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PREFACE

Kenzaburo Tsuchiya

President of the 5th U.O.E.H.

International Symposium.

President of University of Occupational

and Environmental Health, Japan

The University of Occupational and Environmental Health, Japan (UOEH) has

been holding an international symposium on a subject related to the scientific field of

occupational health since 1981. The topic adopted for 1985, which is arranged for the

5th UOEH International Symposium, is “Occupational Health and Safety in Automation

and Robotics”. The four symposia held in the past were fortunately very successful and

I am grateful that the resuits have been highly evaluated at an international level. The

UOEH international symposia place emphasis on close discussions among participants,

flot merely presenting short papers with minor comments from the floor.

The 5th UOEH International Symposium will be held as a satellite meeting of

the International Symposium on “Microelectronics and Labour” which is supported by

the Ministry of Labour and held in Tokyo following the UOEH International Sympo

sium. The summary of our satellite meeting will be reported by myseif in a session of

the main symposium in Tokyo. The symposium held in Tokyo will be focused on the issues

of employment, economjcs, management among others in relation to the introduction of

automation and robotics into industries. Our UOEH International Symposium, however,

is purely a scientific meeting on the health and safety problems in automation and

robotics.

As the president of UOEH as well as of the symposium it is my great pleasure and

honor that many internationally eminent scientists in this field have accepted our

invitation to participate in the symposium.

On behalf of the Organizing Committee I cordially welcome ail the participants

from abroad and inside Japan. Finally, I would like to express my sincere appreciation

for the financial support by many bodies, including the Commemorative Association for

the Japan World Exposition.
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Masahiro Mon

Professor, Department of Control

Engineering Tokyo Institute

of Technology, Japan

Today, robotizatjon is an essential issue for companies. To love employees is the

responsibility of companies and at the same time, is the key to the success of companies•

Usually, however, the employees lose humanity if emphasis is placed on robotization and

workplace robotization recedes if emphasis is placed on respect for humanity. We are

unable to do full justice to both sides and hence run against a barrier.

In such a case, the companies often do things by halves-robotization and humanization

to a half-hearted degree. This ambiguous attitude, however, cannot achieve anything

worthwhile. It is clear in the light of the proverb : “ One can attain harmony if one

expresses one’s full function. “ In many cases, it appears to be common practice for

companies to shut the eyes to humaniztion and promote robotization. Otherwise, they

fall irito management difficulties. Under these circumstances, the company cannot express

its full function. This represents an aspect of sluggishness.

In reality, however, wise companies reconcile robotization and humanization, two

seemingly contradictory objectives. What is the secret?

Generally speaking, “self” is the key to the unification of two conflicting things

into one. A movie is shown to explain that developing the “self” of employees is the

key to the union of robotization and humanization. It is also mentioned that self

development is the highest level of human love and at the same time, is the basis for

the development of creativity.
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Session 1

Occupationai Heaith issue in Automated Factory

Dr. Helmut Strasser

Lehrstuhl und Institut fur
Arbeitsphysiologie der
Technischerj, Universjtàt
Miincheri, F. R. Germany

Mr. Rinzo Ebukuro

Assistant General Manager,
C&C Sensing Systems
Development Division,
NEC Corporation, Japan
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1—1. Emerging Technology and Blue-.Collar Stress

OIov bstberg

Human Factors Research,Technology

Department, Swedish Telecommunications

Administration, Sweden

New technology is a double-edged sword with regard to the working environment.

A new production technology does flot by itself result in, but has potentials for

liberation of workers from such adverse conditions as monotony, physical exhaustion,

machine pacing, one-sided working movements, noise, night work, etc. Robots and

computers are powerful tools, which, held by an enlightened production management, may

signify a new and truly worker-friendly production paradigm. Held differently, these

tools may merely serve to enforce the industrial engineering tradition, which has its

roots in the school of scientific management and which treats workers as a necessary

evil. The present review finds ample international evidence of both types of approach.

However, management’s good intentions face an uphill struggie as the very speed of

technical development may make it difficuit to avoid worker stress due to mismatched

person-machine and person-system relationships. Even in the Swedish auto industry,

where deliberate and serious attempts have been nade at breaking the traditional indus-

trial engineering trend, the outcome has not been undividedly positive. It has proved

difficult to create jobs which are free from stress and musculoskeletal overloads while

at the same time being challenging and interesting to the individual. It has also

proved difficuit for management to retain original intentions over the course of time.

The omnipresent international competition resuits in a productivity race in which

concepts involving humanized working conditions become eroded and have to give way to

hardiine labor-saving measures including shorter cycle time, faster workpace, increased

supervision, and narrower task domains. To this can be added the unknown risks of

a more physically and mentally solitary work situation in which the human nervous system

may be locked-in to a programmed machine interface.

15
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1 — 2. Uncertainty and Anxiety in Automated Process Industries

Main Wisner

Dpartment des Sciences del’Homme

au Travail Conservatoire National

des Arts et Metiers, Ministere des

Univesites, France

The ergonomical problems that were first considered in the workers’ control of

automated process were those of vigilance and boredorn. In fact, in some industries,

the events are so rare that it is possible to relate the frequency of the control

activities to the nycthemeral cycle. In this case, the dominant factor is the state

of the individual and not the one of the process.

In many automated process, these “empty” situations are rather frequently inter

rupted by crises connected to the quick or slow variation of one or more parameters.

In many cases, the operators’ representations of the process enable them to check a few

hypotheses, give the right diagnosis and act efficiently to solve rapidly the incident.

But is flot rare that the right diagnosis is not easily obtained. The parameters deviate

more and more from the limits and danger---sometime a serious one—takes shape.

The ergonomies work analysis (E.W.A.) lets us understnd the many reasons of these

difficulties : failure or mis-functionning of one or more indicators (there are usually

hundreds or thousands of them), inadequate representation of the functional state of the

process (during maintenance operations for example), lack of information about changes

in the raw material being processed etc.

Odd patterns of the parameters may challenge the operators’ ability to build up

full operational images of the state of the plant.

In all these circumstances, the operators have to take decisions on uncertain bases

under the threat of danger and aiways within rather short time limits. Many times,

these critical situations occur during night shift when ail the expertise is not immedi

ately available.

The effects on the safety of the installations and of the workers are obvious.

Moreover it is flot uncommon to observe among the operators of automated factories a

growing number of anxiety symptoms enhanced by the shift work situation. Poor quality

of sleep, changes in mood, obsession with the work problems, psychosomatic illnesses are

more frequent than normal.

The solutions are situated in a better design and implementation of the technical

layout (control room, displays, work organization) in a careful representation of the

functional state of the factory (systematic and permanent checkings and maintenance)

and in a type of training and retraining well related to the ambiguous situations under

which the operators have sometimes to make critical decisions. Taking in account the

differences between the operators’ and the designers’ representations of the process

appears one the essential stakes of an adequate design.
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1-3. .

1 — 3. Prediction of High Technology Development and Problems of

Kageyu Noro

Department of Human Factors

Engineering, University cf

Occupational and Environmental

Health, Japan

The purpose of this report is ta point out the positive and negative impacts on

workers of computer-aided engineering (CAE) in the broad sense cf the term that plays

a central role at the automated factory and to propose the method of solving the

negative impact.

Firstly, the contents of CAE are outlined. The spread cf three major branches cf

CAE, or the industrial robot, visual display terminal (VDT) and computer-aided design/

manufacturing (CAD/CAM), is predicted. The direction that the techniques ta be

developed will take is also described.

Secondly, a causality model that includes the socioeconomic and health sectors is

presented for the impacts cf CAE on the workers and the contents cf the impacts are

discussed.

Thirdly, severai experimental findings are reported concerning the effect cf CAE

on the health cf workers. This effect cf CAE on the health cf the worker is explained

in concrete terms.

Lastly, what man-machine interface should be used for CAE is discussed, the system

concept under which CAE itself contributes to the health contrai cf the worker is proposed,

and the work station that has been developed based en the concept is introduced.

I / I

_

— 9

(Computer Aided Engineering: CAE) Z. ‘ 4 3- X 04 >‘«‘-9 J

C,

CAEO CAE0), t0Ifflu I’,

Iffl (VDT), (tCAD/CAM) 03- 0Y

iJ5,

CAE49H-Z

iLt:±, 4 >“9

CAE 2 ,3 ii’

CiJ 9, 5 t0)

CAEo-’• -‘-‘-‘4 ‘9—7—x, 3’

7ltc7—5--->3

Man— Machine System

ii

1. sitting height 2. keyboard height 3. Display height

4. display position 5. display tilt 6. display brightness

7. illumination
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2A — 1. The Changing Role of the Operator

Reginald G. Seli

Work Research Unit

Department 0f Employment

The role of the operator is having to change, particularly as a resuit of technologi

cal changes such as computers and information technology.

Although there is a high risk that most operator type jobs will be de-humanised, this

paper explores the options in terms of giving to the role those tasks which might be done

by machines (computers etc.) or maintenance, administrative or managerial staff to improve

both effectiveness and satisfaction.

Practical examples are given of developments which meet these criteria and of others

where failure to consider human aspects has resulted in poor system performance.

2A-1.
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2A — 2. Human Factors Problems of VDT Operation at Factory

Yoshio Hayashi

Department of

Administration, Faculty of

Science and Technology,

Keio University, Japan

Visual display terminais (VDTs) are used for the operation and control of an

increasing number of chemicai plants, but VDT operation involves many problems, including

human factors problems. The problems involved and corrective measures taken are discus

sed from an ergonomic point of view with respect to the following:

(1) Advantages and disadvantages of operation using VDTs

(2) Problems with working environment, such as VDT installation and work space

(3) Problems with operation using VDTs

(4) Future man-machine interfaces

2A- 2. IJ:VDT)9I

1*

IVDT1 .*t:0 L /» L &ZEfli

ot,oLCt’70

(1) VDTt:t- L-’--

(2)

(3) VDT t’L-’—’3 9
(4)

0)4 -ztJI

Table 1. Causes for accidents at major chemical complex in Japan.

Causes Number of
accidents

Improper structural design 147 38

Improper material 36 9

Improper fabrication 32 8

Improper inspection 15 4

Deficiency in instrumentation and control 35 9
system

Deterioration 89 23

External shock 6 2

Others 31 8

Total 391 101

Deficiency in supply of operation 45 8
information

Mistake in recognition or confirmation 81 14

Wrong judgment 65 11

Wrong operation 33 6

Lack of skill 15 3

Deficiency in operating standards 96 16

Improper inspection 65 11

Improper repair 8 1

Lack of technical knowledge 67 11

Improper training 37 6

Deficiency in commands and instructions 66 11

Others 22 4

Total 600 100

t. I

Software:Hardware = 2:3
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2A— 3 Eye Fatigue in VDT Work —From Standpoint of

Occupational Ophthalmology —

Shinji Kurimoto

Department of Ophthalmology,

University of Occupational and

Environmental Health, Japan

The labor aptitude of VDT operators is studied in aspects of ophthalmo-physiology,

productivity and psychology.

The ConcluSiOnS derived are as follows

1. The eye fatigue of the VDT operator can be objectively grasped as the variation

of the ophthalmo-physiological function that appears as decrease in the accommoda

tion function mainly represented by the small fluctuation of accommodation and as

decrease in the convergence function and lacrimation function.

2. As a typical method of evaluating the VDT screen, analysis of the response time

and process by eye movement is helpful in improving the performance of the VDT

operator and alleviating the eye fatigue of the VDT operator.

3. k is necessary to perform work control or design for each VDT operator in rela

tion to the physical load that includes the psychological stress and eye fatigue.

2A -3 VDT{ii

VDT ,jtJO) 3 [iJ

tLt:0

1. VDTo3. iîm ic4T

T,o4T iO)iJL13t7

2.

- - ‘ ffl- t:0
3. flj ,VDT L

Table 3. Purposes of adoption of MMIs, mainly VDTs.
3. CRT’t:MMTmø,

Purpose %

Collection and arrangement of information 23

Improvement in quality cf operation 19

Labor savings 14

Instrument room space savings 10

Reduction in number of operators assigned 10

Energy savings 7

Improvement in reliability 5

Improvement in maintainability 4

Mechanization of jobs requiring skills 3

Cost savings 2

Environmental and safety control O

Others 3

28 29



IJ7. ,

.
I’

/
**/

/
/

/

/
\

/

(a)
M±SE

\

/

-- __-.

(b)15

10

5

.1

25:

16

o
c.

o
Ç)

Ç)

C

o

4.

Time (hr)

Figure 7. Difference in increase ifl 10w—frequency component
of small fluctuation of accommodation between
subjects administered vitamin B12 and subjects
administered placebo.

Solid line Group of subjects administered vitamin Bi2
Dotted line : Group of subjects administered placebo

**p< 0.05 as determined by t-test and each group
composed of same six subjects)

VDT work

30

25 -

20

0 1 2 3 4

n

V

V

E

0.

t-.

E
‘4-.

t-.
al
cli

H

15 -

O

n

4-.

V

E
LO

E
E

s—

4-.
(n
cl)

I-.
O)

E
t

ç)

CI)

Pre Post R 1 hr

Figure 9. Decrease in basic amount 0f secreted tear (a) and decrease in lacrimal layer
breakage time (b) after 2 hours of VDT work.

(a) VDT, n = 12, average age 0f 19.7 years

[ 1 controi, n = 5, average age of 20.4 years
* < 0.1

n = 12, average age 0f 19.7 years

O—0 Control, n = 5, average age 0f 20.4 years

1I9.

Pre Post

10 -

1

M±SE

30 31



Sessi on 2B

Professor, Dpartment des
Sciences de l’Homme au Travail,
Conservatoire National des Arts
et M6tiers, Ministre des
Universités, France

Professor, Department of
Control Engineering, Kyushu
Institute of Technology,
Japan

Interaction Between Man and Robot in High—Technology Industries

Dr. Alain Wisner Dr. Tadashi Yamashita



L -

k -.

Session 3A

Occupational Safety and Health Problems Caused
by Increase in Robot Population

u
Dr. OIov stberg

4

Human Factors Research,
Technology Department,

Prof. Yoshimi Yokomizo

Swedish Telecommunications
Administration, Sweden

Waseda University, Japan

I



3A— I.Subjects and Froblems of Robot Safety Technology

Noboru Sugimoto

Mechanical Research Division,

Research Institute of Industrial

Safety, Ministry of Labour,

Japan

Many of the industrial accidents that have occurred as a resuit of recent automation,

robotization and computerization were due to the fact that, deceived by the term “automa

tion,” the people concerned did flot give enough thought to safety or they attempted w

take safety measures but feit helpless, unable to apply conventional concepts. The wrong

mind-sets about automation that are enumerated below and that worry us safety engineers

are pointed out, centering on robots. The correct direction the sefety measures should

take in future automation should be recognized by referring to these wrong mind-sets.

(a) Automation directly means increased safety.

(b) Microelectronic controllers are difficuit to understand and are a kind of black

box.

(c) Microelectronic controllers are highly reliable and thus assures safety.

(d) Machinery is made fail-safe by the safety functions of software.

(e) Safety devices sense a hazardous condition and function accordingly.

(f) As artificial intellingence advances further, robots will become safer.

3A-1. tt

fjEO)tjfl. j’f.
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3A — 2. Robotics and the Health of Workers

H. Mcllvaine Parsons

Essex Corporation

U.S.A.

Robotics can have both good and bad effects on the health of workers, and both

types should be considered. Bad effects include accidents and stress. Good effects

include the reductions in injuries resulting from this form of automation, for example,

back injuries in manual materials handling, tendonitis in repetitive manipulations,

various ili effects from welding and spray painting, and stress from machine pacing.

Quantitative information about these good effects is lacking, however, and should be

systematically acquired, so that data will replace conjecture and hypothesis.

3A-2. U1y {W°I
Mr. Reginald G. Seil

H. •

Prof. Sadao Sugiyama

Work Research Unit Department Kwansei Gakuin Unwersity,
of Employment, U.K. Japan
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3B— 1. The Impacts of Office Automation on the Quality of Worklife:

Considerations for United States Policy

Benjamin C. Amick, ifi

Communication and Information Techno

logies Program, Office of Technology

Assessment, Congress of the United

States, U.S.A.

This paper discusses the potential impacts of office automation on the quality of

worklife concluding with a discussion of options to be considered for U.S. policy.

This analysis emanates from a larger project carried out in the Office of Technology

Assessment, a research arm of the United States Congress which assesses the

social impacts of new technologies and suggests policy options to Congress. The congre

ssional report examines the impacts of communication and information technologies in

offices.

Office automation is defined as a process of change in offices involving both new

technologies and a new organization of work. Each, independently, affecting the quality

of worklife; together, having an impact on jobs, tasks, skills and unit productivity.

This paper considers how these two processes interact and affect the quality of worklife.

Ergonomic and office design factors also define how office automation will affect

worker health, productivity and well-being. The discussion of how office automation

affects the quality of worklife integrates these areas of knowledge with the technologi

cal and organizational issues in a general framework.

The paper concludes with a summary of policy options presented to the United States

Congress. The implication of these options for the quality of worklife in the United

States and other countries will be discussed.

av
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3B 2. Multivariate Analysis of Fatigue on the VDT Work

Koji Morooka

Department of

Management Engineering,

Tokai University, Japan

Quantitative measuring fatigue on the VDT work is one of the most difficuit task.

However, body Ioad effects are comparatively easy to be measured and these effects have

a strong relation to the fatigue. Body load effects are classified into two categories,

they are objective effect in nature and subjective one. The objective data which show

the effect could be treated as quantitative one. While subjective data “feeling” must

be converted into quantitative data. In order to convert the subjective data, related

various subjective data must be quantified and analyzed by the method of multivariate

analysis.

As eye and neck-shoulder-arm fatigue are prime concern in the field of VDT work,

these kinds of fatigue are analyzed under the condition of various vision environment,

keyboard and CRT filter by the factor analysis which is one of the multivariate analy

sis.

VDTHt

tiL,
,.

4i,

if rLi

jt

KO) (v—9)
,CRT7

JL’9 —t ±ftL

FACTOR

2

— ..

I, •

.4,:

\•.i FACTOR

• 05 1

Tab. 1 mean and standard deviatjon on every items

Resuits of Fatigue on the VDT work Concerning
lighting environment.

1. (SD)

VALIABLE MEAN S.D.

1. fatigue in the eye 1.200 1.034

2. double images 0.473 0.951

3. complementary colors 0.891 0.846

4. gloomiiy in the head 0.564 0.949

5. fatigue in the shoulders 0.800 0.942

6. fatigue in the neck 0.800 0.861

7. thirst in the throat 0.745 0.995

8. sleepy feelings 1.218 1.473

9. yawny feelings 1.000 1.293

10. tiredness in the whole body 0.745 1.239

11. rejectio of speaking 0.600 1.037

0.5
3B-2.

-05 —

Figure 3.

46

FACTOR Structure on the VDT work concerning

lighting environutent.

113. LJ 1*
Frorn resuits of the factor loadings, we can
say Factor 1 rneans eye and neck shoulder arm
fatigue and second factor Ineans tiredness in
the whole body.
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3B — 3 Introduction and Expansion of VDT Work in Japan and

Their Occupational Health Problems

Katsuo Nishiyama

Department of Preventive Medicine,

Shiga University of Medical

Science, Japan

E. Change in introduction of computers and spread of VDTs in office work

2. Purpose of introducing office automation (OA) equipment

3. Health and labor conditions of VDT operators

(1) Eye symptoms

(2) Disorders of neck, shoulder, arm and back

(3) Symptoms of mental and nervous systems

(4) Reproduction trouble

4. Peculiar characteristics of Japanese language processing

(1) Many types of characters

(2) Many number of strokes

(3) Various input methods

(4) Many homonyms

(5) Various keyboard character arrangements

(6) Frequent eye movements for verification among VDT screen, document and keyboard

5. Situations of labor-management discussions and agreements

6. Administrative measures to ensure occupational safety and health of VDT work

Ministry of International Trade and Industry

Ministry of Labor

7. Activities of related society

Recommendations for VDT work by Japan Association of Industrial Health

8. Future problems of occupational safety and health

1. 3 ‘ a — VDTQ)

2. OAoÀ

3. VDT.t

(1)

(2)

(3)

(4) EjÊio)

4.

(1)

(2)

(3) Ài
(4)

(5) #d

(6)

5• O)45

6. VDT±r

7. o

8.

3B- 3. * VDTciÀ
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Table 5. Purpose of introducing office automation (OA) equipment and achievement of intended purpose.

O AO)À5.

Companies with 1,000 or more employees* Companies with 100 or more employeeS**

Purpose of
introducing

Companies with Achievement Companies with Companies with Achievement Companies with

left-mentiOned 0f intended intended purpose left-mentioned 0f intended intended purpose

purpose in mmd (a) purpose (b> accomplished (aXb) purpose in mmd (c) purpose (d) accomplished (cXd)
OA equipment

RationaliZatiOn of and
increase in efficiency 95.1% 82.8% 78.7% 87.5% 45.5% 39.8%

of office work

DecreaSe in personnel
of administration 60.6 66.7 40.4 7.0 42.4 3.0

departmeflt

No increase in
personnel 0f 69.0 81.9 56.5 17.3 54.5 9.4

administration department

66.2 62.8 41.6 19.2 32.8 6.3
Decrease in office
work cost

59.7 76.1 45.4 11.2 49.1 5.5
Improvement in
custorner service

Reinforcement 0f

planning and forecasting 61.3 49.4 30.2 6.3 20.5 1.3

capabilitieS

35.7 53.9 19.2
Increase in information — —

processing speed

ImproveffLent in
working conditions

39.1 64.4 25.2 1.0 1.9 0.0

* Source Summary 0f results of survey on actual labor force by occupation in fiscal 1981,

Ministry 0f Labor. (0f companies listed on stock exchanges 0f Tokyo, Osaka and Nagoya,

898 companies with 1,000 or more employees were guestionnaired with effective response

rate of 63.3%.)

** Source Summary of results of survey on technical innovation and labor (actual situations

of office automation, etc.) in fiscal 1983, Ministry of Labor. (0f companies with 100 or more

regular employees throughout the nation, about 6,000 were selected by certain standards

and questionnaired.)

Table 7. Percentage cf companies that explained introduction of OA equipment to empioyees
or consulted employees about introduction of OA equipment. Source: Sunimary of resuits
of survey on technicai innovation and labor in fiscal 1983 (actuai situations of
office automation, etc.). (About 6,000 companies were questionnaired.)

7. OA .

OA equipment includes general—purpose computers, office computers, personai computers, facsimiie
machines, word processors, on—une terminais (inciuding display units), microfilm systems, voice
irzput/output devices, and computer-aided design (CAD) systems.

Q,

Scale of Companies
Method of explanation or consultation Companies that

Conipanies with No explanation introduced
company with OA

explanation or Explanation Employees Employees Approval Not known or consultation OA equipment
(Number of equipment

consultation (n) was given were asked were of employees was made with approval
employees) introduced

to employees about consulted was obtained of employees
opinion (a) (rtXa)

Total 81.1 31.7 44.9 18.4 23.7 11.0 2.1 68.3 3.5

5,000 100.0 46.5 34.9 19.8 32.2 11.5 1.6 53.5 5.3

1,000 — 4,999 98.1 33.0 44.4 16.7 21.0 17.0 0.9 67.0 5.7

300 — 999 92.4 29.8 47.6 15.3 22.9 13.2 0.9 70.2 3.9

100 — 299 76.1 31.9 44.3 19.6 23.9 9.5 2.6 68.1 3.0
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3B — 4. Survey of Health Hazards of Work with

Visuai Display Terminais in Pregnancy

Alison D. McDona’d

Institute de Recherche en Sant et

en Scurit du Travail du Qubec,
Department of Epidemiology and

School of Occupationai Health,

McGill University, Canada

Some 56,000 women were interviewed in 11 Montreal hospitals, 1982-84, after delivery

or spontaneous abortion. Questions were asked on employment and personal factors for

the current and ail past pregnancies-104,000 in ail. A sample of 8,330 women, who had

worked fuli-time in occupations with substantial use of VDTs, were examined for evi

dence of a reiationship with spontaneous abortion or congenital defect.

In past pregnancies (3,881), the abortion rate was greatiy increased when the interval

before the current pregnancy was short. Exciuding conceptions before 1980, the sponta

neous abortion rate was 15Â%-15.3% for 443 women who had used VDTs and 15.4% for

the 2,287 who had not. Allowing for known risk factors relating to previous abortion, age

and smoking, there was no difference in abortion or defect rates in users or non-users.

In current pregnancies, ascertainment of spontaneous abortion was incomplete: early

cases did flot reach hospital and, of those which did, only 75% were interviewd. The

abortion rate in the study group was 6.2% compared with 6.7% for ail other pregnancies

in VDT users the rate was 8.4%, in non-users 5.1%. There was no systematic expo

sure-response relationship. There was evidence from a subsidiary questionnaire inquiry

that the use of VDTs eariy in full-term pregnancies was under reported by at least 10%.

Despite the equivocal findings in current. pregnancies, which could have been due to bias,

we conclude that the absence of any association in previous pregnancies between VDT use

and abortion or congenital defect probabiy reflects the truth.
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TABLE 1 - Spontaneous abortion rate (%) according to VDT use
in previous pregnancies, by year of conception.

-

1• VDTJ

Year 0f
llco-&’ j 97--_LT O)1982 84} Conception VDT used VDT No Used Total

—Lt:0

Lt:0 Before 1977 21.6 C 74) 18.7 (815) 18.9 (889)

r-4- Lt:

(3,881) C, 1980 1977 15.1 ( 53) 14.7 (326) 14.8 (379)

{ffl Lt- t:2,287) 15.4%Z- t-o
1978 11.0 (109) 12.1 (480) 11.9 (589)

t VDT{iH4o)rt- t:0

-t:0 1979 14.5 (207) 14.4 (666) 14.4 (873)

hi4)75%L14 >‘9 t- t:0 1O)±

1980 20.9 (201) 19.7 (569) 20.0 (750)6.7%- t:0 VDT{ 8.4%,1 5.l% - t:0

t- t:0 fl4j’)y OVDTØ{J 4)
1981 68.1 (119) 65.3 (248) 66.2 (367)

10%1 t”t:0

1982 100.0 C 12) 100.0 C 14) 100.0 ( 26)
T1fflLt: O) t1j-3 t:.

Total number cf pregnancies in parenthesis.
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Roles of Industrial Medicine for Man-Robot Interface

Dr. H. M• Parsons Dr. Masamitsu Oshima

Essex Corporation, U.S.A. Chairman of Directors, Medical
Information System Development
Center, Japan

Hours 0f VDT

Use per Week

Number of

Pregnancies

None

Number of

Abortions

Abor tion

Rate (%)

2902

Less than 1

149

185

1 — 14

5.1

14

504

15 — 29

TABLE 3 — Spontaneous abortion rate (%) in current

pregnancies by hours of VDT use per week.

3. VDT{ Hr

Use of VDT unknown in 24 pregnancies, including one spontaneous

abort ion.

1O) 240

7.6

41

Session 4

372

30 or more

8.1

38

462

10 . 2

r:

L

35

Total

7.6

4425 277 6.2

I
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60

Re

16.00 24.00
I I

HR - HR.. <Endurance Level ?±e f

ASSESSMENT 0F
INDIVIDUAL STRAIN

by expert rating taking into considera—
tion ail individual features (capacities)

Calculation of

WORK SPECIFIC
HEART RATE COMPONENTS

typifying input workload
by human—related indices

Laboratory
test

Assessment of Strain

Basic heart rate (BHR) during a submaximum
load analogous to physical standard tests

(e.g. 20—Watts bicycie—work)

Correction factor due to the individual
capacity (CF)

[ CF>l: high capacity; CF<i: low capacity

Peripheral Physiological Variables

Performance Measurements

Subsidiary Task Performance

Subjective Judgements

Series examination
in the laboratoryÇ

Absolute mdiv. heart rate (HR)
during workioad to be assessed

—,

I Difference pulses (tIR — BHR) j

f
Corrected heart rate (CHR)

[Diff. pulses X Correction factor j

Standardized work—specific
heart rate

Addjtjonal
heart rate

Figure 1

constant (C) for the difference in
between resting and submax. load

Figure 9

f SWHR = (HR - BHR) X CF + C j
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4 — 2. Problems of and Industrial Medicine Measures for

Introduction of Robots

Yukio Hasegawa

System Science Institute,

Waseda University, Japan

The robot population of Japan is predicted to reach 550,000 in 1990. As robots are

introduced on an extensive scale, industrial medicine measures to cope with the intro

duction of robots become an important issue. When introducing a robot, two aspects of

the issue must be considered : solution of conventional industrial medicine problems and

prevention of the adverse effect of the robot itself. Seven principles are proposed

for the introduction of robots so that industrial medicine measures are flot taken

belatedly.

4-2. ui’2 itJ

6JII

19904E u:i , I’ 557i ijtvCt0 O)J. ) 7j’.y F’

t’’ F’1 ri zf’ , F’

{*J-

Or±y F’4O)7JIjLt’7,0

Figure 1.

Master manipùl-ator

Scarfing robot removing defects f rom high
temperature forging.

The slave manipulator near by the high
temperature forging moves in just the same
way as the master manipulator is moved by
the operator. (Source: Japan industrjal
Robot Association)

Slave manipulator

62 63



Yukio Hasegawa

System Science Institute,

Waseda University, Japan

The robot population of Japan is predicted to reach 550,000 in 1990. As robots are

introduced on an extensive scale, industrial medicine measures to cope with the intro

duction of robots become an important issue. When introducing a robot, two aspects of

the issue must be considered : solution of conventional industrial medicine problems and

prevention of the adverse effect of the robot itself. Seven principles are proposed

for the introduction of robots so that industrial medicine measures are flot taken

belatedly.
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4 — 2. Problems of and Industrial Medicine Measures for

Introduction of Robots

Slave manipulator

J:

Master manipiï-ator

Figure 1. Scarfing robot removing defects f rom high
temperature forging.

The slave manipulator near by the high—
temperature forging moves in just the same
way as the master manipulator is moved by
the operator. (Source: Japan industrial
Robot Association)
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4 — 3• Mindlessness: A New Dimension to Technological Alienation
— Implications for Man—Machine Interf ace in High Technology
Work Environments

Gary L. Benson

UW—Casper Business Program,

University of Wyoming, U.S.A.

This paper is the result of empirical field research that I have been doing over
the past 2 years on technological alienation in the workplace—technological alienation
being the type of worker alienation that frequently occurs in high technology work
environmeflts.

In the post World War II era of assembly une automation, technological aliena
tion bas historically been exhibited most often by worker feelings of powerlessness,
meaninglessness, and normlessness. However, with the advent of cybernated computer cont
rolled manufacturing processes, CAD/CAM, robotics and other “higher order” technology
based work environments, research that I have done over the past year or twa, has
uncovered what may weIl be another, potentially devastating, construction of technological
alienation—mindlessness.

In the United States, workers, when confronted witb such work environments and feel
ings, often revert to behaviors such as

(1) increased alcobolism and drug abuse

(2) increased employee theft to finance such habits

(3) increased accidents and safety hazards

(4) transfer of “work ethic” expression ta non-job related institutional commitments
in their life space

This proposed paper will explain the discovery of mindlessness construct of technolo
gical alienatjon, the dimensions and meaning of the construct, and potential methods or
ways in which organizational design and management practices can recognize and deal with
the problem effectively.
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4-3.

-)

PART I

(1) Does technological alienation
exist among your employees?

(2) How serious is the problem? Average Response

8.19 on a
10 point scale

(3) What are its characteristics? Average Resporises

TABLE 1 RESPONDENT JOB TYPES

1. O)

Perception

A7 O
., o

)A O
_).± O

Supervisors/Managers 10 %

Other misc. Job types 9 %

(secretarial, clerical,
maintenance, sales, etc.)

TOTALS 100 %

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Alcoholism
Drug Abuse
Employee Theft
Accidents
Absenteeism
Abusive use of Sick Leave
Turnover Rates
Employee Personal Problems
Job Performance, Productivity,

Quality of Work Probrerns

Average Responses

increased 12 %
increased 17 %
increased 7 %
increased 5 %
increased 11 %
increased 15 %
increased 9 %
increased 3 %
decreased 9 %

Yes —— 31 %
No -- 69 %

Yes —— 23 %
No -- 77 %

Table Resuits of Questionnarjes
•

1747t

t CO)j 2

Zc*fl 4 /

itt:0 LLt,4 ‘— F’4i >‘ ! IjJ7E3

-z,CAD/CAM, 1’, Q{t1iO) EJ

(fl) 5O) 1, 2 J :::R)1

tt t:0

(1) J_)jJO))Jfl

(2) ±t50)

(3) $Ø±JJ

(4) ri

Yes —— 62 %
No -- 28 %

Don’t Know -- 10 %

t 1i_-

Technicians

Installers

PART U

powerlessness
meaninglessness
normlessness
mindlessness

2.47
2.98
3.87
1.92

Number of

Re s pondents

75

54

16

14

159

PART III

(1) Job Design/redesign programs?

(2) Employee Assistance/Wellness Programs
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5— . Hurnan Participation in Automated Manufacturing:
Some Ergonomics Issues

Martin Helander

Department of Industrial
Engineering, Faculty of
Engineering and Applied
Sciences, University ai.
Buffalo, State University of
New York, U.S.A.

Systems design, and task analysis are important tools for human factors design of
workplaces. These tools were originally developed to solve complex milltary problems.
With the introduction of automation in the workplace, the civilian environment is
assuming a high degree of complexity, and systems design methodology are becoming
increasingly important. Task analysis is the foundation for task allocation between
humans and robots. Task allocation, in turn depends largely on the design of the
products to be assembled. In order to facilitate robotic assembly, it is usually
necessary to reduce the number of parts to be assembled in order to incorporate design
principles which ease automated assembly. In some instances, design principles that
facilitate automated assembly also simplify manual assembly. In others, humans and
robots prefer to do things differently. For example, robots can best insert screws
vertically, whereas for humans there are biomechanical advantages in inserting screws
horizontally. The limitations of robotic skills bas freed the development of product
designs that ease automated assembly. It seems ironic that the needs and preferences
in human assembly bave not received similar attention. Several examples of product
design are discussed.
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Design for unidirectional assembly, preferably top-down

Eliminate or reduce the number of screws

Design for insert and snap assembly

Design chambers for self—alignment

Eliminate parts that are difficult to feed automatically,

such as springs, washers, fragile parts, etc.

Eliminate parts requiring extremely tight tolerances

Eliminate parts that are difficult to orient

Eliminate parts that are difficuit to handle; either too bulky or
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Tadashi Yamashita

Departmeflt of Control Engineering,

Kyushu Institute of Technology,

Japan

Since its first adoption by Henry Ford in automobile manufacture, automation has

been employed as means for increasing productivity. In today’s rnanufacturing indus

tries, robotization or automation of the entire factory is highlighted from the

standpoints of improvement in productivity and humanizatiOn of work. Japan now leads

the world in this type of automation. An overview is presented of the spread of robots

in Japan and the features of robots and the change in the role of man are described

in connection with the methods of automation. Problems with the future trend toward

more functional robots are pointed out and the present state of research in robotics

is outlined.

5-2.

W T

L1’l

L, Ford Ltl*, —
—

—

—

i,

1l7

Table 1 Required human functions in typical industrial automation
methods

1.

Type 0f Automation and Effects Human Function Required

1. Assembly Line Using Velt Conveyor To Do Repetitative Task

t::Reduction of Man-Power

2. Process Contro]- Monitoring & Maintenance
(Auxiliary)t:Constant & Better Quality

3. Transfer Machine Loading, Unloading & Tool
Changing (Auxiliary)Continuous Mass Production

4. Nuxnerically Controlled Machine Programming (0f f—Line)

1Z>Flexible Automation of Small
Sized Production

5. Robotization Teaching (Off-Line)

E>Automated Handiing & Operation

5 — 2. Characterjsti of Robots and Roles of Man in Automation
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Industrial Robot with
. Rudimentary Sensing

I

I

• Human Worker

Extension of
Sensory Capabilities,
Intelligence

—

TECHN ICAL
PROGRESS IN
ROBOTICS

Sessi on 6

-- Improvements in Speed,
-- Accuracy, Control

Measures for Improving Occupational Safety and Health of
People Working with VDTs or Robots
—Small—Group Activitjes and Safety and Health Educatjon

Non—Sensing
Industrial
Robot

. • NC Machine

HI GH

E-’
I-1
‘-4
I—I

H
X

1
I:z4

LOW
HI GH

EFFICIENCY

Figure 6. Conceptual comparison of capabilities of human worker
and typical automation methods (reference 12)

6.

76

Hard Automation
•

Dr. Yoshio Hayashi

I
Professor, Department of
Administration, Faculty of
Science and Technology, Keio
University, Japan



6 — 1. Managing Human and Machine System Requirements
through Participation The Need for an Integrated
Organizational Culture

1

I
h.

I.

L

Andrew S. Imada

University of Southern California,
Institute of Safety and Systems

Management, U.S.A.

Improving occupational safety and health for people who work in automated systems
requires an understanding of the technology that spawned these system. The nature of
technology is discussed as well as specific examples of how machine systems have changed
the worker’s job characteristics. Notably, these jobs require shorter task cycles,
lower skill levels, and reduced variety. These job requirements may conflict with such
basic human needs as meaningfulness, recognition, belongingness, social interaction, and
feedback.

One solution to this potential conflict is to integrate human (socio) and machine
(technical) concerns into our systems. Worker involvement in small group activities is
an excellent example of this humane sociotechnological approach. Involving workers in
small group activities enables them to contribute toward improving the overali safety
and quality of the machine system, and at the same time satisfy other human needs.
The successes and lessons learned from small group activities directed at improving
quality (e.g., Quality Control Circles) can be applied te safety and industrial
hygiene. An important ingredient to this success is the organization’s values, the
organizational culture, and the external (national) values and culture. Participatory
methods useful in the American experience will be discussed. Comparing and contrasting
different values and approaches may be especially useful for organizations who must deal
with several groups of people and cultures simultaneously.

Whatever the culture, it is clear that an organization that places equal value on
safety, human development, productivity, and quality will invariably increase the
overali quality of work ljfe. If researchers, engineers, and human factors specialists
can continue to develop new methodologies for solving problems and involve the worker
in its implementation, human well-heing and system effectiveness can be compatible goals.
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6— 2. Occtipationa Safety and Health Measures Taken for

Introduction of Robots in Automobile Industry

Minoru Goto

Safety Sanitation Department, Nissan

Motor Corporation, Japan

The industrial robot differs from other types of automated machinery in that the

worker enters the operating area of the robot for teaching, inspection, maintenance

and other purposes while its power source is turned off. This is rarely observed with

other types of automated machines. The steps taken by Nissan Motor to prevent

accidents from contact between the machine and worker in such a work situation are

described. The company has recognized the need for safety measures as a resuit of a

questionnaire survey on the hazards of robots as feit by its workers. The basic safety

measures are introduced by citing two safety standards for the installation of indus-

trial robots. Robot maintenance personnel are given several courses of safety training.

The effectiveness of the safety measures is shown as change in the occurrence of

accidents. The fact that the workers have welcomed the safety measures is pointed out

by quoting from the journal of the labor union. In the future, robots with adaptive

functions will be introduced into the workplace and newly developed robots will be

adopted for assembly work. Under these circumstances, however, the robots will flot

seriously affect the employment of workers in the assembly process for some tirne to corne

in view of state of technology and return on investment. The two safety standards of

Nissan Motor are attached as appendix.
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Figure 2. Questionnaire survey on hazard of robot - Part 1.
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Department of production

Engineering and Production

Management,

The University of Nottingham,
U.K.

Session 7

Summary: Future of Robotics and Automation
Their Effect on Health of People

Prof. E. N. Corelett Dr Kenzaburo Tsuchiya

President, University of Occupational
and Environmental Health, Japan
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