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Preface 

fhis report describes the research activities conducted in the field of man­

machine systems at the Department of Industrial Engineering of Eindhoven 

University of Technology (EUT). 

The first section serves as an t:i on to the backgrounds, aims of the 

research actually in hand and of current research topics. 

The second deals with the research themes in greater detail. 
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1. I:ltroduction 

L'he Department of Industrial Engineering of the Eindhoven University 

of Technology has been involved s 1971 in field research on 

the human operator in complex systems. On its inception the research 

was centred on the skills required of operators and on developing methods 

to describe operator functioning both in normal operation and breakdown 

situations (see Kragt and Landeweerd, 1975). 

Gradually the need was felt to expand these activities to allow the 

methods developed to be used 

future man-machine systems. 

That to be able to opt 

economic and social criteria. 

the design or redes of existing and 

such systems wi t-n respect to technical, 

A number of engineers and psycho sts therefore decided in 973 to 

combine their efforts, establishing a more-or-less informal "Research 

Group on Man-Machine tems". Expert advice was and is provided by 

professors in control engineering and industrial psychology. 

At the same time contact was made with similar research groups of the !wente 

University of Technology and the Netherlands Ins of Preventive 

Medicine/TNO with the aim of exchanging mutually valuable information and. 

more important, to ensure that each research group would focus its 

attention ana different part of the man-machine systems problem area. 

Field research carried out at the Chemical Wmks of the Dutch State 

Mines (DSM). The special focus on chemical processes is due to previous 

con tac ts and the posi tions of EUT and DSli. 

lIn addition, a laboratory simulation of a real distillation process was 

developed, in digital form, and has recently become operational. The pur­

pose of this particular simulation is to assess the possibilities of 

simulation research and to answer a number of questions on real situations 

that cannot be answered field research due to the uncontrollability 

of independent variab s. 

Should the s ation studies prove succesful the a1m is to expand such 

research by simul a number of (interacting) processes and 

constructing more complicated control and monitoring tasks, thus covering 

a broad range of human operator tasks. 

At the moment the following research and development project are 1n progress: 

- Classification of tasks and ab I ties; 

- Information and (control) perforrrAnce; 

- Human reliability; 
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- Internal representations; 

- Workintrinsic satisfaction; 

- Software development for ergonomic experiments. 

The following section deals with these topics in more detail. 

2. Research Topics 

2.1. Classification of tasks and abili 

Obviously, the benefits of research 

the results can be applied to a 

the working group will be greater as 

ity of control tasks. 

We shall seek for, or construct, two classification systems to serve as a 

solid base upon which research results can be generalised. 

The kind of systems we are for are referred to under many names, 

which have little, any, relation to formal properties or applicabi-

lity. We define a class ication system as a set of (at least nomir,ally) 

ordered categor in terms of which all objects 1n a defined se~ can be 

objectively described. 

Different objects (e.g. a simulated process and a real r.rocess) can be com­

pared when they are described in terms of the same classification system, In 

this case observations carried on one ect can be ised with reference 

to the other. 

In addition to the possibi tyof at well-founded generalizations, 

class ication systems make for smooth communication between researchers, 

and greater accessabi ty of research reeul ts. 

A classification system as defined above must allow the ordering of tasks. 

~,Jith Miller (1967) we define a task as any set of activities occurring about 

the same time, sharing some eommon purpose recognised by the task performer. 

The second classification system wi be concerned with abilities. For a defini­

tion of ability we refer to Fleishman (1967, b) who makes a distinction 

between the concepts of ab iIi ski 11. Abili tv refers to an individual f s ---- " 

general traits, which can be from behaviour displayed in several 

tasks, e.g. spatial ~on. Skill refers to a specific aptitude to per-

fonn a task or a group of related tasks. F shman (1967 b) assumes that 

as skills are much more complex than abilities, they can be analyzed into 

abilities. 

For an example of a class ieat of abili ties, see Berliner (1964). 

The classifica~ion system we need must possess the following characteristics: 

a. tasks can be described ective in terms of the categories; 
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b. the categories are closely connected to the theories and concepts commonly 

used in ~he behavioral sciences. 

In th,: li terature reviewed thus far we found no classification system meeting 

these requirements. 

The taxonomic studies carried out at the American Institute for Research 

(Fleishman and Stephenson. 1970, Farina and Wheaton, 1911" Levine, Romashko 

and Fleishman, 1971, Teichner and Whitehead, 1971, Theologus and Fleishman, 

1971) are concerned with psychomotor tasks, cally not exceeding a cycle 

time of some minutes. 

We doubt it the operator's tasks which we are interested have enough in 

common with these psychomotor tasks to be covered by the same classifica­

tion system. These doubts. do not apply to Berliner's (1964) classtfcation 

system, but here the problem is the lack of objective means for scaling the 

observations. 

The development of our classificatwn system will be based partly on field 

studies. In this research we shall try to f the relevant categories by 

combining information from two sources. The first source is the operators 

behaviour, the second the reasons for that behaviour, the goals aimed at, 

etc. 

Data will be collected by Observation, interviewing the operator, his super­

visor etc. 

2.2. Information and Performance 

The purpose of this research is the assessment of qualitative relations between 

information nature and quantity presented, control behaviour and control 

performance. 

Because of the lack of control 00 endent variables (e.g. process 

disturbances) in real siLuatioos the greater part of this research project 

will be carried out in the laboratory using a high-fidelity simulated 

distillation process. 

The dependent variable, control • was explored in a series of 

preliminary simulation and field s (see Paternotte and Verhagen, 1976). 

Some quality, quantity and combined crl were carefully chosen so as 

to fulfil the following req(lirements for valid performance measurement: 

I. criterion clear to operator; 

2. criterion realizable by operator; 

3. performance score (criterion score) clear to operator; 

4. real criterion (corresponding to indus standards). 
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The independent variable, the information presented on the operators panel, 

18 ::reated in several ways. 

II. theoretical framework is put forward to quantify the information pre­

sented in communication- theoretical terms. This approach is related 

to the methods used by van Gigch(1970a, 1970b, 1971a, 1971b) and Nadler 

and Seidel (1966). 

The major drawback to this approach is the fact that the uncertainly concept 

applies·only to completely layman operators who really are uncertain 

about every scale reading and who will therefore collect as much infor­

mation as they can. However, operators with some experience will have 

different information needs because they are able to derive all the 

information necessary to control the process by taking a few cue readings. 

In general terms: there is a certain amount of redundancy but the amount 

1S a personal matter, 

For that reason special measures will be taken to control the effects 

of subjective uncertainty. 

B. A well-known method as described by e.g. Drury and Baum (1976). ~s to 

vary information presentation by displaying: 

I. time-history information (feedback history); 

2. intermediate information (cues for prediction); 

3. input information. 

C. Information can be varied by accuracy of presentation and by vary~ng the 

presentation rate (continuous vs intervals differing in length). 

D. Information can be converted, e.g. by pres derivatives or integrated 

values of process variables. 

E. The display type can be varied from the well-known conventional types 

(dials, moving pointer, fixed pointer. etc.) to sophisticated CRTs. 

The control behaviour will be used to explore the relations between infor­

mation and control performance. 

The subjective uncertainty concept will be dealt with by observing the ope­

rator's sampling behaviour and his control actions. 

The sampling behaviour will be followed by trained observers equipped with a 

fast data-entry keyboard connected to a cartridge recorder with a 

digital read-out option. 

If possible the sampling behaviour 1 be described with models as presen­

ted by Crossman (1964), Senders (\964, 1966, 1969) and Sheridan (1970). 

The con!:rol actions will be reccrdcd (on-line) with reference to a number of 

parameters (see Paternot te and Verhagen, j 976) • 
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The final a1m of this threefold approach is to develop teria for information 

design in process control 

view tG optimizing system 

to specific human capabili with a 

2.3. Human Reliablli more-or- terns 

~fuen systems reliabili under cussion in literature, in most cases the 

reliabili ty of the technical sys tern is meant. Since, however the cal 

system is still controlled by the human operator in many situations. one has 

to investigate human reliabili as well. By so doing we deal with 

reliability of the whole man-machine system. Whether it is possible to 

estimate the human reliabili the above mentioned systems cannot as 

be said. A number of factors are known to effect human control 

and hence human reliabil . Moreover, these factors are total different 

from those that influence of the technical system. In the ti-

gation we should not res ourselves just to a task analysis (what 

the operaLor doing?)~ but should also do a 1 analysis (how is he 

his task?), because we are not ted In questions such as, what 

is the operator I s error?, 'and what 1S the risk of that error?) but also 

in questions like, why and by whom was the error made, and in what 

stances? 

cum-

As human unreliability is related to the probability of hGman error, one of 

the first things we will have to do is to define the concept of "human 

is, as has alreaciy been said, that of the in our situation. That situat 

human operator controlling a 

such an operator as follows: 

1 ation column. t-Je can describe the task of 

I. moni taring the process; 

2. adjusting the process (after the occurrence of a disturbance); 

3. minimizing the effects of breakdowns; 

4. shutting down and s up process. 

We should like to do research our laboratory, especially into situations 

1n which disturbances and breakdowns OCCUY. 

Before we can do so we shall have to start T,qith an investigation in the field 

to study the control 

the critical incident 

of opera~ors in such situations by means of 

After such field research we shall tigate that behaviour in more 

in our laboratory. 

In the foregoing we have sketched some ideas on human reliab ity. 

1 
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At the moment (July, 1976) a paper is being prepared for presentation to the 

symposium on Human Operators and Simulation, in Loughborough (U.K.) on and 

29-31 Harch 1977. This paper will deal th the subject and the research plans 

in more detail. 

2.4. Internal 

It is assumed that process controllers form an internal (mental) representation 

of the processes that they control. 

Two forms are commonly distinguished: 

- the mental model of the process (i.e. tb internal representation of how the 

process functions); 

- the mental image of the process (i,e. the internal representation of the pro­

cess s -----' 

A number of factors are related to the 

The main ones are shown in figure 1. 

task situation 

instructions 

process conditions 

intelligence 

education 

experience 

\!; 
internal 
process ~ 
representation 

ity of such an IR. 

personality 
factors 

Figure 1. Important factors related to internal representation. 

control 

behaviour 

The relations from wi~l be tigated in a research project at 

the DSM chemical 

the training 

A pneumatic imulator of a distillation process at 

t s of VI ~,al irr~portance '" 

The hypotheses that vIi 11 be ti ted can be divided into three categories, 

first those concerning the relstl between certain factors such as the 

intelligence, experience and education aspects and the IR quality; second, 
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those concerning the relatio~ship between IR quality and control behaviour; 

th rd, those concerning the role p by personality factors. 

The p ect will have roughly the follovJing content: 

I. Some 80 trainees will be given a standard truction (both in the class-

room and at the control panel of the simulator) concerning the control 

of this distil~ation process. 

2. The quality of the mental image and mental model formed wi 11 be measured 

by means of a scrutinously designed questionnaire and visual aids. 

3. The trainees are then ask2d to take part in a es of tests to 

measure aspects of control and control performance, two of 

which we mention below: 

- They are asked to do two tests at the control panel of the simulator. 

We are especial ted their sampling behaviour of informa-

tion points and in their actions at the controls. An observation method 

has been designed for the purpose. The t,JO tes ts concern updating and 

minimizing the effects of a turbance. 

- They are also asked to perform the so-called "s de tes . In some 

disturbance situations slides of the control panel instruments have 

been made. Techni aids allow the to be p ected onto an overhead 

projection screen. Every instrument can be withheld or shown at will. We 

confront the trainee with one instrument whos,:o indication is off-normal. 

He may ask the experimenter to show him whatever other indicator he 

wants to see, until he can diagnose the disturbance. We are interested 

in his sequence of indicator requests and of course in his diagnosis. 

4. Finally they have to do some psychological tests (intel gence, fear of 

failure, impuls tyo sensation seeking and others), 

The data will be used to test hypotheses concerning the above mentioned 

relations as well as in more detailed analyses. Moreover. the consequences 

as display lay-out and will be considered, the spin off 

probab being a number of questions for later research at the digital 

s ator of the dis llation process. 
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2.5. ~.Jork-intrinsic Motivation 

Th --esearch is aimed at findlng ,,,,dys to structure control tasks in such a 

way that operators can get maximum eEl fact from doing their work. 

The worksatisfaction of an operator can be derived from characteristics of 

the work itself, and from closely related factors of a social or financial 

nature. The research group will be looking for factors in the work itself 

which affect the work sat lon of operators, or of certain kinds of 

operators. i{e expect the results of this research to improve task allocation, 

both between man and as well a.s between members of a team. 

People differ in the 

of variations ln the 

are saris ed by 

to which they oy r work, probably because 

to which their needs (the things they value) 

their work. 

A number of factors can contribute to the satisfaction of someone who works. 

They motivate him when are of value to i,im. In the positive case they 

may bring him into action and open the ,ilay to pleasure and satisfac.tion. 

in the negative case caUSe diss fact and perhaps absenteeism. 

A well known frame of reference in he s faction is the difference 

between work-intrinsic and c 

Work-intrinsic factors are directly related to the task, e,g. length of 

a work cycle, opportuni for self development, challenge. etc. Work-extrinsic 

factors are connected with the work, but not with the task itself. 

e.g. payment, social security, contacts th col and supervisors. 

It is not always easy to classify a factor on.e of the two categories, 

e.g. "social· contacts" where the task has to be performed in close coope­

ration with other people. 

tve orient our research towards work- ~c factors for the following reasons: 

a. a number of extrinsic factors cannot be influenced: in process control tasks 

many processes will be continuous,implying shift work and intensive contacts 

with other people; 

b. the typical character of many of the process control tasks (e .g. 

relatively severe under- or • heavy responsibility, decision making) 

in itself makes it necessary to s work-related factors for their 

relation to 5 

Our aim is to ind factors that can satisfy (some) people ln process control 

tasks. Having found some such factors, we can try to make tasks more human 

within the limits cussed above. 

Amendments to the operating instructions, changes in displays or controls, changes 

in the allocation of parts of the task to a number of people, etc. could con-
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s tute possible in task structure. 

In short, the research 11 concern itself ,vith Lhe measurement of satisfaction 

experL~nced by var~ous people different tasks in different ways. 

Characteris of people (abi ties, needs) will be treated as intervening 

variables. 

- Task characteristics (complexity of the technical system. clarity of in­

struction, autonomy) will be treated as either independent or control 

variables. 

- Different ways of performing will be treated as control variables or as inter­

vening variables. 

Satisfaction will be treated as a 

sic factors. Satisfaction caused e 

variable when due to work-intrin­

ic factors wi1 be treated 

a control variable or as independent variable. 

The task classification system described in (2.1.) will be 

dealing with task characteristics. 

useful l-n 

2.6. Software Deve 

2.6.1. Introduction 

For detailed investigations, for insta~ce in the 

and human reliability (2.1. and 2.4.), a process s 

in the laboratory of the Department of Industrial 

simulation is a DEC PDP 11/40 minicomputer. An 

d of information presentation 

lat~r has been developed 

. The heart of the 

panel has been built 1n a 

noise proof air-conditioned control room. The Dutch Chemical Industries DSM 

kindly allowed us to use an existing static mathematical model of one of their 

tillation columns. This model describes input-output relations of the 

process without any dynamic respolises. 

routines and controllers have been added. 

responses input, output 

The software development project for ergonomic experiments has three main 

goals: 

1. development and improvement of the s itself ; 

2. communication programs for experiment monitoring and interaction with the 

curren t expe rimen t ; 

3. off-line and on-l data 1S. 

The project is staffed two elect: engineers who maintain simulation and 

communication software. 
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2.6.2. Description of the subprojects 

2.6.2.1. Deve elf 
------~----------~~----~--------~~---------------

a. The simulation of a column 

The actual simulation consists of an overall st c model with dynamic 

responses added. The consequence of this approach is that the simulation 

is only realistic in a restricted domain of normal operations. Start-Up, 

shut-down and breakdowns have to be added as separate routines. 

A project, in cooperat 

development of a full 

approach will be used, s 

wi thDSM, is planned for the 

model of the distillation process. A modular 

lating different of the column in diffe-

rent blocks. Separate modules for discrete process conditions will also be 

developed Interfaces between modules will provide for gradual take-over by 

one block from another. 

b. Simulation of a lete control 

Medium term planning ends with the simulation of two main cOlurrns, one pre­

and one post-distillation including buffer storage tanks. The same model 

will be used for each column, with dynamics adapted as required and operating 

under different process condit . However, plant will only be realized 

when a larger central processor and extended 10 communication have been 

stalled. A mul tasking operating system 1 provide lities :for the 

simulation of advanced control sytems for the operator (CRTs, computer 

assisted control). 

2.6.2.2. Communication with the 

since the operator ~s working a separate control room, the experimenter must be 

able to follow the course of his experiment. At present he has a CRT facility 

with process diagram and process-state on it. Automatic logging of the experi-

ment on teletype being realized. Data are simultaneously stored on disk. 

Several ways of presenting to the experimenter via CRT or teletype 

are being inves 

Communication programs are flexible and interactive, allowing the experimenter 

to monitor and to the experiment. Starting, stopplng the experiment and 

simulation of disturbances are some routines that have been recently written. 
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2.6.2.3. 

a. Off-line IS can be done on the final results of each experiment. such 

as are for 

and trials. 

tanee statistical analysis of performance measures on subjects 

A control action-analys program has been written for off-line analysis of 

stored data. 

One important feature is the inspection of variables immediately after an 

experiment, with the help of a data evaluation package called SPARTA, which 

is provided by the computer manufacturer. This allows a quick check on the 

quality of the stored material. 

b. On-l is done in the presently available single job operating 

act are recorded and performance measures calculated. 

lable two-job operating system and in the future multi-tasking 

operating system it will be possible to view already stored data on CRT. 

Thus the experimenter can make his decisions on the basis of 

mation. 

2.6.3. Future Deve 

c intor-

With the new central processor already mentioned and a mult asking operating 

system a large set of tasks will be developed. First the simulation will be 

realized of a larger plant with several types of ,'perator-control possibilities. 

An automatic experiment monitoring program to carry out a programmed experimen-

tal des will be useful in larger series of experiments. 

A flexible set of programs for experimenters t then be needed 

for the many different types of exper ts planned. 

Special care will have to be taken for the long running lance experiments 

(software reI lity) and the simulation of disturbances and bre.akdowns. 

New, Ie techniques for data storage and data reduction are being developed. 
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3. Publi ons~t: 

Kragt, H. and LandelVeerd, J .A. (1975) Mental Skills in Process Control. 

In: E. Edwards and F.P. Lees (eds.): The Ruman Operator in Process 

Control. Taylor and s, London. 

Paternotte, P.R. (19 The Control Performance of Operators. Paper presented 

to the Second Internat Symposium on Man-Mach Systems and Environment, 

Dubrovnik 16-18 oct. 1975, lavia. 

Verhagen, L.R.J.M. (19 r for data management and Experimental 

Control with a Process. Paper presented to the Second International 

Symposium on Man-Machine Systems and Environment, Dubrovnik i6-18 oct. 1975, 

Yugos a. 

(These last two papers will be pubT 

the Yugoslav Ergonomic Society.) 

Forthcoming 

inche symposium proceedings by 

Kragt, H. (1977) Human Reliability in more-ar-less Automated Systems. Paper to 

be presented to the Symposium on Ruman Operators and S ion, Loughbarough 

University, 1 March 1977, England. 

Paternatte. P.R. and Verhagen, L.R.J.M. (1977) Human Operator Research with a 

Simulated Distillation Process. Probab in Ergonomics, Spring 1977. 

* Restricted to pub cations ~n ish. 
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