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INTRODUCTION

The task of controlling a complex system usually involves handling an interface of some sort .
It is then only through such an interface that a human operator may receive information on
system status and -performance, and may exert his influence on the system's functioning .

More and more it is being acknowledged that the quality of the interface will determine the
overall human-machine system performance to a great extent . This level of quality however
cannot be assessed without knowing which person under which circumstances is supposed to
carry out which type of complex task using the interface .

At the design stage of such interfaces usually most of this vital information is yet not available
to the designers (or is ignored by them): typically only a detailed description of the technical
part of the system is used as the main basis for developing the interface between the final users
and the rest of the system . Assuming that the designers do not have the same extensive
practical experience in controlling the system as the end users do, serious problems will arise :
the designers then will have to guess about the actual information need of the end users . This
may lead to a serious misfit between the designer's conception of the end users task as
materialized in the interface design, and the actual information need as seen by the end users .
Such a misfit materializing at the interface level, between the designer's conception of the task
and the one held by the end users may be called an interface mismatch . This situation is
depicted in an "interface model" (see Figure 1) which will serve as a framework throughout
this paper.

The further away the designers are from information on practical operating experience, and the
less predictable the possible operating conditions are, the more serious the consequences of
such an interface mismatch may be .

It is therefore not surprising that more and more design methods involve some type of user
participation both as a "solution" for this problem, and to ensure user-acceptance of the
resulting interface.

,

In this paper we will discuss these issues using examples from operator tasks in process-
control rooms and from experiments in our laboratory . We will try to show that user participa-
tion in designing interfaces for some tasks or task conditions is a theoretically and practically
excellent method, but that it may lead to dangerous situations in other cases .
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Figure ] : Hierarchical model of the concept of "interface mismatch" in a man-interface-
machine system. The interface as a whole consists of 6 levels which may be
considered cognitive, behavioural or physical in nature . An initial mismatch may
occur at any of the 6 levels, and will then propagate downwards, materializing
finally at the physical level of VDU-displayed process information for instance .
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PROCESS CONTROL

Wickens (1984) distinguishes two basically different tasks for control-room operators : process
control and fault diagnosis .
In order to perform these tasks very different modes of reasoning are required, respectively
forward and backward reasoning .
Moreover these two tasks are likely to be embedded in very contrasting operating conditions .

Process control will usually take place under normal conditions, the main control task begin
process optimisation . Fault diagnosis however will only be necessary when normal process
control mechanisms or -actions, have failed, and when the main task as a result has shifted to
one of damage limitation: the safety and integrity of the plant will have to be ensured,
preferably without having to halt process operations, after which the required quantity and
quality levels of production have to be reached again as soon as possible .

SOME EXPERIENCES FROM CASE STUDIES

Some of the main problems in evaluating and (re-)designing interfaces in process-control
rooms which we encountered in a series of case studies may be interpreted using the model in
Figure 1 .

. On level 1 we find the observation that interfaces almost never are designed with the fault
diagnosis task in mind ; operators are assumed to be in the normal process-control mode
when using the interface . Whenever some new and serious disturbance occurs they are
therefore forced to rely on an interface designed for a basically different task and on vague
notions like "experience" or "intuitive understanding" . The validity of these vital notions
however becomes more and more doubtful because increasing process automation in fact
denies operators the opportunity to build up experiences with a variety of process
disturbances and corrective measures (Bainbridge, 1987) .

As a consequence for instance an often heard complaint by operators about VDU-based
interfaces is that they lack overview : the screens are cluttered with information which may
have some function in fine tuning the process for optimisation, but which also makes it very
hard for operators to separate the essential parameters for fault diagnosis and correction
from the rest of the information displayed (Van der Schaaf, 1989) .

. At level 2 of Figure 1 we find differences in mental models . Large differences exist some-
times between designers and users of the interface as a result of differences in theoretical
background and practical experience with process control . When asked for instance to indi-
cate the main groups within a complete process cycle, interface designers (usually engi-
neers) will closely follow the "Piping and Instrumentation Diagrams" which reflect the phy-
sical chemistry and control-engineering sciences as the basis for the design of the installa-
tion .
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Operators however may have different views of what belongs to what, based upon the
input-output relations and dynamics of the process parts as experienced during years of
controlling the actual process . They will often see the "Utilities" (like power generation,
cooling water systems, etc .) not as a separate main group in itself, but tend to associate parts
of these utilities with the parts of the production sections they are closely linked with .
One of the contributing factors for this difference in mental models is the fact that the exact
process reactions in such large-scale plants are often still not known precisely to the
engineers themselves!
We have witnessed "experiments" with a new type of katalyst the results of which were not
only very unpredictable to the chemical engineers involved but also quite unexplainable
afterwards .

Finally, in such a situation it is also not surprising that the operators' knowledge is far from
perfect sometimes. Usually the observed input-output relations may be "explained" by
several "intuitive" theories at the same time when only one of these views is correct in terms
of physical chemistry laws . Since within the same shift usually a common view of the
process is held this means that different shifts may actually disagree with each other how the
process functions on a detailed level .

. Differences in assumed operating conditions may exert their influence as high as level 3,
forcing the operators to use "inferior" but feasible, stress-resistant heuristics in stead of the
engineers' logically "optimal" problem-solving strategies . Under high time-pressure it is
usually better to select and execute a set of simple rules-of-thumb in time than to have
figured out an optimal solution when the time to implement this is not available anymore!

Sofar we have seen that the more cognitively interesting problems may be located at levels I to
3. Assuming that these levels contain the most important determining factors whether an inter-
face mismatch will occur, the results of any such mismatch will be made more and more visible
going down to levels 4, 5 and 6 . The question then becomes what we can do once the results
of a mismatch at a higher level lead to suboptimal operator performance related to the interface
at level 6.
In the next section we will describe at attempt to deal with this problem . A procedure for (re)
designing process control graphics on VDU's will be presented which is aimed at integrating
the real information need of control-room operators within the design process of such an
interface.

A USER-BASED PROCEDURE FOR (RE)DESIGNING PROCESS-
CONTROL GRAPHICS

Introduction and overview

For a number of years now our Ergonomics Research Section has been involved in several
major automation projects for the Dutch chemical process industries .
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The application of process-control computers was usually followed by the introduction in the
central control room of VDU interfaces in order to replace the conventional panel instrumen-
tation located along the walls .

As a result of an obvious interface mismatch the operators in a number of control rooms did not
receive the information they actually needed : both the grouping of pieces of process informa-
tion and the level of detail shown, as well as the way of graphical presentation were based on a
designer's idea of the operator task which did not concur with reality .
Thus operators were often faced with a type of information presentation which lacked the
necessary overview . During normal process conditions this would sometimes lead to
inefficiency in their monitoring task while the probability of costly mistakes increased
especially during start-up or disturbance situations .

Our approach distinguishes two different phases (see Van der Schaaf, 1989) : for each control
room first the General Procedure is applied to a representative sample of VDU graphics or
process parts . On the basis of these results this extensive General Procedure is then reduced to
a set of simple, straightforward Specific Guidelines which may be used by the operators them-
selves to (re)design the remaining VDU graphics.

The General Procedure

In the first phase the so-called General Procedure has four steps which are summarized in
Figure 2 .

The italic parts in Figure 2 already give some idea of the extensive user involvement on
which this General Procedure is based . We will now discuss the four steps separately,
focussing on the theme of user participation and illustrating this by referring to results of
actual applications .

Step 1 : user-defined grouping of process information
Although this step requires substantial time-investment by the operators and may seem rather
strange to them at first sight, it forms the basis of the following steps, and for each control
room it is only a one-time effort. The results should tell the researcher how the process as a
whole is seen by the every-day users from a practical control point of view. This may indeed
be different from the physical layout of the plant, or from a system-theoretical optimal control
model. We start by asking the operators whether they can subdivide the entire process into a
limited (say 3-8) number of main groups. Each main group must subsequently be divided into
subgroups, which coincide with the graphic displays to be (re)designed . Also the most
"logical" order of main groups and of subgroups must be established : usually this comes down
to following the (main) product stream from beginning till end . These orders will later
determine the optimal "paging" sequence between VDU pages at the same level .

6



Step I

Step 2

Step 3

Step 4

Goal Method Results

functional grouping (user- . structured discussions description of total process
defined functional relation- within shifts consisting of main groups,
ships between process . consensus seeking between each containing many
parts) shifts subgroups

optimal "paging"
sequences of main groups

fand o subgroups
process information needed
for the purpose of over-
view :
- numerical information . priority ratings by ope- . relative necessity of each

rators and by process case of dynamic infor-
engineer mation and its required

- graphical information . questionnaire for operators precision
on screen lay-out, . specification for graphical
colour coding, abbrevia- display of structural infor-
tions, etc. mation (process schemes)

integration of results . guidelines from step 2 . prototype of VDU graphic
from steps I and 2 (e.g. spatial separation of and its configuration on the

dynamic and structural process control system
process information)

evaluation, after a mini- . questionnaire for operators . final version of VDU
mum period of experience . performance tests by ope- graphic
with the prototype rators (search-, compari-
graphic son- and interpretation

tasks) with original and
prototype interfaces

Figure 2 : A summary of the General Procedure (Van der Schaaf, 1989) .

As each shift of operators usually forms a coherent team, we put these questions to the whole
shift at the same time, aiming at a group answer instead of individual views . Afterwards the
results of all shifts are compared to each other and, if necessary, a compromise is made which
is again discussed in every shift. After acceptance by every shift these functional relationships
between process parts at all levels are formally fixed. An interesting eye opener for most
process engineers and managers is to repeat this step with the "designers" and other staff
members, and then compare their view(s) of the process with the way it is actually run by the
operators .

Step 2: determining the information needed for an overview
This step actually has two parts : first the numerical information need must be established, and
then the graphical information need . In other words, only after the contents of the graphic is
set, should we worry about the best way to depict this on the VDU .
All control loops and their parameters (process value, set point, mode, output signal, etc .)
belonging to a single (sub) group are presented to the operators, who will have to judge each of
these on a three point scale : "necessary for an overview" ; "helpful but dispensable"; "super-
fluous or redundant" .
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Usually only the process information rated in the first of these categories by a majority of
operators is retained ; all other information is radically dropped from the graphic (of course it
will still be available on a lower level in the display hierarchy : the so-called detail displays ;
however it does not belong in graphics which are meant to present an overview) .
Parallel to the rating procedure operators have to indicate the required precision of the control
loop information they have put in the first category : the number of digits displayed after the
decimal point for instance will have to reflect not only the reliability of the sensor but also the
precision required from a practical control point of view . As a check for a proper understanding
of process dynamics by the operators we also put these questions to process engineers and
safety staff (for some pieces of information their presentation on the interface may even be
required by law!) .

A questionnaire is used to measure operator preference for a number of key dimensions of
graphical presentation of information : screen layout (e.g. product stream from left to right?),
colour coding (e .g. same coding of pipes as in the plant outside?), abbreviations of process
units, etc. are amongst these topics .
A matter of the highest importance is the relationship between the symbolic drawings of pro-
cess parts and their connections on the screen, and the physical reality of the plant outside the
control room: high level, experienced operators usually do not object to a rather abstract,
simplified view of the plant, while lower qualified colleagues may prefer to see an almost exact
copy of the technical drawings (Piping and Instrumentation Diagrams) .
In the former case the layout of the graphic is much more flexible, leading to simpler VDU
"pictures" which usually are judged to be better suited for overview purposes . A rather low
level operator population in a plant may however run into trouble with such an abstraction,
because they will constantly need the links to the "real world" of the plant, at the expense of
more heavily "crowded" VDU graphics.

Step 3 : combining all results sofar in a working prototype graphic
Basically all the pieces of information to design a prototype graphic have been gathered now ; in
this third step they will have to be combined to form a real prototype graphic . Of course this
will involve making compromises between several objectives. A basic idea which has allowed
us to make these compromises in an acceptable way sofar is the design principle of partially
separating dynamic information from structural information : this means that we are not filling a
graphical process scheme with a lot of numbers referring to dynamic process values etc ., but
tend to separate these spatially (see Figure 3) .
In this way "our" graphics are not unlike the old panel instrumentation layout : a graphical
structure (process scheme) at the top half of the VDU page, and meter-like numerical values at
the bottom or at the side .
For most populations of operators this "separation" has worked well (though not for all),
because it keeps the process scheme "clear" of fluctuating, distracting information, and also
because much more detailed dynamic information may be shown this way .
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The disadvantage of breaking the link between process scheme and process values this way
does not bother (experienced) operators very much because they will be able to point out by
heart the exact "location" of the dynamic information within the process scheme anyway .

references
~ to associated graphics

mainly
structural
process
schemes

dynamic
information

Figure 3 : Two simplified examples of the design principle of spatial separation of dynamic
and structural information .

During a few days operators will have to get experience with the new prototypes which must
be implemented parallel to the former interface . Up to now we have found it necessary to force
operators into using the unfamiliar prototype interface by putting the former counterparts on a
"side-track" in the VDU system, temporarily uncoupling this part of the old interface from the
actual process.

Step 4: evaluation of prototype graphics
The evaluation is based on 3 convergent methods :
1 . a checklist of "guidelines" from steps 2 and 3 is applied to the prototype graphic in order to

describe the priorities and compromises between them . For instance operators usually
indicate that crossing lines in the process scheme should be avoided, that the relative size of
components should be maintained, etc .

2 . a questionnaire aimed at measuring the subjective preferences of operators for the original
graphics and the prototypes . This involves both overall judgments and the comparison on
the same dimensions as in step 2 (colour coding, relationship with reality, etc .) .

3 . a set of basic interactive performance tests by the operators, first with the original graphics
(tested before step 3), and later with the prototype interface after at least a few days expe-
rience. These tests can be executed without actually disturbing the process because they
involve searching for certain information, comparison of information on the same VDU
page or on different pages, and interpretation tasks .

After perhaps some slight corrections based on evaluation comments by operators the proto-
types are made final, replacing the original graphics permanently .
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The results sofar have been quite favorable (see Van der Schaaf, 1989, for more details) : they
show that the General Procedure has succeeded in producing graphics which show superior
operator-performance very soon after their introduction and that these new graphics are also
fully accepted by the operators as such .

From General Procedure to Specific Guidelines

It will be clear by now that application of the General Procedure is a time-consuming activity .
Therefore in each control room only a small but representative subset of the original interface
graphics will be (re)designed according to the General Procedure . In the process of doing so
many controlroomspecific invariants can be discovered, which may be used to create a
simplified set of Specific Guidelines . These simple guidelines then enable operators to
redesign the remainder of the interface themselves .
Step 1 and the questionnaire from step 2 are one-time activities which do not need to be
repeated . The priority ratings from step 2 also generate many invariants ; in one plant for
instance it appeared that operators almost always needed the actual process value and the set
point, but that the mode was needed only once in a while: it was decided then not to ask for the
need of the first two parameters anymore, but to have ratings only for the mode .

In this way the complexity of the General Procedure can be reduced to a large degree without
sacrificing too much quality in these do-it-yourself redesigned graphics . The time has come
then to turn the rest of the design activities over to the users entirely .

Having described this redesign procedure in the above sections we will now turn to an inter-
pretation of the different procedural steps mentioned in Figure 2 by referring to certain interface
levels as shown in Figure 1 .

DISCUSSION OF THE (RE)DESIGN PROCEDURE

One might say that the general approach of this procedure is to tap operator information needs
at the lower levels of Figure 1, that is at levels 4 to 6 . The assumption here is that operators
have these information needs "available" as a relatively stable set of verbalisable notions about
how to control the process in a successful way.
In other words they are assumed to know what information they need in general (level 4), how
they would prefer to act in order to get this information (level 5), and in what form they would
finally like to see the resulting graphical and numerical information depicted on the VDU
screens (level 6) . They are not necessarily assumed to be able to explain why they need this
information etc .; in other words, levels 1 to 3 are left out on purpose during the application of
this procedure .
Only during step 1 (which aims at eliciting userdefined functional relationships between
process parts) elements of interface level 2 come into the picture. The resulting functional
grouping of process information may be seen as a very coarse description of the structural part
(main groups and subgroups) of the operators' mental model of the process .
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Step 2 very clearly aims at levels 4 and 6, depending on the level of detail with which the
required information is asked for by the investigator. Step 3 deals exclusively with the physical
prototype graphic (level 6). Step 4 focusses mainly on the evaluation of this prototype (level
6), but also somewhat on level 4 during the questionnaire on more general aspects like the
usefulness of colour coding, etc .

If we take all evaluation results from the first three case studies together we have the following
data :
1 . the favorable results from step 4 (questionnaires and performance tests on the original and

on the redesigned graphics),
2 . the fact that usually only very minor details in the prototypes had to be changed for the final

version of the graphics,
3 . the fact that in the one plant sofar in which the task of redesigning the remainder of the

graphics was transferred from the engineering department to the operators, this transfer has
led to good results ; this means that the Specific Guidelines are probably indeed suitable for
their purpose, and

4 . the fact that a follow-up questionnaire in the same plant after almost two years confirmed
the prior favorable evaluation results of step 4 .

A general conclusion then might be that for process control activities during normal process
conditions this procedure already gives satisfactory results using only the lower interface levels
of the model in Figure 1 .

At this point it is important to remember the distinction made by Wickens (1984) between
(normal) process control and fault diagnosis as the two main tasks of a control room operator .
Based on the idea that these two tasks would imply very different information needs on the part
of the operators we had originally planned to use this procedure to arrive at different versions
of the same interface for process control and for fault diagnosis . This idea was very much
supported by many (informal) observations (level 5 of Figure 1) of operator behaviour in
general and their use of interfaces more specifically, during severe upsets, start-ups and shut-
downs as being very different from their (interface-related) behaviour during normal, quiet
process conditions .

In the following section we will show how this very same procedure failed completely when
aimed at measuring fault-diagnosis information needs, and how we were forced to tap higher
cognitive levels of the interface model in order to say some sensible things about designing
interfaces for fault localisation tasks and associated decision support systems .

INTERFACE GUIDELINES FOR FAULT DIAGNOSIS TASKS

During the first two case studies steps I and 2 of the General Procedure were in fact carried out
twice: once for normal process situations and once for abnormal conditions like severe
disturbances, start-ups and shut-downs .
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We had hoped that the answers from these experienced and highly motivated operators would
reflect the apparently huge differences in interface-related behaviour (level 5) between these
two situations as we had observed them .
"Unfortunately" we found practically identical ratings of information need by the operators
under both conditions . This contradicted not only our own informal observations but also the
unanimous operators' remarks on the fundamental differences between "predicting what will
happen" for normal process control and "figuring out what the root cause of the present abnor-
mal situation is" during fault diagnosis .

Holding on to the assumption that adequate measures at levels 1 to 3 should yield different
results for both types of process tasks or conditions it followed that
1 . the procedure was not a valid measuring instrument in the case of fault diagnosis, probably

because it asked for information which wasn't easily verbalisable or which wasn't present
in the operator's knowledge base at all because of the rare nature of these rather unique
events .
There may be an analogous situation here as with modem theories on the analysis of think-
aloud protocols : the results of only certain cognitive processes (like those residing in
working memory) may be reportable in a reliable and valid way (see Ericsson and Simon,
1984; Brinkman, 1990) .

2 . We should take an entirely different approach if we wanted to adapt the interfaces of control
systems to the users' real information need during abnormal, stressful situations : we should
not aim at very specific, well-defined disturbances etc . because the really dangerous ones
tend to be more and more bizar, unexpected, unthinkable (Bainbridge, 1987) . A more
practical reason would be that the same questions and ratings on information needs would
have to be repeated for each and every type of disturbance .
Instead we should try first to uncover more general, stable information processing charac-
teristics (such as problem solving strategies), then deduce from these some general aspects
of information requirements and finally transform these into guidelines for interfaces under
abnormal situations .

As a result we have set up an experimental program which aims at the more general, higher
levels of the interface model, mainly at level 3 . We try to get more insight into the acquired,
intuitive strategies and heuristics for fault diagnosis (see Note 1). Also it uses methods which
do not depend upon verbalisability of the knowledge base but on observable actions .

Starting from such an insight at level 3 we should then follow the levels of the interface model
downwards and indicate in what way an interface designer might support certain operator
strategies and heuristics for fault diagnosis .

Note 1 : In our view very little still is known about the "natural", intuitive operator strategies
for fault diagnosis . Of course several models of (diagnostic) process control beha-
viour have been proposed and some general facts on heuristics and biases have been
established in the literature . Due to their lack of specificity however they tend to loose
their relevance when designing an interface to be used in the complex world of a
control room during an upset .
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THE SUPPORT OF STRATEGIES IN AN ABSTRACT FAULT
LOCALISATION TASK

The points raised above will be illustrated by discussing several general aspects of a research
programme on the identification of strategies and on the development of effective DSSs for
fault localisation in an abstract diagnosis task (see Brinkman, 1990, and Van der Schaaf and
Brinkman, 1990, for more details). The goals of this research may be summarized in the
following questions :

1 . Which strategies are used to solve the task, both by student subjects and by experienced
operators?

2 . Are these strategies stable ; that is, do they change with experience, or are they sensitive to
specific training? Are there long-lasting individual differences?

3 . Is there a relationship with task complexity, such that an increase in task complexity results
in a shift from using strategies with high mental load towards the application of more
simple ones?

strategy category

- working memory
load

- type of information
processing

- amount of system data
required for each inter-
mediate step

- number of inter-
mediate steps

- statistical efficiency
of data use

- time to complete each
intermediate step

A = "very easy" Z = "very difficult"

low high

simple complex

limited all

high low

low optimal

short long

Figure 4 : Demonstration of strategy variety in an abstract fault localisation task . The main
characteristics of the two most extreme categories are shown (see Brinkman,
1990) .

The effectiveness of a DSS is reflected in the following questions :
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4. What exactly is the effect of DSS? Is the same strategy used in a faster way and/or with less
execution errors? Or is there a switch to a more effective, but cognitively more taxing
strategy when using a DSS which reduces mental workload?

5. Do subjects, when faced with a variety of DSS alternatives, make a conscious or intuitive
choice for a type of DSS which matches their preferred strategy? And vice-versa : is the
choice of a DSS type then an indication of a certain diagnostic strategy?

The task, originally developed by Rouse (1978), has been adapted by Brinkman (1990) and
may be considered as an example of topographic search during fault localisation (Rasmussen,
1986). The main results of experiments in which both university students and experienced
operators performed this task (without any DSS) may be summarized as (Van der Schaaf and
Brinkman, 1990) :
- the task is quite difficult but can be managed somehow by almost every subject sofar,
- some form of DSS would be welcomed by most subjects,
- a large variety of strategies is found between and within subjects (see Figure 4), leading to
predictions that the interface must be matched to these strategies in order to support them
effectively (see Figure 5),

- the use of strategies is rather stable within subjects : there has been no real learning effect,
- an increase in task complexity generally leads to the use of cognitively less taxing strategies

(e.g. A instead of Z: see Figure 4),
- technical students (as likely future system designers!) show another pattern of results than
experienced operators do: the former use relatively more type Z strategies, but at the same
time the vast majority of subjects is in principle capable of using any strategy provided it is
manageable in terms of subjective mental load .

I

type II
of
DSS III

N

strategy category to be supported

A Z

++ 0

0 ++

+ +

0 0

Figure S: Design of experiments addressing research question no. 5 .
Four types of DSS have been developed which support one or both types of
strategies "very well" (= ++), "somewhat" (= +), or "not at all" (= 0) .
Subjects using a certain strategy are tested on their ability to choose the best
matching DSS type for that strategy .
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If it turns out to be that operators cannot make a proper conscious or intuitive choice for
effective DS (see Figure 5), then the introduction of a DSS which is initially accepted by the
users is even more hazardous than having no DSS at all : the presence of such a"sophisticated"
tool in the control room will create a false sense of security with operators, staff and
management . During an actual upset this may lead to a later detection of any DSS-interface
mismatch; operators will perhaps have been led to false conclusions in the meantime, thereby
making recovery more costly or even impossible .

FINAL CONCLUSIONS

Many differences in methods for interface design and their practical results may be understood
better using an interface-levels model like the one in Figure 1 . The designers should start out
by investigating whether any users with process experience are available to assist in the
development of their future interface .
The second vital question is whether these users may be expected to be able to verbalize their
actual information needs for all of the tasks involved under allof the working conditions .

As this usually will not be the case a variety of direct methods (working at the lower interface
levels) and indirect methods (aiming at the more cognitive, higher levels) will be necessary to
arrive at a truly effective and efficient interface .

REFERENCES

Bainbridge, L . (1987) . Ironies of automation . In: Rasmussen, J ., Duncan, K. & Leplat, J .
(Eds .), 271-283 .

Brinkman, J.A. (1990) . Do Verbal Data Speak For Themselves? Ph.D .-thesis, Eindhoven Uni-
versity of Technology .

Ericsson, K .A . & Simon, H.A . (1984) . Protocol analysis: Verbal reports as data . M.I .T .
Press, Cambridge, Massachusetts.

Rasmussen, J . (1986) . Information processing and human-machine interaction : an approach
to cognitive engineering . Elsevier, Amsterdam .

Rasmussen, J ., Duncan, K. & Leplat, J. (Eds.) (1987) . New Technology and Human Error.
Wiley, Chichester .

Rouse, R.B. (1978). Human problem solving performance in a fault diagnosis task . IEEE
Transactions on Systems, Man and Cybernetics, 8, 258-271 .

Salvendy, G . & Smith, M .J. (Eds .) (1989) . Designing and using human-computer interfaces
and knowledge based systems . Elsevier, Amsterdam .

Schaaf, T.W. van der (1989) . Redesigning and evaluating graphics for process control . In :
Salvendy, G . and Smith, M .J . (Eds.), 263-270 .

Schaaf, T.W. van der & Brinkman, J .A. (1990) . Strategies in an abstract fault diagnosis task :
a comparison of students and operators . Research report, Eindhoven University of
Technology .

Wickens, C.D. (1984) . Engineering psychology and human performance . Merrill, Columbus,
Ohio.

15



EINDHOVEN UNIVERSITY OF TECHNOLOGY
DEPARTMENT OF INDUSTRIAL ENGINEERING AND MANAGEMENT SCIENCE
RESEARCH REPORTS (EUT-Reports) .

EUT-reports can be obtained, as long as stock permits, by writing to
Eindhoven University of Technology, Library of Industrial Engineering
and Management Science, P .O . Box 513, 5600 MB Eindhoven, Netherlands .
The cost per delivery are HFL 3,50 plus HFL 1,50 per EUT-report .
Only payments by Eurocheque will be accepted .

20 LATEST EUT-REPORTS

EUT/BDK/44 Afzetfinanciering S .G . Santema
EUT/BDK/43 Het gebruik van natte (industriële) bijproducten in de

varkenshouderij ; Een verkenning van de Nederlandse situatie
Mat . L.M. Stoop

EUT/BDK/42 An integral approach to safety management T .W . van der Schaaf
EUT/BDK/41 De produktie van varkensvlees ; Een integrale ketenbenadering

Deelrapport 1 : Enkele modellen voor de varkenshouderij
A .J .D . Lambert

EUT/BDK/40 Informatievoorziening ten behoeve van klantenorder-acceptatie ;
een eerste verkenning F .J . Faszbender

EUT/BDK/39 A bibliography of the classical sociotechnical systems paradigm
P .M. van Eijnatten

EUT/BDK/38 Meten van kwaliteit van Nederlandse instrumentatie op basis van
ontwerpgerichte toepassingsaspekten F .M. van Eijnatten

EUT/BDK/37 De toepassing van vaardigheden bij de specificatie van het
bewerkingsvoorschrift D .R. Muntslag

EUT/BDK/36 Selection of Software Cost Estimation Packages
P.J . Heemstra, M .J.I .M . van Genuchten, R.J . Kusters

EUT/BDK/35 Zoekboek Arbeidssysteemstructurering : een overzicht van
criteria voor autonome groepen P .J .M . Berger,
R.E .F. van den Heuvel, M .H .M . Rietrae, P .G .M. Simons, onder
redactie van F.M . van Eijnatten

EUT/BDK/34 Organisatie van produktinnovatieprocessen in middelgrote
ondernemingen; een verslag van zes case-studies in de
kunststofindustrie H .C . van der Hek-de Keyser,
C.C . Krijger

EUT/BDK/33 Innovatie gedefinieerd ; een analyse en een voorstel
B.J .G. van der Kooij

EUT/BDK/32 A conceptual Framework for Software Cost Control and Estimation
F .J . Heemstra, R .J. Kusters

EUT/BDK/31 Het verband tussen afval-arme methoden en energiegebruik bij de
winning van minerale grondstoffen A .J .D. Lambert,
J.C .M . Marijnissen

EUT/BDK/30 Model van een trommeldroger F .P .M . Spruit
EUT/BDK/29 Continuous casting in the copper industry P .F . Cuypers
EUT/BDK/28 Het begroten van softwareprojecten : meten is weten!

P .J . Heemstra
EUT/BDK/27 Economische prestatiemeting van industriële aktiviteiten

H.J .M. van der Veeken
EUT/BDK/26 Prestatiebeoordeling in zeven organisaties

H .F .J .M . van Tuijl, P .M. Janssen, J .A . Algera
EUT/BDK/25 De organisatie van de verplegingsdienst in algemene

ziekenhuizen II Vooronderzoek R.J .M . Mercx


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18

