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INTRODUCTION

There.is no doubt that computers have already changed work and will continue
to do so in the future. According to some estimates, 40-50 per cent of all American
workers will deal daily with a computer by the end of this century (Giuliano, 1982).
The following technological trends are likely to.appear in the future (see, for example,
Otway and Peltu, 1983): N

—stronger interconnectedness of computers;
—a proliferation of software so that many different programs are at our disposal
and many will have to be learned;

. —an increasing integration of software so that a writer can interchange between,

for example, graphics, (business-)calculations, usmg a database, putting a thought
on a notepad, and writing a text;

—an integration of traditional uses of the computer and the telephone

(teleconferencmg, electronic mail and mailbox, voice-mail, telecopying, etc.);

" —an increasing use of decision support systems (e.g. in the work of the insurance

sales person);
—the use of huge databases that are integrated into daily work; additionally, filing
will be done electronically.

In spite of the obvious importance of this new technology, there is curiously little
interest among industrial and organizational psychologists in dealing with the topic
of human-computer interaction at the workplace; there are very few contributions
on this topic in the major journals (e.g. Fournal of Applied Psychology). On the other .
hand, there is actually ample literature on psychological issues in human-computer
interaction as documented in two literature guides (Rddiger, 1985; Williams and
Burch, 1985) but this research was mainly done within the frameworks of human
factors and cognitive science (as in the three journals International Journal of Man-
Machine Studies, Behavior and Information Technology, and Human-Computer
Interaction). In addition, there has been a score of edited volumes on this topic, e.g.
Balzert, 1983; Bennett, Case, Saudelin, and Smith, 1984; Borman and Curtis, 1985;



Bullinger, 1985; Cakir, 1983; Green, Payne, and Veer, 1983; Janda, 1983; Mantei and
Orbeton, 1986; Norman and Draper, 1986; Schauer and Tauber, 1984; Shackel, 1985a;
Thomas and Schneider, 1984; Veer, Tauber, Green, and Gorny, 1984; also, several
textbooks have appeared, e.g. Monk, 1984; Nickerson, 1986; Shneiderman, 1980).

The emphasis here will be on computer-related work in the office (of course,
human-computer issues cannot be divided neatly into those that relate to the office
and those that do not). I have concentrated on European and American research
that was published after 1980. Industrial and organizational psychology is usually
interested in the study of organizational problems, long- and short-term difficulties
for the workers (stress), how one can improve productivity, individual differences,
and in recommendations for job design. Therefore, these are the topics of this review:
What are the organizational conditions of human-computer interaction? What are
potential stress problems? How can the human-computer interaction be optimized
(in terms of improving the system and training the worker)? The question of
individual differences: how can industrial psychologists influence the design process
and what kind of guidelines are .useful? Additionally, some general (‘big’)
controversies that pervade different issues of human-computer interaction will be
elaborated. : '

Actually, the emphasis on office automation would also call for reviewing the
literature on combining microprocessors with the telephone (telecommunication),
but this could not have been done within the space constraints of this chapter. This
is a pity because telecommunication will probably change society and-the way we
live and work more than the computer alone. The following topics were also 7ot
pursued although they may be touched upon at times: hardware ergonomics (cf.
Cakir, Hart, and Stewart, 1979; Monk, 1984; Nickerson, 1986; Spinas, Troy, and
Ulich, 1983), robotics, CAD/CAM systems (computer-aided design, computer-aided
manufacturing) or computer-integrated manufacturing, management information
systems, and psychological issues in programming (Schauer and Tauber, 1983;
Weinberg, 1971). Expert systems (Hayes-Roth, Waterman, and Lenat, 1983) were
also not considered except as a tool in supporting human-computer interaction.

THE ‘BIG’ CONTROVERSIES IN
= HUMAN-COMPUTER INTERACTION

There are essentially three ‘big’, partly overlapping controversies: (1) low-level vs.

high-level approaches; (2) human control vs. machine control at work; and (3)

computer as a normal (albeit complicated) tool vs. as something new. I call these
controversies ‘big’ because they pervade several different specific areas of research
and application and because they stem from deep philosophical and value differences.

Level-of-Analysis Controversy

The level-of-analysis-controversy is curiously reminiscent of the debate on a molecular
vs. molar learning theory between ‘Hull and Tolman about 50 years ago. The
molecular school of thought argues for an analysis of the lowest level, combining
this with precise operational measurement, and mathematical laws. For example,

" Card, Moran, and Newell (1983) and Newell and Card (1985) argue for this kind of

low-level analysis that ‘there is a small number of information-processing operators,
that the user’s behavior is describable as a sequence of these, and that the time the
user requires to act is the sum of the times of the individual operators’ (Card ez
al., 1983, p. 139). They describe the human as consisting of long-term memory,
working memory (i.e. visual image store and auditory image store), the perceptual
processor, the cognitive processor, and the motor processor. Each processor needs
a certain amount of time (specified in milliseconds); e.g. the cognitive processor
needs about 70 msec. So, for example, the time a person needs for pressing ‘yes’
when two symbols are identical and ‘no’ when they are not is calculated to be
310 msec after the presentation of the second symbol: 1 perceptual processor for.
perceiving the second symbol (100 msec)+ 1 cognitive processor for matching first
and second symbol (70 msec)+ 1 cognitive processor for deciding what to answer
(70 msec)+1 motor processor (70msec). Their keystroke model is similarly
elementaristic; it proposes, for example, that in order to evaluate a move on a word
processor, the number of keystrokes should be counted (and when designing it,
minimized). Card er al.’s argument for their approach seems to be threefold: (1)
an approximate quantification is better than none; (2) only a hard science approach

' (providing quantified laws) will be accepted by designers; and (3) this approach allows

for an analysis of design alternatives before they are actually designed.

An alternative school of thought emphasizes molar, high-level approaches (Norman,
1986b; Carroll, 1986; Greif, 1986a). This is well exemplified in the volume edited
by Norman and Draper (1986). Although the editors pursue a pluralistic approach,
the contributions are usually high-level ideas, metaphors (e.g. design in architecture
and design of interfaces), and paradigms rather than detailed, ready-to-use,
quantifiable, low-level concepts. An example is Norman’s (1986a) chapter on
cognitive engineering. He specifies an action theory framework consisting of goals,
intentions, action specifications, execution, perception, interpretation, and evaluation.

- These are high-level concepts that cannot be measured in milliseconds. He then

goes on to contrast the designer’s model with the user’s model, emphasizing the
differences and the fact that the user cannot directly recognize the designer’s model,

_ but can only work via the system’s image. Clearly, this approach lacks the detail

of Card et al.’s but may be more applicable to workplace issues.

Human Control vs. Machine Control

The second ‘big’ controversy —human control vs. machine control —is not yet out
in the open but looms behind many issues (Boddy and Buchanan, 1982; Brown,
1986). It is related to the question of which kind of division of functions between
human and machine should be aimed for (Price, 1985). Personal control can be
defined as having an impact on the conditions and on one’s activities in
correspondence with some higher-order goal. (Frese, 1984b, in press, a). This implies
that people are able to decide on their goal, their plans to reach the goal, the use
of feedback, and the conditions under which they work. These decisions may refer
to the sequence of how one does things, the timeframe (how quickly and when)
and the content of the goals, plans, use of feedback, and conditions (Frese, in press, a).
There are several factors which can be conceptualized to be prerequisites of a sense
of control although they are not identical to control: (1) transparency of the system



(Maass, 1983; Brown, 1986) (however, a system may be transparent but not
controllable), (2) predictability of the system (however, it may be predictable without
being controllable), (3) functionality of the system, i.e. it is possible to achieve one’s
goals with the tools at hand (however, functionality does not assure controllability),
- and (4) skills concerned with how-to develop plans and put them into action (however,
one may be skillful but the system still does not allow decision points).

A very clear statement on the controversy between human control and machine
control for the blue-collar sector has been made by Kern and Schumann (1984).
In their sociological study of managing new technology in the machine-producing
sector, they distinguished two production ‘philosophies’: a non-ideological-empirical
approach to rationalization and a narrow-minded, technological approach. The latter
implies that the technology is driven to its limits so as to automatize as completely as
possible. The rest that cannot (yet) be done by technical means or is uneconomical to

do with machines is left to humans (e.g. putting the raw material into the computer-.

driven lathe). The former approach takes into consideration the knowledge of the
skilled workers and tries to teach the necessary skills to master the computer-driven
lathe, e.g. teaching programming or working together with the programmers on
the problems at hand. There is evidence that the non-ideological position is more
functional, at least for reaching production goals in Western societies (cf. also Corbett,
1985).

One area in which there is a particularly lively debate on the issue of control is
piloting airplanes. There is a call for actually reducing the achieved level of
automation because this level might have led to a “sterile cockpit’ with ensuing
accidents (Sundermeyer and Haack-Vérsmann, 1983; Wiener, 1985; Wohl, 1982).
This is reminiscent of the old concept in industrial psychology where the human
being should be an ‘active operator’ vis-d-vis automated systems (Hacker, 1978).

A similar reasoning applies even to expert systems (e.g. Coombs and Alty, 1984).
Traditional conceptualizations of expert systems (e.g. Feigenbaum and McCorduck,
1984) have emphasized that expert systems are better than experts and should replace
them or at least tell them what to do next. In contrast to this is the position that
expert systems should give advice to the expert (e.g. via large databases), but that
the expert should always be in control. One reason for the latter position lies in
the fact that experts at the workplace typically have legal and moral responsibilities;
only human beings can take responsibility (Fitter and Sime, 1980) and only they

will care in a moral sense about what happens as a result of their expertise (Sabini_

and Silver, 1985). While the standard argument is that the responsibility for an expert
system may lie with the programmer, complicated systems are usually not transparent
even for the programmer. Fitter and Sime quote cases in which automation engineers
who had designed the system had to experiment with it to find out how the system

worked. When expert systems become truly able to learn, the issue of respon51b1hty.

will become hopelessly muddled.

The issue of control comes up in the use of computers in the office as Well (Kaye
and Sutton, 1985). Gregory and Nussbaum (1982) maintain in their pessimistic review
that the increasing introduction of 'cc\)mputers will lead to more machine control,
tighter (machine-) supervision, social isolation and little freedom of movement, as
- well as the deskilling of machine operators. To support their position they quote

.. published IBM projections and Glenn and Feldberg’s (1977) paper. A good example

of attempting to use the computer to streamline social contact in the office, and
thus reduce control is the suggestion by Cashman (1985) that the ‘coordinator tool’
should allow social contact only when this is in line with the official tasks that a
person is supposed to do. Bjorn-Andersen (1983) found that there was a higher degree
of structure, preprogramming, and formalization in computerized banks leading to
a reduction in choices for the individual worker. Buchanan and Boddy (1982) found
in their case study of word processing that management control became tighter after
the introduction of computers. However, all of them agree that this is a management
decision and not a necessary consequence of using computers (also Ellis, 1984;
Schardt and Knepel, 1981; Spinas, in press). Similarly, Cornelius (1985) maintains
that it is an organizational choice whether there is more machine or human control
and he paints several scenarios for a bank office in 1990 which differ from one another

" in control and skill utilization. Pava (1983) concurs with this line of argument and

describes how office work design is usually organized according to two rationality
criteria: (1) streamlining office work in some linear fashion and (2) optimizing discrete
components of office work (e.g. typing and telephoning) by introducing new machines
and/or new organizational approaches. He points out several problems with these
approaches and advocates a sociotechnical design concept for the office in which
control is enhanced.

Thus, the issue of control comes up again and again in organizational design of
computer work, as well as in the use of computers as tools and in usability guidelines
(cf Benbasat and Wand, 1984; DIN 66234, 1984; Frese, in press, a). Controllability
is important because it has an impact on the functionality, the usability, and the
user friendliness of the system. The question of control may, however, also be
dependent on the user. Novices (or infrequent users) of a specific system may at
first need some guidance from the system, while experts want control over the system
and can make use of it (Benbasat and Wand, 1984; Shneiderman, 1980).

o Computers as Tools?

The last ‘big’ controversy—the computer as a normal tool or as something new

“that has a larger impact on our being, thinking, and feeling than earlier

technologxes—has been debated philosophically, starting with Turing’s (1950) test
of artificial intelligence and leading to Turkle’s (1984) discussion of the computer
being like a ‘second self>. Human factor workers side more with conceptualizing
computers as just another (albeit quite complicated and powerful) tool, while scientists
in the areas of artificial intelligence and some social critics are in the other camp.
Weizenbaum (1976) warned that increased computer use will lead to a reduction
in qualititive reasoning because it will be replaced by thinking mainly about problems
that can be easily quantified. Taking this critique one step further, Volpert (1985)
argues that the employment of computers and particularly expert systems at the
workplace will lead to intellectual and creative deficits, to a Taylorization of expert
work, and to a reduction of social relationships; and that computers offer an easy
dream world to those individuals who have problems finding soc1a1 and responsible
contacts with others.

This view is to be contrasted with the concept that computers are tools that can
have positive or negative consequences depending upon the organizational conditions



under which they are used and the sophistication of hardware and software design
(e g. Dzida, Hoffmann, and Valder, 1984; Ulich and Troy, 1986). This position
is implied in the work of most human factor researchers and industrial and
organizational psychologists since recommendations, guidelines, better design,
improved functionality and usability, and finally, higher user friendliness should
decrease negative effects and make computers more usable in working on one’s tasks.

ORGANIZATIONAL FRAMEWORK AND CONSEQUENCES
OF COMPUTER USE

Acceptance of Computer Use in the Organization

In many European countries, particularly in West Germany, computers were looked
upon with some suspicion by the general public and by the blue- and white-collar
workers (Lange, 1984; v. Rosenstiel, 1984). Therefore, attitudes to and acceptance
of computer technology received some attention (cf. Helmreich, 1985; Reichwald,
undated). The following factors seem to increase acceptance:

—prior knowledge of computers (Frese, 1984a; Hiltz, 1983);

— participation when introducing new technology at the workplace (see also next
chapter);

—good training (this is so important that we deal with it in a separate section);

—good hardware ergonomics (Radl, undated);

— concrete working conditions after introduction of computers, particularly control

at work (Eller, 1984), job complexity (Miiller-Bsling, 1984), and low stress levels
(e.g. small response time, machine does not break down often; Muller -Béling,
1984);
—mno loss of qualifications with introduction of computers (Weltz, undated);
—anticipation of positive personal and social consequences of computer use, e.g.

better working conditions, personal advancement (Frese, 1984a). e

Introducing Computers at the Workplace

There is.no doubt that the process by which management introduces the computer at
the workplace is crucial to whether the computer system will be accepted or whether
there will be resistance to change. Resistance to change seldom manifests itself in open
revolt (e.g. strikes, sabotage). More often there are indirect measures of resistance, e. g.
reduction of output, keeping information to oneself, working strictly according to work
rules, and not using the new system (Baroudi, Olson, and Ives, 1986; Hirschheim,
'Land, and Smithson, 1985; Weltz, undated). The psychological theory of reactance
(W icklund, 1974) may best explain these phenomena. Reactance appears when freedom
is taken away and control is reduced. A further consequence of non-control is learned
helplessness (Seligman, 1975). Wortman and Brehm (1975) have argued that the first
| response to non-control is reactance, and that after a period of time in non-control
situations helplessness ensues. Since helplessness has cognitive, motivational, and
behavioral consequences, a helpless worker may not be able to learn to use a new

system, or may not be motivated to get to know it, and may stay passive—not in.
the sense of not working, but in the sense of trying to avoid the use of new technology. -

Ever since the publication of the classic paper by Coch and French (1948), the
standard answer of organizational psychologists to reduce the problem of reactance
and helplessness is participation in the process of introducing new technology. Even
though there is near unanimity among social scientists on the importance of
participation, this recommendation is often not heeded in practice (Gottschall,
Mickler, and Neubert, 1985; Spinas, in press; Sydow, 1984). Unfortunately, when
participation is tried, it is often employed too late and there is too little of it (Weltz

‘and Lullies, 1983). It is too late because the reactance frequently starts when the

very first steps are made by management: e.g. analysis of current situation or needs
assessment. At this point rumors and anxieties arise, as well as feelings that things
cannot be influenced any more because everything has already been decided (Weltz
and Lullies, 1983). Anxiety is usually high when workplace change is anticipated

" since old routines and old skills may become obsolete, the social situation may change

and consequently a loss of social status is feared, and finally, there is always the
threat of unemployment if this is not clearly and convincingly denied by management
(Frese and Wendel, in preparation). Older people, particularly, may be fearful about
whether they are still able to learn a completely new system. Thus, participation
has to start right after management begins to deliberate on technological changes,
even if it is not known at this point what the changes will look like. User participation
takes time and training and often the system is ordered before the users can effectively
participate (Eason, 1982).

There'is too little participation because the professional organizers of technological
change try to make a perfect plan that allows little end-user influence (Weltz,
undated). They do this because they are under pressure to produce ‘cost-effective
results’. These savings are often compared to unrealistic estimates by the companies
selling hardware and software. The fact that there is too little and too late preparation
leads to passive resistance. This in turn can force management to use more
authoritative measures: a vicious circle results.

Another problem is that end-users do not know enough about the technology
to be able to effectively participate. Weltz (undated) argues that there are two types
of experts, the system’s expert and the ‘usage’ expert. The ‘usage’ expert’s interest
in the system concerns only its tool aspect. The end-users are usually the ones
who have higher expertise in the usage aspect of the system because they know the
tasks and how to do them. Unfortunately, however, the system’s experts tend to
dominate the introductory process which may lead to non-optimal solutions from
a usage point of view. Thus, participation of end—users can also enhance the system’s
functionality.

. Therefore, the following steps in participation should be followed (see Briefs,
Ciborra, and Schneider, 1983, and Mumford, 1980, for case studies and Spinas,

‘Troy, and Ulich, 1983, for guidelines): : .

—People should be trained for participation.

—Participation should start at the point of needs assessment and feasibility
study (Johansen and Baker, 1984), e. g with a subjective activity analysis
(Ulich, 1981).

— A system should be installed on a trial basis so that it can be elaborated and
amended (Eason, 1982).



—Early information should be given; it should be understandable, i.e. it should be
concrete, related to the concrete tasks and work procedures —and not technically
oriented (Weltz, undated).

—There should be no perfect plan (Weltz, undated).

There are, of course, several problems related to participation:

— Who should be included in the participatory scheme (representatives, all end-users)?

—How can participation work when one system is introduced for several thousands
of employees?

—There may be overly high expectations associated with participation.

— The users do not know enough about the system to be really able to participate.

—The users are conservative and aim primarily to minimize all changes.

— Management allows only pseudo-participation without any real input from the
end-users.

< Consequences of Computer Use

There are good reviews on the consequences of computer use (e.g. Bjorn-Andersen
and Rasmussen, 1980; Kling, 1980; Iacono and Kling, in press). In our context,
three outcome variables are of particular interest: the impact of new technology (1)
on social relations, (2) on control and skill utilization, and (3) on the organization.

Impact on social relations

There are very few empirical studies on this issue. However, there is some evidence
for the existence of lower staff'and supervisor support in computerized office work
than in non-computerized work (Sauter et al., 1983). Volpert (1985) and Rosenstiel
(1984) argue that the introduction of computers results in increased isolation. One
reason for this may be that computer systems integrate filing, getting mformauon,
deciding, and communicating. This results in less moving around, less going to the
next room, etc.—all of which used to enhance informal social contacts (Salvendy,

1984; Weltz, 1982). This contrasts with informal reports that there are even stronger

social ties because the computer is a constant topic of discussion. White-collar workers

often do not work the whole day with computers but only some part of it (Ruch,
' 1986); thus, they share computers—a  welcome chance for social interaction.
_ Depending upon how the allocation of space, the division of work, and the social

situation are organized, positive or negative effects on social relations are possible.

However, a negative impact of computer Work on the intensity of soc1a1 relations
"is likely to happen in many organizations.

Impact on control at work and skills utilization

. There is some evidence that the introduction of computers may lead to an increase
in control at work and in skill u\lhzatlon in the blue-collar section (Kern and
Schumann, 1984; in contrast to' this, see Frese and Zapf, 1987) but that there

is a danger that employees’ control at the white-collar level will be decreased
(Buchanan and Boddy, 1982; Ellis, 1984; Hoos, 1960, 1983; Iacono and Kling,

in press; Mowshowitz, 1976; Rodiger, 1985; Sauter et al., 1983; Schardt and Knepel,
1981; Sydow er al, 1981; however, see in contrast Reichwald, 1983, and the
differentiated picture drawn by Gottschall er al., 1985). Note that the prevailing
tendency occurring in a particular organization is dependent upon how the work
is organized (Iacono and Kling, in press).

Impact on-the organization

Although it is not possible to generalize across dlfferent organizations or across
different countries, some trends can be ascertained. '
(1) Computers are usually introduced in an evolutionary fashion—step by step with
only a few changes taking place at each point in time (Pomfrett, Olphert, and Eason,

1985, p.847). All in all, there are fewer changes than one might assume (De

Brabander ez al., 1981; Frese and Zapf, 1987).

(2) Any introduction of computers into the organization has some implications for
the power. structure of the organization (Kling, 1980) since information is
redistributed and new avenues of information flow are produced. Those controlling
computer resources become more powerful (Bjorn-Andersen and Rasmussen, 1980).
Suggestions for or against certain systems are, therefore, often based on this power
issue rather than on purely functional grounds.

(3) The advent of large mainframes in the 1960s led to an increase in centralization _ -

(Spinas, 1984); but this tendency was reduced again with the use of personal
computers (Reichwald, 1983). Today, with the use of large databases and support
systems for specialists (e.g. in the banking and insurance industry), there may be
a tendency to recentralize. However, the meaning of centralization may become more
difficult to ascertain, because there are systems that increase both the decision latitude
for decentralized units .and the centralization of information that gives the
headquarters a great deal of knowledge on the day-to-day operations of the units
(Ellis, 1984).

(4) With the fluctuation of centralization, the power of computer departments in

organizations may undergo change as well.

(5) Earlier studies showed trends towards specialization when computers were
introduced (partly motivated by the costs of hardware) (Bjorn-Andersen ez al., 1979).
However, since hardware is becoming cheaper, this trend may be stopped and even
reversed (Bjorn-Andersen, 1985). There are cases in the banking and insurance
industry, for example, where the worker is responsible for all areas of insurance
(e.g. car, life, and house insurance). This was introduced to enhance rapport with

the customers (Gottschall ez al., 1985; Spinas, 1984).

(6) Recently, concern over invasion of privacy has become dominant—especially
in some European countries and particularly in the labor unions. Bjorn-Andersen

" and Rasmussen (1980) report a case of a French insurance company where all the

doors including the toilet door could only be opened by a plastic card being put
into some terminal. Thus, management could develop a profile of movement for
each person. After a strike, this project was cancelled. Computerized personnel
information systems can also be used to- quickly develop personal profiles of
individuals since, for example, the following data are available: trends in sickness
days, number of children at home, smoking and drinking (people often pay with a



computerized card in the company cafeteria), trends in average keystrokes per
day and which telephone numbers have been called how often. These data
can then be used for lay-offs and firing, putting people on half-day jobs or
realigning departments. The point is not so much that this information was not

available before the advent of personnel information systems, but that the scattered |
“data can now be more easily combined and cheaply collected and made accessible

to management.

Conclusion

There is overall agreement, with just a few dissenting voices, that the so-called
technological determinism (of the Blauner, 1964, variety) is wrong. There is
overwhelming evidence that there is a danger of Taylorization of office work with
the advent of computers. This could occur by bringing to the office the kind of
division of labor that is boring and tedious with planning of work being placed outside
of the working person’s control. This is typical of much of blue-collar work today
{Dieckhoff, Dieckhoff, and Roth, 1982). There is also evidence, however, that it
is possible to use alternative (often sociotechnical) job design methods and,
additionally, that it pays to proceed with a more holistic and humane approach (Kaye
and Sutton, 1985; Margulies and Zemanek, 1983; Pava, 1983; Ranney and Carder,
1984; Ruch, 1986; Spinas, 1984, 1986; Ulich, 1981; Walton and Vittori, 1983;
however, contradictory to this is Hedberg, 1980). Thus, it is not the technology
that determines the human consequences of computer use, but how computer use
is organized (Driscoll, 1982; Haider and Rohmert, 1983; Iacono and Kling, in press;
Ulich and Troy, 1986).

Empirically, depending upon the hierarchical position of a workér and whether
a worker has a data entry job, a data recall job, or a job involving an intensive dialogue
with the computer (Sydow, 1984), computer use has different impacts. At the lowest

level, the advent of computers created the keypunch operators who typically hold
a Tayloristic job par excellence. Further technological development will probably

reduce the number of workers in this area. At one level higher up, the introduction
of word processing may downgrade the working conditions for the secretaries if a
typing pool is introduced at the same time, but upgrade the typists’ jobs in an already

existing typing pool. At the level of specialists, decision-support systems can
sometimes lead to a polarization of skills (some are downgraded, doing routine work

" that is essentially prescribed by the system, and some are upgraded, doing the

complicated cases) or to upgrading of the job because of higher use of skills (Gottschall
et al., 1985). Job ‘enrichment can be easily achieved: at this level. Even at the low
managerial level, as long as there is high interdependency of the systems, task
constraints may develop (Bjorn-Andersen, Eason, and Robey, 1986) and ‘there may
also be tighter supervision (Wynne and Otway, 1983).

Thus, the general conclusion is that the i impact of the use of computer technology
is variable and depends on the type of jobs and, in the last analysis, on organizational
decisions. This has optimistic implications—in so far as improvements of the working
conditions are possible and can be achieved in the process of change, but it also
implies a high degree of responsibility for the organization to optimize the adaptatmn
of the technology to human needs.

STRESS

The question of whether stress at work has increased after introducing computers
or decreased must be answered very similarly to the issue of organizational effects
of modern technology: it depends. Thus, there are studies on people working with
computers which show higher stress-effects (Frese, Saupe, and Semmer, 1981;
Johnansson and Aronsson, 1984; Schardt and Knepel, 1981), lower stress-effects
(Kalimo and Leppinen, 1985), and equivocal outcomes (Frese & Zapf, 1987; Sauter
et al., 1983; Turner and Karasek, 1984). If the job produces high stressors and little
control negative effects are to be expected.

There is now ample evidence in industrial psychology which indicates that two
aspects of the workplace should be investigated under the heading of stress and strain:
the stressors and the resources (Frese, in press, a). Lack of resources may have direct
negative effects and/or may interact with stressors to produce negative effects, since
stressors have a higher impact if resources are low. Stress-effects may manifest
themselves in occupational ill-health and in disease (more on this in Cooper and
Marshall, 1976). Examples of resources at the workplace are control or descretion
level at work (Frese, 1984b; Frese, in press, a; Karasek, 1979; Karasek ez al., 1981;
Semmer, 1984), amount of skill utilization (Karasek, 1979), and social support
(House, 1981; Frese, in preparation b). Therefore, two questions are to be dealt
with: (1) Are there new (computer-related) stressors at work? (2) Are there new
(computer-related) resources or threats to resources?

New Stressors in Computer-aided Work?

Physical stressors

A major part of research on potential negative effects of the use of a video display
terminal (VDT) has been directed to the study of posture effects, radiation effects,
and medical effects on the visual system. This literature is not reviewed here.
However, it is plausible that purely physical stressors can feed into psychosomatic
problems. There is evidence that VDT work is physiologically demanding on the eye
(Haider, Kundi, and Weissenbdck, 1980; Stark and Johnston, 1984; Smith, 1984;
Wilkins, 1985). However, this does not necessarily produce eye-szrain: sometimes
it does (Gunnarson, 1984), sometimes it does not (Hartmann and Zwahlen, 1985;
Howarth and Istance, 1985). Obviously, this depends on how badly or how well the

VDT is designed from a hardware ergonomics point of view (Stammerjohn, Smith,

and Cohen, 1981; cf. Cako ez al.’s 1979 discussion of this). But there is an additional
and not quite so obvious point: eye-strain is not only a function of the specific demand
on the eye but also of general stress at work. There are three psychosomatic processes
by which general stress at work may lead to eye-strain (cf. Frese, in press, b, for
a similar reasoning for musculoskeletal complaints): (1) Every stressor demands some
coping attempt. Since humans have only a limited processing capacity, stressors
reduce the available processing capacity that is left for the original task. Thus, the

' task becomes objectively more difficult (this also explains a lower performance rate

under stress; Dainoff, 1984). (2) When there are high background psychological
stressors, higher muscular tension ensues as a general psychological response; this
also affects eye fatigue. (3) High background stress leads to a stronger pain sensation.



The psychosomatic reactions most easily appear in that organ that is most strongly
in demand and strained in a physiological sense. Since general stress at work has
an impact on eye-strain in jobs that put an emphasis on work with the eye, this
reasoning allows us to interpret the finding that there is an association of eye-strain
with time spent on a VDT in ‘bad’ jobs (like data entry by typists who have high
stressors and little control) but not in ‘good’ jobs (like programmers or secretaries
with a wide range of tasks) (e.g. Coe et al, 1980; Dainoff, et al., 1981; Liubli ez
al., 1980; Smith, 1984; Smith er al., 1981; Cakir, 1981). Apparently, additional
psychological stressors in ‘bad’ jobs contribute to eye-strain.

Thus, there is evidence that VDT work is psychologically demanding on the eyes
and that this p/us a workplace with little control and high stressors can lead to eye-
strain. Other (psycho)somatic reactions to the VDT workplace have been described
as headaches and backaches (Cakir, 1981). A similar reasoning might apply here,
although the latter may be a function of bad ergonomic design that forces the worker
to lean forward, thus not having a support of a chairback.

7
Psychological stressors

It is necessary to ask whether there are new psychological stressors related to working
with a computer and/or whether some well-known stressors become more pronounced
in computer work. There are five stress problems that fit into that category: response
time and computer breakdowns, feeling rushed, constantly feeling supervised,
invasion of privacy, and the abstractness of computer work. A sixth stressor is the
threat of unemployment which is not new but has become increasingly important
with the advent of a powerful new technology.

System response times and breakdowns have been shown to be a major stressor in
computer-related work (Johansson and Aronsson, 1984). (They are, of course, not
entirely new to computer systems. Machine breakdowns or organizational problems
have been disturbing in non-computerized industry, as well; Semmer, 1982). In a
way, it is paradoxical that slow system response times of the computér and
breakdowns should count as a stressor. One might think that they would be welcomed

as beneficial rest periods (or thinking periods). The stress-effect has been explained ,
as being due to unpredictability of events (Boucsein, Greif, and Wittekamp, 1984)

or it may be due to the interruption of a plan. Miller (1968) and Cakir (1986) gave
recommendations on response times. In general, low response times have been
“suggested. However, Shneiderman (1986) warned that very short response times
may also add to feelings of being rushed —as a further stressor. In fact, research
~ has not been entirely consistent in showing the lowest stress-effects with low response
times (Kuhmann ez al., in press; Martin and Corl, 1986; Schaefer ez al., 1986).
However, the question arises whether laboratory studies, like the ones by Kuhmann
et al. and Schaefer et al., where response times of 8 sec were actually overall less
stressful than. those of 2 sec, can simulate the time pressures that exist in normal

work which may be the most 1mportant contrlbutor to the annoyance with long -

system response times.
In a thorough review, Shnelderman (1984b) argues that it is necessary to
differentiate between system response time and thinking time. When the system

response time becomes much longer than thinking time, it becomes a stressor. The

stress characteristic of system response time is also dependent on what the user
expects to be a normal response time. This may be one factor explaining why high
variability of the response times is most often reported as being stressful. Stable
expectations cannot be developed in this case.

The effects of breakdowns and response times will most probably also depend
on organizational issues, namely how the workers are paid (e.g. some piece rate
system), whether they are under public pressure to render results (e.g. in an airline

. ticket office), or whether or not their workload is adjusted to breakdowns or slow

system response times.

Thus, the aversiveness of response times may be a function of being rushed
Johansson and Aronsson (1984) and Weltz (1982) have argued that the feeling of
being rushed and the feeling of high concentration are produced by working with a
VDT. The cursor constantly blinks, signalling readiness for further input. The
typewriter used to provide for a mixture of high-concentration tasks like writing
and low-concentation tasks like getting up, fetching folders, and putting paper in
the machine. This mixture of tasks also made it possible to rest for very short (nearly
not noticeable) periods of time. These tasks are now streamlined into the system.
One user described the work with the VDT as ‘simpler, yes, but somehow more
strenuous’ (Spinas, 1986, p. 12). Again, these feelings may gain added importance
because rushing people used to be done by supervisors in the office (if at all) and
not by machines. Now it is more difficult to consciously ward off the time pressure.

There is new potential to supervise white-collar workers. Many computer programs
provide a convenient log of how many keystrokes a worker has made per day. This
kind of information creates a dehumanizing atmosphere (Smith, 1984) and is probably
one of the reasons why anxiety is often quite high when computers are introduced
in the office. |

A similar issue is invasion of privacy which is surprisingly little researched.
Computers allow for the easy combination of data that are, singly and taken
individually, relatively innocuous. With the use of computers for registering citizens,
<keeping track of their financial situation and prosecuting criminals, the danger of
invasion of privacy in society is widely feared (Rosenstiel, 1984). Similar fears come
‘up in industry, as well, when many work-related and private data are stored and
‘combined.

Abstractness of work may be another potentlal stressor (Volpert, 1985; Weltz, 1982)
although it has not been researched much. This may be a more important problem
in the blue-collar sector (e.g. in the printing industry where concrete handling of
lead letters was replaced by computerized type-setting). But even in white-collar

_ work, people used to handle paper, folders, and numbers in a relatively concrete

way. There was a one-to-one relationship between a piece of paper and the
information on it. This relationship is gone in computer-aided work. Abstractness
may be of added importance in telecommunication (which we do not discuss here).
There may be a ‘natural’ need in humans to handle things in a concrete manner
(a “full action’ means that both thinking and handling something are combined; see
Hacker, 1985). This may also be a reason why ‘direct manipulation’ is a successful
interaction mode. Lack of concreteness may lead to two problems: (1) a feeling of
unreality towards the objects —this might have more negative consequences in war
games than in office work; (2) a fear of making errors because the errors are made



with a medium that is not discernible. An example that was reported to me in a
company might illustrate this. When a data system was introduced one secretary
kept a column of names constant and by mistake changed their addresses around
in the second column. Such an error is, of course, impossible to make on paper.

The last stress factor to be mentioned here is fear of unemployment. While
‘simulation studies of national economies have given equivocal results on the problem
of unemployment, there is no doubt that many companies introduce computers to
reduce the number of workers. This leads to fear of unemployment, which in turn
leads to high stress-effects (Pelzmann, Winkler, and Zewell, 1985).

Does this list of stressors imply that computers have led to a higher degree of
overall stress at work? I do not think that this conclusion is warranted. Some stressors
have been minimized, e.g. anxieties about making a ‘typo’, or having to retype texts
over and over again after small changes. Additionally, computers can be used to
reduce the demands on working memory, another potential stressor (Hacker, 1983).
It depends on the organization of work as to whether the net stress-effect has increased
and the net resources have reduced.

New Threats to Resources in Computer-aided Work

There are four major resources at work: control at work, development of skills,
information support, and social support. It has already been stated that there is a
tendency to reduce conzrol in the computerized office. Control vis-g-vis the system
may mean to have options, to be able to adjust computer programs to one’s own
job requirements and to one’s liking, to develop one’s own masks (screen layouts)
or patterns of interaction, to be able to choose the tasks and the task order, and
to time them at one’s own pace—in short, to be master of the system. As already
stated, control depends on the system and on the organizational context. Therefore,
it is not surprising to find different results on control perception in computer-aided
work (Buchanan and Boddy, 1982; Rafaeli and Sutton, 1986; Sauter ez al., 1983;
Turner and Karasek, 1984). However, there is no doubt that control decreases strain
and increases job satisfaction. Indirect or direct evidence for this can be found in

Bikson and Gutek (1983), Smith ez al. (1981), Troy (1986), Turner and Karasek -

(1984), .and Ulich (1986).

Without skills, there is little chance to master the machine. Skills can be used
to change the program, to adapt it to one’s needs, and to develop clever solutions
for complicated problems. Thus, skills can help to reduce the effects of stress (Greif,
1986b). One prerequisite for skill utilization is that work is complex enough (the
- relationship between control and complexity is itself quite complicated and cannot
be pursued here; see Frese, in press, a). Hacker (1983, 1985) has shown that
complexity of work leads to positive consequences. However, this is only true given
a certain skill level. Another prerequisite is that skills are to a certain extent private.
This means that it is up to the workers to decide to employ them. If they are not

' private, a skillful problem solution might be programmed into the system. In this

case, the skillful accomplishment is.not at the worker’s disposal any more, but is
a resource of the machine. Thus, it cannnot count ag'a resource for the individual’s

stress management because it does not increase a sense of self-confidence and it cannot _
be used to reduce unexpected stressors. On the contrary, in such a case the job has

;
/

been reduced to a potentially more monotonous work situation. Thus, skill utilization
by the workers should be kept (and enhanced) in computer-aided work. This may
not be a problem at the present time because the systems are nowadays still complex
enough to actually necessitate an increase in skills. But with increasing employment
of ‘intelligent’ systems in the future there is a danger that skill utilization will be
decreased. :

One frequent phenomenon in computerized office systems is that units of
information are hierarchically organized according to their access so that one
needs to know certain codes in order to get information that is reserved for those
higher up in the hierarchy. Since official task descriptions are seldom complete
or even adequate, and since they determine the information policy of the system,
this leads to a person not having the needed information. Since one reason for
regulating access to information may be the privacy issue, there might be a trade-
off here between the problem of invasion of privacy and the question of information
support.

Social support is a resource that buffers the effects of stressors on psychological
and psychosomatic problems (House, 1981). Since social support is dependent on
social contacts, the frequently mentioned problem of social isolation as a result of
computer-aided work is important. Computer-aided work, e.g. for the specialist, can
lead to less social contact (Smith, 1984; Turner and Karasek, 1984). In the past,
the specialist used to move around and ask other people for information. This may
not be necessary after a system has been introduced.- However, to my knowledge
there is little systematic research relating this problem to the stress field.

In summary, there are dangers of increasing stressors as well as reducing resources
in computer-aided work. However, this is dependent on the particular organizational
context in which the work is done. As a matter of fact, resources can be increased
and stressors decreased with the introduction of computers in the workplace as well.
Resources are usually enhanced when some kind of mixed work is instituted, e.g.
when a secretary not only types but also does scheduling and financing, writes letters
<on her own, etc. (Ruch, 1986; Troy, 1986; Ulich and Troy, 1986).

Our emphasis on organizational conditions leads to the general warning that even
‘the best designed computer screens and keyboards (from a hardware ergonomics
point of view), as well as the best software ergonomics, do not help if the
organizational environment produces stressors and decreases resources (see Hacker,
1983, Rodiger, 1985).

COGNITIVE OPTIMIZATION OF
- HUMAN-COMPUTER INTERACTION

Cognitive optimization of human-computer interaction can be done by increasing
the individual’s skills to deal with the system and/or by optimizing the system. Both
increasing skills and optimizing systems are related to the question of how a human
makes sense of the system—the mental model. Training is a direct way of teaching
the ‘sense’ of the system; but designing the system should similarly be oriented to
implicit or explicit mental models. Therefore, I shall first discuss the concept of
mental model, then the optimization of skills (training), and finally, optimization
of the system.



Mental Models

It is nowadays nearly a truism that a person using a computer has to develop some
kind of mental model of the functioning of the system and that even a novice will
approach a computer with some kind of mental model in mind (overviews: Carroll,
1984; Jagodzinski, 1983; Rohr and Tauber, 1984). In other words, the user has some
kind of conceptualization of the functions of the system and of how one has to deal
with the system. These mental models may be of the metaphor kind, e.g. using the
analogy of a typewriter when first using a word-processing system, or may be a
knowledge of the rules to be used in a system. It is useful to make the mental model
explicit for the user (Kieras and Bovair, 1984) because wrong mental models may
lead to wrong or inefficient approaches to the machine (Bayman and Mayer, 1984).
However, this is not always so; in certain circumstances a wrong mental model may
be more functional than a correct one that is just a little incomplete: a wrong home
heat regulation theory (valve theory) saves more energy than the correct feedback
theory which does not take into consideration other thermal laws (Kempton, 1986).
Norman (1983a) observes the following characteristics of mental models: They are

incomplete, they are not ‘run’ easily, they are unstable (and parts of them forgotten), -

they have no firm boundaries, they are unscientific (and even superstitious), and
they are parsimonious. In short, they are not in any way a neat and non-contradictable
set of ideas as in a scientific model. | B

Essentially, the following conceptualizations of mental models in research on

human-computer interaction can be differentiated: (1) the mental model may refer - .

to action or to knowledge of the world; (2) the méntal model.may or may not be
thought of as consisting of hierarchies; (3) the mental model may be of the production
theory type or be more holistic, like the schema theories; and (4) the mental model
may be analog or analytic.

(1) Various theories have distinguished action-oriented models from models that
explain and describe the world. Miller, Galanter, and Pribram (1960) distinguished
image (the description) from plans (the action-oriented model), Hacker (1978) an
operative image system from other non-operative cognitions, Young (1983) a

surrogate model from a task/action model, Anderson (1983) declarative from .-

procedural knowledge, Carroll (1984) conceptual from mapping analysis, and diSassa
(1986) structural from functional models. Not all of these distinctions are exactly
alike but most agree that there are mental structures for description and/or analysis

. as well as mental structures for action. The relationship between these two different

kinds of mental models still needs to be elaborated: it is likely that in the last analysis

the action-oriented models are the important ones and the conceptual and analytic

ones are subservient (Hacker, 1978). This may be one of the reasons why functional

-models are more useful in learning about computer systems (diSassa, 1986).

(2) The mental model can be conceptualized as being hierarchically organized (e.g.
Anderson, 1983; Gallistel, 1980; Miller, Galanter, and Pribram, 1960)or not (Neisser,
1976). Most cognitive theorists assume now that there is some kind of hierarchy,
but that processing may also run counter to'a strict h1erarchlal model (heterarch1cal

. conceptualization; Gallistel, 1980). g
~ (3) Many theorists in the area of human-computer interaction think of the mental -
. model as consisting of production rules (Anderson, 1983; Card ez al., 1983; Polson
. /o

and Kieras, 1985). The alternative would assume a less elementaristic notion, as in
the concept of schema (Bartlett, 1932; Neisser,1985). The production system consists
of low-level molecular production rules (e.g. given a certain goal and certain conditions,
act X should be performed). In contrast, schemata are more high-level molar
concepts—often thought to have some Geszalt character—that cannot be broken
down into smaller units. Schemata are flexible, anticipatory devices that can have
internal conceptualizations of movements and trajectories (Neisser, 1985) often related

‘to images. An integration of both views has been suggested (Waern, 1985): high-level

schemata are used in novel situations or in non-redundant environments, while low-
level automatisms of the production system kind are used in overlearned skills. In fact, -
lower-level skills are more easily disturbed, either by thoughts (in the fable the
centipede cannot walk any more after being asked how he moves his hundred legs) or

by novel inputs from the environment, while the higher regulation level can easily deal

with novel input (at the expense of being less efficient). This integrative view has to
answer the difficult question, of course, of by which process a high-level schema can
be transformed into a low-level production system in the process of learning an action.

Elementaristic production systems can explain the process of automation easier

(through the chunking process) than schema theories (Anderson, 1983). On the other
hand, schema theories are better equipped to deal with metaphors, images, the
incompleteness and flexibility of mental models, the active, changing, and
constructive nature of mental models, and their Gestalt-like nature.
(4) The mental models may be either analog or analytic. This is somewhat related
to the above point. While images and schemata are typically analog mental models,
production rules are more analytic. Metaphors (Carroll and Thomas, 1982) play
arole when learning a computer system. The typewriter metaphor is typically used
by novices when approaching a word-processing system. Metaphors are analog mental
models. It has been suggested that novices start with models of an analog type and
become more analytic with time. -

Hammond and Barnard (1984, p. 131) specify in some more detail what the user
needs to know in order to work with a computer system: ‘Knowledge of the domain’,
‘Knowledge of the computer version of the domain’, ‘Knowledge of the workbase
version of the domain’, ‘Knowledge of the problem’, ‘Knowledge of system
operations’, ‘Knowledge of physical interface’, ‘Knowledge of interface dialogue’,
‘Knowledge of natural language’, and ‘Knowledge of other machines and procedures’.
This list is, quite impressive, and other authors, like Greif (1986b), add that one
should also know the potential errors. Riley (1986) contends that a user should have
an understanding that is internally cohérent, valid, and integrated.

. Seen from this perspective, it is not surprising that people make serious errors
with computers and that learning takes a long time. Additionally, this complex set
of issues makes the design of software quite complicated. In any case a system designer

‘has to take into consideration the users’ mental model —otherwise the system ma
has to take int deration th ’ tal model—oth the syst

not be functional and usable.

~ Optimizing Skills: Training

In order to develop a mental model, training is necessary (although not all training
is geared towards developing mental models). But training does not only optimize the



interaction with the system but can also decrease potential stress-effects. Workers
who are not well-trained use descriptors for the computer that signify that they see
themselves as servants of the system (‘he wants to’) in contrast to the well-trained
workers (Ulich and Troy, 1986). Although, in general, organizations perceive the
need for the training of skills-in the area of human-computer interaction, they usually
'do not provide enough time and resources (Bjorn-Andersen, 1985; Gottschall ez al.,
1985). Training research has concentrated on programming (which will not be dealt
with here; see Boulay and O’Shea, 1981; Mayer, 1975, 1976; Owen, 1986) and word
processing on which substantial work has been done at the IBM Watson Research
Cent)er (e.g. Carroll et al., 1985; Carroll and Mack, 1984; Mack, Lewis, and Carroll,

1983

The less complicated the commands, the rules, and the interface of a system, and
the more the person knows right from the start, the less there is a need for training.
However, even for ‘fool-proof” systems, such as Apple’s LISA with its desktop
metaphor, some type of training will be needed. They are difficult to learn, even
for persons who know other word-processing systems (Carroll and Mazur, 1985).
Training is necessary even if so-called on-line tutorials or manuals are provided.
Manuals are not used much (Carroll and Mack, 1983; Scharer, 1983) and tutorials
are often not helpful (Carroll and Mazur, 1985; Greif, 1986a).

Most training programs can be conveniently grouped as in Table 5.1 (although
there are really never ‘pure’ types of training program). Sequential training programs
do not explain the background of the system and the laws and rules regulating it,
but essentially present a correct sequence of steps and have the student practice
them. Thus, they work within a behavioristic tradition. Most computer-driven
tutorials follow this kind of reasoning, presenting a step and then asking the person
to perform the respective action (Carroll and Mazur, 1985; Greif, 1986a).
Unfortunately, many commercially available training programs do the same (Greif,
1986b). In contrast, an integrated-systematic training program explains the
background for the computer program, the reasons behind the commands, how they
are related, which metaphors are used, how the commands pertain to general rules
and heuristics—in short, to some mental model. These explanations are action-

oriented. In other words, an integrated-systematic program tries to build up complete

and full action. This implies that all levels of regulation are implicated in the action:
the intellectual level, on which rules, metaphors, and heuristics are regulated, as
‘well as the lower levels, e.g. the sensorimotor level of regulation (cf. Hacker, 1985).
" 'In a sequential program, only the lower levels of regulation are trained (however,
the trainee may well develop some kind of action-oriented and even systematic mental
model in spite of the training program). Thus, integrated-systematic training stems

TABLE 5.1—Types of Training Programs

TRAINING PROCESS
SEQUENTIAL INTEGRATED- -

. SYSTEMATIC

Development  Passive™
of the
Mental Model Active

from an implicit or explicit theory of action (Norman, 1986a; Frese and Sabini, 1985;
Volpert, 1981). In general, integrated-systematic forms of training seem to work
better than sequential programs (Frese et al., in preparation; Greif, 1986a; Hacker,
Riihle, and Schneider, 1978; Kieras and Bovair, 1984; Volpert, Frommann, and
Munzert, 1984; a good description of such a training is given in Greif, 1986b).
Moreover, integrated-systematic training is better adapted to how people go about
learning; humans give spontaneous interpretations, generalize from experience (even
when they refer to very shaky data), and perform their first steps on the computer
in accordance with some preestablished metaphors (Carroll and Mack, 1984; Douglas
and Moran, 1983). Usually, computer-naive people take a typewriting metaphor
when they work with a word-processing system and make the ‘appropriate’ mistakes
(Mack, 1984; Waern, 1985).

The second dimension of Table 5.1, act1ve—pass1ve is related to an action theory
approach as well. Carroll and Mack (1984) vividly describe how trainees proceed
actively and exploringly with a word-processing task rather than passively following
instructions (as some manuals would presuppose) (cf. also Waern and Rabenius,
1985). Training that emphasizes exploratory behavior fares better than more
traditional procedures (Carroll ez al., 1985; Greif, 1986a; Frese ez al., 1986; cf. Carroll
and Rosson, in press, for a theoretical discussion on this issue). Unfortunately, it
is nearly impossible to neatly differentiate between the four cells of Table 5.1;
it is particularly difficult to develop an active training program that is not'
integrated~systematic since people spontaneously develop models with some degree
of integration. Frese er al. (1986) have tried to test three of the four cells against
each other with the active and integrated-systematic tra1n1ng being the most effective
cell.

There are five more issues in training: (1) Training of what? (2) Treatment of
errors. (3) Transfer. (4) Local experts. (5) Individual differences.

(1) Training should not just deal with those few tasks that appear in a particular
job description but should be broader so that the user really understands the system.

- Riley (1986) has suggested that user understanding of a system implies a

conceptualization with some internal coherence, a correct representation of the
system, and an integration of this knowledge into other areas of knowledge. This

principle of broad training objectives is particularly important for computer-based

work because even well-established software programs often have serious flaws. To
deal with these flaws, one has to know a great deal more than is necessary to do
just the task in hand. Furthermore, the official job description seldom represents
all the tasks that a worker really does. Bjorn-Andersen (1985) suggests that training
should also include democratic part1c1patory and exploratory behavior at the
workplace. .

(2) Making errors produces anxiety, particularly in  the novice. There are essentially
three suggestions for dealing with them. First, the training program does not allow
errors or minimizes the chances to make errors, as in the no-surprise editor (Mack,
1985) or in the training wheels approach (Carroll and Carrithers, 1984). Second,

 the system facilitates retrieval from error, e.g. with an ‘undo’ button (Carroll ez al.,

1985). Third, trainees are encouraged to make errors (a sort of error training) and
errors are used in a specific procedure to develop a mental model of the system
(Greif, 1986a, 1986b).



(3) Since it is nearly certain that workers will have to use different systems
in the course of their working life, the question of transfer between. systems is
important. Carroll and Mazur (1985) report how people have many problems
with the supposedly easy direct manipulation interface of LISA. Since all of the
subjects in this study had known other systems before, some of the problems might
actually have been instances of negative transfer. Examples of the difficulties of
transfet are also given in Karat ez al. (1986). This is an area with relatively little
research. Research is particularly needed for answering the question of which basic
skills a person should acquire to deal with different kinds of programs An additional
issue is to transfer the skills learned in some course to one’s daily work. This is
a particular problem with courses that are not task-oriented and that take place outside
work. Therefore, training should be oriented to the concrete work that has
to be done, transfer tasks should be given so that the workers can solve their daily
work problems, and check-ups and additional ‘refreshing-the-memory’ training should
be given. .

(4) In most companies some people will become the explicit or implicit local experts
for given departments (Scharer, 1983). A system of local experts should be developed
by the company because people like to ask other people about the procedures to
be taken and because the local expert can stimulate further learning of the system
and support the long-range learning effects.

(5) There may be individual differences in the ways people learn. For example,
people with low spatial memory are poor in learning line as well as full-screen editors
(Gomez and Egan, 1983). People may even differ in their preference for either of
the two dimensions of training, stated above. There may be learning strategies that
are sequential or integrated-systematic (Veer and Beishuizen, undated). Similarly,
some people like just to be active (without reading a lot beforehand) and others want
to read a good deal before they start to learn a word-processing system (Frese ez
al., 1986; Schulte-Gocking, 1987).

In conclusion, there is evidence that training should be action-oriented and should
teach an explicit mental model, the training goals should be broader than just teachmg
the officially described tasks, errors should be minimized in the training process
or explicitly taught, overcoming problems of transfer should be an integral part of
training, local experts should be encouraged and individual differences should be
taken inito consideration.

Optimizing the System

The optimization of system parameters has been the research area to which scientists
and human factor workers have contributed most actively. It cannot and shall not
be completely summarized here. Obviously, a system has to be compatible with prior
mental models, it has to present an obvious system’s image and has-to be self-
explanatory, it has to give clear feedback and decrease mental overload to be useful
for the development of an adequate ‘mental model. Furthermore, it has to have a
clear Jayout or mask (Morland, 1983). I shall pick out some issues for discussion

here that seem to be of major (and increasing) importance: help facilities, d1fferent -

. types of interaction modes, and errors.

Help facilities

Manuals and on-line help systems are usually constructed for the novice.
Nevertheless, novices do not use them under ‘normal’ working conditions (expert
users refer to them more often) (Mack, Lewis, and Carroll, 1983; Scharer, 1983).
This is not surprising because ‘to ask a question, one must know enough to know
what is not known’ (Miyake and Norman, 1979). It is often the expert’s task to
help users develop the right questions (Pollak, 1985; McKendree and Carroll, 1986).

Novices frequently do not understand computer jargon, do not know how to get
to the appropriate help message, or do not want to plow through a lot of information. -
Users like to ask their peers for advice (Lang, Auld, and Lang, 1982; O’Malley,
1986); therefore many offices have ‘local experts’ who have the (sometimes informal)
function of providing human help (Bannon, 1986; Scharer, 1983).

Manuals Manuals are not read, warnings are not heeded, even clear recommendations
by the computer are sometimes not understood. Sullivan and Chapanis (1983) suggest
the following rules for writing manuals: simple language, short and active sentences,
order of description parallel to action steps, complete and specific description of
action, one thing at a time, headings and stibheadings, lists instead of prose. Carroll
et al. (1986) have suggested a more radical approach. They constructed a ‘minimal
manual’ with a minimum of words, which is directed towards error recognition and
error recovery and which is task-oriented. It presupposes that the user will only
consult the manual as a starting point. Compared with a commercially available
longer manual, this minimal manual leads to better performance, although it does
not give advance organizers (Foss, Rosson, and Smith, 1982), it is not complete,
and it does not have a clear hierarchical outline.

On-line help systems O’Malley er al. (1983) distinguish the following user needs with
regard to help functions: quick reference (e.g. verification of a command name),
task-specific help (the user knows the problem but not the command for solving
it), and full explanation of the capabilities of the system. By and large, on-line help
systems usually deal only with the first two needs.

Help facilities may be either passive (the user has to call upon it) or active’(the
help is initiated and/or selected by the system). Cohill and Williges (1985) studied
the effects of help being initiated and selected either by the user or by the system,
and whether the help was presented on-line or as hard copy. The best condition
was the user initiated and selected help that was printed on hard copy.

Depending upon design, on-line help systems mady either be the same for everybody

.or differ according to the expert level of thé user. Help systems that adjust to the user

level of expertise can be designed as knowledge-based help systems (Fischer et al.,

~ 1985; Dzida, Hoffmann, and Valder, 1984). These help systems may sometimes have

the form of excursions that do not change the state of task operations (Darlington,
Dzida, and Herda, 1983). One prerequisite for knowledge-based help systems is to
develop some kind of user model for the system. Chin (1986) describes an example of
how to do this: the system records errors and the difficulty levels of commands used
correctly and incorrectly. The records are then compared with some preestablished
pattern of errors and command knowledge stored in the system. Thus, the system
‘'has an a priori categorization for typical errors and levels of competence of novices,



beginners, intermediates, and experts. On the basis of this comparison, the system
assigns the user to one of these categories and then gives appropriate help (e.g. more
explanations to the novice and just a shorthand description to the intermediate (cf.
also Williges er al., 1985).

Interaction mode

Usually, users develop their mental models from interacting with a system. Thus,
the surface structure of the system is important. There are different modes by which
a person can interact with a computer. These interaction modes may be based on
menu, command language, natural language, and direct manipulation.

Menu vs. command vs. natural language Conventionally, menu, command language, and
natural language systems are differentiated. Menus display the different commands
that can be used. They can either pop up when ticked (as in the Macintosh system) or
may be displayed more permanently. They can also be embedded in a text which is
particularly useful in data systems (Koved and Shneiderman, 1986). They can display
icons or commands with a short explanation. Finally, the menus may just display
commands and thus help the user to remember the commands. The menu contents
may be touched with the help of a mouse, the finger, or a light-pen, or activated
by moving the cursor with the keyboard. From a memory point of view, menus
allow for recognition rather than for recall which is why menus are easier to learn.
Command language systems, on the other hand, rely on recall. In a pure command
language system, the user has to know the different commands (thus, it is similar
to a programming language even if just used for word processing). However, these

systems are often complemented by named function keys which actually act as menus

(this time presented on the keyboard instead of on the screen).

A natural language system is based on our own natural language (e.g. English).
We tell the computer in our language what we want it to do. Unfortunately, there
are no systems that really understand natural language in a ‘natural’ way. Thus,
the systems that exist are relatively restricted (e.g. they are not able to understand

when there is a small typing error in the natural language command). Therefore, .

it is quite difficult to test the usefulness of different natural language systems. Small
and Weldon (1983) used a trick to enable to compare a real natural language system
* with a command-based system in a query task. In the natural language condition,
“the user’s requests were displayed to another (hidden) human experimenter who
interpreted the questions, reacted to the requests, and gave the appropriate answers.
Surprisingly, the natural language system did not fare very well. Although it was
not less accurate than the command system, it produced slower results.
This may reinforce the skepticism towards natural language approaches.
Shneiderman (1980) argues accordingly that constrained natural language systems
make for negative transfer from real natural language, that the differences between

computers and people get confused, that natural language systems are unreliable -

and will always be so. The negative transfer effect of natural language commands
was observed by Scapin (1981), as well. ‘
Other empirical studies comparing performance with command, menu, and natural

language systems do not render entirely consistent results. Hauptmann and Green -

© (1983) conclude that there are few differences between these systems in the time

it takes to operate and in satisfaction because the structure and constraints of the
programs wipe out all other effects. The natural language group was most annoyed
by the constraints of the commands that they could use. (Examples of how to
overcome the problems of constraints in natural language programs are given by
Hayes and Reddy, 1983.) Natural language also showed most verbosity (that did
not translate into slower work in this study, however).

Comparing command and menu systems that are on the market, Whiteside
er al. (1985) found few differences between them. Although their best system
turned out to be a command system, other command systems were doing rather
badly. Users’ attitudes (satisfaction) are in general not a good indicator of performance
(Barnard er al., 1981; Frese er al., 1986)—this was also true in the Whiteside
et al. study.

It has been argued that menu systems are better for beginners and command
language systems better for experts (Nickerson, 1986). However, contrary to this
popular wisdom, there is evidence that those systems that are easier to learn are
also easier to use for both experts and novices alike (Roberts and Moran, 1983;
Whiteside er al., 1985; cf. Stelovsky and Sugaya, 1985, and Norman, 1983b, for

. the pros and cons of menus and command language systems). .

A special topic in command language: naming Two questions are particularly important
in designing command languages: how the commands should be named and how
they should be abbreviated. (They are, of course, not only relevant in connection
with command languages but are especially important here.)

As Carroll (1982) argues and shows empirically, names are never completely
arbitrary entities but are paradigmatic—only a certain range of names is possible
and a specific name can only stand for a restricted number of objects (or processes).
When observing naming behavior for files, 85 per cent were organized into paradigms
(like Textl, Text2, etc.). In experiments, congruent names for commands (e.g.

<up/down, raise/lower, but not up/lower) are better remembered and used more
efficiently in problem-solving tasks. The data for ‘hierarchicalness’ of names are
_less clear but this issue seems to be less 1mportant Similarly, the ‘suggestiveness’
"of command names plays a crucial role in learning an internal model and for
performance accuracy (Rosenberg, 1982).

There are two controversies regarding command names that have not yet been
fully resolved: are general terms better than specific ones, and are self-generated
terms and abbreviations better.than other-generated ones? First, Barnard ez al. (1982)

. showed that specific command names were more efficiently used and produced better

memory effects (albeit not all of these differences were significant) than more general
names (see also Rosenberg and Moran, 1985, on this top1c) Scapin (1982), on the
other hand, found the opposite effect.

One of the factors responsible for this contradiction may be the question of self-
generation of names. Scapin (1982) used self-generated names, in contrast to the
imposed command names used by Barnard ez al (1982). It might be assumed that
self-generated names are more easily remembered. However, there are some
experiments that show the opposite effect (e.g. Grudin and Barnard, 1985, for
abbreviating words). Jones and Landauer (1985) may have resolved this issue: they



argue and show experimentally that the advantage of self-generation of names is
lost when the subjects do not know anything about the context. Thus, the best naming
is done by the person who knows the context and uses a strategy of congruence
and consistency. General commands may be better learned under these conditions
as well. -

A special topic in menu systems: breadth vs. depth A crucial question is how to arrange
a menu. The literature converges on the suggestion that the depth of a menu should
not be large (i.e. there should only be a few levels in the menu tree). This speaks
for broad menus (Kiger, 1984; Landauer and Nachbar, 1985; Tullis, 1985). But
could it be that there is an optimal breadth of menu? Landauer and Nachbar’s and
Tullis’s studies propose that-the broader the menu, the better. Kiger’s research,
on the other hand, calls for an optimality criterion; the breadth should be around
eight entries; this is in accord with G. A. Miller’s (1956) estimate of the short-term
memory capacity.

Direct manipulation Shneiderman (1982b, 1983a) coined this term to mean a system
that continuously represents the object of interest, in which a complex syntax is
replaced by physical action, and which makes the impact of incremental operations
immediately visible. In other words, ‘what you see is what you get’. In contrast
to, for example, a command language which gives an abstract representation of the
tasks, direct manipulation models the world that a person works o (Hutchins ez
al., 1986). An example (albeit not necessarily a perfect one) of direct manipulation
is the desktop metaphor of the Xerox Star System and Macintosh. A better example
is the direct manipulation of data (Hutchins et al., 1986): when a graphic shows
that there are two distinct subgroups in a datapool, one subgroup is circled and
it, as well as the respective statistics (e.g. the correlation for this subgroup), becomes
visible in a second window.

The advantages of direct manipulation are that novices can learn the functions
quickly, that work is rapid, error messages are rarely needed, users see immediately
whether an action leads to a goal, actions are reversible at any time, and the system

is comprehensible (Shneiderman, 1982b). Therefore, the operator feels in control .

at all times.
A direct manipulation interface has some drawbacks as well. For example, a

| repetitive operation can be done more easily with a formula (symbolic description),
_ dccuracy may be more difficult to achieve with direct manipulation devices, and

finally, direct manipulation interfaces give control over objects of goals but not over

the program of the ‘computer (Hutchins ez al., 1986).

As the Macintosh programs are usually consniered to come close to the concept
of direct manipulation (e.g. by Fahnrich and Ziegler, 1985), the question arises
whether they lead to better performance than, for example, menu systems. This
is generally assumed but not frequently shown. The evidence for.the superiority
of the desktop metaphor is not unequ1voca1 (Dumais and Jones, 1985; Whiteside
et al., 1985).

D1rect manipulation often 1mphes graphlc representations (but note thar .a full-
screen editor is also more direct than a line editor and that graphic representation.

does not necessarily 1mp1y direct manipulation. An overview of graphic representation
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is given by Gorny (1984). In general, graphic representations are of value, as long
as a real-world model of the task is useful and functional, and the user is accustomed
to this kind of representation (Boecker, Fischer, and Nieper, 1986; Cole, 1986;
Powers ez al., 1984; Rohr, 1984; Widdel and Kaster, 1985; see also Preece’s, 1983,
critical discussion).

Errors and trearment of errors

* Within his action-theoretic approach, Norman (1984b) distinguishes slips from

mistakes. Slips are inappropriate actions, where the intention was correct (example:
a person inadvertently deletes a whole file without wanting to). Slips can occur
because of faulty activation of schemata (an example is the capture error: a person
who wants to change his coat in the bedroom, undresses and goes to bed) and from
faulty triggering of active schemata (Norman, 1981).

Mistakes are caused by inappropriate intentions (example: a person wanted to delete
a file and finds out afterwards that she still needs it). The concept of mistakes is
related to inefficiency of action (see Schonpflug, 1985; Semmer and Frese, 1985),
since we often label something as a mistake when the goal is not achieved as fast
‘and with as little effort as would have been possible. Another aspect of mistake is
mlsdlagnos1s that is enhanced by a tendency to search only for confirming evidence
and to use partial explanations (Norman, 1984b).

In human-computer interaction, most ‘errors’ are not really human errors at all
but are due to the inability of the computer program to decipher unclear commands
(Lewis and Norman, 1986). To make matters worse, many programs give error
messages that the user is not able to understand (examples in Lewis and Norman,
1986) There are two ways to deal with human ‘errors’:

1. Avoid errors. Direct manipulation is one way to avoid errors. It is also pos31b1e
to program for errors, e.g. small misspellings of commands are ‘understood’ by
the system. Additionally, a system may facilitate the retrieval of a document name

“ ' by allowing the user to recall those parts of the name that he still remembers—e.g.
when he had stored it, when he last worked on it—or the approximate name

(Branscomb and Thomas, 1984). If the system gives clear feedback (e.g: in which

mode a user is working and is consistent, fewer errors develop (Lewis and Norman,

- 1986

2. Give )adequate feedback when errors have happened. Dean (1982) and Shneiderman
(1982a) give recommendations (see also Isa ez al., 1983). At the very least, error
messages should be polite and construcnve, spec1ﬁc and oriented towards the user.

-

INDIVIDUAL DIFFERENCES

Although we can be quite confident that individual differences play a role in human-
computer interaction, there is yet little systematic research. Therefore, we cannot tell
with certainty which person variables are particularly important (Muylwijk, Veer, and
Waern, 1983; Veer ez al., 198). Likely candidates are cognitive styles (Robertson, 1985),
action styles (Frese, Stewart, and Hannover, in press), and learning styles. For
example, one would hypothesize that the kinds of errors made by impulsive workers
(errors of commision) would be different from those made by reflective workers (errors



of omission). An impulsive worker may need an ‘undo’ command more often than
a reflective worker. Similarly, the action styles of planfilness and goal-orientation
(Frese et al., in press) might influence which strategy is preferred. A highly planful
person wants to lay out the plan of work beforehand, a person with low planfulness
will start right away, completing the plan as he goes; differences in preferences for
planning tools will depend upon planfulness: Finally, learning strategies can be more
holistic or more serialistic (Pask and Scott, 1972), or can be oriented towards learning
by doing (without looking at a manual) vs. learning by studying manuals first (Frese
et al., 1986; Schulte-G6cking, 1987). It has been argued that, in a way, these different
strategies and styles call for differences in ‘metacommunication’ between human
and computer (Veer er al., 1985). '

It is important to note that these styles and strategies should not only be considered
as independent or intervening variables, but also as potentially dependent variables.
Work can have a socializing effect (Frese, 1982), e.g. increasing planfulness, goal-
orientation, reflectiveness, and algorithmic thinking.

Additionally, it has been suggested that work be organized differentially to fit the
particular needs, styles> and concepts of the worker. This should not be thought
of as a static concept in which some expert prescribes each person’s adequate design,
but as a dynamic process in which the individual develops and adapts the work
situation (Ulich, 1983). Thus, this concept is related to the issue of control. With
the advent of computer systems, an individualized path to work design seems to
be more feasible than with traditional technology (Ulich, 1986). This implies that
the system gives options. Aside from the default option (which may be particularly
useful for the novice), the program should permit choices for how to do a task and
which tools to use when. It should also be possible to ‘reprogram’ the system.

Reprogramming does not mean that the source program is changed but that.
adaptations of the programs to one’s individual needs are easily made. This implies, -

of course, that the user has learned the skills for ‘reprogramming’. Moreover,
individualization can imply that one can develop certain individualized paths of skill
development at the workplace While the latter suggestion may sound a bit utoplan,
there are indications in the literature that individualizing work increases work

efficiency (Ackermann, 1986; Geiselman and Samet, 1982; Sasso, 1985; Ziilch and ,

Starnnger, 1984).

GUIDELINES FOR HUMAN~-COMPUTER
INTERACTION AND THE DESIGN PROCESS

The Design Process

* It has been repeatedly suggested that the interface design be radically separatéd from
the design of the system per se (Branscomb and Thomas, 1984; Norman, 1983a).
This makes it possible to change the interface design without having to change the
whole system; thus, it can be improved after more knowledge on interface design

. has been accumulated. Furthermore, the design of the interface demands different -

skills from those required for the design of the system per se and might, therefore,
be produced by different programmers.
However, this recommendanon is not heeded very often Moreover, most designers

know very little abogt ergoniomic considerations (Gould and Lewis, 1983) and use

/7

J

them even less. This is not just a ‘bad’ attitude towards the importance of psychology
and human factors; there are also systematic reasons. Besides the obvious problems
that there are technical constraints of limited memory and processing capacity, that
designers work under very high time pressure, and that they usually are not really

quite finished with the products in their own terms when the products are installed
or arrive on the market (e.g. a product that still has bugs is thrown on the market),
there are psychological constraints. The designers have difficulties in putting

. themselves into the shoes of the user, because the designers’ tasks are different from

those of the user (also the designer usually does not know much about the user’s
tasks; Smith and Mosier, 1984). Because of this, the qualifications and mental models
of the designer are different as well.

The designer has a certain model in her mind of the system to be built. She then
produces a system with a certain ‘image’. It is this image that the user builds his
model from (Norman, 1986a). The difficulty is that the user cannot directly perceive
what the designer really meant, and problems could creep in while transforming
the designer’s model into a system and transforming the system’s image into a user’s
model. (Hooper, 1986, actually uses the analogy of ‘false facade’ to characterize
the image.) This issue becomes even more complicated when the psychologlst
enters the field and produces his own model of the system, of the user’s model
of the designer’s model, etc. (Streitz, 1985). The designer and the user often
do not both come up with that model of the system which is necessary to
guarantee the functioning of the system. One important reason for this is that
models are developed for certain tasks but the designer works on a different
task from that of the user. This leads (again) to the demand that the user should
be given high control over the system’s functioning. In that case, the individual
is able to adapt the system to his own model (and his own tasks), reducing the
potential differences between the designer’s model and his own (Greenberg and
Witten, 1985; Huddleston, 1984; Raum, 1984; Rich, 1983; Ulich and Troy, 1986).

A variant of the differences between mental models is the fact that designers

cusually think about system-immanent problems (their tasks). The user on the .

other hand does not care about the system per se but only about its usefulness
for doing his job. For example, the designer may emphasize a clean and logical

“structure of the program and the menus, but this ‘cleanness’ that the designer is

proud of may actually impede the user’s work because he has to plow through a
lot of unnecessary menus (Hammond ez al., 1983). In addition to the designer being
an expert in something different, the designer’s expertise itself can have negative.
repercussions for the design process. Experts are usually bad teachers of novices

_ because they have automized many procedures and are not able to verbalize them

adequately, much less understand potential problems that a novice might have with

them.

For all these reasons, psychology has to provide aids for the de31gners There are
essentially five approaches to help in the design of a program for human users; they
are, of course, not mutually exclusive: (1) providing a set of quantitative psychological
laws; (2) prototyping; (3) including the user in the design team; (4) providing theories,
metaphors and analogies for the design; (5) giving guidelines and standards with
a discussion of trade-offs. The last is probably the most important one and will
therefore be considered separately and in a little more detail.



The first approach — providing a set of quantitative laws—has been suggested and
followed by Card er al. (1983). This approach has several drawbacks from an
industrial psychological point of view:

a. Itis a question of whether their model can be adequately applied to the workplace.
Just a single emotion (e.g. anger that the sequence of operations is prescribed
in detail) would add an immeasurable amount of time to the postulated times
for the cognitive processes. Similarly, a high-level goal, e.g. not wanting to work
with a computer, has an impact on each low-level keystroke.

b. The low-level nature of their analysis and their little concern for ecological validity
may lead to the wrong conclusions. Since they actually suppose that they have
covered a large part of human-computer interaction, the lack of completeness
of their approach is problematic. In their keystroke model, there is no systematic
consideration of errors, ‘nor are preferences for alternative command names, errors
induced by complex command syntax, unusual sequencing of subtasks, comprehen-
sibility of screen displays or menu structures, effectiveness of errors messages,
help facilities, or documentation’ considered (Shneiderman, 1984b, p. 236).

c. Since so many pieces for an applied science are missing, there is an aura of pseudo-
exactness in their quantitative approach. Since quantitative approaches are
preferred by computer scientists, this may lead to using those recommendations
that are based on quantitative laws at the expense of other issues.

d. The emphasis is one-sided. The shortest possible command string (that follows
from their model) may ignore issues of comprehensibility and memorability
(Shneiderman, 1984b). Important (and high-level) design questions, such as why
direct manipulation may be better than a simple command language approach,
cannot be treated within their approach. It is also difficult to discuss trade-offs
within their concepts (e.g. the trade-off between speed of work and creativity).

e. Productivity is seen primarily as a question of how many keystrokes or how many |

processors are involved. This implies a very short-term efficiency model which
is typical of Taylor (1911) and Gilbreth (1919) and which does not take into
account long-term needs. Thus, problems that are potentially associated with
lower-level solutions may ensue; e.g. reducing the complexity of work may increase
monotony (Greif and Holling, 1986).

f. Card-er al. (1983) may have a wrong conception of the design process itself. Carroll

and Rosson (1984) describe the design process as being neither in Card er al.’s
sense top-down (using a general conception, e.g. a task description or a general
law of psychology first and then delineating the steps from it) nor bottom-up
(solving parts of the problem and then combining them into a whole), but as
a mixture of all possible procedures. This often leads to a rejection of all solutions
that had been entertained at the beginning of the design process.

Note that these points of critique do not call into question Card ez al.’s substantive
contributions in their specific areas. Obviously the level of analysis must depend

on the question that is asked. If the research questlon is to design a keyboard then -

their model may be quite adequate If the question is to integrate the computer in
the workplace, their model is not so useful. ;
The (rapid) protozypzng approach (e.g. Budde ez al 1984; Gould and LeW1s, 1983;

Floyd, 1984; Rlchards, Boies, and Gould, 1986; Wlxon et al., 1983) is advantageous

as it explicates potential user problems with the design at a very early stage of the
game, thus enabling the designer to change the design and then test it again.

]orgensen (1984) argues for prototyping because designing a system is so complicated
that one is never able to predict whether the system is satisfactory without empirically
checking it. This presupposes, of course, that the relevant features are included in
the prototype and that the relevant group of users is tested. Furthermore, a set of
‘benchmark’ tests or acceptance tests has to be developed (Carroll and Rosson, 1984;

_Roberts and Moran, 1983; Shneiderman, 1983b). Prototyping is an iterative

process —a successive approximation to some goal (or benchmark) However, note
that the iterative design process often includes changing one’s goals (Carroll and:
Rosson, 1984). Although prototyping can be done without much theory behind it,
it is useful to provide a background theory to analyze the results and draw the right
conclusion from the evaluation of the prototype. ‘

Potential pitfalls of this approach are that the prototypes are usually tested in
an artificial context and that the prototype typically lacks certain necessary funcrlorls. ‘
Moreover, there is some debate whether users are really competent in providing
ideas about good designs (Jorgensen, 1984). .

Including the user in the design team is certainly one of the best ways to increase
control for the user, to enhance mutual understanding between users and designers,
and to ensure that the system is functional. Rapid prototyplng is one form of
inclusion, but including the user in the design team is another one. Potential
drawbacks of this approach are that many users do not know the potentials of the
computer, that the software is often designed for many different groups of users,
and that the user may be too much concerned about her (nov1ce) status now to suggest
design ideas that will help her (as an expert) later.

Theories, metaphors, and analogzes can aid the des1gner to use the right
approaches —even if the ‘nitty-gritty’ of design is not explicated. Several analogies

' are discussed in Norman and Draper’s (1986) book, e.g. architecture or theater. Two

types of theories have been particularly useful for design consideration: keystroke
theories (Card er al., 1983; Hammer and Rouse, 1982; Schiele and Pelz, 1985)

. and action theories (Frese & Sabini, 1985; Hacker, 1985; Norman, 1986a; Rasmussen,

1983).

' Guidelines

Guidelines and checklists are the most important aids for designers because they
can orient the designer to the major problems and solutions of a user-centered design.

~ These guidelines must be ﬁrmly rooted in. psychologlcal theory and research. There

are now many published guidelines for improving different aspects of human-
computer interaction (e.g. Branscomb and Thomas, 1984; Davis and Swezey, 1983;

"~ Dobele-Berger, Martin, and Martin, 1984; Dzida, 1985; Engel and Granada, 1975;

Hannemyr and Innocent, 1985; Maguire, 1982; Spinas, Troy, .and Ulich, 1983;
Williges and Williges, 1983; Ulich, 1985). It is impossible to discuss them ail or
éven a good number of them. Instead, I want, first, to suggest a hierarchy of guidelines
and then to focus on one set of guidelines that have stirred up some controversies
recently —the German suggestions for DIN Standards on the design of the human-

computer dialogue.



A hierarchy of guidelines

The various guidelines discuss recommendations on quite different levels. It is,
therefore, useful to provide some hierarchy among these guidelines as suggested
in Table 5.2 (space constraints do not allow me to spell out the mesolevel and
microlevel guidelines). '

The assumption of Table 5.2 is that system design should be seen within the overall
organizational framework. There should be participation in the introductory process.
the organization should be decentralized so that more decisions can be made at each
individual workplace; similarly, this applies to control over organizational decision
making. Training needs to be adequate. Finally, it is a basic organizational decision
which approach is taken vis-G-vis division of labor. From the standpoint of industrial
psychology, the demand is put forward that the division of labor between the machine
and human and between workers should be jointly optimized. This is, of course, an
old demand of the sociotechnical approach (Emery and Thorsrud, 1976; Pava, 1983).

TABLE 5.2— The Hierarchy of Guidelines

Tier 1:  Organizational Level
— Participation in the introductory process
— Decentralization
—Control over organizational decision
— Adequate training -
—Opverall optimization of the human-human division and the
human-computer division of labor
Tier 22 Workplace Level
— Practicability :
—No damage to health or reduction of wellbeing
—Providing for social interactions
— Enhancement of personality
Tier 3: Task Level
— Variety
— Task significance
— Task identity
— Controllability over task decisions
o — Learning potential
Tier 4 Macrocriteria for Computer Systems (short-term/long-term)
—Functionality :
— Usability
— User friendliness
Tier 5: Mesocriteria for Computer Systems
Example I: Specific criterion for usability:
error reduction, error tolerance
Example II: Controllability
Tier 6:  Microcriteria for Computer Systems
‘Example I: System understands synonyms for
commands, provides an ‘undo’ command
Example II: Default option plus easy change of
layout, function keys, order of menus, menu content,
reminders, command names, etc.

This means that division of labor should be reduced to allow higher variety, task
significance and identity, controllability, and increase of learning potential. At each
point, the question should be asked whether a technical decision has repercussions
for the division of labor. This stands in contrast to just optimizing the technical
subsystem —without regard to the workers involved.

Design should take into consideration the workplace as a whole. Therefore, the
four criteria (suggested by different authors, e.g. Hacker, 1978; Ulich, 1986) of a
good workplace are of importance. (By the way, we do not assume that the criteria
suggested are orthogonal; they most probably correlate considerably and have a large
overlap.) Practicability implies that the workplace is organized in such a way that
the tasks can be accomplished (Hacker, 1978)—in a way, this is the workplace
equivalent of the functionality of a computer system. The second criterion is that
the workplace should not damage the workers’ health (including psychosocial health)
nor reduce their wellbeing: This issue is, of course, related to stress at work. A long-
term stress at work (and low resources) may lead to ill-health and reduction of
wellbeing. This is similarly true of lack of social interactions at the workplace. Finally,
the workplace should allow one to advance one’s personality (Hacker, 1978). Since
the workplace has an influence on workers’ intelligence and creativity, emotional
growth and growth of self-confidence, and active (or passive) approaches to life (Frese,
1982), workplace design can be seen as enhancing (or thwarting) personality growth.

Four of the five criteria of the design of tasks are related to Hackman and Oldham’s
(1975) triteria for job motivation. Task variety signifies that different tasks (requiring
different skills) are performed; task identity means that the worker completes a ‘whole
piece’ of work rather than a meaningless part; task significance implies that the task
is important for other people (or other people’s work); controllability (Hackman
and Oldham call it autonomy) refers to being able to decide on the content of the
subtasks, on the order of the tasks, on the methods for solving the tasks, and on
the timeframe in which to do the tasks. Finally, learning potential means that the
tasks should be reasonably complex and should thus allow one to develop one’s
«abilities and skills. ‘ '

Roughly, the macrocriteria for the design of computer systems (Tier 4) can be
grouped into three categories: Functionality, usability, and user friendliness. Each
‘of them can have a short-term and a long-term meaning. (Of course, there is again
an overlap between these different categories—often a functional system is easier
to use and might have positive consequences to the user—but there are also
differences.)

Functionality refers to whether a computer program allows and enhances the

. completion of the task. Thus, this term is-oriented to the task outside the computer

system. A short-term issue of functionality is, for example, whether the computer
system models real-world tasks. A long-term issue is whether the user can redesign

" the system to fit the specifics of the tasks better (controllability) or whether the system

can be adjusted to different approaches to the tasks. Some programs are high in
functionality because they help to do the job, and low in usability, perhaps because
of a bad command language (e.g. early spreadsheet programs; cf. Norman, 1986a).

Usability refers to whether the system is hard or easy to use. Examples of design
issues of usability are tolerance of user errors, what kind of feedback the system
gives, and whether it is consistent, self-explanatory, and corresponds to users’



expectations (see also Shackel, 1985b). In the short term, the issue of learnability
is important. In the long run, adaptability to one’s own style of working may be
more important. It should be emphasized that the test of whether a system is usable
has to be performed at the workplace, and not in the laboratory. For rather subtle
reasons, the use of an apparently good system may be rejected (Eason, 1984).

Although this is not usually done, usability should be conceptually differentiated
from wuser friendliness which means literally that the system is ‘friendly’ towards the
user, i.e. that the system has no long- or short-term negative effects but positive
effects on the user (it might also be liked best). A user-friendly system should not
produce stress. The long-term effect is related to wellbeing and personality
enhancement. For a short-term measure, human factor workers have frequently
employed user satisfaction scales. However, user satisfaction is usually measured
in a rather superficial manner. It would be productive to follow Bruggemann,
Groskurth, and Ulich’s (1975) suggestions on differentiating levels of satisfaction:
(1) progressive satisfaction in which the level of aspiration of what the system should
look like is increased; (2) stabilized satisfaction (level of aspiration is kept constant);
(3) resigned satisfaction (level of aspiration is lowered to fit the system); (4) pseudo-
satisfaction in which defense mechanisms prevail; (5) fixated dissatisfaction
(dissatisfaction but no attempt to change the situation); and (6) comstructive
dissatisfaction in which the level of aspiration is kept up but one tries to change
the system to match the aspirations. ]

We are not able to fully discuss Tiers 5 and 6 of the hierarchy because hundreds
of recommendations apply at these levels. The examples may suffice. Error reduction
is a more specific criterion of usability (and is related to functionality). Error reduction
is achieved when synonyms for commands are recognized by the computer system
and when there is an ‘undo’ command. Controllability may be related to functionality,
usability, and user friendliness. Examples for controllability on the microlevel are
given in Table 5.2.

The importance of presenting the guidelines as a hierarchical model is that each
of these lower-level criteria can and should be related to the upper-level criteria.
This underscores again the importance of organizational decisions.

The German guidelines on the human—comp‘uzer dialogue »

If the German suggestions for guidelines (DIN 66 234, part 8, 1984; see also Dzida,

1985, and Paetau, 1985) are approved officially, it will be one of the first attempts

to nationally streamline the human factors consideration of software and encourage
industry to respond. The standards are partly based on a study by Dzida, Herda,

- and Itzfeldt (1978). They have stirred up some controversies, since it is argued that

it is too early to propose standards that might lead to inflexible use (e.g. Smith,
1986). The following five standards have been proposed—each one-described by
way of many examples: (1) task adequateness, which supports domg a task without

adding load through system chara\ctenstlcs, (2) self-explanatory, i.e. the system is
either immediately understandable.or (full or partial) explanations are given on

request; (3) user controllability, which implies that. the user can modify the speed,
and has a say in the number and the order of tools and the way the tasks are handled;

(4) reliability, which means consistency with user expectations and internal -

consistency; and (5) error tolerance and transparency, i.e. the system accepts small
errors and it explains when errors have occurred.

These standards clearly refer to different levels in the above hierarchy but they
can be related to the criteria for a good workplace. Unlike some other German
standards, these standards are relatively loose guidelines that are supposed to

" be optimized depending upon tasks and user groups. This stands in contrast to

Smith’s (1986) worries that they would lead to inflexibility. Obviously, there are

- trade-offs when applying these recommendations, as is true of all guidelines (Norman,

1983b). For example, a self-explanatory system may lack controllability since a system

with maximal controllability can be changed into a new system that could not be’
predicted by the programmer (and thus no self-explanatory tools could be developed).

Although these guidelines are supplemented by examples, designers may have

difficulties using them, as is true of other guidelines (Mosier and Smith, 1986). It

would be useful to develop data bases that could counsel the designers on each of
their design tasks.

CONCLUSION

In this review the five major areas of interest to industrial and organizational
psychology —organizational conditions, stress, cognitive optimization of human—
computer interaction, individual differences, and design suggestions—have been
summarized. The major conclusion has been that issues of human-computer
interaction cannot and should not be separated from organizational issues. In the
last analysis, organizational decisions on how the computer is used will contribute
towards either positive or negative consequences in the employment of new
technology. However, there is a sequel to this general statement: if the organization

' should, for example, decide on increasing control vis-G-vis a system, the question

arises as to whether such a system exists and what should be the parameters of its .
design. Therefore, it is necessary that issues like control are taken seriously on each
level —on the organizational level, the workplace level, the task level, and the levels

" of software ergonomics (macrocriteria, mesocriteria, and microcriteria for computer

systems), and that concrete design suggestions are developed. :
“Unfortunately, as it turns out, organizational decisions are constrained less often
by technology than by the marketing strategies of the hardware-producing companies
(Cakir, 1981) and by restrictive conceptualizations of balancing costs and benefits.
For example, when hardware was expensive, separate and centralized word-processing
units were pushed by the producers and were estimated to be profitable. However,
as pointed oqut by the economist Reichwald (1982), this ‘profitability’ turned out
to be high only when the number of keystrokes was used as sole criterion of

_productivity. When other aspects were included—such as an increase in the total

organizational time it takes to finish a letter, an increase in mistakes and in
complicated and bureaucratic procedures, a reduction in the efficiency of specialists,
etc.—centralized word-processing units are no longer seen to increase productivity.
Developing national guidelines for software design, as in the Federal Republic of
Germany, may enlarge our concept of cost-benefit analysis and encourage the
production of adequate software that allows for different options and is functional,
usable, and user friendly.



What can we say about the so-called ‘big’ controversies with which we started
our review? From the perspective of industrial and organizational psychology, high-
level (molar) approaches seem to be more adequate. However, low-level approaches
can also be useful as long as they are subsumed under an overall organizational
approach to the workplace. '

The issue of control at work and controllability of the sytem is of high i 1mportance
since control plays a role at the organizational level, the workplace and tasks levels,
and each level of human-computer design. Furthermore, controllability has an impact
not only on stress-effects, but also on performance and on the creativity with which
an organization can accommodate to new environmental demands or to technological
changes. Since it is likely that technological changes will be more frequent in the
future, controllability for the individual workers has an ever more important function
in the survival of industrial organizations.

The question of whether computers are seen as tools or as something beyond them
may be dependent on the factor of controllability. If the computer is controllable
and if the division of labor between human and machine is organized so that the
human is firmly in control of the important procedures, decisions, and timeframes,
it is more likely that the computer will be perceived as a tool. However, should
controllability be reduced, then the computer is not a tool for those people who
work with it, but only for the masters in the background. In such a case, stronger
resistance introducing and using computers at the workplace is a more likely result.

This review has shown that we have already accumulated a fair amount of
knowledge on some low-level issues of software design, but that these issues have
to be integrated into a larger framework. Thus, it is necessary to develop an industrial
and organizational psychology of computer use, system design, and integration of
system design into an overall organizational design, so that we can minimize negative
consequences of computer use and optimize productive and creative use of this
powerful tool.
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