress.

General Information Desk

The information desk, Iocated on the lst floor, will be open during the Congress.

Since the information desk s the clearing point for general inquiries, and gives

advice on shopping, etc., ail participants feel f ree to make use of the service.

Travel Information Desk

The travel desk 0f Japan Travel Bureau (JTB), our officiai travel agent, will be open

during the Congress. They receive the bookings of excursion, reconfirmation of your

flight and other travel arrangements.

Bulletin Board
A bulletin board is installed near the General Information Desk. Message exchange
between participants and information on the Congress can be posted on the bulletin
board.

Room No. 8(1 stfloor of Nihon Toshi Center)
Open: 08:30 __1 8:00 Phone 265-8211 ext. 130

Hotel New Otani
Akasaka Tokyu Hotel
Ginza Capital Hotel

Phone 265-1111
580-2311
543-8211

Secretariat o! the Congress

When you calI f rom other area than Tokyo, dial 03 before the above number.

Secretariat: IEA ‘82 Tokyo
do Inter Group Corp.

Akasaka Yamakatsu Bldg.
8-5-32, Akasaka, Minato-ku

Tokyo 107, Japan

Phone (03) 479-5318
Cable Address: INTERCON FER TOKYO

—4-— —5—



INFORMAi ION ON SCIENTIFIC WELCOME RECEPTION

August 23 (Mon.) 18:30 — 21:00

Officiai Languages
Nihon Toshi Center “Banquet Hall”

The officiai languages cf the congress are Engiish and Japanese.
Ail participants inciuding Accompanying persons are weicomed to enjoy drink and meais

Simultaneous interpretation from Japanese to English, and vice versa is availabie

in Workshops, Special Lectures, Symposium and Technicai Sessions for ail

participants.

Time alioted to Paper Presentation OPENING CEREMONY
10 min. or 7 min. s alioted to one presentation plus Q & A period. Ail the speakers
are strongly requested to be punctual in presenting their papers. A buzzer will ring

once two minutes before the end cf the alioted time, and twice when the time s over.
August 24 (Tues.) 9.00 — 10:00

Nihon Toshi Center “Hall A” (2F)

Slides 8:45 — Music —

Ail the siides will be restricted to 35mm in size. The speakers who use siides are 9:00 Declaration of Opening

requested to hand the siides to a siide receptionist at the entrance of each room Toshiyuki Furukawa /
45 minutes before the presentation begins. When the presentation s over, they SecretaryGeneral

should receive the used siides f rom the siide receptionist at an earliest opportunity. Organizing Committee

In addition to a siide projector, l6mm film projector s also available in each session Opening Address

room. Masamitsu Oshima
Chairman

.

V Organizing Committee
Cancellation of Papers and Change in Speakers Presidential Address

Those who wish to cancel their papers or change speakers are requested to get in Jan Rosner

touch with a siide receptionist at the entrance 0f the presentation room at an President

earl est opportun ity. International Ergonomics Association
Address

Japanese Guests
Next Speaker’s Seat Awards and Address

A next speaker’s seat is found at the front row. Ail the speakers are requested to Master 0f Ceremony

take next speakers seat” as soon as the preceding presentation begins. Harry L. Davis
Secretary General
International Ergonomics Association

Session Secretary
A session secretary is assigned to each Technical Session and Workshop. He AiphonseChapanis

or she wili help speakers in presentation if necessary. Professor
The Johns Hopkins University

Etienne Grandjean
Professor
Swiss Federal Institute of Technology

10:00 — Intermission —
(Special Lectures fol 10w)
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SPECIAL LECTURES I

2

August 24(Tuesday) 10:30 — 12:00
///:27 (Friday) 1300 15:00

///
Room: Hall B

Room:HaIIA

Past, Present & Future of Ergonomics
Special Lecture 1

I
Chaiman: M. Oshima (Japan)

Chairman: Y. Hayashi (Japan)
Co-Chairman: A. Watanabe (Japan)

Modeling cf Response to Nuclear Power Plant Transients for Probabilistic Risk Assesment 1

Alan D. Swain (Sandia National Laboratories, U.S.A.) E. Grandjean (Switzerland)

2
A. Chapanis (U.S.A.)

Special Lecture 2 3. Criteria for the Choice 0f Topics cf Ergonomic Research
Chairman: E. Takakuwa (Japan) J. Rosner(Poland)

Ergonomics in Japan
4. Ergonomics in Developing Countries

Masamitsu Oshima (Medical Information System Development Center, Japan)
A. Wisner, S. Dogmo, L.L. Ferreira, C. Rubio, N. Sahbi (France)

August 25 (Wednesday) 15:00 — 15:50

Room: Hall A

_______________

WORKSHOPS

Special Lecture 3

Chairman: M. Oshima (Japan) August 24 (Tuesday) 13:00 — 15:15

Human-Computer Communication with Special Reference to Technological DevelopmefltS.

Room: Hall AOccupational Stress and Educational Needs

Gavriel Salvendy (Purdue University, U.S.A.)

Workshop I: Safety

Chairman:B.K. Huang (U.S.A.)
Co-Chairman: Y. Hayashi (Japan)

1. Ergonomics cf Safety
V. de Keyser(Belgium)

2. One Method for Evaluating Satety Performance in Working Places
S. Hanayasu (Japan)

—8—



Influences 0f Thermal Environment 0f Safety Behavior
J.D. Ramsey, C.L. Burford, M.Y. Beshir, R.C. Jensen (U.S.A.)

Prevention of Occupational Injuries in Greenhouses
B. Gustafsson P. Lunoqvist (Sweden)

Computer Methods in Safety Design with Roadway-Vehicle-Object-Environment Simula-

B.K. Huang (U.S.A.)

Multivariate Safety Assessment of Level Crossings with Automatic Full or HaIf Barriers
T. Ikeda, H. Ohtake (Japan)

Human Factors in Ship Collision in Narrow Waters
N. Ohashi (Japan)

Safety 0f Work on Small Fishing Boats Operated by One-Man
A. Hattori, N. Ohashi (Japan)

Life Stress and Occupational Injuries
D. Gloss (U.S.A.)

Reliability 0f Human Operators in Man-Machine Systems
M. Iguchi, H. Hara (Japan)

A Basic Study 0f the Prediction Method for Clerical Errors Based on Pulse-Speed
Variability

E. Koyano(Japan)

Fuzzy Fault Tree Analysis for Accident Caused by Human Errors
K. Noma, H. Tanaka, K. Asai (Japan)

Alpha Wave and Miss 0f Signal Detection
H. Kodama (Japan)

An Experimental Study on Human Behavior under the Sudden Hazardous Situation
W. Masada (Japan)

A Comprehensive Long-Range Human Factors Plan for Nuclear Power in the United
States

C.H. Hopkins (U.S.A.)

Analytical Procedures on Causes of Human Errors in Plant Accidents
K. Hashimoto, M. Morioka, T. Endo, M. Aoki (Japan)

A Case Study on a Plant Factory from the Human Factors Point of View
K. Hashimoto, M. Morioka, T. Endo, M. Aoki (Japan)

Workshop IV: VDU & Operator

Chairman: R.C. Williges (U.S.A.)
Co-Chairman: K. Tsuchiya(Japan)

10:40 — 12:20

1. Desgin of Human-Computer Dialogues
R.C. Williges (U.S.A.)

2. An Ergonomic Study of Conversational Work with VDUs
S. Yamamoto, M. Yoshioka, K. Noro, A. Komatsubara, Y. Hayashi (Japan)

3.

4.

5.
tion

6.

7.

8.

9.

9. Hazard Analysis in the Japanese Chemical Industrial Complexes Especialy on the

Human Errors
Y. Hayashi (Japan)

10. A Study of Human-Error Causing by Drug Naming
F. Tsuchiya, I. Tsuchiya (Japan)

August 24 (Tuesday)

August 25 (Wednesday)

Room: Hall A

Room: Hall A

9:00 — 10:40

15:15 — 17:30 1.

1.

Workshop III: Productivity l—Automation & Robotization

Chairman:T. Houghton (U.S.A.)
Co-Chairman: I. Kato (Japan)

Workshop II: Human Error

Chairman: A. Swain (U.S.A.)
Co-Chairman: K. Asai (Japan)

2.

2.

3.

3.

4.

4.

The Designing 0f Man-Machine Systems f rom Human Role Consideration in Modernized
Industrial Systems

Y. liyama, K. Yamauchi (Japan)

Ergonomics for Pure Efficiency or for Humanization?
G. Olsson (Sweden)

Ope rator Response to Problems in Process Control Systems
K.M. Mallory D. Benel, D. Mccafferty (U.S.A.)

Harmonizing Human Operator and Computer Responsibilities in Complex Industrial
Processes

5.

5.

6.

P.J. Larriere, J. Le Quere, A. Quarin (France)

Japanese Robotization and Human Factors Researches
Y. Okada, I. Kato, K. Noro (Japan)

7.

8.

August 25 (Wednesday)

Room: Hall A
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3. The Influence 0f Visual Wrokload History on Visual Monitoring Performance
M. L. Matthews (Canada)

4. Study on the Evolution 0f Information Management
B. Francesco (ltaly)

5. Selecting a Color Monitor for an Interactive Graphics System Used to Design lntegrated
Circuits

A.D. Lecocq (U.S.A.)

6. Research and Development 0f Airborne Integrated Dispiay for NAL QSTOL
M. Okabe, K. Tanaka, H. Kawahara, N. Isu (Japan)

7. Some Health Hazards Associated with Work (or Text) Processing and Data-Terminal
Equipment. How to Avoid Them.

A.E. Haugan (Norway)

10. Analysis of Film Copy Workplaces to Improve Job Design, Environmentai and Ergo
nomies Conditions

H. Strasser (F.R.G.)

11. Ergonomie Workstation Design for Supermarket Scanning Systems
P.L. Martin (U.S.A.)

12. Ergonomie Design 0f Press Work Places-Analysis 0f Strain and Stress Situation
H.J. Bullinger, P. Kern, D. Lorenz (F.R.G.)

13. The Apparel Workpiace: An Ergonomie Case Study
L. Middendorf (U.S.A.)

14. Task Allocation Based on Human Needs as Tool in the Humanization of Wrok Systems
F. Mulder(The Netherlands)

August 26 (Thursday) 9:00 — 12:10 August 27 (Friday) 9:00 — 11:10

Room: Hall A Room: Hall A

Workshop V: Productivity Il — Humanization & Workplace

Chairman: H. Strasser (F.R.G.)
Co-Chairman: K. Noro (Japan)

1. Development 0f Ergonomie Methods for Productivity Improvement
K. Noro(Japan)

2. Human Interface Analysis to Assure lmproved Product Performance
D. Raheja, M. Arjunan (U.S.A)

A Critical Analysis 0f Techniques 0f Evaluation of Working Conditions and a Proposai
for a Methodological Approach

E. Richard (France)

Experiments in the Organization of Work in Germany — A Survey of Major Tendencies,
Results, and Problems

H. Pornschlegel (F.R.G.)

A Study 0f Changes in Work Environment Conditions and Psycho-Social Work Problems
C. Nilsson (Sweden)

Ergonomie Work Load Problems among Members 0f the Swedish Trade Union Con
federation - LO

M. Rehn (Sweden)

Rhythmical Work in Production Lines and Humanization 0f Work
V. Bulat, J. Danon, D.Z. Markoviô V. Parezanin, R. Parezanin (Yugoslavia)

Organizational and Technological Aspects 0f the Operation 0f Production Lines in
Yugoslavia

V. Parezanin, R. Parezanin (Yugoslavia)

Checkout Systems in Self Service Shops - Standardiazation and Real Working Conditions.
H. Strasser, W. Mùller.Limmroth (F.R.G.)

3.

4.

Workshop VI: The Aged & Handicapped

Chairman: B. Williges (U.S.A.)
Co-Chairman: K. Tsuchiya (Japan)

5.

6.

3.

7.

4.

8.

5.

6.

9.

7.

1. Measurement 0f the Older Worker’s Capability
Y. Yokomizo (Japan)

2. A Study 0f Procedure of Job-Redesign for older Workers
M. Nagamachi, K. Ito, S. Une (Japan)

Development 0f Sensor Pegboard for Performance Test
Y. Okada, K. Noro (Japan)

Work Load cf Disabled People at a SmaII Factory
T. Hasegawa, K. Noro (Japan)

Ergonomies for the mentally Handicapped-Motion Study
E. Kapecka, T. Marek (Poland)

A Study 0f Handwork cf the Mentaily Handicapped
A. Tanaka, N. Ando, K. Fukada, K. Hanaoka (Japan)

About the Weight Ratio 0f a Prosthetic Arm to an Amputated Arm Segment
N. Ohnishi, K. Tsuchiya (Japan)

An Evaluation 0f Correlation between Amputated Limb and It’s Dominancy Using
Dummy Prostheses

T. Aoyama, Y. Saito, H. Kasahara, T. Yamashita, K. Koyama, K. Tsuchiya (Japan)

The Effect 0f Foot-Sole Pressure Sensory Feedback on the Activity 0f the Lower Limb
Amputee

8.

9.

10.

S. Morimoto, K. Tsuchiya, Y. Saito (Japan)

Development cf Transfer System for the Severely Handicapped
K. Ichikawa, I. Yoneda, M. Suzuki, I. Hirose, K. Ise, T. Hayashi (Japan)
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TECHINICAL SESSIONS

Session 1: Work Load: General

Chairman: H. Bubb (F.R.G.)
Co-Chairman: K. Saito (Japan)

13:00—14:40

1. The Deveiopment 0f Ergomonic Solution Proposais by the Analysis of Task
H. Bubb (F.R.G.)

2. Characteristics 0f Office Works
A. Komatsubara, Y. Yokomizo (Japan)

3. Synthetic Stress-Profiles
B.H. MLiller(F.R.G.)

4 A Contribution to Methodology for the Evaluation 0f a Welder’s Work-Load
N. Dazord, E. Richard, J..L. Flores (France)

5. Cumulative Fatigue Symptoms and Conditions 0f Work
R. Kosugo (Japan)

6. Information Load and Its Norming
A. Honkasalo, H. Kautto (Finland)

7. Recovery Allowance Caluculated by Assessment of Recovery rather than by the

Preceding Ammount 01 Effort
E.J. Hamley (U.K.)

3. Constrained Postures at VDTs
W. Huenting, T. Laeubli, E. Grandjean (Switzerland)

4. Trade Studies 0f Occupational Environments — An Analysis Based on a Survey 0f the
Electrician Profession

C. Schroder (Sweden)

5. Fatigue and Heaith Problems 0f Workers in a Home for Mentally and Physicafly Handi
capped Persons

Y. Ono, K. Masuda, M. Iwata, N. Hisanaga, Y. Takeuchi (Japan)

6. Comparative Analysis 0f Shoulder Muscle Load in Different Jobs
B. Jonsson (Sweden)

7. The Effects 0f Ergonomic Measures on the Health 0f the Neck and Upper Extremities
0f Assembly-Line Packers—A Four Year Follow-Up Study

T. Luopajarvi, I. Kuorinka, R. Kukkonen (Finland)

8. Tendonitis Control Program for the Apparel Industry
M.A. Ayoub (U.S.A.)

9. Influence 0f Mechanico-Assisted Blowing on the Fine-Myokinesis 0f the Forearms on
Glass-Blowers

G. Schàcke, A. Fuchs, A.V. Laer, P. Mayer(F.R.G.)

10. Assessment 0f Mental and Physical Work Load for Some Agricultural Tasks
C. Cilingir (Turkey)

11. Physical Strain in Delivery 0f Dairy Products
J. Ilmarinen, C.H. Nygârd (Finland)

12. Stress and Strain in Cleaners’ Work
V. Louhevaara, J. Ilmarinen, C.H. Nygârd, I. Pesonen (Finland)

13. Resuits 0f Field Studies Concerning Stress and Strain at Different Blast Furnaces
H. Peters (F.R.G.)

14. Speed Skill in Short-Cycle Repetitive Work
A. Khaleque (Bangladesh)

August 24 (Tuesday) 14:40— 17:30 August 24 (Tuesday) 13:00—15:00

Room: Hall B Room: Hall C

Session 2: Work Load: Industrial Applications

Chairman: G. Schâcke (F.R.G.)
Co-Chairman: Y. Yokomizo (Japan)

Session 3: Systems Design I — Keyboard & Othersj

j Chairman: G.F. Rabideau (Canada)

L Co-Chairman: Y. Uchimura (Japan)

1. On Work Study and Work Load 0f the Computer Operator
M. Umemura(Japan)

2. Eyestrain and Muscle Fatigue 0f Data Entry Operators Using Visuai Display Terminais
N. Onishi, T. Kuroe (Japan)

1. Ergonomic Development 0f a New Keyboard Design
M. Nakaseko, W. Huenting, R. Gierer, E. Grandjean (Switzerland)

2. Inter-Key Time and Digit Keying Sequences 0f 1 O-key Numeric Touch-Keying Operators
G.F. Rabideau, R.P. Lee, P.G. McGuire (Canada)

August 24 (Tuesday)

Room: Hall B
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Link Analysis 0f Electrocardiograph Manipulation and Application for Design of
Electrocardiog raph

N. Yamanoi, K. Yajima, T. Aoki, K. Aoki, S. Kinoshita, H. Tanaka, T. Furukawa

(Japan)

An Educational Equipment for Learners 0f Keyboard Music and Consideration on the

Characteristic 0f the Playing
I. Kitagaki, K. Suetake (Japan)

Application 0f the Plane Switch Using a Pressure-Conductive Rubber Sheet to a Control

Manipulator
Y. Ikeda, H. Takeda, S. Hata (Japan)

Measurement 0f the Ticket-Selling Worksite According to Comfort Experiments

M. Launis (Finland)

The Influence 0f Camera Logic on Camera Ergonomics
H.L. Davis, R.L. Lucas (U.S.A.)

Problems About Diver’s Watch
M. Yamada, H. Yamagata (Japan)

Evaluation of Tactual Sense for Fitting 0f Plastic Parts

T. Kamoshita, H. Yano (Japan)

Session 4: Circadian Rhythm & Shift Work

Chairman: R.N. Sen (India)
Co-Chairman: K. Kogi (Japan)

15:00— 17:10

Chronopsychological Approach to Human Factors
P. Naitoh (U.S.A.)

Psychophysiological Effects of Shift Work in a Small-Medium Sized Factory

M. Kumashiro, K. Mikami, K. Saito (Japan)

A Case Study on Work Burden ofShift-Workers
T. Ohkubo, Y. Horie (Japan)

Energy Expenditure and Energy Intake in Selected Groups 0f Shiftworker

W. Wirths (F.R.G.)

Diurnal Variations cf Reaction Time Performance in the Mentally Retarded Chiidren

K. Kusano(Japan)

Critical Flicker Fusion and Grammatical Reasoning in the Evaluation 0f Shift Schedules

B. Peacock, R. Schlegel, R. Glube (U.S.A.)

Changes in the Subjective Fatigue Scale Characteristic to the Post-Nightshift Period

K. Kogi (Japan)

Interindividual Differences in Sleep-Waking Habits 0f Students and Workers Samples

L. Mecacci, A. Zani (ltaly)

9. Apparant and True Phase-Shifts 0f Circadian Rhythms after a Transmeridian Flight

and during Night Shift
Z. Vokac, E. Jebens, M. Vokac (Norway)

10. Human Reliability in Process Control with Shift Work
G. de Terssac, Y. Oueinnec (France)

11. Time 0f Day Effecton Human Performance in Combined Manual and Decision Task

A. Raouf, T.K. Joseph (Canada)

Session 5: Anthropometry & Clothing

Chairman: A. Wisner (France)
Co-Chairman: K. Yanagisawa (Japan)

13:00—15:50

Problems in Determing Anthropometric Standards for Persons
D. Gloss (U.S.A.)

Measurement 0f Human Body Form Using Pattern Processing Techniques
N. Ito, T. Kurokawa, A. Shinozaki, H. Nakano (Japan)

A Longitudinal Study on Physical Growth at Adolescence
Y. Furumatsu, H. Muto, S. Sato, E. Furumatsu (Japan)

Two Dimensional Fourier Analysis 0f Human Torso Surface
T. Furukawa, N. Yamanoi, H. Tanaka, K. Yajima, T. Aoki, K. Aoki (Japan)

A Stufy of the Anthropometic Differences 0f the Lodotic Curvature in Adult Men and
Women

N.E. O’Neill (U.S.A.)

Head Dimension Measurement for Telephone Handset Design
H. Matsui (Japan)

Anthropometry in Relation to Ergonomics 0f Walking for Work Study Application in
Indian Agricultural Workers

R.N. Sen (India)

Morphological Theorization for Garment Modeling
S. Nakazawa (Japan)

Physiological Evaluation 0f Clothing Heat Transfer
I. Holmér(Sweden)

Body Temperature Measurement for Appropriate Clothing by Means 0f InternaI
Temperature Measurement Device

S. Nagashio (Japan)

The Protective Characteristics cf Clothings for Protection against Heat and Fire
Y. Kawashima (Japan)

-

3.

4.

5.

6.

p

7.

8.

9.

/Z

August 24 (Tuesday)

August 24 (Tuesday)

Room: Hall D

Room: Hall C

1.

1.

2.

2.

j
32

3.

3.

4.

4.

5.

5.

6

6.

7.

7.

8.

8.

j
9.

10.

11.

,7ç
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12. Thermal Effects and Finger Strength Changes in Cold-Water Immersion with a Survival
/ Suit

K. Kimotsuki (Japan)

13. EvaluationofShoe-Fitting

r N. Yamazaki (Japan)

14. On Mannequins Especiaily Made for 1 9th Century Costumes

August 24 (Tuesday)

Room: Hall D

Session 6: Motion & Gait

Chairman: W. Rohmert (F.R.G.)
Co-Chairman: S. Nishikawa (Japan)

On the Control 0f Voiuntary Arm Movements
T. Kurokawa, K. Mishima (Japan)

Effect 0f Two Handed Asymmetrical Simultaneous Motions and Task Difficulty on
Performance Time and Heart Rate Variability

A. Raouf, K. Tsuchiya (Canada)
A Study on a Manner 0f Holding Bali-Point Pen to Write Legible Characters

Y. Ishida (Japan)

Mechanism 0f Microvibration and the Application to Fatigue in Works 0f Lifting of
Weight and Typewriting

T. Usui, K. Sakamoto, K. Seki, A. Iwasaki (Japan)
The Application of the Three Dimensional Measurement to the Motion Analysis

Y. Suzuki (Japan)

Kinematic Analysis of Three-Dimensional Motion in Loading Operations
K. Iwata, T. Moriwaki, T. Kawano (Japan)

Force Sensor Using Carbon Fiber and Its Application to Foot-Force Measuring System
for the Gait Analysis

K. Katahira, S. Saito, S. Tsukahara (Japan)

Desktop Computer-Aided Analysis 0f Dynamics in Human Standing and Walking
T. Yamashita, T. Taniguchi, M. Andoh (Japan)

Finite State Measurement System 0f the Human Gait
A. Kato, K. Ito, K. Tsuchiya (Japan)

Characteristics 0f Spectral Analysis 0f Step Lengths on Treadmill Walking
M. Yamasaki, T. Sasaki (Japan)

A Study on Walking Width, Time and Speed in Manual Load Carrying
Y. Oguro (Japan)

August 24 (Tuesday)

Room: Hall E

Session 7: Quality of Working Life

Chairman: P. Rey(Switzerland)
Co-Chairman:T. Ohkubo (Japan)

Factors in Quality of Working Life: Two Case-Studies
S. Bagnara, R. Misiti, D. Mazzonis, M. Rollier(ltaly)

Complex Work Organization Change Involving Ergonomics and Socio-Technicai Approach
to Improve the Quality 0f Working Life

S. Micheli (ltaly)

Work and Health 0f Working-Class Women in Finland
M.L. Honkasalo, I. Kandolin (Finland)

A Study on the Difference 0f Work Feelings 0f Both Japanese and Chinese Female
Workers Engaged in Light Repetitive Work

T. Ohkubo, M. Aoki, Y. Horie (Japan)
A Study on the Motivation of a Manager by Canonical Correlation Analysis

S.Y. Lee (Korea)

August 24 (Tuesday)

Room: Hall E

Session 8: Environment: Noise & Vibration

Chairman: E. Grandjean (Switzerland)
Co-Chairman: O. Kitamura (Japan)

Noise Immissions f rom Industrial Plants and Annoyance in the Neighbourhood
S. Gyr, E. Grandjean (Switzerland)

Tentative Evaluations 0f Oscillating Sounds Based on Loudness Measures
P. Schaefer (F.R.G.)

Individual Protection against Noise
J. Ducrocq (France)

The Influence 0f Envi ronmental Noise on Performance 0f Repetitive Task
K. Takata, H. Kakeno, Y. Watanabe, S. Takeuchi (Japan)

Studies on the Influence 0f Infrasound to the Human Body—Physiological Effects 0f
Long Term Exposure to Infrasound by Case 0f the Rabbits

N. Machida, Y. Yoshida, H. ltow (Japan)

13:00—14:10

15:50-17:50
1.

1.

2.

2.

3.

3.

4.

4.

5.

5.

6.

7

8.

9.

14:10- 16:10

10.

11.

1.

2

3.

4.

5.
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August 25 (Wednesday)

Session 10: Work Load: Muscle Activity

Chairman: J. Ilmarinen (Finland)
Co-Chairman: H. Matsui (Japan)

Assessment 0f Physiological Cost in Dynamic Muscular Work by Oxygen Cost and
Cardiac Cost

H. Sato (Japan)

The Effect 0f Arm Elevation on Muscle Circulation
H. Yata, T. Fukunaga, A. Matsuo (Japan)

Several Aspects of the Prediction Method 0f Local Muscle Energy Metabolic Rate
S. Yokoyama, K. Yoshida (Japan)

Evaluation of Local Muscle Fatigue in Dynamic Muscular Work by Test Contraction
S. Kira, K. Yamasaki, H. Sato (Japan)

Critical Power as a Measure 0f Muscular Fatigue and Anaerobic Threshold
A. Nagata, M. Muro, T. Moritani (Japan)

What Do We Neglect when Evaluating Muscle Fatigue?
G. G. Gantchev (Sweden)

Occupational Muscular Strain Indicated by Serum Creatine Kinase
M. Hagberg (Sweden)

Creatinine Excretion under Hyporinesia Physical Exercise
Y. Zorbas, V. Petrovskiy (Greece)

Pulling and Pushing Forces as a Function of Elbow Flextion
Y.T. Ikeda (Japan)

August 25 (Wednesday)

Session 11: Work Load: Physical

Chairman: G. Borg (Sweden)
Co-Chairman: T. Endo (Japan)

7.

8.

9.

6. Human Response to Infrasound below Hearing Threshold

O. Okai (Japan)

Studies on the Influence 0f Low Frequency Vibration to the Human Body—Vertical

Vibration —

Y. Yoshida, N. Machida, R. Miki (Japan)

US 0f Vibratory Sensation lnduced by Exposure to Intermittent Vibration

Y. Fukuchi, S. Watanabe (Japan)

Vibration Absorbing Handle
K.T. Hogskolan (Sweden)

II

Room: Hall B

August 24 (Tuesday)

I

9:00—11:00

Room: Hall E

1

16:10—17:40
2.

1.

Session 9: Evnironment: Under Water & Space

Chairman: J. Lauber (U.S.A.)
Co-Chairman: G. Matsuda (Japan)

3.

2.

4.

3.

5.

6.

4.

7.

5.

8.

6.

The Influence of Hyperbaric Environment on Fatigue in Human Deep Dive
Y. Taya, N. Kuwabara (Japan)

The Influence of Hyperbaric Environment(11-31ATA, He-02)on Disturbed Human Sleep
K. Seki (Japan)

Convective Heat Transfer Coefficient 0f the Human Body in Hyperbaric Helium-Oxygen
Mixed Gas Envi ronment

H. Nakayama, N. Kakitsuba (Japan)

Telecontrol 0f Breathing Apparatus in a Lock Ouf
Y. Le Masson(France)

Heat Protection in Respiratory Channels
Y. Le Masson(France)

Head Protection and Total Vision in Underwater Diving
Y. Le Masson(Fraflce)

Dynamic 0f Physical Fitness and Orthostatic Tolerability during Hypodynamics Exposure
H. Saiki, M. Nakaya, M. Sudo, M. Abe, M. Kohno, K. Shioda (Japan)

Quantitative Behaviour of Intraocular Ascorbic Acid upon Hypermetropic Amplitude in
Ove rstraining 0f Fictitious High Altitude

M. Carapancea (Ru mania)

7.

9.

8.

Room: Hall B

11:00— 12:15

1. Psychophysiological Studies 0f Physical Performance
G. Borg (Sweden)

2. A Study on Seasonal Variations 0f Circulatory and Ivietabolic Responses during
Prolonged Exercise

A. Okada, T. Katsuura, T. Azuma, Y. Kikuchi (Japan)
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August 25 (Wednesday)

Session 13: System Design Methodology

Chairman: J-H. Kirchner (ERG.)
Co-Chairman: Y. iyama (Japan)

An Application 0f Decision Tables Method in Ergonomic Research
L. Pacholski, B. Mateja (Poland)

An Ergonomic Method Diagnosing Complex Production Systems
L. Pacholski (Poland)

Combined Use of an Ergonomic Checklist and Complaint Rating as a Means 0f
ldentifying Problems

K. Sakai, K. Kogi (Japan)

Pluralistic Treatment in the System Research 0f Ergonomics
T. Marek, R. Michatek, C. Noworol (Poland)

The Use 0f Operator Workload Measures in the Evaluation of Different Telemanipulators
J. Richardson, N. Fiori.Savary, D. Xirau, D.A. Lescoat (France)

The Evaluation of the Repairmen 0f Motorcar Using the RS-Method
S. Nakayama, R. Sakai (Japan)

August 25 (Wednesday)

Room: Hall D

Session 14: Eye Movement

Chairman: J-C. Rouhet(France)
Co-Chairman: S. Tsukahara (Japan)

Maximum Velocity in Smooth Pursuit Eye Movement
K. Horii, K. Tanaka, Y. Tomoda (Japan)

Frequency Responses 0f the Pursuit Eye Movement System
K. Matsuoka, Y. Ueda (Japan)

Lambda Responses and Evaluation 0f Visual Task Load
A. Yagi (Japan)

Individual Differences Observed f rom Relationship between
and Eye Movements

H. Togami, K. Noro (Japan)

3. Effects of Specific Dynamic Action on the Metabolism at Rest
K. Yamasaki, S. Watanuki, S. Kira (Japan)

4. The Effect of Body Postural Change on Anaerobic Threshold
T. Fukunaga, H. Yata, S. Ikegawa (Japan)

5. The Effect of Additional Weight on External Mechanical Energy in Running
A. Matsuo, T. Hirata, N. Tsunoda, T. Fukunaga (Japan)

6. Mechanical Efficiency in Relation to Pedaling Rate during Cycle Ergometer Work
Y. Fukuba, Y. Koya, S. Watanuki, K. Fujiie (Japan)

7. Optimum Speed 0f Up-Hill Cycling with Special Reference to Slope Gradients and the
Gear Ratio

A. Kimura, M. Morioka, S. Horino, K. Kishida, K. Uchida (Japan)

Room: Hall C

10:30— 12:10

August 25 (Wednesday)

1.

Room: Hall C

2.

L)

9:00— 10:30

3.

1.

4.

Session 12: System Evaluation Methodology

Chairman: J. Rosner (Poland)
Co-Chairman: T. Furukawa (Japan)

2.

5.

The Computer Technique in Ergonomic Attestation and in Design 0f Controlling Devices
Distribution

L. Pacholski, S. Szczebelski (Poland)

ASystematic Ergonomics Design Procedure
J.H. Kirchner(F.R.G.)

Ergonomical Correction 0f Working Conditions at the Stage 0f Working Station
M. Spychata (Poland)

The Interaction between Ergonomic Criteria and Industrial Design
V. Popovic (Australia)

Back-to-Front Systems Design: A Guns and Butter Approach
R.S. Didner (U.S.A.)

Use 0f Modular Simulators in Selection, Training and Workpost Design
J..C. Rouhet(France)

VAD —AVideoAided Ergonomics Design System
P. Friedrich (Sweden)

3.

6.

7.

4.

5.

6.

1

j

9:00— 10:30

1.

2.

3.

4. Percent Correct Counts
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5. A Study 0f the Constitution 0f Visual Judgement Process 0f the Composite Images
T. Kurabayashi (Japan)

6. Modelling 0f Visual Scanning Sequencee to Multiple Targets
M. Makikawa, H. Tamura (Japan)

7. An Evaluation 0f the NAC Eye Mark Recorder
T. Megaw, J. Richardson (U.K.)

August 25 (Wednesday)

Room: Hall D

Session 15: Education & Training

Chairman: W.B. Knowles (U.S.A.)
Co-Chairman: S. Sugiyama (Japan)

1. Cost-Effectiveness 0f Ergonomics: Elusive Data and an Exchange Heuristic
A.B. Russeil (U.S.A.)

2. Exponential and Hyperbolic Learning Curves in Psychology and Industrial Engineering
S. Lippert (U.S.A.)

3. Time-Pressure, Training and Decision Optimality
D. Zakay (lsrael)

4. Cognitive Psychology of Manual Control: Expert and Novice Differences in Cognition
and Performance

Y. Anzai, Y. lshii, Y. Hayashi (Japan)

5. Ergonomics Training for Computer Users
T. Houghton (France)

6. The Influence of Job Knowledge in Product Quality Judgements on a Continuous
Production Line

J. Richardson, X. Cuny (France)

7. Introduction 0f Ergonomics in the Development of the Educational System
S. Kozuki (Japan)

8. An Instructional System which Permits the Students to Critically Discuss Their Own
Test Answers

I. Kitagaki, Y. Shimizu, K. Suetake (Japan)

9. ATrialoflntroducting Game Factor intothe Rehabilitation Training
N. Ohnishi, K. Tsuchiya, F. 110, S. Nagai (Japan)

10. Development 0f General Purpose Biofeedback System
M. Ohsuga (Japan)

August 25 (Wednesday)

Room: Hall E

1. Gardiovascular and Metabolic Reactions to Work in Different Ambient Temperatures
T. Nariai, Y. Fukuba, J. Ohashi, Y. Izumitani (Japan)

2. Relationships between Physique and Inc rease in Body Temperature Du ring Exercise
in a Warm Envi ron ment

T. Katsuura, A. Okada, T. Azuma, Y. Kikuchi (Japan)

3. Effect 0f Hot Dry and Hot Humid Environment in Continuous Work Performance in Men
J.S. Gupta (India)

4. Effect of Ambient Temperature on Physical Work Capacity
L. Mathew, J. S. Gupta (India)

5. The Effects cf Work Rates and Ambient Temperature on Transient Physiological Re
sponses

Y. Takasaki (Japan)

6. The Effects 0f Exercise, Ambient Temperature and Season on Estimation cf Maximal
Oxygen Intake

S. Watanuki, K. Yamasaki, Y. Koya (Japan)

7. Influence cf Age on Circulatory Responces to Exercise at Different Air Temperature

Conditions
Y. Kikuchi, T. Katsuura, A. Okada (Japan)

8. Evaluation 0f Cardiac Output by Electrical Impedance Method under Different Ambient

Temperatures
T. Azuma, T. Katsuura, A. Okada, Y. Kikuchi (Japan)

9. Change in Pulmonary Diffusion Capacity for CO under Various Conditions 0f Temperature
combined with Hypobaric Hypoxia.

A. Yasukouchi, K. Iwanaga, Y. Koya, M. Sato (Japan)

10. Effect cf Repeated CoId Exposures on Thermal Responses cf Men
Y. Tochihara, T. Ohnaka, K. Yoshida (Japan)

11. Physical Work Capacity 0f Young Competitive Swimmers in Water at Three Different
Temperatures

T. Nomura(Japan)

9:00—11:15

10:30— 12:30

Session 16: Environment: Temperature & Physiological Responses

Chairman: L Hclmér(Sweden)
Co-Chairman: Y. Kikuchi (Japan)
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August 25 (Wednesday)

Room: Hall E

Session 17: Environment: Heat Stress Evaluation

Chairman: J.J. Vogt (France)
Co-Chairman: M. Sato (Japan)

1. Effects 0f Body Build and Sweat Rate on Rectal Temperature during Acute Heat
Exposure in Man

K. Iwanaga, A. Yasukouchi, K. Yamasaki, H. Sato, M. Sato (Japan)

Sensitivity Analysis Suports Simplified Heat Stress Rules
J.D. Ramsey, C.P. Chai (U.S.A.)

Analytical Determination 0f Heat Stresses
J.J. Vogt, V. Candas, J.P. Libert (France)

A Statistical Analysis 0f WBGT Factor in Complex Production Systems
L. Pacholski (Poland)

Experimental Thermoesthesiometer
H. Mito(Japan)

Vibration Effects and Cold Storage Exposures for Workers in —20° to + 3000 Environ
ments

E.J. Hamley (U.K.)

August 26 (Thursday)

Room: Hall B

Session 18: Architecture

Chairman: F. Mulder (The Netherlands)
Co-Chairman: 5. Fujimura(Japan)

Sharing (Size and Form) 0f Workrooms f rom the Viewpoint of
ments

F. Mulder(The Netherlands)

Ergonomic Values 01 Traditional Housing in Bali
A. Manuaba (Indonesia)

The Relation between Physical Element and Visual Effects in Living Rooms—Part 1. On
the Wall Colo r

T. Yanase, M. Kunishima (Japan)

The Relation between Physical Element and Visual Effects n Living Room—Part 2. On
the Wall Light

M. Kunishima, T. Yanase (Japan)

Session 19: Work Load: Methodology

Chairman: H.L. Snyder (U.S.A.)
Co-Chairman: Y. Saito (Japan)

K
11:15—12:30

2.

3.

4.

5.

5. Required Clearance for Passages in Dwelling House
K. Koh, K. Kamada (Japan)

6. A Study on Walking Up and Down Stairs in Eldery People
K. Aoki (Japan)

7. Accident Research for Safety on Stairs
H. Nagata (Japan)

8. Safety Requirements 0f Stairs
S. Kose, H. Uno(Japan)

9. A Systems Approach to the Aetiology 0f Human lnjury in Livestock Building Design
G.A. Bramall (U.K.)

10. Experimental Study on the Cognitive Process 0f Streetscape
Y. Kubota (Japan)

6.

August 26 (Thursday)

Room: Hall B

11:10— 12:50

9:00--11:10
1.

1.

2.

2.

3.

3.

4.

Pleasant Working Environ-

4.

5.

6.

7.

On the Validity of Japanese Fatigue Feeling Scale
Y. Saito (Japan)

Facto rial Analysis 0f Fatigue
S. Kondo, M. Oshima (Japan)

Work Load Studied by Multi-Point Critical Fusion Frequency (MCFF)
H. Osaki, S. Kikuchi, M. Ogata, H. Miyake, S. Okumura (Japan)

Measurement of Critical Flicker Fusion Frequency Liquid Crystal
K. Hosaka, O. Nishino, A. Watanabe, M. Saito, H. Takashita, Y. Yamazaki
(Japan)

A Consideration on the Classification 0f Two-Dimensional Displayed Patterns 0f EEG
H. Takeda, Y. Takashima, Y. Ikeda, S. Hata (Japan)

Mental Effects 0f Risky Behaviour Seen by Means 0f a Portable Heart Rate Analyzer
H. Muroya, M. lkeda, H. Yazawa (Japan)

A Three-Level Computer-Assisted System for the Evaluation 0f Physiological Changes
during Work, before and after Ergonomical Intervention

J. Formànek, J. Kubât, J. Dvorâk, M. Fires, M. Vanickovâ, J. Andel, T. Chipra,
Z. Fabian, P. Rehâk, F. Klâtil, P. Zajicek, M. Vaneckovâ (Czechoslovakia)

Disturbances in Curve Smoothness 0f Pupillary Reflex under Mental Workload
T. Marek, C. Noworol (Poland)

Measurementon BrainArousal Rate
S. lnaba (Japan)

8.

9.
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Session 20: Evaluation 0f Human Activities

Chairman: E.J. Hamley (U.K.)
Co-Chairman: K. Sato (Japan)

9:00--10:30

1. The Evaluation of Each Daily Human Activity by the Instrumentation of a Continuous

Heartrate Measurement
S. Adachi (Japan)

2. Measurement 0f the Effect of Central Acting Drugs on Performance and Reaction lime
H. Krueger (F.R.G.)

3. Effect of Sleep Deprivation on the CNV and Dual Task Performance
M. Miyao, T. Ohga, H. Sakakibara, T. Nakagawa, F. Kobayashi, S. Kanda,
K. Takihi, S. Yamada, M. Terashima, T. Endo (Japan)

4. A Biotechnological Study 0f the Relation between Sleep and Beds
K. Fukada, N. Ando, A. Tanaka, S. Ichikawa, Y. Ando (Japan)

5. Responses 0f Sympathetic Nervous System to Hand Induced Vibration

T. Sakurai (Japan)

6. On the High-Order Dynamic Activity and Its Component Activities
K. Sato (Japan)

10:30-- 12:30

Session 21: Systems Design II — Vehicle, Sign & Others

Chairman: A. Chapanis (U.S.A.)
Co-Chairman: T. Kondo (Japan)

1. Improvement 0f Visibility for Large Truck Drivers to Prevent Unsafe Turning to the Left

S. Horino (Japan)

Safe and Easy Coupling 0f Tractor Implements
L. Sjofløt (Norway)

Ergonomic Aspects cf Operator Cabins on Earth Moving Machinery

M.P. van der Grinten, C.K. Pasmooij (The Netherlands)

Design 0f a Vehicle for Mail Delibery. An Ergonomic Study
M. Bj&kstén, D. Caple, S. Carls66, P. Friedrich, J.E. Hansson (Sweden)

5. Ergonomic Changes 0f Our Automatic Welding Machine,OUr Track-Pin Press Machine

and Our FelliesAssembling Machine in Our Repair-Shop
A.E. Haugan (Norway)

6. The Use of Routing Information in a Public Environments
H.F. Zwaga (The Netherlands)

7. Evaluation of a Set 0f Graphic Symbols
T. Boersema, H.J. Zwaga (The Netherlands)

8. Developing Effective Symbols for Public Information: The ISO Testing Procedure
H. Zwaga, R. Easterby (The Netherlands)

9. Standardization of Geometric Radar Symbology
R.J. Carter (U.S.A.)

10. A Study of Human Cosmetic Behavioral Factors
K. Morooka, S. Morikawa (Japan)

Session 22: Introduction of Ergonomics to lndustry

Chairman: K.J. Zink(F.R.G.)
Co-Chairman: T. Sugi (Japan)

1. Ergonomic Aspects cf New Technologies
K.J. Zink (F.R.G.)

2. Contribution 0f Human Automatics to Man Machine System Analysis

N. Malvache, J.C. Angue, D. Willaeys (France)

9:00--10:55

3. An Investigation on the Actual Condition Pertaining b Introduction 0f Ergonomics into

Japanese Industries (Japan)
S. Nishikawa, M. Tsuchihashi (Japan)

4. The Development 0f the Scientific Basis 0f Ergonomic Norms and Requirements

V.M. Munipov (U.S.S.R.)

5. A Problem in Applications: An Investigation into Methods and Materials for Upgrading

Nuclear Power Control Boards
D.L. Smith, J.L. Seminara (U.S.A.)

6.

7.

8.

Ergonomics in Agricultural and Forestry—the Present and Future State

J. Zander(The Netherlands)

Ergonomics in Agricultural Engineering in India
B.G. Yadav, L.P. Gite (India)

Integration 0f Ergonomics in Transportation in Bali
A. Manuaba (Indonesia)

August 26 (Thursday)

Room: Hall C

August 26 (Thursday)

August 26 (Thursday)

Room: Hall D

Room: Hall C

E
2.

3.

4.
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9. Signal Detection Theory in Ergonomics
H.C. Micko(F.R.G.)

August 27 (Friday)

Room: Hall B

Session 26: Vehicle Driving

Chairman: A. Chapanis (U.S.A.)
Co-Chairman: K. Yajima (Japan)

9:00— 10:45

Session 27: Introduction of Ergonomics to Social Systems

Chairman: R.G. Pearson (U.S.A.)
Co-Chairman: M. Yoshida (Japan)

1. The Functioning of Occupational Health Service in Scandinavia — on the Basis 0f

Empirical Research in Norway and Sweden and Experience f rom a Field Research
Project in Denmark

O. Rieper, A.S. Johansen (Denmark)

2. The Tasks 0f an Industrial Physician
J.l. Kamoy(Norway)

3. Is Selective Traffic Code Enforcement Practical? A Survey 0f Canadian Traffic Police
G.F. Rabideau, M.You, G. Smith (Canada)

4. Human Factors in Organizational Design and Management
H.W. Hendrick (U.S.A.)

5. Cognitive Complexity, Conceptual Systems and Organizational Design Implications for
Ergonomics

H.W. Hendrick (U.S.A.)

6. Assesment Center Ratings as an Interim Criterion Measure in Leadership Research
H.W. Hendrick (U.S.A.)

7. Accuracy 0f Leaders Perceptions of Self and Others, and Actual Group Status as
Functions 0f Cognitive Complexity

H.W. Hendrick (U.S.A.)

8. The Ergonomics, Has It Its Specific Laws?
P. Burloiu (Rumania)

9. Impact 0f Technology Transfer on Asian Developing Countries
S.E.G. Perera (Thailand)

Session 28: Posture

Chairman: 5. Kumar (Canada)
Co-Chairman: S. Hijikata (Japan)

1. Dynamic Analysis 0f Human Upright Posture Control Activity
K. Sato, C. Morisada, N. Tajima (Japan)

9:00—10:30

August 27 (Friday)

9:00— 11:10

Room: Hall C

7.

1. Analysis 0f the Driving Operation 0f Drivers
S. Ueno, K. Haneishi, M. Nishikawa (Japan)

2. Evaluation 0f the Arousal Level of Automobile Drivers Based on Their EEG, etc.
T. Yanagishima, Y. Seko, A. Ajimine, T. Kobayashi, N. Fukasawa (Japan)

3. Evaluation 0f Vehicle Steering Control Characteristics by Skin Resistance Level and
Heart Rate

T. Sawada (Japan)

4. The On-Line Use 0f Driving Performance Measures to Detect Abnormal Driving Behavior
D.A. Attwood, Y.l. Noy (Canada)

5. Effects 0f Fatigue and Drugs on Driving Performance
K. Yajima, K. Aoki, T. Aoki, N. Yamanoi, H. Tanaka, S. Kinoshita, T. Furukawa
(Japan)

6. Autoregressive Analysis cf Highway Driving Performance by a Simulator
S. Kinoshita, K. Yajima, K. Aoki, H. Tanaka, T. Aoki, N. Yamanoi, T. Furukawa
(Japan)

Driver and Pedestrian Speed Perceptions
M.H. Bergman (U.S.A.)

Fatigue 0f Bulet Train Drivers Operating on Multi-Tunnelled Sections
A. Watanabe, K. Kogi, N. Onishi, H. Shindo, K. Sakai (Japan)

Measurement 0f Pilot Workload During Take Off and Landing by C-1 Jet Carrier
Y. Nagasawa, S. Aramaki, N. Utsuki (Japan)

A Study on the Changes 0f Physiological Functions on Motorcycle Riding
T. Matsumoto (Japan)

Subjective Symptoms and Physio-Psychological Effects by Motorcycle Driving
A. Hisashige, H. Ohara, Y. Kume, M. Yamamoto, T. Ogawa, H. Aoyama (Japan)

A Biotechnological Study 0f Pilots 0f Hang Gliders
N. Ando, A. Tanaka, K. Fukuda (Japan)

8.

9.

10.

11.

12.

August 27 (Friday)

Room: Hall D
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2. On the Anyalysis of Erect Posture by the Foot-Pressure
M. Sakamoto, H. Itoh (Japan)

3. An Ergonomic Evaluation of Foot Complaints among Waiters as a Basis for Job Design
J. Winkel (Sweden)

4. The Postural and Health Problems 0f Workers in Pear and Apple Orchard
H. Sakakibara, M. Miyao, T. Nakagawa, F. Kobayashi, S. Kanada, K. Takihi,
S. Yamada, K. Masuda (Japan)

5. Localized Fatigue Complaints Related to Output and Body Posture 0f Dentists
K. Maeda, H. Hayashida, T. Suenaga, M. Takamatsu (Japan)

6. A Study 0f Space Allotment Procedure for Dental Treatment Area in Measurement 0f

Human Posture
T. Shibahara, M. Ohashi (Japan)

7. AStudyof “Driving Position” in PassengerVehicles
T. Sugimoto (Japan)

8. Holding Performance of Automobile Seats
M. Sano, M. Miyagi (Japan)

10:30—11:45

Session 29: Work Load: Lifting

Chairman: M.M. Ayoub (U.S.A.)
Co-Chairman: K. Kimura (Japan)

1. Energy Cost 0f Lifting in Sagittal and Lateral Planes by Different Techniques
S. Kumar, D. Magee (Canada)

2. An Ergonomic Evaluation 0f Working Postures in Manual Weight Lifting
M. Morioka, A. Kimura, K. Kishida, S. Horino, M. Saito (Japan)

3. An Ergonomic Approach to Reduce Hazards 0f Lifting Task
M.M. Ayoub (U.S.A.)

4. Recommended Work Rates and Container Configuration for Manual Lifting and Lowering
Activiti es

A. Mitai, S.S. Asfour, M.M. Ayoub (U.S.A.)

5. Guidelines for Permissible Limits for One-Handed Lifts by Women
A. Garg (U.S.A.)

The Physiological Costs 0f Boxlifting by Females
J.F. KelIey, E. Michaei, R.N. Parrish (U.S.A.)

August 27 (Friday)

Room: Haii E

Session 30: Perception & Recognition

Chairman: H. Krueger(F.R.G.)
Co-Chairman: K. Fukushima (Japan)

1. Color Contrast and Visual Task Performance
H.L. Snyder (U.S.A.)

2. The Influence 0f Color Saturation on the Chromatic Error 0f
Human Eye

H. Krueger (F.R.G.)

3. Effects 0f Television Noise Interference on Character Reading Time and Error Rate
A. Watanabe, M. Saito, M. Oshima (Japan)

4. Signal Detection in the Noisy Background Figure through Limited Area 0f Visual Field
S. Saito, K. Katahira, S. Tsukahara (Japan)

5. A Discriminability Metric for VDU Characters
K. HirshPasek, M.L. Schneider, S. Nundelman (U.S.A.)

6. Intraitem and Interitem Symmetries in Same Responses to Pairs 0f Letters
S. Bagnara, D.A. Boies, F. Simion, C.A. Umiita (itaiy)

7. How Many Letters Can We Recognize at a Glance?
T. Fukuda (Japan)

8. An Analysis cf the Interaction Effects between Successively Exposed Two Figures
T. Yoshida (Japan)

9. A Multidimensional Scaling Analysis on Perceptrual Structures 0f Japanese Syllables
K. Mizuki (Japan)

10. Tactile Lette r Display for a Reading Aid
Y. Shimizu (Japan)

11. Warmth toTouch the Building Materials
P. Matsui, Y. Kasai (Japan)

12. Pain Sensation and Skin Deformation
M. Akamatsu (Japan)

13. AccuracyofTime Perception in Rhythmic Movement
T. Niihara, K. Kusano(Japan)

14. Study on the Time-Estimation to Some Reactive Simple Actions
i. Yoshimura, M. Nakamura (Japan)

9:00—11:40

August 27 (Friday)

Room: Hall D

Accommodation 0f the

6.
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Session 31: Work Performance

Chairman: J.J. O’Hare (U.S.A.)
Co-Chairman: M. Iguchi (Japan)

13:00—14:40

1. Dependence of Human Performance on Input Information in Pursuit Manual Control

Systems
O. Suenaga, M. ihara (Japan)

2. A Study 0f Human Operator’s Dynamics During Training and Transfer Trials of the

Tracking Tasks in Case 0f a Second-O rder Lag System

T. Yamashita, E. Masuyama (Japan)

3. SkiII Improvement in Manual Control 0f a Double Integral Controlled Element

A. Tada (Japan)

4. AConsideration on the Index 0f Precognitive Control Behaviors of Human Operator

H. Takeda, Y. ikeda, S. Hata (Japan)

5. Analysis cf Precognitive Dynamics in Two Axis Pursuit Tracking Task

T. Aoki, K. Yajima, K. Aoki, H. Tanaka, S. Kinoshita, N. Yamanoi, T. Furukawa

(Japan)

6. Modeling the Human Operator in a Preview Comensatory Tracking Controi System

K. Yoshimoto (Japan)

7. On the Self-Paced Preview Manual Tracking Behaviors

K. Ito, M. ito(Japan)

8. Human Operator’s Compensation Mechanism for Time-Delay in Manual Control System
M.Yoshizawa, H. Takeda (Japan)

9. Visual Lead Compensation in Manual Compensatory Tracking

S. Hara, K. Hanada (Japan)

10. Effects 0f Exogenic Stimulation upon Monotonous Performance

T. Watanabe, Y. Kawahara (Japan)

2. Trunk Muscle Activity during Dynamic Forward Bending and Straightening Up
K. Tanii (Japan)

3. Compressive Load at L5/S1 Spine Level as a Biomechanical Factor during Various

Lifting Techniques
T. Leskinen, H. Staihammar, I. Kuorinka, D. Troup (Finland)

4. Posture Optimization through Three-Dimensional Kinetic Biomechanical Modeling
A. Kumar, A. Mitai (U.S.A.)

5. Physiological Load on the Back of Postmen during Letter Distribution in Urban Districts
K. Jorgensen, H. Christensen, E. Daltorn, T. Nicolaisen (Denmark)

6. The Musculoskeletal Status in Airport Transport Worker
K. Undeutsch, M.j. Karvonen, J. Mainzer(F.R.G.)

7. A Back-Care Program in the Building and Construction lndustry in the Netherlands
E.A.P. Koningsveid (The Netherlands)

Session 33: Working Environment

Chairman: S. Bagnara(ltaiy)
Co-Chairman: E. Takakuwa (Japan)

13:00— 14:40

1. Studies on Subjective Sensations on Air Movement for Creating Comfort Indoor Ciimate
H. Kubota (Japan)

2. Passive Smoking at Work
A. Weber (Switzerland)

3. An Experimental Study on Irritations and Annoyance due to Passive Smoking
T. Muramatsu, A. Weber, S. Muramatsu, F. Akermann (Switzerland)

4. A Survey on the Effects 0f lnvoluntary Smoking and Attitude to Smoking among School
Chiidren and Students

S. Muramatsu, T. Muramatsu, A. Weber (Switzeriand)

5. Effect of Physical Work Rate 0f Dispersai 0f Bacteria in the Air f rom Man
K. Terayama, H. Ohno, F. Hirata, T. Kawarabayashi (Japan)

6. Hazardous Materials Encountered in Human Factors Design Practice
D. Gloss (U.S.A.)

7. Solvent Mixtures Influence Dependent on the Working Process in the Wood Industry
R. Lôdersdorf, G. Schacke, B. Heydenreich•Adolff, A. Fuchs (F.R.G.)

8. The Aggregation Method 0f Heterogeneous Material Environment 0f Work Factors
L. Pacholski, A. Jasiak (Poland)

August 27 (Friday)

Room: Hall C

August 27 (Friday)

Room Hall E

August 27 (Friday)

Room: Hall D

13:00— 14:30

Session 32: Work Load on the Back

Chairman: A. Mitai (U.S.A.)
Co-Chairman: T. Ota (Japan)

1. Dynamic Loading 0f Static Trunk
S. Kumar, P.R. Davis, D.P. Currier (Canada)

—36—
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FAREWELL PARTY TECHNICAL SITE VISITS

August 26 (Thur.) 19:00 — 21:30 Following 6 courses are available to the Iimited number 0f participants.

Akasaka Prince Hotel “Royal Hall” (Annex 5F1.) Participants are required to go to the site on their own except for course 6.

Participants for course 6 are required to pay for bus transportation at the registration desk.

Those who wish to join a tareweil party are requested to buy a ticket at the Information
Desk by the noon, August 26. Those who wish to pay a visit are requested to make an application in advance and get

information about courses at the Information Desk.
You can enjoy Japanese Popular song, Folklore song and Dance.

CLOSING CEREMONY
DATE: August 26 (Thur.)

August 27(Fri.) 15:00 — 16:00 Course 1: Japanese National Railways (Centralized Traffic Control Center)
Nihon Toshi Center “Hall B”

This ceremony is scheduled to include an address by a representative f rom the
next host country. Course 2: Metropolitan Police Headquarters

Course 3: Tokyo Fire Department

LADIES’ PROGRAM
Course 4: Telecommunications Science Hall of Nippon Telegraph and Telephone

AIl Accompanying Persons registered can receive Ladies’ Program tickets at Travel Public Corporation.

Information Desk (JTB Counter). They are invited to the Ladies’ Programs, which wiII provide
them with the opportunity to become familiar with the things 0f Japan.

Course 5: The Federation of Bankers Association of Japan
LP-1: Japanese Traditional Arts”

August25(Wed.)9:OO—16:20

LP-2: “Japanese Garden and Museum” Course 6: Nissan Motor Co., Ltd. — Zama Plant

August26(Thur.)8:40—12:30 N
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Date
Aug. 24

25
26
27

cD AlocaCo., Ltd.
Fuji Photo Optical Co., Ltd.

© Health Japan Center
® Hokushin Kaken Co., Ltd.
© IBMJapan,LTD.
© Imasen Engineering 00., Ltd.

Mitsubishi Electric Corporation, Central
Research Labolatory

© NAC lncorporated
® Nippon Electric Co., Ltd.

Nippon Telegraph and Telephone Public
Corporation

© Protech lncorporated
© San-ei InstrumentCo., Ltd.
© Sony Corporation
© Takei & Company, Ltd.
© TEAC Corporation

Technology Research Association 0f
Medical and Welfare Apparatus

© Yaesu Rehabili 00., Ltd.

EXHIBITION

The Organization Committee will hold IEA ‘82 Exhibition at Nihon Toshi Center f rom August
24 (Tues.) through August 27 (Fri.)

Time
13:00— 17:00
9:00—17:00
9:00—17:00
9:00—12:00

LOCATION MAP

Ikebukuro

To
Kejsei Line

To Narita
Air port

Chiba

Ginza

ICapital
Hotel

Shintomicho

Exhibitors

Ginza

Japanese National
— Railways

Subway

PrivateRailways

Hamamatsucho

Fr

o
o

To

0 100 200 300m

Akasaka Prince Hotel

® Todofuken Kaikan

© Hotel New Otani
Akasaka Tokyu Hotel

® Suntory Museum of Arts
Subways in Tokyo
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©

©

AlocaCo., Ltd.
Fuji Photo Optical Co., Ltd.
Health Japan Center
Hokushin Kaken Co., Ltd.
IBM Japan, LTD.
Imasen Engineering Co., Ltd.
Mitsubishi Electric Corporation, Central
Research Labolatory
NAC Incorporated
Nippon Electric Co., Ltd.

Nippon Telegraph and Telephone Public
Corporation
Protech Incorporated
San-ei lnstrumentCo., Ltd.
Sony Corporation
Takei & Company, Ltd.
TEAC Corporation
Technology Research Association of
Medical and Welfare Apparatus
Yaesu Rehabili Co., Ltd.

EXHIBITION

The Organization Committee will hold IEA ‘82 Exhibition at Nihon Toshi Center f rom August
24 (Tues.) through August 27 (Fri.)

Date
Aug. 24

25
26
27

Time
13:00—17:00
9:00—17:00
9:00—17:00
9:00—12:00

LOCATION MAP

Ikebukuro

To Mitaka

Shinjuku

Keisei Une
To Narita

Air port

Chiba

Shibuya

Exhibitors

Ginza

ICapital
Hotel

Shintomicho

Japanese National
— Railways

Subway

Ginza

PrivateRallways

Harnamatsucho

T JNR [me

To Haneda Air port

©
©

©
0 100 200 300m

® Akasaka Prince Hotel

® Todofuken Kaikan

® Hotel NewOtani
Akasaka Tokyu Hotel

© Suntory Museum of Arts
Subways in Tokyo
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Editorial

The 8th Congress of the International Ergonomics Association, Tokyo, August
1982 is the second ofits kind to be held in a non-European nation, following the United
States. and the first to be held in the Asia—Pacific region. Japan is far removed from
Europe in language and culture, so that Japanese ergonomic research differs widely
from that of Europe in concepts and problem-solving approaches. These differences
make clear understanding between Japanese and European investigators difficuit.
Many ergonomie studies by European investigators have been introduced to Japan
through Ergonomics and otherjournals, but work carried out by Japanese investigators
bas rarely been introduced to Europe. Taking the opportunity to correct this
imbalance, the holding ofthe congress bas stimulated Japanese ergonomists, who have
submitted a total of over 180 abstracts for presentation at the congress.

Abstracts from ergonomie workers in 28 foreign countries have exceeded 170. It is
rare for this type of international meeting that the number of reports from the host
country approximately equals that of reports from the other countries. Thus the bost
country’s contributions are neatly balanced against those of the rest of the world,
presaging active exchange between East and West.

The abstracts received cover an extreme)y wide range of topics, including subjects
that have aroused new interest in the past few years. Readers will notice that the
abstracts teli them about recent trends of ergonomic research in the world, among
other things views of ergonomists and methods of ergonomie research.

This special issue flrst divides the abstracts into two broad groups offundamentals
and applications, and then subdivides them into more detailed research fields. This
classification is very systematic and is different from the sequence of the technical
sessions and workshops at the congress. The special issue is edited in this way, bearing
in mmd that it will also be referred to after the congress.

As Congress Editor, I would like to thank many people for their help in compiling
this issue. Professor R. Goldsmith, General Editor, bas shown me an extremely deep
understanding and bas given me apt suggestions through several meetings and
communications.l also thank Mr. S. A. Lewis, Managing Director ofTaylor & Francis
Ltd, for his business acumen and great enthusiasm for international scientific exchange
and finally, Mr. Shuhei Hattori of Kinokuniya Co. Ltd who has painstakingly
supported me in my work in Japan and bas played a major role in bringing this issue to
completion.

KAGEYU NORO

Congress Issue Editor
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Note from the Generai Editor

The world knows that Japanese industry has had unprecedented success in
capturing markets, at the same time maintaining peace and tranquility among those
who actually make the products. The 8th Congress of the International Ergonomics
Association wilI shed some light on the contributions that Ergonomics and ergo
nomists have made to this achievement. This issue, so ably edited by Professor Noro,
will be the permanent record from which new contacts between the cultures ofEast and
West, through the scientific research, will be established. If within its pages language is
sometimes obscure or difficuit, blame flot the hard-working editors but reflect that
communication across the cultures is difficult, and we are still only at the beginning of
true conversations. Our aim is to make but a small contribution; practitioners and
researchers in Ergonomics must do the real work.

R. GOLDSMITFI
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Ergonomics in Japan

By MASAMITSU OSH1MA

The Medical Information System Development Centre,
Tokyo, Japan

The Japan Ergonomic Research Society was established on 1 December 1964. The
present situation of the society is as follows:

(1) The society has seven regional branches as listed in table 1.
(2) Six journals are published in each year.
(3) The annual meeting and general assembly are held each year.
(4) Six special research committees are active for research and development in the

area ofergonomics, these are shown in table 2.
(5) The members ofthe society are classifieci by profession; the largest number of

members is in the area of engineering, followed by medicine, housekeeping and
psychology (figure 1).

The characteristic of ergonomies in Japan is thought to depend on the concept of
the human being. The following items are listed for the understanding of the human
being.

Man system: Man is observed to be aman system, because man has the conditions
ofa system; that is to say, (a) man has various kinds ofcomponents, (b) man has the
relation between each component, and (c) man has purpose as the man system,
which may be living and social activities. Man system is called from the standpoint
of many kinds of concepts, these are shown in table 3.

Man systems have many kinds ofcharacteristics, which are called system functions
instead of human functions. Table 4 shows the system functions, only one item is
explained in detail.

Table 1. Regional branches of the society.

(1) Hokkaido branch
(2) Tohoku branch
(3) Kanto branch
(4) Tokai branch
(5) Kansai branch
(6) Chu-shikoku branch
(7) Kyushu branch

CONGRESS PROGRAMME

Room HaIIA

900 Opening Ceremony
10:00

_________________

Hall B

1030

12.00

Hall C

Special Lectures

Aug.
24

Tues

><i><

H aIl E

13:00 Qualily 01 Working
< WORKSHOP I> Work Load: Systems Design I Anthropometry & Lite
Satety General —Keyboard & Clothing

Others
Environment

. Noise&Vibratofl
<WORKSHOP Il> Work Load Circadian Motion & Gait Environmerit
Human Error Industrial Rhythm & unaerwaler &

Applications Shitl Work Space1730
900

<WORKSHOP III> Work Load: System Eye Movement Environment
Productivity t Muscle Activity Evaluation Temperature &
— Automation & Methodology Physiological
Robotization Responses

<WORKSHOP lv> Work Load System Design Education & Environmenl

VDU & Operator Physical Methodology Training Heat Stress
1230 Evaluation

25
Wed

14:00

1 5 00
1500

16.00
9 00

General Assembly

Speciàl Lecture

26
Thur

<WORKSHOP V>
Productivity II
— Humanization
& Workplace

1230

Architecture

Work Load
Methodology

Evaluation ot
Human
Activities

Systems Design Il
—Vehicle,
Sign & Others

Technical Site Visits

Introduction ot
Ergonomics to
lndustry

Ergonomics 01

Computer
Systems

Work Load:
Visual

Visual
Inspection
& Vigilance

Technical Site Visits

< WORKSHOP VI> Vehicle Driving Introduction ot Posture Perception &
The Aged & Ergonomies to Recognition
Handicapped Social Systems

Work Load:

12:00 Litting

i
27 <Symposium> Work Work Loadon Working
En.

& Future ot
Ergonomies

Ioo/

Past, Present Pertormance the Back Environment

1500
ioo

Closing
Cemony

Table 2. Research committees of the society.

(1) Committee for clothing
(2) Committee for aviation ergonomlcs
(3) Committee for the environment of cities
(4) Committee for ergonomies of nursing
(5) Committee for rehabilitation
(6) Committee for inspection and measurement
(7) Committee for production systems



Design

House Keeping

Biology

I Social Science

Table 3. So-called kinds ofman systems.

(1) Open system
(2) Facilitation system
(3) Facilitation—inhibition system
(4) Adaptive control system
(5) Output—input system (cybernetical system)
(6) Homeostasis system
(7) Self-fuelling system
(8) SeIf-repairing system
(9) Self-procreation system

(10) Closed loop system
(11) Organized systern
(12) Information processing system
(13) Seif-optimization system
(14) Others

Table 4. Characteristics of the man system.

(1) Homeostasis, constancy
(2) Double control system
(3) Double feedback system
(4) Adaptation, acclimatization
(5) Antagonism
(6) Syntonization, synchronization (24-hour physiological rhythm)
(7) Open system—*Man system (i.e. Man—machine system)
(8) Control of attention level, tension level and consciousness level
(9) System balancing function

(10) Possibility of disorganization, dysfunction
(11) Effects of motivation and emotion on system function
(12) Inertia
(13) Redundancy
(14) Illusion and error
(15) Language system

Figure 2. The course offlicker value in 1 day.

Figure 2 shows the 24-hour physiological rhythm, which includes the resuits of
numerous research by flicker value, the average shows the fine 24-hour rhythm. This
curve shows the higher phase during the day and the lower phase at night. The higher
phase corresponds to the active stage which requires the alternation of functions, and
the lower phase corresponds to the rest stage, which requires the rest of ail functions.

From this physiological 24-hour rhythm, we obtain the evaluation values of the
effect ofworkload and sleep. Tables 5 and 6 show the two evaluation charts, which are
available for the evaluation of life from the standpoint of time.

On the other hand, the concept of the system expands to wider areas. Figure 3
shows this situation, and we have to expand the area ofergonomics. Man expands from
man only to man—machine systems. to ecological man—machine systems and to social
systems or international systems. So ergonomics has to expand and research the
development of social systems. Social systems have to have some support system as
shown in figure 4. Advancing, monitoring, advisory, maintenance, and check systems,
which are mainly constructed by men, are necessary for man—machine systems.

Ergonomics has to be promoted through man assessment, principle between man
and object, principle of availability and welfare of social systems. As an example, the
principle of visibility is shown in table 7. 0f course, concentration is also important,
and another example of the practice of ergonomics, the dimension of steps from the
standpoint ofergonomics, is shown in figure 5. The optimum height ofthe risc and
length of the tread is shown. The best angle of step gradient was 26e.

Table 8 shows that at last ergonomics has developed the technology to back-up the
human being.
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Table 5. Evaluation chart of workload.
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Figure 3. Development of the concept of systems.

B

A 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5

1 14 13 12 12 12 12 12 12 12 12 12 12 13 13 14 14 15 15 16 16 17 18 17 15

2 272524242424242424242425262728293031323335353229

3 39 37 36 36 36 36 36 36 36 36 37 38 40 41 43 44 46 47 49 51 52 50 46 42

4 514948484848484848495052545658606264676867645954

5 63616060606060606162646669717476798284 8381777166

6 76 74 73 73 73 73 73 74 75 77 79 82 85 88 91 94 98100100 98 95 90 84 79

7 89 87 86 86 86 86 87 88 90 92 95 98102105109113116116115 112108103 97 92

8 103 101 100 100 100 101 102 104 106 109 112 116 120 124 129 132 133 132 130 126122117111 106

9 117115114114115116118120123 126130134139144148149149147144 140136131125120

10 131 129 128 129 130 132 134 137 140 144 148 135 159 163 165 165 164 161 158 154 150 145 139 134

11 146144 144 145 147 149 152 155 159 163 168 174 179 181 182 181 179 176 173 169 165 160 154 149

12 161 160 160 162 164 167 170 174 178 183 189 194 197 198 198 196 194 191 188 184 180 175 169 164

13 176 175 176 178 181 181 183192197203208211 213213212210208205202 198 194 189 183 178

14 191 191192195198202206211217222225227228227226224222219216212208203197193

15 206206208211215219224230235238240241241240239237235232229 225221216211207

16 221 222224228232 237243248 251 253 254254254253 252250248245 242 238234230225 222

17 236237240244249 255 269 263 265 266266266266265 264262260257754 250247243 239 236

18 251 253 256261 267272275 277278 278278278278277276274272269 266263260257253 251

19 267269 273 279 284287289290290290290290290289 288286284281 279 276274271 268 266

20 283286291296299 301 302302 302 302 302 302 302301 300298 296294292 290288286283282

21 300304308311313314314314314314314314314313312310309307306304303301299298

22 318321323325326326326326326326326326326325324323322321320319318317316315

23 335336337338338338338338338338338338338337337336336335335 334334333332333

24 350350350350350350350350350350350350350350350350350350350 350350 350 350350

A. restraint working time B, starting time (Association of Industrial Hygiene).

Table 6. Evaluation chart of the effect of sleep.

B

A 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7

1 9 8 8 8 8 8 8 8 8 9 9 9 10 10 11 12 12 12 12 12 12 11 11 10

2 19 18 18 18 18 18 18 18 19 20 20 21 22 22 25 26 26 26 26 26 25 24 24 21

3 29 28 28 28 28 28 28 29 30 31 32 33 35 37 39 40 40 40 40 39 38 36 36 31

4 393838383838394041434446495153545454535250474741

5 484747474748495052545659626466676766656360565350

6 56 55 55 55 56 57 58 60 62 65 68 71 74 75 78 79 78 77 75 72 68 64 61 58

7 64 63 63 64 65 66 68 70 73 77 80 83 86 88 90 90 89 87 84 80 76 72 69 66

8 71 70 71 72 73 75 77 80 84 88 91 94 97 99100100 98 95 91 87 83 79 76 73

9 77 77 78 79 81 83 86 90 94 98 101 104107108109108 105 101 97 93 89 85 82 79

10 84 84 85 87 89 92 96100104108111114116117117115111107103 99 95 91 88 86

11 91 91 93 95 98102106110114118121123125125124121117113109105101 97 94 92

12 98 99101 104108112116120124128130132133132130127123119115111 107103101 99

13 106107110114118122126130134137139140140138136133129125121117113110108106
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Figure 4. System which is necessary to the man—machine system.
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Table 7. Principle of visibility.

(1) Visibility = a log (illumination) + b
(2) Visibility = a’ log (dilTerence of value) + b’
(3) Visibility = a” — b” (number of characters or complexity of figure)

a” + b” (size of figure, a + b/2, diameter)
= a” + b” (size of figure, area)

(4) Visibility = c log (reflectance) + d

f Thickness of figure
(5) Visibihty=e+fI , under optimum condition

\ a+b/2

(thickness of figure
over optimum condition)

a+b/2

area of figure only
or (%)

axb

Table 8. The technology to back-up the human being.

(1) Countermeasure for levelling down of attention level and consciousness level
(2) Countermeasure to cover forecast performance of man
(3) Countermeasure for human error
(4) Countermeasure for abundant self-confidence
(5) Countermeasure for human carelessness
(6) Countermeasure to help the thinking power
(7) Robot to take the place of the human being

By GAVRIEL SALVENDY

Human Factors Program, School of Industrial Engineering,
Purdue University, West Lafayette, Indiana 47907, U.S.A.

The rapid development of computer technology is reviewed and its impact on
employment and on the gross national product is mentioned. The process of
designing an effective human—computer communication system is outlined, the role
ofjob satisfaction is mentioned and methods which can be utilized to minimize (or
optimize) occupational stress in human—computer communication work environ-
mentis discussed. The impact of utilizing high technology on the educational needs
of ergonomists are outlined.

1. The emergence of computer technology
The information processing industry as we know it today, with revenues exceeding

$100 U.S. billion and effects on virtually every part ofour national life, had its origin in

a few powerful ideas. Among them were the binary number system, Boolean algebra,

the mechanical adder, the punched card, the Jacquard loom, the Hollerith tabulator,

the stored program, and the concept ofa high-level programming language. Complex

technological and social forces accelerated the development of these ideas and led to
the modem computer, but the most influential force by far was economic demand. The

computer made it possible to do the same work for less money. As the cost decreased

and the function increased, use of the computer was rapidly extended to new and

different kinds of work (Opel 1981).
Figure 1 illustrates that in the past 30 years the price per one second of instruction

has decreased drastically such that a computation which now costs $1 would have cost
about S30,000 in 1950. If the automobile industry had incorporated equivalent cost

reductions, one could now buy a new car for less than $1. This marked reduction in the

cost ofcalculations was closely associated with significant increases in memory product

density (figure 2). In effect, during the past 15 years the memory product density has
increased such that an area which in 1965 could accommodate only one bit, now, the

same area, can accommodate over 1000 bits. These technological innovations of
increases in density of bits per unit area and decrease in cost of computations were

*This work was supported by control number 210800034 from the National Institute of
Occupational Health and Safety (NIOSH), John Etherton, program manager. The author is
indebted to Professor Masamitsu Oshima, General Chairman of the Eighth International
Ergonomies Congress, for inviting him to present this paper. The author is indebted to Dr. Bruce
Rupps, Coordinator of Ergonomies and Scheduling, IBM Corporation, for bringing to his
attention the 25th Anniversary Issue of the IBM Journal of Research and Developrnent.
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Figure 1. Computer price—performance trends. Curve 1 represents an average improvement for

large general-purpose machines of 15% per year; Curve 2 represents an -average

improvement for small general-purpose machines of 25% per year. (After Olsen and

Orrange 1981.)

largely responsible for the emergence and rapid growth of the micro-computers for

business and personal use. The fact that circuit reliabiiity has also increased 1000 foid

(figure 3) has contributed to the wider acceptance and use of computer technology such

that in 1980 $355 was spent in the United States per capita on data processing which

accounted to 52% ofthe gross national products. It is predicted that by the year 1995

these figures for the United States will be respectively $2,400 and 21% (figure 4).

Aithough there are no accurate figures on the number ofpeople who interact with

computers at the workplace, various estimates suggest that close to 10 million people

are working on Visual Dispiay Terminais (VDT) in the United States and that this figure

is likely to increase to 25 million by 1990. 13y the year 2000, as figure 5 illustrates, we can

expect the widespread use of VDTs in ail occupational settings including an office

systems network (figure 6). In view of the above, it is no wonder that the fastest growing

jobs are in the computer-related fields (table 1) and that by the year 2000 the blue coliar

jobs will account only for a fraction of total employment (table 2). However, for some

years to corne, hurnans will be working adjacent to robotized and automated work

environment which will create many human problems (Nof et al. 1980, Kamali et al.

1982); rnost significant ofwhich would be the social and psychological consequences of

isolation ofwork and workers’ safety in computer-controlled work environment and its

work pacing consequences on job satisfaction and occupational stress (Salvendy and

Smith 1981, Salvendy 1982).

Figure 2. Productivity growth for bipolar and FET memory chips. The dots and crosses mark
actual products. (After Harding 1981.)
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Figure 3. Intrinsic failure rate improvement (rends for IBM technology. (a) Logic circuit
reliability, where the per-circuit per cent failure rate is given per io hours. The numbers
noted on the curve refer to the number ofcircuits per chip. (b) Bipolar memory reliability,
where the per-bit per cent failure rate is given per io hours and the numbers noted on the
line refer 10 the number of bits per chip (K=1024). (After Hsiao et al. 1981.)
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2. Human—computer interaction

Working with computerized technology ergonomists must ensure flot only the

health, safety, social and psychological well-being and the productivity ofthe operators

but also the productivity ofthe human—computer interactive system (e.g. Seppala and

Salvendy 1982). The ergonomist must also evaluate worker aptitude, skills and

knowledge to assess trainability for computer technology related jobs (Borman and

Peterson 1982). These effects of technological change on human well-being have been

effectively covered in two recent union publications (Channot and Baggett 1979,

Channot and Dymmel 1981). Although, as discussed above and illustrated in figure 7,

many ergonomic variables have to be considered in design of an effective human—

computer interactive system, this presentation is limited due to time constraints, to

brief referral to job satisfaction and job content and to a discussion of occupational

stress in computerized work environment.
The above concerns for effectively and humanely accommodating workers leads

generally to an increase in quality ofworking life. But Lawier and Ledford (1981—1982)

are quick to point out that increases in quality ofworking life do flot aiways necessarily

lead to increase in productivity; much ofthe outcome for such a relationship depends on

situational forces. In a world of rapid technological change, ergonomists must first

focus on areas where increases in quality of working life would resuit in an increase, or

at least the maintenance of status quo regarding productivity improvements. We

definitely cannot afford a quality of working life paradigm which results in decreased

productivity. In this regard one feels compelled to point out that job enrichment does

not always lead to increased job satisfaction and productivity. Based on experimental

evidence, Salvendy (1978) points out that equal numbers ofpeople are more satisfied,

productive and prefer to work at simplified jobs as prefer to work at enriched jobs
at which they are more productive and satisfied. About 10% of the labour force does flot
like any work. Usually the young and more educated people preferred enriched jobs
whereas the older workers with less years of formai schooling preferred simplified jobs.
This has broad implications for job allocation between computers and humans.
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Figure 4. Forecast of United States spending on data processing. Users of data processing

equipment and services will spend an amount that will increase to 21% of the gross

national product (GNP) by 1995. This amount will equal $2,400 per person. (After Gore
and Stubbe 1979.)

Figure 5. Computer technology will impact on virtually every occupational area and thus the
need for designing flexible human—computer interactive systems will increase. (Figure
drawn by Robert Karasek and Laurie Beck of Columbia University. Idea by Gunilla
Bradley of Sweden.)
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Figure 6. An office system network with a variety of communication products. (After May
1981.)

Job categories Index

* Data interpolated from: 1980, Occupational Projections and Training Data, Bureau ofLabor

Statistics, Bulletin 2058, Washington, D.C.

Table 2. Predicted most common jobs in the United States in the year 2000*

Job category Index

Clerical and secretarial workers 100
Retail trade sales workers 70
Nurses (registered and aides) 60
Building custodians 50
Cashiers 30
Local truck drivers 30
Engineers 25
Blue collar worker supervisors 25
Bookkeepers 20
Industrial assemblers 15

* Data interpolated from: 1980, Occupational Projections and Training Data, Bureau of
Labor Statistics Bulletin in 2058, Washington, DC.

3. Occupational stress in human—computer interaction
As indicated above, because of time and space constraints much of the discussion

below focuses on occupational stress. Occupational stress is suspected to be a major
cause for cardiac and stomach disorders. Stress affects ail segments of our society—
both leisure and work activities. Selye (1975) bas argued (figure 8) that the stress level is
the same whether the experience is pleasant or unpleasant. Selye also argued that stress
cannot be decreased to zero since we aiways experience some stress. Stress is frequently
associated with attention, arousal, information processing, decision making and
uncertainty. The new technologies of human—computer interaction require, during
task performance, high attention modes since under certain conditions people can
perform two tasks at once. The things that affect their ability to perform, two tasks at
once, are such as uncertainty of signais, compatability of input and output codes, the
amount of practice, and similarity between the components ofthe tasks (Posner 1982).
In making effective decision making the storing of information in long-term memory is
critical (Posner and McLeod 1982). In human—computer interactive work one may be
cailed only infrequently to make decisions, the fact that the human must store task
relevant information in long-term memory may indicate an increase in mental loading
and subsequently stress during the monitoring part of task performance.

Salvendy et al. (1982) evaluated the impact of new technology on human stress
by comparing two-hand push-button actuators on power presses with opticaily sensed
and electronically controiied seif-tripping actuators. As a result of a statistically
balanced industrial study in which heart rate and blood pressure data were
unobtrusively monitored during the entire work day, the data indicated that although
the productivity output was 30% higher for the self-tripping than for the two-hand
control, there were no statistically significant or ciinically meaningful differences in the
stress levels between using the two actuators. Interestingly there was no significant
relationship between stress and production output for the seif-tripping system whereas
a significant OE53 correlation was present between heart rate data and production
output for the two-hand control. Yet personality measures assessed by the Eysenck
Personality Inventory indicated that for the two-hand control there was no relation
ship between stress levels and operators’ personality make-ups. However, for the self
tripping system, extroverted operators had higher stress level (r = OE81; p <005). This
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Table 1. Growth and shrinkage of job categories between 1980 to 2000*.
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may have broad implications for the assignment ofpeople to high technology jobs and
for the design of human and intelligent machine interactions.

The notion that immediate performance feedback accelerates the training process
(Holding 1981) and improves worker motivation (Ilgen et aI. 1979) is well known.
Performance feedback bas another useful function, Knight and Salvendy (1981)
demonstrated (table 3) that as the performance feedback is made more exact, the
worker’s stress decreases. When the same subjects performed the same task under
different modes of performance feedback, it is apparent that when no performance
feedback is provided the subject’s stress level was nearly twice as high as when the
subjects received exact performance feedback. As figure 8 illustrates, since we want to

Table 3. Effects of performance feedback on stress. (After Knight and Salvendy 1981.)

Work condition Stress index*

Self-paced
No feedback
Cycle feedback
Time feedback
Combined time and cycle feedback

Machine-paced

100
90
86
57
62

*A difference in the stress index of six or more units is statistically significant at 5% level.
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optimize arousal or stress, performance feedback can be utilized to manipulate worker’s

arousal and stress to derive an optimal level maximizing such criteria objectives as

production output and/or physical and mental weLl-being.

However, the importance of performance feedback for stress management purposes

may be a function of the mental load involved in task performance. According to a

study by Salvendy and Humphreys (1979) in which either a computer or the subject

controlled the work pace, it was reveaied (table 4) that for tasks requiring low mental

load there were no differences in stress level between pacing modes; however, for the

task requiring high mental load, the stress level was significantly higher for the self

paced than for the computer-paced work. These resuits are attributed to the notion that

the computer keeps track of work output; whereas in seif-paced tasks operators keep

time which increases the mental load associated with task performance beyond that

which is related to task content.

Table 4. Impact of machine-paced and self-paced work on sinus arrhythmia scores. (After
Salvendy and Humphreys 1979.)

Task with low perceptual level
Machine-paced 066 015
Self-paced Œ69 Œ13

Task with high perceptual level
Machine-paced 090 018
Self-paced 055 016

Durirg the workshop, following the International Conference on Machine-Pacing

and Occupational Stress (Salvendy and Smith 1981), it was suggested by the

participating scientists that the most critical variable effecting stress on paced work is

the length of the cycle time associated with a job. This notion was tested in a pilot

experimentation (Salvendy et al. 1982) suggesting the possibility that for both machine

paced and seif-paced tasks stress decreases as cycle time increases. In this case, as in

real-world industrial work situations, short and longer cycle times are confounded with

simplified and enlarged jobs; hence, it is flot feasibie to assess whether it is the iength of

cycle or changes in the job content which cause this possible significant interaction.

Another variable, affecting occupational stress, in human—computer interaction is

anticipation of systems delays lasting a few seconds. In this connection, one question is

its impact on stress. Sharit and Salvendy (1982) answered these questions (table 5) by

pinpointing that when the task performed prior to or after systems delay requires

external attention (e.g. visuai detection), the stress level during the anticipatory systems

delay was significantly lower than for tasks requiring internai attention (e.g.

arrhythmatic problems).
Together with the significant pacing effect these resuits suggest that when a

computer system is shared with more than one class of task activities, then from a

human stress point of view, system delays should occur for those tasks that are self

paced (rather than computer-paced) and require external (rather than internai)

attention.

Table 5. Acceleration and deceleration in heartbeats (per minute) as a function ofjob content,
job design and the nature of financial incentive. Data after Sharit and Salvendy (1982).

No financial Financial
incentive incentive

M/P S/P M/P S/P

Mean starting heartbeat 72 beats per minute.

4. Implication
Accelerated application and use of human—computer communications bas major

implications for training and employment of ergonomists and for development of
effective research methodologies which could enhance significantly quality of working
life and standard of living.

As a resuit ofrapid technological developments, especially in computer technology,
the field ofergonomics matured to a level that is no longer feasible to train effectively
general ergonomists. In such fields as engineering, psychology, and medicine, people
are trained in specialty areas because it is not possible to train ‘general engineers.
Although there is only one ergonomist for every 350 engineers in the United States, the
reasons for urgent need for specialty training in ergonomies emerges due to the
following:

(1) The technology with which humans interact has reached a high level of
technical sophistication for which the ergonomist must possess flot only
behavioural but also technological skills and knowledge. When technology
was relativeiy simple, ergonomists substituted good common sense for
technological know-how. But this no longer derives an effective design for high
technology utilization.

(2) The behavioural basis of ergonomics has also been broadened to include
greater emphasis on computer technoiogy and applied mathematics (especially
mathematical modelling) in addition to the conventional methodologies.

(3) Based on this it appears that increased emphasis should be in the
following three areas:
(a) Software ergonomics. Since computer software determines the structure ofa

job, ergonomists must be trained as computer systems analysts so that the
newly developed software is ergonomically based.

(b) Systems ergonomics. While the process of developing a new body of
knowledge in each of the areas which make up a systems functioning
continues, a conceptual methodology integrating separate components
into unified systems ergonomics is essential.

(e) Mathematical ergonomies. When individuai components are conceptually
integrated to systems functioning, the role of each variable in systems
effectiveness is operationally identified and quantitatively measured. But
mathematical ergonomics is in its infancy because, (1) many ergonomists,
presumably due to prior training (or the lack of it), shy away from
mathematical ergonomics; (2) in many instances lack ofergonomic data on

External attention
Internai attention

66 63 68 62
71 69 75 72

Sinus arrhythmia
Standard

Mean deviation
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individual variables increases the difficulty of mathematically quantifying

them; and (3) many assumptions underlined in mathematical modelling,

especially in stochastic processes, cannot be met in real-world situations.

Cet article fait le point sur le développement rapide de la technologie des calculateurs et de ses

conséquences sur l’emploi et le produit national brut. On souligne quel devrait être le processus

pour la conception d’un système efficace de communication Homme—calculateur, l’impact sur la

satisfaction au travail et on indique quelles techniques pourraient être utilisées pour minimiser

(ou optimiser) l’astreinte liée au travail dans une situation de communication Homme—

calculateur. On souligne également l’impact de l’utilisation d’une haute technologie sur les

besoins de formation des ergonomes.

Die rasche Entwicklung der Computertechnik wird hinsichtlich ihres Einflusses auf

Beschdftigung und Bruttosozialprodukt untersucht. Der GestaltungsprozeB fur ein leistungs

fuhiges Mensch-Rechner-Kommunikationssystem wird beschrieben und die Bedeutung der

Arbeitszufriedenheit erwhnt. Ferner werden Methoden beschrieben, deren Einsatz den aus dem

System der Mensch-Rechner-Kommunikation resultierenden Berufsstrell minimieren (oder

optimieren) solI. Die Auswirkungen hochtechnisierter Verfahren auf die Ausbildungsbedtirfnisse

von Ergonomen werden aufgezeigt.
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Abstract

By A. D. SWAIN

Modelling of human performance in complex systems with emphasis on
nuclear power plant operations and probabilistic risk assessment

Sandia National Laboratories, Albuquerque, New Mexico 87185, U.S.A.
Human activities in many complex systems are required for various maintenance,

calibration, testing, and other normal operations as well as for coping with unusual
events that place a system at risk. In general, each human in the system must perceive
information (from displays or from written or oral instructions) about the state ofthat
part of the system for which he has some responsibility. 1-le must then process that
information to determine what actions, if any, he should take. Then he must take the
appropriate actions. While there can be general agreement with this rather gross
qualitative description of the role of the human in a complex system, the details of
human interaction with a system are less easy to understand or describe. This problem
is increased by the fact that for many important system functions, especially those
called on in response to unusual events, the interaction of two or more people is
required.

These difficulties are somewhat lessened, though they are stiil formidable, if the
requirement is to model the role ofthe human only for the purpose ofprobabilistic risk
assessment. In this case, some of the detailed human response mechanisms can be
represented by more general statements, and these statements can be presented in the
form of estimates of human error probabilities as a function of the time available to
respond appropriately to system events. This lecture presents a general qualitative
model of human performance and some specific quantitative models to assess the
probabilities ofhuman errors in nuclear power plants in responding to system events
requiring cognitive behaviour (i.e. interpretation and decision-making) and for
assessing the dependence among different people in the system and/or within the
actions performed by one person. These and other models have been used in recent
probabilistic risk assessments of nuclear power plants in the United States.
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A. BASIC STUDY 0F HUMAN CHARACTER

A 1. Work Load and Performance of Muscular Work

An Ergonomic Evaluation of Working Postures in Manual Weight Lifting

By M. MORIOKA, A. KIMURA, K. KISHIDA, S. FIORINO and M. SAIT0

Department of Hygiene, Nihon University School of Medicine,
30 Ohvaguchi-Kamimachi. Itabashi-ku, Tokyo 173, Japan

Two kinds ofweight lifting postures are frequently used by industriai workers; lifting with the knees bent
and the spine stretched (KB) and lifting with the knees stretched and the spine bent (KS). The former has been
recommended as a desirable posture to prevent back lesions, but the latter is rather prevalent in industrial
workshops. The energy metabolism and the electromyograms of active muscles were compared between the
two postures. The muscle load ofthe KB posture proved to be larger than the KS posture, which would be a
reason why many workers are reluctant 10 take that posture. The larger displacement of the centre ofgravity
in the KB posture would also be relevant. When we compared efficiency of lifting between varlous weight and
height differences, we came to the conclusion that the weight of lifting should flot be more than 20kg in the
case ofa lifting height ofless than 1m. This economically desirable weight should be reduced to 10—15 kg in
the case ofa lifting height of 12—18m From the point of view of preventing low back pain, the emphasis of
preventive measures should be placed on the aspect ofwork organization, i.e. setting up the upper limit ofthe
total amount of weights lifted per day and arranging the most appropriate work—rest schedules as well as
adjusting the weight of a single load and the handling frequency in relation to the individual physical
capacities of the workers.

Compressive Load at L5/S1 Spine Level as a Biomechanical Factor During Various
Lifting Techniques

By T. P. J. LEK1NEN, H. R. STXLHAMMAR and I. KCORINKA

Back Laboratory, Department of Physiology, Institute of Occupational Health, Laajaniityntie 1,
SF-01620 Vantaa 62, Helsinki, Finland

J. D. G. TROUP

The Department of Orthopaedic and Accident Surgery, University of Liverpool, Liverpool, England

The relative severity of lifting techniques and differences in lifting methods can be precisely evaluated
when ail elements of a lifting task are applied. Relevant biomechanical parameters for the body and its
segments must be considered to achieve a better evaluation of the stress imposed on the spine.

The compressive load on the lumbosacral dise was computed by the dynamic biomechanical model
which includes the effects ofacceleration on the body and the load. Each ofthe 20, healthy men used four
lifting techniques: the back lift, the leg lift, the box kinetic lift and the body kinetic lift. By using back and leg
lifts the box, which weighed 15kg, was lifted without preliminary movement of the body. These two kinetic
lifts made use of the kinetic energy of the box and the body.

The data were obtained from a 60 x 60cm force-plate, from which the force applied to the ground by the
feet was recorded, ‘The Selspot System’, which recorded the displacements of the body segments and the
accelerometers by which the accelerations of the box were recorded.

Preliminary comparisons between the maximums of the calculated compressive load at Ihe L5/S1 level in
various lifts showed slight differences between the ‘non-kinetic’ lifts. The kinetic lifts seemed b create greater
loads on the spine. Presumably the kinetic energy transfers from the body to the object to be lifted may be
more strenuous when lifting occurs in narrow space.
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Recommended Work Rates and Container Configuration for Manual Lifting

and Lowering Activities

By A. MITAL

Department of Mechanical and Industrial Engineering, University of Cincinnati,

Cincinnati, Ohio 45221, U.S.A.

S. S. ASFOUR

Department of Industrial Engineering, University of Miami, Coral Gables, Florida 33124, U.S.A.

and M. M. AYOUB

Department of Industrial Engineering, Texas Technical University, Lubbock, Texas 79409, U.S.A.

To avoid injuries resuiting from manual materiais handiing, it is essential to define the capacity limits of

individuals and operate within them. One approach to determine the working capacity ofindividuais has

been to study the amount of weight people are willing to handie (psychophysical) at different frequencies and

heights of lift. Another approach has been to screen the jobs based on a physicai work capacity limit of

5 kcal/min (physiological) for an 8-hour continuous work period. It has been suggested that manual activities

requiring more than 33% of the maximum aerobic power (15—16 kcal/min) for an 8-hour continuous work

period should be considered as fatigue generating activities.

There have been several studies in the past in which researchers have measured the metabolic energy

expenditure rate of individuals performing manual materials handling activities to get an estimate of the

imposed stress. The purpose of this work was: (1) to compare the data generated in the studies by Mitai

(1980), Asfour (1980) and Mitai and Ayoub (1981) with the metabolic energy expenditure rates measured in

the past studies (Aquilano 1968, Hamilton and Chase 1969, Garg and Saxena 1979) and the metabolic energy

expenditure rate predicted by various models (Garg 1976); (2) to compare the psychophysical and the

physiological approaches; (3) to determine the optimal container configuration for lifting and iowering

activities based upon the physiological approach and (4) to recommend work rates (combinations of load,

frequency and vertical height) which meet the physiological approach ceiling of 5 kcal/min.

h appears that within a narrow frequency range (4 and 6kcai/min), the psychophysical and the

physiological approaches are in agreement. The two approaches also agree with the conclusion that between

the load and the work rate, work rate is relativeiy much more important. Based on the available data and

recent studies, recommendations are made for flic optimal container configuration and work rates.

Guidelines for Permissible Limits for One-handed Lifts by Women

By A. GARG

Industrial and Systems Engineering, P0. Box 784, University of Wisconsin,

Miiwaukee, Wisconsin 53201, U.S.A.

This research was initiated to develop guidelines for permissible limits for one-handed lifts in the

horizontal plane by female workers based on object weight, reach distance and frequency of lifts. Several

anthropometric measurements were made on ten female volunteers to characterize the population. Twelve

different combinations ofload, reach distance and frequency were used for one-handed lifting. The subjects

were trained on one-handed lifting tasks for a period of 8 weeks. Several physiological measurements were

made at different time intervals while the subjects performed one-handed lifting for a period of 1 hour.

Oxygen uptake, blood pressure (systolic and diastolic) and grip strength showed littie change with an

increase in work intensity. Statistical analysis showed that the maximum oxygen uptake rates for one-handed

lifting (054—082 1/min) were significantiy lower than those observed for arm and bicycle ergometer (p <fr05).

Heart rate and EMG amplitude for isometric exertion ineasured at 30 and 60 min frorn the beginning ofwork

were higher than those measured at the beginning ofwork. Discomfort from one-handed lift perceived on

Borg Scale was maximum for shoulder and back. Maximum frequencies acceptable to the subjects were 51%

ofthe maximum frequency that they could maintain fora period of4min.

Effects of training, load and reach distance on work capacity are discussed. Effects ofload and distance on

maximum frequency acceptable to the subjects and the resulting heart rate and rating of perceived exertion

are also discussed. General recommendations are proposed for the design of workplace layout and tasks

involving arm work.

An Ergonomic Approach to Reduce Hazards of Lifting Tasks

By M. M. Ayou

Department of Industrial Engineering, Texas Technical University, P0. Box 4130, Lubbock,
Texas 79409, U.S.A.

A psychophysical approach has been utilized to determine the lifting capabilities ofthe US. industrial
population to lift loads under varied task variables. The specific task variables selected in these studies were:
the height of lift, the frequency of lift and the container or load size. Based on the data generated, capacity’
distributions were estimated. In addition several psychophysicallybased models to predict this capacity
were developed and validated. The development ofthe capacity data and the predictive models are presented
and discussed. This paper also discusses the development ofthe Job Severity Index (JSI) which is used to
identif demanding tasks taking into account the level ofrisk management is willing to tolerate. Finally the
use ofJSI to select personnel prior to employment will be presented. Industrial data will be used to provide
examples of the applications.

Energy Cost of Lifting in Sagittal and Lateral Planes by Different Techniques

By S. KUMAR and D. MAGEE3

Department of Physical Therapy, 210 Corbett Hall, Edmonton, Alberta T6G 2G4, Canada

Six young normal males (mean age 2416 years, mean weight 754 kg and mean height 17663 cm) and six
young normal females (mean age 2oyears, mean weight 5981 kg and mean height 16267cm) were asked to
lift and lower a weight of 10kg to a height of 91cm at three-quarter reach. Ail three lifting techniques, that is,
stoop lift, squat lift and free style lifting, were used to manipulate the weight in midsagittal, 30° lateral and 60°
lateral planes. Six complete cycle oftask (six lifting and six lowering) were performed per minute fora period
of6min. The energy consumption of these subjects was measured during rest and activity by monitoring
inspired volume through gasometer and fractions ofoxygen and carbon dioxide by rapox and capnographs
in expired gas sampled from the mixing chamber. Prior to measuring these variables in activity the basal
metabolic rate (BMR) ofeach subject was established fora period of5min. The values oflast 2min were
taken and averaged to determine BMR. Similarly, the values of the last 2 min of activity were taken to
determine the metaboljc cost of the relevant actjvity.

Descriptive statistics along with two-way ANOVA for both sexes separately and a least-squared
regression analysis was performeci to develop predictive models. 0f the fine tasks stoop lifting in sagittal
plane was metabolically least expensive and squat lifting in 30° lateral plane most expensive for both sexes.
The three techniques of lifting were significantly different from each other in oxygen uptake at 001 level. The
three planes did flot differ significantly for oxygen uptake. Six predictive models for gross and net oxygen
uptake and caloric expenditure are developed.

Trunk Musde Activity During Dynamic Forward Bending
and Straightening Up

By K. TANII

Human Factors Engineering Department, Industrial Products Research Institute,
1-1-4, Yatabe-Machi Higashi, Tsukuba-Gun, Ibaraki 305, Japan

Manual handling work has been extensively associated with low back injuries and much concern has
beeri expressed about how to prevent this in the industrial field and in schools of handicapped children. This
study was designed to investigate muscular load of the low back muscle region during bending and
straightening up movements in sagittal plane with static muscular fatigue of the lumbar region.

Normal males with no history ofspinal pathology were used for the study. Dynamic forward bending and
straightening up was performed at a fairly low speed with and without static muscular fatigue ofthe lumbar
regiofi. Then an additional load of 10kg was suspended by both hands ofthe subject with the feet fixed and
the knees straight. Eiectromyograms of the erectores spinae at lumbar 4 level, the rectus abdominis and the
external obliques were bipolarly lcd with a time constant of fr03 s. The angle of forward bending and
inclination of the pelvis were measured.

Electromyographjc activity of the erectores spinae during dynamic forward bending and straightening up
with static fatigue oflow back muscle differed from its activity without low back muscle fatigue. Local muscle
pain of the low back muscle region developed during the Iwo different movements. Other trunk muscle
activities are also reported and discussed.
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Posture Optimization Through Three-dimensional Kinetic Biomechanical Modelling

By A. KUMER and A. MITAL

Departrnent of Mechanical and Aerospace Engineering, University of Delaware, Newark,
Delaware 19711, U.S.A.

Manual materials handiing is a primary source ofoverexertion injuries in the industrial workforce in the

United States. In order to improve the efficiency of the human operator and reduce injury hazards, it is

essential to understand the stresses imposed upon a worker, while perfonning a particular activity. Both the

inertia force of body segments and external forces imposed by the job must be considered.

This paper describes a three-dimensional kinetic biomechanical model which can be used to analyse

manual handlingjobs. The model requires position, velocity and acceleration profile ofhand and the position

ofankles during the activity and determines sheer and compressive forces in the intervertebral column (L5/S1

joint). The model yields a number of feasible postures between the two extreme positions, stoop and squat.

An optimization problem is posed to minimize the mechanical stresses at L5/S1 joint to arrive at an

optimum posture between stoop and squat positions. This posture, between stoop and squat, is called a free

style posture. Physiological studies, using the metabolic energy expenditure criterïon, have already

established that a free style posture is the most efficient one for manual lifting activities. This present work

corroborates that conclusion.
The model uses data collected by E.-Bassousi (1974) and Chaffin (1977) for validation purposes.

Dynamic Loading of Static Trunk

By S. KUMAR, P. R. DAvis and D. P. CURRIER

Department of Physical Therapy, 210 Corbett Hall, Edmonton, Alberta T6G 2G4, Canada

The quantitative pattern of graduai increase and decrease of stress as measured by EMG oferectores

spinae and intra-abdominal pressure due to continuous and steady progressive loading and unloading in

static stooping posture was studied and compared with that of stoop lifting of the same weighl.

Eight normal young males participated in the study. EMG activity of the erectores spinae muscles was

monitored from Tl2 and L3 levels. The intra-abdominal pressure was measured by radio telemetry and heart

rate was recorded using chest electrodes. For steady dynaniic loading and unloading two plastic tanks fllled

with 25kg of water with a tap opening at the bottom fltted with flexible uniform bore hoses were used. The

hose from the tap of one container was connected to the mouth of the other. For water transfer gravity

feeding method was used. The subjects stood either on the floor or on table-top holding the container in

stooping posture for progressive loading or unloading. They also performed stoop lifting with weights of 15

and 25kg. The results were statistically analysed and compared.

In dynamic loading the mean EMG at T12 was 50% ofthe L3 level for peaks as weII as plateaus. For

dynamic loading it was reduced to 33%. The level ofe1ectromyoaphic activity at Tl2 for loading was flot

significantly different for unloading. At L3, however, the magnitude increased significantly at unloading. The

EMG and intra-abdominal pressure responses of static posture were between 33 and 50% of the

corresponding phases during sloop lifting of the same weight. Heart rate increases from resting were similar

for ah activities. A quantitative relationship between static and dynamic components of these responses in

lifting activities is delineated.

Mechanism of Microvibration and the Application of Fatigue in Work

of Lifting of Weights and Typing

By T. Usui, K. SAKAMOTO, K. SEKI and A. IWASAKI

The University of Electro-Communications, 1-5-l, Chofu-ga-oka, Chofu-Shi, Tokyo 182, Japan

Although the uniform interpretation for the generation ofmicrovibration (MV) or minor tremor (MT),

which is mechanical vibration on the body surface, has flot yet been given the important theories for the

mechanism were already proposed by Rohracher (1955, thermoregulatory autonomie nervous system),

Sugano and Inanaga (1960, reflex of spinal cord by y motor system) and Ozaki et al. (1969, ballistocardiogram

by heart beat). In this paper, the relationship between MV in the eyelid and EEG in awakening and sleeping

was studied in order to elucidate the contribution of the central nervous system on MV. The close correlation

between MV and EEG was recognized in the higher level ofconsciousness (i.e. awakening and sleep stages 1

and REM). There existed not only a physiological effect but also a psychological one on MV.

These results of MV were applied to the study of fatigue in the work of lifting of weights, as heavy work,

and typing work, as higher restrained work The former work could be examined by various procedures (e.g.

EMG, ECG and VO2, etc), but in the latter work, which was lower energy consumption work, fatigue was

generally diffïcult b detect psychophysiologically. Comparison ofthe wave analysis of MV before and after

the work showed the features of fatigue in the respective works. For example, in the work of lifting a heavy

load, flot only the large change of MV but also the component of shivering of the whole body was found.In

the typing work, the change of frequency component in the power spectrum was recognized as fatigue

proceeded.

Mechanical Elliciency in Relation to Pedalling Rate During Bicycle Ergometer Work

By Y. FUKUBA, Y. KOVA, S. WATANUKI and K. FUJIJE

Department of Ergonomies, Kyushu Institute for Design Research, 226 Shiobaru, Minami-ku,
Fukuoka 815, Japan

The effect of pedalling rate on mechanical efficiency at a constant Ioad during erometer work was

studied in eighi young male subjects. Each subject performed four works at a load of6O% VO2 max by bicycle

ergometer while pedalling at 30,50,70 and 90 r.p.m. From data on oxygen uptake during work and recovery,

mechanical, gross (no base-une correction) and net (resting level as base-line correction), and work (unloaded

cycling as base-une correction) efficiencies were computed. The relation ofeach efficiency to pedalling rate is
a quadratic equation, and optimum pedalling rates were about 50, 50 and 60r.p.m. in gross, net and work
efhiciencies, respectively.

As the usual method ofcalculation of efficiency is made from oxygen uptake ofthe last few minutes of
exercise, gross, net and work efficiencies were calculated with Sth min 02 cost. Gross and net efficiencies with

Sth min 02 cost were quadratic equations similar to efficiencies with total 02 cost, but work efficiency

linearly increased with increments in pedalling rate. At 30,70 and 90 r.p.m. efficiencies with Sth min 02 coSt

were significantly higher than those with total 02 cost. At 50r.p.m. gross and net efficiencies were equal in

comparison with total 02 cost and 5th min 02 cost, and work efficiency with Sth min 02 cost was slightly

lower than that with total 02 cost. Due to these resuits, work efficiency with Sth min 02 cost might be linear

in relation to pedalling rate. It is dilTicult to measure the oxygen cost of unloaded cycling, as the work

efficiency definition proved difficult to apply.

Optimum Speed of Up-hill Cycling With Special Reference to Slope Gradients
and Gear Ratio

By A. KIMURA, M. MORIOKA, S. HoRixo, K. KISHIDA and K. UCHIDA

Department of Industrial Engineering, Faculty of Technology, Kanagawa University,
3-27-l Rokkakubashi, Kanagawa-ku, Yokohama-shi 221, Japan

The optimum speed of up-hill cycling was determined by measuring the energy metabolism at different

siope gradients, gear ratios and speeds. The results were compared with practical speeds applied by cycling

people. Six subjects pedalled a bicycle at either the low or normal gear-ratio on six different slopes of 2—10%

at different speeds. A distinct tendency was seen that the optimum speed was higher at 10—15 km/h on low
gradient slopes compared with that of 8—10 km/h on slopes of higher gradients. But the optimum speed was

not apparently associated with the gear-ratio level due to large variations ofdata resulting from various wind

effects and road frictions which could flot be controlled in the experimental field conditions. These results

were consistent with our experimental optimum speeds determined using a bicycle ergometer. When the

optimum speed was examined comparing the oxygen consumption at five loadlevels of 30—360 W and at five
speeds of 20—120r.p.m., it corresponded to the pedalling frequency of 30r.p.m. al 60W and 60—80r.p.m. at

180—360 W. This implied that the optimum speed should be 5—8 km/h on 8—10% slopes and 12—18 km/h on
less steep or flat roads, the oxygen requirement being remarkably smaller for the latter (400—700m1/lOOm)

than for the former (about 2000 ml/100 m). The practically chosen speed tends to be faster than the optimum

speed on the flat road or on low-gradient slopes and slower on steep slopes.

Critical Power as a Measure of Muscular Fatigue and Anaerobic Threshold

By A. NAGATA and M. MURO

Faculty of Science, Tokyo Metropolitan University, 1-1-1 Yagumo, Meguro-ku, Tokyo 152, Japan

Earlier ergographic experiments showed that there was a linear relationship between maximal work

(T4’im) and maximal time (7jm) over which it was performed until the onset of local muscular exhaustion.
According b Monad and Scherrer (1965), this linear relationship could be expressed by the equation
141=o+h1,,, where W,,, was thought to resuit from the use of an energy reserve u and an energy
reconstitution whose maximal rate was b.
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It was the purpose ofthis study to extend this concept to total body work (bicycle ergometer) and to test

the hypothesis that anaerobic threshold (AT) might be closely associated with the maximal rate ofenergy
reconstitution b. Eight male and eight female students underwent exercise tests at 400,350, 300,275 and 300,
250, 200, 175 W, respectively, to the onset of fatigue. Results indicated that b was correlated with the onset of

AT as determined by the gas exchange method (r=0928, p<OOOl). Furthermore, our empirical data
revealed that the arbitrary sum of a and b (energy reserve and maximal energy reconstruction rate) was

correlated with maximal oxygen uptake (r = 0956, p <0001) and therefore the obtained regression equation

might be used to predict one’s physical work capacity with the standard error or the estimate of 0-241/min.

Electromyographic analysis indicated that neuromuscular fatigue as estimated by the rate of rise in the
IEMG/force as a function of time (IEMG slope coefficient) showed a close relationship with T1,,, in an
exponential fashion. In other words, the longer T1-,,, (less fatigable) fora given power output, the smaller the

IEMG slope coefficient becomes with an accelerated rate.

The Effect of Body Postural Change on Anaerobic Threshoid

By T. FUKUNAGA. H. YATA and S. IKEGAWA

College of General Education, University of Tokyo, 3-8-I, Komaba, Meguro, Tokyo, Japan

The purpose of this study is to observe the effect of body posture on anaerobic threshold in pedalling

exercise. The postural positions used in this study were the sitting and horizontal supine positions. Four male

subjects performed pedalling exercise in each body position with stepwise incremental loading of 025 kp

until exhaustion. Oxygen consumption was measured each 30 s during exercise by means of Ergo Oxyscreen

(EAGER). For the measure oflactic acid concentration venous blood was taken by teflon catherter inserted

deep into the antecubital vein. At a given work load, lower V0, 1’j and HR were observed in the horizontal

supine position than in the sitting position. Maximum oxygen consumption measured in thé supine position

was 27% lower than that in the sitting position. Lactic acid concentration at a given workload was higher in

the supine position than in the sitting position. At the point where lactic acid concentration was 4 mM/l,

anaerobic threshold (AT), oxygen consumption was 144 hmm in the supine position and 198 hmm in the

sitting position. However, as expressed by the ratio to maximum oxygen consumption it was equivalent to

60% V0max independent ofbody posture. It turns out that lower H5, V5 and V0,, and higher lactic acid

concentration in the horizontal supine position, that those in the sitting posture is due to hemodynamic

change, however, % V,, max at anaerobic threshold is not affected by posture exercise body.

The Effect of Additional Weiglit on External Mechanical Energy in Running

By A. MATSUO, T. HIRATA. N. TSUNODA and T. FUKUNAGA

University of Tokyo, College of General Education, Department of Health and Physical Education,
3-8-h, Komaba, Meguro-ku, Tokyo, Japan

The purpose of this study is to observe the effect ofadditional weight on the external mechanical work in
running. Six male runners were requested to run with an additional weight of 5 and 10kg attached to the
body, using a beit or jacket. The external mechanical work ofthe body was estimated from the external force
measured by Kistier force platforms, which were inserted in the experimental running track. The average
running velocity passing over three force platforms was determined by electric signals from photo cells placed
3m apart in front ofand behind the force platform. The maximum velocity of running was decreased from

781 to 745m !S by an additional weight of 10kg without change in step frequency. The external work per step

al the maximum velocity increased progressively from 131 to 154J with increments ofadditional weights.

However, the external power per step indicated, approximately, the constant values of

2 100—2200 W. Therefore, it is concluded that in running the additional weight attached to the body induced
the decrements of step length and velocity, however, it did flot affect the mechanical power exerted by the

muscle.

Evaluation of Local Muscle Fatigue in Dynamic Muscular Work by
Isometric Test Contraction

By S. K1RA, K. YAMASAKI and H. SATO

Department of Ergonomics, Kyushu Institute for Design Research, 226 Shiobaru, Minami-ku,
Fukuoka 815, Japan

Dynamic work was accomplished by repeated concentric and eccentric contractions of the biceps brachii

against various loads (3,4,5 and 6kg) given at the wrist. Work duration was 1,2,3,4 and 5 min for 3kg, 1 and

2 min for 4kg and 1 min for 5 and 6kg. Work continued until exhaustion in each load.

Test contraction, isometric contraction of the biceps at less than 10% MVC for 20 s, was performed before
and immediately after each dynamic work. Bipolar surface EMG was taken from the biceps during test
contraction and power spectral analysis was made on the EMG.

The ratio of power in the frequency components 93—l 86 Hz to the total power in the EMG (RPL) ofthe
test contraction increased after dynamic work when compared with the ratio prior to work.

In general, the longer the work time and the heavier the workload, the larger RPL increased in the test
contraction. In work where the work time was short or the load was light, however, RPL did flot show
obvious changes correlating to increased load or work time.

There was significant positive correlation between the increase in RPL and work duration expressed in
percentage of maximal work duration (p<OOl, r=0620).

A Biotechnological Study of Hang Glider Crewmen

By N. ANno and others

The Faculty of Engineering, Hosei University, 3-7-2 Kajinocho, Koganei-shi, Tokyo, Japan

Hang gliding has become a popular sport in recent years, but so many serious accidents have occurred
that it is now considered a social problem in Japan. We have undertaken a biotechnological study of
hang gliders and have been studying the problem of the crewmens security and accident prevention.

Studies concem (1) the structure of hang gliders and (2) bang glider crewmen. Many studies have been
reported concerning bang ghider structure and Structure bas been greatly improved recently. As to the studies
of crewmen, no biotechnological studies except ours have been conducted. There continue to be many
unknown problems about the security ofcrewmen, therefore we have been conducting studies on crewmen
for nearly 5 years, and we reported Some ofour flrst studies and experiments at the loth and llth Kanto
Workshops of the Japanese Society of Human Engineering and at the lOth and 1 lth Workshops of the
Japanese Society of EEG and EMG in 1980 and 1981, respectively.

In our present studies, we bave conducted repeated experiments on crewmen’s mental and physical
condition inflight, by using a telemeter and an electroencephalograph , to find a key to accident prevention.
In light some crewmen had e and O waveS. It is known that similar brain waves appear when Zen sect priests
sit in religious meditation (zazen). We have pursued a comparative study of these two cases. We have also
studied crewmen’s eye-movement, respiration, heart rate, etc. Our report includes ail these biotechnological
studies on bang glider crewmen.

Pulling and Pushing Forces as a Function of Elbow Flexion

By Y. IKEDA

Department of Industriah Engineering, Aichi Institute of Technology, 1247 Yachigusa Yagusa-cho,
Toyota 470-03, Japan

‘Pulling’ or ‘pushing’, is one of the fundamental motions fora worker to operate a machine or hand tool.
Data about muscular strength capability ofpulhing and pushing has shown that the hands can push more
powerfully than they can pull when sitting down. However, recently published data showed the opposite
result to above when either sitting down or standing. In view ofthe knowiedge that muscles can exert greatest
force (with the exception ofthe lever systems effect) when the working muscle is fully extended, it seemed that
the former information was flot necessarily always truc, i.e. pulling or pushing force exerted might depent
upon position ofthe upper- and fore-arms. Experiments were conducted 10 investigate muscular forces as a
function ofelbow angles using the MVC method, and to compare them between puhling and pushing. The
present study observed that muscular forces exerted depend on the positions of the arms, and supported the
view that the hands can pull more powerfuily than they can push when the best of each is compared.

Psychophysiological Studies of Physical Performance

By G. BORG

Department of Psychology, Box 5602, 5-11486 Stockholm, Sweden

In the evaluation of physical stress and strain, to understand man at work, il is important to try to
incorporate measurements from the three main effort continua: the performance continuum, the
physiological and the subjective-perceptual continuum.
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During the last 25 years we have donc many studies in ail these three areas. The performance studies

concern determination of maximal performance for both work of an aerobic and an anaerobic character.

Work and fatigue curves for intermittent performance have also been determined and new methods been

constructed for the evaluation of these variables.

Phvsiological responses of importance both for prediction of performance and perceptual responses have

been studied During the last year we have devoted our interest especially to studies on the variation of

muscle and blood lactate. In most ofour studies we found the same monotonoUSlY increasing function to

describe the lactation variation. The best equation isa power function with an exponent of about 2 for the

blood lactate variation and with an exponent of about 3 for the muscle lactate.

The perceptual studies concern both theoretical psychophysical ones and applied studies with different

category scales. One scale for ratings of perceived exertion which has been very generally recognized and

applied is the RPE-scale according to Borg (1970). This scale has the advantage of giving ratings increasing

linearly with workload and heart rate. A new category scale with ratio propertieS has been developed, with

which general psychophysical functions may be obtained but at the same time as ‘levelmeasurements’ for

diflerential compariSonS.
The theoretical studies in this field concern models for direct inter-proceSs compariSons (e.g. between

psychological and physiological variables). Most applications are donc in clinical exercise tests and cardiac

rehabilitation but also in industrial settings.

What Do We Neglect When Evaluating Muscle Fatigue

By N. G. GANTCHEV

Institûte of Physiology, Bulgarian Academy of Sciences, G. BontcheV str.bl.l, Sofia 1113, Bulgarfu

The problem ofmuscle fatigue is stili an important problem for occupational physiology and ergonomies,

because many professional activities are connected with repetitive small movementS and static effort which

leads to neuromuscular fatigue.
Neuromuscular fatigue can be determined by measurementS of muscle force and endurance, some

parameters of the movementS while performing motor tasks, but as a rule EMG data are used for this

purpose. We tried to propose sorne criteria for evaluation ofneuromuScular fatigue on the basis ofour data

on this problem.
It is well known that overloading the locomotor system causes occupational diseases of the connective

tissue organs, tendons, ligaments, bursas, etc., and rarely of the muscles. Our studies under laboratorY

conditions and observations in industry showed that after prolonged motor activity complaints of

discomfort, fatigue and ache appeared, to a larger extent, in joints than in muscles. Therefore, evaluation of

muscle fatigue and recomendations for the prevention oflocomotOr systems overload should be based not

only on EMG studies but also on investigations of functional changes in the whole locomotor system. Now

we underestimate the role of connective tissue formations in establishing the working capacity ofthe whole

system.
The approach for solving this problem and some examples are presented in the report.

A Three-Ievel Computer_assisted Systern for the Evaluation of Physiological Changes

During Work, Before and After Ergonomical Intervention

B J. FORMA!SEK

Czechoslovak Medical Society JEP, Society of Biomedical Engineering,

do Institute of Hygiene and EpidemiologY, 100 42 Praha 10, Srobârova 48. CSSR

A three-level hierarchical system based on the computers JPR 12 (HewlettPackard 21162100) or JPR

12R (EG 1040) makes it possible to contraI the measurement of basic physiological data (heart rate, EEG.

EMG) and 50 perform the subsequent preprocesSing and processing of these data. New algorithms and

programs were developed for the statistical testing of hypotheses concerning the averages of the spectral

power densities (may be used for EEG. EMG, biological rhythms, etc.) and for the extraction of essential

information from multiple time series of physiological, psychological and ergonomical data, the latter being

based on the principal component model. A special digital cardiotachometer was designed for the purposes

ofon-line as well as off-une evaluation of beat-to-beat as well as average heart rate. For reliable off-une

evaluation oftape-recorded EGG, EEG, EMG and other signais, a special time code generator and reader

was developed which provides a precise synchronizatiOn of the tape record, graphical record and computer

processed data Examples ofthe practical use ofthe system are presented . With the use of this system. fils also

possible 50 quantitatively estimate the practical ergonomical intervention.

A 2. Muscular Stress and Physical Response

Assessment of Physiological Cost in Dynamic Muscular Work by
Oxygen Cost and Cardiac Cost

By H. SATO

Department of Ergonomies, Kyushu Institute for Design Research, 226 Shiobaru, Minami-ku,
Fukuoka 815, Japan

A method of assessing physiological cost of work by oxygen uptake and heart rate was studied
experimentally on male students by varying the type of work (bicycle ergometer work or treadmili work),
workload (0—900kg/min or 0_l5C slope), duration ofwork (4—I5min)and thermal environment (15CC 50
RH, 20CC 50% RH, 35cc 30 RH and 35CC 80% RH).

Total oxygen cost, which was the sum ofoxygen uptake above the resting level during work and recovery,
was calculated. Oxygen cost per min was derived by dividing the total oxygen cost by the duration ofwork.
Likewise, cardiac cost per min was calculated from the data on heart rate during work and recovery.

Oxygen cost per min was almost the same at the same workload regardless ofdifferent durations ofwork.
and so was cardiac cost per min. In ergometer work, oxygen cost per min per kg of body weight did flot lessen
the individual variations (coefficient of variation) as compared with oxygen cost per min.

Oxygen cost above zero was calculated by adding resting oxygen uptake rate to oxygen cost per min. A
linear relation was found between oxygen uptake rate at the llpt min ofwork and oxygen cost above zero.
Heart rate at the last min ofwork was lower than cardiac cost above zero, which was cardiac cost per min plus
resting heart rate, above about 100 beats/min of heart rate.

Cardiac cost per mn varied according to workload and thermal condition, while oxygen cost per min
varied with workload only. The relation between oxygen cost per min and cardiac cost per min was affected
by the type ofwork, thermal condition and subject. Therefore, oxygen cost per min and cardiac cost per min
could be used to evaluate the physiological cost ofdynamic muscular work.

Several Aspects of the Prediction Method of Local Muscle Energy Metabolic Rate

By S. YOKOYAMA and K. YOSHIDA

Department 0f Sanitary Engineering, Faculty of Engineering, Hokkaido University, Sapporo 060, Japan

A prediction method of local muscle energy metabolic rate was presented by one of the authors
(Yokoyama 1980). ut requires the measurements of total metabolic rate and integrated surface dcc
tromyograms during different exercise items and the solution of simultaneous equations. The experimental
procedures and the solving procedures of the equations have been improved upon (Yokoyama et al. 1981).

According to our prediction method. the main seven local muscle energy metabolic rates were determined
in different static working and resting postures for 21 Japanese young healthy males, The seven muscle
groups were (1) muscles of the anterior abdominal wall; (2) muscles erector spinae; (3) muscles ofthe buttock;
(4) posterior femoral muscles; (5) anterior femoral muscles; (6) posterior crural muscles and (7) anterior crural
muscles. Ifintegrated surface electromyograms were convered into ratios ofmaximum voluntary contraction
strength (MVC). the maximum local energy metabolic rates could be determined with the above method. The
prediction of the maximum local energy metabolic rates concerning the above seven muscle groups was
performed for 17 Japanese young healthy males.

The quantitative results of local muscle energy metabolic rate in the present study confirmed a number of
findings, with reference ta human static postures, by the previous investigators, mainly from the viewpoint of
electromyography. The results ofthe predicted maximum local energy metabolic rates disclosed individual
differences caused by daily muscle activities. By using local muscle metabolic rates of the anterior and the
posterior femoral muscle groups during different exercise items, the human femoral thermal systems was
studied. For that purpose a mathematical model of the human thermal system was developed.

The creatine kinase is a muscle enzyme concentrated in skeletal muscle fibres. If the muscle fibres are
damaged, an increased muscle enzyme efflux to the blood is noted. The aim ofthe present investigation was ta
evaluate serum creatjne kinase (S-Ck) as an indicator of local muscular strain.

Occupational Muscular Strain Indicated by Serum Creatine Kinase

By M. HAGBERG

National Board ofOccupational Safety and Health. Medical Division, Box 6104, S-90006 Umeâ, Sweden
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Met hods. Experimental study: S-Ck was measured before and after (24 and 48 hours) exposure to two

types of dynamic work in ten subjects. Bicycle ergometry produced a high general dynamic load and lifting

boxes produced a high local ioad on the shouider—neck. In a field study S-Ck analysis was done before work

after 2days rest and after 3—4 days of work. The occupational groups consisted of welders, assemblers,

controllers, fork-truck drivers and cash-register operators.

Resuits. An increase of S-Ck was seen after the lifting work as well as discomfort and pain from the

shoulder—neck. After the bicycle ergometry no increase of S-Ck or discomfort was noted. Welding,

assembling and cash-register operating having a high local load on the shoulder—neck produced an increase

ofS-Ck during the work week. Controllers and fork-truck drivers revealed no increase of S-Ck during the

work week.
Conclusion. Evaluation of S-Ck isa new ergonomic approach for detection ofwork tasks producing local

muscular strain.

The Effect of Arm Elevation on Muscle Circulation

By H. YATA, T. FUKUNAGA and A. MATSUO

Department of Physical Education, Wako University, 2160 Kanai, Machida, Tokyo, Japan

When the position of an arm or ieg is altered in a vertical plane, the blood circulation in the extremity

may be affected by the change of hydrostatic pressure. The purpose of this study is to observe the effect ofarm

elevation on forearm muscle circulation. Four healthy men, aged 22—28 years, volunteered to act as

experimental subjects. The upper extremity of the subject, who sat on the specially designed apparatus, was

elevated every 300 from the dependent position to directly overhead. At each arm position dynamic hand grip

contractions were performed by raising a weight of5kg 2cm five times at a rate of once every 2s. Forearm

blood flow, biood pressure, Po, Pco and pH in venous blood were determined during 10 min rest and

immediately after the exercise. Systolic blood pressure and blood ftow in forearm decreased with arm

elevation by about 2OmmHg and l5m1/lOOmlmin, respectively. Signiflcantly, at positive correlation

coefficient of 0667 was observed between resting blood flow and blood pressure. Blood flow and venous

oxygen pressure after exercise also decreased with arm elevation by about 4m1/lOO ml min and 5mmHg.

respectively. It may be considered from these results that with arm elevation the decrement ofhydrostatic

pressure in forearm vessels cause decreases of blood pressure and also of blood flow.

Effects of Hot Dry and lot Humid Environment hi

Continuous Work Performance in Man

By J. SEN GUPTA

Defence Institute of Physiology and Applied Sciences, Delhi Cantt 110010, India

Risc in body temperature during work is generally considered to represent a failure on the part of the

thermoregulatory system. A progressive increase in climatic stresses wiIl resuit in physiological strains on the

body sufficient enough to Iead to incapacitation. Most of the limited information available relating to this

subjecis bas been conducted on unacciimatized human beings. Studies have, therefore, been conducted on

prolonged continuous moderately heavy and heavy physical work (400, 500 and 600kg mm) on naturally

heat-adapted Indians in a climatic chamber. Studies were conducted on four sets of environmental

conditions: comfortabie. very bot and extremely bot with high humidity and very bot with low humidity.

Dutation in continuous work, rectal temperature, mean skin temperature from varlous points, sweat loss, 02

consumption, pulmonary ventilation and cardiac frequency were ail noted during rest and every 10 min

during exercise.
Results indicated that above the critical air temperature of 30°C, body temperature rises to a new higher

steady level and in extremely bot conditions, the deep body temperature continued to rise 10 a target of

388°C, when work was discontinued. 0f various physiological indices, cardiac frequency seemed to be a

good guide for assessing the etTect ofheat on work capacity. Attempts have also been made to predict the

capacity for prolonged work in bot dry and humid conditions by giving combined weight to various

physiological fonctions.

Effects of Specific Dynamic Action on Metabolism at Rest

By K. YAMASAKi, S. WATA”UK1 and S. Kiw

Department of Ergonomies, Kyushu Institute for Design Research, 226 Shiobaru, Minami-ku,
Fukuoka 815, Japan

The specific dynamic action offood is nota negligible factor when resting metabolic rate is measured . The
purpose ofthe present study was to observe the change ofmetabolism at rest when subjects have ordinary
meals and have meals by instalments.

The subjects were three healthy men aged 24—28 years. Meals were taken as follows: (1) only lunch, (2)
breakfast and lunch, (3) five meals, (4) nine meals and (5) abstention from food. Breakfast contained 540 cal
(protein: 22g, fat: 23g, carbohydrate: 59g) and lunch in (1) and (2) contained 785 cal (protein: 36g, fat: I 8g,
carbohydrate: ll8g) and 869 cal (protein: 42g, fat: 21g, carbohydrate: 124 g), respectively. The total calories
and constitution of the nutritive elements in (2), (3) and (4) were approximately mutually equal. Oxygen
consomption, heart rate and temperature ofthe axilla were measured from 07.00 to 17.00 hours in a sitting
position.

After breakfast and lunch oxygen consomption began 10 increase immediately, 2 hours Jater meal oxygen
consomption increased 20 and 25% to the value before meal ingestion, respectively. Thereafter oxygen
consomption began 10 decrease gradually, 5 hours later lunch oxygen consomption was about 10% as high as
the value before meal ingestion. In (3), (4) and (5) transition ofoxygen consomption was generally flat. Tbe
change ofheart rate was similar to oxygen consomption, the value ofdifference between 2 hours after the
meal and before the meal was about 5 beats/min. The temperature of the axilla was not affected by meal
ingestion.

Creatinine Excretion Under Physical Exercise and Hypokinesia

By Y. ZORBAS. V. PETROVSKiY and Y. KoicHi

Life Sciences Division, European Institute of Environmental Cybernetics, Athens 514/1, Greece

The elimination ofcreatinine in orme was examined under 94days of hypokinesia (HK) on six physically
healthy men ranging in age from 18 to 24 years. They were divided into two groups with three men in each.
The group of mea submitted to pure HK and the second group subjected to combined HK and physical
exercise (PE) with energy expenditure of 250 cal/day. Food intake was measured throughout the
investigation. Creatinine was determined in the daily urine by conventional methods. The results prior to
HK served as control. The obtained data was processed statistically according to the criterion ofStudents’

t-test. An increase in the elimination ofcreatinine was observed under these experimental conditions. It can
be concluded that PE did not decrease but increase creatinine excretion, exerting a normalizing effect on the
metabolism.

To ensure maximum restriction ofmotor activity ail men ofboth groups were kept under rigorous bedrest
regime.

A 3. Heat/Cold

Relationships Between Physique and Increase in Body Temperature During
Exercise at Different Ambient Temperatures

By T. KATSUURA

Department of Ergonomies, Chiba University, l-33 Yayoi-cho, Chiba 260, Japan

The relationships between physique and increase in rectal temperatore doring exercise were stodied at
three different ambient temperatore conditions. Six male adolts, aged 22—3 1, participated in this study.
Skinfold thickness were measored at six sites, i.e. triceps, chest, abdomen, iliac, sobscapula and thigh. Mean
skinfold thickness was calculated according to Hori et al. (1974). Body density was determined using the
equation ofNagamine and Suzuki (19M), and body fat percentage was calcolated according to Brozek et al.
(1963). Body surface area was determined according 10 Fujimoto et al. (1968).
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The subjects wore only shorts and exercised on a bicycle ergometer for 32 min at the two work loads,
I.e. 300 and 600 kg/min. The experiments were carried out in a climatic chamber. The ambient temperatures
used were 20, 30 and 40C. The relative humidity was kept at about 50Ç in ail conditions.

Rectal temperature was recorded with a thermister inserted 10cm into the rectum. Skin temperature was
measured with copper-constantan thermocouples on the chest, upper arm, thigh and lower leg. Mean skin
temperature was calculated according to Ramanathan (1964). Sweat rate was determined from the weight
loss during the test. Oxygen uptake was determined with the Douglas bag method. The order ofexposure to
three air temperature conditions was randomized for each ofthe subjects.

The effects of physique on the increase in body temperature were analysed by multiple regression analysis.

Effect of Amblent Temperature on Physical Work Capacitv

By M. T. LAZAR and J. SEN GUPTA

Defence Institute of Physiology and Allied Sciences, Delhi Cantt-1 10010, India

Studies were carried out in 12 young (20—28 years of age) healthy human volunteers to evaluate the effect
of variation in the ambient temperatures on physical work capacity. Their physiologicai responses to exercise
were studied in a laboratory maintajned at 10, 15, 20, 30 and 35CC with the relative humidity varying from
50—60%. Their responses to submaximal and maximal exercise were measured on a bicycle ergometer by
continuously monitoring heart rate, ventilation and oxygen consumptjon under testing, during exercise and
recovery periods. The exercise-induced heat load was studied by measuring rectal and mean skin
temperatures before and after the exercise. as well as during recovery periods. The results showed that the
VO2 max was not significantly different in any of the above ambient conditions. Details of the resuits and
their implications will be discussed.

The Ell’ects of Work Rates and Amblent Temperature on
Transient Physiological Responses

By Y. TAKASAKI

Institute of Balneotherapeutics, Kyushu University, Tsurumjhara 4645, Beppu, Japan

The present study deals with transient physiological responses ofman to various work rates in thermal
environments and describes the effects ofwork rates and ambient temperature on responses. Subjecis were
five college males, from 18 to 20 years old, screened for cardiopulmonary disease. They exercised on an
electrically braked bicycle ergometer at five work rates of 25, 50. 75. 100 and 125 W in a controlled climatic
chamber at 20 and 30°C. At each work rate, the test consisted ofa rest period followed by 15 min cycling at
50 r.p.m., performed once or twice a day per subject. During these tests, the subjects breathed through a gas
mask connected to the gas analysing system developed by Ichimaru and were monitored by dcc
trocardiography to provide heart rates of the subjects. The time course of responses to the transition of
varlous conditions were discussed.

Cardiovascular and Metabolic Reactions (o Work in Different Amblent Temperatures

By T. NARIAI, Y. FUKU1IA, J. Oi-t,si-ti and Y. IzUtviiiANi

Department of Ergonomics, Kyushu Institute for Design Research, 226 Shiobaru, Minami-ku,
Fukuoka-City, 815 Japan

The cardiovascular and metabolic response of five male Japanese students. 21—23 years of age. were
studied at rest and at varlous levels ofwork up to the individuai’s maximum when they were exposed to
ambient temperatures of 12, 26 and 40CC. Oxygen consumption was linearly related to workloads without
effect of ambient temperatures.

In a 40CC environment, the major change in cardiovascular function was an increase in heart rate with an
associated fall in stroke volume. Cardiac output, estirnated by the C02 rebreathing method. was relatively
increased within the range ofapproximately 4O—60 VO2 max and was reduced throughout the higher range
of 1”O, max when compared with the values obtained in a 26°C environment. In the latter range 0f
% VO2 max, a relative increase in arterto-venous oxygen difference accounted for the ultimate risc in oxygen

consumption. During moderate work in 40CC the decrease in total peripheral resistance might indicate a

larger portion ofthe blood flows away from the contracting muscles to the skin than in 26°C. However in

heavier work the value was the same as that obtained in 26CC.

In a 12°C environment, while a slight decrease in heart rate and a slight increase in stroke volume were

found, no difference was found in cardiac output, arterio-venous oxygen difference or total peripheral

resistance when compared with the values observed in 26CC.

Consequently, in a 12°C environment. we could not find any major changes of cardiovascular or

nietabolic reactions at various levels ofoxygen consumption. However, in 40°C, some important changes

were found. Especially during heavy work in 40°C, cardiac output was still lower than values obtained in

26°C, although total peripheral resistance was the same value as seen in 26°C.

By Y. KiKucai, T. KATSUURA and A. OKADA

Department of Industrial Design, Faculty of Engineering, Chiba University,
l-33 Yayoi-cho. Chiba 260, Japan

This study was planned to investigate whether circulatory responses to exercise at different air conditions

were significantly different in older compared with younger subjects.

Cardiac output, heart rate, stroke volume and oxygen uptake were measured in young and middle-aged

men during submaximal exercise. The subjects exercised on a bicycle ergonometer al two kinds ofworkload,

i.e. 300 and 600 kg,.min, under three air temperature conditions: 20, 30 and 40°C. Heart rate was measured

between the 5th and 7th min of exercise from the recordings of an electrocardiograph. Expired gas was

collected by Douglas bag through a gas mask for 2 min after the 5th min ofexercise. Tise ventilatory volume

was measured with a dry gas meter. The sample ofexpired gas was analysed by the Respilyzer. After the gas

collection, cardiac output was determined by the C02 rebreathing method. The partial pressure ofCO, in

the mixed venous blood was determined from the CO, rebreathing curve, according to principles set by

Defares (1958) and using calculations described by Jernerus er al. (1963). The partial pressure ofCO2 in

arterial blood was assumed to be the same as in the end-tidal air. A C02 dissociation curve for oxygenated

blood was used to determine the CO, content ofboth arterial and mixed venous blood. For the C02 analysis

a rapid infrared C02 meter was used. Stroke volume was calculated from the values ofcardiac output and

heart rate.
The resuits were analysed by computing the analysis of variance, which was performed with respect to

age, air temperature, work load and different individuals.

A Study on Seasonal Variations of Circulatory and Metabolic Responses

During Prolonged Exercise

By A. OKADA

2nd Department ofAnatomy, Nihon University School of Medicine, 23-17, Toyoda 2-chome,
Hino-shi, Tokyo 191, Japan

Relatively few studies have been made of circulatory and metabolic response under the several thermal

conditions in the different seasons.
Tise purpose of the present study was to investigate the changes of oxygen consumption, cardiac output,

heart rate, rectal temperature and stroke volume during prolonged exercise under cool conditions and under

warm conditions in the different seasons.
As the first investigation in the series ofthe study, the experiments were carried out in late autumn, in early

spring and in summer. The ambient temperatures were 20 and 30°C in a climatic chamber in autumn and

spring, and about 30°C under natural thermal conditions in summer.

The subjects were Japanese normal males, 22—31 years of age. They worked for 32 min at 300 and

600 kg/min on a bicycle ergometer.

Influence of Age on Circulatory Responses to Exercise at Different

Air Temperature Conditions
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Oxygen consuniption was determined with the DougJas bag method, and heart rate was measured with
an electrocardiograph, at rest and during 5—7 and 30—32 min after the start of exercise. Cardiac output was
determined with the C02 rebreathingmethod at rest and after 7, 17 and 32min ofexercise. Stroke volume
was caiculated from the values ofcardiac output and heart rate.

These resuits were analysed and discussed with respect to seasons, ambient temperatures, exercise times
and levels ofioad.

Evaluation of Cardiac Output by Electrical Impedance Method Under Dilferent
Amblent Temperatures

By T. AZUMA, T. KATSUURA, A. OKADA and Y. KIKUCHI

Faculty of Engineering, Chiba University, l-33 Yayoi-cho, Chiba 260, Japan

Electrical impedance method (EIM) has been used as a simple and non-invasive method to estimate
stroke volume and cardiac output. But, it is flot clear that EIM is also applicable in other temperatures. So,
we try to investigate its reliability.

Subjects were six male aduits aged 22-31 years. Ail six subjects were familiar with measurement
procedures. The subjects wore only shorts, and exercised on a bicycle ergometer for 34 min at two workloads,
i.e. 300 and 600 kg/min. The experiments were carried out in a climatic chamber, under three ambient
temperatures: 20,30 and 40°C (R FI. 50%, respectively). Expired gas was collected by Douglas bags through a
gas mask for 2 min after 8 min of the resting period and after each 10, 15 and 30 min ofexercise. Ventilatory
volume was measured with a dry gas meter. The sample ofexpired gas was anaiysed by Respilyzer. After gas
collection, cardiac output was determined with EIM and C02 rebreathing method.

Thoracic impedance data were obtained using an impedance cardiograph (Al-600G, Nihon Koden Co.
Ltd.) with four disposable aluminized strip electrodes. Stroke volume (SV) was calculated as follows,

SV = (L2/Z) (dzidt)m T,
is the resistivity ofblood (135Dm), Lis the mean distance (cm) between the inner pair ofelecrodes, Z is the

basal thoracic impedance (D), (dZ/dt)m is the maximum rate of the change of impedance (D/s) and T is the
ventricular ejection time (s). Cardiac output was computed from the value ofSV and heart rate.

Results and discussion are shown in the full text.

Change in Pulmonary Diffusing Capacity for CO under Various Conditions of
Temperature Combined with Hypobaric Hypoxia

By A. YASUKOUCHI, K. IWANAGA, Y. KOYA and M. SATO

Department of Ergonomies, Kyushu lnstitute for Design Research, 226 Shiobaru, Minami-ku,
Fukuoka 815, Japan

The change in pulmonary diffusing capacity for CD (DL) was studied in ten normal human subjects using
a breath-holding method. The experiments consisted oftwo series. One series (Series I) was performed in five
subjects at ambient temperatures of 16,20,24 and 28°C (RH 50%, respectively) each at simulated altitude ofO,
2000 and 4000m. In another series (Series II) the remaining subjects were exposed 10 ambient temperatures of
12, 20,28 and 36°C (RH 50%, respectively) for about 2 hours. The purpose ofthis study was to observe the
characteristics of the change in DL induced by the various thermal conditions combined with hypobaric
hypoxia and to investigate a physiological parameter which indicates the change in DL.

In Series 1, the change in DL was not significant within the range 16—28°C at sea-level but was significant
at altitudes of 2000 (P <005) and 4000m (P<0Ol). The differences of DL in the corresponding temperature
between O and 4000m were larger at lower temperatures than in the neutral condition. The physiological
parameter which showed signiflcant correlation with DL at each altitude was oxygen intake, however, the
flrst order correiation between DL and O2-pulse holding the influence ofoxygen intake statistically constant
was significant at O and 2000m. The change in DL with ambient temperature was significant when the
variation ofambient temperature condition was widely controlled as in Series Il. Pulmonary capillary biood
volume obtained in Series II by Roughton and Forster’s technique was highly correiated with DL (r=0928,
P<0001). Since O2-pulse was well related to stroke volume (r°0939, P<0001), computing the second
order partial correlation between pulmonary capiliary blood volume and stroke volume holding both
oxygen intake and cardiac output statïstically constant resulted in a correlation of r=Œ688 (P<O-05). h
seems reasonable to conclude that the DL variation with ambient temperature primarily depends on the
alteration ofpulmonary capiilary blood volume which may be able to be predicted from the relative change
in stroke volume or 02-pulse at both O and 2000m.

The Effects of Exercise, Amblent Temperature and Season on Estimation of

Maximal Oxygen Intake

By S. WATANUKI, K. YAMASAKi and Y. KOYA

Department of Ergonomies, Kyushu Institute for Design Research, 226 Shiobaru, Minami-ku,
Fukuoka City, 815 Japan

The data were collected on 16 males, ranging in age from 19 to 27 years. The subjects were given

submaximal works by a bicycle ergometer exercise and a step exercise in a warm (268°C) and a cool

environment (80°C) in summer and winter.
Both exercises lasted I Omin. In a bicycle ergometer exercise, the subjects rode at workloads of450 kg/min

during the flrst 7 min and then 750 kg/min for 3 min. In a step exercise, the subjects stepped up and down on a

40cm high wooden bench at a rate of 15 and 25 stepsmin for 7min and 3min, respectively.

In summer, autumn and winter, maximal oxygen intake was measured by performing an exhausting series

oftreadmull walks at a speed of95Om/min at a grade beginning at 13—15% and, until exhaustion. the grade

was increased by 2% per min.
Prediction equations of maximal oxygen intake examined in this study were those of Astrand and

Ryhming (1954), Margaria et aI. (1965) and Sato et al. (1976, 1980).

The dilTerence with respect to exercise, ambient temperature and season between observed and predicted

maximal oxygen intake was examined with respect to exercise, ambient temperature and season.

It was concluded that the estimation oxygen intake from the prediction equation by Astrand and

Ryhming (1954), Margaria et al. (1965) and Sato et al. (1976) was not sufficient compared with that from the

prediction equation by Sato et al. (1980) in ail cases.

Sensitivity Analysis Supports Simplified Heat Stress Rules

By J. D. RAMSEY and C. P. CHAI

Texas Technical University, P0. Box 4130, Lubbock, Texas 79409, U.S.A.

There currentiy exist many decision rules which help deflne hot working environments through the use of

heat threshold values, or onset points for increasing risk ofheat strain. Typically, such rules are based upon

environmental measurements and on estimates of the metabolic workload of the worker. Abbreviated

guidelines, which represent a simplified procedure for including factors in addition to workload that are

important in heat strain, have also been proposed.
The approach used in this paper was to evaluate threshold wet bulb globe temperature (WBGT) values by

comparing them to the values ofcalculated human heat exchange using the generally accepted equations

deveioped as the Belding—Hatch Heat Stress Index (HSI). Several levels ofmetabolic workload, clothing,

radiant heat, wet bulb temperature, air temperature and air velocity were used as input to a computer model

for generating the corresponding HSI and WBGT. This iterative procedure provided the ability to look at the

specific work, clothing and environmental components that yield an HSI of 75, and then to identify the

corresponding WBGT for that set of components. This procedure served as a basis for validating the

abbreviated guideline rules and for conducting the sensitivity analysis.
Findings of this analysis indicate: a high variability in threshold WBGT values when metabolic workioad

must be estimated; and. difference in air velocity and clothing levels have substantial effects on WBGT

threshoid values, although these factors are not normally inciuded in decision ruies.

This paper supports the appropriateness of abbreviated guideline rules relating to air velocity and

clothing. Further, it suggests that the sensitivity level of the entire measurement and estimation process

greatly reduces the oerall precision and confidence in any set of decision ruies. Simplifled rules, when

combined with appropriate administrative and work practices, should yield protection to the worker that is

comparable to the use 0f seemingly more precise methods.

Effects of Body Build and Sweat Rate on Rectal Temperature During Acute Heat

Exposure in Man

By K. IWANAGA, A. YASUKOUCHI, K. YAMASAKI, H. SATO and M. SATO

Department of Ergonomies, Kyushu Institute for Design Research, 226 Shiobaru, Minami-ku,

Fukuoka-City, 815 Japan

The present study was conducted to examine the effects of body build and sweat rate on rectal

temperature during acute heat exposure. Nine healthy male students volunteered as subjects. After staying

for 30 min in a climatic chamber at a temperature of 28°C with 50% relative humidity, the physiological
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responses to heat exposure at rest were examined in another climatic chamber at a temperature of 45 or 50°C

with 5O relative humidity for 61 min. Rectal temperature was measured at the end ofthe period at 28°C and

during heat exposure at 45 or 50°C. Sweat rate (mg/lomin) in the chest was obtained using the filter paper

method. Skin-fold thickness and body density were measured. Body weight was measured prior to and after

the experiment and the volume of sweat during exposure was obtained. Moreover, expired gas collection,

ECG recording and skin temperature measurement were performed.

Sweat rate had a negative linear correlation with the absolute value of rectal temperature. Skin-fold

thickness of upper arm and body weight had a negative linear correlation with the increase of rectal

temperature during exposure.
In conclusion, sweat rate is affected by the absolute value of rectal temperature, and body build affects the

increase of rectal temperature.

Analytical Determination of Heat Stresses

By J. J. VOGI, V. CNDAS and J-P. LIBERT

Centre d’Etudes Bioclimatiques du C.N.R.S., 21 Rue Becquerel, 67087 Strasbour, Cédex, France

This paper describes an analytical method for assessing heat stress, recently adopted as a national

standard by the French Standard Institution (AFNOR). This method sets Heat Tolerance Limits (HTL) and

Safe Exposure Times (SET) on a psychrometric chart for any situation in which air movement, mean radiant

temperature, metabolic heat production and clothing insulation are specified. These assessments are based

on the following criteria: maximal sweating rate, maximal skin wetness, maximal heat storage and maximal

dehydration. Good agreement is found between HTL and SET assessed through this analytical method and

corresponding data established experimentally by other authors.

Physical Work Capacitv of Young Competitive Swimmers in Water al Three Dilferent

Temperatures

By T. NOMURA

Institute of Sports Science, University of Tsukuba, Sakura-mura, Niihari-gun, Ibaraki 305, Japan

Maximal oxygen uptake (JO,max) was studied at three different water temperatures (180, 220 and

260 C) using an underwater bicycle ergometer. Subjects consisted of three girl and six boy competitive

swimmers aged 10—12 years. There was no signiticant difference in VO2 max at the three water temperatures.

Higher pulmonary ventilation (Vu) in 18°C water (798±&91/min) than 22°C (657± l57l/min) and 26°C

(635 ± 67 hmm) was observed. However maximal heart rate (HR ,m) in 18°C was about 6 beats/min hower

than 26°C water. Blood lactate concentrations after maximal exercise was 661 mmol/l in 18°C, 610 rnmol/1

in 22°C and 536 mmol/1 in 16°C. In 18°C water five subjects’ core temperature dropped (02—06°C) during

lO—l6min exercise. Present results showed that young swimmers responded similarly to adult results

previously reported.

Effects of Repeated Coid Exposures on Thermal Responses of Men

By Y. TOCI-IIIIARA

Department of Hygiene. School of Medicine, Showa University,

1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142. Japan

Recently, the number ofartificial cold working environments (e.g. cold-storage plant) increased, and air

temperature in these environments became lower. Work in such severe cold enironments bas produced

some medical problenis. The effects ofcold exposure on physiological responses and performances have been

frequently studied, but investigations on effects of repeated cold exposures are limited. This paper describes

some experiments with effects of repeated cold exposures on thermal responses of men wearing cold

protective clothing.
Four healthy male students wearing cold-protective clothing (total clothing weight was 52 kg) served as

subjects fora total of24 tests. After 20-min rest at neutral air temperature (22—25°C), subjects were exposed to

cold environments (—5, —20 or — 35°C) for 30 min. This pattern was repeated three tirnes, and so total cold

exposure time was 90 min fora test. In each cold environment, subjects were rested in sitting position (rest) or

loaded with step exercise (work). Oxygen consumption, rectal temperature, skin temperatures at 12 sites,

heart rate and thermal sensations were measured.

Heart rate at rest in cold environments kept lower than that in neutral air temperature, but heart rate

increased when shivering occurred. The change of rectal temperature was observed by repeated cold

exposure. At the end of the third cold exposure to air temperature at —5. —20 and —35°C, rectal

temperatures at rest were 3675, 3648 and 3655°C, respectively, then rectal temperatures during work were

3710 3680 and 3643°C, respectively. Skin temperatures feil due to repeated cold exposures and there were

many complaints ofcoldness and pain particularly at fingers.

Thermal Effects and Finger Strength Changes in Cold Water Immersion with a

Survival Suit

By K. KiMOTSUKI

Institute for Science of Labour, 1544 Sugao. Takatsu-ku. Kawasaki 213, Japan

The thermal resistance of two kinds of survival suits for cold sea-water immersion was tested by

examining changes in body and skin temperatures, heart rate, finger strength and other items. Each of four

male subjects was kept immersed, wearing a survival suit, in a cold water pool for 3 hours. The water and

room temperatures were kept constant at 0, 3 or 6°C. Body temperature decreased more niarkedly during

Immersion in water oflower temperature. Finger strength, which was measured separately for fingers II—V of

both hands by means of a finger dynamometer, paralleled the decrease of body temperature.

Body temperature and heart rate showed fluctuating variations in accordance with shivering and while

the subjects endured immersion they felt chilled pains in their extrernities. Finger strength declined

consistently to about two-thirds of the pre-immersion level. The flnger strength level was considered a good

indication of the peripheral efficiency of the thermah]y resistant suites.

Further improvement of such suits was found necessary, in particular with respect to hand and finger

movements and peripheral thermal efficiency

Heat Protection in Respiratory Channels

By Y. LE MASSON

LAMA, 19 rue du Gord, 91580 Etrechy, France

In deep water diving (150 tu 300m), the gases breathed out under high absolute pressure convey a large

quantity ofheat. If the gases breathed in are cold, heat Ioss by the respiratory channels becomes important

and places the hife of the diver in danger. Closed circuit breathing apparatus eau maintain the temperature of

recycled gas at the correct levels. On-going studies including simulation in caissons illustrate this

phenomenon and conflrm the interest in closed circuits in deep sea diving.

Telecontrol of Breathing Apparatus in a Lock ouI Breathing System for Deep Sea Diving

By Y. LE MASSON

LAMA, 19 rue du Gord, 91580 Etrechy, France

Liberating the diver of ai] respiratory preoccupations by transferring the regulation and control ofthese

parameters to qualifled personnel onboard the underwater vessel from which the diver bas corne out of, is the

outcome of an ergonomies study tu such a problem. A lock out breathing system (L.B.S.) is proposed,

characterized by a reading ofa continuous sample ofgas breathed out in a closed circuit by the diver, which

takes place in the underwater vessel. This sample is analysed and the values of the partial pressure ofthe

oxygen measured determine the oxygen necessary to maintain optimum conditions of the mixture breathed.

Continuous recording memorizes the development of the diving.
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A 4. Hyperbaric Environment

Convective Heat Transfer Coefficient of the Human Body in a Hyperbaric

Helium—Oxygen Mixed Gas Environment

By H. NAKA’iAMA

Department of Hyperbaric Medicine, School of Medicine, University of Occupational and Environmental

Health, l-1 Iseigaoka. Yahata-nishi-ku, Kita-Kyushu-shi 807, Japan

Ibere is a significant increase in heatloss from body surfaces when a man is exposed to a hyperbaric

helium—oxygen mixed gas environment essential for a saturation dive.

Increasing heatloss induces significant diuresis and lower performance if there is no attempt to control

ambient temperature and humidity. In addition, with the decrease of evaporative heat transfer, heat stroke

may be induced more easily in the case ofdeviation ofambient temperature to a higher range. It is, therefore.

very important to quantitatively understand the body convective heat transfer coefficient as a parameter in

providing the life-support system.
Ibis paper reports on the convective heat transfer coefficient ofresting and working subjects at normal

and high ventilated conditions when the Japanese Marine Science and Technology Centre (JAMSTEC)

carried out saturation dive experiments at 26—31 ATA in 1978 and 1979.

At the thermal comfort zone skin and rectal temperatures, metabolic rates and decreasing rates of body

weight of subjects who were resting and at exercise, by bicycle-ergometer at two different ventilated

conditions, were measured.
From the above data various factors of body heat balance were calculated by equations.

The Influence of a Hyperbaric Environment (11—31 ATA,He—02) on

Disturbed Human Sleep

By K. SEKI

Japanese Marine Science and Technology Centre, 2-15, Natsushima-cho, Yokosuka-shi 237, Japan

Since the investigations ofNaitoh et al. (1971), Rostain and Regesta (1973). Wilcx et al. (1976), Townsend

and Hall (1978), Seki and Nakayama (1978, 1979. 1980, 1981), it is well known that a hyperbaric heliox

environment affects the sleep profile ofdivers. That the modification ofsleep relates to fatigue and decreased

performance under a hyperbaric heliox environment has been especially thoroughly investigated. Seki (1976)

also showed by a psychophysiological study, that modified sleep caused altered vigilance and increased

fatigue.
This study consisted of four simulated dives (li—31 ATA, PO0’4bar,PN,=0’79bar) tu investigate

the electrophysiology of sleep in four professional divers. The compression rate followed 10 and 25mph

(l—26ATA). The experimental schedules were as follows, pre-dive (1ATA air and 2ATA He-O2) of

3—4days, saturation of 7—14 days, decompression of 5—12 days.

The resuits were as follows:

(1) Sleep stages REM and NREM III and IV develops (absolute and relative figures) for ail divers but

decreased on the first night after compression from 1 to 11,21,26ATA.

(2) During saturation periods (11,21.31 ATA) the ratio ofAWAKE time. NREM sleep stage (1+ II) to

total sleep time increased. then the ratio of time of NREM sleep stage (III + IV) to total sleep time

decreased.
(3) Skin temperature and respiration rate also decreased, but heart rate and rectal temperature do not

change at such depth (31 ATA).
(4) Remarkably enough, urination volume and episodes at night significantly increased at 11,21,31 ATA.

Conclusion: Under a hyperbaric environment in a dry caisson, sleep in man undergoes essential (not only

circumstantial) modification.

The Influence of a Hyperbaric Environment on Fatigue in Human Deep Dives

By Y. TAYA and N. KUWABARA

Japanese Marine Sciences and Technology Centre, 2-15 Natsushima-cho, Yokosuka-shi 237. Japan

It is well known that when man ii exposed to pressures greater than 16 atmospheres absolute (ATA)

He—02, signs and symptoms of the high pressure nervous syndrome (HPNS) begin to appear. These are

primarily characterized by disorientation, nausea, dizziness and tremors of the hands and arms.

Noise and vibration

This study was about fatigue of divers exposed to 21 and 31 ATA He—02 environments. Measurements
were made of subjective symptoms of fatigue, psychomotor performance (tapping test and manual dexterity
test) and critical flicker frequency test (CFF). Four subjects (commercial divers) were exposed to each
experiment at 21 ATA for 26 days and 31 ATA for 34 days. The diver’s daily activity schedule inside the
chamber was as follows: 07:00 (rise, subjective appreciation of fatigue), 08.00 (breakfast), 09.00 (underwater
activity or physical exercise), 17.00 (tapping test. manual dexterity test), 18.00 (supper, subjective
appreciation of fatigue), 19.00 (bathing), 23.00 (retire).

Psychomotor performance improved during experiments except on compression day to 26 and 31 ATA.
Symptoms ofHPNS occurred during the first 24hours of compression to 26 and 31 ATA, but disappeared
24 hours later. Ihe results of subjective syniptoms of fatigue showed that there were more daims both about
physical and mental fatigue in the morning than in the evening throughout the experiments. CFF results
showed little change and were normal as for a usual industrial society.

A 5. Noise and Vibration

Responses of a Sympathetic Nervous System 10 Hand-induced Vibration

By T. SAKURA1

Department of Environment Health, Kurume University School of Medicine,
67 Asahi-machi, Kurume-shi, Fukuoka-ken, Japan

Responses of a sympatbetic nervous system to hand-induced vibration were observed by elec
trocardiograph on a chest, photo-plethysmograph on a left middle finger, mercury-plethysmograph on a
middle finger of the right aide and galvanic skin reflex on a left palm on nine healthy male subjects.

Sinusoidal vibration was given to the right hand of a subject, who gripped a handle set on a
electrodynamic shaker. Room temperature varied at 10 or 25°C. In these experiments factors concerning
vibration (vibration magnitude, vibration frequency, vibration exposure time) and room temperature were
exammed by using the experimental design method.

It was concluded that the responses ofa sympathetic nervous system on the above-mentioned marks were
affected by vibration and environmental temperature as stress factors. The contours ofequal reaction on
these marks were obtained.

TTS of Vibratory Sensation Induced by Exposure to Intermittent Vibration

By Y. FUKUC’HI and S. WATANABE

Department of Preventive Medicine, Shiga University of Medical Science, Seta-Isukinowa cho,
Ohtsu 520-21, Japan

The temporary threshold sbifts of vibratory sensation (TTSv) after intermittent exposure to vibration
transmitted to the hand were measured in order to obtain basic information for the hygienic permissible time
limitation in using vibratory tools.

The subjects were six 22—30-year-old male students. Vibration was applied to the left hand through a
handle attached to an electro-dynaniic vibration generator for 4, 8 and l6min, repeating 8, 4, and 2 times,
respectively, i.e. totalling 32-min exposure, with intervals of2, 4, 8, 16 or 32 min rest (unexposed to vibration).

The threshold of 125 Hz vibratory sensation was measured in 25 dB steps at left forefinger-tip before
exposure. and every minute after cessation ofexposure.

The cumulative effects of intermittent exposure tu TTSv, i.e. the growth ofTTSv and delay in recovery,
were recognized in some combinations of the exposure time and unexposed interval.

Individual Protection Against Noise

By J. DUCROCQ

ERGOS: Société d’Etudes et Réalisations en Ergonomie, B.P. 42, 77201 Marne-La-Vallee, France

0f all the means for dealing with noise, individual protection bas been one of the most frequently
employed methods because ofits ease of use and excellent effectiveness.
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Such a method must protect agalnst noise but must not completely audially isolate the user from bis
environment. The improvement of individual protection is possible using active systems which permit the
ear to hear a large range of sounds while assuring the protection needed.

Two solutions are possible: an electronic system with progressive saturation and an electronic system
with constant gain. The first solution bas made ils commercial debut and bas elicited an interest in ‘active’
protection. It seems, after trials, that future development will be oriented towards the constant gain solution
which permits a better dosage of the quantity of energy provided by the electronic system. This technology
seems to be the only way to give a noticeable improvement in individual protection against noise.

Effects of Psychic Load on the Growth of Teniporarv Thresholds of Hearing During
Exposure to Coipbination of Stable Noise and Sinusoidal vs. Stochastic Low-frequency

Vibration at a Dry-bulb Temperature of 2OC

By O. MANN1NEN

Faculty of Medicine, University ofTampere, Box 607, SF-33101 Tampere 10, Finland

The purpose ofthis study was to characterize the single and combined effects of noise and vibration on
TTS values when a psychic load caused by competition was added to the mutual exposure combinations of
stable noise and stochastic or sinusoidal whole-body vibration.

The study was carried out as a factorial experiment which was voluntarily participated by 54 healthy male
students. The age of the subjects ranged from 17 tu 26 years of age. The exposure period consisted ut three
successive 16-min exposure cycles. The dry-bulb temperature of the exposure chamber was maintained at
20C during the part of the test in question. The subjects were randomly divided into two groups, those
competing and those flot. The competitor achieving the fastest reaction time with least faults could win FIM
2.000, whereas those flot competing were allowed tu freely operate at the speed they considered best without
any possibility of recelving a financial reward. A-weighted white noise with cutotf frequencies of 02 and
16kHz and intensity of 90dB was used. The noise classes and the psychic load mixed with them were as
follows: (1) no noise, no competition; (2) noise uf 9OdB(A), no cumpetition and (3) noise 0f 9OdB(A) and
competition. Each subject was expused tu vibration (z axis) using either sinusoidal vibration of 5Hz or
stochastic vibration of 28—l 12 Hz, acceleration being set at 212 m/s2 in both cases. The values for hearing
thresholds were calculated using a pure tone audiometer 2min after the termiflation of each exposure
(i.e. TTS,). The results indicate that the hearing threshold averages in the audio range of4kHz ofthose
persons participatiflg in the competitiun and being simultaneously exposed to noise of 90dB(A) were
considerably higher than of those who were only exposed tu noise of 9OdB(A). When the persons were
subject, simultaneously with noise, tu either vibration of 5Hz or vibration of 28—lj2Hz, the hearing
threshold averages in the audio range of 4 kHz were now higher (p <010—005) than when the subjects were
exposed to the noise of9OdB(A) only. A psychic load ut competition type did flot, however, seem to raise the
hearing threshold tu any noteworthy extent during a paired simultaneous combination of noise and
vibration. Hearing threshold averages in the audio ranges ut4 and 6 kHz differed from each other most when
the exposure conibination included stochastic vibration.

The Influence oj’ Environmental Noises on the Performance of a Repetitive Task

By T. K. TAKATA

Toyota Technical College, 2-l, Eisei-cho, Toyota-shi, 471, Japan

Modem production technology bas increased productivity by specializing tasks which then became
repetitive with a short time cycle. This type ut work is monotonous. The performance ut a repetitive task is
affected by many factors such as climate, noise and psychosensory activity.

One of the aims of this study is tu find out what kinds of physiological reactions. such as heart rate
variability. are associated with repetitive tasks under an imposed environmental noise.

The experiment consisted in performing a repetitive task which was an exercise with measurements of
reactiun times. The task was characterized by different noise conditions. Twenty healthy male and female
students participated in this study.

Recordings of the repetitive reaction time, nosie level, respiration and ECG were made during the
exercise. Heart rate variability signais were derived from the recorded ECG.

To determine the relationship between reaction time and heart rate variability, cruss-correlation
technique and time series analysis were employed.

Spectral analysis ofreaction time, heart rate and respiration variability revealed the existence ut several
frequency cumpunents.

The frequency components and reactiun tues were affected by environmental noise levels and several
kinds of noises. The period of repetitive tasks also influence the performance ut repetitive tasks.

Despite possible disturbances by other influencing facturs, the results seem tu be reliable enough for
fundamental data ut working environments.

Human Response to Infrasound Below Hearing Threshold

By O. OKAi

Department ut Physiology, Kyorin University. School ot Health Science, Miyashita 476,
Hachiôji City, Tokyo 192, Japan

We investigated human response tu infrasound below their hearing threshold. Subjects were placed in n
environment exposed tu infrasound at levels ut 70, 80,90 and 100dB ut 8—20Hz during lhour. Hearing
threshold for infrasound draws a curve on 100dB for 10Hz, 87 dB for 20Hz and 76 dB for 50Hz in normal
subjects. However, a tew subjects, sensitive tu infrasound, had a lower threshold, suggesting that sensitive
subjects may be audible tu infrasound at a luwer level and lower frequency than normal subjects. Heart rate

and respiration increased in response tu intrasound. At the same time the standard deviations otblinking
decreased from 70 tu 80 dB. Only une subject indicated a rare wave ton ut respiration. These responses may
be attnibutable tu vestibular reflexes. Namely, infrasound pressure, augmented at the sound transpurting
system ut the hearing urgan, stimulates the vestibular urgan directly and causes such reflexes tu take place as
vestibulo-ocular, vestibulo-autonomic and vestibulo-spinal reflexes.

Studies on the Influence of Infrasound to the Human Body—Physiological Effects of
Long-terni Exposure to Infrasound in hie Case of Rabbits

By N. MACHiDA, Y. YOSHiDA, H. ITow

Nihon University. College ut Science and Technology, 24-1, 7-chome Narashinodai, Funabashi.
Chiba-ken 274, Japan

The term infrasound refers tu ultra-low trequency (20 Hz or below) air vibration inaudible tu humans.
In this study, the physiological effects on animais ut long-term exposure tu infrasound were investigated

experimentally. The experimental animal was a rabbit. The respunses ut the autonomie nervuus system and
ut the endocrine system (changes in hormone levels) were taken as indices ut these effects.

The infrasound was generated by s electrudynamic loudspeaker with a diameter ut 46 cm.

The expenimental conditions were:

Physiological tunction was gauged from electrocardiograms, serum K and Ca values, leucocyte cuunts,
changes in the numben ut stomach muvements and from urinary adrenalin, noradrenalin. corticuid
(17-OHCS) and steroid (17-KS) levels.

These items were measured for 6 weeks, including 1 week each ut ut pre- and pust-exposure rest periods.
The results showed decreases in stomach movement and increases in the serum K and urinary

I 7-ketusteroid values.
It is thought that changes in the sound pressure ut the intnasound caused stress in the bodies ut the

subjects.
We concluded that long-terni exposure tô infrasound affects both the autonomie nervous system and the

endocrine system ut living bodies.

infrasound trequency
infrasound pressure level
exposure peniod ut infrasuund

Expenimental number ut the rab bits were:

16Hz (sinusuidai)
100dB, 110dB
4 weeks (whole-body expusure)

exposure level ut infrasound pressure
exposure level ut infrasound pressure

‘ exposure level ut infrasound pressure
contrul (non-exposure tu infrasound)

100dB 8 (body weight 25—30kg)
100dB 1 (budy weight 25kg)
110dB 1 (body weight 2.9kg)

4 (budy weight 2.5—3.0 kg)
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Studies on the Influence of Low Frequency Vibration to the Huinan Body—

Vertical Vibration

By Y. YOSI-1IDA, N. MACHInA and R. MIKI

College of Science and Technology, Nihon University, 24-l, 7-chome Narashinodai, Funabashi,

Chiba-ken 274, Japan

We often receive vibratory stimuli in our normal living environrnent.

In 1974, the ISO (International Organization for Standardization) established ISO 2631, Guide for the

Evaluation of Exposure f0 Whole Bodv Vibration, to assess the effects of exposure to whole-body vibration.

This standard covers a vibration frequency range of l—80 Hz. The guide for evaluating exposure to vibration

less than 1 Hz in frequency was proposed and is now under deliberation as Addendum 2 to the standard. The

important factors which govern the human perception of vibration are the physiological reactions which

result from the vibration transmitted to the body and the psychological reactions which are the sensations of

comfort and discomfort. No systematic methods are developed yet which can evaluate these reactions

collectively.
This study experimentally investigated the effects on the human body of low-frequency whole-body

vibration, including ultralow-frequency vibration of less than 1 Hz.

The subject was given vertical vibration on a body vibrator and the resultant physiological and

psychological (subjective) reactions were measured to evaluate comprehensively the effects of the vibration

on the body. The frequencies ranged from 02 to 2Hz, and the amplitudes were 2, 5, 7 and l0mm (the

acceleration was approximately 102 x 10 to 02 G). The duration ofexposure to the vibration was 15 min.

Changes in the subject’s cardiac function (heart rate), respiratory function (frequency of respiration) and

salivary function (amount of secreted saliva) were measured to observe the effects of the vibration on the

automatic nervous system. The subject was then asked to grade the vibration on a five-point scale ranging

from ‘comfortable’ to ‘uncomfortable’, and his psychological reactions were evaluated from his subjective

ratings of the vibration. Under these experimental conditions, the physiological reactions and subjective

ratings were comparatively studied.
As a result, it was found that the heart rate and the amount of secreted saliva tended to decrease as

compared with those before the subject was exposed 10 the vibratory stimulus. The vibration which the

subject psychologically perceived as ‘pleasant’ did not necessarily produce a good physiological reaction.

Noise Emissions From Industrial Plants and Annoyance in the Neighbourhood

By S. GYR and E. GRANDJEAN

Institut fUr Hygiene und Arbeitsphysiol, Clausiusstrasse 21, 8092 ETH-Zùrich, Schweiz

Noise emissions were measured in the surroundings of five industrial plants and people were asked by

questionnaire about the effects caused by industrial noise. The questionnaires of 1498 people were analysed.

The noise measuring points were situated near dwellings and on balconies. The Leq (level of average noise

intensity) of the total noise (industrial noise and non-industrial noise) was measured (in dB(A)) for a

measuring time of 1000 s; the Leq was rneasured repeatedly (on different days, on the saine day) at most noise

measuring points and from that an average Leq was calculated. The average Leq is known for industrial noise

in the surroundings of ail five industrial plants.

The context between the average Leq for industrial noise and (i) strength ofannoyance and (ii) frequency

ofspecific disturbances and reactions caused by industriai noise, was investigated separately for daytime and

night-time. Limits for noise emissions caused by industrial plants in residential areas are discussed.

A 6. Load and Performance of Mental Activity

Cumulative Fatigue Symptoms and Conditions of Work

By R. KosuGo

Institute for Science of Labour, 1544 Sugao, Takatsu-ku, Kawasaki 213, Japan

Chronic fatigue was studied on various groups of workers using a questionnaire about cumulative fatigue

symptoms. The factor analysis ofthe results have established that there are six underlying factors ofthese

symptoms: general tiredness physical disorder, weakness, irritability, anxiety and lowered motivation. The

mean percentage of works having symptoms of each factor differed greatly between the 32 different jobs

studied.
The profile of the mean frequencies ofthose six factors showed patterns specific b each group ofjobs

having similar job characteristics. Works with load-handling tasks such as transport workers showed higher

weight of general tiredness and physical disorder. Whereas vigilance and mental task workers such as air

traffic controllers showed predominance of chronic weakness and irritability. Nurses, teachers ofdisabled

children and others with complicated dense physical and mental tasks tended to have high scores for both

physical and weakness-irritability factors. Nurses were featured by higher frequencies of anxiety symptoms.

The cumulative fatigue profiles are thus useful to indicate workload characteristics as a basis for ergonomies

considerations.

The Validity of Japanese Fatigue Feeling Scale

By Y. SAITO

Department of Psychology, Chuo University, Higashi-nakano, Hachioji, Tokyo, Japan

The validity ofthe Fatigue Feeling Scale proposed by the Industrial Fatigue Research Committee ofihe

Japanese Association of Industrial Health was exainined on the data of an industrial survey of 121

locomotive drivers. The scale is comprised of 30 fatigue complaints of physical, mental and sensory

symptoms, every 10 ofwhich are factor-analytically classified to three scales, i.e. lst. weakened activation,

2nd, weakened motivation and 3rd projected physical fatigue. The drivers were asked to answer each ofthe

items by Yes or No before and after driving, the number of ‘Yes’ answers being the score on each scale.

Drivers showed an increase in scores ofthe Ist scale on the condition ofmore than 3 hours driving than of

Iess than 3 hours. The rates ofdecrease in the lst score during the rest lime they look at their destination were

clearly different among conditions of 5 or less hours, 55 hours and more than 65 hours, indicating that

longer rest lime causes the lst score 10 lower. These resuits demonstrate that the change in score may

explicitly express the level of driving fatigue and the extent of recovery.
Il was shown that with daytime driving the regression coefficient ofthe lst score on the 2nd one was quite

different from that of the 2nd score on the lst one. However, the two coefficients became similar on data

during night driving. It suggests that at night subjective complaints on the 2nd scale become dependent on a

decreased level of activation which manifest itself on the lst score.
It is concluded that in vigilance work such as locomotive driving the proposed Fatigue Feeling Scale may

be a vaiid measure to show the nature and level of subjective fatigue caused by the work.

Factorial Analysis of Fatigue

By S. KoNno and M. OSHIMA

2-3-13, Asahi-cho, Nerima-ku, Tokyo 176, Japan

When aman judges himselfto be in excellent condition or weary, il is not usually clear 10 himselfor a third

party how valid thejudgement is. It is the object ofthis present paper 10 examine the validity of subjective

judgement of the degree of one’s fatigue, from the relation of degree of fatigue (in excellent condition,

ordinary, somewhat fatigued, extremely fatigued) to several relatively concrete and objective categories of

daily life, whtch are considered to be related 10 fatigue, by positioning distances between the two factors in

multidimensional space. To show how our idea has worked, we picked two cases from the subjects ofour

studies. Both cases concern people ofmiddle age. One is a male subject (S), who is a salaried engineer of

managerial class, and the other a housewife (K), who is also working as a paramedical technician.

We obtained the distance between the degree of fatigue as judged by the above two cases and other

categories of their daily life, which had been investigated by the questionnaire method from the factorial

analysis by Hayashi’s Quantification Theory III. The results show that in the case of S, his ‘excellent’

condition is surrounded (or near in distance) by such categories as holiday, lying down for a rest. slept

enough, the ‘ordinary condition’ is surrounded by fine weather, rai daily office work, going outdoors, etc.,

which represent the ordinary daily life. The ‘somewhat fatigued’ condition and ‘fatigued’ have a cluster of

items like sleepy, unstable weather, night-time work, etc., which are usually considered b be related 10

fatigue. The case was similar with subject K. The fiicker fusion device and other methods have hitherto been

used as a measure of fatigue, but our study results suggest that common subjective observations ofconditions

from daily life factors, might prove reliable enough judgements.



474 Load and performance of mental activity Load and performance of mental activity 475

Measurement of Critical Fusion Frequency by Liquid Crystal

By R. HOSAKA

Faculty of Medicine, University of Tokyo, 7-3-l Hongon, Bunkyo-ku, Tokyo 113, Japan

A new device to measure critical fusion frequency (CFF) is developed. In the conventional method a light

source is set against a proper background and switched on and off either mechaniçally or electrically.

Measurement during work is difficuit using this type ofequipment since the examinee bas to look into a box.

In the proposed equipment, natural light is used as a light source and is modulated by a liquid crystal. The

liquid crystal used basa response time ofapproximately 1 ms, which is short enough compared with the usual

CFF value below 50Hz. The CFF value changes by luminous intensity of the central spot and background.

In this equipment, contrast ofthe liquid crystal is always held at a constant level by control ofits driving

voltage.
This method makes the measurement of CFF during work possible. Some applications are being studied

with the object ofmaking the device small and easy to handle.

Workload Studied by Multi-point Critical Fusion Frequency (MCFF)

By H. OSAKI, S. KIKUCHI and M. OGATA

School of Engineering, Okayama University, l-1 Naka 3-chome, Tsushima, Okayama 700, Japan

Recently it bas become clear that performance of the cerebrum is divided between two hemispheres. The

dominant hemisphere takes charge of analytical, verbal, arithmeticai and computer-like performances,

whereas the minor hemisphere takes charge of musical, pattern-sense, synthetic, geometrical and spatial

performances. Therefore the level ofexcitement ofeach hemisphere possibly differs in accordance with its

work content. Measurement ofthe level of excitement in each hemisphere by CFF would help decide whether

this is indeed so.
The nervous tissue of the retina is divided into four parts by horizontal (temporal, nasal) and vertical

(superior, inferior) lines. These tissues pass to the different visual areas through the optic nerve.

Multi-point flicker apparatus controlled by a microcomputer was developed to measure the CFF at the

fovea centralis when both eyes were being used and when each eye was being used separately—aI points

located in each eye of the quadrants ofthe visual field and at a visual angle of 6° in each eye. This apparatus

could measure eleven CFFs (MCFF) consecutively

We estimated the level ofexcitement ofeach hemisphere during arithmetical operation work and mare

work. Arithmetical operation work was mainly carried out by the dominant hemisphere and maze work by

the minor one. In arithmetical operation work, the level of both hemispheres before work was nearly equal to

that after work. This result shows that the dominant hemisphere controlled the minor one. In maze work,

some parts of the minor hemisphere were in the loaded state after work; however. the dominant hemisphere

was stable. Therefore, there was a difference in the level of excitement of the two hemispheres.

Measurement on Brain Arousal Rate

By S. INABA

Inaba Institute of Human Engineering, 2-801 Mimomi-cho, Narashino, Chiba 275, Japan

In lieu of a conventional flicker tester, an excito-meter for measurement of brain activity has been

developed.

1. Brain excito-meter

(1) Large figures are lit on a display panel so as to give stimulus regardless oC the brightness of the light

source.
(2) Stimulus is flot to the first optical region alone, but numerals are also programmed.

(3) Numerals will be lit sequentially as an aidto memory (temporal lobe) functions.

(4) Diversity (e.q. missing, duplicate or reverse) is programmed between numerical order for coalition of

discriminating conception which helps to detect discontinuity.

(5) A 20 min time limit is set for participation of will (frontal lobe) to response measurement.

(6) Regarding recognizing capacit.y as the sense level, change sequence ofnumerals (i.e. replace successive

order), maintain Hz constant for lighting speed, ask testee the changed number after 20 min lighting. If

response is correct, increase Hz and the maximum Hz corresponding to correct response will be

defined as the sense level.

(7) Alternating numbers will be changed at every test by tester without notifying the testee.
(8) lnitially, test details are explained to testee by 2Hz, lighting after notifying change number, actual test

will be carried out after understanding the test details.

2. Measured resuits of drunkenness
Degree ofdrunkenness is detected by amount of alcohol in testee’s expiration which is gathered into test

balloon, if the value exceed 025 mg/l, his situation is hazardous for car driving.
Performing accuracy test on various drunkenness testers for the Medical Properties Committee ofthe

Japanese Automobile Research Institute, the author has surveyed several items including the brain excito
meter and the results were in perfect correlation to variations of alcohol content in testee’s expiration.

3. Conclusion
The brain excito-meter will be termed a novel, practical and reliable tester to use for sense level detection;

according to a recent survey on mental patients, details and degrees of mental disease to scale recovery

condition of patient by dosing is aiso detected.

Information Load and its Norming

By A. HONKASALO

Lappeenranta University ofTechnology, PL 20, SF-53851, Lappeenranta 85, Finland

and H. KAUTTO

Helsinki University of Technology, Tekniikantie 3 A, SF-02l50, Espoo 15, Finland

Wearing out the labour force in the man—machine system may be considered separately on the levels of

energetic and information loads, provided it is understood that both these effecis are integrated in the
organism ofthe worker. The question, on the one hand, is thus ofevaluation and norm setting for the load

generated by energy and metabolic work and, on the other, information work. From the standpoint of
ergonomics it is of minor significance to know themechanisms that transform internai load into strain and
into diseases ofoccupational origin. More important isa sufficiently accurate analysis ofhow these reactions

can be eliminated via intervention into the working environment and the work process ilseif.
The accelerating rate of automation in production processes bas made an evaluation ofthe total internai

load generated in the worker by the work tasks an even more urgent undertaking. One reason is the
prevailing trend of change in this ioading in the course of automation, the mechanism being such that one
sided work motions and postures, as weil as mental stress and load—not physical strain—-become the most
likely causal agents of safety and health risks. A common notion among work psychologists probably is that
the knowledge available today is insufficient for setting of nornis and limiting values for mental load of

occupationai origin. This is truc in the sense that current scientific knowledge forms a basis for neither norm
setting nor evaluation oftotal mental load. Yet, this does flot imply that unambiguous limit values would be
impossible te set for some partial loading factor.

Disturbances in Curve Progress Smoothness of Pupillary Reflex Induced by Mental
Workload in the Long Period of Time

By T. MAREK and C. NOWOROL

lnstytut Psychoiogii UJ, ul Manifestu Lipcowego 13, 31-l 10 Krakôw, Poland

The present investigation is the continuation of research into changes in pupil diameter and pupiliary
reflex induced by mental workload (Marek et al. 1979, 1980, Moray 1979). Pupillary reflex to changes in
illumination is unconditioned. The increment of light intensity causes pupiilary contraction. When the
course of reflex is recorded the empirical curve may be drawn as a function oftime, where axes ofabscissae
and ordinates are the time and the pupil diameters, respectively. The curve may be analysed from various
viewpoints.

The aim oC this research was to find eut whether the smoothness ofthe pupillary reflex empirical curve is
disturbed under the long-term mental workload.

Thirty female telephone operators aged 2 l—39 were examined. They were tested during the morning shift
before starting work (series A) and afler 6hours ofwork (series B). It has been proved through ergonomical
work analysis that the subjects of investigation were influenced mostly by mental load. The electronic system



476 Load and performance of mental activity Load and performance of mental activity 477

of pupillography was used (Venables and Martin, 1967). Measurement accuracy was 005 mm. The pupil
diameter was measured every 00625 s. The standard light stimulus (100 lx) was the cause of pupillary reflex
Darkness adaptation was 8 min.

Two empirical curves were drawn for each person and changes in progress curve smoothness were tested
For this aim the experimental error vas considered. It is expressed as

e=(l —r2),

where e is the experimental error and r is the curvilinear correlation coefficient. Mean values for series
A and B are eA=OOl and e13= 005. As may be observed progress curve smoothness is disturbanced due to
mental workload (p<O05). The djscovered disturbance seems to constjtute a mental load measure.
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A Basic Study of the Prediction Method for Clerical Human Errors Based on
Pulse Speed Variability

By E. KOYANO

5-6-5, Asagaya-kita, Suginami-ku, Tokyo 166, Japan

The purpose of this study is to develop a prediction method for learning the physical conditions ofcierical
human errors which may soon occur. The prediction method employs the co-efficient ofdeviation value of
the pulse speed rate (CDPS) ofclerical personnel who work in the office. The pulse speed rate (PS) isa value
turning each pulse Orne interval into numbers of pulsations per minute. Therefore, 60 pulsations per minute
gives 59 PS. Also, the co-efficient ofdeviation value isa value for dividing standard deviation value by mean
value, and it shows the variation value ofPS. From the results of the author’s experiments, using 26 subjects,
this study found that there isa difference between simple clerical operations and mental clerical operations by
using CDPS, and also it is found that CDPS is more useful than the mean value ofPS for indicating clerical
human activity by using the analysis ofvariance method (ANOVA). From the experiments o f60 su bjects who
used typewriters and calculating machines for a period of40 mm, this study found that 57 subjects (95% ofthe
total) showed the number oferrors to indicate that there is an inverse correlation between the value ofCDPS
and the number oferrors that occur. It has also indicated that 45 subjects (75% of the total) show the above
mentioned fact under the less than 5% level ofsignificance. Also CDPS showed that these variations resulted
about 15 min before clerical human errors occurred. According to these experimental result, the new
prediction method for clerical quality control can be developed using CDPS.

Mental Effects of Risky Behaviour Seen by Means of a Portable Heart Rate Analyser

By H. MUROYA and M. IKEDA

Laboratory of Work Physiology, Railway Labour Science Research Institute,
5-6, Izumicho 2-chome, Kokubunji 185, Japan

A portable heart rate analyser has been worked up to monitor heart rate changes contïnuously in free
moving conditions. It enables continuous recording ofthe numbers ofheart beats in 10—60 s periods or the
beat intervals. The data can be kept in an sntegrated-circuit mernory unit and reproduced off-une to give
heart rate curves and distributions ofheart rate levels. The device was used to examine the mental effects seen
during risky behaviour on an elevated platform and during a few unusual circumstances. Decrease in
standard deviations ofheart rate was shown to accompany increase in its mean level. These changes seemed
to be more marked than in the case of mental effects by sedentary strainful conditions, and to have certain
specific after-effects. The results are discussed in comparison with our previous data from various industrial
mental work.

The Development of Ergonomic Solution Proposais by Analysis of Task

By H. BUBB

Institut fOr Ergonomie der Technischen Universitat Mnchen.
Barbarastrai3e 16, D-8000 M nchen 40, F.R. Germany

Today physicai activities are being repiaced more and more by mental activities due to mechanization.
Ergonomics provides scientific tools for a hurnanitarian organization of mental loads during the
manipulation of machines. The first step in this direction is analysis of the task. It can be shown that mental
tasks which are created by the interaction of men and machines possess the following Ove independent
properties:

(1) The temporal sequence 0f partial tasks, caiied operation.
(2) The active, respectiveiy passive, involvernen t of men in the working process, called manner of task.
(3) The spatial. respectively temporal, restriction of task, cailed manner of control.
(4) The number of degrees of freedom to be controlled, called dirnensionality.
(5) The principle ofdisplaying task and result, called display.

It will be shown, by examples, how to find priorities of mental load by such an analysis of task and how to

develop technical solution proposais through it, by which better control of machine by men is guaranteed.

The Influence of Visual Workload History on Visual Monitoring Performance

By M. L. MATTI-IEWS

Department ofPsychology. University of Guelph, Guelph, Ontario NIG 2W1, Canada

An increasing number of industrial settings require workers to monitor and react to information from
disparate and varied signal sources. Typicai examples may be found in air traffic controi, manufacturing
process control and power generating station control rooms. Such situations often require that operators be
responsive to varying leveis of visual information over time with the extrerne cases being (a) a sudden increase
in the number ofvisuai signais following a period in which signais were infrequent. cf(Three Mile Isiand) and
(b) a reduction in visuai processing demands following a period ofhigh activity.

History ofworkload remains an area that has not received systematic laboratory exploration although
the effects ofdiscrete ioad leveis, whether in the form of an increase in the number of visuai targets (visuai
load) or an increase in rate of targets is a weli-documented area. To date there is only one reported study
known to the author which has examined the role ofworkload history on current performance and this has
deait exclusively with the effects of rate of auditory signais on choice reaction time.

The aim of the present series of studies is to provide basic data on how variations in visual workioad
history may influence current visuai processing performance.

Subjects were exposed to a monitoring situation in which they were required to search for and identify a
target string that was presented upon a video monitor in a background of noise strings. The number ofstrings
presented to the subject varied from a low of three to a high oftwelve during the course of the experiment.
Trials were presented at a rate of one every IOs. The subject’s task was to first search for the target string
(presented on 50% of the trials) and to identify itt position by pressing an appropriate response key and then
make a decision based upon the information within the target string by pressing one ofa further set oftwo
keys. The independent variables were visuai workioad history and time on task and the dependent variables
were speed of visual search and speed and accuracy of decisionmaking.

The resuits (which are too complex to present in detail here) showed that as time on task progressed
subjects became more sensitive to disruptions in visual workload and that performance feu belos that of
appropriate control groups when there was a rapid change of visuai ioad in either an upwards or downwards
direction.

The implications of these resuits are discussed in terms of their application to human monitoring
performance in an industrial context.

Lambda responses and Evaluation of Visual Task Load

By A. YAG1

Industrial Products Research Institute, I-1-4, Yatabemachi-Higashi, Tsukuba, Ibaraki 305, Japan

The visuai evoked potentiai (VEP) varies with information processing ioad. Eye movements are usuaily
very restricted in the use of VEP. Recentiy we found that the lambda response (LAR) is a kind of VEP
associated with offset ofthe saccade, e.g. onset of the fixation pause. Eye movements allow detection ofLAR.
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The use ofLAR can be a more naturai way ofevaiuating information processing than the use of VEP. The

reiationship between the variability of LAR and the visuai information processing ioad was examined.

Eieven subjects were presented with simuitaneousiy random patterns and tone pips. The visual task was

to search on the random pattern and detect the visual signais. The auditory task was to listen to tone pips and

detect the tone signais. EEGs from Oz and Cz, and EOGs were recorded. Occipital EEG epochs time.iocked

to offset of saccades were numbered. Odd-numbered epochs were summed fifty times in one array and even

numbered epochs were summed flfty times in another to obtain a pair of LARs. An index of variability was

obtained by computing a correlation coefficient between two LARs, time point by time point. A pair of

averaged auditory evoked potentials (AEP) to tone pips were obtained from the vertical EEG to compute a

correlation coefficient between two AEPs.

The mean correlation coefficient of LAR during the visual task (r = 092) was significantly higher than that

in the auditory task (r=080), (p<OOl). On the other hand, the mean correlation coefficient of AEP in the

auditory task (r=053) was significantly higher than that during the visual task (r=024), (p<OO5).

LAR was more stable during the visuai task. This result suggests that variability ofLAR reflects visual

information processing. Variability of LAR can be applicable as an mdcx of visual information processing

load in eye movement situations.

Measurement of Plot Workload During Take-off and Landing by C-1 Jet Carrier

By Y. NAGASAWA, S. ARAMAKI and N. UTSVKI

Aeromedicai Laboratory, JASDF, l-2-10, Sakae-Cho, Tachikawa-Shi, Tokyo, Japan

Pilot workload during take-off and landing at Iruma local airport was measured by means ofa secondary

task method. The fiying manoeuvres were arbitrarily divided into ten segments: take-off, first turn, clinib,

level, descent, initial approach, brake, down wind, base turn and final approach. Three captain pilots

participated in the study as the subject, and one co-pilot played an important role in checking and

monitoring their performance. As a secondary task. the visual auditory discriminative task discussed in a

previous study was used: a lamp box consisting ofred and green lamps was mounted on top of the instrument

panel, and a small speaker was installed on the backward wail of the captain’s seat. By using a signal

oscillator, signais synchronized with red light and toue burst at 1200 Hz and other signais synchronized with

green light and tone burst at 800 Hz were randomiy presented to the subject at intervals of 1—2s. The subject

was required to detect only the signal synchronized with red light and 1200 Hz tone, instructed previously,

and to respond to the signal via microswitches mounted on both sides of the control wheel. The collected data

on miss rate and response time of the secondary task. VTR of instrumental display and pilot activity. voice

and cockpit noise were analysed. Task-flow analysis on each fiying segment was performed in advance. Main

results concerning a change of the secondary task during take-off and landing, relationship between the

secondary task and the task time stress index estimated by task analysis are discussed.

Measurement of the Effect of Central-acting Drugs on Performance and Reaction Time

By H. KRUGER

Institut fOr Arbeitsphysiologie. Technische Universitat Mùnchen, Barbarastrasse 16,

D-8000 Mdnchen 40, F.R. Germany

Central acting drugs like tranquillizers or hypnotics change the level of vigilance. Therefore the effect of

these drugs is important in driving and controlling activities. In practice men not only have to drive or to

control but simultaneousiy have to do additional tasks. Driving a car one has to identify traffic signaIs near

the central visual field and to discover dangerous events in the peripheral visual field as well. It is a well

known fact that the diameter of the visual field shrinks with increasing load ofthe task in the central visual

field. Based on this effect a new experimental arrangement was set up to test central-acting drugs. The main

task is tu control and to mininiize the dispiayed difference between a stochastic aitered voltage and a

regulated one. Men have to recognize tachistoscopicaiiy presented linear arrays of four alphanumerics in

central vision and to detect fiickering lights on stochastic positions in the peripheral visual fieid. A visual—

mental reaction time to the displayed array and a motoric reaction tue to the flicker are measured. The

experimental set-up was tested in two experiments. For different amounts of biood aicohol we found a

significant correlation to the three parameters: integral ofdeviation in regulation, visual—mental and motoric

reaction times. In a second experiment two hypnotics ofthe group of benzodiazepines (long and short lasting)

were tested against placebo in a double biind manner. The integral ofdeviation in regulation. visual—mentai

and motor reaction times showed significant differences between long- and short-iasting hypnotic

7 hours after medication. Whereas performance ofthe arrays, heart rate and variability ofheart beat allowed

no significant discrimination between the three conditions.

Time Pressure, Training and Decision Optimality

By D. ZAKAY

Department of Psychoiogy, Tel Aviv University, Tel Aviv 69978, Israei

Two experiments were carried out in order to evaluate the effects oftime pressure and of training on the
utilization of compensatory and non-compensatory decision process. In the first experiment 20 student
nurses made professional decisions in a time-pressure condition and a no time-pressure condition. It was
found that in the time-pressure condition the percentage of non-compensatory deicisions was significantiy
higher than in the no time-pressure condition In the second experiment 60 high school graduates made
buying decisions with and without training in the process ofcompensatory decisionmaking. This was again
donc with and without time pressure. It was found that training was effective oniy with no tue pressure.
Under time pressure the training was not effective at ail and the optimality of the decisions was significantly
lower than under no time pressure. It was conciuded that specific training methods should be designed to
heip decisionmakers improve their decisions under time pressure.

Alpha Wave and Miss of Signal Detection

By H. KODAMA

Department of Human Factors Engineering, lndustriai Products Institute, l-1-4 Yatabe-machi,
Higashi, Tsukuba-gun, Ibaraki 305, Japan

The reiationship between the alpha wave of EEG and the miss of signal detection was studied in this
experiment. Subjects, four aduits, were requested to press the corresponding key as fast as possible when they
detected one ofthree numerical numbers (2,3,5) presented on an LED display in random order and intervals
EOGs were recorded in order to monitor the eye movement. The experiment was donc in a dimly iiluminated
and eiectricaily shieided room, The display of numericai numbers was controiied by a computer The
detection miss of signais increased along the time course of the detection task. The peak value of the alpha in
the power spectra of EEG showed no clear correlation to the number of misses. Alpha waves which were not
contaminated by the eye movement were anaiysed at the presentation of numericai signais. The averaged
root mean square value ofaipha waves was larger at the time ofstimuii which were missed than at the time of
stimuli which were detected. Three of four subjects showed the significant trend with iess than 2% in t-test.
This trend extended considerably before and after the tinie of stimulus presentation, The resuE showed that
the root mean square value of alpha waves is an effective measure of performance lowering in numericai
signais discrimination.

On Fligh-order Dynamic Activity and ils Component Activities

By K. SAT0

Research Foundation on Traffic Medicine, 1-9-3 Higashi Ikebukuro Toshimaku. Tokyo 170. Japan

EEG is such a high (Mth) order dynarnic bio-phenomenon exhibited by a brain system neighbouring the
lead electrode(s) that can be described by an autoregressive fAR-) process oforder M, which is given as a high
order dynamic extension ofthe basic law ofexcitability, that is (Threshoid Stimulus) x (Excitability) x (Unit
Response) relation in physioiogy.

The Mth order dynamic bio-phenomenon is decomposed into, in general. some of the first- (M= I) and
second-order (M=2) component ones, each of which is characterized by one and two AR-coefficients,

respectiveiy. Each of the former manzfests base hue sway in the EEG and displays in average a damped

exponential time-configuration and a peak at 0Hz in its power spectrum, whiie each of the latter describes
delta, theta, alpha and beta waves, respectively, dispiaying on average a damped osciilatory time

configuration with a damping frequency and a peak at a resonance frequency in its power spectrum.

The AR-coefficjents M in number, which characterize the Mth order EEG activity, dispiay an M variates
normal distribution, smce EEG sways show a normal stochastic process. The smaiier the first coefficient of
the second-order component wave in EEG, the higher the frequency of the component wave



478 Load anti peifonnance Qf mental actirity Load anti performance of mental actiritv 479

The use ut LAR can be a more natural way of evaluatiog ioformation processing thao the use of VEP. The

reiatiunship betweefl the variability of L.AR and the visual information prucessing load was examined.

Eleven subjectS were presented with simultaneously random patteros and tone pips. The visual task was

to search un the random pattero aod detect the visual sigoals. The auditory task was to listen to tone pips and

deteet the lune signais. EEGs from Oz and Ci, and EOGs were recorded. Occipital EEG epochs time-lucked

tu offset of saccades were numbered. Odd-numbered epochs were summed fifly times in une array and even

numbered epochs were summed fifty times in anuther tu ubtain a pair uf LARs. An index ut variability as

ubtained by cumputing a currelatiun coefficient between twu LARs, time point by lime point. A pair uf

averaged auditorY evoked putentials (AEP) tu tune pips were ubtained from the vertical EEG tu compute a

currelatiun coefficient between twu AEPs.

The mean currelation coefficient uf LAR during the visual task (r = 092) was signiflcantiy higher ihan that

in the auditurY iask (r=Œ80), (p<Œ0i). On the uther hand, the mean currelaiion cuefficient uf AEP in the

auditury task (rOE53) was significantly higher than that during thc visuai task (r=024), (p<OO5).

LAR was mure stable during the visual task. This result suggests that variability of LAR refiects visual

information prucessing. Variability ut LAR can be applicable as an index ut visual infurmatiun prucessing

luad in eye muvement situatiuns.

Measurement 0f Pilot Workload During Take-off and Landing by C-1 Jet Carrier

By Y. NAGA5AWA, S. ARAMAKi and N. UT5UKi

Aerumedical Laburatury, JASDF, l-2-10, Sakae-Chu. Tachikawa-Shi. Tukyu, Japan

Pilut wurkluad during take-off and landing at Iruma local airport was measured by mcans ufa secundary

task methud. fle fiying manueuvres were arbitrarily divided intu ten segments: take-off. first turn, climb.

level. descent, initial appruach, brake, duwn wind, base turn and final appruach. Three captain piluts

participated in the study as the subject, and une cu-pilut played an impurtant rule in checking and

onituring their perturmancc. As a secundary task, the visual auditory discriminative task discussed in a

previuus study was used: a lamp box cunsisting uf red and green lamps was muunted on top uf the instrument

panel. and a smail speaker was installed un the backward wall uf the captain’s scat. By using a signal

oscillatur, signais synchrunized with red light and toue burst at 1200 Hz aud uther signais synchrunized with

green light and tune burst at 800Hz were randumly presented tu the subject at intervals ut 1—2s. The subjcct

was required tu detect uniy the signal synchrunized with red light and 1200 Hz tune. instructed previuusiy,

and tu respund tu the signal via micruswitches muunted un buth sides uf the contrul wheei. The culiected data

un miss rate and respunse time ufthe secundary task, VTR ut instrumentai dispiay and piiut activity, vuice

and cockpit noise were analysed. Task-tiow analysis un each fiying segment was perfurmed in advance. Main

resuits oncerning a change ut the secundary task during iake-uff and ianding, reiatiunship between the

seeundary task and the lask time stress index estimated by task anaiysis are discussed.

Measurement of the Effect of Central-actiag Drugs on Performance and Reaction Time

By H. KRÙGER

Institut fOr Arbeitsphysiuiugie, Technische Universitat Munchen, Barbarastrasse 16,

D-8000 Mtinchen 40, F.R. Germany

Centrai acting drugs iike tranquiliizers or hypnutics change the ievel ut vigilance. Therefure the effect ut

these drugs is important in driving and cuntruliing activities. In practice men nut unly have tu drive ur tu

cuntrui but simuitaneuusiy have tu du additiunai tasks. Driving a car une bas tu identify traffic signais near

the central visuai fieid and tu discuver dangeruus events in the peripheral visuai field as well. Il is a well

knuwn tact that the diameter uf the visuai fieid shrinks with increasing iuad otthe task in 0w central visual

fieid Based un this effect a new experimentai arrangement was set up tu test centrai-acting drugs. Thc main

task is tu cuntrul and tu minimize the dispiayed difference between a stuchastic aitered voltage and a

regulated une. Men have tu recognize tachistuscupicaliy presented linear arrays ut tour aiphanumerics in

central vision and tu detect fiickering iïghts on stuchastic pusitions in the peripheral visuai fieid. A visual—

mentai reactiun time tu the displayed array and a moturic reactiun timc tu the fiicker are measured. Thc

experimentai set-up was tested in twu experiments. Fur different amounts ut bluod alcohul we tound a

significant currelation b the three parameters: integral utdeviation in regulation, visuai—mental and moturic

reaetiun times. In a second experiment twu hypnutics utthe group otbenzudiazepines (long and short lasting)

were tested against placebo in a double blind manner. The integral utdeviation in regulation, visual—mental

and mutur reactiun times showed significant differences between long- aod short-iasting hypnutic

7 hours atter medicatiun Whereas performance otthe arrays. heart rate and variabiiity utheart beat alluwed

no significant discrimination between 0w three conditions.

Time Pressure, Training and Decision Optimality

By D. ZAKAY

Department ut Psychuiugy, Tel Aviv University, Tel Aviv 69978, Israei

Two experiments were carried uut in order b evaiuate the effects uttime pressure and ut training un the
utiiizatiun ut cumpensatury and nun-compensatury decision prucess. In the first experiment 20 student
nurses made protcssionai decisiuns in a time-pressure condition and a no time-pressure condition. It was
tuund that in the time-pressure condition the perceotage utnun-cumpensatury deicisiuns was significantiy
higher than in the no time-pressure condition. In the second experiment 60 high school graduates made
buying decisiuns with and withuut training in the prucess utcompensatury decisiunmaking. This was again
done with and wilhuul lime pressure. Ii was tound that training was effective oniy with nu lime pressure.
tinder time pressure the training was nut effective at ail and the uptimaiity otthe decisions was significantiy
luwer than under nu time pressure. It was cuncluded that specific training methods shuuid be designed tu
help decisiunmakers impruve their decisions under time pressure.

Alpha Wave and Miss of Signal Detection

By H. KGuAMA

Deparlment ut Human Facturs Engineering, Industrial Pruducts Institute, l-i-4 Yatabe-machi,
Higashi, Tsukuba-gun, lbaraki 305, Japan

The reiatiunship between the alpha wave ut EEG and the miss ut signai detectiun was studied in this
experiment. Subjects, tour aduits, were requested tu press the curresponding key as tast as possibic when they
detected une utthree numericai numbers (2, 3, 5) presented un an LED dispiay in randum order and intervais.
EOGs were recurded in urder tu monitor the eye muvement. The experiment was dune in a dimiy iiluminated
and eiectricaiiy shieided ruum. Thc dispiay ut numericai numbers was cuntrulied by a.computer. The
detecliun miss utsignais increased along the time course utthe detection task. The peak value otthe alpha in
the puwer spectra ut EEG shuwcd no cicar curreiatiun to Ihe number utmisses. Alpha waves which were nul
cuntaminated by the eye muvement svere anaiysed al the presentatiun utnumericai signais. The averaged
ruut mean square value utaipha waves was iarger at the lime utstimuii which were missed Ihan at Ihe time ut
slimuii which were delecled. Three ut tour subjects shuwed lhe significant trend with less than 2% in t-test.
This lrend extended cunsiderabiy beture and atter lhc timc ut stimulus presentatiun. The resuit showed Ihat
the rouI mean square value ut alpha waves is an effective measure ut perturmance luwering in numericai
signais discrimination.

EEG is such a high (Mth) ordcr dynamic biu-phenomenun exhibited by a brain system neighbouring the
lead eiectrudeis) Ihat can be describcd by an auturegressive (AR-) prucess utorder M, which is given as a high
order dynamic extension utthe basic iaw otexcitabiiity, that is (Threshuid Stimulus) x (Excitabiiily) x (Unit
Rcsponse) relation in physiuiugy.

The Mth urder dynamic biu-phcnumeoun is decomposcd mb, in generai, sume otthe first- (M= 1) and
second-urder (M =2) cumpunent unes, each ut which is characterized by une and twu AR-cucfficients,
respectiveiy. Each ut the turmcr manitests base fine sway in the EEG and dispiays in average a damped
exponentiai lime-configuration and a peak at 0Hz in ils puwer spectrum, whiie each ut thc iatter describes
delta, theta, alpha and bela waves, respectiveiy, dispiaying on average a damped osciiiiabury lime-
configuration wilh a damping frequency and a peak at a resonance frequency in ils puwer spectrum.

The AR-cuefficienis M in number, which characterize the Mth urder EEG aclivity, dispiav an M variates

normai distribution, since EEG sways show a normai stuchastic prucess. The smaiier the first coefficient ut
the secund-ordcr cumpunent wave in EEG, the higher the frequcncy utthe cumponenl wave.

On High-order Dynamic Activity and its Component Activities

By K. SATG

Research Foundatiun un Traffic Medicine, 1-9-3 Higashi ikebukuru Toshimaku, Tokyo 170, Japan
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Effects of Exogenic Stimulations upon Monotonous Performance

By T. WATANABE

4-15-13, Soshigaya, Setagaya-ku, Tokyo, Japan

and Y. KAWAHARA

l-3-9-403, Higashi Magome, Ota-ku, Tokyo, Japan

The monotonouS performance adopted in the present study was to push a key in time with a light. The

intervals of operatiofl were 1000, 1500,2000,2500 and 3000 ms, which were randomly selected. The exogenic

stimulation adopted here was the sound of 1000 cycles given 300 or 1000 ms before the light was shown. The

exogenic stimulations were given randomly during the performance. The time needed for the response to the

light shown was determined for cases ofpresence and absence ofexogenic disturbance. The performance was

conducted in a repetition of ten series (650 times, 3omin) of the system which had a random series

arrangement.
At the initial stage of the operation, the time ofthe response was belated if the exogenic stimulation was

given 300 ms before the performance and the variations in the response time were also larger, but as the

performance advanced, the exogenic stimulations rather reduced the response time and improved

performance efficiency.
A similar inclination was noted when exogenic stimulation was given bOOms before the performance,

but the variations in the response time fluctuated more and were smaller than those when the stimulation was

given 300 ms before the performance.

Time-of-the-daY Effect on Human Performance in a

Combined Manual and Decision Task

By A. RAOUF and T. K. JOSEPH

Department of Industrial Engineering, University of Windsor, Windsor, Ontario N9B 3P4, Canada

Increased automation in industry is changing the role of industrial workers. They are required to use

decision-making abilities in addition to their motor skills. Such tasks have been named ‘combined manual

and decision tasks’ (CMDT5). Since automated processes are usually ‘capital intensive’, managements are, by

and large, keen to maximize the utilization ofthis kind ofequipment. These factors are, to a certain extent, the

reasons of increased shift work in industry. The effect of the time-of-the-day on worker’s performance has

been investigated and well documented. However, one does not find much evidence in the literature of

research work done to study the effect of time-of-the-day effect on worker’s performing CMDTs.

A test depicting a CMDT was used to investigate the time-of-the-day effect on performance time. The

decision element involved an informational load of 256 Bits (corresponding to six equiprobable response

alternatives). Subject’s body temperature and performance time for 30 cycles of the task were used as

response variables. A 5 x 4 x 4 completely randomized factorial design was used for this study. Results ofthis

preliminary study showed that performance time was affected by the time-of-the-day effect and a negative

correlation was found to exist between performance time and body temperature. The overail mean response

variables indicated that minimum performance time occurred in the afternoon corresponding to the mean of

the subject’s maximum body temperature.

Signal Detection Theory in Ergonomics

By H. C. MiCK0

Institute of Psychology, Technische Universitàt, D-3300 Braunschweig, F.R. Germany

The analysis ofdetection and detection failure oftask relevant signais has gained from the introduction of

signal detection theory because effects on sensitivity and decision bias can be separated. It will be

demonstrated that, nevertheiess, classical detection theory yields misleading results if applied to tasks in

which attention is imperfect. Tasks ofthis kind are much more often the object of research in ergonomies than

tasks in which attention is perfect, and frequency attention is even the focus of research endeavours.

Therefore an extension of signal detection theory is presented which permits the identification and separate

measurement of sensitivity, decision bias and attention effects. Prospects and problems of the application of

this theory on topics of theoretical and applied ergonomies are discussed.

A 7. Sleep and Circadian Rhythm

Interindividual Differences in Sleep—Waking Habits
of Student and Worker Samples

By L. MECACCI and A. ZANI

Istituto di Psicologia del Consiglio Nazionale delle Ricerche,
Via Dci Monti Tiburtini 509, 00157 Roma, Italy

A morningness—eveningness questionnaire was distributed to both students (N 300) and white-collar
workers (N = 175) in order to determine their circadian phase position. ‘Morning’ and ‘evening’ type samples
(respectively, 39 and 54 students, and 32 and 30 workers) obtained from these larger populations were
requested to keep logs ofbed and rising time for each day ofa 2-week period. On the basis ofthe results it is
suggested that:

(1) The worker population bas a more advanced phase position than the student population on the
morningness—eveningness continuum.

(2) The acquisition of a regular job would induce a phase advance of the sleep—wake habits only in the
‘evening’ individuals.

(3) The worker ‘morning’ and ‘evening’ types have less phase difference than the student ‘morning’ and
‘evening’ types.

(4) The students have more good opportunities to follow their own circadian rhythms than the workers.

A Biotechnological Study of Relationship between Sleep and Beds—
A Polygraphic Study with Sounds

By K. FUKADA and others

The Faculty of Engineering, Hosei University, 3-7-2 Kajinocho, Koganei-shi, Tokyo, Japan

In recent years many polygraphic studies ofhuman sleep have been reported, and studies ofsleep are
making rapid progress. We have produced a special three-stage bed which enables us to compare the depth of
sleep in (1) an ordinary bed, (2) a futon (a Japanese bed) and (3) a non-pressure bed.

We have also studied the influence of sounds on sleep by using various stereophonic sounds near the
pillows of the special beds. We have made a study of the effectiveness of various learn-while-sleeping
methods. Before our experiments, we made a prior check of the physical characteristics and sleep habits of
our subjects by use ofa special questionnaire so that we could compare their answers with the results ofour
later experiments.

In our study of learn-while-sleeping methods, we gave a testa few days later in order to find out how much
they had learned in their sleep. Our report will include our biotechnological study of sleep based on the
above-mentioned experiments.

Effect of Sleep Deprivation on the CNV and Dual Task Performance

By M. MiYA0, T. OHGA, H. SAKAKIIIARA, T. NAKAGAWA, F. KOBAYASHI, S. KANADA,

K. TAK1Hi, S. YAMADA, M. TERASHIMA

School of Medicine, Nagoya University, Nagoya, Japan

and T. ENDOH

Institute of Human Functions

The purpose ofthe present study was to estimate the effect of 36 hours sleep deprivation on the CNV and
dual task performance.

It is said that the CNV is relevant to ‘Expectancy’, ‘Arousal level’ and ‘Attention’.
Five healthy young males performed this experiment. Every 3 hours they were measured for the CNV and

dual task performance. They worked a calculation task 25 min before each measurement of the CNV and
dual task.

We also measured other physiological factors such as critical flicker fusion frequency (CFF), body
temperature, heart rate, blood pressure and so on.

The results showed that the CNV had a circadian variation similar to other physiological factors and
subjective symptoms.
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Apparent and True Phase-shifts of Circadian Rhythms After a Transmission Flight

By Z. VOKAC

Institute of Work Physiology, Gydas vei 8, Oslo 3, Norway

The behaviour of an endogenouS circadian oscillator can only be indirectly estimated from the apparent

rhythm ofits effector, be it body temperature, electrolyte excretion, etc. Thus, the interpretatiOn of the phase

shift of an overt rhythm as a sign ofentrainmeflt of the endogenouS oscillator to a new time schedule must

take into account a possible direct influence (masking effects) of altered synchronizers on the measured

parameters of the rhythm. To demonstrate the difference between apparent and truc phase-shifts a

chronobiologie serial section analysis, of six rhythms was performed in a subject during 5 days before (Oslo),

15 days after an east—west flight with —7 hour time difference (Minneapolis) and 5days after the return

(Oslo). The rhythms were analysed in the continuouslY recorded rectal temperature and in the urinary

excretion ofadrenaline, noradrenaline. aldosterone. K and Na (4-hour collection periods). Slcep was fixed

between 2230 and 0630 local time. The analysed rhythms reacted to the time change in two distinctly

different ways: a marked, immediate delay phase-shft occurred in the rhythms of rectal temperature and

urinary excretion of adrenaline. noradrenaline and aldosterone. These rhythms stabilized from the third to

fourth day around the +7-hour phase difference level. Contrary b this, the K and N excretory rhythms

were initially seriously disturbed and their phases then shifted gradually by about 1 hour1day towards the

+ 7-hour level which they reached on the tenth day. Similar differences between the two types of reaction

were observed during the re-entrainment ofthe rhythms after the return to Oslo. It is concluded that, due to

the physiological adaptability of the organism, the advantageous, immediate and nearly complete delay

phase-shifts were a direct result of the demands of the changed sleep/wake schedule on these functions, and

that no truc phase-shifts occurred so early after the time change in the endogenous circadian regulation of

these rhythms. The truc, slow endogenous phase-shifts were probably represented by the graduai response of

the electrolyte excretions.

By K. TAKASHI

Keiryo Kenkyujo, 1-l-4, Sakura-Mura, Niihari-gun. Ibaragi-Ken

Fitting for plastic parts is studied as an example of measurement by tactile sense. Thus, where such

requirement is dependent on thejudgement made by human senses, a number ofcharacteriStiC values must be

measured in order to obtain the mechanicai characteristic values matching with the quantity of the sense. In

this context, the application of the multivariate data analysis method to the analysis of the data of the

multicharacteristiC value concerning the mao—machine system is considered. The degree offitting judged by

sense is quantifled by the multidimensioflal scaling, using the capsule-shaped plastic parts. Also, the

dimensions, shapes and the degree of mechanical fitting as the mechanical characteristic salues are measured

and the relationships of these values with the quantified senses are determined by the factor analysis, then it is

clarifled that the multivariate data analysis are effective for this purpose.

The main points of the conclusion are as follows: (1) The degree of fitting can be classified into two

independent factors, that is, the potency factor and the activity factor depending on the individual’s senses.

(2) First factor corresponds to the average gap between the inside and outside of the parts to be fitted with

each other, while the second factor corresponds to the difference between the inside dimensions and the

outsidc dimensions of the parts b be fltted with cach other.

Pain Sensation and Skin Deformation

By M. AKAMATSU

Faculty of Engineering, Keio University, 3-14-1 Hiyoshi, Kohoku-ku, Yokohama 223, Japan

Pain sensation is generally considered to be generated by stimulating pain points. However, the tact that

thin needle punctures do flot generatc pain sensation suggests that the mechanical noxious stimuli do not

seeni to be touching pain points only.

Sensor’ and cognition

For the purpose of detecting factors of pain sensation the relation between prick pain and skin
deformation of an awake human was discussed in this study. Thin needles, a few microns in diameter at the
rounded tip, were uscd as a mechanical stimulator to avoid the influences of touch, pressure and other
cutancous sensation as much as possible. Indentations, from the surface ofthe skin to the depth where prick
pain sensation was first felt (pain threshold), were measurcd as parameters of skin deformation.

This stimulator could evoke pain sensation at almost any point on the skin surface, and these indentation
amplitudes of pain threshold seemed to have unimodal distribution. This means that it is difficuit to eliminate
pain points on the skin surface clearly. To alter mechanical properties the skin was stretched and relaxed.
Threshold indentation amplitudes were on the average. shallower than normal in stretched skin and deepcr
in relaxed skin. The responses of various indentation velocities were also examined. Fast indentations
gcnerated clearer prick pain sensation but deeper threshold amplitudes, whilc slow indentations generated
shallower amplitudes. These differences ofthreshold were considered to be mainly caused by response time
lag, which is dependent on velocity. Analysis of response time to stepwise indentation showed some
dependence on the onset and ceasing of indentation. These resuits suggest that some mechanical skin
properties are factors of pain perception. and their dynamic changes are effective on it.

A Multidimensional Scaling Analysis on Perceptual Structures of Japanese Syllables

By K. MizuKi

Faculty of Engineering, Keio University, 3-14-l Hiyoshi. Kohoku-ku, Yokohama 223, Japan

There are two main ways to study perceptual structures of speech sounds. Onc is based on speech waves
using acoustic parameters; formant frequencies, spectral envelopes, zero cross numbers, etc. The other is on
articulation using articulate parameters; tongue, jaw, vocal tract cross section, etc. Without auditory
properties, however, perceptual structures of phones are flot cxplained completely.

In this study syllable confusion data from auditory impressions were evaluated with a multidimensional
scaling analysis. and perceptual structures of phones were discussed in consideration ofauditory properties.
Identification confusion experiments in the noise masking conditions were carried out among 14 Japanese
CV syllables formed by pairing the different consonants with the vowel /a/. With the MDSCAL analysis
three-dimensional solutions were obtained in which 14 syllables were divided into a few groups. These were
compared with the signais of the syllables which werc analysed by bandpass filters and spectral lime changes
were measured including high frequency regions. Implications ofthese results for some relation between the
dynamic features of spectra and perceptual relationships among the syllables were considered.

Tentative Evaluations of Oscillating Sounds Based on Loudness Measures

By P. M. SHAEFER

Institut fOr Ergonomie, Barbarastrasse 16, 8000 Miinchen 40, F.R. Germany

Assessing noise perceptions as closely as possible is the ideal ofevery noise rating procedure. So it is
shown that loudness measures perform best when estimating immediate responses. A set of specific
characteristics is derived from these basic loudness traces for further evaluations of longer periods. A
comprehensive set ofwideiy independent factors resulted from a study of worldwide noise rating procedures.
Here we outline those measures especially designed to evaluate loudness oscillations: for indications are
received that noises of varying loudness levels result in a specific kind of subjective noise perception.

A Discriminability Metric for VDU Characters

By M. SCHNEiDER, K. A. HIRSCL-i-PASEK and S. NUDELMAN

Sperry Univac, P0. Box 500, Blue Bel, Pennsylvania 19424, U.S.A.

To predict the confusion between two characters, a technique was developed by extending Gibson’s
distinctive characteristics (1969). A Figure of Ment (FOM), derived from Tversky’s Contrast Model (1977),
was applied to the distinctive characteristics and the dot matnix pattern ofeach character. The FOM, placed
on an arbitary scale of —20 (highly discniminable) to + 20 (identical), was tested directly: two characters were
presented on a CRT (025 s) followed by a mask (025 s) to partially obliterate the iconic image. The subject
was asked i f Ihe characters were the same or different. Stimuli were presented to 24 subjects in a random order
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with optional breaks every 15 presentationS and required breaks every 45 presentations. The independent

variables were 126 pairs containing a special character and either an uppercase aiphabetic, a digit or another

special character. These were divided into three equal groups of 42 items each: high (FOM= —20 to —15,

mean= —16), medium (FOM —10 to —6, mean= —9) and low (FOM= —2 b +20, mean= +6)

discriminability. A fourth group of 69 items, composed ofidentical characters (FOM + 20), was used to

reduce the high percentage of ‘different’ responses and included in the analysis The dependent variables were

lime and errors.
No learning effect was observed. There was a significant difl’erence in the error rates between the groups,

F(3, 92) = 922, p <0001; more errors occurred in pairs with a large FOM. In general, limes were shortest for

pairs with a low FOM and longesi for those with a high FOM. A Pearson r (individual limes and the mean

FOM for the stimulus group) was Œ43. p < Œ001. Further analysis and experiments are in progress to refine

the FOM.
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Standardization of Geometric Radar Symbology

By R. J. CARTER

P0. Box 6057, Fort Bliss, Texas 79916, U.S.A.

When cathode ray tubes (CRT) first started to be used in radar-directed air defence systems, only a tew

geometric shapes could be generated and these available shapes were assigned meanings, such as enemy,

friendly and unknown. As the hardware became more sophisticated, the situation changed. Unfortunately

these changes did not take place in an orderly fashion because new meanings were assigned to earlier shapes.

This practice has continued over the years, and even now, each contractor who develops a radar system

constructs a set of shapes and designates its meaning for display use.

There exists a need for a standard symbology because symbol confusion takes place when ancestral

systems are replaced and personnel must be retrained and reassigned to a new system. The Army Research

institute bas initiated a research programme which is aimed at alleviating the need.

The firsi step in the research was aimed at determining whether any ofthe symbols which are currently

being used or are proposed for usage in future air defence systems are stereotyped with the meanings hostile,

friendly and unknown. Other shapes which have been studied in discriminability studies were also

investigated. Male service members sorted 60 shapes into four categories, namely, friend, hostile, unknown

and other depending upon what each shape connoted. Symbol sets of five (two friends, two hostiles and one

unknown) and three (one friend, one hostile and one unknown) members were subsequently assembled based

upon the results.
Phases twa through four in the research had the objective of identifying symbols and sets of symbols

which can be quickly and easily discriminated in a mixed display which approximates a console radar screen

al a moderate level of saturation. Military personnel had the task ofsearching fora particular symbol in a

field ofmany. Reaction limes and errors were recorded for each subject in each phase. The symbol sets were

tested in a paper-and-pencil mode in phase two. In phase three they were investigated in a static, i.e.

stationary symbols, CRT mode. During phase four, which is currently on-going, the sets are being looked at

in a dynamic, i.e. moving symbols, CRT mode. Symbols and sets of symbols which exhibit the two attributes

sought were identified.

How Many Letters Can We Recognize at a Glance?

By T. FUKUDA

NHK Broadcasting Science Research Laboratories, 10-li, Kinuta 3-chome,

Setagaya-ku, Tokyo 157, Japan

Experiment I

To investigate the nature of interaction effect in peripheral letter recognition, I presented embedded letter

strings briefiy to subjects and noted their response. The results show that lateral interference acts most

strongly when an embedded letter string is presented in a radial manner from a direction ofline of sight, and

furihermore. the most outward letters, far from fixation, score higher than the most inward letters, close 10

fixation. This reveals a strong adverse interaction mainly acting from the periphery towards the fovea.

Experiment II
To investigate how many letters we can recognize at a glance, I presented patterns (composed ofletters

randomly chosen) briefly to subjects and noted their response. I employed three kinds ofpattern whose letters
were put in a straight order, stringed in random direction or put freely randomized. The results show that
recognizable letters are limited within about 2 (for Chinese letters), about 4 (for Japanese alphabet) and about
5 (for Latin alphabet) in each condition, and on close examination ofthe matter, the limitation characteristics
reflect the nature of the lateral interference which was clarified in Experiment I.

From these results, preferable presentation ofletter information is discussed.

An Analysis of 11w Interaction Effects Between Two Successively Exposed Figures

By T. Y0sHIDA

NHK Broadcasting Science Research Laboratory, 10-11, Kinuta 1-chome,
Setagaya-ku, Tokyo 157, Japan

The information processing mechanism of the human figure recognition system was analysed by the
following psychological method. Two figures were successively exposed to a subject for a brief period. The
first one of these two figures had a clear meaning which was easily recognized by any subject. This figure was
called the ‘original figure’. The second one was the ‘distorted figure’, which was constructed by adding some
noise to the original figure. The original and the distorted figure had the same exposure time.

Original figures were limited to those which had a closed contour drawn in a stroke. In such figures, the
Fourier spectrum of a figure can be defined by applying a Fourier-descriptor method. Low-frequency
components of the spectrum describe the global features of the figure, and high-frequency components
describe the local features. The spectrum ofthe noise had approximately one component, so a distorted figure
was different from the original in one frequency component.

The probability ofthe occurrence of the correct recognition ofthe original figure’s meaning was measured
as a function of the exposure time, the noise frequency and the noise amplitude. From these resuits, the
characteristics of the figure information utilized in the human figure recognition system were discussed in the
frequency domain.

Inter-item and Intra-item Symmetries in Same Responses to Pairs of Letters

By S. BAGNARA

Institute of Psychology CNR, Via dci Monti Tiburtini 509, Rome, Italy

D. B. BOLES

University of Calgary, Calgary, Alberta, Canada

F. SiMioN

University of Padua, Institute of Psychology, P. za Capitaniato 5, Padova, Italy

C. UMJLTÀ

Enstitute of Human Physiology, University of Parma, V. le Gramsci, Parma. Italy

When pairs ofletters are presented 10 an observer in a same—diflerent classification task saine responses
are often faster than different responses. This finding has lcd a number of authors to suggest a wholistic
process for the former and an analytic process for the latterjudgements. However, another interpretation can
be given to the same finding, that is in terms of ‘structural diagnostics’. Same letter pairs show a number of
distinctive properties such as symmetry about the vertical axis (e.g. TI), or the horizontal axis (e.g. EE), or
both axes (e.g. 00) which are not present in the case of different letter pairs. Such properties may be
conceived as ‘diagnostics’ of sameness. If symmetry were tested by an observer, and the test were positive, no
further analysis of the display would be required ta conclude that the two letters are the sanie.

Previous studies did not clarify the role of the inter-item symmetry as compared to that ofthe intra-item
symmetry, that is the symmetry of the whole display versus the symmetry of the single letters in a pair.
Furthermore. the relative importance of different types of symmetry (horizontal, vertical, horizontal plus
vertical) in producing the faster sanie responses was not clarified. Two experiments aimed al answering these
questions were carried out.

In Experiment I the subjects were required ta give sanie—different responses to vertically or horizontally
arranged letter pairs. The stimuli were simultaneously presented either to the right or to the left visual field.
Sanie responses proved ta be significantly faster than différent. and symmetrical saine judgements were
significantly faster than asymmetrical ones. In bath arrangements there were significant effects ofsymmetry
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along the horizontal and vertical axes. The combined effect of the two types of symmetry was not more

beneficial than that ofone single symmetry taken in isolation. The only significant difference between the two

types of arrangements was due to a stronger effect of horizontal symmetry in the vertical arrangement.

Experiment 2 was similar to Experiment I with the exception that the two letters to be compared were

presented in succession with an ISI of 1 s. The resuits replicate those of Experiment 1 but the effects of the

different types ofsymmetry were much reduced, suggesting that the use of’diagnostic’ properties in speeding

up same decisions becomes less important when part of the relevant information is stored in short-term

memory.

The Influence of Colour Saturation on the Chromatic Error of

Accommodation of the Human Eye

By H. KROGER

Institut fOr ArbeitsphySiolOgie, Technische Universitat Miinchen, BarbarastraSse 16,

D-8000 Miinchen 40, F.R. Germany

Colour is a good dimension for encoding visual information on a visual display unit, if it is not used in a

senseless way as a distractor. Besides alphanumerics only the dimension of position equals that of colour in

search-time and performance. Colour is particularly advantageouS if it is used to encode the same

information in different positions. In spite ofthis advantage there are two physiological corner stones to be

considered. These two restrict the use of colour in practice. On the one hand there is the group of people who

are colour blind. Here it is useful to have redundant codes. On the other hand there are the chromatic

aberrations of eye-optics. The eye is short-sighted for colours of the blue spectral end and far-sighted for the

red one. That means colour can decrease or increase the effort of accommodation. Three questions were

investigated in a subjective technique with a laser optometer.

(1) Does the chromatic aberration of the optics equal the amount of accommodation effort.

(2) How does colour-saturation influence the deviation of accommodation effort from the white’ value?

(3) How does the brightness of an uncoloured background change the accommodation effort?

The results are:

(1) Accommodation effort equals chromatic aberration.

(2) The deviation of accommodation effort from the uncoloured ‘white’ decreases more than linearly with

increasing saturation if the brightness, i.e. the contrast, is constant.

(3) The brightness of the background influences the accommodation effort for luminous targets. The

deviation of effect vanishes if the brightness is increased to 8cd/m2.

Colour Contrast and Visual Task Performance

By H. L. SNYDER

Department of Industrial Engineering and Operations Research, 130 Whittemore Hall,

Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061, U.S.A.

Vision scientists have worked diligently to define uniform colour scales which predict discriminability

among colours when such differences are near threshold. However, when large colour differences exist, the

prediction of these scales has been poor. Prediction is even worse when the contrasting colours vary in

luminance, in addition to variation in hue and saturation.

This paper presents the results of a series of studies designed to develop a measure of colour contrast

which incorporates differences in hue, saturation and luminance. As applied to a variety of information

displays, the results of these studies relate chromatic contrast to equivalent luminance contrast, and then

show the relationship between perceived contrast and performance on a simple visual recognition task.

Effects of Television Noise Interference on Character Reading Time

By A. WATANABE and M. SAITO

Institute of Medical Electronics, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan

Character reading time and error rate are important objective measures for evaluating effects of noise

interference on human pattern recognition capabilities in watching television pictures. Characteristics of

prolongation of reading time are studied in relation with the signal-to-noise ratio and error rate under the

interference of random, sinusoidal and impulse noises.

Test patterns are arrays of25 kinds ofalphabetical characters (excluding W) arranged in a random order.
Subjects are requested to read them as quickly as possible for 15s. The prolongation time is calculated by
subtracting the basic reading time (measured at sufficiently high S/N) from reading time per character.
Experimental results are summarized as follows:

(1) TIse prolongation time (log scale) is linear with S/N (dB).
(2) The siopes ofthe straight lines are 10g 2/—3 dB for the random noise and log 2/—6 dB for the sinusoidal

and impulse noises.
(3) The prolongation times at marginal S/N for recognition and at the S/N corresponding to the 1/25

error rate are about lOOms (note that the limit ofduration where Bloch’s law is applicable is about
lOOms; the marginal S/N is defined as the S/N where any of the 25 kinds ofcharacters becomes
illegible even when subjects take enough time).

(4) Long-term training reduces the basic reading time but little changes the prolongation time.

Based on those results and a mathematical model derived from Rushton’s equation, it is concluded that
the characteristics of prolongation time depend on the bleaching and recovering process in pigments in the
visual cell. Therefore, the visual cdl behaves like an average computer with signal decay. The difference
between those two systems lies in that S/N in the visual celi cannot reach the threshold level necessary for
recognition, when the S/N of the video signal is smaller than a critical level.

Study of Time-Estimation on a Reactive Simple Action

By I. YOSHiMURA and M. NAKAMURA

Kansai University, 261 Hachijo-cho, Yamatokoriyama-shi, Nara-ken 639-11, Japan

P. Fraisse’s hypothesis about the correlation between the value of estimated time and the number of
perceptible changes is widely supported and many studies aboutit have been done. In this study ofa similar
process, we recognized that the psychological estimated value ofelapsed time does not only depend on the
number of changes but also on the changing velocity of stimulation, and in this paper we indicate the
approved conditions of the hypothesis through estimation on a reactive simple action.

As a result. of the changing numbers of stimulus and reaction in unit time, the degree of underestimate
becomes too large in the level of stimulus which inclines toward retarded reaction rather than correct
reaction.

In case where interval stimulus is regular, the efficiency of Fraisse’s hypothesis is explained. On the other
hand, in the case where it is random and its variation is large, the degree ofunderestimate becomes too large,
but the average interval is not the direct object of the estimation form.

Accuracy of Time Perception in Rhythmic Movement

By T. NIIHARA and K. KUSANO

Department of Education, University of Miyazaki, l-l Funatsuka, Miyazaki, Japan

Accuracy oftime perception in rhythmic linger movement of 10 children (7 years) and 10 adults were
measured in five different tempo conditions (500, 1000, 1500,2000 and 2500ms). After 50 successive practices
with the sound tempo stimuli, subjects were required to push the key accurately 50 times at the same time
interval without the sound signal. Mean error value to the predetermined time interval was used as the
measure ofaccuracy of time perception. The error score increased with increase of the time interval, and the
adults showed a higher ability level (l6ms at tempo SOOms, 148ms at 2500ms) than the children (28ms al
500 ms, 181 ms at 2500 ms) in any tempo conditions. Another 10 students, who take part in musical activities,
had a significantly higher ability (l4ms at SOOms, 78ms at 2500ms) than the other two groups. These
students estimated the given time interval correctly, however, the children tended to overestimate it (mean
reproduced value was 2332 ms at 2500 ms) and the adults, on the contrary, showed underestimation (2639 ms
at 2500ms).

Driver and Pedestrian Speed Estimation

By M. H. BERGMAN

P0. Box 205, White Sands, New Mexico 88002, U.S.A.

Experiments were conducted to determine drivers’ and pedestrians’ sensitivity to speed and speed
changes. Subjects were in the front passenger position instead ofdriving the vehicle.
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Absolute judgements were estimates of speed in miles per hour, (mph). For relatie judgements, subjects

decided whether a second run ofthe test vehicle was ‘faster’ or ‘siower’ than a first run. A 100 ft pedestrian—

vehicle separation distance was used.

When passenger and pedestrian data were combined the speed estimates in mph were accurate and

consistent. Most estimates were in increments of 5mph. Slow speeds (10—20 mph) were estimated most

accureteiy with an increasing overestimation at higher speeds so the mean estimate for 49mph was 55 64.

Standard deviations (S.D.) of speed estimateS did not increase significantly as speed level increased. The

estimates were linear over speeds and a Weber fraction of 018 was found to describe the combined data. The

correlation of estimated to actual speed was Œ92.

Passengers estimated iower speeds than pedestrians at slow speeds. However, by 34mph both passengers

and pedestrians were overestimating by the same amount. Day or night light conditions did not have an

affect on speed estimates.
Women estimated higher speeds in mph than men at ail speed leveis. Subjects over 53 years oid estimated

higher average speeds at ail leveis than subjects under 35.

For relative judgements, speed differences of 5mph were discriminated consistentiy at ail three speed

levels (15, 30 and 45mph). Differences of 2mph could also be discriminated, but the resuits need

interpretation. Whether a person was a passenger or a pedestrian did not have an affect on the percentage of

correct discriminations. Lightïng, sex and age also had no significant effects.

A 9. Manual Tracking Tasks

On the SeIf-paced Preview Manual Tracking Behaviours

By K. ITO

34-38-405, Koihigashi 2-chome, Nishi-ku, Hiroshima 733, Japan

This paper discusses the tracking behaviours of the human operator in seif-paced preview control

systems, where the operator can look at a limited iength of bis course ahead and can arbitrariiy adjust the

driving velocity according to the variation ïn the course given as an input function.

it has been definiteiy shown by the seif-paced preview tracking experimentS that:

(1) Under the performance criterion of minimizing both the error and the time required, the operator

adjusts the mean velocity such that the resuitant input bandwidth does not exceed 3 rad/s and the

desired preview time is ensured.

(2) The instantaneouS tracking velocity is very correlated to the variations ofthe input pattern in sight

ahead.

The foliowing preview controi model is proposed from the above resuits:

(I) At first, the preview input function Yd(z) ofspace ZE[X,X+XL] is transformed into a function Y(s) of

time SE[t, t + tf] by utilizing the instantaneOUs veiocity.

(2) Next, the instantaneOUs desired input Y(t) and desired veiocity V(r) are caiculated through two

kinds of convolution integrais which operate on the future input Yd(s); SEEt, t + tf].

(3) Y(t) and V(t) are, respectivelY, followed by the conventional servo.mechaflisms.

The preview control modei is simuiated and compared with the responses of the human operator.

Modelling the Hurnan Operator in a Preview CompensatorY Tracking Control System

By K. YOSHIMOTO

Department of Mechanicai Engineering, UniversitY of Tokyo,

3-i Hongo 7-chome, Bunkyo-kU, Tokyo 1i3, Japan

In a man—vehicle system such as a man—automobiie system, the human operator can preview the future

path which he must track. Such a manuai controi system is generaiiy caiied a prevlew tracking controi

system. This system may be ciassified into the preview pursuit tracking control system and the preview

compensatorY tracking controi system. In this compensatOrY system, the human operator can hardiy

perceive the radius ofcurvature of the tracking path as it is as though he were looking down a path on a map.

The preview distance is usuaiiy iimited to a certain iength. However, moving together with the vehicle on

board, the operator obtains control information from the dynamic relation between the vehicle and the path.

it is considered that he is able to predict the motion of the vehicle preciseiy.

In this paper, the behaviour of the human operator in a preview compensatory tracking control system is
measured and a new preview tracking controi modei is proposed. This model is constructed of three
operations, which are: the prediction of future state ofthe vehicle, the detection of future error from the path
and the manipulation of an integrai correction of the future error. ReiiabiLity of this model is confirmed by
experimental analysis and application to a simulation experiment of a man—automobile system.

SkiII Improvement in Manual Control of a Double Integral Controlled Element

By A. TADA

National Aerospace Laboratory, 1880 Jindaiji-Machi Chôfu, Tokyo, Japan

A manuai control experiment in space is being planned. The purpose of the study is to obtain basic data
for designing man—machine systems in space, as weil as to investigate human perceptuai-motor functions. As
a part of the study, the skiii improvement process was experimentaiiy examined.

Naïve subjects were exposed to 200 runs ofa compensatory tracking task, where the controiled element is
a double integral and the forcing function isa pseudo-random wave. The performance score measured by the
integral of the squared tracking error showed littie improvement after 140 exposures. The operator
describing function showed the development of the operator iead action. A miscontrol tendency, which
sometimes drives the tracking error off the dispiay scaie, was observed even in the skiiied stage.

From the point ofview ofpreparation for the space experiment, evaluation of the experimentai devices
was aiso performed. The requirements for the training programme ofthe payioad speciaiist were made clear,
and the procedure and devices of the flight experiment were basically determined in consideration of the
resuits.

Human Operator’s Compensation Mechanism for Time-Delay
in a Manual Control System

By M. YOSHIZAWA

Aramaki aza Aoba, Sendai 980, Japan

This paper presents a new interpretation of the human operator’s compensation mechanism for time
deiay in a compensatory manuai control system in terms of finite pole assignment and proposes a state
equation model describing the operator’s transient response.

In the open-ioop characteristics ofhuman operators in some compensatory tracking tasks to a random
step input, we can observe a remarkabie phenomenon—that each open-loop gain curve peaks at relatively
high frequencies. This phenomenon cannot be explained by usuai transfer function modeis and may be
caused by an inherent human characteristic to compensate the time-delay in a manual control system.

In this paper, we consider the above phenomenon is related to the fact that peaks appear in the open-loop
gain curve of the system to which the finite pole assignment method is applied. This idea bas been proved by
experimentai resuit: the peak ofthe open-ioop gain curve becomes clearer as an additional, artificiai time
deiay is increased.

Hence, we propose a State equation modei representing the operator’s transient response to a step-wise
input from the viewpoint offlnite pole assignment. This model contains an observer estimating the state ofa
controlied object and a prediclor for the time-deiay. The predictor can be directiy derived from the finite pole
assignment method and bas the same structure as that of the predictor proposed by Kieinman.

A Consideration on the Index of Precognitive Control Behaviours
of Human Operators

By H. TAKEDA

Department of Mechatronics and Information Science Center, Osaka Electro-Communication University,
18—8, Hatsu-cho, Neyagawa, Osaka 572, Japan

Y. IKEDA and S. HÂTA

Department of Eiectronics, Universityof Osaka Prefecture, 4—804, Mozu-Umemachi, Sakai, 591, Japan

It is weil known that the behaviour of human operators in manual tracking tasks is classifled into two
kinds of fundamental modes. One is the predictive mode fora complex input, such as a noise signal, and the
other is the precognitive mode for a simple input, such as a single sine wave. But any reports of quantitative
anaiysis on the relation between an arbitrary input signai and these control modes is difficuit to find.
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in this report. an index whieh represents how the human operator’s behaviour for an arbitrary input

signai is similar to the precognitive mode is proposed, and its avaiiability is experimentaliy ascertained. The

proposed index is calied IPCB (Index of PreCognitive control Behavior), which is easily obtained from the

frequency transfer functions for single sine wave, random noise and arbitrary input signai, respectively.

Through tracking tasks for combination inputs of two and three sine waves, the following resuits were

quantitatively obtained: (1) in the case where ail of the component frequencies are iess than 05 Hz, human

operators showed the precognitive mode and (2) in the case where both low and high frequency components

are contained in the input, operators showed the predictive mode against Iow frequencycomponents, and the

precognitive mode against high frequency components, and so on.

Dependence of Human Performance on Input Information in

Pursuit Manual Control Systems

By O. SUENAGA and M. IHARA

5-1, Johoku 3-chome, Hanianiatsu 432, Japan

The purpose ofthis paper is the analysis ofhuman performance depending on input information, i.e. the

change in input, error and the change in error on the learning characteristics ofhuman operators in a pursuit

manual tracking control task. The human performance for ten subjects (five subjects of each sex) were

measured for the same pseudo-random input signal.

As a resuit ofthe measurements, performance scores were approximated to the learning curve taking the

form of an exponentiai function about five subjects (two male and three femaie subjects) out of ten. In these

subjects it was found that, through the learning stage, the change in output basa linear relation to the change

in input and error but not the change in error. On the relation among the change in output, the change in

input, and error, in general, the performance of male’s tracking is more systematic than female’s.

Furthermore, the performance of females is harmonized with the change in input independent of the history

ofthe input signal in the initial learning stage. The performance ofeither sex is improved in the final stage,

however, the performance of females is stilt affected by the change in input. On the part in which the frequency

is different in the same input signal, the performance of male’s tracking responds to the change in input in the

low frequency part (04 Hz) and to the error in the high part (094 Hz). On the other hand, the performance of

female’s tracking responds to the change in input in spite of the frequencies.

Cognitive Psychology of Manual Control: Expert and Novice Differences in Cognition

and Performance

By Y. ANZAI

Department of Psychology, Carnegie-Mellon University, Schenley Park, Pittsburgh, Pennsylvania 15213,

U.S.A.

and Y. IsHil and Y. HAYASHI

Department of Administration Engineering, Keio University, 3-14-1 Hiyoshi.

Kohoku-ku, Yokohama 223, Japan

In spite of an enormous amount of research on manual control systems from the cybernetical viewpoint,

and in spite of the awareness of the existence of an early cognitive stage in motor skill learning, almost no

attention has been paid so far to the cognitive process involved in manual controi and its learning. This paper

is concerned with this neglected aspect: how a human operator thinks while controlling a manual control

system, and how (s)he learns strategies to become an expert.

Our work was guided by the hypothesis that the highest-level process ofmanual control is characterized

by symbolic information-processing. Based on this working hypothesis, we first analysed verbal protocol

data collected while novice and expert subjects were working on a simple laboratory task that simulated a

ship control system. We found first that novices and experts used quite different cognitive strategies:

especially, the latter’s strategies were essentially goal-directed. Second, it was pointed out that experts used

knowledge acquired from experience. This is exactly an example of what we have recently called learning by

doing in the field of cognitive psychology. Other kinds ofexperiments were also conducted to support these

results. The main purpose of this paper is to present these cognitive differences of novices and experts in the

manual control task.
On the other hand, to make things clearer, we built up computer simulation models, each of which

simulated a novice, a semi-experienced and an expert problem solver. The models were written in the

production system language OPS5, developed at Carnegie-Mellon University. So we also present in this
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paper the general feature of those models, especially how knowledge is represented and used in controlling
the system.

The paper concludes that it is flot necessarily truc that the manual control task should be analysed totally
in CofltifluouS spaces. such as by feedback control theory, and it is possible that the task is dominated by
processing of symbolic information.

Analysis of Precognitive Dynamics in a Two-axis Pursuit Tracking Task

By T. AOKI, K. YAJIMA, K. AOKi, H. TANAKA, S. KINOSHITA, N. YAMANOI and T. FURUKAWA

Institute of Medical Electronics, Faculty of Medicine, University of Tokyo, 7-3-I Hongo, Bunkyo-ku,
Tokyo, Japan

Human precognitive dynamics in a two-axis manuai pursuit tracking task was investigated with regard to
changing its mode ofcontrol. The manual tracking system used in the experiment was composed of( 1) a CRT
which displayed the target and the operator’s pursuit point, (2) a control device and (3) a microcomputer
which generated the target motion. The locations of target spot were stored in two ROM and read out at
50Hz, thus the spot moved along a circle modulated by sinusoidal waves. Two devices were used for input
control operation, one was a 2 degree of freedom light pivoted joystick and the other was two rotary
potentiometers, each ofwhich correspond to X and Y axis movements, respectively. Control performances
were analysed by using mean square control error normalized by the meari square of the input signal. Input—
output gain ratio and phase shift were analysed by discrete Fourier transform of input signal and operator
output.

Resuits were as follows:

(I) Decrease of control performances with increase of modulation signal frequency remarkably occurred
in the case of the rotary potentiometer compared with the joystick.

(2) Decrease ofgain and increase ofthe phase lag ofthe control operation in a high frequency domain also
remarkably occurred in the case ofa potentiometer compared with the joystick.

(3) Control performance changed when the correspondance of right and left potentiometer to X and
Y axis pursuit tracking was altered.

A Study of Human Operator’s Dynamics During Training and Transfer Trials
of the Tracking Tasks in the Case of a Second-order Lag System

By T. YAMASI-IITA and E. MASUYAMA

Department of Psychology, Tokyo Metropolitan University, 1-t-t, Yakumo Meguro, Tokyo 152, Japan

A learning experiment was performed in order to examine the process of the operator’s adaptation to
natural frequency (w) and to damping factor (ç) in controlling a second-order lag system. Each of four
groups of 12 subjecis was trajned on one of four compensatory manual tracking tasks differing from each
other in terms of natural frequency and dampirig factor. After nine training trials, the numbers ofeach group
either transferred to a task on which they had flot been trained or continued their original task.
From these tracking data, error scores and operator’s describing functions }(jcv) were estimated. The
latter were approximated by Y(jw) = K( TLjQ + 1) exp ( —jcar) for Iow natural frequency conditions and
)(jcv)=Kexp(—jwt)/(T1jw+ 1) for high natural frequency conditions. From analyses ofthese data, the
following items were summarized.

(1) For low natural frequency conditions, an improvement of error scores as a function of training trials
was observed and this improvement depended on an increase in values oflead time constant TL in

(2) For high natural frequency conditions, error scores were lower than for low natural frequency
conditions, but little improvement of performance and little variation of values of parameters in
Y,(jw) were observed.

(3) In transfer data, a significant interaction between training and transfer natural frequency was
observeci.

(4) Dampmg factor was also concerned with error scores, but had little effect on the amount of transfer
during the transfer trials.

(5) These results suggested that operators developed their strategies which were concerned with lead lime
constant TL in Y,(jw), mainiy for natural frequency during training trials, and that the acquisition of
their strategies required several triais.
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Effect of Two-handed Asymmetrical Siinultaneous Motions

and Task Difllculty on Performance Time and Heart Rate Variability

By A. RA0UF and K. TSUCHIYA

Department of Industrial Engineering, University of Windsor, Windsor, Ontario N9B 3P4, Canada

Most ofthe industrial tasks involve asymmetrical simultaneous motions. Asymmetrical simultaneous

motions may differ from symmetrical simultaneous motions in terms of unequal distance travelled by hands,

unequal angles of movement made by hoth hands, unequal target diameter or a combination otthese three

factors. In this study asymmetrical simultaneous motions had unequal angle of hand motions when the task

difficulty was the same for hoth hands. The task difficulty (TD) was measured using the tollowing relationship

TD=log2 2D/C Bits, where Dis the distance moved and C is thc target diameter. In order to have a better

understanding of human performance, in addition to performance time heart rate variability was also

measured. Heart rate variability was ohtained by using an EKG-Tachograph coupled with a mini-computer

through an A/D converter.

In this paper the resuits of a 3 x 3 x 4 randomized full factorial design experiment wiil be reported.

Factors used in the experiment wcre (1) the angle of hand movement for the right hand, (2) the angle ofhand

movement for the left hand and (3) the task difficuity. It is hoped that the findings ofthis study wiil be of

interest to industrial ergonomists and task designers.

A 10. Anthropometry and Posture

Problems in Determining Anthropometric Standards for Persons

By D. GLoss

Communication System Division, GTE Products Corp., 77 ‘A’ Street, Needham,

Massachusetts 02194, U.S.A.

A number of probiems arose in attempting to determine experimentally anthropometric standards for

persons. Although there is considerable anthropometric data for men and a small data hase for women, there

have been no anthropometric studies of persons. These issues and their potential solutions are the subject of

this paper.
The problems involve statistical analysis, sex differences, job distribution, reproduction and lite

expectancy.
A significant statistical problem exists in ail pubhshed anthropomctric research because samples were not

randomly selected. In our study the volunteers were coHege students, whïch might create systematic biases in

the data. Research has shown that people who volunteer for research have different psychological

characteristics, and might have different anthropometric characteristics as weH. Moreovcr, there were

differences bctween men and women in the standard deviations for several variables. Otten the men’s

standard deviation was significantly larger than the women’s; which might result in more men being outside

the limits than women.
Substantial sex differences occur in a number ofanthropometric variables, and make the interval between

5 and 957e larger by comparison. These include chest breadth, hip breadth and arm length.

For particular activities should it always be presumed that a task will be equally distributed between the

sexes? Would some other distribution ofmales and females be more appropriate when the work is weighted

towards one sex or the other? If this occurs, then a larger proportion ofone sex may be excluded.

For instance, there are a million pregnant women in the work force at any one time. How should

anthropometric standards take into account rapidly changing body proportions, which might happen to be

criticol to job performance?
Finally, both men’s and women’s body sizes change with age, but scant attention bas been paid to this in

most of the studies reviewed.

A Longitudinal Study on Physical Growth at Adolescence

By Y. FLÎRIJMATSLT, H. MUT0, S. SÂTO and E. FURUMATSU

2-l-28 Sugasawa Niza, Saitama, Japan

Longitodinal growth study witb one boy born in 1958 and three girls born in 1959, 1960, 1962 is reported

as a fundamental study for planning clothes.

Anthropometry and posture

For 14 years since 1968, once every summer, 48 items ofanthropometric measurement were measured
using Martin’s method and the Agency oflndustrial Science and Technology’s physique study method.

Photographs of the front, back and side ofthc body were taken using a Linhof i50mm telephoto lcns
from 9m distance, after setting the basic unes of neck, arms and waist in a normal standing posture
Menarcheal ages of the three girls wcrc, respectively, 10 years 9 months, 11 years 6 months and 12 years.

The main resuits of the study are as follows. The values ofmeasurements and the silhouettes on each girl
have been studied from 3 years before the individual menarcheal age. In their front photographs, ail thrce
girls have smaller waist curves 3 years beforc their individuai menarche and graduauly get more curvcd waists
as they become older, in the three girls’ side photographs, iarger dorsal curves can be scen 3 years before their
individual menarche and the tcndency of having graduafly iess dorsal curve can be seen by their individual
menarche. There isa resemblance in the changes of silhouettes of the abdominal curves ofthe three girls.

Sex differences can be seen in comparison between the boy and the three girls on longitudinal changes
before and after each age at peak height velocity.

Body Reformatory Schooi. 2-4-22 Ohhashi, Meguro-ku. Tokyo-t Japan

We judged the condition of erect posture by foot-pressure.
We measured 20 parts ofthe feet (five toes and five other parts ofone foot) by measuring apparatus that

used ultra-microtransducers Subjects were male and female adults (age: max 45, min 20). We measured foot-
pressure from 5 to 60s in an erect posture with opened eyes

We classify erect posture into several types by the distribution of foot-pressure.

Two-dimensionai Fourier Analysis of Human Torso Surface

By T. FLRUKÂWÂ, N. YAvtANoi, H. TANÂtKÂ, K. YÂJtMÂ, T. AoKi, K. AoKi, S. KtNOsntTk and K. HtRAYAN.\Gt

Institute of Medicai Eiectrontcs, Faculty of Medicine, University of Tokyo, 7-3-l Hongo,
Bunkyo-ku. Tokyo, Japan

A method is presented to describe the geometrical shape of the human torso. The method comprises
following two procedures. At first, the human torso is regarded as being composed of horizontal cross
sections and their contour unes are measured by a sliding gauge. Second, Fourier analysis is applied to each
contour une and sufficient numbers ofits Fourier components are extracted to approximate it. This method
bas an advantage of representing detailed curvature of the torso surface, which cannot be obtained by usual
somatometrical data where the torso is charaeterized by various types ofinterval iengths between its special
points.

Moreover, multivariate analysis was applied to investigate the relations between these Fourier
components and somatometricai data such as height, weight, ehest circumference and so on. This relation
was used to deveiop a method to approximate the shape of the torso by estimating its Fourier components
from somatometrical data.

From the results of contour une approximation of li cross sections in a body with 20 subjects, the
following conclusions were obtained.

(I) Approximation using six Fourier components can sufficiently reconstruet the original contour unes at
ail levels of torso cross section.

(2) For the level ofthe nipples four components are suff’icient, and for the level ofthe abdomen only two
eomponents.

(3) The shape of the torso constructed by Fourier components, which were obtained by multiple
regression, showed gond agreement with its actual shape.

Measurement of Human Body Form Using Pattern Processing Techniques

By N. ITO

Facuity of Engineering Science, Osaka University, Machikaneyansacho l-1,
Toyonaka, Osaka 560, Japan

This study presents a new method for measuring human body form for the purpose of applying
anthropologieau analysis and medtcal diagnosis to garment design, using pattern processing techniques such
as pattern matching and clustering. Conventional methods ofbody form analysis and classification are based
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on hand-measured values of body dimensions or visual observation of body silhouettes, while the present

method can treat body form as a pattern by employing an electrunic computer in extracting and representing

the features ut body form.
The original data for the procedure of the method are body silhouettes in the two—front and side—

standardized poses which are stored on the computer memury. On the contour curves ut a body silhouette,

feature points are placed at intervals ofpredetermined vertical distances and then a feature vector is defined,

each element ofwhich represents the normalized horizontal co-ordinate ofa feature point, the origin being on

the gnathion. The teature vectors extracted have been shown to have a better reconstructibility ofthe original

silhouettes. They can be processed by means of pattern prucessing techniques in order tu compare and

classify body torms and tu analyse body torm changes during growth or during pregnancy. Some results ut

applying the procedure to Japanese women’s body form are reported.

Mannequins Especially made for Nineteenth Century Costumes

By C. TAMAGAWA

The Kyoto Costume Institute, Wacoal Building, 29 Kisshoin Nakajima-cho, Minami-ku, Kyuto, Japan

Special types otmannequins were developed tu display the nineteenth century costumes for the exhibition

entitled ‘Evolution of Fashion 1835—1895’ held in Kyoto in 1980. This paper presents the prucess ot

development ofthese special mannequins. hoping to make a contribution tu the research ofergonomics in

connection with the kinetic functions of mannequins. Unlike conventional mannequins, they were

scientifically designed tu approximate human bodies ut the nineteenth century in consideration of their

kinetic functions. having the folluwmg distinguished features:

(1) Somato metria, somatic type, posture, behaviour and other tunctions were designed to comply with

human bodies of the nineteenth century with as much precision as possible.

(2) Emphasis was placed on the traditional manners ut the peuple ut the nineteenth century. Such

traditional manners and behaviour were made available in these mannequins.

(3) In order tu turnish mannequins with kinetic functions similar tu those ut human bodies, special

attention was paid tu the movable range of the joints ut the mannequins su that they could comply

with the movement ut the human bodies. Free adjustment was made available for the movement ut

hands, arms and legs ut the mannequins.

The principle ofdesigning these mannequins was tu place most emphasis on the historical differences. The

Metropolitan Museum ut Art provided their full co-uperatiun and usetul suggestions tu help create these new

mannequins.
In viewing the develupment ut these mannequins, we must reter tu the teatures and historical background

ut the so-called ‘Roman Style’ ut the nineteenth century, influenced by the prevailing romanticims ut that

period Taking this background into consideration. we present the develupment ot these new mannequins in

the tulluwing segments:

(1) The creatiun ut the idea and planning fur the develupment ut new mannequins.

(2) The planning ut prucessing the mannequins.

(3) The tunctions and torms ut the mannequins.

(4) The structure and materials ut the mannequins.

(5) Conclusion.

A Study of the Anthropometric Dilferences of the Lordotic Curvature in

Aduit Men and Women

By N. E. O’NEii.L

Lockheed Missiles and Space Company, 4895 Latayette Street, Santa Clara, Calitornia 95050. U.S.A.

Previous studies have indicated that the amount otlordutic curvature differs between men and women.

Tu examine these differences, a sample of9O adult men and wumen between the ages ut 18 and 60 was selected

from a population otsedentary workers in southern Caliturnia. The sample was divided su that there were 15

men and wumen in each otthree age groups: 18—2 1, 22—29 and 40—60. For each subject, tour measurements

were taken using a device called a ‘conturmateur’. Small-sample t-tests were pertormed between sexes for

each age group. h was concluded that there is no significant difference in the amount otlordosis, but that the

location ut the beginning ut the curvature differs amung the sexes.

When the total male-versus-temale segments ut the population were compared with respect tu amount ut

lordotic curvature, nu statistically significant differences emerged. Huwever, when each group was examined

for male—temale differences, the amuunt ut curvature in the 18—21 -year group was significant at the l0/ 1eel.

On the basis otthe statistical analyses, the study conclusions appear justified. A plausible explanation for
this might be in the observation that must wumen carry a greater amount ut fat in the buttucks. This cuuld be
an important tactor in seat design as sex barriers tu vucational chuices erode. Thus, a lumbar support which
is placed tuu high or tuo luw may cause discomtort and excessive arching ut the lumbar spine leading tu
cumulative low back trauma.

Kinematic Analysis of Three-dimensional Motion in Loading Operations

By K. IWATA, T. MORiWAKI and T. KAWANO

Production Engineering Department, Faculty ut Engineering, Kobe University,
Rukku, Nada, Kobe 657, Japan

Methodology is developed tu analyse and evaluate three-dimensional human body mutions under
normal wurking conditions. Simple loading and unloading ut a weight was filmed empluying a l6mm high
speed movie camera, while a lite-size mirror was placed in front otthe subject su that the mutions in both the
frontal and the sagittal planes are taken simultaneously. The three-dimensional motion data are taken into a
minicomputer via a graphic-tablet. The lime series data are processed within the computer to reproduce the
three-dimensional motion palterns and 10 display them on the CRT dynamically for detailed analyses otthe
motions.

A mathematical model ut the human body is established and equations otmotion are derived tu estimate
dynamic forces and torques acting at various parts ut the body during motion. The model basically cunsists
ut 17 rigid cylinders connected by bail joints, each otthe cylinders representing an equivalent body segment,
such as head, trunk, arm, etc. The forces and turques acting at the individuai body joints are computed by
solving the equations ut motion based on the motion data, taking intu account the forces and turques
measured al the interface between the feet and the fluor.

Loading and unluading motions are analysed for seven male subjects ofdifferent ages. The changes in the
torde and turques during the motions are analysed and related tu the motion patterns. The patterns ut the
forces and turques at sume important joints are compared for cycles ut motions among the subjects tested.
The effects ut ageing and fatigue upon motion patterns and forces are also discussed, based on the
experimental and computational results.

A 11. Biomechanics

A Force Sensor Using Carbon Fibre and its Application to a Foot-force
Measuring System for Gait Analysis

By K. KATAHiRA

Second Department ut Physiulugy, Fukushima Medical Cullege, 5-75 Sugitsuma-chô,
Fukushima 960, Japan

In this study force sensors using carbon fibre and the application tua fout-force measuring system for gait
analysis are presented. Carbon fibre is produced by carbonization ut chemical fibre. Ohmic resistance ut the
carbun-fibre telt is decreased by an additional force or compression. When the force is removed, the
resistance returns tu ils previous level. Thus, carbon-fibre feit is suitable for use as a force sensur.

For the purpose otineasuring a vertical cumpunent ut foot torce un a desired part ut the plantars, force
sensors or torce-sensitive discs, circles lOmm in diameter and 3 mm in thickness, were designed and
constructed using PAN carbon-fibre felt. Force detected by the sensors is transtormed mb an electrical
signal with bridge circuits. The relation between the force (X) on the disc and the output ut a bridge circuit (Y)
is linear on log-lug scales (Y= aX”). The force-sensitive discs have good pruperties of responsibility within
lOms, repeatability and little hysteresis below 10%.

A tout-force measuring system was designed using six sensors and micrucumputer apparatus. The data
were computed by a microcomputer in order tu obtain a normalized and linearized pressure curve, average
maximum force and the time when ils peak uccurs tor five successive waiking steps. With the present system il
was possible tu measure simultaneousiy and dynamicaily foot furces in human gait. The carbon-fibre sensors
and foot-force measuring system are usetul tor evaluating gait and also for pruviding important information
in rehabilitation clinics.
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on hand-measured values of body dimensions or visual observation of body silhouettes, while the present

method can treat body form as a pattern by employing an electronic computer in extracting and representing

the features of body form.
The original data for the procedure of the method are body silhouettes in the two—front and side—

standardized poses which are stored on the computer memory. On the contour curves ofa body silhouette.

feature points are placed at intervals ofpredetermined vertical distances and then a feature vector is defined,

each element of which represents the normalized horizontal co-ordinate ofa feature point, the origin being on

the gnathion. The feature vectors extracted have been shown tu have a better reconstructibility ofthe original

silhouettes. They can be processed by means of pattern processing techniques in order to compare and

classify body forms and to analyse body form changes during growth or during pregnancy. Some results of

applying the procedure to Japanese women’s body form are reported.

Mannequins Especially made for Nineteenth Century Costumes

By C. TAMAGAWA

The Kyoto Costume Institute, Wacoal Building, 29 Kisshoin Nakajima-cho, Minami-ku, Kyoto, Japan

Special types ofmannequins were developed to display the nineteenth century costumes for the exhibition

entitled ‘Evolution of Fashion 1835—1895’ held in Kyoto in 1980. Ibis paper presents the prucess of

development ut these special mannequins, hoping to make a contribution tu the research ofergonomics in

connection with the kinetic functions of mannequins. Unlike conventional mannequins, they were

scientiflcally designed tu approximate human bodies of the nineteenth century in consideration of their

kinetic functions. having the following distinguished features:

(1) Somato metria. somatic type, posture, behaviour and other functions were designed to comply with

human bodies of the nineteenth century with as much precision as possible.

(2) Emphasis was placed on the traditional manners of the people of the nineteenth century. Such

traditional manners and behaviour were made available in these mannequins.

(3) In order tu furnish mannequins wjth kinetic functions similar to those of human bodies, special

attention was paid tu the movable range of the joints of the mannequins su that they could comply

with the movement ut the human bodies. Free adjustment was made available for the movement of

hands, arms and legs of the mannequins.

The principle ut designing these mannequins was tu place must emphasis on the historical differences. The

Metropolitan Museum of Art provided their full co-operation and useful suggestions tu help create these new

mannequins.
In viewing the development uf these mannequins, we must refer tu the features and histurical background

of the so-called ‘Roman Style’ of the nineteenth century, influenced by the prevailing romanticims of that

period Taking this background into consideration, we present the development of these new mannequins in

the folluwing segments:

(1) The creation of the idea and planning for the development uf new mannequins.

(2) The planning of processing the mannequins.

(3) The functions and forms of the mannequins.

(4) The structure and materials of the mannequins.

(5) Conclusion.

A Study of the Anthropometric Differences of the Lordotic Curvature in

Aduit Men and Women

By N. E. O’NEiLL

Lockheed Missiles and Space Company. 4895 Lafayette Street, Santa Clara, California 95050, U.S.A.

Previous studies have indicated that the amount ut Iordotic curvature differs between men and women.

Tu examine these differences, a sample of 90 adult men and women between the ages ut 18 and 60 was selected

from a population ut sedentary workers in southern California. The sample was divided 50 that there were 15

men and women in each ofthree age groups: 18—21, 22—29 and 40—60. For each subject, four measurements

were taken using a device called a ‘conformateur’. Small-sample t-tests were performed between sexes for

each age group. It was concluded that there is no significant difference in the amount ut lordosis, but that the

location of the beginning ut the curvature differs arnong the sexes.

When the total male-versus-female segments ut the population were compared with respect tu amount ut

Iordotic curvature. no statistically significant differences emerged. However. when each group was examined

for male—female differences. the amount ut curvature in the 18—21 -year group was significant at the l level.

On the basis otthe statistical analyses, the study conclusions appear justified. A plausible explanation for
this might be in the observation that must women carry a greater amuunt ut fat in the buttocks. This could be
an important factor in seat design as sex barriers tu vocational choices erode. Thus, a lumbar support which
is placed too high or tou low may cause discomfort and excessive arching ut the lumbar spine leading tu
cumulative luw back trauma.

Kinematic Analysis of Three-dimensional Motion in Loading Operations

By K. IWATA, T. MORIWAKI and T. KAWANO

Production Engineering Department, Faculty ut Engineering, Kobe University,
Rokko, Nada, Kobe 657, Japan

Methodolugy is developed tu analyse and evaluate three.dimensional human body motions under
normal working conditions. Simple loading and unloading ofa weight was filmed employing a l6mm high
speed movie camera, while a lite-size mirror was placed in front ut the subject su that the motions in buth the
frontal and the sagittal planes are taken simultaneousiy. The three-dimensional motion data are taken into a
minicomputer via a graphic-tablet. The time series data are prucessed within the computer tu repruduce the
three-dimensional motion patterns and tu display them on the CRT dynamically for detailed analyses otthe
motions.

A mathematical model of the human body is established and equations ut motion are derived tu estimate
dynamic forces and turques acting at various parts ofthe body during motion. The model basically cunsists
ut 17 rigid cylinders connected by bail joints, each ut the cylinders representing an equivalent body segment,
such as head, trunk, arm, etc. The forces and turques acting at the individual body joints are computed by
solving the equations ut motion based un the motion data. taking intu accuunt the forces and turques
measured at the interface between the feet and the fluor.

Loading and unloading motions are analysed for seven male subjects otdifferent ages. The changes in the
torée and turques durïng the motions are analysed and related tu the motion patterns. The patterns ut the
forces and turques at some important joints are compared for cycles ut motions among the subjects tested.
The effects ut ageing and fatigue upon motion patterns and forces are alsu discussed, based on the
experimental and computational results.

A 11. Biomechanics

A Force Sensor Using Carbon Fibre and its Application to a Foot-force
Measuring System for Gait Analysis

By K. KATAHIRA

Second Department ut Physiolugy, Fukushima Medical College, 5-75 Sugitsuma-chô,
Fukushima 960, Japan

In this study force sensors using carbon fibre and the application tua foot-force measuring system tor gait
analysis are presented. Carbon fibre is pruduced by carbonization ut chemical fibre. Ohmic resistance ut the
carbon-fibre felt is decreased by an additional force or compression. When the force is removed, the
resistance returns tu its previuus level. Thus, carbon-fibre feit is suitabie for use as a force sensor.

For the purpose utmeasuring a vertical cumpunent ut fout force on a desired part ut the plantars, force
sensors or force-sensitive discs, circles lOmm in diameter and 3mm in thickness, were designed and
constructed using PAN carbon-fibre felt. Force detected by the sensors is transformed into an electrical
signal with bridge circuits. The relation between the force (X) on the disc and the output ut a bridge circuit (Y)
is linear on log-log scales (Y= aX5). The force-sensitive discs have good properties ut responsibility within
lOms, repeatability and littie hysteresis below 10%.

A foot-force measuring system was designed using six sensors and microcomputer apparatus. The data
were computed by a microcomputer in order tu obtain a nurmalized and linearized pressure curve, average
maximum force and the time when its peak uccurs for five successive walking steps. With the present system it
was possible tu measure simultaneously and dynamicaliy foot forces in human gait. The carbonfibre sensors
and foot-force measuring system are useful for evaluating gait and also for pruviding important information

in rehabilitation clinics.
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on hand-measured values of body dimensions or visual observation ofbody silhouettes, while the present

method can treat body form as a pattera by employing an electronic computer in extracting and representing

the features of body form.
The original data for the procedure of the method are body silhouettes in the two—front and side—

standardized poses which are stored on the computer memory. On the contour curves ofa body silhouette.

feature points are placed at intervals ofpredetermined vertical distances and then a feature vector is defined,

each element ofwhich represents the normalized horizontal co-ordinate ofa feature point, the origin being on

the gnathion. The feature vectors extracted have been shown to have a better reconstructibilitY ofthe original

silhouettes. They can be processed by means of pattern processing techniques in order to compare and

classify body forms and to analyse body form changes during growth or during pregnancy. Some results of

applying the procedure to Japanese women’s body form are reported.

Mannequins Especially made for Nineteenth Century Costumes

By C. TAMAGAWA

The Kyoto Costume Institute, Wacoal Building, 29 Kisshoin Nakajima-cho, Minami-ku, Kyoto, Japan

Special types ofmannequins were developed to display the nineteenth century costumes for the exhibition

entitled ‘Evolution of Fashion 1835—1895’ held in Kyoto in 1980. This paper presents the process of

development of these special mannequins, hoping to make a contribution to the research ofergonomics in

connection with the kinetic fonctions of mannequins. Unlike conventional mannequins. they were

scientifically designed to approximate human bodies of the nineteenth century in consideration of their

kinetic functions, having the following distinguished features:

(1) Somato metria, somatic type, posture, behaviour and other functions were designed to comply with

human bodies of the nineteenth century with as much precision as possible.

(2) Emphasis was placed on the traditional manners of the people of the nineteenth century. Such

traditional manners and behaviour were made available in these mannequins.

(3) In order to furnish mannequins with kinetic functions similar to those of human bodies, special

attention was paid to the movable range of the joints of the mannequins so that they could comply

with the movement of the human bodies. Free adjustment was made available for the movement of

hands. arms and legs of the mannequins.

The principle of designing these mannequins was to place most emphasis on the historical differences. The

Metropolitan Museum of Art provided their full co-operation and useful suggestions to help create these new

mannequins.
In viewing the development of these mannequins we must refer to the features and historical background

of the so-called ‘Roman Style’ of the nineteenth century, infiuenced by the prevailing romanticims of that

period . Taking this background into consideration, we present the development of these new mannequins in

the following segments:

(1) The creation of the idea and planning for the development ofnew mannequins.

(2) The planning of processing the mannequins.
(3) The functions and forms of the mannequins.
(4) The structure and materials of the mannequins.

(5) Conclusion.

A Study of the Anthropometric Differences of the Lordotic Curvature in

Aduit Men and Women

By N. E. O’NEiLL

Lockheed Missiles and Space Company, 4895 Lafayette Street, Santa Clara, California 95050, U.S.A.

Previous studies have indicated that the amount of lordotic curvature difïers between men and women.

To examine these differences, a sample of9O adult men and women between the ages of 18 and 60 was selected

from a population ofsedentary workers in southern California. The sarnple was divided so that there were 15

men and women in each ofthree age groups: 18—21, 22—29 and 40—60. For each subject, four measurements

were taken using a device called a ‘conformateur’. Small-sample t-tests were performed between sexes for

each age group It was concluded that there is no significant difference in the amount of lordosis, but that the

location of the beginning of the curvature differs among the sexes.

When the total male-versus-female segments ofthe population were conipared with respect to amount of

lordotic curvature, no statistically significant differences emerged. However, when each group was examined

for male—female differences, the amount ofcurvature in the 18—2 l-year group was significant at the 1% level.

On the basis ofthe statistical analyses, the study conclusions appear justified. A plausible explanation for
this might be in the observation that most women carry a greater amount of fat in the buttocks. This could be
an important factor in seat design as sex barriers to vocational choices erode. Thus, a lumbar support which
is placed too high or too low may cause discomfort and excessive arching ofthe lumbar spine leading to
cumulative low back trauma.

Kinematic Analysis of Three-dimensional Motion in Loading Operations

By K. IWATA, T. MORIWAKI and T. KAWANO

Production Engineering Department, Faculty of Engineering, Kobe University,
Rokko, Nada, Kobe 657, Japan

Methodology is developed to analyse and evaluate three-dimensional human body motions under
normal working conditions. Simple loading and unloading ofa weight was filmed employing a 16 mm high
speed movie camera, while a life-size mirror was placed in front of the subject so that the motions in both the
frontal and the sagittal planes are taken simultaneously. The three-dimensional motion data are taken into a
minicomputer via a graphic-tablet. The time series data are processed within the computer to reproduce the
three-dimensional motion patterns and to display them on the CRT dynamically for detailed analyses ofthe
motions.

A mathematical model ofthe human body is established and equations of motion are derived to estimate
dynamic forces and torques acting at various parts ofthe body during motion. The model basically consists
of 17 rigid cylinders connected by bail joints, each ofthe cylinders representing an equivalent body segment,
such as head, trunk, arm, etc. The forces and torques acting at the individual body joints are computed by
solving the equations of motion based on the motion data, taking into account the forces and torques
measured at the interface between the feet and the floor.

Loading and unloading motions are analysed for seven male subjects ofdilTerent ages. The changes in the
forie and torques during the motions are analysed and related to the motion patterns. The pattems of the
forces and torques at some important joints are compared for cycles of motions among the subjects tested.
The effects of ageing and fatigue upon motion patteras and forces are also discussed. based on the
experimental and computational results.

A 11. Biomechanics

A Force Sensor Using Carbon Fibre and its Application to a Foot-force
Measuring System for Gait Analysis

By K. KATAHIRA

Second Department of Physiology, Fukushima Medical College, 5-75 Sugitsuma-chô,
Fukushima 960, Japan

In this study force sensors using carbon fibre and the application to a foot-force measuring system for gait
analysis are presented. Carbon fibre is produced by carbonization ofchemical fibre. Ohmic resistance ofthe
carbon-fibre felt is decreased by an additional force or compression. When the force is removed. the
resistance returns to its previous level. Thus, carbon-fibre felt is suitable for use as a force sensor.

For the purpose ofmeasuring a vertical component of foot force on a desired part ofthe piantars, force
sensors or force-sensitive dises, circles lOmm in diameter and 3mm in thickness, were designed and
constructed using PAN carbon-fibre felt. Force detected by the sensors is transformed into an electrical
signal with bridge circuits - The relation between the force (X) on the disc and the output ofa bridge circuit (Y)
is linear on Iog-log scales (Y=aX5). The force-sensitive dises have good properties of responsibility within
lOms, repeatability and little hysteresis below l0°/.

A foot-force measuring system was designed using six sensors and microcomputer apparatus. The data
were computed by a microcomputer in order to obtain a normalized and linearized pressure curve, average
maximum force and the time when its peak occurs for five successive walking steps. With the present system it
was possible to measure simultaneously and dynamically foot forces in human gait. The carbon-fibre sensors
and foot-force measuring system are useful for evaluating gait and also for providing important information
in rehabilitation clinics.



Finite State Measurement System of Human Gait

By A. KATO, K. ITO and K. TSUCI-IIYA

Aichi Institute ofTechnology, 1247 Yagusa, Toyota 470-03, Japan

In a study of human gait, we applied the finite state theory to a description of foot—floor contact. We

selected some zones on a sole and represented the states offoot—floor contact ofthese zones by a gait matrix.

A gait matrix for an animal’s walk and a human gait has been defined by McGhee, Tomovic and lb.

In our study, we selected four zones on a sole and called it the eight bits gait. We made a measurement

system for the eight bits gait. This measurement system is constructed with two four-bits foot switchs, parallel

to serial converter modulator, audio-cassette recorder and microcomputer.

Characteristics of Spectral Analysis of Strides on Treadmiil Walking

By Y. MASAHIRO

Department of Physiology, Institute of Constitutional Medicine, Kumamoto University,

Kuhonji 4-24-1, 862 Kumamoto, Japan

Iterative movement will follow the same pattern as the performers are accustomed to the movement.

However, it should be taken into consideration that the previous movements will affect the forthcoming

iteration to a certain degree. In this study, strides were continuously measured and the data in time series

were analysed by autoregressive method to assess the characteristics ofwalking. A computerized system was

employed to determine strides. The system consists of a position sensitive device, foot switches and a

spectrum computer. The requirements ofthe system are: (1) continuous measurement of strides above 1000

steps, (2) on-line collection and storage of data and (3) accuracy ofstrides within 1cm. Subjects were adult

males and females. They walked on a treadmill with inclinations of 0, 5 and l0%, at different speeds between

60 and 120 m/min with an increment of 10 m/min. A thousand strides at a given speed were measured for each

ofthe three gradients. In Jevel walking some subjects showed the difference between left and right strides. The

difference increased with speed and it was most pronounced at the speed of 120 m/min. The mean data

revealed that right strides were usually longer than left strides. Relation between right—left asymmetry of

walking and lateral predominance will be discussed. The power spectrum ofstrides was obtained for the

frequency range Œ05—05 cycle/stride in steps of 001 cycle/stride by autocorrelation and its Fourier

transformation technique. In any case the dominant frequency of strides was 05 cycle/stride which means the

two-step frequency, although there were some variations among subjects. The order ofthe power spectral

density for each frequency indicated maximum at 120 m/min and minimum at 70 or 80m/min as a whole.

This suggests that there may be a correlation between the auto-regressive activity of strides and optimal

speed. In this same way we investigated the walking pattern when the gradient was changed and compared

the characteristics of level walking with that of grade walking.

A Study on Walking Width, Time and Speed in Manually Carrying Loads

By Y. OGURO

Kanagawa University, 2-9-6 Wakabadai, Shiroyama-machi, Tukui-gun. Kanagawa, Japan

This paperdeals with walking width, time and speed in manually carrying loads. The walking width, time

and speed in seven different manually carried loads were calculated on flve healthy male students. From these

calculations, the walking widths have been found lobe correlated closely with the weight ofthe load carried.

The walking time is also correlated closely with the weight of the load carried.

The regressive equations of these correlations are given in this paper.

On the Central Control of Voluntary Arm Movements

By T. KUROKAWA

Faculty of Engineering Science. Osaka University, Machikaneyama-cho 1-l.

Toyonaka, Osaka 560, Japan

Although understanding the control mechanism of human limb movement is important in sports

biomechanics and man—machine engineering, we know little about it. The purpose ofthe present study is to

examine the motor commands producing voluntary movements of the human forearm. For this purpose

Biomechanjes

some experiments were carried out in which subjects performed forearm extensions al various amplitudes
and speeds. We then extracted the motor commands to both the agonist and antagonist by calculating
the lime-course of pulse density change in the EMG recorded. This extraction ofthe motor commands is
based on the assumption that the motor information descending 10 the skeleto-muscJe system is conveyed by
the change of pulse density in the motor nerve.

Examining the relation between movement and motor commands, it has been confirmed that forearm
movement is controlled in Iwo modes. One is the magnitude mode; the magnitude of the motor commands
changes with the amplitude ofmovement and/or peak acceleration. The other is the tinie-difference mode;
the difference between the onset time of the agonistic command and that of the antagonistic one varies
according to the peak acceleration ofthe movement. In the fastest movement these two modes are exclusive.
While peak acceleration is low, only the magnitude mode operates, the onset time difference being constant.
In movement with comparatively high acceleration we have only the time-difference mode.

Dynamic Analysis of the Human Upright Posture Control Activity

By K. SATO, C. MORISADA and N. TAJIMA

Research Foundation on Traffic Medicine, l-9-3 Higashi-Ikebukuro Toshimaku, Tokyo 170, Japan

Though the human upright body on earth is very unstable, constant inclination of the body is always
corrected so Ébat dynamic equilibrium (‘homeostasis’) to minimize the postural sway is maintained. Such
invisible sway can be recognized as the response of the ‘posture control system’ in the body caused by various
stimulations including gravity.

As the lime series of an appropriately magnifled sway ofupright posture displayed anormal Gaussian
process, at least for the flrst step, ft was described as an autoregressive (AR) process, which was generated as a
dynamic high-order extension of ‘excitability’, deflned as the inverse of the threshold stimulus of a living
excitable system.

The average frequency and lime patterns of high-order dynamic posture control activity are determined
in turn by AR-power spectral density and AR-covariance function, both ofwhich are characterized by the
AR-coefficients ofthe AR-process. I-Iigh-order control activity can be decomposed into one or two flrst-order
and some second-order component activities characterized by one and two AR-coefficients, respectively. The
flrst-order one displayed a damped exponential average time-pattern with a lime constant and a peak at 0Hz
in its power spectrum, which exhibited more than 90% power. Each ofthe second-order activjtjes had
power displaying a damped oscillatory average time pattern with a damping frequency as well as a damping
time (time constant of the envelope of the oscillation) and a peak al the respective resonance frequency in its
spectrum.

In addition to the power of the component control activity, that ofsmoothness and regularity was treated
as ‘bio-information activity amount’, which did not necessarily parallel that of power.

Desktop Computer-aided Analysis of Dynamics in Human Standing and Walking

By T. YAMASHITA, T. TANIGUCHI and M. ANDOH

Kyushu Institute of Technology, Tobata, Kitakyushu 804. Japan

The steady advancement of computer technology gives us. al an increasing rate, new possibilities 10 study

human movements in various ways. A portable desktop computer equipped with a graphie CRT is a useful
means in a laboratory to collect experimental data and in give resuits in graphical form ifthe A/D converter is
introduced to take data from measuring instruments. This paper deals with a desktop computer-aided
analysjs system which has been used for the study ofdynamics in human standing and walking for normal
and disabled subjects. Two force plates are used in the experiment.

Human standing bas been extensively studied. The results, however, have, an far, been generally expressed
in statical form: the mean position of the point of application of the supporting force in the foot and the
fluctuating amplitude of il are often used b show the stability and steadiness ofa standing posture In our
study an autoregressive model was derived from experimental data to analyse the dynamic characteristics of
each subject. The correlation between the standing posture and the model derived wiJl be discussed.

As for walking characteristics the transient phases, which have not been well sludied, are reporled: the
starting phase of walking and stopping. The characteristics obtained experimentally are compared flot only
with the steady characteristjcs but also with the results simulated by a simple mechanical model. The
simulation gives a clear insight into the phenomena observed experïmentally because it provides detailed

information about each variable.
The computer is effectively used for data processing in both the experiment and the simulation. Similar

performance may be obtained by a much cheaper computer in the near future.
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The Application of Three-dimensional Measurements to Motion Analysis

By Y. SUZUKI

Labor Accidents Prosthetics and Orthotics Center, 10—5 1-chome Komei,

Minatoku, Nagoya 455, Japan

This report treats the problems of three-dimensional coordinate measurement and application to motion

analysis. The devices are Seispot system and Force platform with a computer.

I conceived a simple adjusting method for setting up the camera of the three-dimensional co-ordinate

measurement for clinical use (the evaluation of rehabilitation training).

In these experiments, the subjects were five persons for the upper limb motion analysis and seven persons

for lower Iimb motion analysis.
This measurement is the 90 optical-axis cross method, i.e. the optical cameras were set up 90° of cross-

position on space.
The adjustingmethod uses two standard targets (LED) for adjustment by knowing the following values:

(ci) height level of each camera, (b) horizontal angle ofeach camera and (c) distance ratio ofeach camera from

the origin of the three-dimensional co-ordinates.
In these experiments, using three-dimensional co-ordinate measurement, I tried to analyse the motion of

each joint when drinking water, and analysed the angle range ofeach joint in the dynamical motion.

In this experiment using three-dimensional co-ordinate measurement and Force platform, I tried to

achieve a gait analysis in the starting state ofwalking, because it isa most unstable state for the human body.

In my opinion, it is the most suitable way to analyse gait deviation. I tried to analyse the antero-posterior and

medio-lateral motion on body and the reaction force on Force platform.

A 12. Training and Simulator

Use of Modular Simulators in Selection, Training and Workpost Design

By J-E. ROUHET

ERGOS: Société d’Etudes et Réalisations en Ergonomie, B.P. 42, 77201 Marne-La-Vallee, France

An ergonomies study of a prototype armoured car has as its objectives to (i) determine appropriate

hardware modifications, (ii) specify user procedures and (iii) develop selection and training specifications.

A preliminary analysis of the system under operating conditions indicates various domains requiring in

depth experimentation. Practical considerations exciude the possibility ofprolonged experimentation with

the prototype and so a simulator is envisaged to recreate the many parameters involved—a global’

simulator. But this is only one of the possible options. Another is to recreate operator sensations by

physiological stimulation. Another is to develop ‘modular’ simulators which recreate only the partial

conditions necessary for a given purpose.
The development ofmodular simulators and their use in selection and training, respectively. is described,

evaluated and the implications of Iess costly alternatives to global simulators discussed.

Development 0f General Purpose Biofeedback System

By M. OHSUGA

Mitsubishi Electric Corp., Nakano 80, Minamishimizu Amagasaki, Hyogo, Japan

In the clinical use of biofeedback technique, the doctor should make a careful consideration of the

patient’s symptom, his personality, and so on, when deciding the training methodology.

We have developed a biofeedback system which aids the doctor in deciding his methodology and

provides an instrument for real time feedback training and future data analysis.

The system is composed of three parts.
Hardware configuration

(1) The main part: a 16 bit CPU, dual floppy disks, a keyboard, a printer, a display and an audio module.

(2) The input part: compact modules attached to the patient. One channel is composed ofa transducer,

an amplifier and a transmitter.
(3) The data logger: a receiver, A/D converters and some data processing modules controuled by

commands words from the CPU.

Characteristics
(1) The doctors can decide the training method by selecting some variables and parameters in the menu

presented on the display without any troublesome programming.
Variables and parameters of the physiological indices, the method of data processings, the feedback

modalities and the feedback modes are available.
(2) The doctor can also decide the training sequence including rest, baseline and feedback training

periods. The training can be executed automatically according to the decided sequence.
(3) The patient’s data in the training sessions are recorded on the floppy disk. Alter training. the doctor

can make further analysis ofthe data and can get outputs on the display or the printer.
We hope this system will contribute to the establishment of the methodology of biofeedback.

Research and Development of Airborne Integrated Display for NAL QSTOL

By M. OKABE, K. TANAKA, H. KAWAHARA and N. Isu

National Aerospace Laboratory, 1880 Jindaiji-machi, Chofu, Tokyo 182, Japan

Airborne Integrated Display (AID) as a future head down display for NAL QSTOL (Quiet Short Takeoif

and Landing aircraft of National Aerospace Laboratory) is now under development. The AID system is

designed so that it has full capability for advanced aircraft operations. The AID system is composed of a

digital computer, a display processor and a shadow-mask type colour CRT. Design and characteristics

associated with results ofpreliminary studies using a prototype set-up ofthe AID are presented.

Emphasis ofthis research is placed upon determining the display functions of the AID. In the AID, the

control cues are integrated into one flight d irector symbol which represents three commands: pitch command

shown by its vertical motion, roil command shown by its rotating motion and flight path command shown by

the vertical motion of the centre part of the symbol. Other cues and information are arranged in rather

peripheral positions where they can instantaneously notir their off-normal condition by fully utilizing

colour codes.
Analytical evaluation ofthe dynamics of this newly designed flight director in the flight director—pilot—

aircraft system is also given in this presentation.

A 13. The Handicapped

A Study on Handwork of the Mentally Handicapped

By A. TANAKA and others

Hosei University, Faculty of Engineering, 3-7-2 Kaginocho, Koganei-shi, Tokyo, Japan

We have been studying how to judge the physical functions of the mentally handicapped, especially

chronic schizophrenics, in their social life, from a viewpoint ofhuman engineering. We have already reported

some ofour flrst studies in this area at the 22nd Conference of the Japanese Society ofHuman Engineering.

We would like to report the results of the latest study we have pursued, for which more experiments were

conducted.
We have conducted our experiments on the ability of schizophrenics to do light handwork in making

noshi, or long, thin strips ofdried sea-ear to be attached to gifts. We gave an intelligence test to each ofthem
before our experiments, and we also gave them physical tests such as a grip test, a tapping test, etc. in order to

pursue the relationship between their physical or mental handicap and their handwork.
Many biotechnological studies have been reported so far as to how to adapt regular healthy persons and

the physically handicapped to light handwork, while few studies have been made about the mentally

handicapped in this regard. Work for the mentally handicapped should be simple and productive, and it
should be able to be accomplished within a limited period of time. It should also be safe and free from any

dangers of accident. Taking all this into consideration, we have undertaken a light handwork project for a
group of mentally handicapped. At the same time, we have given the same preliminary tests and experiments

to a group of regular healthy persons so that we might be able to compare the results with those of the

mentally handicapped group.
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Diurnal Variations of Reaction Time Performance

in Mentally Retarded Chiidren

By K. KUSANO

Department of Special Education, Univers ity of Miyazaki, Miyazaki 880, Japan

Circadian rhythmicity in reaction time performance of mentally-retarded chiidren was investigated.

Choice reaction time was measured every heur in a day from 6.00 a.m. b 5.00 p.m. on each of 12 days.

Subjects were eight mentally retarded boys (10—14 years; IQs 40—62) and ten non-retarded boys (12 years).

The mentaiiy-retarded group showed signiflcantly greater diurnai changes in performance level than

those of the non-retarded group. In the mean diurnal performance curve, two peaks appeared, the highest

was observed at 3.00 p.m. and the second at 11.00 a.m. The incorrect choice reaction occurred more in the

evening than in the morning.

Ergonomics for the Mentally Handicapped—Motion Study

By E. KAPECKA and T. MAREK

ul. Nad Potokiem 6/35, 30-830 Krakôw, Poland

Work stations for the mentaily handicapped persons are not compiicated. Workers realize simple manual

movement acts in these. Nevertheiess, because ofthe workers’ handicap the ergonomic optimization ofthese

work stations is indispensable. A very important probiem is te explore what is typicai of the movement

structure of mentaily handicapped persons.

The aim of this study was le examine whether movenient smoothness, anticipation of movement

operations in turns and movement direction of the mentally handicapped are disturbed.

Thirty mentaliy handicapped (IQ=36—51) and 30 normal persons aged 16—20 were examined. The

following methods were used: observation, analysis of movement structure and the following manual

dexterity tests: the Roloif Rings Test, the O’Connor Finger Dexterity Test and the Meile Bail Test.

It was discovered that the structure of movements is completely different in both groups tested. In the

normal group structure destructions were net observed. In the mentaliy handicapped group disturbances of

movement smoothness and anticipation were detected (p <001). No disturbance of movement direction was

observed.

An Evaluation of Correlation Between Amputated Limb and It’s Dominancy

Using Dummy Prostheses

By T. AOYAMA

Labour Accident Prosthetics and Orthotics Centre,

1-10-5 Komei, Minatoku Nagoya, Japan

In assessing the fresh amputation ofa lower limb, it is useful te know whether the amputated limb has

been ‘dominant’ or net.
It is well known that everyone bas bis dominant side especialiy in the case of arms and hands and if the

dominant hand is lost, the patient has te switch the dominancy te the other one. As there is great diff’iculty in

an arm amputation, il is suspected that some relation exists between the feasibiiity of prosthetic controi and

the dominancy of the amputated limb. On the assumption that the dominant Ieg or foot is the one which

supports the body when kicking a football, a patient who loses bis non-dominant ieg is likely to show better

prosthetic control in the early stages of training than the other if the rest of tise conditions are exactly the

same.

To check this relation of cause and effect, we have made biiaterai dummy prostheses for normal subjects

which simulate a quadrilateral, ischial weight-bearing type above knee prostheses. Two subjects were

estimated from the beginning of wearing, changing the prosthetic side each day, both in static and dynamic

conditions. Devices used were a Standing Balance Indicator, Force Platforms and a 16 mm movie camera. In

this report fluctuation ofzero moment point in an upright position and feasibility ofprosthetic walking are

analysed in relation te the side of prosthetic hmb and dominancy.

The Weight Ratio of a Prosthetic Arm to an Amputated Ami Segment

By N. OHNISHI

The Labour Accident Prosthetics and Orthotics Centre, 1-10-5 Komei,
Minatoku, Nagoya 455, Japan

A man—machine system is composed of an amputee who lest his arm and his artificial arm (prosthesis). In
this man—machjne system the weight ofthe prosthesis is one of the rnost important factors.

A weight ratio is adopted te analyse tise relations between the weight of the prosthesis and the amputee’s
subjective judgements on his own prosthesis using the data obtained from enquiries te 149 upper iimb
amputees. The weight ratio is defined as the ratio of the weight of the prosthesis te the estimated weight ofthe
arm iost by amputation. This ratio is independent of the level ofamputation and so is superior to the weight
ofthe prosthesis itself in comparing prostheses ofdifferent levels of amputation.

This paper describes the relations between the weight ratio and the following items: (1) kind ef prosthesis,
(2) level of amputation, (3) whether an amputee feels his prosthesis heavy or net, (4) whether an amputee is
satisfled with his prosthesis or net and (5) bad effects on a human body (fatigue, shoulder discomfort).

The Effect of Foot—sole Pressure Sensory Feedback on the Activity of the
Lower Limb Amputee

By S. MORIMOTO, K. TSUCHIYA and Y. SAITO

Tise Labour Accident Prosthetics and Orthotjcs Centre, 1-10-5 Komei,
Minatoku, Nagoya 455, Japan

The iower limb amputee has iost ail of tise functions of(1) weight bearing, (2) skinsensation, (3) afferent
sensory nerves and (4) the driving torque of tise iost joint. Conventionai prosthesis supplies only weight
bearing.

From tise viewpoint ofa man—machine system, (2) and (3) can be provided by information transmission as
sensory feedback via tactile display, applying engineering tecisnology, and (4) by externaiiy powered
prosthesis. Sensory feedback can, by itseif, recover muscular coordination of tise stump and improve activity,
without using externai power.

For these reasens, we have deveioped a foot—soie pressure sensory feedback system applying fluidic
technology that can handie both information and energy for stimulation with a very simple and compact
circuit. Each pressure of tise heei, smali and large bail is detected with a smali rubber pouch instailed in tise
prosthetic foot, and is transiated te the vibration frequency of gas pressure tisrough a fluidic circuit, for
cutaneous tactile display.

With this device, a ciosed loop control system is constructed between tise amputee and tise artificiai ieg.
The extent of tise improvement ofcontroi was tested experimentally by postural sway in standing with and
witisout external disturbance. From the statistical analysis of the ZMP sway data, it was proved that controi
should be improved with this device.

Development of Sensor Pegboard for Performance Test

By Y. OKADA and K. NORO

University of Occupational and Environmentai Health, 1-i Iseigaoka,
Yahata Nishi-ku, Kitakyushu 807. Japan

An objective estimation of tise working ability of the disabied, necessary for their return te social life, is
one of tise consecutive studies wisich are being carried eut on rehabiiitation in tise healtis care system.

As an indpendent ADL (activities ofdaily living) is essenlial b the recovery of an individuai life without
help, se an independence in tise workmg environment is a requirement for an independent social life. Tise true
object ofhealth care is te make the disabied able tojoin social activities.

Te promote the employment of tise disabled, it is essential te estimate accurately their individuai abiiity,
judge tiseir individual aptitude and prepare a training programme aimed attise utmost development oftheir
latent possibilities. Uitimateiy it is important te find suitabie jobs for them.

In order te evaluate the werking abiiity of tise disabled, a computerized pegboard was made for tise
purpose of a synthetic evaluation of their abilily of motion, perception and judgement, and a training
evaluation programme was prepared. It was applied te more than 10 cases ofcerebral apopiexy and reveaied
that lisere is a difference between the cases with each test, and that an imprevement ofworking efficiency is
recognized with each test, etc.
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A comparison between the measured values and the standard time, an estimate of each individual’s

ultimate working efficiency achieved and each person’s adaptability to the industrial environment were also

examined.
The evaluation method ofworking ability is, in principle, applicable to various types ofdisabled persons

and also those ofadvanced age. This method is effective for an objective estimation ofthe synthetic abilities of

the man—machine system, such as artificial hands.

A Triai of Introducing a Game Factor into Rehabilitation Training

By N. OHNISHI, K. TSUCFIIYA, F. ITO and S. NAGAI

The Labour Accident Prosthetics and Orthotics Centre, 1-10-5 Komei,

Minatoku, Nagoya 455, Japan

A new balance training method with a game factor bas been developed to enhance a patient’s motivation

towards rehabilitation training applying the block break game popularized as a TV game. The device

consists of two force plates. a microcomputer and a CRT display.

A racket of the game moves right or left in a display ïn proportion to the difference between the vertical

floor reaction force detected by each force plate. A patient stands upright placing each foot on each plate

separately. He shifts bis body right or left to control the racket position so as to reflect a bail, breaks piled

blocks and trains hard to compete for a higher score.

The effects of introducing a game factor have been investigated by using a semantic differential table. As a

result of prïncipal component analysis, patients’ subjective impressions can be summarized with three

components, that is, ‘dislike’, ‘variety’ and ‘non-fullness’. The degree of ‘dislike’ feeling depends on whether a

patient knows about TV games or not and the degree of ‘fullness’ becomes a high value in the case ofpatients

who have neyer played TV games.
This training method seems to enable a patient to re-obtain postural control and to give him relaxation

and entertainment, too.

Tactile Letter Display for a Reading Aid

By Y. SHIMIZL’

Industrial Products Research Institute, l-4-4 Higashi, Yatabemachi, Tsukugagun, Ibaraki 305, Japan

Up to now, many reading machines developed for the blind use tactile sense. Unfortunately, their

performance is poor because of their display mode. They mostly employa static mode, in which ail elements

defining a letter are simultaneously tumed on and off, or a scanned mode, in which a letter moves across a

tactile display.
To raise recognition accuracy, we introduced a drawing mode in which a letter was displayed in

handwriting order (1977). Furthermore, to overcome the shortage of long display time on the drawing mode

we proposed an apparent motion mode in which a stroke of a letter was presented according to the

perception of apparent movement phenomena (1981).

In the present conference, three display modes were examined to assess the effect of the apparent motion

mode upon tactile letter recognition; (j) static (poor in spatial resolution), (ii) each stroke element ofa letter

was displayed simultaneousiy (good in spatial resolution) and (iii) apparent motion mode (moving sensation).

Resuits show that spatial resolution is affected by tactile recognition, furthermore the moving sensation is

still effective in raising recognition accuracy.

Development of a Transfer Systeni for the Severely Handicapped

By K. ICHIKAWA

Tokyo Metropolitan Prosthetic and Orthotic Research Institute, 3-17-3 Toyama, Shinjuku, Tokyo, Japan

A new transfer system for the severeiy handicapped has been developed. In this system, lifting and

travelling are externally powered with electric motors and an electro-magnetic powered clutch mechanism is

used as the lifting power transmission. The transmitting torque through the clutch is proportional to the

quantity of current supplied to the electro-magnetic power. Using such a clutch mechanism, the transfer

system can lift the load (patient) up and down very smoothly. Moreover, the torque for lifting is automatically

balanced against the weight of the load. Therefore, when a heJper lifts the patient up and down using this

system, he can perform the task under a state of non-gravitation, as it were.

We set up the transfer system at a patient’s home, and contrived the operation switches, hanger and slings
for him to be able to use them for hiinself. As a result, he became able to transfer himself from bed to
wheelchair and vice versa without help. In addition, he can put on and take off bis trousers and underpants
alone using this transfer system and some self-help devices.

Workload of Disabled People at a Small Factory

By T. HASEGAWA and K. NoRo

University of Occupational and Environmental Health, Yahatanishi-ku, Kitakyushu 807, Japan

To plan employment suitable for disabled people, it is necessary to know their actual work status and
workload. This paper reports on a study conducted to determine whether working time and rest distribution
for sound people works equally well for disabled people.

A study was carried out for 1 week each ni July and October, 1981, to establish the actual workload of
disabled people working at a factory where many disabled people are employed.

The author questioned the disabled workers about their work. investigated and rated their subjective
symptoms of fatigue and measured their critical flicker fusion frequency and near-point accommodation.

The disabled workers made characteristic fatigue complaints corresponding to the type ofdisability, and
their differences in critical flicker fusion frequency depended more on the type of job than on the type of
disability.

Tise correlations among these items of measurement, type of job and type of disability were examined.

A 14. Older Peopie

Measurement of the Older Worker’s Capability

By Y. YoKoNlizo

Department of Industrial Engineering, School of Science and Engineering,
Waseda University, Tokyo, Japan

The following test metbods are discussed in this paper: MODAPTS assessment test, workability test and
Micro-TOWER test.

II resuits that the older worker’s inferior phenomenon become less in order at arm, forearm, hand and
finger as he becomes older, concerning the physical capability and becomes also less at the elaborate work
than the rough one.

It also results that the capability which he is able to decide lots of affairs in a moment with mental
capabilities and bis sight becomes remarkably lower.

As compared the clerical employees with the physical labourers, it is found out that the former is superior
to the latter in the capability, however, the capabiiity of physical function is similar to the both when he is
more than about 70 years old.

Otherwise, it is examined to compare the young worker with the old worker in the business condition of
the insurance agent.

A Study of Procedure of Job Redesign for Older Workers

By M. NAGAMACFJI

Hiroshima University, l-12-42, Aga-kita, Kure, Hiroshima 737, Japan

This paper is concerned with developing a research method of the older worker’s ability and with
developing job redesign points for them in order to activate their ability in working.

A research method is developed by the rearrangement of time study, in which the measures of older
worker’s sensitivity,judgement ability, muscle strength and skills are recorded. Those data are analysed in
terms of cluster analysis which are able to be divided into several clusters due to their distances in Euclid
space.

These clusters are arranged by age and age characteristics, and then we can obtain a job hierarchy
according to the worker’s age.
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A 15. Human Factors—Concept, Method and Prospect

Human Factors in Organizational Design and Management

By H. W. HENDRICK

849 Hahaione Street, 1-Ionolulu, HawaH 96825, U.S.A.

For the past 2 years the United States Human Factors Society Committee on Professional Planning has

been studying emerging areas for human factors application during the next two decades. One area which

vas identified and researched was that of human factors in managerial and organizational systems. One

outcome of the committee’s efforts in this area was the formation of a new Technical Group withm the

Human Factors Society on Organizational Design and Management. The proposed paper presents the

findings of the Professional Planning Committee by the author, who served as the committee’s professional

specialist in the management and organizational design area, and who currently chairs the new Technical

Group on Organizational Design and Management.
The paper systematically discusses four major forces which are increasingly both the need and demand

for the human factors specialist in the design of organizational and managerial systems. These are new

technology, work force changes (both demographic and psychosocial), increasing public awareness ofhuman

factors and its importance and economic, regulatory and productivity pressures. in addition, the paper

highlights the five specific areas of human factors research and application, identified by the new Technical

Group, which need attention and development to meet this emerging challenge. Implicit in these identifled

areas are the various roles that human factors specialists can perform in meeting the needs within the

organizational design and management area. The paper points these out and discusses each role in turn.

Ergonomics, Has It Specific Laws?

By P. BuRLoul

Academy for Economic Studies, Bucharest I, 7l262-strasse Popa Savu 46, Romania

The monodisciplinary training of specialists has determinedly held back those who wish to elaborate

interdisciplinary ergonomical reseârches. The overwhelming majority of researches presented at inter

national congresses consist of monodisciplinary researches. Monodisciplinarity is, infact, the negation of

ergonomies, one danger of death for ergonomies.
The dispersion of researchers in monodiscïolinary researches, proves the absence of one binder which can

oblige them to an interdisciplinary co-operation. We think that this binder must betheoretical, under theform

of ans’ objective laws specific to ergonomics.
Those laws should contribute to the raising to a higher step of the theoretical-scientific level of the

ergonomies.
One objective law expresses the compulsory conditions under which it can repeat the phenomenon in

nature and society. If the appearance of ergonomies bas stemmed from the necessity ta realize

interdiscïplinary researches, it cannot exist but in the condition of interdisciplinarity. Interdisciplinarity seems

to us, then, the condition ofthe existence of ergonomies, itsfundamental law.

The ‘Circle for the study of ergonomies’ in the Academy for Economic Studies at Bucharest militates in

favour of the promotion of ergonomical interdisciplinary researches.

Ergonomies, through the achievement of equilibrium between physiological and psychological

requirements and the human body, brings its important contribution to the raising of the quality oflife, which

flnaliy materializes in the prolongation of the mean duration of life.

Ergonomies is against the idea of the reproduction of labour force from one generation ta another,

because this idea is old and reflects indifference for man. who can be replaced easily by another man after his

exhaustion. Ergonomies militates for the reproduction ofthe labour force froin one day to another. This

reproduction can be considered flot only as a main objective of ergonomies, but also as its second objective

We hope that the twa laws stated above will stimulate the thinking of specialists in the direction of

consolidation of the theoretical basis of ergonomies.

Ergonomic Aspects of New Technologies

By K. J. ZINK

Universitàt Kaiserlautern, Postfach 30 49, D-6750 Kaiserlautern

Because of the growing use of electronics and shorter innovation periods in production and

administration, technological modifications have a significant meaning for ergonomies. A relevant

Humanfactors—concept, met hod and prospect

engagement with ne’ technologies cannot be limited to a narrow ergonomies formulation ofquestions, there
must be some degree of socio-technological approach as well.

The foliowing aspects must be taken into consideration:

(a) Ergonomies design parameters, in a narrow sense. First of ail, traditional approaches in designing
hardware are required. However, adequate design of software is becoming more important in the
sense ofsystem characteristics such as the ability for seif-expianation, self-control, acquisition, etc.

(b) Design parameters of the work organizarion, especially work itself The consequences of new
technologies on the content ofwork or work organization must be examined and (if necessary, in the
planning stage ofwork systems), have to be taken into consideration by preventive design parameters,
such as job enlargement, job enrichment, job rotation (in the sense of mixed work places).

(e) Constancy oftechnicalframework. Nature and volume of design parameters are essentially influenced
by innovation periods for improved technologies.

(d) Different levels of economic results. The possibility of practical use of ergonomie concepts (in
connection with new technologies) is influenced by economic characteristics. It is important to carry
out workplace-related calculations besides worksystem-related calculations in order to recognize
problems of interdependence which, for example, resuit from an automation of partial functions.

(e) Employment effects on the individual level. The result of these considerations is (from the point ofview
of ergonomies) the need for an early recognition of qualifications and the requirements of adequate
trainee concepts.

The different aspects are discussed by examples.

Cost-effectiveness of Ergonomics: Elusive Data
and an Exchange Heuristic

By R. A. BENEL

Essex Corporation, Alexandria, Virginia 22314, U.S.A.

Ergonomies, specifically human factors engineering (HFE), isa critical part of the design process. Failure
to follow ergonomie guidelines for the development of the man—machine interface will resuit in systems
which have lower than optimal performance. When systems are not being operated properly by the available
personnel, one possible response by managers is that the level of training for those personnel is inadequate.
Therefore, a beliefdevelops that a ‘well-designed’ system is staffed with unskilled and untrained operators.
The generally proposed solution to this problem is enhanced training. This beliefis likely to be true in some
cases; however, a large number of systems have been found to be seriously deficient in design for operability.
One routinely proposed solution during system development is ta allow training to overcome any residual
deficiencies in design.

Tise implications of this strategy will be described graphically. The hypothetical relationship between
operability and training, and operability and HFE application will be shown. This simplified depiction will
show that within broad limits il is possible to exchange HFE costs for training costs. (Ofcourse, a modicum of
each is absolutely necessary under nearly ail circumstanees.) Under various combinations of training and
HFE outlays a given level ofoperability is possible (iso-operability functions). Although these functions may
have no differential impact on decisions to fleid a system because the cost outlay would be constant for the
initial operation, the implications for lite-cycle costs are considerable. HFE expenditures are maximal during
development but, HFE expenditures do not increase cumulatively. However, training costs are bath high
during development and constantly increasing. Any modernization would cause a sharp increase in training
costs for new instructional technologies and would also cause an additional HFE expenditure. The critical
factor is that training costs increase cumulatively throughout the lite cycle and each case of attrition is an
example of training costs lost. Proper application of HFE can be effective cost-avoidance strategy.
Supporting evidence will be presented.

Applied Psychology and Ergonomics

By W. SINGLETON

Applied Psychology Department, University of Aston in Birmingham, Birmingham B4 7ET, England

The International Association ofApplied Psychology holds its triennial congress in Edinburgh in July,
1982. Ai this meeting Ergonomies is one of seven major tapies, the others are: Clinical/Physiological
Psychology, Counselling, Psychometries, Education Psychology, Applied Social Psychology,
Industrial/Organizatïonal Psychology and Environmental Psychology.
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In order to maintain a separate identity for Ergonomics clearly distinct from the other topics it was
necessary to make certain assumptions. Firstly, that the core of psychological aspects of Ergonomics is
‘information processing’ based on academic knowledge from experimental psychology and cognitive
psychology and a practical or field-based knowledge based on the analysis of informational aspects of real
tasks. Secondly, that there are bound to be a number of overlapping fields ofinterest: training and ‘quality of
working life’ aspects are shared with industrial/organizational psychology, environmental issues and
community aspects are shared with environmental psychology, there are other overlaps with physiological
psychology, e.g. properties ofsensory systems and applied social psychology such as sport/leisure activities.
Thirdly, there are some ail-pervasive issues common to the whole of applied psychology and ergonomics
such as stress assessment, cross-cultural differences and professional/legal issues. Fourthly, applied
psychology and ergonomics have the same range of objectives roughly divisible into those concerned with
efficient performance (productivity, quality, reliability) and those concerned with health (minimization of
accidents, stress diseases and optimization of quality of working life).

Chronopsychological Approach to Human Factors

By P. NA1TOH

Naval Research Health Center, Environmental Physiology Department,
P0. Box 85122, San Diego, California 92318, U.S.A.

Chronopsychology is a science to study time structure of psychological functions, including rhythmic
oscillation of their efficiency over a time span, especially over a 24-hour period (circadian). Psychological
functions, such as memorization, complex additions, encoding/decoding, motor response speed and
vigilance, have been known to show circadian rhythms. However, only recently an importance of
determining time structure of human psychological functions has been realized by researchers who
investigate occupations requiring shift and night work . The purpose ofthis paper is to review and summarize
for ergonomists some ofthe findings of the recent works on chronopsychology. Reviews will be based on such
works as (I) P. Colquhoun’s (1981) ‘Rhythms in performance’ in Handbook of Behaviaural Neurobiology,
(Plenum); (2) K. E. Klein and H. M. Wegmann’s (1980) ‘Significance of circadian rhythms in aerospace
operations’ as AGARDograph No. 247; (3) P. Naitoh’s (1982) ‘Chronobiologie approach for optimizing
human performance’ in Rhythmic Aspects of Behavior (Lawrence Erlbaum) and others. The summarization
will not only serve to emphasize an importance of ergonomic measurements taken during the night and early
morning, but also suggest more extensive use of autorhythmometric (i.e. do-it-yourself) measurements to
examine men and women at their routine work in factory, office and school. As a pointer for the future. a
discussion is presented to show how a chronopsychologist could create through time management of a
sleep/wakefulness cycle a sustained performance at any time ofthe day and night. Emphasis is placed on the
fact that some aspects ofcircadian rhythms could be manipulated for the benefit ofsociety or ofan individual.

Combined Use of an Ergonomic Checklist and Complaint Rating as a
Means of Identifying Problems

By K. SAKA1 and K. Kocii

Institute for Science of Labour, 1544 Sugao, Takatsu-ku, Kawasaki 213, Japan

We have developed a corrective checklist by which a checker selects suitable corrective measures from
given items. These lists can be used by both specialists and workers-to screen out ergonomic problems. Two
checklists were provided, one with 216 items fora driving cab and another with 120 items for physically heavy
work. In applying each ofthese checklists, we combined it with the use of self-ratine ofcomplaints by workers
in the form of the five-point scale. The resuits by the checklists and those by the complaint rating were
compared. Both methods proved useful in pointing out major problems such as those related to space
dimensions, working surface height, materials handling, displays, holding work, chairs or floor, rest breaks,
etc. The checklists were favourable in pointing out problems of man—machine interfaces and facilities,
especially when used by specialists, whereas the complaint rating could more explicitly point out problems of
postural or environmental discomfort and problems of unusual situations and long-hour effects. To know
the priority problems ofworkplaces, the combined use ofan ergonomic checklist and complaint rating, which
should involve both ergonomists and workers themselves, is recommended.

Human facfors—concepf, method and prospect

Pluralistic Treatment in the System Research of Ergonomics

By T. MAREK, R. MiCHALEK and C. NOWOROL

u7. Komandosôw 9/45, 30-334 Krakôw, Poland

The aim of this paper is the description of the new methodological treatment in the system research of
ergonomies.

Check-lists of various kinds are still the basis of the ergonomic system research on work space. The
reliable analysis of work space based on check-lists needs the co-operation of specialists of various
disciplines. It needs applicable methods, e.g. workload measures, time and motion study, measurements of
environmental conditions of work, etc. The existing treatment in the system research of ergonomics is
monistic as a result of the research procedure of using check-lists.

More effective pluralistic treatment in ergonomic system researches seems to be possible only when based
on the full subjectivization of check-lists. It decreases the accuracy of the investigation but allows
examination ofa great number ofwork spaces in a short period oftime and the achievement ofstatistically
significant conclusions. It seems that there are two ways of subjectivization of check-lists.

According to the first method, check-lists are based on questions appertaining to subjective opinions of
ergonomic inconveniences. These may be questions such as, e.g. in your opinion, is the intensity oflateral
illumination right or flot?

The second method bases the check-lists on subjectively-felt psychosomatic symptoms ofworkload and
fatigue because of erg000mic inconveniences. The basic investigation technique is anamnesis.

These subjective check-lists may be treated as objective scientific methods after the designation of their
statistical accuracy and reliability

The Department of Psychology of Jagiellonian University and the Department of Mechanization and
Energy of the Agriculture Academy in Krakéw have constructed a subjective check-list ofthe symptoms of
workload for operators of agrimotors. This list is based on the latter ofthe above investigation methods.

Check-lists of these kinds are mainly useful for initial investigations of workload.

The Third Dimension—Computer Modelling for Ergonomics

By E. KINGSLEY

Compeda House, Walkern Road, Stevenage SG1 3QP, England

One ofthe most common complaints made by ergonomists is that they are not consulted early enough in
the design process for their contribution to be really effective. Looking at the reasons for this it becomes
apparent that ergonomies evaluation methods are primarily suited to three-dimensional assessments. Thus
evaluations based on two-dimensional drawings are rarely as effective as assessments ofthree-dimensional
prototypes and mock-ups.

What the ergonomist requires isa means ofcarrying out three-dimensional assessments at a stage in the
design process when the design ideas only consist of two-dimensional drawings. The most effective, flexible
and powerful means ofdoing this is to build three-dimensional computerized models of the equipment or
workplaces and to evaluate these in terms of ergonomies.

SAMMIE (a computer program called System for Aiding Man—Machine Interaction Evaluation) has
been developed with just that aim in mmd. It provides the ergonomist/designer with the ability to visualize
and even walk through realistic approximations to the real workplace and to evaluate the design using
SAMMIE’s main feature, namely it’s computerized fully variable man-model.

SAMMIE helps the user assess the man-model’s reach capability, visual fleld, access to the workplace and
fit within il. The user can also model the reflections in mirrors, quantify obscured areas and remove ‘hidden
lines’ to create realistic ‘clean’ views.

SAMMIE has already been used in a wide range of applications including transportation (e.g. bus,
aircraft, spacecraft), materials handling (e.g. fork lift truck, straddle carrier), manufacturing applications (e.g.
asseniblyjigs, assembly workstations) and interiors (e.g. office control room, kitchen). This paper discusses
the facilities and benefits available in SAMMIE with reference to many ofthese studies. The scope for future
appliçations and the general implications of CAD methods for ergonomists are also briefly described.

An Application of Decision Data Tables Method in Ergonomic Research

By L. PACHOLSKi and B. MATEJA

Politechnika Poznahska, Instytut Organizacji i Zarzadzania, ul. Strzelecka 11, 60-965 Poznati, Poland

Treating factual interdisciplinarity as an ideal solution, we nowadays accept quasi-interdisciplinary
models of complex ergonomie activities. Searching optimum solutions within such types of models, the
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authors of the article suggest the domination of technological and organizing sciences in contemporary

industrial ergonomics.
A kind of paradox in terminology consists in the fact that ergonomics, which is humanistic in the

subjective sense, should, in the methodological field, make use of technocentric lines of approach, i.e. those

referring to measurable elements and to methods applied in engineering.

On the above assumptions the authors present a conception ofdecision data tables method as an element

ofergonomic methodology. The ergonomie complex evaluation of the system, obtained by means ofdecision

data tables, determines the main direction of research and specialistic activities which are monodisciplinary

and performed within detailed activities. Monodisciplinary and system-like activities, in the objective sense,

are sequential in the whole range of ergonomic problems.

A Systematic Ergonomics Design Procedure

By J.-H. KIRCIINER

Technische Universitt Braunschweig Fachgebiet Arbeitswissenschaft,

Postfach 33 29, D-3300 Braunschweig, F.R. Germany

The systematic ergonomies design procedure (SEDP) is based on an ergonomic analysis of the relations

between the product to be designed and its user, in order to derive ergonomie requirements and product

elements which can influence them. The SEDP consists of a logical plan, which is coupled to the general

design procedure for technical products, and lists/catalogues of design elements with their characteristics as

support.

(I) General ergonomic requirements—as wanted or unwanted effects of the product or system—are

derived from the task and the system environment.

(2) Human fonctions in/tor/with the product or system are specified by function allocation and

completed by functions for the user himself in the system (e.g. getting/staying in the system). These

human functions are broken up into fundamental functions like perceiving, discriminating, etc., each

in its special situation.
(3) Special ergonomie requirements—requirements in their original sense as wanted or unwanted effects

ofthe technical product and its environment to the user, including support for performing the human

functions, and/or to other men outside the system—are derived from the human functions and trom

the general ergonomie requirements. This list of requirements has to be added with the advancing

design process.
(4) The corresponding product elements which are tu be specified in the design process can then be found

by lists of relations of their properties and possible ergonomic effects. This implies general and specific

ergonomic knowledge which may be prepared in adequate catalogues as design instructions (e.g. for

displays, controls, etc.).
(5) In determining the attributes of the properties of the product elements the reciprocal relations and

influences have to be regarded. These problems are solved by weighing the force of the influence or its

importance for the whole system.

(6) The result or alternatives can be evaluated with respect to the deflned requirements. A prototype of

the manufactured product may be checked and tested to see how well it fulfils the requirements.

Therefore measurable indicators can be defined with respect to the requirements.

The procedure will be explained by the ergonomic analysis of a fork lift truck as an example.

A 16. Potpourri A

Quantitative Bchaviour of Intraocular Ascorbic Acid upon Hypermetropic Amplitude in

Overstraining of Fictitious High Altitude

By M. CARAPANCEA

21 Prof.I.Bogdan Street, R-71149 Bucharest 22, Socialist Republic of Romania

It is known that vitamin C constitutes, by its quantitative behaviour, an indicator ofcorticosuprarenal

gland activity. The tact has been experimentally proved, being demonstrated that either the injection of

ACTH in rats, or the transplantation of the anterior hypophysis in the anterior chamber of the eye, which

leads to the secretiun of ACTH after a certain supersolicitation, augments the secretion of corticosteroids,

together with the evident reduction of ascorbic acid and cholesterol in the corticosuprarenal gland.

In its turn, high altitude supersolicitation also augments the secretion ofcorticosteroids together with the
reduction ofascorbic acid, a fact demonstrated by myselfat the level ofthe aqueous humour, in experimental
investigations in hypermetropic rabbits.

Thus, the dosage ot vitamin C from the aqueous humour, in parallel with the measurements of the
hypermetropic accommodation have shown that—as against the normal figure ut intraocular vitamin C an
as against the normal number ut diopters—intravenous injection of the substance at sou augmented twofold
the intraocular concentration and increased the hypermetropy with + I d. But after intravenous
administration at soil ot the substance, the exposition at the fictitious high altitude, markedly reduced the
intraocular concentration of vitamin C and maintains the hypermetropy practically unchanged.

It results that only a twofold excess, as against the normal une of vitamin C in the aqueous humour,
determines the augmentation ot hypermetropic accommodation, which prolongs itself unmodified also
during the duration of the reduction of the vitamin C concentration, provoked by the homoeostatic
augmentation ot corticosteroids at high altitude, which imposes the administration of vitamin C 10
organisms submitted to high altitudes, as a necessity against immediate ascorbic deficiency, for maintaining
an augmented tonus of the ciliary muscle.

A Consideration on the Classification of Two-dimensional
Displayed Patterns of EEG

By H. TAKEDA

Department of Mechatronics and Information Science Center, Osaka Electro-Communication University,
18—8, Hatsu-cho, Neyagawa, Osaka 572, Japan

Y. TAKASHIMA

Junior College ut Engineering, University of Osaka Prefecture, Katsuyama, Ikuno-ku, Osaka 544, Japan

Y. IKEDA and S. RATA

Department ot Electronics, University ut Osaka Prefecture, 4—804, Mozu-Umemachi, Saki 591, Japan

In an earlier paper, the authors reported un the real time trequency detector, which converts the
frequency of EEG to the corresponding voltage by use ofa PLL (Phase Lucked Loop) circuit, and the micro
computerized two-dimensional display system for EEG amplitude versus its frequency, which classifies a set
ut specific patterns of displayed data by the use of simple image processing techniques. Namely, the
procedure is (1) divide the two-dimensional plane intu m x n segments, (2) count the number ut trequency—
amplitude pairs in each segment, (3) construct a characteristic pattern by putting tugether the segments which
have mure than T(Tis a threshold number of counts), (4) make a characteristic vector out of the above
pattern, (5) repeat j times from (1 )—(4) for j subjects, (6) compute the similarity matrix which is cunstructed
from the characteristic vecturs and (7) analyse the similarity matrix by cluster analysis.

In the above process, the chuice ut the size ut each segment and threshold T is flot clear. In this report, the
size uf each segment and value ut T are experimentally investigated, tu obtain satisfactory results on
classification. Consequently, in a case where the total numbers ofsampled data un the two-dimensional plane
were 1600, the following results were obtained: (1) the size ut each segment should be less than 05 Hz x 4V
and (2) threshold Tshould be 5—10.

A Comparison of Exponential and Hyperbolic Functions Describing Learning Curves in
the Literatures of Psychology and Industrial Engineering

By S. LIPPERT

Department ut Industrial Engineering and Operations Research, University ut Massachusetts,
Amherst, Massachusetts, U.S.A.

A branch otthe hyperbolic fonction describing a descending hyperbola in the first quadrant in its general
form is

Y=AX1+B

for distributed practice learning where A is the time above the asymptote on a hypothetical first trial, X is the
trial number or day ut production and Bis the asymptutic value ut the performance measure. The value ut
AX can be expressed as A(1/1, 1/2, 1/3,... l/n) for the successive trials beginning with a hypothetical first
trial, when n equals 1. This description ofAX — ‘is possible after a correction parameter, C, has been set equal
tu zero tu give all individuals a commun starting point on the Iearning curve. It is possible tu compute a
correction term for exponential fits similar tu C.
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By M. CARAPANCEA

21 Prof.I.Bogdan Street, R-71149 Bucharest 22, Socialist Republic of Romania

It is known that vitamin C constitutes, by ils quantitative behaviour, an indicator 0f corticosuprarenal

gland activity. The fact has been experimentally proved, being demonstrated that either the injection of

ACTH in rats, or the transplantation ofthe anterïor hypophysis in the anterior chamber of the eye, which

leads to the secretion of ACTH after a certain supersolicitation, augments the secretion ofcorticosteroids,
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In its turn, high altitude supersolicitation also augments the secretion ofcorticosteroids together with the
reduction ofascorbic acid, a fact demonstrated by myselfat the level ofthe aqueous humour, in experimental
investigations in hypermetropic rabbits.

Thus, the dosage of vitamin C from the aqueous humour, in parallel with the measurements of the
hypermetropic accommodation have shown that—as against the normal figure of intraocular vitamin C an
as against the normal number ofdiopters—intravenous injection of the substance at soi! augmented twofold
the intraocular concentration and increased the hypermetropy with + I d. But after intravenous
administration at soi! of the substance, the exposition at the flctitious high altitude, markedly reduced the
intraocular concentration ofvitamin C and maintains the hypermetropy practically unchanged.

H resuits that only a twofold excess, as against the normal one of vitamin C in the aqueous humour,
determines the augmentation of hypermetropic accommodation, which prolongs itself unmodified also
during the duration of the reduction of the vitamin C concentration, provoked by the homoeostatic
augmentation of corticosterojds at high altitude, which imposes the administration of vitamin C to
organisms submitted to high altitudes, as a necessity against immediate ascorbic deflciency, for maintaining
an augmented tonus of the ciliary muscle.

A Consideratjon on the Classification of Two-dimensjonal
Displayed Patterns of EEG

By H. TAKEDA

Department of Mechatronics and Information Science Center, Osaka Electro-Communication University,
18—8, Hatsu-cho, Neyagawa, Osaka 572, Japan

Y. TAKASHIMA

Junior College of Engineering, University of Osaka Prefecture, Katsuyama, Ikuno-ku, Osaka 544, Japan

Y. IKEDA and S. RATA

Depariment of Electronics. University ofOsaka Prefecture. 4—804, Mozu-Umemachj. Saki 591, Japan

In an eariier paper, the authors reported on the real time frequency detector, which converts the
frequency of EEG to the corresponding voltage by use ofa PLL (Phase Locked Loop) circuit, and the micro
computerized two-dimensional display system for EEG amplitude versus its frequency, which classifies a set
of specific patterns of displayed data by the use of simple image processing techniques. Namely, the
procedure is (Z) divide the two-dimensional plane into n xii segments, (2) count the number offrequency—
amplitude pairs in each segment, (3) construct a characteristic pattern by putting together the segments which
have more than T(Tis a threshold number of counts), (4) make a characteristic vector out of the above
pattern, (5) repeatj times from (1)—(4) forj subjects, (6) compute the similarity matrix which is constructed
from the characteristic vectors and (7) analyse the similarity matrix by cluster analysis.

In the above process, the choice of the size ofeach segment and threshold Tis flot clear. In this report, the
size of each segment and value of T are experimental!y investigated, to obtain satisfactory resuits on
classification. Consequently, in a case where the total numbers ofsampled data on the two-dimensional plane
were 1600, the following results were obtained: (1) the size ofeach segment should be less thari Œ5 Hz x 4pV
and (2) threshold Tshou!d be 5—10.

A Comparison ofExponential and Hyperbolic Functions Describing Learning Curves in
the Literatures of Psychology and Industrial Engineering

By S. LIPPERT

Department of Industrial Engineering and Operations Research, University of Massachusetts,
Amherst, Massachusetts, U.S.A.

A branch ofthe hyperbolic function describing a descendïng hyperbola in the first quadrant in ils general
form is

Y= .4 X - + B

for distributed practice learning where A is the time above the asymptote on a hypothetical first trial. Xis the
trial number orday of production and Bis the asymptotic value ofthe performance measure. The value of
AX can be expressed as .4(1/1, 1/2, 1/3,... 1/ii) for the successive trials beginning with a hypothetical first
trial, when n equals 1. This description ofAX ‘is possible after a correction parameter, C, has been set equal
to zero 10 give ail individuals a common starting point on the learning curve. It is possible to compute a
correction term for exponentiai fits similar to C.
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In terms ofcloseness of fit, there is littie practical difference between exponential fits and hyperbolic fits.

The hyperbolic fitting process demands rigor in the definition of triais. It does flot incorporate the

learning rate into the exponent, but provides it by the differentiation ofAX —. It permits the averaging ofthe

parameters A and B. It permits group scores of greater precision than those obtained from raw scores and

ieads to the use of representative group equations whose parameters can be used to make an index of

difficulty for a given task and for comparisons between tasks.

Dynamics of Physical Fitness and Orthostatic Tolerability

During Hypodynamics Exposure

By H. SAIK1, M. NAKAYA, M. SUDOH, M. ABE and K. SHIODA

Space Medicine Laboratory, The Jikei University, School of Medicine, Minato-ku, Tokyo 105, Japan

Studies on orthostatic tolerance during hypodynamics exposure seem to be significant in connection with

clinical treatment in gerontology, valetudinarian medicine. space medicine and physical fltness sciences.

In this report, using the scores of male human subjects ofvarious physical fitness levels, fluctuations of

their physical fltness levels and physiological and biochemical functions were measured in many parameters.

The effects of6hours thermal neutral water immersion exposure on the previously mentioned functions and

orthostatic tolerability of the subjects were compared, in cases of different kinds and levels of training.

The main results obtained were as follows. Before training, orthostatic tolerability before hypodynamics

exposure increased, following the physical fitness levels, and the value after hypodynamics exposure

decreased in ail cases, but no differences were observed between the physical fltness levels. As a result of

training an increase in physical fitness capacity was observed. An increase oforthostatic tolerability before

hvpodynamics exposure was noticed except in some athletes.

The urinary excretion ofnoradrenaline ofnon-athlete subjects before hypodynamics exposure increased

following the increase in the level of physical fitness. Values were decreased with increased physical fltness

made possible by physical training.
A strong decrease of the urinary excretion rate of noradrenaline after hypodynamics exposure was

observed in non-athletes. But in some athletes, the decrease brought about by hypodynamic conditioning

reveais a neuro hormonal mechanism detrimental for adaptation to hypodynamics.

Some findings on animal experiments related to the levels of physical fltness acquired through training

are also discussed.

Efïect of Physical Work on Rate of Dispersai of Bacteria in the Air from Man

By K. TERAYAMA, H. OHNO, F. HIRATA and T. KAWARABAYASHI

Department of Hygiene and Preventive Medicine, Asahikawa Medical College, 5 Go, 4 Sen,

Nishikagura, Asahikawa 078-il, Japan.

In an indoor labour environment the bacteria-carrying particles dispersed from the bodies and clothing

ofworkers are generally considered to be the main sources of bacterial contamination in the air. However, we

have very few reports about quantitative estimations of dispersai ofbacteria into the air from workers in

relation to workload. In the present study the influences ofphysical work on the rate of dispersaI ofbacteria

per person in a model room were demonstrated.
Variations in the number of airborne bacteria from healthy volunteers in a poorly ventilated model

laboratory (203 m3), previously sterilized, were investigated under two conditions; at rest and during

physical exercise. Four subjects kept quiet for 2 hours and two subjects alternately worked on a bicycle

ergometer (Monark, Sweden) with a load of 100W for 10 min during a period of 2 hours and two subjects

alternatively worked on a bicycle ergometer (Monark, Sweden) with a load of 100W for 10 min during a

period of 2 hours in the model laboratory, respectively. Airborne bacteria-carrying particles were sampled

using an Anderson sampler, an M/G air sampler and a pin-hole sampler. The number ofcolony forming units

(c.f.u.) obtained during physical exercise (niean: 261 c.f.u. ft3) greatly exceeded that al rest (mean:

155 c.f.u./ft3). The equilibrium concentration of airborne bacteria in a room was given by Ihe equation

Ne = nB/K; n is the number of persons, Bis the rate ofdispersal ofbacteria per person and K is the die-away rate

The die-away rate K was obtained as 30/hour both at rest and during physical exercise by examming the

removal ofbacteria from the air after the subjects left the room. Therefore, the rates of dispersai ofbacteria

per person (B) during physical exercise (468/min) showed a marked increase compared with those at rest

(139/min).
These results suggested that physical work effects the rate of dispersaI of bacteria into the air from the

bodies and clothing ofworkers and airborne bacteria provides a rehable index of sanitary conditions in an

indoor labour environment.

An Experimental Study on Human Behaviour Under a
Suddenly Hazardous Situation

By W. MASADA

Department of Psychology, Rikkyo University, 16—29 Fujimidai 4 chome,
Nerimaku, Tokyo 177, Japan

Problem: Today we are exposed 10 various kinds of dangers in our lives which we have neyer thought of;
for instance, walking along a street we may encounter an unfortunate accident or dangerous materials like an
iron bar falling down to the ground. There are many latent hazards around us.

Purpose:

(1) Is it possible or impossible for us to step out against a suddenly hazardous situation?
(2) Are there certain tendencies in the direction of stepping out and behaviour ofstepping out or not?

Experimental method: Subjects stood beside the outer waII of the psychological laboratory and they
received the following instruction: ‘We are going to carry out an experirnent about the balance of the posture.
As we take a picture of you, take the normal standing posture and keep your posture until you get a sign.’ We
confirmed the normal standing posture ofsubjects. We called each subject by name loudly from the small
window on the third floor ofthe building which is 7m above the heads of subjects. The very moment a subject
noticed the calI and turned his face upwards, a 30cm black cubic sterol block was falling directly above the
head ofthe subject. Ibis block weighed 460 g and it fell with a velocity of I or 2s.It was hanging on the end of
a cord.

Resu Its:

(1) Although subjects stepped out promptly from the danger facing them, there were very few subjects
who could step out completely from the danger.

(2) They protected the important part of their bodies, their heads, by bending their arms and bodies.
(3) Most subjects couid not move and became deadlocked by stiffening bodies!

B. HUMAN FACTORS IN INDUSTRY

Bi. Shift Work

Subsidiary Behaviours of Bottie Inspection Workers
in a Three Shift System

By K. KISHIDA, M. SAIT0 and T. HASEGAWA

Takasaki City University of Economics, 277 Yono, Yono City, Saitama Prefecture 338, Japan

This research was carried out to see the relationship among subsidiary behaviour, performance and

physiological functions in glass bottie inspection. The investigation was made in a bottle manufacturing
plant in Gifu prefecture, Japan, in 1980. Inspection speeds tested were 120, 150, 190 and 200 bottles per
minute. In bottie inspection, bottles containing even a slight foreign object or with even a minute defect are
rejected. The working system of the plant is as follows: the first shift starts at 7.00 a.m. and ends at 3.00 p.m.
the second shift is from 3.00 p.m. 10 11.00 p.m. and the third shift is from 11.00 p.m. to 7.00 a.m. Working time
of each shift is 8 hours. Mealtime recess is 20 min in each shift. The work cycle for bottle inspection is a
combination of 50 min bottle inspection and, subsequently. 10 min recess. Tise investigation was made for
6days using the same six male inspectors. Hourly variation ofCFF, rejection rate ofdefective bottles and
occurrence rate of subsidiary behaviour were observed in this investigation. Subjective fatigue symptoms
were surveyed before and after work in each shift.

There was no correlation between CFF level and rejection rate of defective bottles in tise flrst and the
second shift, but in the third shift, there was a significant correlation between the two items. The correlation
coefficient was 054. Subsidiary behaviour, such as yawning and moving their bodies, increased, especially in
the third shift. Subsidiary behaviour is considered to be a compensatory motion, the occurrence ofwhich was
related to a low level of the inspector’s consciousness during bottle inspection. It is considered that subsïdiary
behaviour is an escape from monotony and is required as a stimulus which may relieve the feeling of
monotony.
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A Case Study on Work Burden of Shift Workers

By T. KONDO, T. OKUBO, M. AoKi and Y. HoRie

The College of Industrial Engineering and Management, Nihon University,

l-2-1, Izumi-cho, Narashino, Chiba, Japan

Adoption of a shift system is apparently indispensable to streamiine ever-changing modem social

activities, especially those engaged in public services, or those engaged in a conveyor system. Laboratorial

research, for example, of diurnal variations in fatigue of shift workers engaged in security, is aimeci at

presenting various reactions or responses in physical, physiologicai or psychological aspects by providing

some fundamental solutions to the problem arising from shift work, especially a night-shift-work system. The

survey was conducted on two male workers and the items measured in this research were heart rate, CFF,

body weight, body temperature, subjective feeling of fatigue, simple reaction time, subsidiary behaviours, etc.

As a result. it was discovered that there are many disadvantages to the psycho-physiological aspects ofthe

night-shift worker. The effects of such working conditions on their health cannot be ignored.

Changes in the Subjective Fatigue Scale Characteristic to the Post-night-shift Period

By K. KoGi

Institute for Science of Labour, 1544 Sugao, Takatsu-ku, Kawasaki 213, Japan

Fatigue symptoms characteristic to the post-night-shift period were discussed by analysing changes in the

subjective fatigue scale (F scale) ofthe Japanese Industrial Fatigue Research Committee. The F scale consists

of 30 items grouped into three components: drowsiness—dullneSs, difficulty in concentration and physical

disintegration Resuits from various groups of shift workers working both day and night shifts were studied.

The mean frequency was significantly higher after a night shift than afrer a day shift for ail three componentS.

But, by examining the temporal pattern of changes in frequency, some symptoms were found to persist

through the day-time following the end ofa night shift and recover only after a night’s sleep. These symptoms

included general tiredness, difficulty in concentration and low back pain. The weight of symptoms of

difficulty in concentration continued to be high throughout the post-night-shift period. The exhaustive

feeling typical to the period is thus suggested to be based on decrease in activation and in capacity ofkeeping

concentration. We should facilitate early recovery from this fatigue by avoiding successive night shifts.

Shift-work Research at the U.K. Medical Research Council Perceptual

and Cognitive Performance Unit

By W. P. COLQUHOUN

Laboratory of Experimental Psychology, University of Sussex, Falmer,

Brighton BN 1 9QG, Sussex, England

The programme of research at this unit includes three projects in the area ofcircadian rhythms related to

shift work.
It bas been found that these rhythms differ both in their basic phase, and in the rate at which this phase

adjusis to an altered sleep—waking routine; thus it is becoming possible to predict not only what kinds oftask

will be most adversely affected by a switch to night shift, but also how rapidly the level of performance at a

particular task will return toits ‘day work’ value over a series of consecutive night shifts. Such information

will be of value for the design of optimal shift-working rotas for diffement jobs.

Certain characteristics of the normal rhythm in body temperature have been shown to be related to

introversion and neuroticism, as have also the extent and duration of the disruption in this rhythm caused by

phase-shifting of the sleep—waking cycle; thus the possibility of identifying those people whose bodily systems

will be most (or least) affected during a given spell ofnight work (short-term adjustment) appears to exisi.

A firsi version of this questionnaire, designed to predict the ease (or difficulty) with which people will

achieve long-term adjustment to a shift-working situation, has already been shown to have concurrent

validity for the adjustment of existing night workers; an improved version is now being tested, prior to its

administration to groups of beginning shift workers, whose sickness, absenteeism and ‘drop-out’ rates will

then be monitored over a number ofyears. Proofofthe test’s predictive validity would lead to the possibility

of providing guidance to prospective entrants to shift-working industries.

Psychophysiological Effects of Shift Work in a Small—Medium Sized Factory

By M. KUMASHiRO, K. MiKAM1 and K. SAITO

Department of Engineering Production, The University of Birmingham,
P0. Box 363, Birmingham B15 2TT, England

In this project, the mental stress of machine operators working in a small—medium sized company was
investigated. Despite the introduction ofmodemn automated machines and accompanying technology, the
company was managed in an old fashioned style. Seven shift workers were monitored while they worked
under a complex shift system involving a rapid rotation of single days of 12 houms day work, 12 boums night
work and rest followed by a pemiod of four consecutive days of normal 9 boums day work.

Measures were recorded of the function of concentration maintenance (TAF), critical fusion frequency
(CFF), body temperature rhythm and multiple choice reaction time. The work rate, posture and frequency of
non-work activities weme observed. Questionnaires were administered to the workers in order to estabhsh
their attitudes towards their job and management as well as to evaluate their subjective feelings of fatigue and
state of health.

Results indicated that the circadian rhythm ofbody temperature remained normal during night work.
However, measures ofTAF and CFF were significantly reduced during night work compared with pre-work
values. Equivalent differences weme not significant for the day work periods. Compared with the day work
values, womkers adopted a sitting posture more frequently during night womk and showed an increase in
choice reaction time. Overall, the mesults indicated a significant decrease in psychophysiological function
duming night work compared with day work. Finally, compared with non-shift workers they were less
favourably disposed towards their work and towardsmanagement and that they felt an increase in boredom,
loneliness, irritation, anxiety and depression.

Critical Flicker Fusion and Grammatical Reasoning in the Evaluation of Shift Schedules

By B. PEACOCK and R. SCI-LEGEL

School of Industrial Engineering, The University of Oklahoma,
202 West Boyd, Suite 124, Norman, Oklahoma 73019, U.S.A.

Critical flicker fusion and the Baddeley grammatical measoning test were used in a comparison of the
human responses to 8- and l2-hour shift schedules. Both measures had been shown by previous investigators
to be sensitive to within-shift changes in performance, they are both relatively easy to administer and impose
only minimal interfemence with the subjects’ duties. In this investigation the tests were applied to 75
policemen at the beginning and end ofeach shift under each shift schedule. Observations ofthe 8-hour/l2-
day schedule weme conducted first and those of the experimental l2-hour!8-day schedule were conducted 6
months afler its introduction.

They were large individual diffemences in both tests although they both showed acceptable within-subject
consistency. Both measures showed some guessing. This was easy to detect and correct at source by
replication in the case of CFF but the grammatical reasoning test does not lend itself to such control.
Leamning was also apparent in both tests.

CFF was sensitive to within-shift changes and indicated a marginally greater decrement over the I 2-hour
than the 8-hour shifts. There was also an indication ofcircadian variation in CFF performance with higher
levels being observed in the momnings. Grammatical reasoning on the other hand was relatively insensitive to
shift related factors. Although every effort was made to control the subject’s attitudes towards the tests CFF
appeared to achieve a greater face validity than did grammatical reasoning.

Neither test appeared to be likely to carry much weight in the choice between schedules which is more
influenced by subjective and operational factoms. However the simplicity and psychophysiological reliability
of the tests are such that they ment extended investigation in longitudinal studies of alternative work
schedules in order to establish their cmedibility and utility.

Circadian Rhythms of Body Temperature and Performance under
a Weekly Rotating Shift System

By S. M]LotEvic and M. CABARKAPA

Faculty ofTraffic Engineering, Beograd, Vojvode Stepe 305
and Institute of Occupational Health. Beograd. Deligradska 29, Yugoslavia

The circadian rhythms ofbody temperature, catecholamine excretion, simple and choice reaction time.
visual search, immediate memory and logical reasoning were studied in nine operators at a hydro-electric
powem station. The operato.rs had long experience ofshift work. and the weekly rotating three-shift system
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had been in operation for 1 year. Measurements were made at the beginning, middle and after each ofthe

morning, afternoon and night shifts. Most of the variables studied showed non-significant variations over the

day, with the exception ofthe otic temperature and immediate memory. Circadian variation in temperature

was pronounced and showed a very early peak, while for immediate memory there appeared to be a complete

inversion ofthe normal rhythm. The digit span performance was best in the evening and night, and lowest in

the morning. Immediate memory performance showed quicker adjustment to shift work than other

performance and physiological variables. It was concluded that these weekly rotating shift workers showed

only partial adjustment of their circadian rhythms in physiological and performance functions.

Human Reliability in Process Control with Shift Work

By G. DE TERSSAC and Y. QUETNNEC

LAAS-CNRS et Laboratoire de Psychophysiologie, Université Paul Sabatier, 31069 Toulouse, France

The development ut process control has not brought about the disappearance of the human operator

(HO.), who remains an important element in the man—machine system. Nevertheless, the tasks which fail

upon him and the nature ofhis work are deeply modified, in that normal running is automatically controlled.

In this case, the efficiency of human intervention depends on the ability to act at the right moment, that is to

say to quickly change from a state of passive observation to one of active involvement in the process. In

numerous situations, the role of the HO. consists of anticipating or solving malfunctioning. At any given

time therefore the response of the HO. will depend on: (a) bis capacity to move quickly, (b) bis idea as to the

state of the system, (c) bis knowledge of the causes which may have brought about the disturbance in the

system and (d) the relationship between the members of a working team.

Analysis of incidents in an automated situation (chemical factory) with shift work, show an important

augmentation in the amount ofinformation the HO. perceives but no change in his working procedure. It is,

however, clear that in shift work, and notably at night, the HO. does not have at bis disposition either full

knowledge of the situation or the possibility to act quickly. Furthermore. the mental representation ofthe

system which the HO. built up, changes with the different shift but less with malfunctioning situations.

These data deal with the reliability and the security of the man—machine system.

Energy Expenditure and E»ergy Intake in

Selected Groups of Shiftworkers

By W. M. WIRTHS

University of Bonn, Rômerstrasse 164, 5300 Bonn 1, F.R. Germany

Data were available from 2436 survey-days, representing a total of 58 subjects, studied in two periods of

21 days. Subjects were steel-workers with a three-shift-rhythm. With six subjects, we studied the energy

requirement in work-time using the Max-Planck-Respirometer. Furthermore we calculated the work

elements, which were sometimes from day to day very different during leisure time. With the experimental

controlled basal metabolic rate and the specific dynamic action we obtained figures about the total energy

expenditure. Energy expenditure was in the average ofthe six subjects 4100 kcal/day (172 Mi), s ± 124 kcal.

The range was 3950—4280kca1/day (165—l79MJ). The energy intake in average was 4l6Okcal/day

(174 MJ), s ± 162 kcal, measured by a precise weigbing method. The average of the energy expenditure in ail

three shifts is about 6 kcal/min in working energy with a range between 03 kcal/min and 188 kcal/min. The

energy expenditure in the three shifts was comparable. The work capacity and the work performance ofthe

subjects were in a good agreement.
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Eyestrain of Individual Visual Workers

By M. SAIT0, K. KIsHIDA and T. HASEGAWA

University of Tokyo, Faculty of Medicine, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113, iapan

Monotonization and miniaturization of visual stimuli in our living environment by the rapid

introduction of modem technology make us eye-strained and give us tension and fatigue. This study deals

with the functional reactions in two levels, centrai and peripheral, of the visual nervous system during

inspection work. Subjects selected were veteran male workers aged 2 1—32 with more than 5 years ofwork
experience. The factory operates 24 bouts a day manufacturing glass bottles and uses a 3 shift work system.
Workers engage 2 days in a shift with an 8-day cycle.

Physiological reaction in the centrai level ofvisual pathway (function 1) and ocular accommodation inthe peripheral visuai organ (function 2) were discussed during visual work and compared by shift.
Reiationships between function I and function 2 were also discussed. Initial increment of function 2 as
previously reported in the day time operation was not specifically seen in either the evening or the night shift.
In the later session ofthe 8-hour working period, a larger variation ofocular accommodation was observed in
each work shift with the trend diminishing towards the end ofthe day. Function I gradually varies decreasing
in each shift, and decreases lower in the night shift than in the day or evening shift. A characteristic
relationship betweeen function 1 and function 2 was obtained in the nigbt shift, i.e. accommodation function
was activated during work whiie the activity in the brain was inhibited. This trend was shown more
remarkably in normal eyes than in myopic eyes.

Speed SkiJl in Short-cycle Repetitive Work

By A. KHALEQUE

Department of Psychology, University of Dacca, Dacca-2, Bangladesh

As an index ofspeed skill in a cigar-making machine operation, the number and duration of machine
stoppages of 15 high-performance and 12 low-performance experienced (minimum 2 years experience)
workers and those of three new (without any experience) workers were compared.

The task ofthe workers consists of feeding a machine with tobacco leaves for wrapping and finishing
cigars. The work is machine paced and the cycle time ofthe machine is very short (3 s).

To study the work activity in detail, the number and duration ofmachine stoppages were registered with a
punch tape-recorder with the precision of 01 s for each of the 27 experienced workers once during the
morning shift (06.00—14.00) and once during the afternoon shifi (14.00—22.00), and that of the three new
workers were registered only during the morning shift over four successive days.

The resuits showed that the experienced Jow-performance workers stopped the machine nearly thtee
times more and twice as long as the experienced high-performance workers (the mean number 0f stoppages
for high and Iow performers were 415 and 1264, respectively, and their mean durations were 30 and 56 min.
respectiveiy). The total time lost over the working day was significantly longer in the morning than in the
afternoon shift for both the high- and low-performance workers.

The comparison between the experienced and Inexperienced workers showed that the latter group
stopped the machine nearly three times more and four limes longer than the former group (the mean number
0f stoppages for the experiencecj and inexperiencecj workers were 836 and 2470, respectïvely, and their mean
durations were 46 and l78min. respectively).

Considering the quite large differences in number and duration of machine stoppages between the
different groups of subjects, it may be suggested that as long as the present type of machine is used, the
differences in speed skill between the workers should be taken into account in setting the cycle time ofthe
machine.

Finally, this short-cycle repetitive work, in ils present form, does not seem to be ergonomically acceptable
because il requires a too long learnmg time (Crossman, 1959), and even after leaming only a very small
fraction 0f people are able 10 reach the speed and precision standard set by the organization.

The Eftects 0fErgonomic Measures on the Health ofthe Neck and the Upper Extremities
of Assembly-ljne__A 4 Year FolIow-up Study

By T. LUOPAJARVI, 1. KUORINKA and R. KUKKONFN

Institute ofOccupational Health, Department of Physiology, Laajaniityntie I. SF-0l 620 Vantaa 62, Finlancl

Occupational hand diseases had become a serious health problem in a food production plant where
women workers performed repetitive packing tasks on assembly-lines. Therefore, in 1976, a project was
begun so that such diseases could be decreased and prevented.

The project programme was carried out during 1977—1979 and consisted of an ergonomie survey ofthe
work conditions and work methods, correcting the health hazards observed and teaching the workers good
work techniques together with active recuperation during breaks.

The efi’ectiveness of these measures bas been evaluated each year, using the statistics ofsick leaves and
compensation paid by insurance companies. In 1976 there were 51 compensated occupational diseases. Year
by year the number of such diseases bas decreased; in 1980 no new cases were registered. In 1977,
investigators from the institute of Occupational Health examined the neck and the upper extremities ofthe
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152 packers. As the control group 133 shop assistants were also examined: Tension neck was found in 57

packers and 37 shop assistants, arm syndrome in 29 packers and 8 shop assistants and muscle-tendon

syndrome of hands in 85 packers and 18 shop assistants.

In 1981 the same examinations were repeated by the same investigators, now 146 of the packers and 113 of

the shop assistants were examined.
Exampies of the corrective measures and the resuits ofthe foilow-up heaith examinations are presented

and compared with those of the controis, who have continued their work without alterations.

Analysis of Film Copy Workplaces for Improving Job Design,

Environmental and Ergonomic Conditions

By H. STRASSER

Institut fOr Arbeitsphysioiogie, Technische Universitàt Mtinchen,

Barbarastrasse 16/1, 8000 Mflnchen 40, F.R. Germany

In ergonomic field studies objective measures, physiologicai reactions and subjective ratings of the

workers and employers are considered to be valuabie methods in order to both assess workioad and give

indications for improving working conditions.

In a research project workioad factors from the environment in an industriai film iaboratory were

measured and spatial working conditions were noted. Fuil-shift analysis in group measurement techniques

delivered profiles of physiologicai reactions of the workers and harmonographic work pattern studies were

registered in order to calcuiate reaction types for specific activities. Additionaliy, by means ofa standardized

questionnaire subjectiveiy experienced working conditions were identifled. On the basis of the complete

analysis, deficiencies in the development section ofthe film copy works were evaluated, and a large amount of

proposais initiated in order to improve the work system from an ergonomies aspect, in acoustic and ciimatic

environmental conditions as well as in work-structuring elements.

For instance, noise could be essentially reduced by means of changing from chain-drive to beit-drive

aggregates of the deveiopment machines and by fixing absorption materiais on the waHs. Aiternating

darkroom and day-light working became superfiuous for the film deveiopment section. Job enrichment for

ail the film deveiopers resulted from the inclusion of film copy inspection tasks on a monitor. The manual

operation and the visual control elements of the deveiopment machines were redesigned from an ergonomies

aspect and longer time tolerances for performance were included. Ail these measures took place accompanied

by interrogation of the empioyers and workers, which gave an insight into the subjective experienced

proposais and the expected acceptance ofthe new working conditions. In this way direct co-operation ofthe

workers and employers is obtained in order to ensure that redesigned workplaces are practicaily proved as

weil as accepted by the film developers.

Women and Work in a Finnish Manufacturing Plant

By M.-L. HONKASALO

The Finnish Foundation for Alcohol Studies, Kaievankatu 12 00100, Helsinki 10, Finiand

The aims ofthis report are twofold. Firstly, it forms a part ofa theoretically oriented investigation on the

situation ofworking-class women: particularly on the reasons why the situation remains unchangeabie and

even deteriorates. as indicated in terms of education, payment, security ofwork and heaith. Secondiy, the

investigation attempts at an empirical evaluation ofa hypothesis generated by the theoretical part. The core

issue is the complex factors regulating the situation of working-ciass woman. Suppiementary evidence is

provided by description and analysis of the particular working situations ofwomen and the jobs they are

doing, and by analysis of the inter-relationships between work and heaith status.

The data derive from a manufacturing plant ofelectronics equipment with a labour force of 400, ofwhich

140 are women. The methods used are socioiogical and sociomedical and both qualitative and quantitative.

The qualitative part of the study consists of participant observation and biography interviews of the workers.

Questionnaire data have also been coilected. The investigator was working for 5 months in the factory,

performing the same work as the femaie workers in the plant. The work of the femaie workers is highly

decomposèd, simple, monotonous short-phase work. The health of the workers shows a distinct pattern,

differing from the health profile of female workers in the average Finnish labour force.

High-tempo monotonous work together with a long working day due to long work-trips is associated

with the foliowing principal effects in their weli-being and way of life:

(1) Work stress reactions typical to monotonous, high-tempo content of work.

(2) Ergonomie heaith problems.
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(3) Passive leisure time activities.
(4) Passive trade-union activities.
(5) Drinking habits typical of Finnish male workers; more severe use ofalcohol than the average female

population.

The Aggregation Method of Heterogeneous Material
Environment of Work Factors

By L. PACHOLSKI and A. JASIAK

Technical University of Poznaii, Poznab, Poland

The paper deals with investigations on the quantitative and qualitative structure ofmaterial environment
ofwork in industry. The subject of the investigations was 10 find out technological systems which consist of
man—machine units. Measurements of the intensity ofenvironmentai factors have been taken by apparatus
on work-stands. Burden has been evaluated by workers and a group of experts independent ofeach other.
The evaluation scale contained five degrees, each ofthem having verbal interpretation. On the basis ofthe
results ofthe investigation the foliowing patterns have been set: empirical patterns ofenvironmental factors
intensity, and empirical patterns of quality of evaiuating subjective burdens. The analysis of empirical
patterns determined the intensity of factors of representative values characteristic of systems under
investigation together with the respective representative degrees of subjective burden.

Furthermore the foliowing points have been determined during the investigation: ranges of the intensity
ofthe variation ofeach factor in engineering industry, and optimum values ofthe intensity ofeach factor from
the point of view of an influence upon man. Boundary values of variation ranges, representative and
optimum values, have been reduced to a uniform decibel scale. Each factor has been ascribed a liminal
intensity value. Partial indices of burden of each factor have been calculated by means of modifled
mathematical dependencies taken from the quality theory.

The strength of a relation between the resuits of apparatus measurements and evaluation of subjective
burdens has been examined by means of a non-parametric measure of inter-dependence. A significant
dependence between the variables examined has been proved. A representative rate of subjective burden has
been assigned to each partial index of burden.

Aggregated indices of burden of material working environment for technological systems under
examinations have been calculated on the basis of partial indices. The resuits ofthe research permitted the
formulation of a universal algorithm of aggregation, applicable to any industry.

A Contribution to Methodology for the Evaluation of a Welder’s VorkIoad

By. N. DAZORD, E. RICHARD and J.-L. FLORES

74 Rue Pasteur, B.P. 155, 69224 Lyon, Cedex I, France

In the context of an exhaustive global investigation of working conditions in the weiding sector, we made
a detaiied study of two factors: asthenic debiiity and eye-strain in welders. These conditions appear
specificaliy in welders, and more particuiarly in welders working on high pressure assemblies and stainiess
steei weiding.

I. In order to evaluate subjective exhaustion symptoms, we used the foilowing tests:

(u) A questionnaire deveioped by the psychology laboratory ofthe CRSSA in Lyon. This describes three

factors: vilality scale: energy/exhaustion; optimism scale: optimism/pessimism; and sociability scale:

affability/aggressivity.
(b) A free translation of the questionnaire published by the Japanese Committee on Research on

Industrial Exhaustion (Logi 1970).
(c) Two anatomo-morphological figures.
(d) An exhaustion sensation scale.

2. Three tests were used to measure eye strain:

(a) The punctum proximum of convergence.
(b) The punctum proximum of accommodation.
(c) The 100-hue Farnsworth test. This test, in which the subject is asked to classify cards of siightly

differing shades, serves to measure any loss of perception of colour contrast.

The report covers 26 subjects, ail manual arc weiders working on carbon and stainiess steel parts for the
primary and secondary circuits of a nuclear power station. The subjects were tested daily, before and after
work, over a period ofa week, from Monday morning to the following Monday morning (time to). The aim
was to determine whether there was any evidence of a cumulative effect in the two factors studied, and
whether the weekend rest affords complete recovery.
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Resuits of Field Studies Concerning Stress and Strain at
Three Different Blast Furnaces

By H. PETERS

Universitaet Wuppertal, Gauss-Strasse 20, 5600 Wuppertal 1, F.R. Germany

Muscular work, a bot environment by radiation and elevated temperatures and a high-noise level

(parameters which are often combined and in addition to growing mental loads) still characterize the stress

situation at today’s blast furnaces, or more generally at work places in steel mills.

Research work aimed at an arnelioration of working conditions often suffers from the difficulties of

transferring results between investigators and those responsible for job design.

A method àf validating the results of shift studies at work places of the above described type was

developed by ASER/University of Wuppertal (Germany) to provide a tool, allowing the validation ofthe

influence ofthe strain parameters and to point out, for example, the process steps which cause high external

loads. The results of 8-hour shift studies are prepared as a flrst step in time-oriented data-sets, describing the

work- and environment-dependent stress situation and the individual strain. These data-sets (as base for

their former treatment) are ergonomically validated al seven-step scales, developed on the results offleld and

laboratory studies. In these seven-step scales the fourth step encloses the tolerable limits for 8-hour

exposition, which do not yet (according to today’s knowledge) result in permanent injury to workers. Step

limits are oriented by the reaction to long- 10 short-time exposition, the step notation extends from ‘very easy’

to ‘unreasonable load’.
The main results of this method of validation for the relevant stress parameters and the lime duration

distribution are given and clearly show lon-lasting stress and strain periods. These ergonomie results are

completed by subjective ratings ofwork conditions by workers. The method is outlined in shift studies with

twelve furnacemen, working at three plants with different technological conditions.

Influence of Mechanically-assisted Blowing on the Fine-myokinesis of the

Forearms on Glass-blowers

By G. SCHXCKE, A. FUCHS, A. VON LAER and P. MAYER

Institut fOr Arbeitsmedizin der Freien Universitgt Berlin,

Kônigsberger Str. 36, D-1000 Berlin 45. F.R. Germany

The art of glass-blowing has been known for approximately 2000 years. The technique ofglass-blowing

by mouth as weII as the occupational strain connected with it underwent little change since that time. The

continuous turning of the pipe is the main flne-myokinetic stress for the forearms.

We exarnined 15 glass-blowers during three shifts, each between 5hours a.m. and 2 hours p.m.

Electromyograms (EMG) of the forearms as well as an electrocardiogram (ECG) were transmitted by

radiotelemetry and stored. In a second part ofthe study five of the glass-blowers did mechanico-assisted

glass-blowing to reduce the physical load.
We evaluated pulmonary and cardiocirculatory parameters as well as Iong-term EMG and ECG. The

electromyographic results obtained during assisted and non-assisted glass-blowing were compared under the

following aspects: working technique, working procedure and working time.

The flndings are analysed with regard to ergonomie consequences.

The Effects of Change in Transport Methods on Stress and Strain of

Truck Driver’s Work

By J. ILMARINEN and C. H. NYGÂRD

Institute ofOccupational Health, Department of Physiology, Laajaniityntie I, SF-0l 620 Vantaa 62, Finland

The transport ofmilk products traditionally involves the lifting and carrying ofgoods. The new method

for packing milk cartons was combined with new rolling transport dollies. The aim of this study was 10

compare the physiological stress and strain between the traditional and the rolling transport method.

Ten delivery men, mean age 354 years, were studied in 1980 (old transport method) and in 1981 (new

method). On 20 randomly chosen workdays/year, the heart rate (HR) was recorded continuously throughout

the entire workday with a portable cassette recorder (Howel Corder). Parallel to the heart rate recordings, the

work tasks, poor working postures and the amount of goods handled were observed minute by minute.

Oxygen consumption (VO2) was measured from the typical work tasks (Morgan Oxylog). For both years.

laboratory studies comprised the direct determination ofthe maximal oxygen consumption (VO2 max) and

the maximal heart rate (HR mj
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The resuits indicated that the new rolling transport method reduced the amount of goods Iifted and
carried by about 1300 kg,’day/man, i.e. by 57%. The amount of poor working postures of the back decreased
by about during loading and 39% during unloading the truck. The relative aerobic strain (RAS)
decreased about 5% during loading and unloading the truck. During the remaining lifting and
carrying, however, the RAS increased by about 8%. The new rolling transport eliminated peaks of over
140 beats/min in the HR. The heaviest phase of the delivery of milk products was loading the truck
(mean HR 119± llbeats/min or mean VO2 l68±O23l/min).

The ergonomic improvements markedly decreased the stress ofdelivery work but had only a little effect
on the physiological strain. The new transport method stili involves too much lifting and carrying. The major
drawbacks ofthe new method are the unergonomic platforms for unloading the truck and the runways for
rolling the dollies into the stores. Resuits emphasize the importance ofextending ergonomic improvements
to both loading and unloading the trucks so that the overali strain ofthe truck drivers can be decreased.

The Musculoskeletal Status in Airport Transport Workers

By K. UNDEUTSCH

Institute of Work Physiology, University of Dortmund, Ardeystrasse 67,
D-4600 Dortmund, F.R. Germany

Transport and loading work at airports is still a not sufliciently solved ergonomic and occupational
health problem. A great variety of tasks are carried out in a modem airport. In spite ofali the mechanization,
loading and unloading ofaeroplanes still involves physical work. which often bas to be done under a very low
ceiling in awkward positions.

A standardized interview for detecting subjective complaints was made of 366 transport workers to study
the long-term effects of this occupation on musculoskeletal health. Low back pain during an ordinary
working day was the most prevalent (66%) of all musculoskeletal complaints. Forty-one per Cent of the
interviewed workers had complaints pertaining to the knees. The prevalence ofmusculoskeletal complaints
correlated signiflcantly with age, but also with body length and weight.

The transport workers are aIl doing the same work and thus being exposed 10 a Constant training stimulus
of the muscles. Therefore it was also oftnterest to study isometric muscle stength and ils variation by age. In
70 workers muscle strength of trunk extensors, trunk flexors, muscles involved in bimanual vertical lifting,
elbow extensors and elbow flexors were measured. A method with flxed positions and strictly isometric
contractions was used. The absolute strength of the muscle groups declined with advancing age at rates from
03% per year for the trunk flexors to 15% for the biceps, while the corresponding range for the relative
muscle strength (N/kg body weight) was from 09% to 20% per year. These rates express decrement in a
population doing the same work.

Our studies demonstrated that younger, shorter and lighter persons with good isometric muscle strength
are best suitable for this kind ofwork. Ergonomie improvements on the one hand and selection of workers on
the other may be expected b lower the prevalence of musculoskeletal complaints.

Health Survey on Plasterers (Stucco-workers)

By C. L. EKKERS

Netherlands Institute for Preventive Health Care (TNO), P.O. Box 124, 2300 AC Leiden, The Netherlands

The occupation ofplasterer is known to be very straining for the body. Therefore it is not surprising that
this occupational group bas high figures for sickness absenteeism and permanent unfltness for work. There is
reason to assume that. especially, the joints ofneck and shoulders and back can be damaged by the working
postures and the weights that have to be lifted combined with the speed of working and the number of
working hours. More exact data, however, are flot available. It is not known which specific complaints and
affections are typical for the occupation or which activities cause them. This lack of data hampers effective
preventive measures. By order of the BG Bouw an investigation is being carried out by the Netherlands
Institute for Preventive Health Care (TNO) aimed al a more detailed analysis of the health problems of
plasterers. As a firsi step a standardized instrument has been developed, consisting of:

(1) A questionnaire concerning the way of occupation is practised in combination with a list of health
complaints.

(2) A protocol fora physical examination related to symptoms ofdamage of the motoric system.

As a second step a large group ofplasterers was examined using this instrument. A reference group, also from
the building industry, was examined in the same way tu establish the degree of speciflcity of the health
problems found in the group of plasterers.
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The results show the specific health risks ofthe occupation ofplasterer. On the basis ofthis and the resuits

of an ergonomic analysis of the occupation which had been carried ont before, it is possible to develop specific

preventive measures.

A Back-care Programme in the Building and Construction Industry

in The NetherlandS

By E. A. P. K0N1NGSVELD

BG Bouw, P0. Box 8114, 1005 AC, Amsterdam, The NetherlandS

In The NetherlandS, 40% of absenteeiSm in the building and construction industry is caused by back

comptaints. This is also the most common diagnosis for working incapacitY. For this reason the Foundation

for Occupatioflal Health in the Building and Construction lndustry (BG Bouw) proclaimed t981 as the year

ofthe back. An ambitious programme was set up, in which the following elements were distinguished (i) the

establishment of force limits for manual handling, (ii) standardization ofmethods for medical investigation of

the back, (iii) inventory of the most back-straifling jobs and professions and (iv) health education.

(j) To establish force limits over 3000 titles were studied. The existing and forthcomiflg legal limits of

tome 30 countries were called in. On this basis preliminarY force limits were established. Research

projectS in this field are now considered.

(ii) As BG Bouw delegateS the execution of the occupational health care to 42 independeflt regional

health organizatiOns, the standardization of procedures is very important, e.g. for epidemiologiCal

reasons. The aim is to arrive at early detection of body defects.

(iii) Many opinions exist on which jobs are straining. However, there has neyer been an objective

investigation. A special check-list was composed, and a sample of building sites has been examined

using it. NegotiationS were started with manufacturerS of heavy materialS and products, in order so

try to decrease the weights. Attention has alto been paid to mechanical aids, e.g. for lifting concrete

blocks.
(iv) Health education activities such as the distribution of posters and leaflets, presentatiOns tome

television programmes, etc. were carried out. Special attention was given to vocational training.

aspects of back problems and preventiOn are now integrated in many lessons.

Solvent Mixture Influence Dependent on the Working Process in the Wood lndustry

By R. LCDERSDORF, G. ScHCKE, B. HEYDENREtCHAD0FF and A. Fucis

Institut fOr ArbeitsmediZifl der Freien Universitat Berlin, Kônigsberger Strasse 36,

D-1000 Berlin 45, F.R. Germany

One of the main processeS in furniture factories is varnishing. This operation can be done in two ditierent

ways: manual spray painting and automatic conveyor varnishing.

We studied the influence ofdifferent solvent mixtures upon employees involved in this work. For control

reasons a non-exposed group of workers was examined as well. The concentration of airborne solvents at

workingplaceS was cletermined by personal air sampling and head space gaschromatOgraphiC evaluation.

We were looking for effects on organisms by different approaches. Blood count, coagulation and liver

enzyme activity were measured from blood samples and urine analysis, inclucling determinatiOn ofsolveflt

metabolites. were made. The results were evaluated statastically.

The Apparel Workplace: An ErgonomiC Case Study

By L. MiDDENDORF

1040 Berkshire, Grosse Pointe Park, Michigan 48230, U.S.A.

The apparel workplace where stitching operations take place has remained relatively unchanged.

Stitching operations, whether in contract shops or sewing factories, are today performed as yesterday with

minor changes. The workstation remains a sewing machine, a power supply, small hand tools and bins,

trucks or racks to deliver or move away sections or completed garmentS. The typical sewing machine

operator is a female.
Some computer applications such as fabric cutting have been successfullY introduced but extensive

automation in stitching operationS awaits solutions to problems in handling soft goods.
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An apparel workplace study at an American sports apparel plant was undertaken to inventory potential
ergonomic problems and to recommend improvements. The plant workforce of 300 female operators
participated in the study. Data was obtained by task analysis, photographic observations, interviews,
anthropometric and equipment measurements and questionnaire responses. Data was then analysed and
statistical tests applied.

A major finding was that the power sewing machine operator experiences significant personal body
discomfort at the end of a working day. Major discomfort was reported in the back and buttocks region and
in the head-neck-shoulders-arms region.

Recommendations for equipment and workplace changes were made based on the results ofthe initial
study. Systematic changes in workplace arrangement and equipment were instituted. Six months later a
follow-up study was conducted for comparison purposes.

This paper reports the results ofthe apparel workplace ergonomic study, discusses specific changes made
in the workplace and the implications of the findings for the future apparel workplace.

A Tendonitis Control Programme for the Apparel Industry

By M. A. AYOUB

Department of Industrial Engineering, School of Engineering, P0. Box 5511,
North Carolina State University, Raleigh, North Carolina 27650-55 11, U.S.A.

Tendonitis, tenosynovitis and carpal tunnel syndrome are some of the new words finding their way into
today’s workplace. They replace some of the more descriptive titles such as housemaid’s knee. policeman’s
heel. weaver’s bottom, telegraphist’s wrist. tennis elbow, golfer’s shoulder or baseball player’s glass arm. Each
describes a disorder characteristic of the occupation it typifies. AlI names indicate some type of injury or
disorder ofthe tendon and related anatomical Structure (sheaths, nerves). This paper details a study that was
directed towards defining and implementing an ergonomie solution for the tendonitis problem prevalent at
several plants of a large apparel manufacturing company.

This paper is presented in six parts. First, the tendonitis problem and its causes are reviewed and assessed.
Next, a model that identifies static loading of tendons as the primary cause of tendonitis is proposed. Poor
postures and certain aspects (elements) ofwork methods are implicated as the main contributors to static
loading. In contrast. mental stress and performance rates play a secondary role in the developrnent ofthe
disorders. Following model presentation, a review ofthe Hanes workplace is given. Poor seating, Jack of
definitive work surface and an inadequate materials handling system are some of the deficiencies reported.

The remaining segments of the report concern the process of defining an acceptable solution to the
tendonitis problem. The recommended solution is centred around maintaining proper postures through
improvement of existing workplaces. Specifics ofthe solution are as follows: (1) usine an adjustable chair.
work surface and bundle support, (2) enhancing visual interface between operator and machine. (3) updating
and upgrading the materials handling system and (4) training ofsupervisors and employees in proper posture
maintenance and in developing proper operator—machine interface.

The solution bas been implemented for three plants. Statistics concerning the success and effectiveness of
the solution approach in controlling the tendonitis problem will be presented and discussed.

Characteristics of Office Works

By A. KoviA1sL.uvR and Y. YoKoNtlro

Department of Industrial Engineering, School of Science and Engineering,
Waseda University, Tokyo, Japan

This paper deals with work characteristic, necessary 10 estimate workload ofnon-muscular works which
have recently increased. in various industries, instead of muscular works.

As many factors. such as psychological or physiological stress, which influence the performance of non
muscular works are thought to exist, the method ofestimating workload ofnon-muscular works must be
completely different from that ofmuscular works.

A brain-storming was made to point out such factors and the result shows some important factors exist;
worker’s interest and/or safisfaction, arousal level maintained by the reticular activating system, circadian
rhythm and so on. Experimets were performed in order to make clear those factors which depend on the
characteristics ofthe work. Thirteen work samples from office works were chosen. Each work sample was
carried out for 10 min by 30 subjects. Heart rate and respiration rate were measured. After each work sample
was performed an SD (Semantic Differential) method and questionnaire, proposed by the author, were given.
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The questionnaire refiects the human information processing system and the subject can answer which

prucessïng stage he uses when he bas carrieci out the work. Every result was processed by principal

component analysis and three or four significant compunentS were obtained in each measurement result, and

it was discovered that those principal components have very close relations with the information processing

stage, obtained by the questionnaire, the subject used.
Thus the author concludes that obtaining the information processing stage which the worker used during

the work is sufficient tu make clear those characteristiCS needed b estimate the workload of the non

muscular work and the proposed questionnaire is also very effective in the inquiry.

On Work Study and Workload of the Computer Operator

By M. UMEMURA

Science University of Tokyo, il-15-301 Masago 1-chome, Chiba-shi Chiba-ken. Japan

This presentation provides quantitative analyses of work study and workluad of operation workers

(called ‘operatorS’) ut a computer data processing workshop. The former analysis involves observing where

operators are in the computer room, what kind of physical postures are involved when working and the kind

ofwork activity. by making an 8 mm movie film al intervals of 1m. For the purpuse of the above analysis we

took data of work unit distribution, workload levels and of noise levels.

The observation methods were carried out as follows:

(1) Successive five days (Monday tu Friday) of a month, and 12 hours (9 a.m. tu 9 p.m.) ofeach day were

chosen.
(2) We chose two factors, which are variables oftwo dimensional positions X and Y, Z for fine levels of

classified unit physical postures and W for Ove levels ofclassified work unit.

(3) X and Y, position variables, are two 10 x li equi-segmented edges of the workshop room.

(4) The method ofmaking a film for lOs (une frame a second) every minute was adopted.

(5) For workload level measurementS, the following tests were carried out:

(j) fiicker test and
(ii) subjective symptums test (mentally and physically).

(6) For the noise level, measurementS were taken at nine sites inside the room.

The resuits are summarized as follows:

(1) The relationship ut work activities with working sites and working postures was successfully

obtained.
(2) Several points ut possible improvementS tu workshop layuut are proposed.

(3) The pruposed method ut X—Y—Z--W analysis was applied tu other cases and obtained good

agreemefltS.
(4) It is found that the relation of work activities with workload is a functional one.

Study on the Evolution in the Field of Information Management and Working

Conditions, as a Consequence of the Developmeflt of Digital Technology and

Use of VDU Operator Stations in Steelworks

By B. FRANOESCO

Italimpianti, Pizza Piccapietra, 16100 Genova, italia

One ut the must interesting aspects resuiting from the expansion ut digital technology in iron and steei

metallurgy is that of regarding the partial or complete repiacement ut control desks and graphie panels,

traditionally used for the plant cuntrol, with supervisory and operatur-guided apparatus controlled by

micrupruceSSurS.
Trials su far carriecl out in the operatiun of video stations with microprocessurs, show a tendency tu

centralize the area ut uperative functions, which has met with uperators’ tavour because of the suppression of

fixed stations in uncomfortable or excessively isolated places (e.g. stuckhouseS ut OS. Blast Furnace nu. 2

and Tarantu Blast Furnace nu. 5). The other tendency is the decentralizatiun ut processed information, once

accessible only tu central offices and qualified people different from the present operaturs in both their role

and tunction in the company’s organization. Both these tendencies being convergent, it ensues that videu

stations jnvolve a cunsiderable increase in the information fiuw area.
The truc nuvelty lies in the tact that, thanks tu micrucumputers, up-tu-date processed information is

available in technological areas, with the resulting possibility ut a timely intervention in those areas where

troubles uccur. Furthermure, the availability ofa processed reference memury puts trend information al the
disposai utoperating crews and permits taking decisions on the process, which was impossible betore because
of lack ut information. Also tault diagnosis, thanks tu in-phase statistical information, undergoes new
developments.

For ergonomies, the video stations, besides the conventiunal man—machine relatiunship regarding the
methods wjth which the information is supplied, alsu invuive ‘mental ioad’ probiems which permit defining
the uperatiuns requested ut the operaturs and their capacity of acquisition, memurization, processing,
making decisiuns and selection ut suitable answers.

Our study, carried out in coilaburatiun with the Italsider peuple, evaluates ail these aspects as well as the
social and organizationai cunsequences ut these technologicai innovations.

In tact, modifications ut information fiuw and the consequent decisions impiies. also, changes in the
practice, contrul and procedures which, un the whoie, constitute the power system ut a cumpany.

An Ergonomic Evaluation of Foot Complaints Among Waiters

By J. WiNKEL

Department uf Human Work Sciences. University ut Luieâ. 5-951 87 Luieâ, Sweden

Questionnaire studies amung waiters in Norway and Sweden have reveaied high frequencies utcompiaints about the teet. Sume authurs have suggested sweiling ut the teet as an important stress factor inoccupations dominated by a standing posture. Thus sweliing ut the left foot was measured on working days
fur 12 apparently heaithy waiters (9 females, 3 males) at twu restaurants. Fur eight ut the subjects this
measurement was aiso carried out during days off. Ciinicai studies ut the legs and feet and measurements ut
subjective rating of fout discomtort on wurking days were carried out fur ail the wurkers at the abuve
mentiuned workpiace (N25). Their working shoes were evaiuated and photographed. The amount ut
sitting, standing and walking and the frequency ufchange between waiking and standing/sitting were studied
for eight and seven waiters. respectiveiy. Sweiiing ut the lett fout was measured on wurking days for 25
apparentiy heaithy wurkers in other occupations nut known tu cause ieg cumpiaints, tu obtain a reference
level ut ‘acceptable’ sweiiing. Ail measurements ut foot sweiiing were normaiized tu 8 huurs, assuming a linear
change ut tout oiume over the periud.

The mean foot swelhng during wurking hours was 13% (s 10) for the waiters and 14% (s= 10) for
the reference pupulation, without significant difference between the means. During days off the mean foot
sweiiing for the waiters was 04% (s = 06), which was significantiy iess cumpared tu their sweiiing during work
(p<OO2) and tu the sweiling otthe reference population (p<O’O2). Preiiminary resuits ut the activity studies
indicate that the waiters are un average standing 57%. waiking 38% and sitting 5% otthe wurking huurs. The
low rate ut swelling in spite ut the long duratiun ut standing might be explained by the frequent interruption
ut the standing position by walking (mean: 2.25 times/min) thus activating the musculu-venous pump.

The clinicai studies indicate a currelatiun between cumpiaints and abnormalities ut the foot, e.g.
pes transversopianus. According tu severai authors these abnormalities might deveiop over years by
pruionged standing at work, Fur une subject the compiaints were prubably caused by the shues.

Check-out Systems for Self-service Shops—Standardization and
Real Working Conditions

By H. STRASSER and W. MULLER-L1MMROTH

Institut fUr Arbeitsphysiulugie, Technische Universitat Mùnchen.
Barbarastrasse 16/1, 8000 Mdnchen 40, F.R. Germany

Recentiy several research reports concerning working conditions ut check-out systems ut self-service
stores were published. Ail human tacturs engineering analysis cummuniy mentioned spatial wurkspace data
oniy scarceiy meeting anthropometric standards. For instance, deficiencies in important interior as weii as
exterior ergonomie measures ut aimost ail check-uut box systems were shown and sometimes differences
exceeding toierance levels were tound between wurking heights for the ieft and right arms. Additiunaily,
compiaint profiles from subjective rating data indicated untavourabie wurking conditions.

Tu ïmpruve check-uut systems ïn Genisany a speciai work-piace guideline was drafted. In this paper
ergonomie standards and guidelines are shuwn tube heiptul in practicai impiementatiun utimpruvements on
the condition that they are used caretuliy and nul in a mechanisticai manner. Many other tactors which
influence work in an ameliurating or impairing way, as weli as ergonomie compromises, must be regarded,
tuu. Ergonomie demands are evaluated and additionai indications given in order tu guarantee humanization
ufworking lite in this field. Care bas tube taken that impruvements frum an ergonomies point ufview du not
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remain cosmetic and fashionable repairs or bungled work in an unsatisfactorY work place. Human factors

engineering bas to extend from the microstructure otergonomic check-ouI systems tu the macrosystem ofthe

whole work area in a sellservice shop. As tar as possible a form ofjob rotation, from cash registering tasks to

general working in the store, should be implemented.
Special problems resulting trom technical innovations. e.g. the introduction of scanner registration

systems, which can seldom be included in guidelines and regulations are dealt with.

Ergonomie Workstation Design for Supermarket Scanning Systems

By P. L. MARTIN

International Business Machines Corporation, P0. Box 12195, Research Triangle Park,

North Carolina 27709, U.S.A.

In recent years. we have seen a growing concern for the quality of working lite and erg000mists have been

called upon tu evaluate the work environments ofunskilled workers which have previousiy gone unnoticed.

The job ofa supermarket cashier is une of those little-noticed occupations. To the casual observer, the job ofa

cashier may appear tube a monotonouS but unstressful occupation. However, ofthe few studies that have

been conducted, ail have reported that the job ofthe cashier in a self-service store is one laden with the risk ut

mental stress and chronic physical symptoms. The modernization and increasing sophistication otcheckout

equipment is changing the task of the cashier. Whether or not those changes improve the quality ofworking

life tor the operator will depend, in part, on the consideration ot the ergunomic aspects ot the task,

particularly the layout ot the workstation and the choice of work methods.

This paper discusses the design ota workstation for a supermarket checkout specifically designed for a

seated operator using a fixed, in the counter scanner. Designing such a workstation involves a series of

tradeoif decisions. Cost and space constaints, operator reach limitations, work methods and productivity,

the shopper and security aspects, as well as access for servicing and physical planning for the equipnlent are

ail important points tu consider. This paper discusses the critical decisions involved in the design ot a

workstation which houses the distributed IBM 3650 Programmable Store System equipment with the 3687

Supermarket Scanner attached. Although designed specifically with the 3687 Scanner in mmd, the critical

design decisions are applicable to most in the counter scanning systems. A prototype checkstand was built

and tested and the results of the test are also discussed.

Measurement of the Ticket-selling Worksite According to Comfort Experiments

By M. LAUNLS

Institute ofOccupational Health. Department of Physiology. Laajaniityntie 1. SF-01620 \‘antaa 62. Finland

A study was carried uut in the state railways ofFinland in conjunctiun with the instalmeni ofcomputerS

tu facilitate the selling ut tickets. The vertical dimensions of the worksite, such parameterS as the sitting

height. the level ut handwriting. the depth at which the keyboard is inset and the level otthe keyboard were

experimentally studïed in an electrically manoeuvrable simulator. Indiidual tolerance limas were required

so that the dimensions ut the fixed worksite cuuld be defined. The maximum, minimum and optimum

judgements ot 30 women employees were recorded for the mentiuned parameters using a modification ut the

method offitting trials (Jones, 1969). In order that the results couldbe reterred to other populations ut users

some anthropometrical reference measures were also recorded.

The results ot the experimentS shuwed methodological regularity. The differences between the a’erage

maximum and average minimum values were 621cm for the sitting height, 513cm for the level ot

handwriting and 447cm for the level ut the keyboard. The repeated experiments brought about no

significant changes in the averages ut the maximum, minimum and optimum values, only a slight tendency

towards concentration between the ascending and descending experiments. The averages of the optimum

values in the fitting trials were equal tu those in the free adjustments doue by the subjects themselves. The

numerical results were directly applicable tu the design ut the worksite.

Stress and Strain in Cleaners’ Work

By V. LOUHEVAARA, J. ILMARINEN, C-H. NYGÂRD and 1:PES0NEN

Institute otOccupatiunal Health, Laajaniityntie 1, SF-01620 Vantaa 62, Finland

Health problems thought 10 be caused by the physiologicai features ut cleaner’s wurk are commun,

especially among older women cleaners. The purpose ut this siudy was the preliminarY determinatiun ot

physiological stress and strain in cleaners’ work.

The study group comprised nine healthy women, mean age 48 years. Three were school cleaners, three
were office cleaners and three were hospital cleaners. Atter a medical check-up the women were given a
submaximal bicycle ergumeter test. The individual heart rate/oxygen consumptiun regression equatiuns
were used tu predict the maximal oxygen consumption (1/02 max) and oxygen consumptiun during cleaning
work. The mean 1/02 max was 321 ml min kg The tollowing measurements were carried out on a
randomly chosen workday:

(I) Job description with the AET method.
(2) Continuous heart rate recording (Huwel Corder) throughout the whole workshift, with a parallel

observation ut work tasks.
(3) A work sampling study. using the OWAS method. tu determine the number uf puor wurking postures.
The profile analysis ot the cleaners’ work emphasized the versatility of the tasks and the physiolugical

work demands. The mean heart rate was 101 beatsmin, the estimated oxygen consumption was
091 min and the relative aerobic strain (RAS) was 43°%. The highest mean heart rate of 113 beats min -‘

vas measured during vacuum cleaning. The highest heart rate was 136 beats min - and the duratiun ofheart
rate over l30beatsmin was 26min (below l°,’ otthe work hours). The cleaners spent 56 ut their work
hours with the back bent torward or twisted. Strenuous combinations otdifferent pour work positions otthe
back. legs and arms were observed for 9% ofthe work huurs. No systematic differences between school, office
and hospital cleaning were tound.

The cleaning work studied was tound to be heavy physical wurk, with some peak loads fur women uver
4oyears. Pour working postures wese especially commun. When efforts are made tu improve or plan the
work methods and tools otcleaning, attention should be paid to reducing static work and pour working
postures.

A Study of a Space Allotment Procedure for a Denta) Treatment Area Using
Measurement of Human Posture

By T. SHiBAHARA and M. CHASHi

Nihon tJniversity, School ut Dentistry, Department ut Dental Materials, 1-8-13 Surugadai Kanda,
Chiyodaku, Tokyo 101, Japan

In allocating space fur a dental treatrnent area, the space tu be occupied by tunctional objects such as
dental chairs and cabinets is generally about 50’ ut the area ut a unit treatment area on a plane figure.
Theretore. if the disposition otthese tunclional objects had been decided preferentially as a space allotment
procedure, the space necessary for working and muving of the operator, assistant and patient, which is an
essential aim ota treatment area, may happen flot lobe rationally secured. Such irrational examples are uften
seen at general dental clinics in Japan

In order tu remuve such defects ut ‘space allotment’. it is thought that the application ota ‘measurement ut
human posture’, based un the technical skill of human engineering, is very effective.

The reason is that by the method ut’measurement othuman posture’ we can measure the space necessary
tor the must natural (I) posture, (2) muvement and (3) transferring ut humans who may act inside the
treatment area. in three dimensions numerically and then in the basis ut the numerics we can make the space
allotment for the treatment area. By this method. we take the prucedure that first the space for the humans
who may act inside the treatment area is regulated and second the necessary functional objects are placed so
as not tube inconsistent with the said space. Consequently it is expected that such defect of’space allotment’
as seen in many clinics at present can be resulved. The relative procedure is presented in detail.

Localized Fatigue Complaints Related to Output and Body Posture of Dentists

By K MAEDA

Department ut Environmental Health. Kurume University Schuol ut Medicine,
67 Asahi-machi Kurume-shi 830, Japan

Because dentists have tu treat teeth in the narruw mouths ut patients using fine upper limb exertions, their
work postures are unnatural. In the present study, relations between localized fatigue complaints and
uutput/posture were analysed among 410 male dentists. The results obtained are:

(1) Prevalence of neck, shoulder and lower back pain was related tu output.
(2) Prevalence ut pain and tiredness in the arms was also related tu uutput.
(3) Posture ut head, upper arms and tursu was cumpared between the twu types ut work posture. i.e.

standing and sitting. The results suggest that localized fatigue cumplaints relate tu work posture.
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Physiological Load on the Back of Postmen During Letter Distribution

in Urban Districts

By K. JØRGENSEN, H. CHRISTENSEN and E. DALTORN

University of Copenhagen, Universitetsparken 13, DK 2100 Copenhagen, Denmark

In this investigation the load on the back ofpostmen is measured during mail delivery. This is part ofa

project where an attempt is made to relate the objective back stress in the work situation to complarnts and

diseases in the lower back in different occupations.

The load on the back was measured indirectly by EMG in ten experienced male postmen ofaverage age

40 years (32—48 years). The electricai activity from the lumbar part of M. Erector 5plnae, both left and right,

was obtained in three different 30-min periods by surface EMG durïng a normal working day. The

preamplified EMG (Medenic) was transmitted teiemetrically to amain amplifier (Medenic) and registered on

a tape recorder (Brtiel and Kjaer), situated in an accompanying car. Before starting the working day both

MVC and due EMG-force-relation of the back muscles were measured. After the working day the EMG

corresponding to 30 and 60 MVC was measured. After rectification and smoothing ail EMGs were

converted to force (% MVC)—time (s) curves based on the individually obtained EMG force relations.

Special attention vas paid to the back strength mobiization during the letter delivery into the letter box

with the trunk in a. more or less, bent forward and twisted position. The force—time curves from the back

muscles were characterized by the peak amplitude (% MVC) and amplitude distribution. Fatigue reactions

from the back muscles were investigated from changes in both EMG force calibrations, centre frequencies of

the EMGs (fast Fourier analysis) and by the self-reported degree of perceived exertion (RPE a.m. Borg) in the

back.
The strength ofthe back in the subjects (MVC) was 805 N ± 45 N (sem.) corresponding to 75% of standard

values. 150—200 mail deliveries were performed during a normal working day into letter boxes placed 30—

35cm, 70—75cm or 110—115cm above the floor. The average delivery times were 6s,4s and 4s and the peak

muscular force produced by the left side back muscles were 40, 24 and 1 1% MVC, respectively. The average

strength mobilization during each mail delivery was 23, 16 and 5% MVC at the three different heights. The

activity in the left back muscles was 1-2—13 times higher than in the right back muscles during the deliveries

(i.e. asymmetrical load on the back). The mail delivery operation constitutes .-. 10—157e of the total work day

(other operations were: sorting the mail in the post office in the morning, cycling, walking and stair climbing

in the postal district, with the postural activity in the back muscles only slightly rncreased compared to the

‘easy standing’ position). Fatigue reactions from the back were present after the working day, evaluated from

changes in both the EMG response to 30 and 60% MVC, and in the RPE measures during the working day.

No significant changes could be demonstrated in FFT analyses and centre frequency ofthe EMG. The results

will be discussed in relation to back complaints and medical findings in a larger group of postmen. Further,

the results will be compared to those from similar investigations in other vocational groups.

A Study on the Changes of Physiological Functions on Motorcycle Riding

By T. MÂTSUMOTO

Department of Public Health, Nagoya City University Medical School. Kawasumi Mizuho-cho,

Mizuho-ku. Nagoya 467, Japan

In a previous study, the author summarized. after various considerations of mailmen’s motorcycling time,

the vibration level ofhandle-bars, as well as the results ofa survey of complaints and objective examinationS

undertaken by ihe author, that mailmen’s vibration hazards induced by motorcycle riding were widespread

in Japan.
This tirne, in order to get basic information for setting suitable conditions to prevent the vibration hazard,

the author made a study on the physiological changes of rnotorcycling men riding at the various speeds. The

measured items were skin temperature. vibratory sense threshold, fiicker value and pulse rate ofthe subjects

on and after motorcycle riding at speeds of 20, 30,40 and 50km/h. The temperature was within 25—30, 10—15

and 0—5CC.

Subjective Symptoms and Physiopsychological Effects of Motorcycle Riding

By A. HiSASHiGE, H. OI-IARA, Y. KUME, M. YAMAMOTO, T. OGAWA and H. AOYAMA

Kochi Medical School, Okoh-cho, Nankoku, Kochi 781-51, Japan

Recently, the postal service bas been automated and mechanized in Japan, and motorcycles have been

rapidly introduced for delivering and collecting mail. It bas been reported that the incidence of suspected

vibrational disease has been increased by motorcycle riding.

Productivity and occupational health in various industries

In a previous study, the author rneasured vibration levels generated from motorcycles used in mailmen,
and dernonstrated that the levels were over the guidelines proposed by the ISO. In this study, the author
discusses the effects ofmotorcycle riding on subjectjve symptoms and physiopsychological functions, using
epidemiological and experirnental rnethods. The results were as follows.

(1) Subjective symptoms ofnurnbness, pain and fatigue during work were surveyed on 68 mailmen riding
motorcycles for 6 days. Subjects were divided into two groups by duration ofexposure to vibration,
and the prevalence rate of symptoms were compared between the two groups. The prevalence rate of
symptoms increased as the time since work started increased. This tendency was especially strong in
the group which was highly exposed to vibration.

(2) Experirnental studies on the effects of motorcycle riding on physiopsychological functions were
perfomwd on eight persons. Peripheral circulation, peripheral nervous function and central nervous
function were tested everv 40 rnïn during 120 min riding and every 20 min at rest for 60 min after
riding. These functions decreased as riding tirne increased and did flot recover in the 60 min rest.

(3) A field survey was carried out on three persons during their ordinary daily work and the functions
rnentioned above were tested. Results were the sarne as in the experiments.

These resuits suggested that motorcycle riding had an affect on disorders of peripheral circulatory and
nervous functions and fatigue arnong mailmen.

Fatigue and Health Problenis of Workers in a Home for
Mentally and Physically Handicapped Persons

By Y. ONo

Department of Hygiene, Nagoya University School of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya 466, Japan

Health problems, narnely, lumbago and cervicobrachial disorders occurring in nurse teachers in
institutions for physically and mentally handicapped children have been noticed in Japan. In aborne, night
duty work was partially added ta day-duty work without a break, since April 1980. Thereafter, rnany
symptoms of general fatigue, lumbago and neck and shoulder pain gradually increased arnong nurse
teachers. Therefore, a survey was carried out.

The subjects were 48 workers (30 nurse teachers, 9 office workers and 9 cooks) with an average age of 317,
357 and 384 years, respectively. In a questionnaire, rnany workers had complaints of the neck. shoulder,
hand, arrn and back. After orthopaedic and neurological exarninations, about 67% of nurse teachers and
cooks were classified into the rnany findings group’ requiring some medical or preventive care. On the other
hand, the rate ofoffice workers was only 22. Nurse teachers who have to discharge night duty after day duty
without a break more than three times per month were classified into ‘the many findings group’ with a
significantly higher percentage than the teachers doing Iess than twice per month.

Afterwards, a survey was made on fatigue during work for 4 days. Complaints of fatigue, especially items
concerning difficulty in mental concentration were markedly increased during night duty, and CFF and
calculating accuracy were decreased at the beginning of dawn. Also in day duty, the relative fiicker values in
the evening compared with those in the morning were significantly less in teachers discharging the third
continuous day duty than those in the teachers discharging the first day duty after a day off.

According to the analysis of working conditions. too long night duties, insufficient rest periods and high
mental stress were considered ta be factors contributing to the fatigue.

Introduction of Ergonomics in the Development of Educational Systems

By S. KozuKi

When we think about the educational system, we find that it consists ofmany factors, and its researches
cover a large number of domains, such as industrial technology (hardware), informational technology
(software), psychology, theory of communication media, physiology, ergonomies, educational philosophy,
etc.

At present we must conduct researches in ergonomies because it is charged with the greatest mission in
the educational system. Especially as information based on physiological psychology is the most important
basic item in designing educational systems.

In Japan Dr. Oshima and others have given wide information on the fatigue ofadults, but researches
concerning chiidren stiil remain an underdeveloped domain. Experiments have been made. The degree of
fatigue-load by measuring flicker value (CFF) and heart rate in children’s lite cycle bas been described.
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Moreover, information has been obtained on the daily variation of subjective symptoms of fatigue in before

and after school hours. As a result, it is recognized that CFF precedes heart rate in the basic wave by about 3

or 4hours.
It has been made clear that the measured value of the sense of fatigue is higher before school (in the

morning) than after school (in the evening). We think that this phenomenon is caused by siippage of the phase

ofthe sleeping rhythm in children’s life cycle. We must make good use ofthis information, so thai children

may grow up mentally and physically sound. and we must make developments towards the optimum

educational system.

B 3. FieId Studies of Safety and Occupational Health

Influences of Thermal Environment on Safety Behaviour

By J. D. RAMSEY, C. L. BURFORD, M. Y. BESHIR and R. C. JENSEN

Texas Technical University, P0. Box 4130, Lubbock, Texas 79409, U.S.A.

General agreement exists and considerable research effort has been expended in the validation of

relationships between hot environmental conditions and fatigue or physical work stress. There is also good

evidence suggesting an optimal range of environmental conditions above which and below which

performance on sedentary or mental tasks is less than optimum. However, the effects of thermal

environments on safety behaviour, which isa correlate of accidents, have not been thoroughly investigated,

due in part to the difficulty in evaluating safety behaviour. This report describes a study using safety sampling

procedures to determine safety behaviour, and using environmental measurements to define the thermal

environment in order to establish the relationships between these two variables.

The study was conducted in two industrial flrms, a metal products manufacturing plant and a foundry. A

wide variety ofindustrial work tasks and work stations were observed. The data was collected over a 14-

month period starting from the 1 July through the end of August of the following year. Measurements were

taken twice daily fora total ofover 17000 observations. A typical data collection visit consisted ofmeasuring

the thermal environment in a work area, then randomly observing the specific workers in the area against a

taxonomy of unsafe behaviours developed specifically for this purpose. Thermal measurements were taken

by a Reuter—Stokes heat stress monitor. The WBGT was selected as the index for analysis ofthe results.

The statistical analysis indicated that temperature had a significantly detrimental effeci (p<OOl) on

safety behaviour. The relationship between unsafe behaviour and the ambient temperature was found to

form a U-shaped curve wjth the minimum unsafe behaviour rate occurring around the zone of thermal

neutrality (approximately 19—25°C, WBGT). Other factors such as metabolic workload and period ofthe day

were also found to have significant effect (p<OOl) on safety behaviour.

One Method for Evaluating Safety Performance in Working Places

By S. HANAYASU

Research Institute ofindustrial Safety, Ministry of Labour, 5-35-1. Shiba, Minato-ku, Tokyo 108. Japan

In many industrial areas. the accident frequency rate is often used as a measurement for evaluating their

occupational safety performance for a long time. The accident frequency rate is generally defined as the

number of occurrences of accidents fora certain unit of man-power or employee-hour exposures. This paper

deals with the time intervals between occupational accidents, instead ofthe number of accidents. in the hope

of establishing its usefulness as a measurement of safety performance in a working place having a certain

accident risk. as well as establishing a methodology ofevaluation ofthe safety performance analysing the

period oftime oC occupational accidents. This research is divided mainly into two parts.

First. in order to discover whether there is any significant tendency for changing accident situations in

succeeding intervals of time. statistical significance test for accident frequency rate using time to accidents

was studied.
Second, for the purpose of evaluating the probability ofthe range of accident frequency rate in which

accident rate calculated from the accident data varies, interval estimation of the accident frequency rate was

performed.
From the study above. it is concluded that the time intervals between occupational accidents can be used

as a useful measurement ofsafety performance. Especiall,it can be used as an earlier indication ofchanges of

an accident situation. Also interval estimation of accident rate using time interv aIs pro’ides useful

information.

Ergonomics of Safety

By V. DE KEYSER

84 rue du Tabellion, 1050 Bruxelles. Belgique

Research work over the past 20 years in the fleld of accidents at work in ECSC countries has highlighted
the mechanisms of production of accidents at work. Arising from the simplistic alternative of the human—
technical factor, it has presented the accident as an indicator oC an inadequacy, flot to say a contradiction.
between the objects of the production system, expressed in terms of production quantiiy, quality, costs and
delivery times, and the means installed b attain them: men. machines. technology, work organization and
physical, psychological and social environment. From this tension ensues a set of chain reactions of risk
factors, interwoven in a complex way, which contribute to produce the accident. This is but one of the
pathological manifestations which can occur: others are technicai incidents, breakdowns. lack ofoperaior
regulations which pass as ‘human errors’; accordingly it would appear arbitrary to attribute the accident or
incident to just one of these factors, without taking into account the process which causes them, and the
interaction linking them.

At preseflt research work is on the analysis ofthe risks linked to specific sectors—nuclear power plants,
building and public works, etc—so as to seek flot only an assessment ofthem, but, consequently. also, on the
conception of the diagnosis, tools to arrive at this result.

These tools must satisfy several requirements:

(1) To determine the process oC the accident or incident.
(2) Open the field 0/’ prerention to multiple factors, including ergonomie and organizational ones.
(3) Allow the establishment of data banks on accidents and incidents.

One of these methods is discussed, with its benefits and limits, together with the prospects which it opens
up for the study ofhuman reliability in the framework of continuous processes. Its possible use in the nuclear
sector is emphasized.

Life Stress and Occupational Injuries

By D. GLOSS

Communication Systems Division, GTE Products Corp., 77 ‘A’ Street, Needham,
Massachusetts 02194, U.S.A.

Life stress has been implicated in a number ofdiseases, including heart diseases and cancer, However, it
has neyer been associated with occupational accidents. From a purely practical point of view, life stresses
might be seen as directly causing a chain reaction which leads to an occupational accident which then resuits
in a’worker’s compensation daim.

In a study oC occupational accidents, the patients were asked to respond to alite stress scale. They were
asked to check ail items which applied to them in the year preceding the accident and in the year after the
accident.

The resuits were compared with a control group or workers who had not sustained an occupational
injury in the previous year. The patients did flot significantly differ from the control group. Therefore,
occupationai accidents do flot appear to have resuited from life stress. Lite stress was correlated with two
measures ofphysical impairment. The Pearson product moment correlation was flot significant. There was a
significantiy substantial and statistical increase in life stress after the accidents which indicated that the
accident induces lite stress and flot vice versa.

A Report About the Changes of Working Environment Conditions in Sweden

By C. NiLSsos

The Swedish Trade Uflion Confederation. S-105 53 Stockholm, Sweden

To some extent the projeci was a repeat of an investigation from 1970. It was, therefore. possible to make
comparisons between the research results of 1970 and 1980. The results are based on about 9000 members
and safety delegates answers to inquiry questions. One of the main resuits is that ergonomic problems are stili
now, as in 1970, among the most widespread risks in the work environment. Comparison between the
investigations of 1970 and 1980 also shows that members are more critical about work-environment
conditions now than in 1970. This is probably because their knowledge about the working eflvironment is
better today than in 1970. But also. of course, real changes in conditions, for example technological changes.
have contributed to the results. The most widespread ergonomic problem is heavy lifts and repeated
movements. For many workers ergonomie problems seem to be combined with stress and monotony.
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The Functioning of the Occupational Health Service in Scandinavia—on the Basis of
Empirical Research in Norway and Sweden and Experience from a Field Research

Project in Denmark

By O. RIEPER

The Institute of Organization and Industrial Sociology, The Copenhagen School of Economics and
Social Service, 60 Howitzvej, DK-2000 Copenhagen F, Denmark

A. SAABY JOHANSEN

Department for Industrial Psychology, Technological Institute, Gregersensvej,
DK-2630 Taastrup, Denmark

The past history ofthe occupational health service. the organization ofthe primary health care system,
the industrial relations systems as well as the legalization ofthe occupational health system is different in
Scandinavian countries. On the basis of these differences operating in a common cultural and political
background the differences and similarities of the functions of the occupational health services (OHS) are
compared.

The variation in composition of qualifications of the professional staff and the different professional
ideologies are among the most decisive factors in limiting which tasks ofthe OHS are conducted. The tasks
themselves differ particularly on the prevention—healing dimension, on the technological—medical dimen
sion, on the organizational—technical dimension and on the collectively learning—individual informing
dimension.

What kind of tasks are operative, however, depends flot only on the characteristics of the OHS
professional group, as mentioned above, but also on how the workers and management of the enterprise meet
the ORS. Their demand for OHS will depend on a range offactors such as strength and knowledge ofthe
workers. the technological and economic premisses of the employer, and the character ofthejoint regulation
system at the workplace. Data from the Danish field research project that support this proposition will soon
be available.

The law and agreements, as well as the industrial relations system, do, however, set the overail national
framework within which she OHS have to function. In Denmark the ORS is governed by the work
environment law, and the ORS is adrninistratively isolated from the public health system. In Sweden the
ORS is regulated by agreements between the national trade union and the employers’ association as well as
by the co-determination law. The administrative agents are the counties, which manage the public health
system. In Norway the regulation of ORS is more divided among public agencies, but in generai the OHS is
close to the industrial system compared with Sweden, but is flot legally prescribed as in Denmark. In
Denmark the technical and ergonomical qualifications of the ORS are much greater than in the other two
countries.

These national differences are related to the functioning and effects of the ORS in the three countries,
showing how the operation ofoccupational health services is related to and depends on institutional and
structural characteristics of these societies.

An Investigation on the Actual Conditions Pertaining to the Introduction of Ergonomics
into Japanese Industries

By N. SHINHACHI

Department of Public Health, Scho€d of Medicine, Nihon University, 30-l, Ohyaguchikami-machi,
Itabashi-ku, Tokyo 173, Japan

It is very important for the health care ofindustrial workers to apply ergonomics into the workshop. In
order to make clear the actual conditions pertaining to the introduction of ergonomies into Japanese
industries, questionnaires were distributed by direct mail, in the middle ofOctober 1981, to 440 Japanese
industries, which are members of the Japanese Association oflndustrial Realth. Replies were obtained from
188 industries.

The rate of response was 427%. Furthermore, the same questionnaires were sent to about 1000 minor
industries which are situated in Itabashi-ward in Tokyo. The questionnaires consisted often large questions,
namely, classification by the industry, number of workers, percentage of women workers, average age of
workers, mean length ofthe service of workers, the year ofestablishment of the industry, whether ergonomies
are introduced into the industry or not, kinds of ergonomies, manager in charge of the introduction and the
effects of ergonomies on the workers. The items concerning ergonomies which were introduced into the
workshop varied immensely, for example, design ofman—machine system, method ofwork, working clothes,
operation of machine, work shift, working hours, working stroke. on thejob training, recreation and others.
Some interesting findings could be obtained from this study.

The Tasks of an Industrial Physician

By J. I. KAMØY

Lovetannvn. 4, 2200 Kongsvinger, Norway

The Norwegian Association of Industrial Physicians bas worked ouI instructions for the tasks of an
industrial physician. The tasks are primarily ofa prophylactic nature, in particular primary and secondary
prophylaxis.

The industrial physician is to participate in ail planning of conditions mentioned in the Act relating to
worker protection and working environment, § 8. 11, 12 and 14, i.e. the physical franiing ofthe working place
as regards safety, health and welfare, production, packing, use and storage ofmaterials hazardous to health.
adjustment of the working place and current environment supervision.

Further, the physician is to participate in education and advise in health questions, undertake specific and
selective health examination and other inquiries ofa medical and biological necessity, and finally 10 carry the
administrative responsibilily for the rehabilitation ofemployees.

General health controls should be kept to a minimum and treatment ofemployees be limited. 11 is the
establishment, not its employees, which is the industrial physician’s patient.

Details on the above-mentioned paragraphs of the Act relating to working protection and working
environment and the instructions will be presented more closely.

B 4. Work Load and Performance of Car Drivers

The On-une Use of Driving Performance Measures to Detect
Abnormal Driving Behaviour

By D. A. ATTWOOD and Y. A. Nov
Road Safety Unit, Transport Canada, Toronto, Ontario, Canada

This paper describes the research programme underway at the Road Safety Unit which is attempting to
develop an on-line, vehicle-based technique for detecting abnormal driving behaviour.

The paper begins by reviewing the effects ofcommon stressors on driving performance, particularly those
occurring as the result ofalcohol intoxication. Early efforts to develop ignition interlocks designed to inhibit
drunk drivers are critically examined.

Current efforts are aimed al developing an on-une driver performance monitor. The results of general
driving research are described which suggest that certain performance variables and analysis techniques
could be used to develop a multivariate performance criterion to continually evaluate driver performance.
An on-board, computer-based instrumentation system was developed on the basis ofthis review and a series
of experiments that were conducted using this instrumentation system is reviewed. These experiments
attempted to study driving performance under the effects ofdifferent stressors and 10 evaluate the real-time
application of multivariate criteria.

Analysis on the Driving Operations of Drivers

By S. UENO, K. RANEISEII and M. NISHIKAWA

Osaka Institute of Technology, 5-16-1 Omiya, Asahi-ku, Osaka, Japan

This study analyses questionnaires on the driving operations of drivers confronted with various traffic
situations. The questionnaire was conducted on 1200 drivers in the Kinki district, ofwhich 400 were owner
drivers, 400 were professional drivers (taxi and bus) and 400 were undergraduates. The items of investigation
were braking, handling, accelerating and safety driving attitude, etc.

In the 8th Congress oflEA, the resuits of simple and cross analysis on the driving operations ofdrivers in
various traffic situations are discussed.



In order to elucidate the cognitive process underlying the visual experience ofstreet environment from the
viewpoint of an automobile driver, five types of experiment were conducted. Each experiment, except
Experiment V, was based upon the momentary exposure ofstreetscape as external stimulus presented in the
form ofstill colour siides projected on a screen. Several kinds ofstreetscape were selected typologically so as
10 reflect the variation of types in reference to existent townscapes in Japan.

In Experiment I, recollection ofelements composing streetscape was expressed in a free verbal report. In
Experiment II, the subjects were requested to sketch out elernents borne in mmd. Experiment III could be
called an identification test, requiring the subjects to find the presented scene out of options. In experïment
IV, the task was to search out the correct content ofa signboard superimposed into the scene. Experiment V
was a so-called semantic differential. Major observations and considerations are summarized as follows:
streetscape is a sequentially assembied experience through the temporal focus of attention, that is.
hierarchical gestalt composed ofaccumuiated visual perception offigures. Elements perceived can be divided
mb two extremes; one is such that articulation of the gestalt into further figures terminates in a very early
stage. and the other in a very late stage. Although focus ofattention tends to vary with the condition around
the figure and ground. fundamental components of Street space are perceived in a very early stage. But
paraphernalia on the streetside are flot. The relationship between the overall verbal evaluation ofa scene and
its components was clarified quantitatively. Aesthetically good streetscape has an optimum saturation level
of gestalt articulation, but the contrary does not apply.

Rural Road Delineation at Night

By T. J. TRiGGS

Department of Psychologv. Monash lJniversity. Clayton, Victoria 3168. Australia

It is now commonly recognized that some form of visual augmentation over those cues that occur
naturally is necessary to define the roadway ahead. particularly under night conditions. However, much of
the current practice that has deveioped appears to be based on accumuiated experience rather than
systematic study.

The rural road situation most deserves attention as it is this environment that appears to be over
represented in both the frequency and severity of single vehicle accidents. These can be attributed at least in
part to lack of pathway information.

Drivers tend to obtain visual information by taking visual samples over time. A field experiment is
reported 10 evaluate driver visual sampling requirements under different rural road delineation conditions.

The use ofa visual interruption apparatus forces drivers to perforrn to a limit by only allowing them to
view the driving scene intermittently. The rate and pattern ofthese visuai glimpses gives a measure ofthe
sampling requirements for the various driving environments considered.

The results indicate that driver visual sampling was significantly allected by the delineation treatment
independently of any specific informai delineation eues. The effect of delineation was shown to be most
marked when the potentiai sight distance along the road was relatively large, but has less influences when
close to crests and curves.

Effects of Fatigue and Drugs on Driving Performance

By K. YÀJIMA, K. AOKI, T. AOK1, N. YAMANOI, H. TANAKA, S. K[NOSHTTA and T. FURUKAWA

Institute of Medical Electronics, Faculty of Medicine, University of Tokyo,
7-3-l Hongo, Bunkyo-ku, Tokyo 113, Japan

As a criterion to evaluate the effects of fatigue and drugs (aicohol and antihistamine substance), a multiple
regression formula was proposed. The data observed were (1) critical flicker fusion frequency, (2) systolic
blood pressure, (3) diastolic blood pressure, (4) select reaction number and (5) tapping number.

The effect of fatigue of long-term driving was observed in a highway test course. Other experiments on
alcohol drinking and antihistamine substance were done using an automobile drive simulator.

Work load and performance of car drivers

In the alcohol drinking group, the relation between RAL (respiratory alcohol level) and the physico
psychological data (including driving performance indices) was analysed by multiple regression analysis. The
equation obtained is as follows:

RAL= —00195 x CFF—OE0012 x Syst.B.P.+00006 x Diast.B.P.—OE0293
x Sel.R.Num.—00013 x Tap.Num.+ 174

Multiple correlation coefficient was 0765.
In former experiments, it had been found that the effèct of fatigue physico-psychological pattern is very

close to that ofalcohol drinking. Assurning the multiple regression for RAL is able to be applied to the other
conditions. the data obtained from a I 5-hour long-term driver suggested drivmng performance reduced to the
level ofalcoholic intoxication. I.e. estimated RAL ofa I5-hour driver was almost 25 mg 1.

Autoregressive Analysis of Highwav Driving Performance by a Simulator

By S. KINOSHITA. K, K. AoKi, H. TANAKA. T. AoKi. N. YAMNo1 and T. FLRLKÀWA

Institute of Medical Eiectronics. Faculty of Medicine. University of Tokyo. 7-3-l Hongo, Bunkyo-ku.
Tokyo. Japan

Human performance in automobile driving was investigated. from the viewpoint of man—machïne
interaction, by using autoregressive time series analysis.

To observe driving performance, an automobile driving simulator was devised. The simulator was
composed of( I) a driving operation unit in which the steering wheei, accelerator pedal and other operation
parts were easily accessible and (2) a video projected screen which displayed the frontal view ofthe driver
which moved coincidently with the driving operation. The following mechanical and physiopsychological
data were recorded in the course ofa 15 min driving experiment: (1) the deviation ofthe simulator automobile
location. (2) the angle of the steering wheel. (3) EMG of the upper brancium, (4) ECG. (5) EOG. (6) GSR and
(7) respirogram. The dynamical correlations among these data were analysed by applying the multiple
autoregression model. Driving performances were separately evaluated into cases of (I) well-skilled.
(2) unskilled and (3) alcohol drinking drivers.

Main results were as follows:

-

(1) Five to ten orders ofautoregression models are sutlicient to describe the dynamics of ail measured
data.

(2) In the case ofan alcohol drinking driver, the spectrum ofthe steering wheel showed a high frequency
resonance peak, which accounts for the periodic instability ofdriving operation.

(3) The spectrum of the respirogram showed a good correlation with driving operation stability.

Evaluation of Vehicle Steering Control Characteristics by Skin Resistance Level
and Heart Rate

By T. SAWADA

Shibaura Institute of Technology, 307 Fukasaku, Omiya-shi, Saitama 330, Japan

This study, with vehicle phase-lag which is the important response parameter of steering response
characteristics as the object, conducted the evaluation ofdriver’s mental burden by skin resistance level (SRL)
and heart rate (HR). It also examined the interrelation with control performance, control contents and
subjective rating on which research has so far been made.

Two kinds ofexperiments were made; steering simulator test using analog computer and steering control
test with the driving test stand carrying an actual vehicle. In the former experiment, follow-up control was
conducted using oscilloscope by steering system of proportion, an integral and an integral of the second
order. Then the relationship between these steering systems and responses of SRL and HR was studied. The
bigger the phase-lag involved in the steering system, the more changes could be seen in the responses ofSRL
and HR. As SRL response changes according 10 individual consciousness level, il is essential to take varions
things into consideration when fixing the condition of the experiments.

In the latter experiment, follow-up cont-rol was made with a driving test stand carrying a variable steering
response vehicle which could change the phases ofsteering control characteristics. Phase-lags ofsteering
system were set at four different kinds. The desired values used two sorts ofrandom frequency and steps.

The analyses revealed that the smaller the phase-lags ofthe vehicle, which was the important response
parameter of steering control response, the less changes were seen in SRL and HR, and the smaller was the
mental burden on drivers. It also showed that there are certain correlations among the control performance
represented by ITAE or settling lime, the control contents in which steer angle or lateral acceleration were
represented by power spectral density, crossover model, which is examined based on transfer function of
drivers and vehicles, subjective rating and SRL or HR.
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Experimental Study on the Cognitive Process of Streetscape

By Y. KUBOTA

Faculty of Engineering, Saitama University, 255 Shimo-ohkubo, Urawa, Saïtama 338, Japan
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Evaluation of die Arousal Level of Automobile Drivers Based on Their EEG, etc.

By T. YANAGISHIMA

Central Engineering Laboratories Nissan Motor Co. Ltd. 1-Natsushima-cho, Yokosuka, Japan

In our study, we have tried to determine the arousal level quantitatively and investigale the relationship

between the arousal level of human beings and the abilitv to maintain control. From our study, we have

determined the stage of the arousal level beyond which is dangerous.
We selected three physiological elements: EEG (electro-encephlogram) a wave component. blinking and

facial expression as the characteristics most truly representative of the amusai level. Quantitative

determinations were made by ranking the characleristics of these elements according to the changes in the

arousal level. The total sum ofthc ranking marks of aIl ofthe elements was used as an index to the amusai

level. This index was divided into nine stages.
Then the amusai level and the corresponding ability to maintain contmol were investigated by using a

tracking tester and a drive simulator.
Tracking isa test in which a follow up point moves in a circle on a Braun tube and the subject attempts to

follow it by operating a steering wheel and an accelerator. We prepared three different circulating cycles for

the target.

Fatigue of Bullet-train Drivers Operating on Multi-tunnelled Sections

By A. WATANABE. K. Koni, N. ONisHi, H. Snuuo and K. SAKA1

Institute for Science of Labour, 1544 Sugao. Takatsu-ku, Kawasaki 213, Japan

Effects on drivers ofdriving a high speed electric railcar train with a maximum speed of 210 kmh werc

studied. The driving timc was about 260 min passing through 145 tunnels. Manual operation concentrated

on departure and arrivai, while operations during high-speed running were infmequent with only

067 times/min. This resulted in increased mental strain when arriving at stations, with a sharp risc in systolic

blond pressure. Far discomfort frequently disturbed thc drivers as intra-cab air pressure feu steeply whcn

passing thrnugh a tunnel. Nevertheless, the generally monotonic driving situation through tunnels caused

lowered heart-rate levels in thc second and later hours. This was in agreement with mw flicker fusion levels,

increased subsidiary motions and delayed respnnse to secondarily given auditnry signais. Drowsiness

occasinnally occurred with increascd blinking rates and with specific electrnencephalographic changes.

Fatigue feelings were noted especially for drowsy-dull and mental components. As sleeping hours during an

nvernight stay at the destination werc shortened by about 2hours, driving back on the following day

unfavourably influenccd the drivcr’s conditions. These rcsults pointed to the necd nfairtight cabs, measures

against monntony and imprnved work schedulcs for bullet-train drivers.

B 5. Trafic Systems and Vehicle Design

Holding Performance of Automobile Seats

By M. SANO

Shibaura Institute of Tcchnolngy, 307 Fukasaku, Omiya-shi. Saitama 330. Japan

Tbe present study evaluatcs automobile scat holding performance fmom thc viewpoint ofstablc holding of

bndy position, by measuring body displaccment under lateral force, using scven sample seats.

Generally, human bodies are melatively displaced to seats in twn cases, i.e. where extcrnal force is applied

to scats and inertia force is applied to the human bodies on the scats, and where man moves intentinnally. In

the present study, the scope is limited only to the body dispiacement under external force.

Experiments were made with the upper tnrsos of subjects pulled laterally in the same way as the action of

inertia force, and with the seats inclined laterally to apply lateral acceleration to the bodies.

Preliminary experiments wcre made photographicaHy measuring the relative displacement oflower neck,

right and lcft shoulders and abdomen, and studying tbc displacement in relation to the applied lateral

acceleration, and as a result. thc lower neck was found to be the position suited for measurement in actual

experiments.

Traffje svsfems and vehicle design

Expemiments were made with the subjects in three levels of muscle tension intensity; relaxation, normal
and tension.

The experiments showed that with some seats, the change nfmuscle tension level had a great influence on
lateral force, body displacement correlatinn, while with other seats the change of muscle tension level had
nnly a small influence.

On the nther hand, four seats with particularly large estimated difference nf holding performance were
selected, and with these seats, mounted on cars driven on courses cnntaining many curves, feeling tests were
cnnducted. In the tests, paired comparison method was used for the evaluation of feeling. and eight
researchers and designers of automobile seats were selected as test subjects.

Comparison of the results of the feeling tests and those of the displacement experiments showed that
certain combinations ofmuscle tension levels, latemal force and human body displacement cnnfnmmed to the
results of the feeling test.

A Study of ‘Driving Position’ in Passenger Vehicles

By T. SunitinTn

Nissan Motor Co. Ltd., 560-2 Okatsukoku, Atsugi, Kanagawa, Japan

‘Dmiving position’ (D.P.) means dmiving posture decided by the speciflcation ofa seat and main cnntmnls
for dmiving, which are, fom instance. height and depth ofa seat, diametem ofa steeming wheel, locations nfpedals
or mission control and so on.

This paper descmibed how to establish the appmopmiate D.P. ofa passengem vehicle accommodating many
people, in view of opemating pmnpemty and muscle fatigue.

We studied as follows:

(1) Each subject adjusted and selected the locations of main contmols in the seating mig installed with an
adjustable device for contmol, and decided bis own favourite D.P.

(2) While each subject opematcd the contmnls, bis motions weme nbserved and analysed by cine-camema,
and also bis muscle actions of bis arms or legs weme recnmded by EMO (electmomyogmam).

As the results ofthese studies, we have found how to establish the appmopmiate D.P. ofeach drivem according
to bis physical constitution, utilizing the sensomy evaluation methnd and EMO.

Design of a Vehicle for Mail Delivery. An Ergonomic Study

By M. BJ0RKSTÉN, D. CAPit, S. CARLAÔCI, P. FRiEDRiCH and J. E. HANS5ON

Work Physiology Unit, National Board ofOccupatinnal Safety and Health, S-171 84 Soma, Sweden

In 1978—80 a cnmpmehensive study of the physical workload ofSwedish postmen was eamried nut at the
Work Physinlngy Unit of the National Board ofOccupational Safety and Health. The study was initiated by
the Swedish Postal Depamtment (S.P.D.) and the trade union of the postmen.

One part ofthe study, pmesented here. was devoted to womking conditions fmom an ergonomie point of
view. Since 1968. the S.P.D. bas used s vehicle fom mail delivemy in urban housing areas. The came used is an
Opel Kadett Camavan modifled by the Cnmpany aecomding to the mequimements of the S.P.D.

Fieid studies of the mail delivemy by car showed that the car eould be impmoved fmom an ergonomie point
of view.

Therefore stepping heigbts, the doom and window of the driver as well as the placement ofthe steeming
wheel and the lettem tray in the cabin were studied in the labomatory, using a mig constmucted for the pumpose.
These pmoblem ameas weme studied, employing video tape-mecomding and time studies of and subjective
assessments by 21—24 postal drivers.

Based on the studies and on eamliem investigations meeommendstions weme made regamding stepping height
from the ground to the cabin, dimensions of the eabin, door and windows, design and location ofthe driver’s
seat, visual field available to the driver, mail storage in the eabin and location of megulatoms and steering
wheel.

These recommendations should also be applicable to other distribution vehieles used in similam funetions.

r

534 Traffic sysfenis and vehicle design

II

535



Traffic systems and vehicle design

Improvement for Visibility of Drivers of Large Trucks to Prevent
Unsafe Turning to the Left

By S. HORINO

Department of Industrial Engineering, Faculty of Technology, Kanagawa University,
3-27-l, Rokkakubashi, Kanagawa-ku, Yokohama-shi 221, Japan

There is growing concern about serious accidents caused by large trucks when turning left at a crossing.
More than 100 fatal cases have been reported annually. Poor visibility from the dnving seat was examined by
means ofa fish-eye lens and eye movenlent recorder. Visibility from a cab-over truck seat proved tobe poorer
than from a bonnet-type truck seat with respect 10 the area directly at the truck sides and the back. This
contrasted with better visibility in the case ofa ladder-mounted fire engine or a German-made sight-seeing
bus. A person standing quite close 10 the front-left or left side ofthe vehicle could hardly be recognized by the
driver due to the cab structure ofa high eye position, 25m above the ground, and a broad width. Three
mirrors mounted on the left corner of the truck did not reduce this blind area sufficiently. Most truck drivers
who replied to our questionnaire were unaware ofthis broad blind area. Eye movements of the driver to the
Ieft side were found to be inevitably limited in terms of frequency and duration of fixation, because he had to
pay attention to the on-going traffic. An experimentally designed low-cab truck realized wider direct
visibility from the driver’s position and reduced the the blind area. A Fresnel lens attached to the left window
ofthe cab also reduced the blind area. Il is essential to secure direct visibility towards pedestrians and bicycle
riders along the left and front side of a large vehicle.

Ergonomie Aspects of Operator Cabs on Earth Moving Machines

By M. P. VAN DER GRINTEN and C. K. PASMOOIJ

Netherlands Institute for Preventive Health Care (TNO), P0. Box 124,2300 AC Leiden, The Netherlands

Work methods. layout of workplaces and tools used in the building and road construction industry in
general do noS meet recent standards of ergonomics. The Dutch Government fo1lowing German and
Swedish developments) in 1982 extended the legislation on the quality ofwork and working conditions; in the
near future more attention will be given to ergonomics in the building industry, as well.

Studies on ergonomic aspects of operator cabs on machines used in this industry are carried out in co
operation with the Dutch Foundation for Occupational l-lealth in the Building Industry (BG Bouw).

Tower cranes and mobile cranes were subjects of previous studies, while different categories of earth
moving machines (EMMs) were the subjects in the study reported here. The categories involved were: wheel
loaders, hydraulic excavators. backhoeloaders, bulldozers, graders and draglines. The objective of these
studies 5 to formulate guidelines for ergonomically-designed cabins on different kinds of machines. Main
criteria are: the increase in safety and comfort ofthe operator, the decrease ofunnecessary fatigue and the
safeguarding of occupational health.

Three methods were used. New machines were investigated by means of an ergonomie checklist.
Operators were interviewed by using a semistructured questionnaire. Additionally noise and vibration
measures at the operator position during vork as well as some workplace dimensions were determined. In
general the results show a lot of shortcomings from the ergonomie point of view; however, earth moving
machines rate on average better than mobile and tower cranes.

Some specific resuits are discussed. High levels ofnoise in most ofthe cabins and high levels ofwhole body
vibration in cabins of wheel-loaders can cause health problems. Special attention is given to aspects of
visibility. workplace layout and control design.

Visibility isa very important factor for these machines; some reported driving and slewing accidents were
due to lack of good visibility. Seat position in relation to the position of hand or foot controls as well as
dimensions of cabin can hamper operational activities, especially in wheel-loaders and excavators ofvery low
capacity with small overall dimensions.

Some remarks on pedals and handles are made, e.g. lack of standardization in allocation of functions and
high control forces, causing unnecessary muscular fatigue. Finally. attention is given to the anthropometric
data of young Dutch people.

On the basis of the resuits, existing standards and recent developrnents in standardization, recommend
ations for ergonomically well-designed cabins were made. ofwhich some examples are presented.

A matching procedure to evaluate the efficiency of a coherent set of graphie symbols for public
information in railway stations is proposed. In this matching procedure a referent is specified to a respondent,
and he is asked 10 select the appropriate symbol from the complete set of symbols shown to him.

Data were collected in such a way that the effects of age and travel experience couid be evaluated
separately. A total of 29 symbols was evaluated using 11 600 railway passengers as respondents.

The resuits show that only hait the number of symbols meet a criterion of 67% correct responses. Both
increasing age and a low level oftravel experience have a deteriorating effect on understanding the symbols.
In addition to the percentage correct responses, analysis of the confusions between symbols allows more
detailed assessment of the causes ofa iow efficiency ofa symbol or a group ofsymbols. Il is demonstrated that,
based mainly on the measured confusions between symbols, proposais for the redesign of symbols can be
formulated.

The purpose of this field study was to determine the effectiveness ofsome basic rules for the design and
positioning of routing information in railway stations.

The need for more definitive evidence ofthe usefulness of these rules was considered desirable when an
extension was planned for one of the main railway stations in The Netherlands. Analysis of the future
situation in the station indicated that signposting the route to one pair ofpiatforms wouid conflict withboth
architectural and traffic fiow features of the route.

The study, to evaluate current user behaviour, was conducted in three phases. In phase I the frequency of
use by traveliers of the original signposted route 10 the platforms was determined, and aiso of an alternative,
unsignposted, route to the same platforms. This alternative route would be the re-signposted route once the
extension of the station was completed. After collecting the data for phase 1, the signposting in the station was
changed so as 10 comply with that signposting proposed for the situation after completion ofthe extension.

In phase 2, conducted some time after the implementation ofthe proposed new signposting, the frequency
of use of the two routes to the pair of platforms was again determined.

In phase 3, some months afler phase 2, the frequency of use of the two routes was again determined.
Comparison ofthe resuits of phases 1 and 2 showed that the new (proposed) signposting only affected the

choice of route of the inexperienced travellers. It proved more diffïcult to follow the new route than the oid
route. since twice as many travellers made detours in the new route than in the old route. Comparison ofthe
resuits of phases 2 and 3 indicated that the change in signposting resulted in a graduai change in the choice of
route of the experienced traveliers.

It is concluded that the use of some basic ruies to decide on the content and positioning of routing
information is effective even under adverse environmental conditions.

Standardization of Public information Symbols

By H. J. ZWAGA

University of Utrecht, Varkenmarkt 2, 3511 BZ Utrecht, The Netheriands

In this paper the development ofthe ISO testing programme for public information symbois is described.
Two decisions taken by Technicai Committee 145 ofthe International Organization for Standardization
characterize ail the work in relation to the standard.

(o) The standard will be restricted to a verbal description ofthe image content fora symbol; no symbol as
such is going 10 be standardized.

(b) The selection ofthe standard image content fora symbol on proper evaluation ofany proposaIs to
guarantee that the user population wiil comprehend the symbols.

The development and evaluation procedure implemented after some 6 years of evaluation consists oftwo
parts. The first describes how to use three test procedures to arrive at an image description fora symbol. The
second part ofthe procedure involves the graphie design ofsymbols to conform to the actual design to the
standardized image content.
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Evaluation of a Set of Graphic Symbols

By H. J. ZWAGA

University of Utrechi, Psychological Laboratory, Varkenmarkt 2, 3511 BZ Utrecht, The Netheriands
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Is Selective Trafic Code Enforcement Practical?
A survey of Canadian Trattic Police

By G. F. RABIDEAU and MAN-LAI You

University of Waterloo, Ontario, Canada

and G. SMITH

Transport Canada

Prior investigations have quantitatively demonstrated that certain driving infractions oftraffic (safety)
codes, or laws are ‘riskier’ than others, also that frequencies ofgiven traffic violations tend to be inversely
related b perceived and actual hazard incurred. Some methodological development also has been done to
assess the practicality of ‘selective traffic enforcement’ programmes by trame police. The general approach
would be to increase the rates of citation, or arrest for given violations, while (possibly) decreasing such rates
for other violations. The ultimate objective. ofcourse, would be to exert a beneficial effect on traffic safety, e.g.
minimize the total accident cost burden attributable to moving trame violations.

However, the ultimate success ofthe above kind ofstrategy could depend on the perceived and/or actual
ease of obtaining convictions for the selected violations as well as the perceived degree ofhazard ofany given
violation in the eyes of the traffic constables involved. Hence, the Canadian Department of Transport
designed and conducted a questionnaire survey ofopinions and attitudes to traffic police in various provinces
and cities. Replies from a total of 105 respondents compose the responses discussed in this paper. The survey
form consists ofnine major items, the majority ofwhich elicit open-ended opinion responses. Five ofthe items
request ratings, e.g. ofdegree ofdetrimental influence of reasons listed by any respondent as determinants of
number and type of charges laid. The most important results and inferences are covered in the paper.

With respect to the reasons which respondents gave as influences on the number of charges laid, four
dominant dimensions emerged from the response data base. Phrased as questions. they are: how serious is the
infraction? Can the violator be safely apprehended? How difficult is it to get a conviction? And is the penalty
worth the time involved? As deterrents to charging, aIl ofthe above ‘reasons’ were rated among the top half in
terms of rated degree ofdeterrent influence.

Violations which respondents rated as having relatively low probabilities of obtaining convictions are
predominantly those for which (according to analysis of reasons’ given by the constables) judicial
requirements re. evidence or judicial biases towards dismissal of charges were deemed most influential. To
some degree the opposite appears true, i.e. those violations rated as having relatively high conviction
probabilities (e.g. speeding as measured by radar) yielded reasons indicating that evidence requirements did
flot impose conviction deterrent.

Rank correlation of violations’ ratings with respect to likelihood of conviction vs. likelihood oflaying a
charge fora given violation yielded a significant relationship. Hence, it would appear that thejudicial system
is a major determinant of what violations are most /least often charged.

Respondents’ perceived estimates of relative economic costs of accidents attributable b each of 10 listed
violations (0=’none of the money’, l0=’all ofthe money’) reveals that careless driving and speeding were
considered the riskiest, with following to close! and running a red light of above median risk.

Ibis paper also examines the practicability of selective traffic enforcement in terms of ergonomie
prerequisites for its eventual successful implementation by traffic enforcement personnel. It would now seem
that il comprises a ‘system’ problem having, as components. (1) organizations, e.g. police, judicial, driving
public, (2) legislation, (3) environment and (4) equipment, etc.. and their interactions on the attitudes and
decision processes of both police and motorists.

B 6. Human Error

A Study of Human-error Caused by Drug Naming

By F. TSUCI-liyA

Hospital Pharmacy Faculty of Medicine, University of Tokyo, 3-l, Hongo 7-chome, Bunkyo-ku,
Tokyo 113, Japan

In this paper, the path from the doctor’s decision for drug therapy until the drug is given to a patient
is regarded as an information transmission system. The causes ofhuman-error which corresponds to a noise
in the communication path and bring about incorrect message transmission are analysed and considered.
bat is:

“ (I) An analysis ofhuman-error factors in this information transmission system.

Signal Vigilance Errors by Railway Drivers

By S. HAGA

Railway Labour Science Research Institute, 2-5-6 Izumi-cho, Kokubunji-shi, Tokyo 185, Japan

Emerging mechanism of signal vigilance errors by railway drivers is analysed through case sludies andexperiments, and some effective preventive measures are presented.
Every year on the Japanese National Railways, approximately six accidents are reported which arecaused by human errors on the occasion of train departure. While signalmen, station masters, trainconductors, etc., are also responsible for Ibis kind of accident, the errors of the drivers who directly operatethe trains are explicitly the most important 10 investigate.
In the case of electric trains, the motorman ought to conflrm the clear signal and begin the startingoperation after receiving the sign ofdeparture presented by a small light in the motorman’s cab. But iI issuspected that the motorman might possibly start the train without confirming the departure signal is clear,especially when he is psychologically in haste or attending to other things. The signal is almost always clearedbefore the sign ofdeparture is presented to the motorman; signs and signais are considerably redundant.Consequently it is hypothesized that the redundancy facilitates the tendency to respond automatically.In the first experiment the information from signs and signais is completely redundant during the flrst haifofthe 200 trials. and the error responses provoked by false signs in the latter halfofthe experimental sessionare analysed. Error rates under controlled varjous redundancies are examined in the second experiment. Theresuits demonstrate that automatic information processing caused by repetition of the task and byredundancy of information reduces the vigilance ability ofthe operator and leads to errors and accidents.In the successive experiments the subject’s eye movement is recorded under the dual task method to seekthe most effective preventive measures.

Personal Error of Visual Judgement in Precision Measurement

By K. TANAKA

Keiryo Kenyujo, l-l-4, Sakura-mura, Niihari-gun, Ibaragi-ken, Japan

Many measurements, particularly calibrations of measuring instruments, are made by observers oroperators in spite ofthe general tendency ofautomization. In these measurements the data have an error dueto human factors, and this error is frequently not negligible. The main cause ofhuman error is personal error.The eye and hand are an interface in the man—machine system ofmeasuring instrument and observer. andvisual judgement strongly influences the result of measurement. In this paper personal error is caused byvisual judgement in the measurement.
The measurement of the diagonal length of an indentation in the Vickers harness test using the usuai eyepiece ofa microscope is a typical case which bas a large amount of personal error. A series ofexperiments ismade to explain the mechanism ofappearance of personal error in this measurement. These experimentalresults make it clear that personal error is caused by individual differences ofvisual acuity, which consists oftwo abilities, one is minimum visual threshold and the other is minimum resolving threshold. After the abovestudy a new improved micrometer eye-piece is used which succeeds in decreasing personal error. Ibis newmethod frees visual judgement from the resolving power.
Visual interpolation between two scale unes is the most common visual judgement in measurement.Personal error occurs in this case too, and it becomes clear from the experimental results that the error cornesfrom individual differences of optical illusion.
In the microscopic measurement, the image of the objective lens bas shade in the edge of it by opticaldisturbance, and this shade causes personal error. The experimental results show that this error cornes fromthe difference of inner standards in the judgement of the observer.

(2) Some exarnples of confusion in the prescribing process: they are divided in two. one related to
unsystematized drug naming and the other to mistranslation between Japanese and English, i.e. the
same pronunclation in Japanese but different spellings in English.

(3) ProposaI of a systematized drug naming method necessary for the real safety of a drug.
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Reliability of the Human Operator in Man—Machifle Systems

By M. IGUCH1

Department of Mechanical Engineering, University of Tokyo, 7-3-1 Hongo Bunkyo-ku,

Tokyo 113, Japan

It is well known that many causes offailure in man—machine systems originate in the human operator As

the flrst step to evaluating man—machine system reliability at a design stage, the operator’s reliability in

simple logical judgement work was measured experimentally and analysed.

For fundamental logical works, six logical gates of AND, OR, NAND, NOR, EXOR and EXNOR were

selected. After one of the six gates and two inputs to the gate are displayed in a CRT display, the operator bas

to push one of the answer buttons O or 1 as soon as possible.

The resuits showed that the mean judgement time, the deviation of it and the error rate are smallest in

AND and OR gates. The logical judgement of AND and OR seemed well trained in daily activity. NAND

and NOR showed the longest mean judgement time and deviation ofit. and the largest error rate. EXOR and

EXNOR are intermediate.
About 90% ofthe errors are found by the operator soon after a miss operation ofthe answer button, and

can be corrected by a correct button if devised.

For each of the six logical gates computer moclels to calculate the judgement time and the error rate as a

function of allowable working time were made, two logical judgement works which were composed of six and

twelve gates were simulated by a computer, and the resuits were compared with the experimentS.

Psychophysiological Criteria in the Anaysis of Hypovigilance in Control Rooms

By J. C. ROUHET

ERGOS: Société d’Etudes et Réalisations en Ergonomie. B.P. 42, 77201 Marne-La-Vallee, France

Vigilance in surveillance tasks varies with many factors including characteristicS of the individual, the

environment in which he works, the job he does and particularly the data with which he deals.

The term hypovigilance is used to describe the case in which operator performance is characterized by an

elevation in reaction time and in frequency of omissions. This situation appears to arise not only with

‘information overload’ but also in other circumstances in which the data does not require action, is

insuftïcient to keep the operator alert and so on.

Many vigilance studies concern outmoded data presentation devices, in systems oflimited automatiz

ation and their relevance to today needs to be examined. The usefulness of psychophysiOlOgical measures of

long duration, needs. equally, to be considered.

The present study examines the characteristics of data presentation and man—machine dialogue which

influence performance. Their repercussions on the level of vigilance of the operator are deterrnined by

measuring performance (detection rate and reaction time) and psychophysiological parameters in the 24-

hour cycle.
The research covers two phases: the experimental phase in the laboratory and exploitation in real control

rooms It also evaluates the value of psychophisiological criteria in the analysis of vigilance levels and

specifies guidelines for data presentation and man—machine dialogue in control rooms in order to avoid

hypovigilance.

A Case Study on a Plant Factory from the Human Factors Point of View

By K. HAsHIMOTO, M. AoKi and Y. HuRlE

l-2-1, Izumi-cho, Narashino, Chiba, Japan

Some reports have been published on the TMI-2 accident by authoritative organizations and institutes,

but. unfortunately. lots of uncertaintieS and differences can be seen in those reports. As for the direct cause of

the accident, there stili exist some quite different and sharply divided opinions, one depending mainly on

misjudgement and wrong operation performed by system operators and another on inappropriate design of

the fundamental system. However, it seems undoubtedly true that human error bas some vital ami important

role in the TMI-2 accident, and, therefore, correct and appropriate analysis based on human factors research

is to be introduced in order 10 evaluate it objectively. A case study of the accident at the factory mentioned

above is carried out through application of the proposed analysing methods for human error accident by the

Japanese Ergonomics Research Society to try to find out the correct, reliable and latent reasons for the

accident.

Analytical Procedures on Causes of Human Errors in Plant Accidents

By K. HASHIMOTO, M. M0RI0KA and M. Aoxi

Department of Hygiene, Nihon University School of Medicine,
30 Ohyaguchi-Kamimachi, Itabashi-ku, Tokyo 173, Japan

According to a survey report on the causality of accidents in the Japanese petro-chemical industrial zone,
the ratio of accidents attributed to errors by operators amounted to 3O—4O% of the total cases even in the
most modem automated plants. We should note that there is still a tendency to blame inattention or
inexperiences of those operators, resulting in the larger emphasis on safety education alone. True safety
cannot be achieved, however, without eliminating physically and materially unsafe factors and improving
production systems. li is, important. therefore, to develop a method of relating human errors to such
countermeasures. Analytical procedures dealing with causes ofoperators’ errors are proposed on the basis of
a scheme ofinformation processing in the brain. The procedures examine information processing activities in
the foliowing three aspects. First, where and how the operator error occurred must be identifled, considering
the whole process of information handhng from reception and recognition ofthe required iiformation, to
selection and verification with respect to previous memories, to decision making and output control. Second,
the cerebral activity level at the moment of error and its category should be described. Third, the multiple
factors in the environment andin the production system are to be analysed as potential causes leading to the
accident in question. A flow chart developed by Hashimoto is used in showing the outbreak ofthe accident,
changing situations in the environment, the time scale and human behaviour at ail possible moments. These
procedures have proved usefui in detecting the must probable causes of human errors and pointing to
preventive countermeasures.

Hazard Analysis in Japanese Chemical Industrial Complexes Especially
on Human Errors

By Y. HAYASH1

Facuity of Engineering, Keio University, 3-14-l Hiyoshi. Kohoku-ku. Yokohama 223. Japan

Accidents in the Japanese chemical industrial complexes al the Tchiba, Mizushima, Sakai-Senpoku,
Yokkaichi, Kashima and Tokushima-Ohtake areas are examined from the past to the present. Comparisons
with the number of accidents caused by hard errors and soft errors were made; where the hard errors are
defined as the faults of the machines and facilities, and the soft errors as human errors and the faults ofthe
systems. The resuits may be summarized as follows: the ratio ofthe number of accidents caused by the hard
errors tu the soft errors is about two to three in ail areas.

Correlations between the factors in hard errors and in soft errors are investigated by the method of
multivariable analysis, and interesting resuits are obtained.

Using the data obtained from a questionnaire on the latent accidents from about 200 workers engaged in
chemical industries, comparisons with the causes ofthe latent accidents and the accidents exposed by human
errors were made, the resuits agree approximately with the causes of the accidents exposed.

Fuzzy Fault Tree Analysis for Accident Caused by Human Errors

By K. NOTVIA, H. TANAKA and K. AsAi

Department ofindustrial Engineering, University ofOsaka Prefecture, Sakai, Osaka 591, Japan

The Fault Tree is useful for analysis of the cause of an accident. This paper proposes the Fuzzy Fault Tree
Analysis in which vagueness ofhuman factors is handled by using the idea of fuzzy truth value proposed by
L. A. Zadeh (1975). In treating man—machine systems by using the fault tree, human factors might be included
in basic events. Ambiguity exists in human factors in nature. For instance, in reading the value ofa meter, it is
possible to take 10 or Il mm for 10-5 mm. This is vagueness of recognition. In saying that a machine is
overheated, the verbal expression ‘overheat’ is very fuzzy. Someone means over 8OC but someone else means
over l00C. This is ambiguity of linguistic expression. Therefore it is impossible to define human factors
without taking this ambiguity into account. This ambiguity can be well-treated by using the idea of fuzzy
truth values. Treating fuzzy truth values leads tu a fuzzv linguistic logic in which the ambiguity of verbal
expression is expressed as a fuzzy set on interval [0, 1]. In a Fuzzy Fault Tree, the ambiguity of basic events
propagates to the ambiguity of upper events. This propagation can be expressed by mapping from basic
events into upper events. The fuzzy truth value of upper events can be calculated from the fuzzy truth value of
basic events by using an extension principle. The calculation procedure is shown by an example of a
manufacturing system. This application offuzzy truth values 10 the Fuzzy Fault Tree is effective in evaluating
how the fuzziness of basic events influences upper events, andin evaluating the fltness of verbal expression for
the events caused by human factors.
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Reliability of the Human Operator in Man—Machine Systems

By M. IGUCHI

Department of Mechanical Engineering, University of Tokyo, 7-3-1 Hongo Bunkyo-ku,
Tokyo 113, Japan

It is well known that many causes of failure in man—machine systems originate in the human operator. As

the first step to evaluating man—machine system reliability at a design stage, the operator’s reliability in

simple logical judgement work was measured experimentally and analysed.
For fundamental logical works. six logical gates of AND, OR, NAND, NOR, EXOR and EXNOR were

selected. After one of the six gates and two inputs to the gate are displayed in a CRT display, the operator has

to push one ofthe answer buttons O or 1 as soon as possible.
The results showed that the mean judgement time, the dcv iation of it and the error rate are smallest in

AND and OR gates. The logical judgement of AND and OR seemed well trained in daily activity. NAND
and NOR showed the longest mean judgement time and deviation ofit, and the largest error rate. EXOR and
EXNOR are intermediate.

About 904 ofthe errors are found by the operator soon after a miss operation ofthe answer button, and

can be corrected by a correct button if devised.
For each of the six logical gates computer models to calculate the judgement time and the error rate as a

function of allowable working time were made, two logical judgement works which were composed of six and

twelve gates were simulated by a computer, and the results were compared with the experiments.

Psychophysiological Criteria in the Anaysis of Hypovigilance in Control Rooms

By J. C. ROUHET

ERGOS: Société d’Etudes et Réalisations en Ergonomie, B.P. 42, 77201 Marne-La-Vallee, France

Vigilance in surveillance tasks varies with many factors including characteristics ofthe individual, the
environment in which he works, the job he does and particularly the data with which he deals.

The term hypovigilance is used to describe the case in which operator performance is characterized by an
elevation in reaction time and in frequency of omissions. This situation appears to arise not only with
‘information overload’ but also in other circumstances in which the data does not require action, is
insufficient to keep the operator alert and so on.

Many vigilance studies concern outmoded data presentation devices, in systems of limited automatiz
ation and their relevance to today needs to be examined. The usefulness of psychophysiological measures of
long duration, needs, equally, to be considered.

The present study examines the characteristics of data presentation and man—machine dialogue which
influence performance. Their repercussions on the level of vigilance of the operator are determined by
measuring performance (detection rate and reaction time) and psychophysiological parameters in the 24-
hour cycle.

The research covers two phases: the experimental phase in the laboratory and exploitation in real control
rooms. h also evaluates the value of psychophisiological criteria in the analysis of vigilance levels and
specifles guidelines for data presentation and man—machine dialogue in control rooms in order to avoid
hypovigilance.

A Case Study on a Plant Factory from the Human Factors Point of View

By K. HAsHiMOTO, M. A0KI and Y. HORIE

1-2-l, Izumi-cho, Narashino, Chiba, Japan

Some reports have been published on the TMI-2 accident by authoritative orgamzations and institutes,
but, unfortunately, lots ofuncertainties and differences can be seen in those reports. As for the direct cause of
the accident, there stiH exist some quite different and sharply divided opinions, one depending mainly on
misjudgement and wrong operation performed by system operators and another on inappropriate design of
the fundamental system. However, it seems undoubtedly truc that human error has some vital and important
role in the TMI-2 accident, and, therefore, correct and appropriate analysis based on human factors research
is to be introduced in order to evaluate it objectively. A case study of the accident at the factory mentioned
above is carried out through application of the proposed analysing methods for human error accident by the
Japanese Ergonomies Research Society to try to find out the correct, reliable and latent reasons for the

accident.

Analytical Procedures on Causes of Human Errors in Plant Accidents

By K. HASHiMOTO, M. MORIOKA and M. Aoxi
Department of Hygiene, Nihon University School of Medicine,

30 Ohyaguchi-Kamimachi, Itabashi-ku, Tokyo 173, Japan

According to a survey report on the causality of accidents in the Japanese petro-chemical industrial zone.
the ratio of accidents attributed 10 errors by operators amounted to 3O—40° of the total cases even in the
most modem automated plants. We should note that there is still a tendency to biame inattention or
inexperiences of those operators, resulting in the larger emphasis on safety education alone. Truc safety
cannot be achieved, however, without eliminating physicaily and materially unsafe factors and improving
production systems. It is, important, therefore, to develop a method of relating human errors to such
countermeasures. Analytical procedures dealing with causes ofoperators’ errors are proposed on the basis of
a scheme ofinformation processing in the brain. The procedures examine information processing activities in
the following three aspects. First. where and how the operator error occurred must be identifled. considering
the whole process of information handling from reception and recognition ofthe required information, to
selection and verification with respect to previous memories, 10 decision making and output control. Second,
the cerebral activity level at the moment oferror and its category should be described. Third, the multiple
factors in the environment and in the production system are to be analysed as potential causes leading to the
accident in question. A flow chart developed by Hashimoto is used in showing the outbreak ofthe accident,
changing situations in the environment, the time scale and human behaviour at ail possible moments. These
procedures have proved useful in detecting the most probable causes of human errors and pointing to
preventive countermeasures.

Hazard Analysis in Japanese Chemical Industrial Complexes Especially
on Human Errors

By Y. HAYASH1

Faculty of Engineering. Keio University. 3-14-l Hiyoshi, Kohoku-ku, Yokohama 223. Japan

Accidents in the Japanese chemical industriai complexes at the Tchiba, Mizushima, Sakai-Senpoku,
Yokkaichi, Kashima and Tokushima-Ohtake areas are examined from the past to the present. Comparisons
with the number of accidents caused by hard errors and soft errors were made; where the hard errors are
deflned as the fauits of the machines and faciiities, and the soft errors as human errors and the fauits ofthe
systems. The resuits may be summarized as foilows: the ratio ofthe number of accidents caused by the hard
errors to the soft errors is about two to three in ail areas.

Correlations between the factors in hard errors and in soft errors are investigated by the method of
muitivariable anaiysis, and interesting resuits are obtained.

Using the data obtained from a questionnaire on the latent accidents from about 200 workers engaged in
chemical industries, comparisons with the causes of the latent accidents and the accidents exposed by human
errors were made, the resuits agree approximateiy with the causes of the accidents exposed.

Fuzzy Fault Tree Analysis for Accident Caused by Human Errors

By K. NOMA, H. TANAKA and K. ASA1
Department ofindustrial Engineering. University ofOsaka Prefecture, Sakai, Osaka 591, Japan

The Fauit Tree is useful for analysis of the cause ofan accident. This paper proposes the Fuzzy Fault Tree
Analysis in which vagueness ofhuman factors is handied by using the idea of fuzzy truth value proposed by
L. A. Zadeh (1975). In treating man—machine systems by using the fauit tree, human factors might be included
in basic events. Ambiguity exists in human factors in nature. For instance, in reading the value ofa meter, it is
possible to take 10 or li mm for 105 mm. This is vagueness of recognition. In saying that a machine is
overheated, the verbal expression ‘overheat’ is very fuzzy. Someone means over 80CC but someone cisc means
over 1O0C. This is ambiguity oflinguistic expression. Therefore it is impossible to deflne human factors
without taking this ambiguity into account. This ambiguity can be weH-treated by using the idea offuzzy
truth values. Treating fuzzy truth values ieads to a fuzzy linguistic iogic in which the ambiguity of verbal
expression is expressed as a fuzzy set on intervai [0, 1]. In a Fuzzy Fault Tree, the ambiguïty of basic events
propagates to the ambiguity of upper events. This propagation can be expressed by mapping from basic
events into upper events. The fuzzy truth value of upper events can be caicuiated from the fuzzy truth value of
basic events by using an extension principie. The caiculation procedure is shown by an exampie of a
manufacturing system. This application offuzzy truth values to the Fuzzy Fault Tree is effective in evaluating
how the fuzziness of basic events influences upper events, andin evaluating the fltness of verbal expression for
the events caused by human factors.
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Maximum Velocity in Smooth Pursuit Eye Movement

By K. H0RI1, K. TANAKA and Y. TOMODA

Department oflndustrial Engineering, Faculty of Engineering, Kansai University, Suita, Osaka 564, Japan

It is commonly supposed that smooth pursuit movement occurs only when the visual target is seen to

move and is characterized by jts slow velocity being less than 30°/s.
Watanabe, however, suggesteci that the maximum velocity ofthe smooth pursuit movement was attained

at about l0O°/s. Bermark reported that the maximum velocity went up to 90d/s in pursuing ramp waves.

Although these results are very interesting, their evidence is not clear yet.
Hence, we investigated the maximum velocity of smooth pursuit eye movement in pursuing a triangle

wave.
We experimented on the maximum velocity with two methods. One was the method of tracking the

apparently moving target, and the other was the method of tracking the real target.
As obtained by the experimental results, the maximum velocity V11 ,,,

in the horizontal direction is

denoted by the formula l’ = KO + b, in which K is a proportional number and O is the width of display

expressed in units ofvisuai angle, and the maximum velocity VVm__KOi 2 in which K’ isa proportional

nuniber. Therefore, it was experimentally confirmed that the maximum velociety had a value of 90/s in the

horizontal direction. These two linear relationships are the essential properties of eye movement in pursuing

a visual target.
It was found that smooth pursuit movement in an oblique direction was considered to be the composition

ofthe movements in both horizontal and vertical directions. The experimental resuits in oblique directions

are in good agreement with the analytical values coniputed from the formulae described above, except in the

neighbourhood of the horizontal direction.
It seems that the three notable results mentioned above play an important role in developing the

mathematical mode] ofthe eye tracking system.

Frequency Responses of the Pursuit Eye Movement System

By K. MATSUOKA

Kyushu-kogyo-claigaku, Tobata, Kitakyushu, Japan

Many studies have been made on the frequency responses ofthe human eye tracking system. One ofthe

interesting features of those results is that the gain and the phase vary conspicuously according to the
properties of target motion. That is, predictable target motion (e.g. a periodic sine wave) yields a higher gain
and a smaller phase lag than unpredictable motion (e.g. gaussian random motion).

The problem discussed in this paper is which ofthe saccadic and the smooth system is concerned with the
above difïerence between tracking ofthe predictable target and that ofthe unpredictable target. For this
question, it has been said that the predictabïlity of the signal permits both the pursuit and saccadic systems 10

reduce the phase lag attributable to the inherent reaction time.
This paper, however, presents some experiments showing that the above view is flot true with respect to

the smooth pursuit system. Our results are:

(1) Smooth eye movements for the predictable target have a larger phase lag than those for the
unpredictable target.

(2) The gain and phase lead ofthe smooth pursuit, both ofwhich vary with experimental situations, are
negatively correlated. That is, as the gain decreases, the phase lead increases (the phase lag decreases).

The most interesting aspect ofthese results is that they fairly conform to the concept ofefference copy or
internaI positive feedback. The idea of efference copy and its voluntariness successfully explains the above
frequency characteristics of the pursuit system.

Modelling of Visual Scanning Sequence to Multiple Targets

By M. MAKIKAWA and H. TAMURA

Faculty of Engineering Sciences, Osaka University, Toyonaka-shi 560, Japan

Perception of a figure is usually accompanied by the fixation movement and many studies have been
devoted to clarifying how and where the fixation points are selected on the figure. According to these studies
some models are proposed to simulate the spatial distributions of fixation points, but these models cannot
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simulate the temporal sequence of fixation point selections. This fixation sequence must also be examined inorder w clarify how the fixation movement is controlled in perception
In this connection it is we]l known that the fixation movement to a figure often shows a regular pattern.This regularity can be seen as a highly informative image, like a human face or paintings and also simple onesconsisting of a few targets. As a first step in studying the scanning sequence to multiple targets we havepreviously studied the first fixation movement after presentation and some comparatively simple targetselection rules have been found.
In this paper we proposed a computer niodel which includes these rules and aims at predicting thesubject’s scanning sequence to multiple targets, and then compared this model response with the actualsubject’s response.
The resuit is that this model, consisting ofsome rules deriued from the investigation ofthe flrst fixationmosement shows good coincidence with the subject’s response. And from this result human visual scanningprocess to multiple targets, which seems apparently complex, is described as a chain of these comparativelysimple target selection rules.

A Study of the Constitution of Visual Judgment Process on the Composite Images

By T. KURABAYASH1
Japan Institute Synthetic Technology, 5-10-17 Makuhari-Hongoh, Chiba, 281. Japan

The process whereby man fixates on composite images and judges the quality of the composite images isclarified in terms of the trace and number of fixations in order to establish conditions required to produceimages of high rating.
The subject was shown image evaluating factors and was instructed to judge the quality of imagesaccording to these factors. The subject wore an eye camera to record the trace and number ofhis fixations.The data obtained were analysed from the following standpoints: (I) How do the image evaluating factorsrelate to the images on which the subject flxates? (2) What effect do different image arrangements produce onthe trace of the subject’s fixations? (3) What is the basic difference between a non-expert and an expert? (4) Onwhat type of Image does the subject fixate most intently?
According to the results of the above analysis, the requirements for producing images ofhigh rating areclarified.

Individual Differences Observed from tue Relationship Between Percent Correct Counts
and Eye Movements

By H. Toc.ssti

University of Occupational and Environmental Health,
1-l Iseigaoka, Yahata Nishi-ku, Kitakyushu 807, Japan

An analysis was made of the behaviour ofrnan in counting objects. To clarify the visual process in thiscase, the eye movements ofeach subject were measured with an eye mark recorder and. at the sanie lime, thetime required for the subject 10 count aIl the objects was measured with a video motion analyser.The subject was shown a screen on which two to ten dots were configurated, and was instructed to countthe dots within a limited time. The percent correct count was calculated from the counting results. Theindiidual difference of the subject was analysed from the relationship between the number of saccadesmeasured with the eye mark recorder and the required counting time measured with the video motionanalyser
It was found that the eye movements, particularly saccades, vary from subject to subject and that theseindividual differences affect the percent correct counts ofthe subjects.

Signal Detection in the Noisy Background Figure Throngh a Limited Area
of the Visual Field

By S. SAiro
Department 0f Physiology, Fukushima Medical College, Sugizuma-cho 5-75,

Fukushima-shi Fukushima, Japan

The experiment was designed based on the observation that one is flot always able to recognize a hiddenpattern when the visual field is restricted within the central vision alone, in spite ofscanning the whole figureVisual information processing in this case may clearly refiect a spatio-temporal characteristic ofa humanhigher order visual system.
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Construction of stimulus figure and data processing was performed by a microcomputer system. The

exposed figure was subject to a random dot pattern with uniform dot density distribution in ah parts except

for an arbitrary part with a diffèrent dot density to the rest. The figure could be represented quantitatively by

the ratio of dot densities between the two parts, which was defined as the contrast of the figure. A subject

could observe the figure on a CRT by samphing any part ofa limited area through handiing ajoy-stick and

video mixing systçm. The task was to find a different part from the rest and to point toit with a light pen . The

restricted size ofthe visual field was from 08° (1 7’ of the whole) to 50° (1 00°,,) in a subtended visual angle.

Eye movements were recorded by electro-oculography.

Experimental resuits were as follows. The higher the contrast of the figure, the shorter the time to

correctly find the different part ofthe figure. The time correlated to the restricted size ofthe effective visual

field. The minimum contrast ofthe figure which a subject could discriminate was not concerned with visible

window size. Both frequency of saccades and averaged single saccadic size had a high correlation with

window size. Resultant total.saccadic travel in the task was constant without relation to window size.

The Distribution of Visual Inspection Times

By T. T. GALLWEY

National Institute for Higher Education, Limerick, Ireland

Researchers (e.g. Spitz and Drury) have shown that visual inspection isa two-stage process—a visual search

stage and a decisionmaking stage. Bloomfiehd among others has demonstrated that visual search times are

exponentially distributed (with parameter ).). Other evidence suggests that decision time is normalhy

distributed (with parameters g and u). Hence visual inspection time should be describable by a distribution

having three parameters equivalent to ), g and u. Where visual search is easy and decisionmaking is difficuht g

and u should have the dominant influence. As the relative magnitude ofthe visual search time increases the

dominant influence wihl shift progressively in favour of to give a different shape of distribution.

This hypothesis is examined in a simulated visual inspection task with easy and difficuit to find defects. A

between-subjects design is used where one group receives an easy decisionmaking part and the other groupa

more difficuit decisionmaking part. Stimuli are 80 positive (black on white) 35 mm slides where 40 contain no

fault, 20 contain an acceptable fault and 20 contain a rejectable fault. Five tests of skihl are adrninistered

initially, fohlowed by 2 hours of training and a task session of 1 hour. Subjects receive an initial payment of

$2000 plus 25 for every fault correctly classified as acceptable or reject, and lose 25 for every fault

incorrectly classified. Search times and decision times are measured separately along with search errors,

quahityjudgement errors and decision errors. The logarithmic transformation is used on the search times and

the arcsin .0/x transformation on the error scores. An analysis ofcovariance is used with the initial test scores

as covariates.

Conveyor-paced Visual Inspector Eflïciency Over Short and Extended Work Periods

By M. H. ELWANY

Production Engineering Department, Faculty of Engineering, Alexandria University, Alexandria, Egypt

One of the most common types of inspection tasks usually encountered in industrial situations is

conveyor-paced visuah inspection. Since there are different parameters that may affect the inspection

efficiency, the prime objectives of this study were to investigate:

(1) The relation between inspection efficiency and the hinear conveyor speed (V), the percentage defects

(D) and the viewing time for each unit (T).

(2) The decay in inspection efficiency over extended periods.

To carry out this study, an original belt conveyor suitable for inspection tasks was designed and developed.

The developed conveyor is capable of presenting subjects with a une of the product being inspected. one at a

time. Also, it has the facihity ofchanging the belt speed (V) and product interspacing.

The product selected to serve as the object of the inspection task was 32mm diameter and 18 mm thick

washers. Washers which were defined as conforming products were steel washers with one notch at their

circumference. The non-conforming washers were made of brass with two identical notches on their

circumferences. Ahi washers were plated with a thin layer of nickel in order to indistinguish one from the

other. Washers were made from ferrous and non-ferrous materials to facilitate checking the performance of

the subject by using a magnet.
A randomized bhock factorial experirnent was conducted to investigate the effect of V D and Ton the

inspection efficiency. In this study the inspection efficiency. which served as the dependent response variable,

has been defined as the ratio between the number ofnon-conforming products correctly rejected to the total

number ofnon-conforming products.
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The experiment has been carried out on 10 male inspectors The results oftfiis experiment showed that theinspection efficiency increased by the increase ofeither the defects percentage (D) or viewing time (T), and thatthe increasing belt speed (V) was accompanied by a decrement in the inspection efficiency. Also, it showedthat the onhy interaction which proved to be of statistical significant effect was the interaction between theviewing time (T) and the defects percentage (D).
Using the same 10 inspectors over an extended period oftime to find: (1) how long the inspector wouldmaintajn the efficiency he started with; (2) the percentage decay in efficiency under extended work periods.

The experiment time extended for 2 hours. The results showed a decrease of 5% in inspection efficiency after
40min, and then the decay rate was almost constant of3/4 per 10 min.

The Method of Evaluating the Aptitude of the Visual Line Inspectors
of the Steel Product

By T. KURABAYASHI

Japan Institute Synthetjc Technology, 5-10-17 MakuhariHongoh, Chiba, 281, Japan

The working performance ofsteel inspectors at a steelworks is analysed and the method of evahuatingthe aptitude of the inspectors is clarified
Visual inspection conducted at the steelworks is divided into on-une inspection and off-hine inspection.

Inspectors engaged in the inspection ofplates (off-hine), shabs (on-hme and off-une) and wide-flange beams (onhine) were selected as subjects, and their actuah inspection performance was rated by miss rate.
Based on this data, an aptitude test was devehoped to rate the inspectors. The aptitude test assumes actualinspection activities and is designed to rate the inspectors by the following capabihities: (1) Discriminatingcapabihity. (2) Comparing capabihity. (3) Attending capability. (4) Detecting capabihity.
The stationing 0f inspectors according to their aptitude is studied by clarifying the correhatjon betweenperformance predicted by the aptitude test and actual performance.

A Study on Ihe Distribution of Sensory Evaluation and Angular Transformation

By T. TAKAHASHI

BUNKA Women’s College, 7-20-7-302 Shinjuku-ku, Tokyo 160, Japan

Sensory Inspection is inspection which examines products and passes or rejects them by the use ofhumansensory organs such as the eye, car, nose, tongue and fingers. The qualifies ofproducts are flot the same one toone but distributed, so that if sensory inspection is carried out on them, the resuhts of the inspection aredistributed as Binomial Distribution Such a binomial distribution mode] is based on tise premise thatsensory evahuation is not distributed.
Most sensory evaluations, in general, have dispersion, 50 that an advançed model which bas the conditionthat sensory evahuat ions are distributed is needed. In my paper such a model is described as follows:
C1: The quahities of products are distributed as Normal Distribution.
C2: Sensory evahuations are distributed as Normal Distribution.
C3: The result 0f sensory inspection is ‘pass’ or ‘reject’.
My paper shows that such a modeh changes into Beta-binomia] Distribution and useful informationabout the distribution of sensory evahuations can be obtained by the use of Angular Transformation (inversesine transformation) and other considerations
It is useful to apply this study to the fiehds in which sensory information is considered.

The Influence of Job Knowledge in Product Quality Judgenients on a
Continuons Process Production Line

By J. RICHARDSON and X. CUNY

Laboratoire de Physiologie du Mouvement, Bat 470, 91405 Orsay, France

Previous studies have shown that product quahity judgements are not always consistent between theprofessjonal functions involved in a production process. Individual inspector’sjudgements are also knonflot to be stable and are Jnfluenced by the changing conditions in a factory environment.
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A long term study ofa continuouS process producing insulation panels showed how necessary itis to have

reliable quality control information to run the production une. Task analyses and interviews of the different

personnel had shown that, in addition to their basic task ofsorting the final product. the line inspectors are an

important source of information for the supervisorS on the state of the production process. However, it was

apparent from the interviews that the product faults are not perceived in the same way by the different

operators in the production team and that the concept of overall quality differed between quality controllerS

anci production workers.
An experiment was carried out in the factory 50 determine whether the indices used 50 identify procluct

faults varied between professional groups. Twenty eight subjects inspected a prepared batch of panels

containing good and faulty items SubjectS were instructed to accept or reject items on one inspection and to

identify faults on a second inspection ofthe same batch. The results indicate that fault identification and

description are related to the nature of the operator’s knowledge of the process operation. The extent ofthe

operators job knowledge is conditioned by his initial training and the task demands of the job he is assigned

50.

Automation, Productivity and Stress in Inspection

By C. G. DRURY

StaSe University of New York at Buffalo, Beli Hall, Amherst. New York 14260. U.S.A.

Recent advances in microcomputers and optics have made automated inspection a viable alternative tu

human inspection in some applications. Current data suggests that automated systems are appropriate in

variables inspection. that is where a physical measurement is required. In visual inspection for discrete

defects, automated systems are less useful. Direct compariSOn ofhuman and machine shos that where the

task is entirely search, automation works well. but where complex decisionmaklng is required the human has

distinct advantageS.
For the optimum allocation of functionS between human and machine, data on the effectiveneSs of

humanS in both search and decisionmaking is needed. Response of humans to paced inspection is shown in

two experiments one in which mainly search was required and one in which decisionmaking was required.

The conclusions are that for search probabilitY of locating a fault deteriorates with pacing but efficiency

(faults per unit search time) increaSes. The price the inspector pays is increased stress in paced inspection. For

a complex decisionmakifle task, pacing did not affect the probability of reaching a correct quality decision.

Inspector stress varied in a complex way with pacing conditions rather than increasing with faster pacing as

in search.
Implications in terms of automation, productivity and worker stress are that search should be the flrst

targets for automation, with the complex decisionmaking allocated tu a skilled human inspector.

MethodologieS for Visual Inspection Research and Deveiopmeflt of an Inspection Robot

By K. NORO

University ofOccupational and Environmental Health, l-1 Iseigaoka. Yahata Nishi-ku, Kitakyushu 807.

Japan

Human inspection is being challenged by increasingly stringent quality demands and by the advent of

automated inspection devices. There are two types of inspection conducted by man. One is inspection which

cannot be essentially performed other than by man. A typical example is tasting. The other is inspection

which is concerned with the physical characteriStiCs ofobjects. This type of inspection may be conducted by

either man or machine. In this case, mechanizatiOn is feasible. The trade-off between man and machine is

determined by:

(1) Technical feasibility and investmeflt limit.

(2) Hunian physiological surplus.

(3) Required inspection accuracy.

The research methods to improve visual inspection and to develop an inspection robot are reviewed and

the future direction of research proposed.

B 8. Tool and Equipment Design

Link Analysis of ECG Manipulation and Application
for Design of ECG Equipment

By N. YAMANOJ, K. YAJIMA, T. AOKi, K. AoKi, S. KiNOSHITA, H. TANAKA and T. FURUKAWA

Institute of Medical Electronics, Faculty of Medicine, University of Tokyo,
7-3-l Hongo, Bunkyo-ku, Tokyo 113, Japan

Applying motion analysis to device operation, we evaluated the panel design of ECG equipment, which is
the most popular electronic device in clinical medicine. Sequential and corresponding link analyses were used
for the motion analysis, which was applied to ECG operation observed by VTR monitoring systems.

Results were as follows:

(1) Sequential link analysis, flow graph, showed that ECG equipment in the past and on sale now was
lacking in consideration ofhuman factors, especially in the arrangement of mechanical parts on the
panel.

(2) Corresponding link analysis and link ratio showed that the operator’s right hand was used much
more frequently than the left.

(3) The shape and the mechanical characteristics of those parts were still rough and not yet reflned,
(4) There was no standardization of marks and symbols on the panel.
Considering these results. three improved panel designs were proposed and mock-ups equipped. They

were actually handled and evaluated by link analysis as improvements were achieved not only in simplicity of
outlook but also in manoeuvrability and handiing balance ofboth hands. It became clear that link analysis
was an easy and powerful tool for such kinds ofhuman factors research.

Head Dimension Measurement for Telephone Handset Design

By H. MATSUi

Nippon Telegraph and Telephone Public Corporation, l-2356 Take,
Yokosuka-shi Kanagawa-ken 238-03, Japan

The telephone handset shape and its dimensions have an important influence on both send and receive
levels. The earpiece should be put to the talker’s car without any acoustical leak, and the mouthpiece must be
capable of getting near to the centre of the mouth without touching the face. Tberefore, it is necessary to make
the relative position between the car and the mouth clear.

The head dimensions of 650 Japanese people (376 male and 274 female) were measured. For this purpose,
a device was developed which could measure both the ear—mouth distance and the distance between the
cheek and the plane including earcap surface in one measurement. Ages of subjects were from 6to49, The
results obtajned are as follows:

(1) The distance between the car centre and the mouth centre was 137 mm (mean values for adults), which
was nearly equal tu the value measured in 1938 and in 1959.

(2) The manner of holding the handset tu the car becomes looser and the distance between the mouth
centre and the mouthpiece centre increases with lime.

(3) The desirable dimension for the handgrip was clarifled by measuring the relative position between the
check and the earcap plane.

(4) The older people became, the looser becomes the manner of holding the handset tu the car.
(5) For children, the distance between their mouth and the mouthpiece was nearer than that for adults.

This somewhat strange result is due to the fact that chiidren hold their handset more tightly than
adults.

Ergonomic changes of our automatic welding machine, our track-pin press machine and
our feues assembling machine in our repair-shop

By A. E. HAUGAN

Pay & Brinck A/S, Engineering Division, Dyno Industrier, Box 65, Risløkka, Oslo 5, Norway

This is an abstract ofour work with machines in the engineering industry. It deals with our construction
machincry: track—type tractors, hydraulic excavators, skidders, pipelayers, wheel tractor-scrapers, off
highway trucks, compactors. wheel-loaders, etc.. and the machinery we use tu repair them.
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In our repair-shop the auromatic welding machine is used to weid damaged fellies on. for example, off

highway trucks and wheel-loaders. thefellies assembling machine is used to repair the fellies and the track-pin

press is used to repair the beits on, for example, hydraulic excavators.

Serious damages to our specially skilled workers, getting neck. shoulder and arm pain and the enormous

sick absence and its economic consequences were the main reasons for the project. The machinery in the

repair-shop should be adjusted to the human body. We found no other similar machines on the market,

neither in Gerniany, the U.S.A nor from the East had anything ergonomically better to offer. For this reason

propositions were made concerning the three above-mentioned machines in our repair-shop based totally on

the human body and its measurement.
Siides of ail three machines will follow my speech, taken before the changes had been done, during the

changes, with technical drawings on overheads, and showing the final results. The consequences it had for

our workers and on sick absence were remarkable.

Application of the Plane Switch Using a Pressure-conductive Rubber Sheet to a

Control Manipulator

By Y. IKEDA and S. HÂTA

Faculty of Engineering, University ofOsaka Prefecture, Mozu-Umemachi, Sakai, Osaka 591, Japan

H. TAKEDA

Department of Mechatronics, Osaka Electro-Communication University, 18—8, Hatsu-cho,

Neyagawa, Osaka 572, Japan

The authors have offered a plane switch which consists of two sheets with parallel striped electrodes

printed on and a pressure-conductive rubber sheet The striped electrodes ofone sheeet and those of the other

sheet are at right angle and sandwich the pressure-conductive rubber sheet. It allows an electric current

between one of the lateral electrodes and one of the longitudinal electrodes, according to the position at

which it was pressed. The positional signal (x,y) can easily be decoded, or, for the other use, the direction—

velocity pair [x/y,J(x2+v2)] can also be modified from the positional signal. The purpose ofthe present

investigation is to characterize the plane switch for practical application. This paper presents results and

discussions of some experiments on the two variable manual control system:

(1) From the evaluation of contrai error, there exists an adequate value af gain between control and

display variate.
(2) It is clear from the experiment with random step forcing input that the plane switch can be used

instead of a joystick.
(3) When the forcing input consists of sums ofsinusoidal waves, the human operator tends ta intently

pursue high frequency component.

Though the plane switch is not practical to control high-speed vehicles, it is suitable to control low-speed

vehicles. We are planning to apply it ta the controller ofa motorchair and estimate its control performance.

Compared with ajoystick, the plane switch has good points; for example, contrai action is taken by pushing it

with a slight force. Therefore, it may be possible ta apply it to the contrai manipulator of some machinery for

the handicapped. The plane switch with the binary format output is easily connected ta micracomputers,

which will further develop its application to such fields.

An Evaluation of the NAC Eye Mark Recorder

By E. D. MEGAW and J. RICHARDSON

University of Birmingham, P0. Box 363, Birmingham BIS 21T, England

Recent developments in technology have allowed eye movements to be recorded while observers perform

a variety of tasks. One of the most popular methods of recording is based on the corneal refiection technique.

This technique is incorporated into the NAC Eye Mark Recorder. The NAC recorder has the advantage of

enabling eye movements ta be recorded in environments outside the laboratory. However, Ibis apparatus

does have a number ofdisadvantages and the aim of this paper is, therefore, ta evaluate the equipment in the

context ofthe published literature. Emphasis is given ta the problems ofcalibration af position accuracy and

of establishing reliable estimates of fixation times.

Selecting a Colour Monitor for an Interactive Graphics System
Used to Design Integrated Circuits

By A. D. LECOCQ

Texas Instruments Incarparated, P0. Box 225474, Dallas, Texas 75265, U.S.A.

This paper discusses the human factors effort required ta select a calour monitor for an interactive
graphies system used ta design integrated circuits. Cansiderable attention was given ta this selection process
since the display is a critical point of information transfer as the aperator proceeds through the complex
process ofdesigning an integrated circuit. This system wiIl eventually replace many black and white systems
currently used for integrated circuit design.

The effort occurred in severa] steps. The first step was the determination af operator needs, which was
fallowed by a determination of the display requirements and the carresponding monitor specifications
relating ta a degree af display quality that would be responsive ta Ihese operator needs. These display
requirements and monitor specificattons then served as selection criteria. Evaluations were performed on
numerous 13 in (3302cm) and 19 in (4826cm) high-resolution monitors that were on the market. Variaus
display quality factors relative ta praducing the specific type ofgraphics for integrated circuits were analysed,
resulting in the decision ta proceed with 19 in monitors. The selection process continued with the analysis of
19 in high-resolution monitors with the resuit that twa monitors were selected and compared side by side.
The monitor recammended as a resuit of the final humais factars evaluation was incorporated into the averafl
interactive graphies terminal design.

Computer Technique Usage in Design and an Ergonomic Attestation Function of
Controlling Devices Distribution

By L. PACHOIsK1 and S. SZCZEISELSKI

Polïtechnika Pozanska, Instytut Organizacji i Zarzdzania, ul. Strzelecka 11, 60-965 Poznaii, Poland

Working out elementary questions in the ergonomies domain a modem designer of machines, devices
and technological systems realizes the need ta use the most favourable methods and techniques These
methods have ta be based on scientifically described logical ergonomie criteria (K0) which canstitute a
logical cansequence af postulated ergonomie criteria (K), norms, instructions, etc. used sa far,

KFO =/(KEP).

The projects resulis ( WP) will be the logical functian afpossible solutions (MR) and optimum eriteria KFO.

WP=/(MR, K0).

Ratianalization of a project process will consist, first and foremost, in selecting adequate eriteria
arrangement (and methods based on these criteria) on the basis of selected optimum data. it is then possible ta
farm a series af ergonomie indices which will characterize definite criteria attesting a machine. The indices
can be formulated in such a way that they wiIl ail be contained in the interval (0,1>.

Then for

W51, W52, WA3

where N is the number 0f criteria in consideratian and I’V55 is the partial index describing attesting criterion
for I <K<N, the aggregated attestation index can be farmed as follows:

W55=

2

K0
AK j.

K0 is the actual estimation according ta K optimum criterion, K0 is the theoretical estimation according
to K optimum eriterion and WAK is the attestation index for K criterion. If I <k<N WAK—*l then the
aggregated attestation index for N criteria (W5) wilI also aim at I. In this case ergonomie attestation of
projects, machine or device will be benefieial.

where:
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Research carried out on the problem of optimum criteria and attestation methods al the Technical

University in Poznari, Poland, enabled a precise methodological statement supporting design and an

ergonomic attestation process concerned with the distribution ofcontrolling devices to be formulated.

The optimum criterion was formulated as follows:

S[i,j]W[I,jL[i.j]

and KEoU._*min where S[i,j] is the matrix of the number of connections from j and j devices; W[i,j] is the

matrix of significance of connections between j andj devices; L[i,j] is the matrix of distance beween j andj

devices and N is the number of controlling devices.
An optimization programme of the above function was worked out for numerical machines ofODRA

1305 type in ALGOL. 1900. The following norms. standards and exploitation data constitute the basis for

control optimization; number of operations, distance length, significance of connections between controliing

devices, introductory division into functional group norms of distance between devices, measurements of

devices and plane, maximum and minimum upper limb reach.
As a resuit of input data processing by mathematical machine the project of allocation of controlling

devices is obtained with ergonomic criteria taken into consideration.
It constitutes the so-called theoretical estimation In order to calculate a partial attestation index

relative to optimalization criterion ofcontrolling devices distribution the actual estimation oftarget function

should be counted.
The attestation index according to this criterion is as follows:

YR
EOu

vT
EOu

Japanese Population Stereotypes for Nuclear Power Plant Control Room
Operators and Engineers

By R. M. KANE, J. FARISRY, Jr., and S. FLEGER

Essex Corporation. 333 North Fairfax Street, Alexandria, Virginia 22314, U.S.A.

Over 150 Japanese control room operators and engineers completed a questionnaire designed to assess

population stereotypes for nuclear power plant control panels. The questionnaire, written in both Japenese

and English with primarily pictorial types of response alternatives contained 46 items covering control panel

components and CRT displays. These items were directed to issues such as control-display integration.

colour coding, handle shape coding, label arrangement for annunciators and control board components, and

display symbology. Confidence intervals for many items indicated a high degree of agreement among

respondents, suggesting strong population stereotypes. Operators and engineers agreed on most items,

although certain items showed large differences in degree of preference.

A Problem in Applications: An Investigation into Methods and Materials for
Upgrading Nuclear Power Control Boards

By D. SMITH

P0. Box 504, Orgn. 62—91, Building 538, Sunnyvale. California 94086, U.S.A.

This paper reports on a year-long investigation identifying materials and methods which can be

realistically recommended by human factors engineers to upgrade control panels in nuclear power control

rooms.
The study was divided into two parts, (1) an identification of the most workable enhancement

approaches. given the constraints of the control room and operational control boards and (2) an evaluation

ofthe materials used in implementing the various approaches for their compatability with the control room

environment.
Issues which were addressed included: the necessary engineering and development effort for each

approach, manufacturing costs, ease of applying enhancements, ease of future modification to the

enhancement and durability and wearability.

VAD—A Video-aided Ergonomic Design Sstem

By P. FRILDRICH

National Board ofOccupational Safety and Health, S-171 84 Solna, Sweden

To fulfil the tasks of anthropometric design and evaluation of systems hardware more efficiently.
techniques are needed which are able to àccommodate a wide range of subjects in ail design spheres.

Video-Aided-Design (VAD), based on the use ofvideo technique, provides such an ergonomic tool for
designers and engineers.

The anthropometric evaluation ofa working place by means ofa video is attained by superimposing one
video picture upon that ofanother video source in a special vision mixer. Thereby the picture ofa drawing of
a working place is superimposed upon the picture of a subject. The superimposed video signal (subject
working at a working place, which isjust a drawing) is recording on a VCR or transmiued to a monitor. from
where it could be photographed.

To give the subject the impression ofworking in a real working situation, we put a monitor with the
superimposed picture on it in front of her. In our experiments we always used two camera systems (four
cameras), one for the side view and one for the top view

The VAD system bas been used in Sweden for ergonomic evaluation of ‘office working places and ofthe
cabs of forestry machines.

The VAD system has also been used for computerized biomechanical analysis ofworking postures by
means ofa digitizer-table. In this case the picture ofa subject is superimposed upon the digitizer-table. The
subject’s working posture (the position ofthejoints) is, by means ofa special recording device, transmitted to
a microcomputer, where biomechanicai analysis is carried out.

Video-Aided-Design as an anthropometric and biomechanical evaluation method can be used at any
stage in the design process, but is most effective in the early preconcept and prototype stages before design
finalization.

B9. Remote Control Systems

The Use of Operator Workload Measures in the
Evaluation of Dilferent Telemanipulators

By J. RICHARt»ON, N. FiORi-SA\\R\, D. XiRu and D. ACQUA\RA-LLSCOAT

Laboratoire de Physiologie de Mouvement. Université de Paris XI, 91405 Orsay, France

Telemanipulators are increasingly being used in working environments that are hostile for the human
operator; examples include the nuclear power industry, in space. on the sea bed as well as in more traditional
industries such as foundry work and forging. Even with new developments in teleoperation which offer the
possibility ofcomputerized control 10 aid the hurnan operator, master-slave telemanipulators (with direct
human control) are continuing to be installed. As more models become available, each with different
characteristics. il is important that ergonomics as well as engineering criteria should be taken into account
when choosing a telemanipulator for a particular workplace.

This study proposes an ergonomics evaluation procedure which can be used to test dilTerent models of
telemanipulator. The procedure consists of: an analysis ofeach teiemanipulator’s technical specifications,
relevant 10 its operation in different industrial tasks, in terms of the operator’s physiological and
biomechanical capacities (forces required to move the master arm, to operate the grip, possible adjustments
10 individual workpiaces... .) and an evaiuation ofoperator workload with a sampie of operators carrying
out a standard task using each telemanipulator.

Results from the comparison of twO different types of telemanipulator are presented together with a
discussion on the relevance of the use of workload indices in this type of testing procedure.

Advanced Teleoperator Technology: Visual System Research

By R. L. PEt’t’iR and D. C. Stt1H

Naval Ocean Systems Center

R. C. CULE.

University of Hawaii

NOSC is engaged in a programme of research aimed at developing advanced general purpose
teleoperators and supervised robots capable ofextending man’s complex problem-solving capabilities into
hostile. dangerous or otherwise inaccessible areas.
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The major research efforts to support this developmental programme have been in the perceptual motor

reaim, where concern is directed towards the camera—display systems employed and measures of

performance
Recent research efforts have been directed towards improving viewing systems in order to enhance

perceptual information available to the operator (see reviews ofSmith et al. 1979 and Cole 1980). One ofthe

most promising developments has been TV systems which present image pairs to the observer in a binocular

disparity configuration which produces stereopsis. Smith et al. (1979) present evidence to indicate significant

improvements in task performance utilizing stereo TV, the degree of improvement being dependent on

visibility conditions and the amount of manipulator positioning required in the depth plane.

The present study was designed to evaluate the influence ofhead motion parallax eues on measures of

stereoacuity under direct-viewing and under TV-viewing conditions. Results of the study indicate that

stereoacuity measured with a Howard-Dolman task is neither enhanced nor degraded by the pseudo

movement parallax eues associated with stereo TV. However, these eues have yet to be tested under

conditions most likely to show enhanced performance (i.e., where scene ambiguity is great and objects are

unfamiliar).

B 10. Efficiency and Work Load of VDT Work

A Study on Visual Function of VDU Operators

By M. OI-IASHI

Division of Health Care Services, Computer Services Corporation, 2-6-l. Nishi-shinjyuku, Shinjyuku-ku,

Tokyo, Japan

and K. AK0I

Department of Health Administration, Faculty of Medicine,

University of Tokyo, Tokyo, Japan

Recentiy, complaints on visual fatigue and decreasing visual activity among display operators have

increased in Japan. However, we have no exact information on the actual situation in Japan and sa we

studied the present situation at Institutions using visual display terminal instruments.

Visual fonctions of Il female operators (19 to 24 years old) were measured before work in the morning, at

noon and after work in the evening. The data observed are (1) visual acuity, (2) visual accommodation, and (3)

eye movement. The results are as follows: (1) The range ofamplitude of the visual accommodation is extended

at noon and the tendency is contracted after work. (2) The average time of accommodation ofthe right side

and ieft side is different among workers. (3) The patterns ofeye movement are varied among workers. (4) The

frequeney of blinking is increased 5 min after the beginning ofwork and is stable after 15 min. (5) The ratio of

complaints on eye fatigue is different according to the type ofdisplay equipment and ergonomie problems

within clerical working systems. The ideal care system has not been developed in Japan, and we have tried to

develop the model pattern ofcare system for them.

Visual Loads at VDT Workplaces

By T. L.uisii, E. GRANDJEAN and W. HONTING

Institut fOr Hygiene und Arbeitsphysiologie, Clausiusstrasse 21.

ETH-Zentrum, CH-8092 Zurich, Switzerland

Four groups of office tasks were studied: data entry terminais, conversational terminais. traditional office

work and typing.
Eye impairments were observed in every group of office employees but the impairments were more

frequent in VDT operators. The impairments persist during leisure time. Some vision screening tests showed

the same incidence of functional eye impairments in office tasks with and without VDTs.

l-Iigh luminance contrasts between screen, source document and surrounding space are associated with

an increase in eye troubies. Increased oscillating luminance of characters is associated with lower visual

acuity. and with a higher incidence of subjective and objective symptoms of eye irritation, including more

Crequent use of eye drops. The degree of luminance oscillation of characters must be considered as an

important factor for eye strain at VDT workplaces.

Employees with eye defects (glasses. lowered visual acuity, uncorrected eye defects) have, in general, a

somewhat higher incidence ofeye complairits. But eye defects do not explain the observed effects ofhigh

contrasts and of increased oscillating luminance.

Accommodation Responses in CRT Display Task

By M. TAKAHASFIL

The lnstjtute for Science of Labour, 1544 Sugao, Takatsu-ku, Kawasaki, Kanagawa 213, Japan

There has been increasing concern recently about visual fatigue of operators working with Cathode Ray
Tube (CRT) display in a computer system. Some researches have shown that accommodation fatigue by
keeping watch on a CRT display placed at a near distance would account for developing visual fatigue. The
distance between the eye and the CRT display for most Japanese operators is found to be between 30 and
50 cm, resulting in not a little accommodation load in continuous work. The aim of this research was to
examine dynamically the extent of this accommodation load in near CRT display work. Twenty subjects
conducted a visual search task for 3 hours at twa different conditions of iear and moderately far CRT
positions. Measurements oC the dark focus using a laser refractometer (optometer) were made at intervals of
l5min during the task period, and each subject was asked to report the state of fatigue by the method of
magnitude estimation. Immediately before and after the search task, the refractive state of the eyes were
measured in focusing on a test target located at various visual distances. The results showed that most
subjeets exhibited decrement of refractive power in the near CRT condition. It was suggested that the eye—
CRI distance should be carefully arrangecl in accordance with improved display and limitation of work
duration.

Visual Ergonomies and Existing Person—Display Design Guidelines

By R. A. BENEL and D. C. R. BENEL

Essex Corporation, 333 North Fairfax Street, Alexandrja, Virginia 22314, U.S.A.

Recent evidence has accumulated an the natural tendency of the eye to assume an intermediate focal
distance in the absence of patterned stimulation (e.g. in the dark). This distance has become known as the
dark focus and is the direct manifestation ofthe intermediate resting position for visual accommodation. The
data refiite the previously assumed distant resting position (i.e. relaxed accommocation at the individual’s far
point). Thedark Cocus appears to be normally distributed in the population with an estimated mean between
OE4—06m(124in) Therefore, the inertial point for accommodation is vastly different from that which had
been assumed when the original design guïdelines were being deveioped.

Many design guidelines for display distances in persan—machine system design were promulgated prior
ta our more recent understanding of visual capabilities. These previaus standards have been adapted to
newer display technologies without the empirical basis af those prior standards. The majority of these design
standards have been dee1oped by varlous government agencies, but the recent proliferation of human
factors textbooks and handbooks produced by commercial publishers assures wider dissemjnation ofthese
standards and their derivatives. This phenomenon coupled with the growth ofvisual display terminal sales
provides the impetus for an examinatjon of this area.

The present paper examines the design guidelines currently in use for person-.clisplay design distances.
These distances will be compared ta the recent evidence for the ‘preferred’ intermedjate state oC
accommodation, the effect oC which is evident even while observers view adequate stimuli. There is a
measurable lead or lag of accommodation as the display presentatian distance departs from the dark focus
distance. Important implications for visual information processing arise when there is poor correspondence
between the observer—display distance and an observer’s dark Cocus. Reduced acuity for information is one
consequence, but thg increased effort ta maintain clear focus is likely ta be a source oC subjective discomfort
and/or visual fatigue.

Physiologjcal Effects of Oscillating Luminances in Reversed Display of VDTs

By K. NISHIYAMA, U. BRXUNINGER, H. DE BOER, R. GiEREtS and E. GR\N’DJEAN

Swiss Federal Institute of Techno]ogy, Department of Hygiene and Ergonomies, ETH Zentrum,
CH-8092 Zurich, Switzerland

We developed special equipment to simulate VDTs with reversed presentation (dark characters on a
bright background). In our experiment the decay time and mean luminances are constant while oscillating
frequency varies. During one experiment the subject had ta read aloud the projected text twice for 30 min.
Before and after the experiments we measured:

(I) Binocular visual acuity (near and far).
(2) Lateral heteroforia (near and far).
(3) Contrast sensitivity (far).
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(4) Near accomodation.
(5) Critical flicker fusion frequency (CFF).

in addition subjects hàd to report on questionnaires about diffèrent eye symptoms. The number ofsubjects

was 30. The following experimental conditions were used: 0,30,60, 180Hz and anormal printed text with a

luminance of 75cd/m2
The main result isa strong decrease of CFF at an exposure of 30 and 60Hz. Ail other measured variables

did not show clear changes.

Lighting Characteristics of Visual Display Terminais of Different Makes

By V. BRAUNINGER, E. GRANDJEAN. R. GIERER and T. FELLMANN

Swiss Federal Institute of Technology, Department of Hygiene and Ergonomies, ETH Zentrum,

CH-8092 Zurich, Switzerland

A field study at 162 VDT workstations in two large banks showed that the incidence ofeye troubles was

associated with excessive luminance contrasts in the visual field ofoperators as well as with some lighting

characteristics ofthe VDTs. A significant difference regarding eye troubles was observed between two groups

of operators, each one using a different type of VDT characterized by marked dilferences in sharpness,

stability and oscillation degree ofcharacters (Làubli et aI. 1981).

These observations induced us to develop an apparatus for measuring lighting characteristics of

luminance characters. We measured the following parameters:

(I) Oscillating luminances ofcharacters.

(2) Sharpness ofcharacters.
(3) Contrast between characters and background.

(4) Stability of characters.
(5) Luminance of VDT surface.
(6) Glaring effects of screen surface.

The different VDTs showed essential differences for ail parameters, which might partially be responsible for

eye strain. It can be concluded that customers should pay more attention to ergonomie qualities when

choosing a VDT

Eyestrain and Muscle Fatigue of Data Entry Operators Using Visuai Display Terminais

By N. ONisHi and T. KUROF

Institute for Science of Labour, 1544 Sugao, Takatsu-ku, Kawasaki 213, Japan

Operation ofcomputer-controlled visual display terminais (VDT) in office work presents the operators

with particuiar probiems such as eyestrain, neck pain and monotony. We studied workloads of 10 VDT

operators of age 19—27 on the basis of polygraphic records, fatigue reports and visual function tests. The

study aimed at proposing ergonomie improvements and examining efTicacy ofthe work—rest schedules. The

operators were working six work sessions a day. each consisting ofa 50-min work period and a 10-min break

and a lunch break lasting for 60 min. Work ofeach session comprised almost exclusively of VDT operations

with little chance ofdoing other kinds ofwork. The visual loading was significant enough to increase eye

complaints, with the accommodation capacity and the flicker fusion threshold declining and the pupil

diameter changing between sessions. Electromyograms showed a tendency by shoulder muscles and forearm

extensors to keep continuous contraction of a static nature. These intermittent static contractions often

reached the 20—40’ level of the maximal force. This explained why neck and shoulder fatigue became

predominant in ihe aflernoon sessions. The frequency inserted breaks seemed to be useful. but apparently

they could flot prevent eye and muscle fatigue from developing, due primarily to poor ergonomie design of

the VDTs.

Constrained Postures at VDTs

By W. HUNTING. T. LÀUBU and E. GRANDJEAN

Institut fOr Hygiene und Arbeitsphysioiogie, Clausiusstrasse 21,

ETH-Zentrum, CH-8092 Zûrich. Switzerland

In a field study of 162 VDT and 133 control workplaces it was found Ihat constrained postures ofVDT

workplaces in full-time typists were sometimes associated with physical impairments in the hands, arms,

shoulders and neck. The reported complaints were conflrmed by medical findings on muscles, tendons and

joints.

Some Health Hazards Associated With Word- (or Text) Processing and Similar
Data-Terminal Equipment. How b Avoid Them

By A. E. HAUGAN

Pay & Brinck A/S. Engineering Division, Dyno Industrier, Box 65, Risløkka, Oslo 5, Norway

Another complicated issue in our chemical-process and engineering industry is the increasing use and
design lay out of data terminal work stations. I have worked out a little ‘book’ or pamphlet for use in the
industry: A Guidance to Foi-nong Good Data Terminal Stations. The pamphlet, on which I have heid
speeches in IEA management in Norway, is followed by slides and overheads. From p.3 of the ‘book’ I
translate some of the contents: The relation between illumination, luminescence, contrast and eye-blendjng;
The most common trouble and possible causes including static electricity; How and where in the room
should data-terminal Stations be placed; The eye and what we demand ofit when screen-reading; Glasses,
working glasses, people over 40, the employers responsibility; General illumination in the room and
especially around the data-terminal etc.; Antropometrical measurements of the human body and
adjustments to data-terminais; 110w the chair, the table, the keyboard, the support 10 the wrist, the screen, the
copy-holder,. .

. should be; How to organize the equipment; Noise and climate, static electricity (skin
trouble); Check-list s a guide to establishing an ergonomically satis’ing data terminal station, etc.

A Study of the Adaptability of Operators’
Ageing Characterjstjcs to VDU Works

By S. YAMAMOTO, M. YOSHIOKA and K. NORO

University of Occupationaj and Environmental Health,
1-1 Iseigaoka, Yahatanishj-ku, Kitakyushu-shj, 807 Fukuoka, Japan

A. KONIATSUBARA,

Waseda University, 6-1 Nishiwaseda 1-chome, Shinjuku-ku, Tokyo 160, Japan

and Y. HAYASHI,

Keio University, Mita 2-chome, Minato-ku, Tokyo 108, Japan

The Japanese aged population wilI be Increasing in the near future. We need 10 develop work for aged
persons. The problem then is to investigate the adaptability of operators to VDU work, and to consider, as
the final object, the possible design of VDUs for aged persons.

The experiment focusing on the operator’s performance, character size of displays. and visual
accommodation was conducted to clarify the relationship between ageing characteristics and the above three
items. A VDU cailed ‘Name Search Test’ was used in the experiment, this test was designed for data retrieval
simulation work. Subjects were directed to search for the object name which had been indicated prior to the
session from the list on the display. The control experiment was made using conventional paper documents
Three groups were examined, that is teen-aged, middle-aged and old-aged, each group constituting nine subjects

The results ofthe experiment are summarized as follows: (1) the old-aged group made more mistakes than
the teen-aged group; however, the error rate ofthe old group was almost the same as the younger group in the
control experiment. (2) The error rates ofthe large character size were less than the smail character size. (3) 0f
the three groups, indexes of the visual accommodation showed signiflcantly different changes during the
session. We also found that the manner of recovery in visual accommodation was different among the three
groups.

The incidence of impairments was increased when the distance from the surface ofthe keyboards 10 the
desk was large; the height of the keyboard from the floor was low; there was insufficient space to rest the
forearms and hands; the lateral abduction of the hands operating keyboards was great; and there was
pronounced inclination or turning of the head.

Several recommendations for the proper design of VDT workstations were deduced from the present
study.
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Ergonomie Development of a New Keyboard Design

By M. NAsAsEKo. W. HCNTING. R. GWRER and E. GRANDJEAN

Institut fur Hygiene und Arbeitsphysiologie der ETH, Zurich, Switzerland

Many of the features found on typewriter keyboard s and visual display terminais have had a quite similar

keyboard design since 1873. The keyboard Iayout is arranged in four parallel rows, one for numeric keys, the

other three for alpha keys.
Keyboards require an operator to take an inadequate posture of the hands. It is frequently the parallel

arrangement ofthe keyboard that keeps the hands taking pronation as weII as ulnar abduction with static

muscular efforts of the arms. and the reason that keying operations are associated with constrained postures

ofthe hands. arms and shoulders.
The airn of the present study was to develop a new keyboard design in order to reduce inadequate

postures of the hands as weIl as postural fatigue ofihe arms, shoulders and neck, In this study the following

keyboard arrangement was used.

(o) Experimental model keyboard with large forearm and hand support.

(b) Experimental model keyboard with small forearm and hand support.

(e) Traditional keyboard with large forearm and hand support.

The experimental model keyboard with large forearm and hand consisted of two half-keyboards which

completely divided the QWERTY keyboard at a line of the G and H keys. The two half-keyboards were

inclined at 100 in the lateral and frontal directions. The open angle (V0) between the two half-keyboards was

250 and distance between the G and H keys was 65cm.

A 30 min typing task was carried out on each of the keyboards by 31 subjects. Impairments and fatigue as

well as working postures of the hands, arms. shoulders and neck, performance of keying work and pressure of

the hands and forearms on the support were compared among the three keyboard experiments.

Ergonomie Investigation of Interkey Time Distributions of Touch-keying Operators of

I O-key Numeric keyboard: Systems Design Implications

By G. F. RAI3IDEAU

University of Waterloo, Ontario. Canada

R. P-J. LEE

NCR Canada Ltd., Waterloo, Ontario, Canada

and P. G. MEGLIRE

NCR Corp.. Ithaca, New York, U.S.A.

This experimental study is concerned with the ergonomie aspects of the keying behaviour ofexperienced,

touch-keying operators in rapidly entering numeric data via a widely-used 10-key keyboard. The related

system of particular interest iS 011e by means of which financial amounts, e.g. from bank documents, are

processed using such keyboards. Daily operators typically require both high, sustained keying speed, e.g.

>8000 keystrokes,hour and low error rates (<J).
The study’s objective was to experimentally sample operator performance at the above-mentioned task

and to calculate interkey times as a function of successive pairs of keys used. Such times comprise the lags (in

milliseconds) between actuation of successive key pairs. Hence their magnitudes are determined by the

required motion (or movement), by the key’s function and by individual operator technique. Ergonomie

optimization of keyboard design and specification of operators’ skills/training objectives require detailed

analysis of such keying motions.
A widely-used 10-key keyboard was utilized throughout the study. Intensive screening of potential

subjects resulted in the selection of four touch-key trained operators whose performances were most typical

ofthose ofhigh-speed bank proofoperators. Each subject was given 3 hours oftraining during a given week,

followed by three (data collection) trials consisting of 1000 ‘amounts’ (digital strings having mean lengths of

396 numeralsjamount). Visual presentation ofthe subject amounts in standard ASCII characters displayed

on a CRT. The typical task required entering a given amount via the keyboard, followed by depressing the

AMOUNT key. This terminal response would bring the next amount to the CRT screen.

Because the constrained number of subjects was too limited (and their keying styles were too

heterogeneous) to support a generalizable description of the subject keying behaviour, only one 1000-

amount batch for each ofthe suhjects was suhjected to detailed analvsis. An approximate number of4 < 106

interkey diagrams were ohtained . Those diagrams which were analysed were categorized according to finger

motion element and function executed. The former were classified in terms ofrow and column location and

identity of keys ofeach dragram involved (lateral vs. medial motion) and in terms of distance’, e.g. repeatdigit’=O, ‘reach’= I, ‘hurdle’=o2 keys distant. Those relatively rare diagrams which involved incorrect digitentry were omitted from analysis because they would have greatly inflated their respective interkey timevariances
Results of the analysis support the following interferences and conclusions:
(1) Interkey times are symmetrically distribused, approximately normal (Gaussian) distribution, hencepermitting characterization via simple statistical measures.
(2) lnterkey times can be used by systems designers to calculate burst rates and/or determine machinepacing requirements.
(3) Inter subject variability with respect to observed (and recorded interkeying techniques stronglysuggest that a survey of current operator training practice, e.g. within varjous banks. could Jead toappreciable performance gains; such gains could even exceed those obtainable via hardware/softwaredesign improvements,
(4) Related to (3) above, only one of the subjects (the fastest) utilized a ‘rollover’ technique, i.e. use of wholehand rotation to actuate adjacent pairs ofkeys; this also offers a potentially valuable candidate fortraining technique improvement.
(5) The paper also presents interkey time tabulation, graphies and the resuits of significance tests ofdifferences among subjects. interkeying motions and the total 10-key interkey matrix.
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Ergonomies of a Hybrid Japanese Text Entry Method

By M. KUROSU and T. NAKAYANTA

Central Research Laboratory, Hitachi Ltd.. P0. Box 2. Kokubunji, Tokyo 185, Japan

An ergonomie research ofa hybrid input method for Japanese text was conducteci. This method consistsof three components: the display-andchoice method, the mnemonjccode method and the instructionfunction that ]inks the former to the latter.
In the dispIay-andchoi method, the user first enters the reading of the Kanji character with a JIS Kanakeyboard and then selects one of the displayed candidate Kanji characters by striking the numeric ten-keythat is located at the corresponding position to the displayed area. Though this method is rather easy for thenovice user, its maximum input speed is not high (the average is about 65 characters per minute). On the otherhand, the mnemonic code method, where the user can directly enter the Kanji characters by keying pre.determined two-stroke codes such as4.Hor;makes it possible for the trained operator to input more than180 characters per minute. The problem ofthis method is the requirement 0f the paired-associate leamingbetween the two stroke codes and the Kanji characters.
En the proposed hybrid method, we have combined the two methods su that the user can optiniize hisability and use the high-speed mnemonic-code method for the Kanji characters for which he remembers thecode and use the easy display-andchojce method.
The instruction function enhances the connection between the two. When the user selects the displayand-choice method. the mnemonic codes are shown beside the candidate Kanji characters (visual instructionfunction), and when he selects a necessary Kanji character by hitting the fumerie key he can hear thesynthesized voice telling the mnemonic code of that Kanji character (acoustic instruction function),

Ergonomies of Computer Commands in Restricted Natural Language

By D. L. SCAPiN

Institut National de Recherche en Informatique et en Automatique. Domaine de Voluceau,
Rocquencourt, B.P. 105, 78153 Le Chesnay, Cedex France

In niodern interactjse computer systems, computer technology has changed its character. The computerterminal is no longer handled by computer specialists but by a broad range ofnaïve and occasional users. Forthose users, computer commands have been built from natural language words because they are immediatelysigniflcant and. consequently (says the computer specialist), easy to use. In this paper that last assumption isquestioned though different aspects.
The results ofthe eNaluation of an electronic mail Janguage support the idea that a command languagemay be accurate for the designer himself(in our case, a specialist in computer data base) or for users ofsimilarexperience, but not for the broad range of users that are concerned with such mailing operations That
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experiment shows that experienced users have some kind ofability for ‘conventionality’ (or in other words the

ability ofestablishing correspondence between commands and function concepts). which naïve users do not

have. Some reasons why the existing command language does flot readily match with the operations are

pointed out.
In another experiment, it was found that naïve users have different requirements than do more

experienced users. The experienced users’ information processing is more semantic and more flexible whereas

the naïve ones’ is more lexical. The experienced users are also more influenced by the number ofdifferent

words used to label the same computer fonction than naïve users. Surprisingly, it appears computer oriented

command words are better recalled by naïve users than more usual words. This last finding challenges many

existing beliefs on cognitive behaviour and requires further research for clarification.

In a simulation ofa small office system, the results support the evidence ofa generation effect: the subjects

recalled better commands they invented than commands that were supplied by the experimenter. Also, an

important resuit reveals that the recall ofcommands is better when the subjects intuitively structures the

commands into groups of labels than when they do not, and best when the subjects are told to structure

Some human factors recommendations are given for the design of commands and a framework is

supplied to model the user’s cognitive behaviour

Design of Human—Computer Dialogues

By R. C. WILLEGES

130 Whittemore Hall, Blacksburg, Virginia 24061, U.S.A.

To maximize performance, designers are becoming increasingly aware of the need to consider the

human—computer dialogue interface especially in computer-based systems involving novice users. Various

human factors considerations for interface areas dealing with data organization, dialogue modes, user input

devices, command language and cominand processing, feedback and error management, security and

disaster prevention and multiple user communications are reviewed. Several human factor research issues

directed towards obtaining empirically-based design guidelines will be discussed and results of recently

conducted behavioural research studies will be presented. Studies dealing with both data entry and text

editing will be described.
Empirical studies conducted on data-entry tasks were concerned with both deflning multivariate metrics

ofthe human—computer interface and using automated data entry error detection and correction procedures.

Results of these studies are described to show the utility of multivariate empirical models of human

performance based on polynomial regression procedures as a means of isolating fundamental dimensions of

the human-computer dialogue interface. Additionally, data are presented to describe the efficacy of

automated error detection procedures as a means of reducing source data entry errors.

The research studies dealing with the text-editing dialogues are concerned with user models ofcommand

languages, design of’help’ information and the use of fast-time file searching procedures. Speciflcaliy, user

models oftext editing were deveioped using clustering algorithms and then empirically validated. Both user

and computer-initiated and elected help displays were evaluated as a means of enhancing procedures for

retrieving information from computerized displays. And, flnally, fast-time search procedures involving visual

skirnming and skipping techniques to improve location performance of alphanumeric information on

interactive displays are discussed.
The resuits of ail of these research studies are presented as examples ofempirically-based studies which

can be used to define human factors dialogue design considerations. Princïples ofthis type which are reiated

to generic human—computer tasks are stressed as central ingredients in the design of improved human—

computer dialogues for the novice user.
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Work Analysis and Cognitive Load

By A. WISNER

Conservatoire National des Arts et Métiers, 41 rue Gay-Lussac, 75005 Paris, France

The expanding number ofcomputers used in tertiary activities has raised working condition problems.

Usually, these questions have been approached from the viewpoint of the qualities of the screen and

environmental-conditions. The different teams of the work physiology and ergonomies iaboratory ofthe

CNAM have mainly considered the cognitive activity, using the concepts of psycholinguistics and

information processing in relation with some behavioural and physiological measurements such as those of

eye movements and evoked potentials.

Design of computer sl’stems

lfsome aspects of the work at computer terminais have been studied in laboratory, most ofthe researches
have been performed in real situations: different journais printing shops, an international news agency. the
Freneh census analysis centre, a new telecommunication terminal, the con trol room of an oil reflnery,..

Ail these studies have shown a very wide range of cognitive loads expiaining why some situations are
rather easily accepted by workers and why others need sueh an hyperexcitation ut the brain that some
neurotic phenomena can be observed and some effects on eunsecutive sieep demonstrated.

A very precise relation can be established between the density ofthe text read, measured by linguistic
techniques and the frequency of eye fixations, and between the eomplexity ut the codifications and the
duration ofeye fixations. With the sanie type ut techniques it is possible tu show why the reduetion ut news
agency dispatches are different when VDTs are used from the former redaction with paper and pencil.

More ‘intelligent’ VDTs may help to corne back tu a better redaction quality taking into account the
different macrostructures of the original papers from which the dispatch is built

Semanties is another important question to be considered not unly for the professional users but also forthe public who will use more and more complex computer systems. How far is the semantic field prepared
inside the memory of the computer analogous to the semantic flelds ofthe different users and how can thevery special retrieval mechanism ut human memory be simulated in the future computers?

Many answers have been elaborated in this new fleld ut relations between linguistics and ergonomies.

The Use of Ergonomjc Computer Equipment

By T. HOVGHT0N
ERGOS: Société d’Etudes et Réalisations en Ergonomie, B.P. 42, 77201 Marne-LaVaIlee France

As computer systems play an inereasing part in working life, more and more attention is being paid by
manufacturers, management, unions and, in particular, users tu the ergonomie features of equipment

in response to the demand, so-called ‘ergonomie’ equipment is nôw appearing on the market. In the caseof tables, a trend towards complexity is noted with various sections ut the table capable ut separateadjustments for the VDU, the console and the papers.
A recognition ofthe physical differences ut human beings is indeed essential. However, these tables havetu be used and the adjustment mechanisms are often difficult, necessitate physical dispiacement and tuomany. In addition, the advantages ut sueh a table have tu be balanced with the consequent limitations inchoice of placement of equipment and accessories as welI as possible misuse.
No table is in itself’ergunumic’ While a certain number of recommendations exist for any table in anywork situation, the choice ota particular table must take into account ifs eompatibility with other system

equipment, the physical envirunment the work pertormed and above ail the users themselves in order that:
(1) flic appropriate table wiil be chosen,
(2) it will be used eorreetly

and that the objectives ofergonomies, the enhancement otthe well-being ofthe person and effectiveness ofthesystem, wilI be attained.

The Development of User Hostility Towards Computer Systems

By T. I-IOUGHTON

ERGOS: Societe d’Etudes et Realisations en Ergonomie, B.P. 42, 77201 Marne-La-Vallee, France

Mueh literature is available cuncerning the ergonomie characteristies ofeomputer equipment, workplaee
and physical work environment. However, much equipment does flot ineorporate these teatures, equipment
which responds to man’s physiologicai needs is often expensive, eomplicated and too tiresume to use and
ergonomie equipment has tu be used curreetly. Probiems arising from non-ergonomie equipment or
incorrect use ereate hostility whieh is generalized towards the system. Resulting physiologjeal and
psychologieal symptums when remuved do flot alleviate this generalized hostility. Consideration ot
psychological tactors is essentiai in the conception of a system, in order tu avoid the development of
generalized hostiiity, and in the correction ofa system, to avoid the displacement ut hostility and tu assure an
effective solution

Two case studies illustrate this proeess and a possible approach. A simple trealment ut symptoms is
insufficient User involvement is essential in the conception or correction ota system in order tu assure:

(I) A complete analysis of wurking conditions profiting from the user’s ‘un the job’ knowledge.
(2) The acquisition by the user otthe neeessary ergonomies knuwledge to rationally and eonstruetively

eunsider his working conditions and thus participate in the definition ut future changes.
(3) The apprupriate modifications tu working environments; their aeeeptanee and their correct use
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A case study illustrates a possible approach with, as its major element, the education of personnel in

elementary computer ergonomies:

(1) A preliminary observation by the analyst permits the definition of course content and the necessary

pedagogic aids.
(2) A 2-hour information session is held.
(3) A follow-up in the workplace puts this knowledge into practice and enables the joint determination of

modifications to the working environment.

Aduit Age and Human—Computer Interaction: Implications fora Model of Performance
in Menu-driven Systems

By B. SOMBERG and G. BOGGS

GTE Laboratories, Inc., 40 Sylvan Road, Waltham, Massachusetts 02254, U.S.A.

In recent years there bas been an emergence ofa considerable amount ofresearch and guidelines relevant

to the design of human—computer interfaces. While these efforts are of great benefit, unfortunately they have

been mainly directed towards speci1ing a system which is compatible with a relatively young user

population. Behavioural gerontologists have discovered a variety of ways in which the information

processing capabilities ofolder adults differ from those of their younger counterparts. It is thus necessary to

apply these data to the design of human—computer interactions.
As an indication of how this approach is possible, a model of human interactions with menudriven

systems is discussed and it is shown how results from the psychology of ageing literature may be incorporated

into the model. In general. the model describes the interaction as a process invoiving visual scanning,

deciding upon the appropriate item, response selection and execution It also demonstrates how performance

wiiI vary as a fiinction of the experience of the user with the system and whether the user is operating on the

top or the bottom of a menu hierarchy. It has been shown that older aduits are significantly siower than

young adults in performing each ofthe processes described in the model and there is some evidence to suggest

that the magnitude of the age difference for a process is directly proportional to the time it takes young

subjects to complete that process (Cerella et al. 1980). This implies that although a manipulation ofa given

variable in the model may have an inconsequential effect on the performance ofa young user, the effect on an

older user may be quite draniatic. Specific predictions relative to the ability ofindividuals of varying ages to

interact with menus will be advanced.

Ergonomics Training for Computer Users

By T. HOUGUTON

ERGOS: Société d’Etudes et Réalisations en Ergonomie, B.P. 42. 77201 Marne-La-Vallee, France

The installation of computer terminais in the office bas flot been without human problems. User

complaints concern, on the one hand, the physical aspects of the workplace and, on the other, feelings of

mental fatigue, loss ofdignity and monotony.
That these should exist is a source of bewilderment to mariy who do flot themselves work before a

terminal. The causes of these complaints are often difficult or impossible to trace. Indeed, the original

problem. when found, may well have been resolved long ago, and yet, antagonism remains.
Complaints should be considered as symptoms: a multitude of possible causes create hostility which is

generalized towards the system. Resulting physiological and psychological symptoms, when removed, do flot

alleviate this generalized hostility. It is merely displaced to other aspects of the system.
Simple treatment of symptoms is insufficient. User involvement is essential in the conception or

correction ofa system in order to assure: complete analysis ofworking conditions profiting from the user’s

‘on the job’ knowledge; acquisition by the user of the necessary ergonomies knowledge to rationally and

constructively consider his workiflg conditions and thus participate in the definition of future changes; and

appropriate modifications to workiflg environments—their acceptance and their correct use.
A case study iliustrates a possible approach with, as its major element, the education of personnel in

elementary computer ergonomies: a preliminary observation by the analyst permits the definition of course
content and the necessary pedagogic aids; a 2-hour information session is heid; and a follow up in the

workplace puts this knowledge into practice and enables the joint determination of modifications to the

working environrnent.
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The Influence of System Response Time and Memory Load
on Problem-solving Behaviour

By H. BERGMAN

Psychological Laboratory, University of Utrecht, Varkenmarkt 2,
3511 BZ Utrecht, The Netherlands

An important factor in man—computer interaction is the duration ofthe System Response Time (SRT). In
a previous study (Bergman et al. 1981), the influence of this factor on problem-solving efficiency and strategy
was investigated by controlling the interval between the moment a subject presses the last key ofa computer
input comniand, and the moment the first character ofthe computer response is displayed on the terminal.
The subjects carried out a problem-solving task equivalent to the selection concept learning task as employed
by Johnson (1971, 1978). In this task, a subset ofelements from a larger population ofelements is defined by
three rules, called ‘the concept’. h was the subject’s task to determine which concept defines this subset of
elements by sequential information selection. This selection results in a progressive reduction ofuncertainty
with regard to the concept as the subject sequentially eliminates potential concepts. Bruner et al. (1956)
proposed a number of strategies that can be used in this type of problem-solving task. Johnson developed and
validated these strategies, and designed algorithms for objective identification. In our studies, the subject’s
performance is refiected in a number ofefficiency measures and, by applying Johnson’s rules. the specific
problem solving strategy used is established. In the previous experiment. four conditions were used:

(1) A zero SRT.
(2) A 10-s SRT.
(3) A mean SRT of lOs, with standard deviation of 25s (gamma distributed).
(4) A mean SRT of lOs, with a standard deviation of 75s (gamma distributed).

Conditions 3 and 4 are used because it has been found (e.g. Martin 1973, Shneiderman 1979) that SRT
variability is an important factor.

The data of this experiment showed that differences in SRT duration do flot give risc to different
strategies, nor does it influence the speed of performance. However, subjects in condition 1 performed
significantly less efficiently than subjects in the other conditions.

In the present study we used the same SRT conditions as in the previous experiment, but we also increased
the subjects memory load by presenting only limited amounts ofinformation on the history of the problem
solving process. By means of this technique we simulate the use of single une or three line displays.
Preliminary anaiysis of the data (by means ofmultivariate methods) indicate that increase in memory load
results in the use of less efficient strategies, regardless of the SRT condition employed. The data are in
agreement with the data of the previous study in the sense that a decrease in SRT results in a decrease of
subject efficiency. Again, SRT variabiiity does flot (contrary to commonly held beliefs) seem an important
tactor in SRT research.
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Response Time Discrimination

By R. M. Wu, C. R. BROWN and P. D. PAGEREY

IBM, System Products Division, Neighborhood Road, Kingston, New York 12401, U.S.A.

The response times of a computer system are the key to user satisfaction. These response times are
generally statistical distributions each characterized by both mean and variance. This paper isa study ofthe
ability ofa user to discriminate response time distributions ofdifferent characteristics. Knowledge from such
a study is fundamental to the understanding ofa user’s relative satisfaction with different computer systems.

The experimental work was reported ta the 1979 Congress ofthe International Ergonomies Association.
The primary purpose of this paper is to present a mathematical model capable of quantifying user
discriminability of response time distributions. The model being the result of new and more in-depth analyses
of empirical data.
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Briefi). the experiment consisted ofa series of two-alternatives, forced-choice tasks. In each task. the
subject sampled at will from a pair of response time distributions generated by the apparatus, eventually
making a decision whetber or not the two sample sequences originate from identical distributions. Data was
recorded for three subjects. eacb made 100 deeisions on eaeb of 18 pairs ofdistnbutions. Despite tbe subjeets’
widely disparate strategies to reach tbe decisions, data showed considerable consisteocy in their ability to
discriminate.

If the user’s ability to discriminate is measured in terms of the probability of correctly recognizing a
response time distribution difference, then tbe proposed model states tbat this ability is directly proportional
to the difference in mean response time of the distributions and inversely proportional to the square root of
the standard deviation. The unantieipated finding is that tbis ability is independent ofthe absolute values of
tbe mean response time. Tbe paper gives the constants of proportion tbat are applicable for mean response
timc differences in the range 01—1 s. Analyses leading to tbese conclusions are also detailcd.

An Attempt to ‘flarmonize’ Human Operator
and Computer Responsibilities in Complex Industrial Processes

By P. E. LARRtERE, J. LE QUERE and S. QUARIN

Elf France Cy, Ltd, Raffinerie, 44480 Donges, Francc

The flexibility of computer potential allows an adjustment to the operator’s behavioural changes (inter
and intra-individual variations). Our basic ideas are shift work (3 x 8), increase in the quantity of data and
change of the operative mode based on the operator’s point ofview. From the technical point of view, the
setting up ofreliable and safe installations on a site of 12 sq. mile permits us to centralize and reduce data as
well as general on site data feedback. Improvement of working conditions, data presentation, and a
maximum use of Ove dtsplavs bascd on the potcntiality ofthe different mental models are the main objectives
ofour ergonomie project. These Ove displays are based on the four following principles: coding, hierarchy,
freedum of access, and adjustment to any operator. The four criteria of this man—machine interface are
priority (vital points-safety), efficiency, frequency of use, and functionality (coherent geographical unit).

So that we can mainly operate the plant through computer consoles

We are able to perform safety sequences through programmed systems which are simulated and
controlled by the computer. aiming at operator training and stress reduction. We also have developed
complete computerized start-up, thereby simplifying the operator’s task during long and difficult operations:
but man is stiil the overall master. Due to their polyvalency, the inside and outside operator’s have been able
to maintain a team spirit between the control room and the site, either by the secondary or remnte consoles in
a supervision room or by means of very modem communication systems. In order to reach these objectives
(performances) an ‘osmosis’ between operator, and management has been realized in job analysis, the setting
up ofoperator—computer interface, and the computerized operator training system. The need to adapt the
computer to mankind has lcd us to develop, by a group approach, software adaptable to the different
personalities and behaviour of uur operators. The impact of the project will have to be checked with the
operators on the basis ofday to day experience.

Back-to-Front Systems Design: A Guns and Butter Approacb

By R. S. DIDNER

American Telephone & Telegraph Company, 1776 On The Green, Room 48-4A13,
Morristown, New Jersey 07960, U.S.A.

Often, information systems seem to be designed for the convenience of the designers instead ofthe users.
Evidence of this tendency exists in the form ofvoluminous printouts that nobody uses, the numbers oftimes
these systems are redesigned or abandoned, and the frequent dissatisfaction of managers of user
organizations. Ibis problem may be one of’the tail wagging the dog. That is, instead ofthe system being
designed to support the users’ activity, the users must modify their activity to conform to whatever the system
confronts them with.

This paper offers a general approach, as well as some specific techniques for designing systems that not
only avoid that problem, but actually enhance user activities. especially when those activities involve some
form ofdecision making. The approach and techniques were developed as part ofa requirements study fora
telecommunication resource allocation system. In this study the information content and urganizing
principles for the computer system output reports was established. The number ofdifferent reports generated
by this system was reduced to 5 as opposed to 50 reports (most of which were not used) generated by its

Design of producf ion ssfems

predecessor. Furthermore, the Ove reports were organized so as to support an idealized decisinn-making
strategy, which could then be employed by the users of those reports. The resulting system outputs are
expected to lead to decisions with superior outcomes, as well as a more expeditious, cost effective, decision
making process.

Evolution of Man/Computer Air Trame Control Systems (The European Approach)

By H. DAvto

15 Ave. G d’Estrees, 91830 Le Coudray-Muntceaux, France

The fundamen ta! problem for the air trame control authority is that, in spite of rising fuel costs and
recessions, air traffic continues to increase steadily, while the physical space available is flxed, and the co
ordination problems risc as the square ofthe number of aircraft—or controllers. Added to this has been the
lnw Ievel of funding, leading to slow development of equipment.

Ergonomies bas been called in to evaluate adaptations or extensions of existing equipment—control
devices such as touch-wires, rolling balls or light-pens and displays—colour radar or data displays or
radically revised displays. More recently, approaches have been made to tackle the control problem at
source, by functional analysis, measures of mental load and batteries of co-ordinated studies.

ATC authorities in Europe have generally been sceptical about the application in practice of general
theories ofhuman behaviour, adopting empirical methods to resolve existing or anticipated problems. An
example of the latter was the simulation ofa prototype flow-cnntrol (traffic regulation) cdl using a fast-time
simulation model on a time-sharing interactive system—demonstrating that the limits in practice were those
imposed by adjacent systems rather than that under examination.

Simulation, usually in real-time using computer controlled simulators, tends to be the preferred method
of investigation. Much reliance is placed on tOc consensus of experienced-user’s opinion (obtained by
questionnaire or discussion), and relatively little importance attached to ‘objective’ measures ofworkload.
Attempts are, nevertheless, being made to evolve practical, relevant measures of tOc difficulty of ATC tasks.
TOc increasing invulvement of computer systems in ATC offers hope that non-intrusive measures may be
evolved or adapted from other man—computer systems.
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Ergonomical Correction of Working Conditions at the Stage of Working Station

By M. SPYcI-iATA

01 Krajû Rad 2/114, 61-672 Pnznaû, Poland

There is practically no situation in tOc designing process where a functional dependence between
analysed phenomena occurs. It is the dependence in which certain qualities of one value are ascribed to
exactly determined qualities of another value.

As a rule in these phenomena a stochastic feature relationship occurs. It is based un tOc fact that a given
form of an independent feature is accompanied by different varieties ofa dependent feature.

Regression, tOc methnd of statistical mathematics, will be used to describe functional dependences
between tOc set of variables. It will be tOc basis for constructing and estimating a model for evaluating tOc
design realization in tOc domain of ergonomical requirements.

TOc subject ofmathematical analysis based on tOc regression method will be tOc engine shop. with its fleet
ofvehicles and technology. TOc purpose ofthe objective analysis will be tOc construction ofa synthetic meter
showing the relationship between the accepted design and tOc expected working conditions. TOc character of
their properties may be obtained as a rcsult of comparative evaluations with existing norms, criteria and
ergonomical recommendations. 10e selection ofstepwise regression methud (tOc best regression equation) to
estimate a given model requires that:

(1) Already existing objects, because oftheir similarity, unification of realization design parts, similar
technology and equipmcnt ofa given industrial branch, may be the basis for constructing tOc meters
for estimating tOc newly made objects (engine shop) within tOc same industrial branch.

(2) tOc model of working conditions is a function of many variables

9
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(3) The uniform community (engine shop) may be divided into subsets of high mutual similarity
according to technological criteria as well as similarities between manufactured products (statistic
features)

(4) The basic statistïcal Unit within the sets and subsets of a community will be the working station.

The mathematical model of regression is:

Y=B0+ B1X+e, i=l,2,...,m,

where Y is the model dependent variable, B0, B. are model parameters, X1, X2,..., X,,, are dependent
variables and e is the random component. In order to obtain the complete record of the community in

question and the factors estimating it, the quality features ofdependent and independent variables should be

ascribed.
The independent variables needed to construct the regression model may be achieved by analysing the

statistical unit (work station). This is based on measurements and by other tests aimed at gaining information
about the working conditions characteristic for a given work station (noise, lighting, dustiness).

The statistical community (engine shop) may, when it is necessary, be divided into subsets treated in the
regression analysis as whole units. When the community in question is div ided into subsets, several equations

of regression illustrating mutual variation in subsets are obtained. The equation of regression referring to

illustration of variations in the whole community is achieved by summing given multinominals (the
equations of regression). This will mark the mathematical function of both variables.

Shaping (Size and Form) of Workrooms from the Viewpoint of Pleasant
Working Environments and Humanization of the Work System

By H. F. MIJLDER

Albert van der Meerstraat 21, 7555 Le Hengelo (0), 11e Netherlands

In many ergonomically justifled design processes the psychological influence of the shape (form. ratio
length : width : height (L: W : H)) ofthe workplaces is neglected. This is remarkable because there are, most
times, implicit and, some times, explicit questions from industries and administrations about this topic. For
instance, for the sake of security of their operators sme chemical industries want to make their control
rooms as small as possible and without windows. What size isjustified from an ergonomical point ofview?
Contrary is the tendency in the construction of offïce rooms: open and large. What are the ergonomical
justifled solutions here?

Old and new religions give ideas; for instance, the classical beliefs in Greece and Egypt. The golden rule
for L: W: H is the best ratio. Antroposofy: give rooms and windows five or more corners. A social
psychological theory (Hall) gives rules for personal and social space.

Research is done in university study ceils, libraries, canteens, elevators, computer terminal rooms,
control-rooms in industry and in experimental rooms. The latter were changeable in size and height.

Results:

(a) build no room without a window with a view of the environment;
(b) the theory of Hall is useful;
(c) the golden rule ii useful;
(II) the feelings of workers about their working place depends on their frame of reference;
(e) the effect ofthe shape and size of working rooms on task-performance and feelings depends on the

characteristics of the room, task, person(s).

The Evaluation 0f Repairmen of Motorcars Using the RS-method

By S. NAKAYAMA

The Faculty of Science and Technology, Meijyo University, 69-49, Yagoto. Urayama, Tenpaku-cho,
Tenpaku-ku, Nagoya, Japan

This paper shows the result ofthe work which is repeated many times, in numerical values and derives a
new method which evaluates it relatively. The result is given by a work achievement Q which isa function of
the ratio of variation b, where b is the dispersion ofthe data. We calI the method the Researching and Review
System method (RS-method). This method is better than the usual one, which uses the mean and deviation,
because (j) computation is easy and (ii) the result is evaluated relatively in the interval [0, 1]. Thus, the method
is useful for problems such as comparing more than three things and seeking the best ofthem, for example
workers and machines that are making the same thing.

Further, we mention the method which evaluates the work relatively and dynamicaily, using tendency
equation which is given by the work at successive times. This is also an extension equation which is given by
the work at successive times. This ii also an extension ofthe above method and an analysis considering the
productivity of the work.

As an example of their applications we show the performance of some repairmen who are engaged by one
motorcar company.

The Effects of Developments in Grocery Distribution Systems

By J. WIL.SoN
Department of Engineering Production, University of Birmingham,

P0. Box 363, Birmingham B15 2TT, England

The growth ïn the extent of the service sector of the economy has meant a concomitant increase in the
potential application of ergonomics to the design ofwork systems in such industries. In parallel with this
growth ofthe total service sector is the rapidly expanding deployment ofnew technology within it. Unlike
office techriology such new systems must serve both the staff and the public.

This paper presents the findings of two ergonomics studies ofgrocery retail outlets, one in Sweden and
one in the U.K. In particular, the effects of such developments as unit palletization, in-shop information and
documentation systems and laser-scanning check-outs were examined. Direct observation and interviews
were used to produce task and workplace analyses and to assess staff and customer probiems and complaints.

Problems associated with the recent developments in retail outlet systemswere fewer than expected, most
dilTiculties arising from traditional shop architecture, working systems and package design.

Some possible design recommendatioris and areas for further investigations are presented for retail outlet
staff in general and for laser-scanner check-out operators in particular.

Synthetic Stress Profiles

By B. H. MCLLER
Universitaet Wuppertal, Gauss-Strasse 20, 5600 Wuppertal 1, F.R. Germany

Many job situations in modem plants can be simulated in laboratory experiments and the results of
ergonomie studies can often be statistically proved. In contrast, the stress situation, for example. in the iron
and steel industry, is still given by many different stress parameters which influence the workers
simultaneously. Working conditions change over the day. therefore the resuits ofscientific studies show only
an example of a possible situation. To use simple averages could be dangerous, because intensity and
duration ofevery part of the stress situation dOTer from day to day, and sometimes even during the shift.

A method was deveioped, which determines a job-typical stress profile for jobs with a heterogeneous
stress situation. Based on muscular work and heat-stress in the working situation, ‘work-cycles’ inciuding the
actual recovery-need are developed and statistically tested. The resuits after an ergonomic classification are
shown as stress profiles, based on the resuits ofergonomic studies at a blast furnace.

This method allows the combination of results ofseveral shift studies, performed with different workers,
as well as comparison ofsimilar work segméits at different jobs concerning Stress intensity. Used as a tool for
job design, this method can help in estimating the stress situation of projected working systems.

Operator Response to Problems in Process Control Systems

By K. M. MALLORV, D. BENEL and D. MCCAFFERTY
Essex Corporation, Process Control Systems Division, 333 North Fairfax Street, Alexandria, Virginia 22314,

U.S.A.

Typically. main control rooms for process control plants (e.g. refineries, power plants) are equipped with
systems to notify control room personnel when a problem occurs somewhere in the planL These warning or
annunciator systems may be hundreds or thousands ofhard-wired indicator lights, each ofwhich reports a
different problem. In the more recent plants, annunciator functions may be supplied or augmented by
integrated, software-driven displays which can present ail annunciator messages and, on occasions,
associated diagnostic or prognostic information.

The response of personnel to an incoming annunciator alarm is a function of: (a) the specific problem,
(b) the condition of other plant systems and equipment at the time of the problem and (c) the immediate, near
term and long-term consequences ofthe problem. These three factors interact to produce millions ofdilferent
conditions. each requiring a somewhat different response to cope with the problein.



Design of production systems

The extraordinary size ofthe response set needed to react to problems, combined with the infrequency of

the vast majority ofthese problems, seeniingly precludes training operators to respond to specific probiems.

The following paper proposes a model comprising a small set of response types and a strategy for organizing

response types into specific actions to correct specific problems.

Response types generaliy correspond to methods of compensating for failures or out-of-toierance

conditions designed into process control systems (e.g. by-pass failed equipment; direct control ofa condition;

substitute for failed equipment; reduce demand for services provided by failed equipment). The strategies for

selecting and combining response types are based on the probable consequences of actions.

The model presented in this paper anticipates training requirements of manageable proportions; it

emphasizes the ability to predict the outeome of specific actions as a process fundamental to successful plant

operation; and, finally, it provides a means to identify educationa, training, procedural and design features

that improve operator performance in responding to failures or out-of-tolerance conditions.

Ergonomic Design of Press Working Places

By H.-J. BULLSNGER, P. KERN and D. LORENZ

Fraunhofer-Institut fOr Arbeitswirtschaft und Organisation (IAO),
Silberburgstr. 1 l9A, D-7000 Stuttgart-l, F.R. Germany

Even today. press working places are among the typical ‘problem working places’, where working

conditions, e.g. with regard to possible circumstances or with regard to noise level. are often not suitable for

man.
The problem for the work designer—especially in the metal working industry—is that a multitude of

dilTerent kinds and types of presses can be found. In tact, even very different sasks are carried out with the

same machine. In order to obtain design guidelines, if possible, for many different types of machine and

working places, new methods are required. A separate investigation of ail existing press working places has to

be excluded, due to limited time and capacity; instead, representative working places have to be determined.

In order to do this, the working places first have to be elassified. divided into groups and the respective

representatives determined. From the ergonomie point of view, a purely technical classification of presses

must be eliminated. since in that case the human-related criteria would not be considered sufficiently. These

criteria thus have to be obtained via extensive data collection on the scene, using corresponding election

methods from ergonomies. Grouping is done using cluster-analytic methods, especially developed choice

procedures for statistically uneven distributed data render the representative working places. These press

working places are analysed in order to recognize deficits in design.
For representative working places, the results of the ergonomie analysis are presented, strain and stress

situations are described and the design deficits shown. On this basis, design proposals are presented for the

machine itself, the equipment of the working place, the tools used, the work environment and the work

organîzation. Safety requirements play an especialiy important role in the ergonomie design of press working

places. Questions ofwork safety have an absolute priority in the hierarchy ofergonomie design measures. It

is shown how force postures and unnecessary stress for the working person can be avoided by ergonomically

correct design.

An Ergonomic Method Diagnosing Compiex Production Systems

By P. LEszEK

Politechnika Poznaiiska, Instytut Organizacji i Zarzadzania,
ul. Strzelecka 11, 60-965 Poznaû, Poland

An exact qualification of the seope of ergonomie problems and working-out co-operation methods for

experts representing dilTerent fieids of science seems 10 be the prerequisite for overcoming methodological

and semantic difficulties characteristic of the present situation in ergonomies. Therefore it is necessary to

work out methodological and objective ergonomie approaches which would make ergonomies and

interdiseiplinary applied science.
The ergonomie method diagnosing complex production systems is an attempt at sueh an approaeh. The

systems are defined as static and dynamie combinations of human, physical and finaneial resourees which

transform input feed (work, means ofwork, objeets ofwork and information) into output states exhibited in a

material form (industrial goods. material services) or in a form ofinformation. The main point ofthe paper is

to present a basic methodical concept which would combine the analytie researeh procedure and ergonomies

application into a methodological system. The method is based on a diagnostic approaeh and G is designed

for use in specifie eircumslanees ofindustrial aetivity. The analysis ofthe so-cailed diagnostic symptoms of

production systems is based on a check-list designed by the author. Questions ineiuded in the list have been

connected with detailed criteria of evaluation, e.g. standards and ergonomie requirements.

Formulation ofthe fundamental diagnosis ofthe system is exeeuted by experts in a three-stage mode, and
takes into consideration: (a) opinions of an ergonomie team, (b) opinions o fworkers in direct production and
(e) results of measurements taken at partieular facilities of the production system.

Investigations ofthree types, detailed, causai and comparative. make the basic diagnosis more profound
and verify it. Results are registered in a form of alternative binary evaluation. Due to the interdiseiplinary
eharacter of evaluation, made in a multi-objeet production system, a basic ergonomie diagnosis assumes the
matrix form.

Computer proeessing ofsueh an input matrix into the so-caiied matrix of ergonomie corrective activities
makes it possible to determine both global indices of ‘ergonomieity’ of the production system and indices of
particular facilities f this system (single man—machine units).

Praetical application ofthemethod allows control of the level ofworking conditions in a eomplex way.
The seale ofeontrol would cover complex production systems ofa plant during changes in the character of
the teehnologieal process (machine and production facilities modernization, improving organization and
equipping ofwork-stands and reforming production structures) and methods of present management ofa
production run.

A Critical Analysis of Techniques of Evaluation of Working Conditions and a
Proposai for a Methodological Approach

ByE: RiCHARD

74 rue Pasteur, 69224 Lyon. Cedex 1, France

The author deseribes a range of experienee with assessment techniques and methods applied by the
C.R.A.E. to 70 different industrial job funetions or work situations. The original approach ofthe C.R.A.E.,
relying on a thorough knowledge of the techniques employed, has always involved not merely the production
ofresuits, but also a systematie critical analysis ofeach application with a view to an in situ demonstration of
its limitations as well as its advantages. The author re-examines each case study against such criteria as the
form ofthe request, the technological level, etc.. with a view to an evaluation. A eontradictory discussion with
constant references to ergonomie practice leads to a critical analysis of these techniques, even when they are
used in syncretie eombination.

We have, on the one hand, a utilitarian ‘in-field’ ergonomy, eonstantly under pressure from the opposite
sides of industry, and, on the other hand, a purely ‘academie’ ergonomy. Is it possible to formulate an
alternative approaeh?

The author goes further attempts to reply by proposing the outline for a global, interdiseiplinary,
participative approaeh. 1-le suggests an essentially experimental methodology for an applied ergonomy
based on a new approaeh. This would draw its inspiration simultaneously from biotechnological ergonomy
and from an ergonomy geared to questioning the content ofwork, eonsidered Iess in terms ofa work function
and more in terms ofa work situation, so as to satisfy both individual and collective needs.

The Design of Man—Machine Systems from Human Role Consideration
in Modernized Industrial Systems

By Y. IIYAMA

Matsushita Electric Industrial Co. Ltd., 974-52 Shimofuda-eho, Chofu-shi, Tokyo 182, Japan

In operating and managing modernized industrial systems, persons who wateh the panels and displays
are expeeted tu act as deeision makers and system managers in spite of their nominal duties.

In these cases, designing aman—machine interface requires not only sufficient visibility and legibility, etc..
but also rationai man—maehine information fiow and useful supporting devices.

Studies of actual man—machine behaviour ofthe Shinkansen Railway as a typical large eomplex man—
machine system solved the problems of interactive man—maehine behaviour of that system and deeision
making process. Results also pointed out the weak points of the system design.

Two essential ergonomical approaches in designing large complex man—machine systems are suggested
one is the improvement ofman—maehine matehing on a component level, and the other is on a ‘nervom
system’ level considering the stability and toughness ofthe system under various abnormal system situations
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A Comprehensive Long-range Human Factors Plan
for Nuclear Power in the United States

By C. O. HOPKINS

Universitv of Illinois, Illinois, U.S.A.

The major reason for the occurrence and the severity of the nuclear power plant accident at Three Mile

Island—2 (TMI—2), Pennsylvania, was a complete disregard for human factors in the design and operation of

the plant. The TMI—2 unit was flot unique in this respect. Prior to 29 March 1979 the human factors,

discipline was unknown or ignored throughout the United States nuclear power community.

The United States Nuclear Regulatory Commission (NRC) asked the Human Factors Society (HFS) for

assistance. The HFS Executive Council, as a public service ofthe human factors profession, authorized the

fonnation ofa Study Group to develop a comprehensive long-range human factors plan for nuclear reactor

regulation.
NRC awarded a 12-month contract for a three-phase programme to the HFS. The objective was to

develop a 10-year plan to meet the diverse requirements for human factors imposed by the different

regulatory requirements and responsibilities of the NRC Program Offices and to identify needed human

factors, programmes throughout the NRC.
The Study Group used a systems approach to identify problem areas and to develop recommended

actions. Current and planned programmes throughout the nuclear power industry were reviewed and

evaluated.
A long range plan was developed for NRC that covers a wide range ofareas ofhuman factors, concerns.

Specific recommendations are made in the areas of human engineering, procedures and operator aids,

personnel and staffïng, and training and training equipment. An additionai group of recommendations is

concerned with problems that are common to several of the areas listed above or that do flot otherwise fit mb
one of the major categories. The recommendations include statements of the technical requirements, ratings

of relative importance and urgency, estimates ofresources required including scientific/technical personnel

and facilities, duration of programme, and dependencies upon other programmes, if any.

By Y. OKADA, I. KATO and K. NoRo

University of Occupational and Environmental Health, l-l Iseigaoka,
Yahata Nishi-ku, Kitakyushu 807, Japan

Human factors research in Japan dates from the 1920s. Japanese human factors research has followed

labour science approaches and systems approaches for improving man—machine systems. European

influences are recognized in the former approaches, while American influences are noticeable in the latter.

Since it foundation in 1964. the Japan Ergonomics Research Society had been working as the base for human

factors studies and activities. The professional fields ofthe society’s members are greatiy different from those

of their American counterparts. Activities related to the automobile and steel industries and to the

Shinkansen Line are described as characteristic examples in the Japanese human factors field. The system

capabilities and lifetime employment institution peculiar 10 Japan have made great contributions to these

research activities. One of the major problems which face Japanese human factors specialists is how to assign

to humans and machines the jobs which call for intellectual and sensory functions. Today we are standing on

the starting point ofthe third industrial revolution. Industriai robots are the main promoting power to the

revolution. For the sake of a proper introduction of flexible automation and robotization, human factors’

research should play an important role.

Development of Ergonomic Methods for Productivity Improvement

By K. NORO

University ofOccupational and Environmental Health, l-1 Iseigaoka, Yahata Nishi-ku, Kitakyushu 807,
Japan

Japan achieved rapid economic growth and reaiized a high degree of prosperity in the 1960s. Such an
enormous economic development was unquestionably enabled by highly advanced industrialization in

various fields of manufacture. Although many reasons may be cited for the industrial development

accomplished in Japan, one of the most important reasons isa very large improvernent in productivity thanks

to labour savings and equipment automation.

Ergonomic methods for productivity improvement comprehensively grasp human behaviour by
measuring it in the following aspects:

(1) Time aspect ofhuman reaction.
(2) Error aspect ofhuman reaction.
(3) Subjective response ofhuman reaction.
(4) Spatial factor ofhuman beings—human body measurement and angle measurement.
(5) Forces on and in the body.

The ergonomie method is reviewed and the future direction of research in the above fleld proposed.

B 13. Management and Humanization

Cognitive Compiexity, Conceptual Systems and Organizational Design:
Implications for Ergonomics

By H. W. HENDRICK

849 Hahaione Street, Honolulu, Hawaii 96825, U.S.A.

During the past two decades, a body of research bas been accumulating on the topic of cognitive
-. complexity. This social psychology literature. which is largely unknown among ergonomics specialists, does

much to explain flot only individual behaviour, but the functioning of organizations and tise nature oftheir
design. Among other findings, cognitive complexity research had led to the identification of at least four
fundamentally different ways of conceptualizing reality and consistent, systematically related personality
characteristics. such as the degree of authoritarianism, internai fate control, relativism, interpersonal focus
and skiils. cue utilization. principled moral reasoning, teamwork in problem solving. need for structure and
order. creativjty and the valuing of innovation and change (sec, for example, Harvey et al. 1966. Hendrick
1979). In Engiand, Elliot Jaques and his coileagues at Brunnel University (sec, for example, Jaques 1976,
Stamp 1981) have shown systematic relationships between the degree of cognitive cornplexity within a work
force and the nature ofhierarchical structure within organizations. Hendrick (1981) has related demographic
changes in cognitive complexity in industrialized societies to on-going and projected changes in
organizational design and functioning.

The proposed paper summarizes the research, noted above. and points out its implications for human
factors and ergonomies specialisis in designing workstations, workstatron networks and organizations. The
paper stresses the point that too ofien human factors and ergonomies research has focused on improving
human—machine interface efficiency without adequately considering psycho-social variables or taking a true
sociotechnical systems approach. The paper provides an approach for how this might be done. In addition. it
highlights the rapid demographic change in abstractness level occurring in industrialïzed nations. the known
reasons for this change. and the need that this change creates for more adequately considering psychosocial
variables in ergonomies research and application within organizations.
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By H. PORNSCHLEGEL

Sozialakademie Dortrnund, Hohe Strasse 141, D-4600 Dortmund I, F.R. Germany

Since 1974 the Federal Ministers for Labour and Social Order, as well as for Research and Technology,
sponsor a research and development programme, ‘Humanization of Working Life’. covering mainly
reduction of stress and strain. improvement 0f the quality of work and transfer of relevant knowledge into
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practicai application. More than a quarter of the funds (appr. 120 million DM p.a.) went into

experimentation in the field oforganization ofwork. Some major projects are compieted; a major study of
non-publiciy-funded schemes ofnew forms oforganization ofwork’ is pubiished.

Major emphasis was originaily on experimentation with the classical’ modeis of job rotation.
eniargement, enrichment and semi-autonomous groups, as weii as different forms of participation. Early
projects were started by major companies. Over time, the scope ofsuch projects was extended to flexible
forms of work technoiogy, such as buffers. handiing machinery, flexible workstations, and various
combinations of such modeis, eventuaily to whoie establishments. Qualification programmes were
frequentiy introcluced as supporting systematic measures. A whole range of interdisciplinary research went

along with these sponsored projects normally covering ergonomie, psychological. sociologicai. pedagogic
and medicai aspects.

Findings pubiished relate to iayout and flexible technology, stressors and stress reactions. qualification.
acceptance ofnew systems, formai and informai participation, feasibiiity and wage probiems. This paper
presents some major findings.

Some of the major probiems appear to be:

(o) the degree of integration of such schemes into the whoie organization;
(b) the high dependence of organizationai changes in the units concerned and the larger systems
(c) increased stress coping probiems unless counteracted by systematic qualification;
(d) need to anticipate repercussions of changes in the wage sphere; and
(e) increased problems of participation under legai, coiiectiveiy bargained and informai auspices.

A Study on the Motivation of a Manager by Canonicai Correlation AnaI sis

By S. Y. LEE

Department of Industriai Engineering, Coliege of Engineering,
Korea University, 1, 5-ka, Anam-dong, Sungbuk-ku, Seoui, Korea

This study analyses how reciprocai relations between the temperament and motivation of managers are
interacted.

In addition, to find the reiationships between achievement, this study aiso examines whether or not
familiar-achievement motiation and non-famihar-achievement motivation manifested in the manager
group of Japan are present in this tested group.

To perform this study. the author obtained the data by testing 578 male managers empioyed in domestic
enterprises with a Y-G Character and Motivation Test. A structure vector is obtained and apphed and a
canonical correlation analysis method is apphed as a means of interpreting the data.

From the study, the foliowing. resuits are obtained.
First, familiar and non-familiar-achievement motivation appeared in the domestic sampied group.
Second, a manager with familiar-achievement motivation is shown to have an extroversive character.

high social accommodation, high emotionai stabiiity, whereas one with a non-familiar-achievement
motivation bas an introversive character, a somewhat iow social accommodation and mw emotional
stabiiity.

Further study can be concentrated on whether or not these resuits reappear in a bilingual group.

Adjustment of Work to People and Humanization of the Production Line

By M. A. V. PAREANIN

Mechanicai Engineering Facuity, University of Belgrade. Belgrade. Yugosiavia

At the beginning of this paper the introduction and deveiopment of the application of the production une,

i.e. flow production, in Yugosiavia, with the aspects which brought about this development, are discussed.
The resuits obtained show that out of85 000 production workers from 100 organizations ofassociated labour

(factories) from 12 branches of industry (metaiworking, electricai, fond processing. shoemaking and leather
processing, chemicai industry, etc.) 35000 workers or 4i8 work on production hnes. That is a very

indicatie figure when it is known that about 25 million production workers areempioyed in the industries of
Yugoslavia.

Detaiied studies made on representative production unes in 25 organizations ofassociated labour (withinthe project ‘The Study ofHuman Factors in Work on Production Lines under Self-management Conditions’which is being carried out by the Ergonomie Research Centre of the Technical Sciences Institute of theSerbian Academy of Sciences and Arts with the support ofthe Trade Union Council of Yugosiavia and theRepublic Community for Science ofSerbia) heiped to reveai the effects which divided and simplified jobs haveon the behaviour ofworkers on the production une.
One ofthe possibilities for the humanization of the production une is seen in the organization ofwork

groups depending on the technologicai content and suitabie organizational solution and the application ofmechanicai hands in cases of highiy manual and simple operations

Task Allocation Based on Human Needs as a Tool in the
Humanization of a Work System

By M. MULDER

Aibert van der Meerstraat, 7555 Le Hengelo (O), The Netheriands

In an ergonomicai justified design processes it is common to use data of human sizes, forces, movementsand psychologicai capabilities. But for decisions in the allocation process the use ofhuman needs and motivesis aiso relevant. Research performed on several production-une functions shows that it is possible toconstruct satisfactory functions. That can in reconstruction situations (corrective ergonomies) and in newdesigns (preentive ergonomies). Several instruments are useful for the recommended approach, for instance,the list ofTurner and Lawrence. This list can be used by unexperienced subjects.

Factors in die QuaIit of Working Life: Two Case-Studies

By S. B.GNARA and R. Misui
institute of Psychoiogy, CNR, Via dci Monti Tiburtini 509, 00157 Roma, ltaly

D. MAZZONiS

CNEN, Viale Regina Margherita, Roma, Itaiy

M. ROLL!ER

ires-CGJL Corsa italia, Roma, Italy

The meaning ofthe quahty ofworking lite is manifold. Various factors can come into pla’, and they may.or may not, be considered: (o) socio-cuitural determinants (industriai relations systems, workforcecharacteristics, social and psychological needs, attitudes towards work); (b) technologicai determinants (typeof industry, ievei of automation, information technologies) and (e) economic determinants (trends in theeconomic market, workforce avaiiabiuity).
However, the quality of working lite can be conceptualized according to difl’erent categories, such aspsychophysical weii-being, job satisfactïon or ‘participation’; each ofthese categories is stressed differentiydepending on the socio-cuitural climate in the various industrialized areas. As far as ‘participation’ isconcerned it has to be underhned that there are at least two meanings. In the first sense ‘participation’ isintended as the capacity to exercise a control on the production process from outside the process itseif, orthrough a right’ established by law or state regulations, or through power derived from the capacity ofpromoting and controiling conflicts in the workpiace. in the second sense, ‘participation’ means that theworkers are abie to use the technicai knowiedge in the work process and organization This type of‘participation’, based on the sharing oftechnical expertise among workers, allows groups on work autonomyaiso at the ‘planning’ level.
There are social, economic and cultural factors which force tise conception of ‘technicai power’ as adeterminant of the quality of working hfe. These factors wiii be apparent in the anaiysis oftwo case-studieswhich can provide an overail idea of the italian scene in this field
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Brief Description of a Complex Work Organization Change in a Big Steel Company

in Italy Involving Ergonomics and a Socio-technical Approach to Improve the

Quaiity of Working Life

By S. Mici-IEL1

Nuova Italsider S.p.A.. Via Corsica. 4 Genova. ltaly

The purpose of the report is to present a detailed description ofthe experimental initiatives to design new

forms of work organization carried out by the biggest Italian steel company during the seventies

The context. Such initiatives were inserted in a context characterized by a deep lack of balance where

interlace and overlap production difficulties, changes in the social environment and in industrial relations,

organizational crisis and pressures to the renewal of technology and products were significant.

Met hodology The methodology for carrying out the intervention was based on supervisors, foremen.

technicians and workers’ participation. It consisted of an ergonomies group. with the purpose ofanalysing

the department, in a multidisciplinary way, as a socio-technical system, in order to identify main critical

points (physical, psychological, social and technical), to propose organizational changes, design new forms of

jobs and improving ergonomicS conditions.
Resuits. New organization requires:

(I) A new approach defining practically, and not through simple rules, the roles of supervisors and

workers.
(2) Groups, characterized by a homogeneous professional level, enable to achieve required output with

higher autonomy and responsibility.
(3) A wider integration of the different functions.
(4) Worker participation as a part of the methodology and a basic mean for the industrial relations

system related with the changed programme.

Ergonomics for Pure Efliciency or for Humanization?

By G. OLssoN

Department of Human Work Sciences. University of Lulei. S-951 87 Lulei, Sweden

In Sweden the concept work environment, as a comprehensive expression for the total effect ofwork on

man in physiological, psychological and social sense, was established in Ihe late sixties. The technological and

economical progress after World War II combined with an active governmental policy of income

distribution, supported by strong labour unions, had given most people in the country high prosperity and

social welfare in leisure time lite.
This progress had, however, made evident the differences in living conditions between working time and

leisure time: leisure time comfort was paid by a higher degree ofwork strain and stress. From a survey ran by

LO, the Swedish Confederation ofTrade Unions, in 1968 we learned that 8O°’ ofSwedish blue-collar workers

experienced inconveniences at work. Dissatisfaction with work conditions also led to a big wild-cat strike

among mine workers in 1969, wild-cat strikes so far almost an unknown phenomenon in the Swedish labour

market,
These two events have been declared the alarm-clock for setting up an ambitious programme for better

work environment in the early seventies. comprising both legislation and a special fund for research and

development Also professorships in industrial ergonomies were founded at Swedish universities of

technology In this context ergonomies in Sweden bas two characteristics: (I) research and teaching have the

expressed goal to create better work environmentS and (2) ergonomies bas a very broad but not very exact

definition. also including work organization factors. As a methodological consequence fleld studies have also

dominated compared to laboratory experiments. resulting in solving problems of the real world.

Dealing with problems of computerization and automation processes in industry and offices this

tradition becomes of vital importance. According tu international ergonomie journals and conference

proceedings much ergonomie work bas been spent on man—machine interface problems. problems well

suited for laboratory experiments. Our field-studies have lead us to the opinion thai the very big problems are

much deeper than this, like problems concerning man’s role in the systems, job content, involvement and

participation. problems practically not mentioned in ergonomie literature. But if, to quote Chapanis (1979) in

Quo Vadis, Ergonomia (ErgonotniCS, 22, 599), ‘our real problem as ergonomists and as citizenS ofthe world is

to try to maximize the good and to minimize the bad’, we have to extend our interest to these more

sophisticated and controversial areas.
In my paper based on studies of process operators in modem pulp mils and rolling mils I will develop

some thoughts about these problems. In a man—machine systems approach I will give some arguments

concerning (I) allocation of functions between man and machine and (2) allocation of man’s functions

between different men in a work organization, with the main object to create human work for human beings,

while still considering the efficiency of the systems.

Agriculture
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Safe and Easy Coupling of Tractor Implements

By L. SJÇ6FLOT

Norwegian Institute ofAgricultural Engineering (LTI), Box 65, N-1432 Âs-NLH, Norway

The paper gives results from a project ofeo-operative work between the five Nordic countries, Denmark,
Finland, Iceland, Norway and Sweden, dealing with coupling to a tmactor a three-point hitch, drawbar andhitch hook; and with control of implements outside the tractor. The main reasons for the project were thehigh rate of accidents and injuries, the unpleasant and troublesome working situation and the timeconsumption of the coupling operation. The goal was to find coupling systems (quick couplers), construction
details and ways ofoperation that would increase safety. well-being and efficiency for Ihe tractor operator
through utilization of the results in design and marketing, standardization and a well-founded information
and advisory service.

The increase in size ofboth tractors and implements has made the coupling operation heavier and more
dangerous. For small farms having only une tractor and a spmead production, implements have lobe changed
often, which takes a long time and causes a lot of trouble with a conventional coupling. In the project differenttypes ofquick couplers (Accord, A-draget, Axia, Walterscheid, CB) have been studied. along with aids such as
telescopic links and hydraulic cylinders. The coupling operation has been studied in experiments usingdifferent implements and tractors. simulated implements and several drivers’. Working posture, forces
exerted tu connect, disconnect, lock and unlock the different systems and equipment have been measured anddescribed and the ‘drivers’ own assessment ofthe systems have been recorded.

Farmers in other countries, having had the dïfferent couplers and systems in use for some time, have been
interviewed about their experienees and considerable work has been dune to adapt quick couplers tu aIl
common implements. Some new development bas also been made.

The results show that the Accord and A-draget quick-couplers have clear advantages concerningworkïng posture. required forces and lime for coupling. The biggest problems for practical application areadaptation tu some implements and costs. Through standardization (preferably international), improve
ments ofdetails and manufacturing and information to the farmers/usems, these obstacles may be lowered ortaken away. and thus open the way for considerable improvement in the working situation ut tractor
operators.

Assessment of Mental and Physical Workload for Some Agricultural Tasks

By C. CANAN

Fakulti Kejuruteraan Jentera. University Technology Malaysia.
Jalan Gurney. Kuala Lumpur. Malaysia

The objective of this study iS 10 establish a field technique for the assessment of physical and mentalwomkloads ofsome agmicultural workems and 10 investigate the effect ofthe womkload on labour productivity.
The study is composed oftwo stages, In the first stage a mental and physical workload measuring technique,
which can be used easily and reliably in field studies is developed as resuit of Iaboratory simulationexperiments. The laboratory studies have indicated that physical workload can be estimated by heart mate
charges (AH R) before and after the exposure to workload. while mental workload can be estimated bychanges in the critical flicker fusion values of the subjects (ACFF) befome and after womk. Duming the study, atelemetric cardiogramme and a flicker fusion measumement instrument are used to record heart rates andCFF values.

In the second stage of the study the following agmicultural activities are investigated by the measurement
technique developed in the labomatomy: ploughing, sowing (wheat), harvesting (wheat by a combinedharvestom), hamvesting (clover) and loading (manume by a front loader).

The field studies revealed that suwing bas the highest average energy requïrement (300 kcal ,min) among
the activities. On the othem hand when straight drives (effective work) and the turnings are compared, thecombined harvester bas the highest energy requimement in drives (290 kcal/min) and the sowing machine basthe highest energy mequirement in turnings (335 kcal/min). In ail of the above mentioned jobs energyconsumptions are below 5 kcal,min, which is the physiologically tolemable maximum energy expenditurelevel.

The study revealed that none of the above-mentioned tasks cause heavy mental loading. Even the most
demanding task (ploughing) generates a mental load which is approximateiy equivalent tu processing 30 bits
of information per minute.
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The Department of Farm Buildings, The University of Agricultural Sciences,
Box 624, 5-220 06 Lund, Sweden

In recent years working env ironment problems in greenhouses have begun to be given steadily increasing

notice. in this paper emphasis has been placed on the findings in four recent studies on occupational

accidents—one of the major working environment problems in greenhouses—carried oui at The

Department of Farm Buildings. The University of Agricultural Sciences, Lund, Sweden.
Accident frequency and accident patterns at work in greenhouses, as recorded in the new, nationwide

Swedish Occupational lnjury Information System (ISA), are presented and discussed by events, part ofbody

injured and by types of machinery and irnpiements involved.
A sampie of about 140 greenhouse operations. owned by members ofThe National Swedish Association

ofHorticultural Producers, has been surveyed with respect 10 accidents and injuries occurring under different

conditions. Back injuries due 10 lifting and probiems caused by contact with chemicals are emphasized.

The use of and the attitudes towards personai protective equipment in greenhouse work has been

investigated by interviewing 47 greenhouse safety officers in different parts of the country. Their experience is

ofparticular interest since they are ail actively involved in the preventive aspects ofsafety and heaith at work

in greenhouses. i.e. work with pesticides.
The fourth study reported isa study ofthe risky situations ai work in greenhouses using the so-calied near

accidents technique. For preventive work it is ofinterest 10 study not only the manifest accidents resuiting in

injuries and absence from work but every sudden incident which deviates from the expected course ofwork.

An analysis ii presented of data on such incidents (or near accidents) coliected from 86 greenhouse workers

(55 men and 31 women) by interviewing each individual ever) second day during a 14-day period.

The Postural and Health Problems of Workers in Pear and Apple Orchards

By H. S.SK.\Kitisk,\. M. Miy.-o. T. NAK\GAW..\. F. K0B.svvsni, S. KAXADA.

K. TAKIHI, S. Y,\MADA and K. MASUDA

Department of Public Health, School of Medicine, Nagoya University.
65 Tsurumai-cho, Showa-ku, Nagoya 466, Japan

Elevation of arms al overhead levels is frequent during work in pear and apple orchards, for example,

attaching pollen to flowers, selecting good buds, covering fruits with paper bags. etc.

We studied the relationship between the work posture and complaints. The complaints of woikers were

examined on each final day of selecting good buds and covering pear and apple fruits with paper bags. We

examined with a goniometer the angle of forward flexion in shoulders and in part both the angle offorward

flexion in shoulders and extension in the neck. Complaints and the angle of flexion in shoulders were

compared with selecting good buds or in covering pear fruits with covering apple fruits.

The incidence ofcomplaints in neck. shoulders. and arms is more frequent in selecting good buds and

covering pear fruits than in covering apple fruits. The rate of flexion of more than 90 degrees in shoulders is

more frequent during selecting good buds and covering pear fruits than during covering apple fruits. Those

results suggests that work postures demanding elevated arms in work are a sigrnficant factor ofcomplaints in

neck, shoulders, and arms.

A Systems Approach to the Aetiology of Hunian Injury in Livestock Building Design

By G. A. BRAMALL

The Scottish Farm Buildings Investigation Unit, Craibstone Bucksburn, Aberdeen, Scotland

This paper deais with the application of a systems approach to solving problems relating to human

welfare in livestock environments. The philosophy is not new but ils application 10 the design and evaluation
oflivestock environments is rare. The paper will illustrate the benefits to be gained and the problems to be

encountered in applying such a technique. It will demonstrate the scope ofsuch research in solving problems

in livestock building design.
The solution to any problem involves the simultaneous examination of more than one of the factors

causing that problem. A fragmented ordering of factors to investigate will not bring a satisfactory solution.

An understanding of the interaction ofa number of variables can be achieved by constructing a simulation of

the system within which the problem lies. Control can then be exercised over features pertinent 10 the

Agriculture

• problem. The simulation uses a multi-dimensional anal) tical procedure to handle the large number of
variables involved.

Having developed a systematic means of obtaining and listing aIl the combinations of compatible options
fora complete set ofdecisions and an optimum set can then be identified . The greatest emphasis will be placed
on the subsystem of the environmentai factors because these are considered 10 be most capable of
manipulation.

Anthropometry in Relation to Ergonomies of Walking for Work Study Application
in Indian Agricultural Workers

By R. N. SEN

lIA Mohan Bagan Lane. Calcutta—700004. India

The scale of rating in work study application practices is based on the walking speed ofworkers. Different
research workers have attempted to specify relationships between walking speed and different anthropo
metric and physiological parameters, but there are differences and variation of opinions.

The present paper attempts to correlate the walking speed. with selected anthropometric measurements
and physiological parameters, ofa group ofcontrol and a group ofagricultural workers. during their usual
work while walking with and without loads, From the measurements various simple linear and multiple
correlations and regression equations were computed to identify the best possible parameters to be used for
assessment of the scale of rating for work study application in agricultural workers.

The different anthropometric measurements taken were stride length, the segmental dimensions ofthe
upper and lower extremities, body height, body weight. etc.

As the anthropometric measurements of Westerners differ from those ofindians. the application ofthe
scale of rating in work study based on studies on Westerners ii not suitable in Indian situations. especially in
agricullural work. From the resulis it was observed that Indian agricultural workers with a lower body
stature and body weight and iower segmental weights have different patterns ofgait ofwalking, especially
while carrying loads on the head or while using a yoke. The standard scale of rating based on dilTerent
objective measurements was suggested for application in work study in cases oflndian agricultural workers,

Ergonomies in Agricultural Engineering in India

By B. G. YADAV and L. P. Giit
Central Institute of Agricultural Engineering. Nabi Bagh. Berasia Road, Bhopal 462 010. India

India isa vast agricultural country and so are its problems. It bas a total cultivated area of 139 million
hectares and the human workforce involved in agriculture is 196 million. Traditional agriculture utilized
rnainly manual and animal power whereas the use ofmechanical power has also evolved in the recent past.
Agricultural equipment for different operalions is commercially available in ihe country. A large amount of
improved agricultural equipment has also been developed in rnany institutions and bas given proven resuits
with respect to performance and efficiency. Often il is found that human beings are not considered as a part of
the system which deteriorates the systems performance. In other words no emphasis has been laid on
ergonomie aspects during the design and testing ofagricultural equipment.

Based on the various tests conducted in the country as well as outside, it is well understood that the
performance of the equiprnent could be improved considerably if ergonomie aspects were given due
consideration.

In Ibis paper an effort is made to identify the various ergonomie problems in the few selected agricultural
implements, An attempt has alto been made to give possible solutions to these problems. A test procedure for
evaluating various farm equipment, based on ergonomie considerations, is suggested.

The Central Institute of Agricuitural Engineering at Bhopal in India bas considered the various
shortcomings in farm equipment and launched a few projeets in ergonomies to improve the system’s
performance.

Ergonomies in Agriculture and Forestry—the Present and Future State

By Ir. J. ZANDER

Agricultural University. Wageningen, The Netherlands

I. Introduction
The introduction of mechanization and automation causes many changes in working methods and

working conditions. Sometimes it makes the work casier and more congenial, in many cases, however, the
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2. Ergonomics in agriculture and forestry
The recent progress in many flelds of technology has also afl’ected agriculture and forestry. Technology

can release the agricultural worker from much unpleasant and heavy work, but with this technology
inconvenient and damaging factors can often be introduced.

2.1. Present state
Considering that 70% of the working population ofthe world is working in agriculture and forestry—

using mainly hand tools, animal traction and, in limited cases, machines-the workload and the dreariness of
daily routine can be reduced by applying ergonomie knowledge and experience.

Ergonomics can and must contribute to improve the living and working conditions in these fields; in the
meantime productivity can often be substantially improved.

The present state of ergonomies in agriculture and forestry is described and discussed.

2.2. Fsture State

In the near future full attention must be given to the human and environmental aspects ofthe living and
working conditions in agriculture and forestry ail over the world. It is also necessary to concentrate on
ergonomics in tropical countries to develop optimum working and living conditions, considering the
worker’s health, safety and well-being, as well as the safety and productivity of afl working methods or
systems.

Some recommendations to find adequate solutions for these problems are given and discussed.

3. Summary
The intention of Ibis paper is not to discuss ail the changes in the world that have important consequences

for the working and living conditions in agriculture and forestry. Rather, the intent ofthis paper is focused
around certain, more modest, objectives, in particular the present and future state ofergonomics—includiflg
its contributions, developments and results—in agriculture and forestry.

This paper illustrates the ways in which human abilities and other characteristics are related to the
agricultural worker’s health, safety and well-being, as well as the problems arising therefrom.

B 15. Potpourri B

Safety Work on a SmaIl Fishing Boat Operated by One Man

By A. HATTORI and N. Ol-1ASH1

Maritime Labour Research Institute, 4-5-1 Kojimachi, Chiyoda-ku, Tokyo 102, Japan

In Japan, we have a lot ofsmall fishing boats operated by one mao. For example. in Hokkaido, a northern
area ofJapan, they still play a vital role in fisheries. But, recently, accidents in such boats are increasing.
According to statistics ofsuch accidents occurring in the Hokkaido area, 111 cases were officially reported for
1978—80, including 37 fatal accidents. In 1981 a research project was started tu find the causes and ways of
decreasing such accidents, especially fatal accidents. But as in fatal accidents there is no observer or witneSS,
it is very ditficult to find out the real causes. The rnost common cause was attributed as lost overboard but no
one really knows. Sometimes we can find some trace ofthe accident from the discovery ofa drifting boaS,
for example, trouble with a net or line hauler. anchor or other deck machinery.

A boat is very small and complicatedly equipped with various gear. Also when a boat is operated by one
man, he is obliged to perform various operations at the same time, such as ship handling, operation offishing
gear and so on. It is clear that in these situations, accidents easily occur.

We have to point out here that in order to find the real causes of accidents occurring on one-man
controlled fishing boats and the urgent need to design effective safety devices and equipment. it is necessary to
approach the problem by developing case studies by means of collecting. invesligating and describing in
detail: (I) cases of accidents. (2) cases of new accidents. (3) real and actual working condition of fishing
activities at sea and (4) the social background of must fishermen.

Potpourri B

Human Factors in Ship Collision in Narrow Waters

By N. OHAsHI
Maritime Labour Research lnstitute, 4-5-1 Kojimachi, Chiyoda-ku, Tokyo 102, Japan

Information processing for ship manoeuvring work is based on verbal communication among navigationstaff, and communication proved b be a vital mie in the work by decreasing the uncertainty andindeterminancy of relevant information. The navigation staff are finally obliged to make important decisionsby deductive work, as we pointed out in the lst International Conference ofHuman Factors in Ships in 1977in Sweden. However, when we analyse judicial precedents ofthe Maritime Court in cases of ship collisionsfrom the aspect of human factors, it is suggested that real working situations of ship manoeuvring is notunderstood and no ergonornical consideration is paid to flnd the real causes of collisions. Most causes areattributed as negligence of navigation staff, though we found various disturbing factors relating toinformation processing.
Judges ofthe Maritime Court have demanded stricter observation, more correct decisions by na\ igationstaff, as if ship collisions were only caused by misinformation or inattention to them. Also, we found relevantlaws and regulations seens to ignore present traffic conditions, navigation facilities, manoeuvrability ot shipsand, especially, human factors in ship manoeuvring work.
From these analyses we have tu point out here that the most important ways to decrease ship collisionsare: (1) to eliminate the deductive work from information processing for ship manoeuvring, (2) to preparesystems where navigation staff can obtain needed information certainly and quickly and (3) tu establish tactfinding systems of the real causes ut ship collisions.

A Statistical Analysis of Values of WBGT Factor in
Complex Production Systems

By P. LESZEK

Politechnika Poznabska, Instytut Organizacji i Zarzadzania, ul. Strzelecka,
Il. 60-965 Poznab, Poland

The subject otthese studies comprises three goups ofseveral work-stands remaining in direct production.These groups were isolated in three different production divisions in industrial engineering, e.g. the railwaysystem, agriculture and building machines.
To select each ot these three systems, premises originating from the character of the technologicai processtogether with organizational structure ofa production division have been adopted.
In terms of the theory of systems the selected groups of several single man-machine units may be includedin a group ofcomplex probabilistic systems.
The aim otthe studies was to define regularities which govern the scheme ofwet bulb globe temperature(WBGT) values in a complex production system. Recognition of these regularities will allow, among otheraspects, control of microclimatic conditions, e.g. temperature, wetness, the speed of air movement andthermal radiation. The scale covers a compiex production system during:
(a) changes in the character of the technological process;
(b) machines and modernization of production facilities:
(e) improving organization and equipping work-stands;
(d) reforming production structures and the method of present management of the production course.
By apparatus measurements representative WBGT values have been determined within the scale ofthewhole shitS for each object (single mao-machine units) ofa complex production system.Three numerical sequences obtained from several WBGT values have been statistically analysed.Right-side open value classes have been flxed for measured values of variables set in increasing order.Next a non-parametric hypothesis has been verifled. The hypothesis deals with the type of spread of thefeature under examination in a general population.
Three methods have been used as follows:
(o) chi-squared Pearson test of cxmpatibility;
(b) Kollmogorow test of lambda-compatibility;
(e) graphie method according to lambda-test.
The zero hypothesis bas been verifled on the level of 1% error risk.
Having used three different methodical approaches it bas been proved that the scatter of WBGT values isnot incidentai but exhibits resemblance to the normal scatter of Gauss, valid for each of the productionsystems under examination.
The representative character otcompiex production systems selected for examination leads us to believethat the regularity demonstrated is generally efficient in plants in the engineering industry.
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workload changes. A decrease of the physical load is coupled with an increase ot the perceptual and mental
ioad.

The various components and processes in a man—task system are mentioned and discussed, including the
criteria belonging to them.
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C 1. Home Life and House Design

The Evaluation of Each Dally Human Activity by the Instrumentation of aContjnuous Heart-rate Measureinent

By S. Anni
School of Medicine, Keto University, 35 Shinanomachi, Shinjuku-ku, Tokyo 60, Japan

In this paper, each human activity in daily life was evaluated by recording heart-rate measured by aportable heart-rate memory system. At the same time, note was taken ofeach event of everyday life in timeseries, those events were sorted into similar phases of activities and were evaluated by the character ofdistribution of heart-rate scores.
In low-power activity, the curve of its distribution figure bas the longer tail of the curve to the right,namely positive skewness. In the middle-power activity, its configuration is symmetrjcal In high-poweractivity, it has the longer tail of the curve to the left, namely negative skewness,Next, as one of the dynamical processes, everyday life bas been studied.During complex activities, the curve of Its distribution figure, which is constructed by rates of change inheart-rate scores, bas the wide tail of the curve to both sides. During simple activities, the curve of itsdistribution ofthe rates of change is a narrow peaked figure.Further, the transient character from one activity to another bas been studied.

The Warmth-to-Touch of Building Materials

By J. M.isui and Y. KASAI
College of Industrial Technology, Nihon University, Izumicho. Narashinoshi, Chiba 275. Japan

This paper describes the estimation ofwarmth caused by touching building ni aterials with the palni ofthehand. A testing apparatus was developed in order to estimate the warmth. The apparatus has two coppercylinders substituted for the palms. One ofthecylinders is heated to the same temperature as the palm and theother one contacts the maierial. The change in temperature of the heated cylinder is measured when itcontacts the material. The warmth-to-touch of the materials was investigated by a method of successivecaiegories with 20 subjects and 15 materials in a room at various temperatures (10,20,36,40 and 50 C) Theconclusive results were as follows.
(1) In the room al 10 and 20 C, the warrnth-to-touch ofmaterials with a large thermal diffusivity feelscool. In the room al 36 C, the warmth-to-touch ofall ofthe materials feels a little warni . In the room al40 and 50 C. the warmth-to-touch of materials with a large thermal diftusivity feels warm(2) The rate ofchange in iernperature of the copper cylinder is slightly different from that ofa palm ofthehand, however, ii can estimate the warmth b touch of materjals(3) Sensation is djscriminated between warm and cool at Or (the rate of change in temperature ofthecylinder) —0O2iC/s. In the sensation ofwarrnth, it feels a little warm at Ov=0 C/s, pretty warrn atOi’=0075 C/s and the Sensation ofwarmth is saturated at more than OiCs. In the sensation ofcoolness, u feels a little cool at Oi= —0054 C,s, pretty cool atOr= —0135 Cs and the sensation ofcoolness is saturated at approximately Or= —02 C/s.

The Relation Between Physical Elements and Visual Elfects in Living Rooms.Part 1. On the Wall Colour

By T. YAXASE
Nara Women’s University, Kitauoya-njshimachi Nara 630, Japan

The quantification of visual efi’ect values of wall colour applying b interior colour design wasinvestigated. Each of the 1/10 scale models (presented as slides) that were different from the wall colour wasjudged in the same order on each bipolar semantic scale of sixteen adjectives. The results were analysed hyfactor analysis and quantitative analysis.

Using analysis of variance, il was shown that the subjects responded dillerently to some scales.
warm—cool’ ‘fine—gloomy’ ‘hot—cold’ ‘broad—narrow’ ‘lively—lifeless’ in different environmental
temperatures.

Three dimensions were produced. Dimension I would seern to relate 10 how inspiring the room is, and
was named the factor of’activity (pleasantness and liveliness). The second dimension related b how much
harrnony the room has; how controlled it is, and was named the ‘evaluation (friendliness and satisfaction)’
factor. The third group was clearly a warmness group, and was named the factor of ‘warmness’.

Using the quantitative analysis of Hayashi, dimension I, ‘activity’, was infiuenced to a greater degree by
brightness than the other factors ofwall colour, ‘evaluation’ was infiuenced by saturation and ‘warmness’ was
infiuenced by hue. The higher the value of brightness, the more the living roons had pleasantness and
liveliness, and the higher the value of saturation, the less the living room bas friendliness and satisfaction.

Tan b/ci.L,..,/a2+h2 on ‘the ab-chromaticity diagram’ were representative of hue, brightness, and
saturation, respectively, and the results were similar to that described above.

The Relation Between Physical Elements and Visual Effects in Living Rooms.

Part 2. On the WaII and Light

By M. K NISFiiMA

Nara Women’s University, Kitauoya-nishimachï, Nara 630, Japan

The factor which affected the atmosphere of living rooms was investigated.
Five factors were adopted: the wall colour. the wall texture. the horizontal illumination on the desk. the

kinds of light source and the area of surface source of light in living rooms.
The combination, 2 32. oftwo levels in the respective factor were examined. Twenty-five subjects, the

students of the course dwelling in the women’s umversity, judged the semantic scale.
The results were analysed by means of analysis of variance. factor analysis and quantitative analysis of

Hayashi.
The results for the two methods, onejudged using I / 10 scale models and the other using 1/5 scale models.

were not significantly different.
The repeats ofthe judgements were similar. and the relationship between before and after measures was

not significant beyond p<OO5.
From the above-nientioned treatment. the following dimensions were induced: activity evaluation and

lightness.
Further. the factor which affected the respective dimension was explained.
Dimension 1, ‘Activity’. was infiuenced b a greater degree by the area of surface source of light and the

horizontal illumination on the desk than other factors, Evaluation’ by the lighting factor.

Studies on Subjective Sensations on Air Movement for Creating a Comfortable Indoor
Climate

By H. Ki.tuir,s
Depariment of Architecture and Building Engineering, Muroran Institute of Technology.

27-l Mizumoto-cho, Muroran, Hokkaido, Japan

It is believed that the fresh and comfortable sensation produced in well-ventilated rooms is due in part to
air movement. The movements that give comfort under ordinary room conditions seem to lie somewhere
near the threshold ofperceptibility. In the first place, experiments on threshold air velocity which evoke thesensation of air movement were conducted and it was found that thresholds varied with variability of air
velocity. Second, the difference limens were tested and the results showed that (o) the Weber ratio decreased
with air velocity and (b) the difference of cooling power of air niovement seemed to evoke the sensation ofthedifl’erence of air velocity.

The invigorating effeci of air currents on subjective impressions depends not only on their average
velocity but also on their variability and the characteristics of oscillation (spectrum) of air velociety, and the
strong influence oftemperature on the feeling of freshness is also apparent. However, we sometimes found it
difficult to describe our impressions of the air current. In order to get ideas for expressing impressions, the
method offactor analysis was applied to the sensations of air movement. Seven normally dressed subjects
attended tests in which 81 different-conditioned air currents were rated on 21 seven category rating scales
defined by polar-opposite adjectives, over a range of air temperature from 25 to 32 C. As a result offactoranalysis, four groups of expressions, (I) sensation ofcoolness, (2) sensation of air current strength due to
cooling effect. air pressure and stimuli by the sariability ofair velocity, (3)sensation ofair velocity oscillation
and (4) sensation ofcomforl.

p
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A Survey on the Effects of lnvoluntary Smoking and Attitudes to Smoking
Among School Children and Students

By S. MURAMATSU, T. MURAMATSLJ and A. WEBER

Departrnent of Hygiene and Ergonomics, ETH-Center, CH-8092 Ziïrich, Switzeriand

We have investigated the eiTects of invoiuntary smoking and attitudes to smoking among school chiidren
and students in Zùrich in December 1981. One hundred and eighty-three I 3-year-old chiidren. 203 16-year-
old chiidren and 367 22-year-old students of the Swiss Federal Institute ofTechnology were interviewed by
questionnaire. 0f the students 202% are regular smokers, as are 103% of the eider chiidren, whereas oniy
38% of the younger chiidren smoke occasionaiiy. Thirty-two per cent of their fathers and I7% of their
mothers are regular smokers.

The most interesting resuits are as foHows:
(1) Significantiy more ofthe younger chiidren (8 i%) than the eider chiidren (70) and the students (70°’(

dislike invoiuntary smoking.
(2) Non-smokers dislike invoiuntary smoking significantiy more than smokers.
(3) The subjects whose parents smoke dislike invoiuntary smoking less than the subjects whose parents

do not smoke.
(4) Eighty per cent of the students, 64 ofthe eider chiidren and 82’ ofthe younger chiidren compiain of

one or more irritations due to invoiuntary smoking. The most common impairment is eye irritation.
foliowed by cough and nose irritation.

(5) Non-smokers compiain of irritations more than smokers.
(6) There is no significant difference between girls and boys of reactions and effects of invoiuntary

smoking.

An Experimental Study on Irritations and Annoyance Due to Passive Smoking

By T. MURAMATSL, A. WEBER, S. MURAMATSU and F. AKERMANN

Department of Hygiene and Ergonomies. ETH-Center Clausiusstrasse 21.
(‘H-8092 Zùrich, Switzeriand

Forty subjects were exposed to cigarette smoke produced by a smoking machine in a ciimatic chamber.
The degree of air pollution due to cigarette smoke corresponded to 2 p.p.m. (‘0 and I p.p.m. CO. The
concentrations of particulate matter, NO and NO2 were measured. With a questionnaire, we determined the
degree ofannoyance and of subjective irritations ofeyes, nose and throat; eye bhnk rate was measured as an
objective indicator ofeye irritation. Annoyance about air quality or about smeil and the desire to open the
window or to leave the room increased signiflcantiy 10 min after the beginning ofexposure. Especiafly after
30 min ofexposure at the higher tobacco concentration (2 p.p.m. CO) the percentage of subjects who desired
to open the window remained at a neariy constant level of 80. As far as eye irritations are concerned, the
intensity ofeye itching was the most sensitive criterion, followed by the wish to close the eyes. Eye itching
increased signiflcantlv after 20 min of exposure. Among nose and throat irritations, cough increased
signiflcantiy after 30 min and nose itching after 50 min ofexposure. Eye biink rate aiso increased significantiy
after 40min at the higher tobacco concentration and 50min at the iower concentration (I p.p.m. CO).
Annoyance and irritations due to tobacco smoke are both more marked for non-smokers and for subjects
with sensitive eyes than for smokers and people without sensitive eyes.

Passive Smoking at Work

By A. WEBER

Swiss Federal Institute of Technoiogy, Department of Hygiene and Ergonomics, ETH Zentrum.
(‘H-8092 Zurich, Switzerland

Air pollution due to tobacco smoke and its effects on employees were investigated in 44 workrooms. For
this purpose, the concentrations of CO, NO, nicotine and particulate matter were determined. and 472
employees were interviewed about annoyance and irritations.

The mean values of the concentrations ofthe components due to tobacco smoke were: (‘0. 11 p.p.m.;
NO, 32 p.p.b.; nicotine, 09 pg/m3 and particulate matter, 133 pg/m3. One-third of the measured CO values
exceeded a critical threshold of2p.p.m. CO due to tobacco smoke.

One-quarter ofthe persons reported eye irritations at work. One-third ofthe employees qualifled the air
with regard to smoke at the workplace as bad. Forty percent of the interviewed persons were disturbed by
smoke.

As preventive measures for the protection of non-smokers at work. the foilowing possibilities are
available:

(I) Organizational measures, such as a separation into smoking and non-smoking rooms, or the
prohibition of smoking (75 and 49%, respectively. of the interviewed employees are in favour ofthese
measures).

(2) Sulïicient air ventilation: according to calculations. it can be shown that a fresh air supply of 33m3 per
hour and per smoked cigarette is necessary; this corresponds to a fresh air supply of 20—45m3 per
hour and per person, depending on the number ofpersons in the room.

È
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Addenda

The following abstracts were received too late for inclusion in the main text. They
are grouped under their appropriate sub-section headings.

A 2. Muscular Stress and Physical Response

Experimental Thermoesthesiometer

By H. MITO

Kinki University School of Medicine, Sayama-cho, Minamikawachi-gun, Osaka 589, Japan

The experimentaliy deveioped thermoesthesiometer facilitates the setting of a constant rate of
temperature shift. h is capable of measuring the skin temperature of the body. It also facilitates the
measurement of thermoesthesic warmth threshoid in the rising temperature sequence. It enabies one to
measure the thermoesthesic coid threshold measurement from the same skin temperature in the temperature
declining sequence. Further, by changing the skin temperature by immersion ofihe hand in coid water, the
warmth/cold thermoesthesic thresholds are measured. The relation between the skin temperature and
thermoesthesia has been studied.

A 5. Noise and Vibration

Vibration Absorbing Handie

By K. T. K0NGsK0L,\N

The Laboratory of Construction Ergonomics, Royal Institute of Technology,
S-100 44 Stockholm, Sweden

The main purpose of this idea has been to produce a vibration restraining gadget in order to reduce
low-frequency vibrations (<100Hz) as weli as high-frequency vibrations. Furthermore, we have ainied at
producing a vibration restraining device. which reduces vibrations in ail directions and is easy to adapt to ail
kinds of vibrating hand tools, no matter how they operate or perform. This bas been achieved by a change in
the design and construction of the handie. In principle the resuit produced consists of three parts, that is: the
core which is directiy attached to the vibrating tool, and the grip, which is separated from the handie by a
pressurized gas chamber.

A9. Manual Tracking Task

Visual Lead Compensation in Manual Compensatory Tracking

By S. H\R\ and K. HANADA

Japan Ergonomics Research Society, Technological University of Nagaoka, Kamitomioka,
Nagaoka 949-54, Japan

In manual control, quickened displays and preview displays, etc., which give predicted information to
human operators. have been proposed to compensate for their inherent delay. These are useful for undamped
controlled processes of second or higher order. In these displays, the compensatory type. such as quickened
displays, had ment in its compactness.

in this paper, a new compact display of compensatory type, which aids operators in predicting
future errors oftime. s proposed. The display indicates flot real error e(t) but predicted error (î) gien by
E(.) (l + Li) (I + T1 s) E). where E(s) and E(s) are Laplace transformations of e(t) and (t) respectively
and T2> T1. We cati this display a visual lead compensator (VLC). because the transfer function is the same as
that of ihe lead compensator in servo controilers. We clarify properties ofcompensatory type displays with
prediction functions by comparing the characteristics of VLC with that ofthe conventionai signal quickening
technique (SQ) both theoretically and experimentally.
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The results obtained are as follows:

(1) Two experiments for random reference inputs made up often sinusoidal waves (0 19—179 rad/s and
Œ19—19rad/s) lead 10 the following properties:

(i) In the low frequency domain (— 2 rad/s), eLc < where eLC, and eQ are mean
square errors in the case of the no-compensator, VLC, and SQ respectively.

(ii) In the high frequency domain (‘..2rad/s),

(2) The above properties can be explained theoretically by an optimal control approach with quadratic
performance. This model accounts for the experimental resuits of the low and high frequency phase-

drop phenomena by VLC and SQ respectively.
(3) The optimum values of VLC parameters are T1 = 12—15 and T2 — T1 =06-..OE8 for both single and

double integrators.
(4) The superiority ofVLC in the low frequency domain is also verified by experiment for step reference

inputs.

B 2. Productivity and Occupational Health in Various Industries

Trade Studies of Occupational Environments
An Analysis Based on a Survey of the Profession of Electrician

By C. SÇHRÔDER

Department of Building Technology Construction Management and Industrial Engineering, Lund
University, P.O.B. 725, S-220 07 Lund 7, Sweden

The purpose of the dissertation was flrstly to analyse and discuss different methods of studying the
working environment of an occupational group. Secondly, it was aimed to describe the occupational
environment of electricians from a mental as well as physical viewpoint.

A review of the literature in the subject leads to the conclusion that an occupational environment should

be described from complementary perspectives. The occupational environment of electricians was studied

with the help of technical measurements and expert advice and direct and indirect interviews with
electricians. The direct interviews were made at work places and the indirect by mail inquirv. The electricians
safety representatives and supervisors were also used as sources of information. Furthermore, existing
medical data on construction workers in general were analysed to establish the presence of possible

‘electricians’ diseases’
The result of the environmental study bas shown that electricians have problems with muscular strain

injuries due 10 improper working posture. They also have a high frequency ofeye injuries and allergies. The
lighting is often ton dim, bright, glaring or reproduces colours poorly. Hazards such as noise and dust stem

often from other activitjes on the premises than from wiring duties. The climatic problems of draft and chill
are evident and can even be traced in the electricians’ health status through increased frequency ofcystitis.

The psycho-social environment is relatively good, mainly because the content ofthe working assignments

is viewed as meaningful and varied. Considerable responsibility, a high level of qualification and personal
freedom are other positive aspects. Dissatisfaction with the salary. particularly with jts size and meagre future
opportunities for wage increases, isa common vexation. Inconsistent availability to work assignments and a

far too strong dependence on other occupational categories are also ranked as negative sides of the

profession.

83. FieId Studies of Safety and Occupational Health

A Study on the Dilference of Attitudes to Work Feelings of both Japanese and Chinese
Female Workers who are Engaged in Light Repetitive Work

By T. Ol-IKuso, M. AoKt and Y. HORIE

Human Performance Laboratory, Faculty of Industrial Engineering and Management,
College of Industrial Technology, Nihon University, l-2-1 Izumicho Narashino Shi, Chiba 275, Japan

With the increase in automation, the application ofergonomic principles to work design has become of
increasing importance. With skilled and semi-skilled work people could self-pace their task and derive
pleasure and take pride in the results. But as automation bas grown many such tasks have become, for the

workers, simple and monotonous work involving only a small part ofthe flnished product. At the present
stage in advanced automation the workers seem to a large extent to be loosing the pleasure and satisfaction in
their task. Although automation bas substantially reduced workers’ work load, it bas produced various
psychological or mental Stresses more markedly than before. A series of subjective assessments, using
questionnaires. were carried out on 800 Japanese and Chinese female workers who are engaged mainly in
various types of light repetitive work in manufacturing industries to investigate the difference of the attitudes
10 work due to the difference of their cultural, social and geographical background. As the results show no
fundamental differences ofattitudes to work can be seen in either country and consideration ofsuch factors as
duration ofwork, rest pauses, human relationships between workers and working environments becomes of
Increasing importance for females doing monotonous work in order to maintain desirable conditions for
their health and working efficiency.

B 12. Design of Production Systems

Contribution of Human Automatics to Man—Machine System Analysis

By N. MALVACI-IE

Directeur du Laboratoire d’Automatique Industrielle et Humaine, Université de Valenciennes,
Le Mont Houy, 59326 Valenciennes Cedex, France

The conception ofa system, ofwhich the primary goal is to contribute to human development, should be a
priority of research, reconciling technical innovation and social innovation. The development of
computerization and automation means in many sectors more and more in direct relationships with man. not
only technico-economic modifications but also human modifications. related to the new methods oftask
distribution at work stations equipped with new means of communication. This evolution in work and
technology also bas new psychological and sociological consequences, and brings on evolutions in
qualifications and work organization, where human beings acquire and treat more and more information.

Automatics is more and more concerned with complex systems with an evolutive structure, systems
interconnected with command methodologies the tools ofdescription and operating safety; and the essential
finding, for this author, is to observe that even highly automated systems must integrate the human-function.
The concept of system’ is evolving towards that of ‘man—machine system’, where man cooperates witb the
machine in order to reach a goal. Automatics should contribute In improving working conditions, and make
work again wortb while in our society, where ail buman actions are based on a part ofthe subjective that the
automatjcian is ill-advisecj to underestimate in bis activities: he sbould avoid the oft-committed error of
confusing the task and the buman activity at a work station to be computerized. The object oftbis paper is
ont to go deeply into a particular aspect ofthis vast subject ofresearch, nor to skim over it; rather, we wisb In

illustrate, by certain examples of research, some activities of recent years that bring out the interest of
deepening the analysis ofman—machine systems.

The first part, using general considerations, illustrates the introduction of the ergonomy of conception
into activities depending on engineering sciences, and empbasizes the importance of man—machine
communication. The second stresses the mIe oftbe interface, in the wide sense, depending on the degree of
automation and on man—machine cooperation, notably in the event of exceptional or accidentai
circumstances. The third part, contrary to the generality of the preceding parts, sets out two particular
examples that attempt to researcb the model for good working conditions. One deals witb the phenomenon
ofthe fatigue ofa buman operator face to face with a screen and keyboard system ofvisualization. Tbe other
shows some ofa human driver’s reactions under perturbed operating conditions in a transportation system -

The fourtb and last part attempts to formalize human subjective data. using concepts taken from the tbeory
offuzzy sets. These four, seemingly distinct parts. intend only to bring 10 system analysis the contribution of
human automatics,

B 13. Management and Humanization

Accuracy of Leaders’ Perceptions of Self and Others, and Actual Group Status as
Functions of Cognitive Complexity

By H. W. HENDRICK

Department of Human Factors. University of Southern California, U.S.A.

A group of 113 male undergraduate students in an advanced leadership course viewed the flrst 38 min of
the film Twelve Angrj Men, wbich depicts the deliberations ofajury at the end ofa murder trial. Each student



The resuits obtained are as follows:

(1) Two experiments for random reference inputs made up often sinusoidal waves (019—179 radis and

Œ 19—19 rad/s) lead to the following properties:

(j) In the low frequency domain (-- 2 rad/s), eLC < where o’ LC, and are mean
square errors in the case of the no-compensator, VLC, and SQ respectively.

(ii) In the high frequency domain (.2rad/s),

(2) The above properties can be explained theoretically by an optimal control approach with quadratic
performance. This model accounts for the experimental results of the low and high frequency phase-

drop phenomena by VLC and SQ respectively.
(3) The optimum values ofVLC parameters are T1 = 12—15 and T2 — T1 =06 -.. 08 for both single and

double integrators.
(4) The superiority of VLC in the low frequency domain is also verified by experiment for step reference

inputs.

82. Productivity and Occupational Health in Various Industries

Trade Studies of Occupational Environments
An Analysis Based on a Survey of the Profession of Electrician

By C. SCHRÔDER

Department of Building Technology Construction Management and Industrial Engineering, Lund
University, P.O.B. 725, S-220 07 Lund 7, Sweden

The purpose of the dissertation was flrstly to analyse and discuss different methods of studying the
working environment of an occupational group. Secondly, it was aimed to describe the occupational
environment of electricians from a mental as well as physical viewpoint.

A review of the literature in the subject leads 10 the conclusion that an occupational environment should

be described from complementary perspectives. The occupational environment of electricians was studied

with the help of technical measurements and expert advice and direct and indirect interviews with
electricians. The direct interviews were made atwork places and the indirect by mail inquiry. The electricians
safety representatives and supervisors were also used as sources of information. Furthermore, existing
medical data on construction workers in general were analysed to establish the presence of possible

‘electricians’ diseases’
The result of the environmental study bas shown that electricians have problems with muscular strain

injuries due to improper working posture. They also have a high frequency ofeye injuries and allergies. The
lighting is often too dim, bright, glaring or reproduces colours poorly. Hazards such as noise and dust stem

often from other activities on the premises than from wiring duties. The climatic problems of draft and chill
are evident and can even be traced in the electricians’ health status through increased frequency ofcystitis.

The psycho-social environment is relatively good, mainly because the content ofthe working assignments

is viewed as meaningful and varied. Considerable responsibility, a high level of qualification and personal
freedom are other positive aspects. Dissatisfaction with the salary, particularly with its size and meagre future
opportunities for wage increases, isa common vexation. Inconsistent availability to work assignments and a

far too strong dependence on other occupational categories are also ranked as negative sides of the

profession.

83. Field Studies of Safety and Occupational Health

A Study on the DiII’erence of Attitudes to Work Feelings of both Japanese and Chinese
Female Workers who are Engaged in Light Repetitive Work

By T. OHKuiso, M. AoKi and Y. H0RIE

Human Performance Laboratory, Faculty of Industrial Engineering and Management,
College of Industrial Technology. Nihon University, l-2-l Izumicho Narashino Shi, Chiba 275, Japan

With the increase in automation. the application ofergonomïc principles to work design has become of
increasing importance. With skilled and semi-skilled work people could self-pace their task and derive
pleasure and take pride in the results. But as automation bas grown many such tasks have become, for the

workers, simple and monotonous work involving onlv a small part ofthe finished product. At the preseni
stage in advanced automation the workers seem to a large extent to be loosing the pleasure and satisfaction in
their task. Although automation has substantially reduced workers’ work load, it bas produced various
psychological or mental stresses more markedly than before. A series of subjective assessments, using
questionnaires. were carried out on 800 Japanese and Chinese female workers who are engaged mainly in
various types of light repetitive work in manufacturing industries to investigate the difference of the attitudes
to work due to the difference of their cultural, social and geographical background. As the results show no
fundamental differences ofattitudes to work can be seen in either country and consideration ofsuch factors as
duration ofwork, rest pauses, human relationships between workers and working environments becomes of
increasing importance for females doing monotonous work in order to maintain desirable conditions for
their health and working efficiency.

B 12. Design of Production Systems

Contribution of Human Automatics to Man—Machine System Analysis

By N. MALVACHE

Directeur du Laboratoire d’Automatique Industrielle et Humaine, Université de Valenciennes,
Le Mont Houy, 59326 Valenciennes Cedex, France

The conception ofa system, ofwhich the primary goal is to contribute to human development, should be a
priority of research, reconciling technical innovation and social innovation. The development of
computerization and automation means in many sectors more and more in direct relationships with man, not
only technico-economic modifications but also human modifications, related to the new methods oftask
distribution at work stations equipped with new means of communication. Ibis evolution in work and
technology also bas new psychological and sociological consequences, and brings on evolutions in
qualifications and work organization, where human beings acquire and treat more and more information.

Automatics is more and more concerned with complex systems with an evolutive structure, systems
interconnected with command methodologies the bols ofdescription and operating safety; and the essential
finding, for this author, is to observe that even highly automated systems must integrate the human-function
The concept of ‘system’ is evolving towards that of ‘man—machine system’, where mao cooperates with the
machine in order to reach a goal. Automatics should contribute to irnproving working conditions, and make
work again worth while in our society. where ail human actions are based on a part of the subjective that the
automatician is ill-advised to underestimate in bis activities: he should avoid the oft-committed error of
confusing the task and the human activity at a work station to be computerized. The object ofthis paper is
not to go deeply into a particular aspect ofthis vast subject of research, nor to skim over it; rather. we wish to
illustrate, by certain examples of research, some activities of recent years that bring out the interest of
deepening the analysis ofman—machine systems.

The first part, using generat considerations, illustrates the introduction of the ergonomy of conception
into activities depending on engineering sciences, and emphasizes the importance of man—machine
communication. The second stresses the role ofthe interface, in the wide sense, depending on the degree of
automation and on man—machine cooperation, notably in the event of exceptional or accidentai
circumstances. The third part, contrary to the generality of the preceding parts, sets out two particular
examples that attempt to research the model for good working conditions. One deals with the phenomenon
ofthe fatigue ofa human operator face to face with a screen and keyboard system of visualization. The other
shows some ofa human driver’s reactions under perturbed operating conditions in a transportation system.
The fourth and last part attempts to formalize human subjective data, using concepts taken from the theory
offuzzy sets. These four, seemingly distinct parts, intend only to bring to system analysis the contribution of
human automatics,
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B 13. Management and Humanization

Accuracy of Leaders’ Perceptions of Self and Others, and Actual Group Status as
Functions of Cognitive Complexity

By H. W. HENDRICK

Department of Human Factors, University of Southern California, U.S.A.

A group of 113 male undergraduate students in an advanced leadership course viewed the first 38 min of
the film Twelve Angrt Men, which depicts the deliberations ofajury at the end ofa murder trial. Each student



r

then ranked thejurors in terms of the order in which he thought they would change their verdict from guilty
to flot guilty during the remainder of the film. Prior to the experimental task. each student had ranked the
members of his class section, including himself, in terms of the effectiveness of their participation in prior class
discussions and leadership exercises. Each section then developed a consensual ranking. Ail of the students
had taken the Abstract Orientation Scaie. a measure of cognitive complexity. during the previous school

y car. Analysis of variance showed both cognitive complexity and the accuracy ofone’s selfperception ofciass
effectiveness to be related to behaviour prediction accuracy on the experimental task (p<OO5). The linear
correlation of behaviour prediction accuracy with cognitive complexity was 038 (p<OOO1). Class
effectiveness ranking and the accuracy of self perception ofeffectiveness also varied as a function ofcognitive
complexity (p <002), and were found related to one another (p <0001). Implications of the findings for the
understanding of leadership behaviour and effectiveness are discussed.

Assessment Centre Ratings as an Interim Criterion Measure in Leadership Research

By H. W. HENDRICK

Departrnent ofHuman Factors, University ofSouthern California. U.S.A.

One of the major dilficulties in leadership research historically has been the lack of relevant, reasonably
uncontaminated criterion measures ofperformance. One approach to evaluating leadership in organizations
has been the ‘management assessment centre’. During the past two decades this methodoiogy has emerged as
the most effectïve means of assessing potential for manageriai promotion across a broad range of
organizations and settings (for example. sec Huck 1973 fora review ofover 50 studies). In the present study it
was hypothesized that global assessment centre ratings of leadership would provide an easily obtainable.
valid measure ofleadership performance for experimental studies. To test this hypothesis, 545 entering cadets
at the United States Air Force Academy received global assessments of leadership performance. using the
Academy’s Group Reaction Course as an assessment centre. These assessments, based on a five-point rating
scale, were used 10 predict three independent measures of actual leadership performance, which were
obtained 10 months later. The predictive utility ofthe assessments was statistically significant at beyond the
001 level for ail three independent criterion measures, and fora composite rating. It was concluded that the
global assessments of leadership based on using assessment centre methodology provide a very usefui and
valid interim criterion measure of leadership performance.

To further demonstrate the utility of assessment centre leadership ratings, the cadet sampie also was
administered the I6PF. Based on the small group research literature, eight of the I6PF factors were
hypothesized as related to leadership performance, six of the eight factors were found significantly related
both to the assessrnent centre ratings and to the subsequent performance measures (p<O05). and for one of
the remaining two. the trend was in the expected direction, none of the other eight factors was found related.

R EFER EN (1

H J. R.. 1973. Assessment centres: A review ofthe externai and internai validities. Personnel Pst-choloqv.

26. 191—212.

By V. PAREAN1N and R. PAREANiN

Mechanical Engineering Faculty, University of Belgrade, Belgrade, Yugosiavia

In the struggie for humanization 0f work on production (assembiy) unes, which is now spreading in
Yugoslavia and which has been current for years in the most developed Western countries, various
organizationai and technological solutions can be great contributions.

Studies made in 25 organizations of associated labour gave insight into the organizational and
technological structure and operation of production unes in Yugosiavia. Based on these studies a conclusion
can be drawn that the production unes in industry do flot operate in accordance with projected solutions.
Some of the main reasons are unsatisfactory organization ofproduction and bad adjustment ofthis system of

work to operators, which shows the presence of their tendency to solve the difficulties arising in the operation
ofthe production une within their own influences (unofficiai rest breaks and absenteeism). So the man, when
better operation ofthe organization ofwork on production unes is in question. appears to be the cause of

disorganization in trying to protect himseif from unfavourabie affects.
The authors ofthis work are in favour ofdesigning such organizational and technologicai solutions which

wiil enabie actual and full application of the production unes on the one hand and on the other hand to give
satisfaction 10 those who work on them.

Adde,id(,

C 2. Goods and Tool Design

The Interaction Between Ergonomie Criteria and Industrial Design

By V. Popovi
Senior Lecturer in Industrial Design, School ofihe Built Environment, Queensiand Institute ofTechnology.

Brisbane, Australia

The paper describes the methodoiogy of developing ergonomie criteria and how they interact with
industrial design parameters. It outiines the recommendations for organization 0f the application of the
criteria to product design. The aim is to deveiop basic standards as a framework from which design ideas of
physicai objects can be generated. It is seen that the starting point ought to be through industriai design
education programmes. The practicai benefits ofsuch approach are oriented towards the improvement ofthe
quality of physical objects and their interactions with the user and the environment.
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Organizational and Technological Aspects of the Operation of Production Lines in
Yugoslavia
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be meant by the idea 0f inteliigentiy
directing human affairs, about the place 0f
articulating our thoughts before acting,
the role 0f consultants in business, industry
and commerce, and the usefuiness 0f
formai models.

1978 0850661714
154pp Cloth £6.00

Operational Distribution
Research
A. Mercer, M. Cantiey and G. Rand
(University o! Lancaster)

Distribution s increasingiy regarded as an
important part 0f a company’s total
capacity to serve its chosen markets and
operationai researchers piay a vital role in
making this activity more effective. There
has been a marked lack 0f good case
studies and the present work is designed
to fui this gap.

1978 0850661684
196pp Cioth £8.00

Research Games
K. C. Bowen
(Ministry o! Defence)

This s the first book on games as a
research tool to be published in the U.K.
It discusses the value and limitations 0f
such games. Plans for further deveiop
ments in theuse 0f games for research,
inciuding games for invoiving the public
in social planning, are summarized.

1978 0850661692
126pp Cloth £6.00

Modelling Large Systems
P. C. Roberts
(Department 0f the Environment and
Transport, U.K.)

This is a book about world modelling by a
scientist and practising modeiler. If sets
world modelling in the context o! scientific
activity—approaching the methodology,
the accuracy and the potential through
the eyes 0f a scientist.

1978 0850661706
l2Opp Cloth £6.00

Machine Pacing and
Occupational Stress
Edited by G. Salvendy
(Purdue University) twi Occupatioiwiand M. J. Smith
(NIOSH)

G. So1vn & M j Srrtn

Fitting the Task to the Man
An ergonomic approach
E. Grandjean
(Swiss Federal Institute
of Technology,
Zurich)

Edited by
W. P. Coiquhoun
(University o! Sussex)
and J. Rutenfranz
(University cf
Dortmund)



JOURNALS

Ergonomics
devoted to the scientific study 0f human factors in
relation to working environments and equipment design

General Editor R. Goldsmith (Chelsea College, London)

Scope
The journal is the officiai publication 0f the Ergonomics
Society, and the International Ergonomics Association.
Universities and scientific institutes concerned with the
human factors affecting performance and efficiency of work,
whether from the psychological, engineering, physiological
or anatomical points 0f view, will find ERGONOMICS an
authoritative guide to research in these fields.

1983 subscription rates £77.00 $235.00 DM365.00

Volume 26, publishedmonthly, 12 issues per volume

Ergonomics Abstracts
published in association with the
Ergonomics Information Analysis Centre

Editor C. Stapleton (University 0f Birmingham, U.K.)

Scope

As an annotated bibîiography, ERGONOMICS ABSTRACTS
aims to meet the need for those whose concern is the current
literature in psychology, physiology, biomechanics and
engineering relevant to man at work; the design of his
equipment, work place and physical environment; and
man-machine systems.

1983 subscription rates £75.00 $238.00 DM350.00

Volume 15, published quarterly, 4 issues per volume

Behaviour and Information
Technology

Editor T. F. M. Stewart (WiIlis Faber & Dumas Ltd, London)

Scope
BEHAVIOUR AND INFORMATION TECHNOLOGY deals with
the human aspects 0f information technology in three broad
areas: computing, telecommunications and office automation.
The journal covers research and development related to the
design, use and impact of information technology. The
subject concerns a wide readership, from systems analysts
and electronic engineers to management information and
personnel specialists.

1983 subscription rates £37.00 $90.00 DM175.00

Volume 2, published quarterly, 4 issues per volume

International Journal of
Production Research
sponsored by the Institution 0f Production Engineers,
the Society of Manufacturing Engineers and the
American Institute of Industrial Engineers

Editor R. J. Sury (University 0f Technology, Loughborough, U.K.)

Scope
The journal publishes papers dealing with research into
various aspects 0f the efficient utilization 0f productive
resources. t is concerned flot only with the fundamental
behaviour 0f such resources, be they humari, financial or
technical, but also with the complex and cross-disciplinary
problems 0f the analysis and control 0f the combination 0f
these resources into a production system, regardless 0f

the technology or product.

1983 subscription rates £74.00 $220.00 DM345.00

Volume 21, published bi-monthly, 6 issues per volume

Please send to your usual bookseiler/
subscription agent or direct to the publishers

Taylor & Francis Ltd
4 John Street, London WC1N 2ET
Tel: 01-405 2237/9
Telex: 858540

Please send me copy/ies of*
(Tille 01 book)

books and journals from

Taylor
FrancisLtd

ORDER FORM

Please enter my subscription for copy/ies of*__________________

beginning in Janiary 1983 and continue until cancelled.* (Tille ljournaI)

I enclose a chèque/money order* for

Please send me further information on Taylor & Francis Ltd books and/or journals.*

*pIease delete as appropriate, and enter the title/s 0f your choice.

MA

made payable to Taylor & Francis Ltd/please send me an invoiCe.*

ADDRESS.

SI GNATURE,
20m 882
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CONTENTS WELCOME TO IEA ‘82 TOKYO

Page I recali an old saying now, ‘Time fhes like an arrow”.

WELCOME TO IEA’82 TOKYO 1 Since our Organizing Committee was established
one year ago, we have been making every effort to

HOST 2 make the 8th Congress worthy of your participa
tion.

ORGANIZATION 2

CONGRESS INFORMATION Our Program Committee s very glad to know that

over 400 papers were submitted to the Technical

PROGRAM 6 Sessions. And it was mosi dilficult to limit the

number to 300. We have actually accepted 370,

EVENTS SCHEDULES 8 which thus increased the number cf sessions. In

addition, we have made a plan to set up Workshops

OPENING CEREMONY 9 andaSymposium.

SPECIAL LECTURES 9
Now, the overali Scientific Program is nearly

SYMPOSIUM g finalized and is included herein. This Scientific
Program wiII indicate the grand scale cf this Con

WORKSHOPS 10 gress. We have also included detailed information

cocerning travel and accommodation for the par

TECHNICAL SESSIONS 15 ticipants’ benefit.

TECHNICAL SITE VISITS 39
I sincerely hope that ail cf you wiII find IEA ‘82

SCIENTIFIC EXHIBITION 39 scientifically rewarding as welI as an enjoyable
experience.

SOCIAL PROGRAMS 40 4o
TRAVEL INFORMATION 42 I look forward to seeing you soon.

HOTEL ACCOMMODATION 45 . /
î tLP L!; 7

OPTIONAL TOURS 46

LOCATION MAP 48 1 D Masamitsu Oshima, MD.
Chairman

[ OrganizingCommittee

[GEs /) ( NL1 /L
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HOST Yujiro Hayashi
Masakazu Iguchi
Ichiro Kato

•Japan Ergonomics Research Society Haruo Kondo
•Research Foundation of Traffic Medicine Takeshi Kondo

Shigetaka Kubota
lsao Kuroda
Kinya Maruyama
Mitsuo Morioka

ORGANIZATION Hiroshi Motoaki
Junichi Nagumo
Kiho Nakao

International Ergonomics Association Shinhachi Nishikawa

President: J. Rosner(Poland) MasahikoOhira

Secretary General: H.L. Davis (U.S.A.) Masashi Okawa

Treasurer: H. Scholz (ERG.) Jun Osaki

Advisory Board Takeshi Ota

(International) H.L. Davis (U.S.A.) Hajime Saito

E.P. Grandjean (Switzerland) Hiroyuki Sakabe

B. Shackel (U.K.) Masahiko Sato

(Japan) Shizuo Asada Eimatsu Takakuwa

Kenji Ekuan Susumu Tsukahara
Junnosuke Kishida Genichi Watanabe
Sakyo Komatsu Sakae Yokobori
Naoki Toida Katsumi Yokomizo
Eiji Toyota Masaaki Yoshida

Japanese Organizing Committee

Chairman: Masamitsu Oshima

Vice-Chairman: The Late Kunie Hashimoto

Secretary General: Toshiyuki Furukawa

General Affairs: Shingo Ogawa
Treasurer: Toshio Endo

Foreign Affairs: Hidemaro Nagano
Sadao Sugiyama

Scientific Liaison: Yuji Iiyama
Convention: Takao Ohkubo

Program: Akira Watanabe
Kazuyoshi Yajima

Registration: Kazuo Aoki

Proceedings: Kageyu Noro

Social Events: Kiyoshi Yamamoto

Exhibition: Kazuo Tsuchiya
Kiyoji Asai
Kazuhiko Atsumi
Sumiji Fujii
Yoshio Hayashi
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CONGRESS INFORMATION 6. REGISTRATION CARD

The Secretariat has been sending a registration
card and a receipt to those who have paid the

1. VENUE registration tee 10 confirm their registration.

Nihon Toshi Center
Please present the Card at the Registration Coun

2-4-l, Hirakawa-cho, Chiyoda-ku, Tokyo, Japan
ter.

Phone: (03) 265-821 1 7. CANCELLATIONS
(See the location map on Page 48)

in case you canceil your attendance, t shaH be

2 DATE
made in writing to the Sec retariat. No part 0f the
tee wifl be refunded. However, a copy of Pro

August23(Mon.)—27(Fri.), 1982 ceedings 0f the Congress wili be sent after the

(Registration on 23.) Gong ress conciuded.

3. OFFICIAL LANGUAGE 8. APPLICATION FORMS

The officiai ianguages 0f the Congress are EngFsh The foilowing forms are enciosed with this an

and Japanese. Simuitaneous interpreting be- noucement.

tween two languages wHhi be provided throughout [F 1] Officiai Registration Form
the sessions. (Maii to the Secretariat)

4. REGISTRATION FEE [Form 2] Application Form for Hotei Accom
modation & Tours

(1) Congress participant 55,000 (Mali b Japan Travel Bureau)
(2) Accompany person 20,0O0
(3) Fareweflparty 10,000

The enciosed officiai registration torm must be

returned to the Secretariat.

5. PAYMENT

Ail registration tees shaH be paid in Japanese Yen
by a bank draft or bank remittance to the foliow
ing bank account. Neither personai nor traveller’s
checks wiH be accepted.

(1) Bank Remittance
Name 0f Bank:

The Kyowa Bank, Akasaka Branch
Akasaka, Minato-ku, Tokyo, Japan

Name 0f Account:
“IEA’82 Tokyo”

Number of Account:
No. 916302 (Ordinary Deposit)

Piease send or bring a copy of bank remittance
with your registration form for confirmation.

(2) Bank Draft
A bank draft shouid be payable 10 the order cf
“iEA’82 Tokyo”.

Participants who have flot paid their registration
fee in advance shouid pay the fee in Japanese
Yen at the “On-Site Registration Desk”.
The Desk wiil start at 13:00 p.m. on August 23.
No credit cards wili be accepted atthe Desk.

—4— —5—



PROG RAM

Room
Date

Hall A Hall B

9:00
Opening Ceremony

10:00

><

0
Special Lectures

12:00
Aug. To OE

24 <WORKSHOP I> WorkLoad:
Tues. Safety General

<WORKSHOP li> WorkLoad: ©
Human Error Industrial

1 7:30
Applications

c
<WORKSHOP III> WorkLoad:
Productivity I Muscle Activity
— Automation &
Robotization

25 <WORKSHOP IV> WorkLoad:@
Wed. VDU & Operator Physical

12:30
14:00 ‘

General Assembly
15:00 .._____._—_-_-—
15:00

Special Lecture
16:00
9:00

<WORKSHOP V> Architecture
Productivity II
— Humanization

26
Thur. &Workplace

Work Load:
Methodology

Technical Site Visits
-

<WORKSHOP VI> VehicleDriving
TheAged&
Handicapped

12:00

27 <Symposium
Fr1. Past, Present

&Futureof /

To
)<

15:00
omics/

15:00
Closing
Ceremony

16:00

Hall C Hall D Hall E

Quality 0f Working
Systems Design I Anthropometry & Life
—Keyboard & Clothing
Others Environment:

Noise&Vibration
Circadian © Motion&Gait © Environment: ©Rhythm & Underwater &
Shift Work Space

©
System Eye Movement Environment:
Evaluation Temperature &
Methodology Physiological

Responses
-

-----System Design Education &
Heat StressMethodology Training
Evaluation

><><><
©

Evaluation 0f Introduction of Work Load:
Human Ergonomicsto Visual
Activities lndusy,

Systems Design II ,Éonomics 0f © Vua
—Vehicle, © IComputer Inspection
Sign & Others & Vigilance

Technical Site Visits
©

Introduction of Posture Perception &
Ergonomicsto Recognition
Social Systems

Work Load:
Lifting

©
Work Work Load on Working
Performance the Back Envi ronment

><L><><
—6— —7—



OPENING CEREMONY

August 24 (Tuesday) “Hall A”
8:45— 10:00

8:45 —Music-

9:00 •Declaration of Opening
Toshiyuki Furukawa, M.D.
Secretary General
Organizing Committee

•Opening Address
Masamitsu Oshima, M.D.
Chairman
Organizing Committee

•Presidential Address
Prof. Jan Rosner
President
International Ergonomics Association

•Add ress
(Japanese Guests)

•Awards & Address
Prof. Alphonse Chapanis (The Johns Hopkins

Univ.)
Prof. Etienne Grandjean (Swiss Federal Institute
0f Technology)

10:00 -—Music--

SPECIAL LECTURES

1. August24(Tuesday)”Hall A”
10:30—12:00
“Modeling 0f Human Performance in Complex Sys
temps with Emphasis on Nuclear Power Plant Opera
tions and Probabilistic Risk Assesment”

Alan D. Swain
Statistics, Computing & Human Factors Division
Sandia National Laboratories

The Trends 0f Ergonomics in Japan”
Masamitsu Oshima
Chairman 0f Directors
The Medical Information System Development
Center

2. August 25 (Wednesday) “Hall A”
15:00--15:40

Ergonomics in the Year 2002”
Gavriel Salvendy
Chai rman, Human Factors Program and Professor
0f Industrial Engineering, Purdue University

SYMPOSIUM

•August 27 (Friday) “Hall B” 13:00— 15:00

F “Past, Present and Future 0f Ergonomics”

EVENTS SCHEDULE
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WORKSHOPS

The following order s flot the presentation order. It will be
announced in the Final Program.

August 24 (Tuesday)

C

13:00—15:15 Room Hall A

Workshop I: Safety

•Ergonomics of Safety
V.D. Keyser(Belgium)

•Life Stress and Occupational Injuries
D. Gloss (U.S.A.)

•One Method for Evaluating Safety Performance in Work
ing Places

S. Hanayasu (Japan)

‘Computer Methods in Safety Design with Highway
Vehicle-Object-Environment Simulation

B.K. Huang (U.S.A.)

•Multivariate Safety Assessment of the Level-Crossings
with Automatic Full or HaIf Barriers

T. Ikeda, H. Ohtake (Japan)

•Human Factors in Ship Collision in Narrow Waters
N. Ohashi (Japan)

•Safety Work on Small Fishing Boat Operat by One Man
A. Hattori, N. Ohashi (Japan)

•lnfluences 0f Thermal Environment on Safety Behaviour
J.D. Ramsey (U.S.A.)

•Prevention 0f Occupational Injuries in Greenhouses
B. Gustafsson (Sweden)

•Towards Safer Consumer Product Design
J. Wilson (U.K.)

August 24 (Tuesday)

Workshop II: Human Error

•Reliability 0f Human Operator in Man-Machine Systems
M. Iguchi(Japan)

•A Basic Study 0f the Prediction Method of Clerical Hu
man Errors Based on Pulse Speed Valiability

E. Koyano (Japan)

•Fuzzy Fault Tree Analysis for Accident Caused by Human
Errors

K. Noma, H. Tanaka, K. Asai (Japan)

•Alpha Wave and Miss 0f Signal Detection
H. Kodama (Japan)

•An experimental Study on Human Behavior under the
Sudden Hazardous Situation

W. Masada (Japan)

•Human Errors and the Safety 0f Nuclear Power Plant
C G. Mancini, A. Amendola (ltaly)

‘A Case Study on a Plant Factory from the Human Factors
Point 0f View

K. Hashimoto, M. Aoki, Y. Horie (Japan)

•Analytical Procedures on Causes of Human Errors in
Plant Accidents

K. Hashimoto, M. Aoki, T. Endo (Japan)

•Hazard Analysis in the Japanese Chemical Industrial
Complexes Especially on the Human Errors

Y. Hayashi (Japan)

‘A Study of Human-Error Causing by Drug Naming
F. Tsuchiya (Japan)

August 25 (Wednesday)

9:00—11:00 RoomHallA

Workshop III: Productivity I — Automation &
Robotization

•Ergonomics for Pure Efficiency or for Humanization?
G. Olsson (Sweden)

‘The Designing of Man-Machine Systems Human Role
Consideration in Modernize Industrial Systems

Y. liyama (Japan)

•Automation, Productivity and Stress in Inspection
C.G. Drury(Japan)

•Operator Response to Problems in Proc. Control Sys
tems

K.M. Mallory (U.S.A.)

‘Japanese Population Stereotypes for Nuclear Power
Ç. Plant Control Room Operators and Engineers

R.M. Kane, J. Farbry, Jr., S. Fleger (U.S.A.)

Attempt to Harmonize” Human Operate Job and
Computer in Complex Industrial Processes

C P.J. Larriere (France)

•Evolution 0f Man/Computer Air Traffic Control Systems

c (The European Approach)
D. Hugh (France)

15:15—17:30 Room Hall A



•Automation in the Office; on the Role on the Ergonomist •Task Allocation Based on Human Needs as Tool in the
with Regard ta the Communication between Manufac- Humanization of Work System

C turer and Customer H. Mulder (The Netherlands)
C.K. Pasmooij (The Netherlands)

•Human Interface Analysis to Assure lmproved Product
•Japanese Robotization and Human Factors Researches Performance

Y. Okada (Japan) D. Raheja, M. Arjunan (U.S.A.)

•A Critical Analysis of Techniques 0f Evaluation 0f Working
Conditions and a Proposai for a Methodological Ap

j proach
R. Edouard (France) ‘- C àØ-P

August 25 (Wednesday)
•Experiments in the Organization 0f Work in Germany —

11:00—12:30 Room Hall A ASurveyofMajorTendencies Resuit. and Problems
P. Hans (F.R.G.)

Workshop IV: VDU & Operator
•A Report about the Changes 0f Working Environment
Conditions in Sweden

.Design of Human-Computer Dialogues C. Niisson (Sweden)
( R.C. Williges (U.S.A.)

•Adjustment 0f Work f0 People and Humanization of the
•An Ergonomic Study of Conversational Work with VDT5 Production Line

r S. Yamamoto, M. Yoshioka, A. Komatsubara, Y V. Pareanin (Yugoslavia)
L Hayashi(Japan)

•Organizational and Technological Aspects 0f the Opera
•The influence 0f Visual Workload History Visual Monitor- tian 0f Production Lines in Yugoslavia

r ing Performance V. Pareanin, R. Pareanin (Yugoslavia)
L M.L. Matthews (Canada)

•Ergonomic Workstation Design for Supermarket Scan
•Study on the Evolution in the Field of Information ning Systems

Management and Working Conditions, as a Consequence P.L. Martin (U.S.A.)
C.. 0f the Development of Digital Technoiogy and Use 0f

VDU Operator Stations in Steelworks •Check-Out Systems for Self Service Shops Standardiza

F. Bertuccio (Italy) tion and Real Working Conditions
S. Helmut(F.R.G.)

•Selecting a Color Monitor for an Interactive Graphics

C System Used 10 Design lntegrated Circuits •The Effects 0f Developments in Grocery Distribution

A. LeCocq (U.S.A.) Systems
J. Wilson (U.K.)

•Research and Development 0f Airborne lntegrated Dis
play for NAL Ostol Ergonomic Design of Press Working Places

C M. Okabe, K. Tanaka (Japan) H..J. Bullinger, P. Kern, D. Lorenz (F.R.G.)

•Some Health Hazards Associated with Word (or Text) •Analysis of Film Copy Workplaces for Improving Job

C Processing and Similar Data-Terminal Equipment. How Design, Environmental and Ergonomic Conditions

to Avoid Them. H. Strasser (F.R.G.)
A.E. Haugan (Norway) •The Apparel Workplace: An Ergonomic Case Study

L. Middendorf (U.S.A.)

August 26 (Thursday)
August 27 (Friday)

9.00— 12:30 Room Hall A
9.00—11:30 RoomHaIlA

Workshop V: Productivty II — Humanization &
Workplace Workshop VI: The Aged & Handicapped

•Development 0f Ergonomic Methods for Productivity 1m- •Anthropometric and Biomechanic Measurements of
provement Elderly Women and Men

K. Noro (Japan) P.R. Buzzell (Canada)



•Measurement of the Older Worker’s Capability
K. Yokomizo (Japan)

•A Study of Procedure of Job Redesign for Older Workers
M. Nagamachi (Japan)

•Aduit Age and Human-Computer interaction: Implications

C for a Modei 0f Performance in Menu-Driven Systems
B. Somberg, G. Boggs (U.S.A.)

•Deveiopment 0f Sensor Pegboard for Performance Test

C. Y. Okada, K. Noro, (Japan)

•Work Load of Disabied People at A Smail Factory
T. Hasegawa, K. Noro (Japan)

•Ergonomics for the Mentaliy Handicapped-Motion Study
E. Kapecka, T. Marek (Poland)

•A Study on Handwork 0f the Mentaliy Handicapped
A. Tanaka, N. Ando (Japan)

•About the Weight Ratio of a Prosthetic Arm to an Ampu
tated Arm Segment

N. Ohnishi (Japan)

•An Evaluation 0f Correlation between Amputated Limb
and ifs Dominancy Using Dammy Prostheses

T. Aoyama, Y. Saito, H. Kasahara, T. Yamashita, \
K. Koyama, K. Tsuchiya (Japan)

•The Effect 0f Foot-Sole Pressure Sensory Feedback on
the Activity of the Lower Limb Amputee

S. Morimoto, K. Tsuchiya, Y. Saito (Japan)

•Deveiopment of Transfer System for the Severeiy Handi
capped

K. Ichikawa (Japan)

TECHNICAL SESSIONS

The foilowing order s not the presentation order. If wili be
announced in the Final Program.

August24

13:00—14:30

Session 1: Work Load: General

Room Hall B

•The Development 0f Ergonomic Solution Proposais by
the Analysis of Task

H. Bubb(F.R.G.)

•Characteristics 0f Office Works
A. Komatsubara, Y. Yokomizo (Japan)

•Synthetic Stress-Profiles
B.H. Miller(F.R.G.)

‘A Contribution to Methodology for the Evaluation of a

F Welders Work-Load
N. Dazord, E. Richard, J..L. Flores (France)

•Cumulative Fatigue Symptoms and Conditions 0f Work
R. Kosugo(Japan)

•The Methodologicai Problem 0f the Predetermination 0f
Load and Possibilities 0f Ifs Solution

W. Laurig (F.R.G.)

•lnformation Load and its Norming
A. Honkasalo (Finland)

August24

14:30—17:20 Room Hall B

Session 2: Work Load: Industrial Applications

C
•On Work Study and Work Load 0f the Computer Operator

M. Umemura (Japan)

•Eyestrain and Muscle Fatigue 0f Data Entry Operators
C Using Visual Display Terminais

N. Onishi, T. Kuroe (Japan)

•Constrained Postures at VDTs
C w. Hi.inting, T. Lubli, E._Grandjean(Switzerland)

•Fatigue and Heaith Problems of Workers in a Home for
Mentaliy and Physicafly Handicapped Person

Y. 0fb, K. Masuda, M. Iwata, N. Hisanaga, Y. Take
uchi(Japan)
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•Measurement of the Ticket-Selling Worksite-Accordig to•Health Survey on Plasterers (Stucco-Workers)
Comfort ExperimentsL. Ekkers Kees (The Netherlands)

M. Launis (Finland)
•The Effects 0f Ergonomic Measures on the Health 0f

•Teleoperator Systems, Considerations for Humanthe Neck and the Upper Extremities 0f Assembly-Line
Management 0f Remotely Controlled TasksPackers — A Four Year Follow-Up Study

N. Shield, Jr. (U.S.A.)T. Luopajarvi, I. Kuorinka, R. Kukkonen (Finland)
•The Influence of Camera Logic on Camera Ergonomics•ATendonitisControl ProgramfortheApparel lndustry

H.L. Davis, R.L. Lucas(U.S.A.)M.A. Ayoub (U.S.A.)

•Assessment 0f Mental and Physical Work Load For Some
Agricultural Tasks August 24M C. Canan (Malaysia)

14:30—17:20 Room Hall C
•The Effects 0f Change in Transport Methods on Stress
and Strain 0f Truck Drivers’ Work

J. Ilmarinen, C.H. Nygard (Finland) Session 4: Circadian Rhythm & Shift Work
•Stress and Strain in Cleaners’ Work 1

V. Louhevaara, J. Ilmarine, C.-H. Nygard, I. Pesonen •Chronopsychological Approach to Human Factors
(Finland) I P. Naitoh (U.S.A.)

•lnfluence 0f Mechanico-Assisted Blowing on the Fine- •Shiftwork Research at the UK Medical Research Council
Myokinesis 0f the Forearms on Glass-Blowers 4 Perceptual and Cognitive Performance Unit

S. Gustav, A. Fuchs, A.v. Laer, P. Mayer(FR.G.)

•Results 0f Fields Studies Concerning Stress and Strain at
W.P. Colquhoun (UK.)

Three Different Blast-Furnaces Medium Sized Factory
sychophysiological Effects 0f Shift Work in a SmalI

M. Kumashiro, K. Miyake, K. Saito (Japan)H. Peter(F.R.G.)

•Speed Skill in Short-Cycle Repetitive Work •A Case Study on Work Burden 0f Shift-Workers
A. Khaleque (Bangladesh) T. Kondo, T. Okubo, M. Aoki, Y. Horie (Japan)

4I •Time-of-the-Day Effect on Human Performance in a Com
bined Manual and Decision Task

August 24 A. Raouf, T.K. Joseph (Canada)

13:00-14:30 Room Hall C •Circadian Rhythms 0f Body Temperature and Per
formance under a Weekly Rotating Shift System.

Session 3: Systems Design I — Keyboard & Others Y . Milosevic, M. Cabarkapa Yugoslavia)

•Apoarent and True Phase-Shifts of Circadian Rhythms
after a Transmeridian Flight

•Ergonomic Development of a New Keyboard Design V. Zdenek (Norway)
C_ M. Nakaseko, W. Huenting, R.G.E. Granjean (Japan)

•Diurnal Variations of Reaction Time Performance in the
•Ergonomic Investigation of lnterkey Time Distributions 0f Mentally Retarded Children

C. Touch-Keying Operators 0f 1O-Key Numeric Keybaord: K. Kusano(Japan)
Systems Design ImPlications

•Critical Flicker Fusion and Grammatical Reasoning in the
G.F. Rabideau, R.P..J. Lee (Canada)

— Evaluation 0f Shift Schedules
•Link Analysis of ECG Maniplation and Application for De- P. Brian, R. Schlegel (U.S.A.)
sign 0f ECG Equipment

•Changes in the Subjective Fatigue Scale Characteristic
N. Yamanoi, K. Yajima, T. Aoki, S. Kinoshita, H.

to the Post-Nightshift PeriodTanaka, T. Furukawa (Japan)
K. Kogi (Japan)

•An Educational Equipment for Learners 0f Keyboard Music
and Consideration on the Characteristic of the Playing •Interindividual Differences in Sleep-Waking Habits 0f

Students and Workers SamplesI. Kitagaki, K. Suetake (Japan)
L. Mecacci, A. Zani (ltaly)

•Application of the Plane Switch Using a Pressure-Con-
•Human Reliability in Process Control with Shift Work

ductive Rubber Sheet to a Control Manipulator
GD. Terssac, Y. Queinnec (France) FY. Ikeda, H. Takeda, S. Hata (Japan)
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August 24 August 24
13:00—15:20 Room Hall D 15:20--17:30 Room Hall D

Session 5: Anthropometry & Clothing Session 6: Motion & Gait

•Problems in Determining Anthropometric Standards for •On the Central Control of Voluntary Arm Movements
Persons T. Kurokawa (Japan)

D. Gloss (U.S.A.)
•Effect 0f Two Handed Asymmetrical Simultaneous

•Measurement 0f Human Body Form Using Pattern Pro- Motions and Task Difficulty on Performance Time and
cessing Techniques Heart Rate Variability

N. Ito (Japan)
- A. Raout, K. Tsuchiya (Canada)

•A Longitudinal Study on Physical Growth at Adolescence •A Study on a Manner 0f Holding Bali-point Pen to Write
Y. Furumatsu, H. Muto, S. Saito, E. Furumatsu LegibleCharacters
(Japan) Y. Ishida (Japan)

•Two Dimentional Fourier Analysis 0f Human Torso Surface •Analysis 0f the Human Rhythmic Movement by a Markov
T. Furukawa, N. Yamanoi, H. Tanaka, K. Yajima, Process
T. Aoki, K. Aoki, S. Kinoshita, K. Hirayanagi (Japan) H. Nagasaki (Japan)

•A Three-Dimensional Measurement 0f the Torso Shape •Mechanism of Microvibration and the Application to
and an Application to Early Detection 0f Spinal Deformi- Fatigue in Works 0f Lifting of Weight and Typewriting
ties T. Usui, K. Sakamoto, K. Seki, A. lwasaki (Japan)

Y. Yamashita (Japan)
•The Application 0f the Three Dimensional Measurement

•A Study of the Anthropometric Differences 0f the Lordotic to the Motion Analysis
Curvature in Adult Men and Women Y. Suzuki (Japan)

N.E.O’Neill(U.S.A.)
•Kinematic Analysis of Three-Dimensional Motion in

•Head Dimension Measurement for Telephone Handset Loading Operations
Design K. lwata, T. Moriwaki, T. Kawano (Japan)

H. Matsui (Japan)
•Force Sensor Using Carbon Fiber and Its Application

•On Morphological Theorization for the Garment Modeling to Foot-Force Measuring System for the Gait Analysis
S. Nakazawa (Japan) K. Katahira (Japan)

•Physiological Evaluation of Clothing Heat Transfer •Anthropometry in Relation to Ergonomics of Walking
H. lngvar(Sweden) for Work Study Application in Indian Agricultural Workers

•Body Temperature Measurement for Appropriate Clothing Dr. Rabindra Nath Sen (India)
by Means of Internai Temperature Measurement Device •Characteristics 0f Spectral Analysis 0f Strides on

S. Nagashio(Japan) Treadmill Walking

•The Protective Characteristics 0f Clothings for Protection M. Yamasaki (Japan)
against Heat and Fire •Desktop Computer-Aided Analysis 0f Dynamics in Hu

Y. Kawashima (Japan) man Standing and Walking
•Thermal Effects and Finger Strength Changes in Cold T. Yamashita, T. Taniguchi, M. Ando (Japan)
Water Immersion with a Survival Suit •Finite State Measurement System 0f the Human Gait

K. Kimotsuki (Japan) A. Kato, K. lto, K. Tsuchiya (.Japan)
•Evaluation 0f Shoe-Fitting •A Study on Walking Width, Time and Speed in Manual

N. Yamazaki (Japan) Carrying Loads
•On Mannequins Especially Made for l9th Century Y. Oguro(Japan)
Custumes
Considering Kinesiology of Human Bodies

C. Tamagawa (Japan)
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August24

13:00—14:00 Room Hall E

Session 7: Quality 0f Working Lite

•Factors in Quality of Working Life: Two Case-Studies

S. Bagnara, R. Misiti, D. Mazzonis, M. Rollier(Italy)

•Brief Description of a Complex Work Organization
Change in a Big Steel Company in Italy Involving
Ergonomics and Socio-Technical Approach to Improve
the Quality of Working Life

S. Micheli (Italy)

•Women and Work in a Finnish Manufacturing Plant
M.L. Honkasalo, M. Lich (Finland)

•A Study on the Motivation of a Manager by Canonical
Correlation Analysis

424 S.Y. Lee (Korea)

•Effects 0f Psychic Load on the Growth 0f Temporary
Thresholds 0f Hearing during Exposure f0 Combination
0f Stable Noise and Sinusoidal vs Stochastic Low-Fre
quency Vibration at a Dry-BuIb Temperature of 20°C

M. Olavi (Finland)

•TTS 0f Vibratory Sensation lnduced by Exposure to Inter
mittent Vibration

Y. Fukuchi, S. Watanabe (Japan)

•The Use 0f Resilient Handgrips to Reduce Hand Vibra
tion f rom Power Tools

C.W. Suggs (U.S.A.)

Session 9: Environment: UnderWater & Space

August24

14:00—16:00 Room Hall E

Session 8: Environment: Noise & Vibration

•Noise Immissions from Industrial Plants and Annoyance
in the Neighbourhood

G. Stefan, E. Gradjea(Switzerland)

•Tentative Evaluations 0f Oscillating Sounds Based on
Loudness Measures

P. Schaefer (F.R.G.)

•lndividual Protection against Noise
J. Ducrocq (France)

•The Influence of Environmental Noises on Performance
0f Repetitive Task

K. Takata (Japan)

•Studies on the influence 0f Infrasound to the Human
Body — Physiological Effects 0f Long Term Exposure f0
Infrasound by Case of the Rabbits —

N. Machida, Y. Yoshida, H. Ito (Japan)

•Human Response f0 Infrasound below Hearing Threshold
O. Okai (Japan)

•Studies on the Influence 0f Low Frequency Vibration to
the Human Body — Vertical Vibration —

Y. Yoshida, N. Machida M. Ryota (Japan)

•A Study of Vibration Effect on Muscle Fatigue in Man
K. Ohkoshi, Y. Kikuchi (Japan)

•The Influence of Hyperbaric Environment (11-31ATA, He
02) on Disturbed Human Sleep

K. Seki (Japan)

•The Influence of Hyperbaric Environment f0 Fatigue in
Human Deep Dives

Y. Taya, N. Kuwabara (Japan)
•Convective Heat Transfer Coefficient 0f Human Body in

Hyperbaric Helium-Oxygen Mixed Gas Environment
H. Nakayama (Japan)

•Neutral Buoyancy Manned Maneuvering Unit—An
Underwater Simulator 0f the Shuttle MMU

C.N. Van Valkenburgh, T.E. Loughead (U.S.A.)
•Manned Zero-Gravity Simulations: Case Histories 0f Ex
travehicular Activity (EVA) Simulations and Techniques

E.C. Preutt (U.S.A.)

•Dynamic 0f Physical Fitness and Orthostatic Tolerability
du ring Hypodynamics Exposure

H. Saiki, M. Nakaya, M. Sudo, M. Abe, K. Shioda
(Japan)

•Quantitative Behaviour 0f Intraocular Ascorbic Acid upon
Hypermetropic Amplitude in Overstraining 0f Fictitious
High Altitude

M. Carapancea (Rumania)

August 24

16:00—17:20 Room Hall E
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August25

9:00—10:45

Session 10: Work Load: Muscle Activity

Room Hall B

•Assessment of Physiological Cost in Dynamic Muscular
Work by Oxygen Cost and Cardiac Cost

H. Sato (Japan)

‘Several Aspects of the Prediction Method 0f Local Muscle
Energy Metabolic Rate

S. Yokoyama, K. Yoshida (Japan)

•The Effect 0f Arm Elevation on Muscle Circulation
H. Yata, T. Fukunaga, A. Matsuo (Japan)

•Evaluation 0f Local Muscle Fatigue in Dynamic Muscular
Work by Isometric Test Contraction

S. Kira, K. Yamasaki, H. Sato (Japan)

•Critical Power as a Measure 0f Muscular Fatigue and
Anaerobic Threshold

A. Nagata, M. Muro(Japan)

•What Do We Neglect when Evaluating Muscle Fatigue’?
G.N. Gantchev (Bulgaria)

•Trunk Muscle Activity during Dynamic forward Bending
and Straightening Up

K. Tanii (Japan)

.Occupational Muscular Strain lndicated by Serum Creatine
Kinase

M.T.L.J. Hagberg (Sweden)

•Creatinine Excretion under Physical Exercise and Hypo

kinesia
Y. Zorbas, V. Petrovskiy, Y. Koichi (Greece)

•Pulling and Pushing Forces as a Function 0f Elbow
Flexion

Y. Ikeda (Japan)

August25

10:45-12:30

Session 11: Work Load: Physical

Room Hall B

•Psychophysiological Studies of Physical Performance
G. Borg (Sweden)

•A Study on Seasonal Variations 0f Circulatory and Meta
bolic Responses during Prolonged Exercise

A. Okada (Japan)

•Effects of Specific Dynamic Action on the Metabolism at
Rest

K. Yamasaki, S. Watanuki, S. Kira (Japan)

•The Effect of Body Postural Change on Anaerobic
Threshold

T. Fukunaga, H. Yata, S. Ikegawa (Japan)

•Relation between Excercise Diuresis and Running Load
T. Inomoto (Japan)

•The Effect 0f Additional Weight on External Mechanical
Energy in Running

A. Matsuo, T. Hirata, N. Tsunoda, T. Fukunaga
(Japan)

•Mechanical Efficiency in Relation f0 Pedaling Rate
During Cycle Ergometer Work

Y. Fukuba, Y. Koya, S. Watanuki, K. Fujiie (Japan)

•Optimum Speed of Up-H iII Cycling with Special Reference
to Slope Gradients and the Gear Ratio

A. Kimura, M. Morioka, S. Horino, K. Kishida, K.
Uchida (Japan)

August 25

9:00-10:15 Room Hall C

Session 12: System Evaluation Methodology

•An Application of Decision Data Tables Method in
Ergonomic Research

L. Pacholski, B. Mateja (Poland)

•An Ergonomic Method Diagnosing Complex Production
Systems

L. Pacholski (Poland)

•Combined Use of an Ergonomic Checklist and Complaint
Rating as a Means of ldentifying Problems

K. Sakai, K. Kogi (Japan)

•Pluralistic Treatment in the System Research 0f Ergo
nomics

T. Marek, R. Micha+ek, N. Czetaw (Poland)
•The Use 0f Operator Workload Measures in the Evalua

tion 0f Different Telemanipulators
J. Richardson, N.F..Savery, D. Xirau, D.A..Lescoat
(France)

•The Evaluation on the Repairmen of Motorcar Using the
RS-Method

S. Nakayama (Japan)



August 25 .Modelling of Visual Scanning Sequence to Multiple Targets
M. Makikawa, H. Tamura, M. Makikawa (Japan)

10:15—12:15 Room Hall C
•An Evaluation cf the NAC Eye Mark Recorder

Session 13: System Design Methodology
E.D.Megaw,J.Richardson (U.K.)

•Ergonomical Correction of Working Conditions at the

Stage 0f Working Station
S. Marek (Poland) August25

•ASystematic Ergonomics Design Procedure 10:10—12:20 Room Hall D
J..H. Kirchner(F.R.G.)

•The Computer Technique Usage in Design and Ergonom- Session 15: Education & Training

‘ ic Attestation Function of Controlling Devices Distribu

‘ tion
L. Pacholski, S. Stanislaw (Poland)

•A Comparison cf Exponential and Hyperbolic Functions
Describing Learning Curves in the Literatures of

•The Interaction between Ergonomic Criteria and Indus- Psychology and Industrial Engineering

trial Design L. Stanley (U.S.A.)
V. Popovic(Australia) •Time Pressure, Training and Decision Optimality

•Back-to-Front Systems Design: A Guns and Butter Ap- Z. Dan (Israel)
proach •Cost-Effectiveness of Ergonomics: Elusive Data and an

R.S. Didner (U.S.A.) Exchange Heuristic

•The Third Dimension — Computer Modelling for Ergo- A.B. Russeil (U.S.A.)

( nomics •Cognitive Psychology of Manual Control: Expert and
E. Kingsley(U.K.) Novice Differences in Cognition and Performance

•VAD — A Video Aided Ergonomics Design System Y. Anzai Y. lshii, Y. Hayashi (Japan)

F. Peter(Sweden) .Ergonomics Training for Computer Users F
•Use 0f Modular Simulators in Selection, Training and T. Houghton(France)

Workpost Design •The Influence of Job Knoledge in Product Quality Judg
J..C. Rouhet (France) ments on a Continuous Process Production Line p

J. Richardson, X. Cuny (France)

•Human Factors in Instructions
August 25 N.M. Simonelli (U.S.A.)

9:00—- 10:10 Room Hall D •Introduction of Ergonomics n the Development 0f
Educational Systems

Session 14: Eye Movement S. Kozuki (Japan)

•An Instructional System which Permits the Students to

•Maximum Velocity in Smooth Pursuit Eye Movement Critically Discuss Their Own Test Answers

K. Horii, K. Tanaka, Y. Tomoda (Japan) I. Kitagaki, Y. Shimizu, K. Suetake (Japan)

•Frequency Responses of the Pursuit Eye Movement j •A Trial of Introducing Game Factor into the Rehabilitation

System Training
K. Matsuoka (Japan) N. Ohnishi, K. Tsuchiya, F. Ito, S. Nagai (Japan)

•Lambda Responses and Evaluation 0f Visual Task Load •Development of General Purpose Biofeedback System

A. Yagi (Japan) M. Ohsuga (Japan)

•Individual Differences Observed f rom Relationship be

tween Percent Correct Counts and Eye Movements
H. Togami (Japan)

•A Sudy cf the Constitution of Visual Judgment Process

on the Composite Images
T. Kurabayashi (Japan)
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August 25 August25

9:00 11:00 Room Hall E 11 .00 12:10 Room Hall E

Session 16: Environment: Temperature &
Physiological Responses

•Effects of Repeated CoId Exposures on Thermal Re
sponses of Men

Y. Tochihara (Japan)

•Effects of Body Build and Sweat Rate on Rectal Tempera
ture du ring Acute Heat Exposure in Man

K. Iwanaga, K. Yamasaki, . Yasukouchi, H. Sato,
M. Sato (Japan)

•Cardiovascular and Metabolic Reactions to Work n Dif
ferent Amoient Temperatures

T. Nariai, Y. Fukuba, J. Ohashi, Y. Izumitani (Japan)

•Relationships between Physique and Increase in Body
Temperature during Exercise at Different Ambient
Temperatures

T. Katsuura (Japan)

•Effect of Hot Dry and Hot Humid Environment in Con
• tinuous Work Performance in Man

J.S. Gupta (India)

• •Effect 0f Ambient Temperature on Physical Work Capac
ity

T.L. Mathew, J.S. Gupta (India)

?.The
Effects 0f Work Rates and Amblent Temperature on

Transient Physiological Responses
Y. Takasaki (Japan)

•The Effects of Exercise, Ambient Temperature and
Season on Estimation 0f Maximal Oxygen Intake

S. Watanuki, K. Yamasaki, Y. Koya (Japan)

•lnfluence 0f Age on Circulatory Responces to Exercise
at Different Air Temperature Conditions

Y. Kikuchi, T. Katsuura, A. Okada (Japan)

•Evaluation 0f Cardiac Output by Electrical Impedance
Method under Defferent Amblent Temperatures

T. Azuma, T. Katsura, A. Okada, Y. Kikuchi (Japan)

•Change in Pulmonary Diffusing Capacity for CO under
Various Conditions 0f Temperature Combined with
Hypobaric Hypoxia

A. Yasukouchi, K. Iwanaga, Y. Koya, M. Sato (Japan)

•Physical Work Capacity 0f Young Competitive Swimmers
in Water at Three Different Temperatures

T. Nomura (Japan)

Session 17: Environment: Heat Stress Evaluation

•The Effects 0f Outside Conditions and Cab Temperature
on Tractor Driver Heat Stress

D.H. O’NeiIl (U.K.)

I

.Sensitivity Analysis Supports Simplified Heat Stress Rules
J.D. Ramsey, C.P. Chai (U.S.A.)

•A Statistical Analysis of Values 0f WBGT Factor in Com
plex Production Systems

L. Pacholski (Poland)

•Analytical Determination 0f Heat Stresses
J.J. Vogt, V. Candas (France)

• Experimental Thermoesthesiometer
H. Mito, J.P. Libert (Japan)

Session 18: Architecture

•Shaping (Size and Form) of Workrooms from the View
point 0f Pleasant Working. Environments and Humaniza
tion of the Work System

H.F. Mulder(The Netherlands)

•The Relation between Physical Elements and Visual Ef
fects in Living Rooms — Part 1 On the WaIl Colour —

T. Yanase (Japan)

•The Relation between Physical Elements and Visual Ef

fects in Living Rooms — Part 2 On the Wall and Light —

M. Kunishima (Japan)

•Required Clearance for Passages in Dwelling House
Y. Koh, K. Kamada (Japan)

•A Study on Walking up and down Stairs in Eldery People
K. Aoki (Japan)

•Accident Research for Safety on Stairs
H. Nagata (Japan)

•Safety Requirements of Stairs
S. Kose, H. Uno (Japan)

•Ergonomic Values of Traditional Housing in Bali
A. Manuaba (Indonesia)

•A Systems Approach to the Aetiology of Human lnjury

in Livestock Building Design
G.A. Bramali (U.K.)

August26
900— 10:45

/

Room Hall B
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•Experimental Study on the Cognitive Process of Street
scape

Y. Kubota (Japan)

August26 Room Hall B
10:45—12:20

Session 19: Work Load: Methodology

•On the Validity 0f Japanese Fatigue Feeling Scale
Y. Saito (Japan)

•Factorial Analysis 0f Fatigue
S. Kondo, M. Oshima (Japan)

•Work Load Studied by Multi-point Critical Fusion Fre
quency (MCFF)

H. Osaki, S. Kikuchi, M. Ogata (Japan)

•Measurement 0f Critical Fusion Frequency by Liquid Crystal
R. Hosaka (Japan)

•A Consideration on the Calssification 0f Two-Dimensional
Displayed Patterns 0f EEG

H. Takeda, Y. Takashima, Y. Ikeda, S. Hata (Japan)

•Mental Effects of Risky Behaviour Seen by Means 0f a
Portable Heart Rate Analyzer

H. Muroya, M. Ikeda (.Japan)

•A Three-Level Computer-Assisted System for the Evalua
tion 0f Physiological Changes during Work, before and
After Ergonomical Intervention

F. Jaroslav (C.S.S.R.)

•Disturbances in Curve Progress Smoothness 0f Pupillary
Reflex lnduced by Mental Workload in the Long Period of
Time

M. Tadeusz, N. Czestaw (Poland)

•Measurement on Brain Arousal Rate
S. Inaba (Japan)

9:00—10:00

Session 20: Evaluation 0f Human Activities

•The Evaluation 0f Each Daily Human Activity by the In
strumentation of a Continuous Heartrate Measurement

S. Adachi (Japan)

•Measurement 0f the Effect 0f Central Acting Drugs on
Performance and Reaction Time

H. Krueger(F.R.G.)

•Effect 0f Sleep Deprivation on the CNV and Dual Task
Performance

M. Miyao, T. Ohga, H. Sakakibara, T. Nagasawa, F.
Kobayashi, S. Kanada, K. Takihi, S. Yamada, M.
Terashima, T. Endoh (Japan)

•A Biotechnological Study of Relationship between Sleep

and Beds — A Polygraphic Study with Sounds
K. Fukuda(Japan)

•Responses of Sympathetic Nervous System to Hand In

duced Vibration
T. Sakurai (Japan)

•On the High-Order Dynamic Activity and Its Component
Activities

K. Sato (Japan)

August26

10:00—12:10 Room Hall C

Session 21: Systems Design Il — Vehicle, Sign &
Others

•Safe and Easy Coupling 0f Tractor Implements
Sjof lot Lars (Norway)

‘Improvement 0f Visibllity for Large Truck Drivers to Pre

vent Unsafe Turning to the Left
S. Horino (Japan)

•Ergonomic Aspects of Operator Cabs on Earth Moving
Machines

P. v.d. M. Grinten (The Netherlands)

•Design of a Vehicle for Mail Delivery. An Ergonomic
Study

M. Bjôrksten, D. Caple, S. Carlsoo, P. Friedrich,
J.E. Hansson, (Sweden)

•Ergonomic Changes 0f Our Automatic Welding Machine,
Our Track-Pin Press Machine and Our Feules Assembling
Machine in Our Repair-Shop

Haugan, Astrid Else (Norway)

•The Use of Routing Information in a Public Environment
H.J. Zwega (The Netherlands)

•Evaluation 0f a Set of Graphic Symbols
H.J. Zwega (The Netherlands)

‘Standardization 0f Public Information Symbols
H.J. Zwega (The Netherlands)

•Standardization of Geometric Radar Symbology
R.J. Carter (U.S.A.)

‘A Study of Human Cosmetic Behavioral Factors
K. Morooka, S. Morikawa (Japan)

August26

Room Hall C

—28— —29—



August 26

9:00— 10:25 Room Hall D

Session 22: Introduction of Ergonomics to
Industry

•Ergonomic Aspects cf New Technologies
Dr. K.J. Zink (F.R.G.)

•An Investigation on the Actual Condition Pertaining to In
troduction of Ergonomics info Japanese Industries

S. Nishikawa (Japan)

•A Problem in Applications: An Investigation info Methods
and Materials for Upgrading Nuclear Power Control
Boards

D. Smith (U.S.A.)

•Ergonomics in Agriculture and Forestry — the Present
and Future State

Ir. J. Zander(The Netherlands)

•Ergonomics in Agricultural Engineering in India
B.G. Yadav, L.P. Gite (India)

•Intergration 0f Ergonomics in Transportation in Bali
A. Manuaba (Indonesia)

August26

1Œ25— 12:20 Room Hall D

Session 23: Ergonomics of Computer Systems

C. •The Use 0f Ergonomics Computer Equipment

F T. Houghton (France)

•The Development 0f User Hostility Towards Computer
Systems

t T. Houghton (France)

•The Influence 0f System Response Time and Memory
C. Load on Problem Solving Behavior

H. Bergmand, A. Brinkman, H.S. Koelega (The
Netherlands)

•Response Time Discrimination
R.M. WU, C.R. Brown, P.D. Pagerey (U.S.A.)

FLanguage
and Computer Systems “Work Analysis and

Cognitive Load”
A. Wisner (France)

.Ergonomics

0f Computer Commands in Restricted
Natural Language

D.-L. Scapin (France)

•Reading Grade Level as a Factor in Computer Dialogue

Design
‘ J.M. Roemer (U.S.A.)

•Ergonomics of Hybrid Japanese Text Entry Method
M. Kurosu, T. Nakayama (Japan)

• ‘Heimen-Dentaku — Table Generator with Personal
t. Computer —

Y. Mon (Japan)

August26

9:00—10:35 Room Hall E

Session 24: Work Load: Visual

•Eyestrain of Industrial Visual Workers
M. Saito, K. Kishida, T. Hasegawa (Japan)

.Subsidiary Behaviors 0f Bottie Inspection Workers in
Three Shift System

K. Kishida, M. Saito, T. Hasegawa (Japan)

•Accommodation Responses in CRT Display Task

C M. Takahashi (Japan)

•A Study on Visual Function 0f VDU Operators
M. Ohashi, K. Aoki (Japan)

c .Visual Loads at VDT Workplace
T. LubIi,j !e! , H. Wilhelm (Switzenland)

•Lighting Characteristics 0f Visual Display TerminaIs 0f

Ç
Different Makes

U. Brauninger, E. ndjean, R. Gierer, T. Fellmann
(Switzenland)

•Physiological Effects 0f Oscillating Luminances in
Reversed Display 0f VDTs

C K. Nishiyama, U. Brauninger, H. DE Boer, R. Gierer,
E. Grandzean(Switzerland)

•Visual Ergonomics and Existing Person-Display Design
Guidelines

( R. Benel, D. Benel (U.S.A.)

August 26

10:35-12:35 Room Hall E

Session 25: Visual Inspection & Vigilance

•The Method 0f Evaluating the Aptitutde 0f the Visual In
spectors at Line of the Steel Product

T. Kurabayashi (Japan)
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I-

•The Distribution 0f Visual Inspection Times
T.J. Gallwey (Ireland)

•Conveyor Paced Visual Inspection Efficiency over Short
- and Extended Work Periods

M.H. Elwany (Egypt)

•Methodologies for Visual Inspection Research and Devel
opment of Inspection Robot

K. Noro (Japan)

•Personal Error 0f Visual Judgement in Precision Measure
ment

K. Tanaka (Japan)

‘A Study on the Distribution 0f Sensory Evaluation and
Angular Transformation

T. Takahashi (Japan)

•Psychophysiological Criteria in the Analysis 0f Hypo
vigilance in Control Rooms

F R.J. Claude (France)

•Signal Vigilance Errors by Railway Drivers
S. Haga (Japan)

‘Signal Detection Theory in Ergonomics
M.H. Christoph (F.R.G.)

August 27

9:00—11:30 Room Hall B

Session 26: Vehicle Driving

•Analysis on the Driving Operations 0f Drivers
S. Ueno, K. Haneishi, M. Nishikawa(Japan)

•Evaluation 0f the Arousal Level of Automobile Drivers
Based on Their EEG etc.

T. Yanagishima (Japan)

‘Evaluation 0f Vehicle Steering Control Characteristics by
Skin Resistance Level and Heart Rate

T. Sawada (Japan)

•The On-Line Use 0f Driving Performance Measures t0
DetectAbnormai Driving Behaviour

Y.I. Noy, D.A. Attwood (Canada)

•Effects 0f Fatigue and Drugs on Driving Performance
K. Yajima, K. Aoki, T. Aoki, H. Tanaka, N. Yamanoi,
S. Kinoshita, T. Furukawa (Japan)

‘Autoregressive Analysis 0f Highway Driving Performance
by a Simulator

S. Kinoshita, K. Yajima, K. Aoki, H. Tanaka, T. Aoki,
N. Yamanoi, T. Furukawa (Japan)

‘Driver and Pedestrian Speed Estimation
M.H. Bergman (U.S.A.)

‘Rural Road Delineation at Night
T.J. Triggs (Australia)

‘Fatigue 0f Bullet Train Drivers Operating on Multi
Tunnelled Sections

A. Watanabe, K. Çgi, N. Onishi, H. Shindo, K.
Sakai(Japan) —

•Measurement of Pilot Workload during Take Off and Landing
by C-1 Jet Carrier

Y. Nagasawa, S. Aramaki, (Japan)

‘A Study on the Changes 0f Physiological Functions on
Motorcycle Riding

T. Matsumoto (Japan)

•Subjective Symptoms and Physio-Psychological Effects
by Motorcycle Driving

A. Hisashige, H. Ohara, Y. Kume, M. Yamamoto, T.
Ogawa, H. Aoyama (Japan)

‘Performance, Physiological Stress and Mood State
Changes Resulting f rom Vessel Motions at Sea

R.L. Pepper, S.F. Wiker, M.E. McCauley (U.S.A.)

‘A Biotechnological Study of Hang Glider Crewmen
N. Ando (Japan)

August 27
9:00—11:20 Room Hall C

Session 27: Introduction of Ergonomics to Social
Systems

‘The Functioning of Occupational Health Service in
Scandinavia — on the Basis of Emperical Research in
Norway and Sweeden and Experience from a Field
Research Project in Denmark

O. Rieper, A.S. Johansen (Denmark)

‘Applied Ergonomics in the Danish Labour Inspectorate
Lundstedt, Dorte (Denmark)

•The Tasks 0f an Industrial Physician
J..l. Kamoy(Norway)

•Is Selective Traffic Code Enforcement Practical? A survey
0f Canadian Traffic Police

G.F. Rabideau, M.L. You (Canada)

‘Human Factors in Organizational Design and Manage
ment

H.W. Hendrick (U.S.A.)

‘Cognitive Complexity, Conceptual Systems and Organiza
tional Design: Implications for Ergonomics

H.W. Hendrick (U.S.A.)

•Assessment Center Ratings as an Interim Criterion
Measure in Leadership Research

H.W. Hendrick (U.S.A.)



•Accuracy of Leaders’ Perceptions 0f Self and Others. and
Actual Group Status as Functions 0f Cognitive Complexity

H.W. Hendrick (U.S.A.)

•The Ergonomics, Has t lts Specific Laws?
P. Burioiu (Rumania)

August 27

9:00—10:20

Session 28: Posture

Room Hall D

•An Ergonomic Evaluation 0f Working Postures in Manual
Weight Lifting

M. Morioka, A. Kimura, K. Kishida, S. Horino, M.
Saito(Japan)

•An Ergonomic Approach To Reduce Hazards of Lifting
Tasks

M.M. Ayoub (U.S.A.)

•Recommended Work Rates and Container Configuration
for Manual Lifting and Lowering Activities

A. Mitai, S.S. Asfour, M.M. Ayoub (U.S.A.)

•Guidelines for Permissible Limits for One-Handed Lifts by
Women

A. Garg (U.S.A.)

•Dynamic Analysis 0f Human Upright Posture Control
Activity

K. Sato, M. Chikami, N. Tajima (Japan)

•On the Analysis of Erect Posture by the Foot-Pressure
H. itoh, T. Sakamoto (Japan)

‘An Ergonomic Evaluation 0f Foot-Complaints among
Waiters

Jôrgen Winkei (Sweden)

•The Postural and Health Problems cf Workers in Pear and
Apple Orcherd

H. Sakakibara, M. Miyao, T. Nakagawa, F. Koba
yashi, S. Kanada, K. Takihi, S. Yamada, K. Masuda
(Japan)

•Localized Fatigue Complaints Related to Output and
Body Posture cf Dentists

K. Maeda (Japan)

‘A Study 0f Space Allotment Procedure for Dental Treat
ment Area in Measurement cf Human Posture

M. Ohashi (Japan)

•A Study 0f Driving Position” in Passenger Vehicles
S. Takaji (Japan)

‘Holding Performance cf Automobile Seats
M. Sano (Japan)

Session 29: Work Load: Lifting

•Energy Cost 0f Lifting in Sagittal and Lateral Planes by
Different Techniques

S. Kumar, D. Magee (Canada)

August27

9.00—11:30 Room Hall E

Session 30: Perception & Recognition

•Color Contrast and Visual Task Performance
H.L. Snyder (U.S.A.)

•The Influence 0f Colour Saturation on the Chromatic Error
of Accommodation of the Human Eye

H. Krueger (F.R.G.)

•Effects of Television Noise Interference on Character
Reading Time

A. Watanabe, M. Saito(Japan)

‘Signal Detection in the Noisy Background Figure through
Limited Area 0f Visual Field

S. Saito (Japan)

C ‘A Discriminability Metric for VDU Characters
M. Schneider (U.S.A.)

•lnteritem and Intraitem Symmetries in Same Responses to
Pairs of Letters

S. Bagnara, D.B. Boies, F. Simion, C. Umiita (itaiy)

•How Many Letters Can We Recognize at a Glance?
T. Fukuda (Japan)

‘An Analysis cf the Interaction Effects between Succes
sively Exposed Two Figures

T. Yoshida (Japan)

‘A Multidimensional Scaling Analysis on Perceptual Struc
tures of Japanese Syllables

K. Mizuki (Japan)

•Tactile Letter Display for a Reading Aid
Y. Shimizu (Japan)

10:20—11:30



•Warmth to Touch the Building Materials
I. Matsui, Y. Kasai (Japan)

•Pain Sensation and Skin Deformation
M. Akamatsu (Japan)

•Accuracy of Time Perception in Rhythmic Movement
T. Niihara, K. Kusano(Japan)

•Study 0f Time-Estimation on a Reactive Simple Action
I. Yoshimura, M. Nakamura (Japan)

August 27

13:00—14:40 Room Hall C

Session 31: Work Performance

•Dependence of Human Performance on Input Information
in Pursuit Manual Control Systems

O. Suenaga, M. ihara (Japan)

•A Study of Human Operators Dynamics during Training
and Transfer Trials 0f the Tracking Tasks in Case 0f a
Second-Order Lag System

T. Yamashita, E. Masuyama (Japan)

•SkiII Improvement in Manual Control of a Double Integral
Controlled Element

A. Tada (Japan)

•A Consideration on the Index 0f Precognitive Control
Behaviors of Human Operator

H. Takeda, Y. Ikeda, S. Hata (Japan)

•Analysis 0f Precognitive Dynamics in Two Axis Pursuit
Tracking Task

T. Aoki, K. Yajima, K. Aoki, H. Tanaka, S. Kinoshita,
N. Yamanoi, T. Furukawa (Japan)

•Modeling the Human Operator in a Preview Compensatory
Tracking Control System

K. Yoshimoto (Japan)

•On the Self-Paced Preview Manual Tracking Behaviors
K. ito (Japan)

•Human Operator’s Compensation Mechanism for Time
Delay in Manual Control System

M. Yoshizawa (Japan)

•Visual Lead Compensation in Manual Compensatory
Tracking

S. Hara, K. Handa (Japan)

•Effects 0f Exogenic Stimulations upon Monotonous
Performance

T. Watanabe (Japan)

August 27

13:00—14:40 Room Hall D

Session 32: Work Load on the Back

.Dynamic Loading of Static Truck
S. Kumar, P.R. Davis, D.P. Currier (Canada)

.Compressive Load at L51S1 Spine Level as a Bio
mechanical Factor during Carious Lifting Techniques

T.P.J. Leskinen, H.R. Staihammar, I. Kuorinka
(Finiand) -

•Posture Optimization through Three-Dimensional Kinetic
Biomechanical Modeling

A. Kumer, A. Mitai (U.S.A.)

•Physiological Load on the Back of Postmen during Letter
Distribution in Urban Districts.

K. Jogensen, H. Christensen, E. Daitom (Denmark)

•The Musculoskeletal Status in Airport Transport Workers
K. Undeutsch (F.R.G.)

•A Back-Care Program in the Building and Construction
Industry in the Netherlands

E.A.P. Oningsveid (The Netheriands)

August 27

13:00—15:00 Room Hall E

Session 33: Working Environ ment

•Studies on Subjective Sensations on Air Movement for
Creating Comfort Indoor Climate

H. Kubota (Japan)

•Passive Smoking at Work
W. Annetta (Switzeriand)

•An Experimental Study on Irritations and Annoyance due
to Passive Smoking

T. Muramatsu, S. Muramatsu (Japan) A. Weber, F.
Akermann (Switzeriand)

•A Survey on the Effects 0f Involuntary Smoking and At
titudes to Smoking among School Chiidren and Students

S. Muramatsu, T. Muramatsu (Japan) A. Weber
(Switzeriand)

•Effect of Physical Work on Rate 0f Dispersai of Bacteria
in the Air f rom Man

K. Terayama, T. Kawarabayashi, H. Ohno, F. Hirata
(Japan)
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•Hazardous Materials Encountered in Human Factors TECHNICAL SITE VISITS
Design Practice

D. Gloss (U.S.A.) The Organizing Committee will provide the participants
•Solvent Mixtures Influence Dependent on the Working with the opportunities to visit the following places on 26th
Process in the Wood lndustry (En.).

R. Lôdersdort, G. Schacke, B. Heydenreich.Adloff, 1. Japanese National RailwaysA. Fuchs (F.R.G.) (Bullet Train Operation Control Center)
•The Aggregation Method 0f Heterogeneous Material 2. Metropolitan Police HeadquartersEnvironment of Work Factors Comm d & Control Cent rL. Pacholski, A. Jasiak (Poland)

an e

3. Tokyo Fire Dept.
(Rescue Control Center)

4. Telecommunication Science Hall of Nippon Telegraph
and Telephone Public Corporation

5. The Federation of Bankers Association of Japan
(Data Telecommunication System)

6. NissanMotorCo., Ltd.—ZamaPlant
(Industrial Robot at Assembly Line)

Those who wish to join the Visits are requested to check
the column 0f Form (1) — Registration Form —, and to
pay the appropriate tee at the Registration Desk on site.
The fee for course 1-5 will be only fare for city transporta
tion. The fare for a motor coach will be charged for course
6. As the number of participants in each course s limited,
please apply as early as you can.

SCIENTIFIC EXHIBITION

Along with the Gong ress, an Exhibition is scheduled to be
held and the Exhibition Committee has been making
every effort to make the exhibition suitable for the Con
gress. Currently, the proposed exhibits are being screen
ed for the 20-25 booths.
Participants wilI be able to enjoy this special Scientific
Exhibition.
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SOCIAL PROGRAMS

1. WELCOME RECEPTION

A welcome reception is scheduled to be held
from 6:30 p.m. on 23rd, Aug. at Banquet Hall of
the Congress Site. The Organizing Committee
invites ail participants and accompanying persons
f0 the reception.

2. FAREWELL PARTY

Time and Date:
19:00-21:30 on 26th August.

Place:
Royal Hall, Akasaka Prince Hotel.

Features:
MC. 0f the Party Mr. Katsuya Kobayashi

Very famous for his job as a disc jockey 0f
severai radio and TV programs. He speaks
fluent English.

Koto Music.. Piayed by a Koto Music Group con
sisting 0f 4 Ladies.

Japanese Popular Song and Dance. Performed

by Miss. Sayaka ito, Miss Yukiko Yamada, both
famous singers and actresses, and Shower, a
famous singing and dancing team consisting cf
7 pretty girls.

Japanese Folklore Song and Dance, Performed
by the Japan Folk Music Association consisting
0f 13 members, seiected performers f rom the
Association members.
Folk songs and dances accompanied by
Shamisen, Japanese Drums, etc. will be per
formed.

3.

String Quartet Music. Performed by the Musica
Sacra
String Quartet as background music through
the second half 0f the party.

Note: Price of participation in the party: Yen
10,000 per person. Please add the amount
10 the registration fee 0f the congress if
you wish to participate.
The features of the party are subject to
change without notice.

Applications on the Social Programs
Please fui out the attached Form 1 if you will or
will not participate in each program. In case you
will be participating in the fareweil party, please
add 10,000 f0 your registration tee 0f the Con
gress.

LADIES’ PROGRAMS

The Organizing Committee proudly announces
that ail accompanying persons are invited to the
ladies’ programs, which will provide them with
the opportunity to become famihar with the things
0f Japan. Both programs are available f ree of
charge for up to limited number 0f seats.

LP-1: ‘Japanese Traditional Arts”
Full Day program on 25th Aug.
Demonstrations 0f tea ceremony with one
cup trial to the ail participants, paper-folding
class and class 0f Kimono fitting including
a demonstration of bridai Kimono. Lun’b is
not included in the program but may be
available at Chinzanso Garden Restaurant
after paper-foiding ciass on private account
basis.

LP-2: ‘Japanese Garden and Museum”
Morning Tour on 26yh Aug.
Rikugien Garden, one 0f Tokyo’s famous
Japanese Gardens, and Tokyo National
Museum wili be visited.

The number of participants are strictly limited up
to 35 persons for LP-1 and 40 persons for LP-2
respectively.

Ail above programs are subject to change without notice.
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TRAVEL INFORMATION

OFFICIAL TRAVEL AGENT

The Organizing Committee has designated the
Japan Travei Bureau, Inc. (JTB) as officiai travei
agent for the Congress in Japan. JTB wHIl handie
al i arrangements concerning hotei reservations,
tours pre-, post- and during the Congress and
other travei arrangements. Ail inquiries and ap
phcations in this regard should be directed to the
foflowing address:

Japan Travel Bureau, Inc. (JTB)
Foreign Tourist Dept.,
Convention and Tours Section
1-13-1, Nihonbashi, Chuo-ku,
Tokyo, 103 Japan
Phone: (03)271.2346
Cable: TOURIST TOKYO
Telex: J24418 TOURIST (Answer Back)

PASSPORTS AND VISAS

AH foreign visitors desiring to enter Japan must
have a vahd passport. Visas are not required for
tourists who are citizens 0f the foflowing coun
tries:

Argentina, Austria, Bangladesh, Belgium, Canada.
Chue, Colombia, Costa Rica, Cyprus, Denmark, Domi
nican Republic, Finland, France, Federai Republic cf
Germany, Greece, Guatemala, Honduras, iran, ireland,
iceland, Israel, ltaly, Lesotho, Lichtenstein, Malta,
Mauritius, Mexico, Netheriands, New Zealand, Norway,
Pakistan, Peru, Portugal, Ei Salvador, San Marino,
Singapore, Spain, Suriname, Sweden, Switzeriand,
Tunisia, Turkey, United Kingdom, Uruguay and Yugo
siavia

VACCINATION

No special vaccinations are necessary unless a
visitor enters Japan within 14 days 0f having been
in a smallpox-infected area, in which case he
must have a vahd international certificate of
vaccination against smallpox. A choiera certificate
is also required for persons coming from an in
fected area. For further details, participants are
advised to consuit their local travel Agents or
carriers.

WEATHER AND CLOTHING

The weather in Japan du ring the Congress period
is very hot and humid, with an average tempera
ture of about 28°C (82°F). Highest cf the tempera
ture will be 35°C in the daytime and the lowest
wiIl be 23°C in the night. Congress site and the

T

hotels are well air conditioned as well as any
buildings, underground shopping centers and
many cf transportations except most cf buses
and the subways. Please wear light ciothes in
formally.

TRAVEL TO JAPAN

Japan Air Lines has been appointed as the Officiai
Carrier for the Congress. Any cf your local JAL of
fice or their travel agents will help you for travel
arrangements to/f rom Japan. Also, the agencies
Meon Travel in London, U.K. and Garber Travel in
Mass. U.S.A. are the appointed travel agents in
the regions respectively. For group or indivisual
flight arrangements, please consult any cf the
foliowings:

FOR EUROPEAN COUNTRIES

Japan Air Lines
Congress Coordinator
12 Great Marlborough Street,
London W1 V 1 DE, Eng land
Phone: 01-629-9244

Meon Travel
32 High Street, Petersfield.
Hampshire, GU32 3JL, England
Phone: 0730-4011
Teiex: 86181

FOR CONTINENTAL AMERICA

Japan Air Lines
Convention Coordinator
655 Fifth Avenue, New York,
N.Y., 10022 U.S.A.
Phone: 212-758-8850

Garber Travei
1406 Beacon Street, Brookiine,
Mass., 02146 U.S.A.
Phone: 61 7-734-2100



Aug. 19(Thu.)

Aug. 20 (Fri.)

Aug. 21 (Sat.)

Aug. 22 (Sun.)

T

(a) Hotels in Tokyo

HOTEL ACCOMMODATION

JTB has reserved a sufficient number 0f rooms at several
hotels for the Congress period in Tokyo and for the pre
Congress period in Osaka. AIl individual participants
wishing to make hotel reservations should fuI out the at
tached Form 2 and address the form to JTB.
Participants in a group organized by a travel agent are
requested f0 let JTB know the name 0f travel agent by
using the Form to avoid possible duplicate booking.
In case you need hotel accommodations, the Form should
be accompanied by the remittance 0f 20000 Japanese
Yen as a deposit. Otherwise, no hotel reservation will
be made,

The categories and room charges 0f the hotels are as fol
Iows:

TRANSPORTATION BETWEEN NARITA (NEW
TOKYO INT’L) AIRPORT AND DOWNTOWN TOKYO

There are 3 principal methods 0f transportation
between Narita Airport and Tokyo. Among them,
the Organizing Committee recommends to use
Airport Limousine Bus, They have the following
services which may be suitable for your most
convenient travel from the airport to your hotel.

Narita Airport —Tokyo City Air Terminal 70 min.
Tokyo City Air Terminal—Ginza (for Ginza

Capital Hotel) 15 min.
—Akasaka (for Akasaka

Tokyu Hotel and Hotel New Otani)
20 min.

Through tickets for both final destinations are
available at the airport.

SPECIAL PACKAGE TOUR FOR PARTICIPANTS IN
BOTH IEA CONGRESS AND THE “OSAKA SYMPO.
SIUM”

To enable participants in those two meetings to
travel in easy way, the following Special Package
Tour is offerred.
Aug. 18(Wed.) You are requested to arrange

the transportation from Osaka
Airport to the hotel by yourself.
The tour starts with your check-
in at the hotel. Accommodation
at Senri Hankyu Hotel or Toyo
Hotel for 2 nights. Hotel reserva
tion will be made by JTB ac
cording f0 your choice.
Participate in Osaka Sympos
sium”.
Participate in the symposium.
After the symposium, transferred
to Kyoto. Accommodation at
Kyoto Royal Hotel for 2 nights.
Full day sightseeing in Kyoto,
visiting Kinkakuji Temple (Golden
Pavillion), Nijo Castle, Heian
Shrine, Sanju-Sangendo Temple
(Hall 0f 1001 Buddhas) and Kiyo
mizu Temple.
Take morning bullet train from
Kyoto to Odawara. Sightseeing
in Hakone and drive f0 Tokyo.
The tour end upon arrivaI at
Tokyo.

The tour includes 2 lunches on Aug. 21 and 22 en
route and 4 breakfasts.
Tour Fares: 106,000 per person on double

occupancy basis.
1 17,000 per person on single
occupancy basis.

Cate- Twinw. Single w.
Hotel Namegory bath bath

A Hotel NewOtani(Tower) 18,800 18,400

B Hotel New Otani (Main) 1 5,800 1 5,400

C Akasaka Tokyu Hotel 1 4,000 1 1,800

D Ginza Capital Hotel 1 0,640 6,400

Above rates include 10% tax and 1O% service charge but flot
any meals. The balance 0f total hotel expense and the deposited
amount may be settled on your own account.

(b) Hotels in Osaka for those who are going to participate
in the ‘Osaka Symposium”

Rate per person

Hotel Name Single Double
Occu- Occu
pancy pancy

Senri Hankyu Hotel 13,000 12,000

HotelToyo 13,000 12,000

Above rates include breakfast, fax and service charge, and also
the rates cover transportation service between the Sympo
sium Hall and the hotels on August 19 and 20. Please note that
the applications will be accepted for those participants wishing
to participate in both 0f IEA Congress and the “Osaka Sympo
sium”.



OPTIONAL TOURS

A variety 0f optionai tours are planned during the Con
gress for delegates and accompanying persons who wish
f0 see even more 0f Japan and enjoy their stay to the
fullest. These tours can be booked in advance with ap
plicat ion Form 2.

(A) During the Congress (OP)

OP-1: Tokyo Morning Tour
HaIt-day sightseeing, visiting Tokyo Tower, Happoen
Garden’ f0 see tea ceremony and Imperial East Garden
(or Imperial Palace Plaza).
Tour fare: 3,500 per person

OP-2: “Tokyo Afternoon Tour”
HaIf-day sightseeing, visiling Imperial Palace Plaza,
Asakusa Kannon Temple, and boating on the Sumida
River.
Tour tare: 3,500 per person

OP-3: “Tokyo Golden Night Tour”
Sukiyaki Dinner and Cabaret Mikado (spectacular revue)
and Geisha Party.
Tour fare: 1 1,000 per person

OP-4: “NikkoFull-dayTour”
The grandeur 0f 300-year-old shrines; spiendor of
Japan’s scenic Nikko National Park (lunch included).
Tour tare: 16,000 per person

OP-5: “Kamakura-Hakone FulI-day Tour”
A delighttul excursion info the beauty 0f nature, with a
visif f0 the great Buddha at Kamakura (lunch included).
Tour tare: 16,000 per person

(R) After the Congress (OP-6): “Japan Golden Route”

Aug. 28, Sat.: Morning drive f0 Kamakura to visu Great Image
0f Buddha and sightseeing in Hakone, including
a cruise on the lake and the Open Air Museum.
(lunch included).
Accommodation in Hakone.

Aug. 29, Sun.: Take morning bullet train from Odawara to
Kyofo (lunch included). Atternoon excursion to
Nara, visiting Todaiji Temple, Deer Park and
Kasuga Shrine.
Accommodation in Kyoto for 2 nights.

Aug. 30, Mon.: Morning sightseeing in Kyoto, visiting Nijo
Casfle, Kinkakuji Temple (Gold Pavillon) and
Old Imperial Palace. Atternoon sightseeing in
Kyofo, visiting Sanjusangendo Temple, Helan
Shrine and Kiyomizu Temple.
Tour disbands on checking-out at regular
check-out time.

Tour tare: 69,000 per person (Dolby occu
pancy)
82,000 per person (Single occu

Tour Condition for ‘Osaka Symposium Tour” and
Optional Tours

Inciuded in the tour tares are hotel accommodations with
bath at standard grade hofels; lunch as specified in the
itinerary; tourist-ciass reserved seats on super express
trains and best avaiiable seats on private raiiways; sight
seeing and transters by bus on a group basis; transporta-
f ion of baggages flot exceeding fwo pieces per person;
service 0f an English-speaking escort fhroughouf fhe
tour; and gratuities f0 hotel maids, porters, chauffeurs
etc.
JTB reserves the right to cancell any tour should there be
insufficient participation.

CANCELLATION

HOTEL ACCOMMODATIONS

In the event 0f a hotel reservation having to be cancelied,
writfen notification should be sent to JTB. The foilowing
cancellation fees wiil be deducted before refunding a
deposit:

if the notice 0f canceilation reaches JTB:

Up to 9 days before the first night 0f stay 1 000
2-8 days before 20% 0f deposit
Less than 2 days betore, or not notice given

100% 0f deposit

TOURS

In the event 0f tour reservations having f0 be cancelled,
written notification shouid be sent to JTB. The following
canceilation tees will be deducted before refunding the
tour fare:

If the notice 0f cancellation reaches JTB:

Up f09 days before the departure day 1 000
2-8 days before 10% 0f tour tare
Less than 2 days before, or no notice given

20% 0f four fare

JTB reserves the right to cancel any 0f the tours if there
s insufficient participation.

Exchange
Upon arrivai, you are advised to exchange some
0f your own currency for Japanese Yen currency
at the banks at Airport. t is possible to ex
change most 0f the toreign currency into Japa
nese money at banks or hotels. Personal Cheques
can not be accepted for immediate exchange,
you are advised not f0 reply on them.



•Those who take a taxi f rom Tokyo City Air Terminal to
your hotel, or f rom your hotel to Nihon Toshi Center are
requested to show the following and inform a driver 0f
the site f0 avoid misunderstanding.

7 (ToaTaxi Driver).
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For further information, Please contact:

ko
Inter Group Corp.

Akasaka Yamakatsu Bldg.
8-5-32, Akasaka, Minato-ku

Tokyo 107, Japan

Phone(03)47 -

Cable Address: INTERCON FER TOKYO
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Our charming way
You’lI be charmed by our service whenever you fy JAL.

To 52 cities in 31 countries across six continents.
And wherever you go, you’II aiways be helped by a

charming stewardess whose upbringing and training go
together in perfect harmony.

Our charming way is just one of the many ways that
make l1ying the wor’d with Japan Air Unes so

delightfully memorable.

Serving you
is our way.

.JAPAN AIR LINES
officiar carrier
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