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importance to German action theory. We will discuss issues in training
(e.g., active approach in learning, understanding, accidental learning,

the use of heuristics, learning from feedback and errors, automatization of
skills, and transfer).

» Task characteristics. We will present task characteristics from an action
theory perspective, including task analysis instruments developed in Ger-
many, and will discuss resources for action regulation, regulation require-
ments, and action regulation problems (stress).

s Work design. Finally, we will discuss the issue of work design from an action
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To establish a general theory of work behavior, one must begin wilh. the concept
of action. Action is goal-oriented behavior that is organized in specific ways by
goals, information integration, plans, and feedback and can be regulat‘ed con-
sciously or via routines. We will describe general theory along these lines. This
is quite a different theory from the typical American theories in industrial and
organizational psychology. This becomes quite clear when this general theory
is applied to understanding certain phenomena:

« Errors. Errors are the converse of efficient action. We will present an action
theoretic taxonomy of errors and some empirical results. The concept of error
management allows an active approach to dealing with errors.

« Interrelationship between work and personality. From an action theory point

of view, a person develops his or her personality by acting. Thus, working has .
some impact on the development of personality. From this, it follows that work

should enhance personality. Action styles provide a way
to understand personality from an action theory perspective.

o Development of competence at the workplace and training. A particularly
important concept is the issue of the superworker in action theory. The

superworker uses better and long-term strategies, has a better understanding
of the work tasks, and organizes things better than other workers, but-does‘

not work more than they do. Training enthances worker skills in the direction
of the superworker and, therefore, the area of training has been of traditional

theory point of view.

Introduction

THE BASIC ISSUE of a psychology of work has

to be concerned with actions. Actions are

goal-oriented behaviors. Without a conscious
goal, thereis hardly any possibility for a person
to take action. A goal may be to develop a new
motor, to achieve a certain career post, to write
aJetter, to finish one piece of work at the assem-
bly line. Additional goals may be to earn money
with one’s work or to do one’s job well.

Therefore, the basic starting point for in-
dustrial and organizational psychology has to
be work action. This i$ what persuaded Ger-
man industrial and organizational psychology
to develop an action theory.

This is not the typical starting point in the
United States. Here, the phenomena studied
the most seem to be two types of preréquisites
of action: abilities used in selection research
and motivation. While they undeniably play ar.
important role, one has to deal with the fact
that people demonstrating the highest perfor-
mance in a job are not always the most moti-
vated workers, but rather those who have the
best cognitive understanding of the job and the
better work strategies (Hacker, 1992). In this
chapter we will deal with a set of issues for
which an action theory orientation proved use-
ful. Atthesame time, we will see that the theory
of action provides an integrative account of

‘what happens with, to, and from the person

working,

Three kinds of readers will profit from
this chapter: (a) those who would like to be-
come familiar with a rather well-developed
cognitive theory of work behavior and who
do not have access to the German literature in
this area; (b) those who want to get to know
an alternative theory to some of the dominant
paradigms of American industrial and organ-
izational psychology; and (c) those who are
interested in the specific topics of this chapter:
errors, work and personality (including
action styles), superworkers and training,
task characteristics (including job discretion,
complexity, and stress at work), and work
design. In general, action theory is a “grand
theory” that provides quite a broad approach
to understanding work actions in general.
Unfortunately, this chapter may not be easy
to read. Since it is necessary to first develop
the theory in an abstract way, the reader
will only become aware of its usefulness,
and empirical underpinnings, after he or
she has looked at the specific action theory
topics.

Action theory is a cognitive theory. But un-
like many cognitive theories, it is tied to be-
havior. It is an information processing theory.
But unlike many information processing theo-
ries, it is tied to objective work environments
and to the objective work outcome. It is a be-
havior-oriented theory. But unlike behavioris-
tic theories, it is concerned with the processes
that intervene between environmental input




and behavior: the regulatory function of
cognitions.

German psychology has by and large been
more interested in grand theories than has
the Anglo-American tradition. Action theory
builds on the grand theory of Lewin and
its newer system theory version of Miller,
Galanter, and Pribram (1960). At the same

. time, it has been influenced by Soviet psy-
“chology, particularly Rubinstein (1962, 1968),
-Leontiev (1978, 1981), Vygotski (1962), and
Luria (1959, 1970). Other influential figures

- were Oschanin (1976), Galperin (1967), and,

-in Polish praxeology, Tomaszewski (1964,

-1978).

i It should be added, however, that there
~are English versions of action theory that
- resemble the kind of theory we will dis-
“cuss. For example, Carver and Scheier (1982)

.. and Anderson (1983) have presented such.
" theories. It should also be pointed out that the

“‘use of such theories in German work psy-
- chology. i$ much: older (the first books on
“this topic were Hacker, Skell, & Straub, 1968,
nd Volpert, 1971) and better developed. -
Grand theories or frameworks are very
ften empirically and theoretically not as well
eveloped as some readers may think they
hould be. One reasen that it is fun to work

hology, and organizational psychology—

vork action is capable of integrating other-

ormance, and skill development. ..

Actxon Theory ’I'oward a

~ work psychology problems often in-

" regulation processes can be conscious

“The Action Process

_ .- zewski, 1964, 1978): (a) development of goals
vith'action theory is that it has been used—or - -
promises to be used—to provide a unified

_ (b) orientation, including prognosis of future
ramework to human factors, industrial psy- .:

. events; (c) generation of plans; (d) decision to ...
" selecta particular plan from available plans; (e) :
* execution and monitoring of the plan; and ()’

amely, work psychology. Since all of these *
isciplines are facets of our knowledge of ::
£rpeople’s work, an analytical framework of -

wise isolated issues of stress, errors, job per- .
~ chaotic; for example, goals may change in the

" in the action process may change earlier ones;

General Theory of Work Behaﬁor ﬁ o
. presents a good first approximationi. In the " :
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in press; Semmer, 1993). The degree of spe-
cification of a theory has to be adequate for
its application. It is finer in general psy-

FIGURE 1

The Action Process

chology and less fine in work psychology.
Moreover, external validity questions are
more important in work psychology than
in general experimental psychology. Finally,

Goal
development-

volve many variables that are not completely
tested.

An action can be described from two
points of view. First, an action proceeds from a
goal to a plan, to its execution and to feedback
being received. This is the action process. Sec-
ond, an action is regulated by cognitions; the

Plan
-generation

(called “controlled” by Schneider & Shiffrin,
1977) or automatic. This is the structure of
action. Both points of view are combined
in action theory. For purposes of exposition,
we will present these two aspects of action
consecutively.

Decision

Execution-
monitoring

The action process consists of the follow-
ing steps (Dorner, 1989; Frese & Stewart, 1984; -

Hacker, 1985, 1986a; Norman, 1386; Tomas- *. Goal Develdpn;ent and the Role of Tasks.

and decision between.competing goals;
¢ defines an action as.the smallest unit'of be-

the processing of feedback. -
Figure 1 presents these action steps. Thls .

model presents the action process as an

orderly affair. Of course, actions are often quite '

_comparison for the action (the cognitive as-

motivational aspect).

; ) _ Actually, it is a gross oversimphﬁcahon to
middle of an execution. Moreover, later steps - begin a description of the action process with a
“goal. As Heckhausen and Kuhl] (1985) have

for example, a goal may be changed after one pointed out, at first there is really a wish. This

notices that the plan is not good. The figure

- text that follows, we w1ll dxscuss each of these
action steps : ~ :

Feedback

. The goal is certainly the most important con- -
cept in action theory; since action is defined as
goal-oriented behavior. Hacker (1986a, p. 73)

havior that is related to a conscious goal. The -
concept of goal integrates motivational and
cognitive concepts. The goal is a point of .

" pect),and the action s “pulled” by the goal (the -

.. wishmay be translated intoa want. When there
< are potential opportunities, the time is right,
and there xs some, urgency-and mportance,

. these wants may translate into an intention

and then act as action-guiding goals.

While this is generally true of actions, the
starting point for work actions is the task
(Hacker, 1986a, p. 69). Usually a person is
given a task at work and is expected to pro-
ceed with the task according to some rules. A
task is the intersection between the individual
and theorganization (Volpert, 1987b). Via tasks,
an individual or a subgroup takes over a part
of the overall organizational goals.

Itis useful to differentiate between ar exter-

“nal and an internal task. People are developing

goals either when they are creating their own
tasks or when they are taking over external
tasks. The external task is presented by the
organization, though sometimes in a very gen-
eral manner.

The result of an external task has to be
anticipated as a goal, and conditions for its
execution have to be taken into consideration.
Making an internal task out of an external
one is accomplished through the redefinition
process (Hacker, 1982b, 1986a; Hackman, 1970).
The task presented by an organization to an
individual worker must be understood—it is
interpreted on the basis of prior knowledge
and general terms of the trade, and it is taken
over in light of standards and certain implica-
tions. For example, if a supervisor asks a person

- totend a machine, the worker can respond in

two possible ways when the machine breaks

. down. The worker might simply wait until the
. supervisor comes by again to mention the

* “problem, or the worker might fix the problem

N

or actively report the prablem to the supervi-
sor. Many social conflicts can occur when dif-
ferent redefinitions collide, such as when a
supervisor sees different implications in a par-
ticular action than a worker does.

Thus, the redefinition process depends on

the degree of understanding of the external

task and its clarity; the expectations, the values,
thedegree of acceptance, and the willingness to

- carry out the task; and the workers' prior expe-
sriences (Hackman, 1970).




The fact that goals are implied by tasks
should not be mistaken to mean that people
passively respond to environmental stimuli.
Rather, according to action theory, people in-
fluence and shape their environment as well.
Goals are changed according to one’s accom-
plishments, usually in the direction of higher
efficiency on the environment (White, 1959).
Thus, most humans will proceed to develop
new goals, even when a certain goal has been
achieved.

Goals anticipate future results; therefore,
goals should be considered anticipative cog-
nitive structures (Hacker, 1986a, p. 115) that
guide the action process. Goals are to a certain
extent invariant—that is, they do not change
very quickly (Hacker, 1985). A person still
knows and pursues his or her goal even if the
plan of action led astray. Only by being invari-
ant to a certain extent can goals function as set
points to interpret feedback.

While the actual behavior guiding goals
is usually conscious, it does not have to be in
the focus of attention all the time. Once a
certain action pattern is put into effect, it is not
necessary to keep the goal in consciousness
unless the action pattern fails. This is particu-
larly true for supergoals (like life goals;e.g., to
be honest or successful in what one is doing).
Often action patterns have the status of an
implicit goal. ’

Actions are often directed toward multiple

goals, and while acting on one goal, people
scan the environment for opportunities to act
on other goals. This leads to several problems.
One practical problem is that the various goals
‘may be contradictory (e.g., the goals of being
honest and polite, increasing the profit rate, or
trying to make people feel good at work). A
theoretical problem is which goal will be opera-
tive at any particular time. The latter has been
emphasized in the various theories of expect-
ancy xvalence theories (e.g., Heckhausen, 1991;
Vroom, 1964). Since these theories, which also
originated from Lewin, have been well devel-
oped in the Anglo-American literature (and are
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discussed by Kanfer, 1990, in the first volume
of this Handbook), they do not need to be dis-
cussed here.

Reither and Stiudel (1985) have pointed
out that goal development requires effort and
is therefore usually reduced to a minimum.
Goals are developed while the task is being
carried out. Since often little thought is put into
goal development, people have a tendency to
overlook contradictions between different
goals. Also, goals are often developed without
reference to potential negative effects that oc-
cur after the goal has been achieved (e.g., what

"to do with the atomic waste that is created once

a nuclear power plant has been built).
In general, important—and partly interre-
lated—parameters of goals are the following:

= Difficulty. Goal difficulty has to be dis-
tinguished from goal or task complexity.
While complexity is related to the num-
ber of units in a system and their re-
lationships to each other, difficulty has
a more restricted meaning: A given
degree of complexity may still pose
various degrees of difficulty. For ex-
ample, to shout louder than 90 decibels
is more difficult than to shout louder
than 60 decibels but not necessarily
more complex.

»  Specifity of the goal. Specific goals can
be described in detail; a specific goal,
therefore, usually has clearer impli-
cations for action than a more global
goal. An example of a manager’s global
goal is that people should be satisfied
in their jobs; an example of a specific
goal is that the profit rate should be
increased by 10 percent (Dorner, 1989;
Locke & Latham, 1990).

»  Hierarchization of goals and subgoals.
This implies that subgoals are formed
(goal decomposition; Dérner, 1989).
This is not identical to goal specificity.
For example, raising the profit rate by
10 percent is highly specific, but it may
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be very difficult to describe the sub-
goals necessary for reaching that goal.

Connectedness of goals and subgoals. This

.implies that the different goals and

subgoals are checked for potential
contradictions.

Time range. It is self-evident that goals
can be oriented toward the future (long
range) or toward the near future (short
range).

Valence. This is one of the better re-
searched areas of psychology, referring
to the positive or negative value that is
attached to a goal state and its relation-
ship (instrumentality) to other goal
states (Heckhausen, 1991).

Process versus end-state goals. Process
goals are goals directly related to an
action. Thus, the action itself is the
goal. For example, a ballet dancer’s
goal is to move in a certain way. Often,
process goals can be conceptualized as
standards that should be maintained,
such as behaving politely or conserv-
ing energy while working. In contrast,
producing a commercial product is an
end-state goal.

Efficiency divergence of goals. This con-
cept (Oesterreich, 1981, 1982) suggests
that one should choose subgoals with
the highest number of options (diver-
gence) to reach potential other goals
with a high likelihood (efficiency). For
example, in a career path, a person
may choose a low-salary position in a
prestigious university because it opens
many options for later jobs. Subgoals
with high efficiency divergence should
be approached when it is difficult to
develop a whole plan in advance.
Computer simulation experiments
showed that high efficiency diver-

- gence subgoals were actually prefer-

red by the subjects, even when other

more favorable possibilities existed
(Resch & Oesterreich, 1987). Moreover,
subjects preferred action domains that
included many points of high efficiency
divergence, and they were more success-
ful in reaching their goals within such
action domains (Oesterreich, Resch, &
Weyerich, 1986).

Orientation, Prognosis, and Signals. Theori-
entation reflex is a basic response of human
beings. Orienting oneself toward something
novel is the lowest level of analysis of
situational and object conditions. In dvnamic
systems, objects may change even without an
intervention by the actors. Here, prognoses of
future states must be calculated (e.g., the infla-
tion rate when investing money).

Prognosis and orientation have been
studied by Dérner and his group in problem-
solving approaches using highly complex com-
puter simulation programs (Dérner, 1987b,
1989; Dérner, Kreuzig, Reither, & Stiudel,
1983; Reither & Staudel, 1983). To orient one-
self within a system, one must search for and
collect information, develop good analogies,
and use abstract schemata. Of particular im-
portance is a problem’s level of decomposition.
For example, repairing a machine re-
quires a fine level of decomposition, as the
various parts of the machine must be known.
On the other hand, knowing everything about
the particulars of the machine is of much less
use to the production worker who must know

- how to operate the machine. (As a matter of

fact, the repairperson may be less efficient us-
ing the machine, although he or she knows
much more about it than the production
worker.)

Orientation often means to attend to
signals, because signals are action-relevant
stimuli that are integrated into some know!-
edge system on the work task. This means
that the worker has to know different forms
of a certain signal prototype and process
characteristics and how they are translated




into observable signals. The worker also must
have an action plan associated with the signal
at his or her disposal (Hacker, 1986a, p. 118).

The following are important issues of sig-
nals (see also Hacker, 1986a, p. 232):

» The number of signals that need to be
* reacted to

~ « How easy it is to differentiate a signal
from background noise and other signals
(contrast and number of alternative
signals; e.g., see Patterson, 1990)

» Compatibility and population stereo-
type (e.g., a red signal meaning stop
and a green signal meaning go; e.g.,
see Hoyos, 1974)

* « The predictability of when a signal
appears and what kinds of signals
one can expect

» Transparency of signals in terms of
understanding the meaning of the
signal within a system

« Consistency of the signal-—that is,
whether a particular signal has the
same meaning all the time

» - The active search for signals and the
- ‘a_ctiv,e construction of signals versus
waiting for signals to come '

 In every case, the signals' are related to -
_ the knowledge and the mental models that-
the worker has about the work process. (Later,

the concept of mental model from an
-action theory- point of view will be dis-
cussed.) Signal detection and the actions

taken are therefore highly dependent on this ]

knowledge.

Plan Generation and Decisiloli. Some kind
©of plan is usually developed before the action
occurs. This plan is, of course, not necessarily

worked out in detail. Most often it is a simple

list of subgoals. Sometimes the plan con-

sists of an elaborate structure of a plan and

- are unlikely to happen. ‘ o
» A priori hierarchization of plans. Plans . :
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backup plans in case something goes wrong.

These plans can be more or less consciously

represented orautomatized (more on thislater).

The action theory concept of plan is not to
be confused with everyday uses of the term.
The theoretical concept of plan means every-
thing from a first idea of how to proceed to
an elaborated blueprint (Miller et al., 1960).
Also, a representation of well-automatized
sensorimotor skills (like walking) is conceptu-
alized to be a plan. Because of the different

meanings of plan in action theory and every- .

day life, the term action program was in-
troduced. Action program and plan are used
interchangeably in this chapter.

Many aspects of the concepts of plans,
strategies, and tactics will be discussed in the

~ various application areas of action theory in
this chapter. Therefore, only the important” -

parameters of plans need to be mentioned at
this point. :

s« Detailedness. As pointed out, a plan may

or may not be developed in detail before

action is taken. When the plan is not
detailed beforehand, then it is worked
- out during the action itself.

»  Inclusive of potential problems—backup

plans. This is a variant of detailedness,
but of a specific sort: One may develop -
backup plans in case something goes
wrong, and even plan for events that

can be broken up into subplans before
the decision is made to take action.
When acting, plans always have to be
connected to lower-level plans; other-
wise, no action would occur. Of course,
the hierarchy of plans is related to the
hierarchy of goals, but the two things
are not the same. It is possible to have
goals (or subgoals) without having
a plan for how to achieve them. This -
. will be discussed in more detail ..
- later. :

)
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« Long range versus short range. Similar to
. goals (and, of course, related to them),
. plans can have a long range into the

* future (e.g., a career plan) or a short
range (what to do during the next few
minutes).

= Miller et al. (1960) thought plans to be’

the bridges between thought and action. -
They are made up of TOTE (test, operate,
test, exit) units. Thus, a plan is always a'
combination of thought and action. A
TOTE unit consists of testing how far
one has moved in one’s action, perform-
ing an operation to get nearer to the
goal, and testing again. If the goal (or

* subgoal) is achieved, one exits from this
TOTE unit into the next one. Thus, there
is no plan completely outside action
and there is no action completely out-
side planning.

» The decision concerning which plan
(or goal) to pursue has not been re-
searched much within the tradition
of action theory. There is, of course,

- a large body of research on decision
“theory that concerns itself with these
questions (Baron, 1988)..

- Execution-Monitoring. Insofar as planning
. always implies some kind of operation, it is -
" . actually superfluous to include a separate
phase of execution. However, from the per- -

spective of higher-order plans, it is important
to distinguish between the execution of a plan

- and the waiting period. For example, the over-
all plan to achieve a professorship at a presti--

gious university is not dealt with at each
point in time. But it is important for the indi-
vidual to note and take advantage of certain
opportunities, such as when meeting a profes-
sor from that university. Thus, timely subplans
should be used (see the concept of triggering in

. Norman’s, 1981, activation-trigger-schema
. theory). ,

Various aspects are important for plan
execution.

o Flexibility. How quickly is a plan aban-
doned if it does not work out immedi-
ately? Volpert (1974) suggests that effi-
cient action implies steering a middle
course between flexibility of the plan
and keeping one’s goals. Thus, one
should be flexible enough to adjust plans
to environmental demands but stable
-enough not to give up goals too easily.

» Speed. Speed of plan execution has

been researched heavily within other

" theories {(and one of the important con-
cepts, of course, is the speed-accuracy
tradeoff; e.g., Wickelgren, 1977). Within
action theory, speed has been empha-
sized as important in dynamic situa-
tions (Dorner, 1989).

«  Sharing and coordination of plans. In
many cases, tasks have to be accom-
plished cooperatively. This requires
communication about goals and plans in
several respects. Tasks have to be rede-
fined in the same manner, leading to
compatible and supplemental goals and
plans. Furthermore, the time frame of

" plan execution must be coordinated
(Cranach, Ochsenbein, & Tschan, 1987;
Cranach, Ochsenbein, & Valach,
1986)."

»  Overlapping plan execution. One can
either follow only one plan at one
time or follow several. Hannover
(1983) has shown that there are indi-
vidual differences in how people do
several tasks—consecutively or over-
lapping in time. This is related to the
issue of multiple goals—whether they
are pursued consecutively or not.

. . The execution of the action is at the
boundary of the subjective and objective world.

oo




Therefore, action theory is not subjectivistic
because actions change the objective world
and the person receives feedback from the
(changed) objective world. For this reason,
practitioners of action theory feel comfort-
able with the behavioristic emphasis on the
. real stimulus situation; however, they are
interested in the process of the interactions
between the objective and subjective worlds.

Feedback Processes. Generally speaking,
feedback is information about how far one
has progressed toward the goal. Feedback is
neither completely outside the person nor
completely inside. it is partly outside because
feedback puts the person in touch with the
real world of objects. On the other hand, with-
out a goal in mind, there is no chance to
understand or conceptualize feedback—thus,
feedback is a relational concept. Therefore,
feedback can only be interpreted with refer-
ence to a goal. There is no doubt that without
knowledge of results, there is no progress,
such as in learning or performance improve-
ment (Annett, 1969; Volpert, 1971). Thus, feed-
back is of particular importance for work
performance.

* There are some useful distinctions between
various aspects of feedback, most of them de-
veloped in the area of sensorimotor skills (see
Holding, 1965; Semmer & Pfafflin, 1978a;
Volpert, 1971):

o Concurrent versus terminal feedback.
There is feedback concurrent to one’s
actions (like proprioceptive feedback)
and knowledge of results after a certain
action plan has been completed.

«  Extrinsic versus intrinsic feedback. Ex-
trinsic feedback, also called artificial
or augmented feedback (Annett, 1969;
Holding, 1965), is introduced for the
purpose of training (e.g., a ringing bell
telling us that we have reached a target).
Intrinsic feedback is given during the -
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execution of the real-world task itself.
Intrinsic feedback can be propriocep-
tive (information from the vestibular
system; kinesthetic information) or
exterioceptive (i.e., tactile, visual,

- auditive, or olfactory information).

« Immediate versus delayed feedback. Re-
search shows how difficult it is for
people to use delayed feedback to
guide behavior (Brehmer & Allard, 1991;
Cratty, 1973; Dorner, 1989; Lee, 1950).

»  Verbal versus nonverbal feedback. Verbal
feedback is usually more effective. One
reason is that it comprises more informa-
tion than nonverbal feedback (Holding,
1965).

Certain parameters can be differentiated in
feedback processing.

s Amount of “realism”versus self-serving
interpretations. Dorner (1989) found in
his simulation experiments that people
who processed feedback in a self-serv-
ing manner showed lower performance.
Receiving negative feedback may affect
the self-concept. When feedback is
interpreted within a framework of
keeping up the self-concept instead of
dealing with the problem, actions are
less effective.

» Reaction to the social content of feedback
versus reaction to the performance content.
Since feedback is often communicated
via people, the social content of feedback
may be important. Some people react
primarily to the social rather than the
performance content of feedback. This
may lead to defensive strategies
{e.g., when a superior only notices that
a subordinate criticizes him or her).

« Feedback search rate. In highly uncertain
dynamuc situations, it is important to
actively search for feedback and react
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FIGURE 2

The Hierarchic Structure of TOTE Units
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quickly to it (Dérner, 1992). A high
feedback search rate and planning
activities may be opposed to each other,
since a high feedback search rate may

in and of itself lead to working memory
overload. ’

The Hierarchical Structure of Action

The structure of action must be organized
hierarchically. If actions were regulated by
internal models in a nonhierarchical and se-
quential way, then models for every action
would have to be stored in memory. Obvi-
ously, this behavioristic approach is not fea-
sible. As Chomsky (1957) and Carver and
Scheier (1982) have pointed out, the infinite
number of potential concrete operations must
be organized and generated by higher levels of
regulation,

Tayloristic time and motion studies in
woark psychology are equivalent to behaviorist
concepts in general psychology. Only the sur-
face structure of the behavior of work is look-
ed at. Action theory attempts to understand
the “deep structure of action” as well (Hacker,
1982b, p. 91).

The hierarchy of action regulation is
composed of so-called functional units (Vol-
pert, 1982). The starting point of discussing
functional units was the TOTE unit by Miller et
al. (1960; see also Hacker, 1985, 1986a; Volpert,
1974, 1982); the TOTE units may be nested
hierarchically (see Figure 2). Its basic technical
analogy is the cybernetic feedback loop.

One can have several points of critique
with the TOTE model (and action theorists in
Germany have discussed these in depth). For
example, the model does not clearly indicate
that there are goals and feedbacks within this




model (they are tucked away under the terms
of test and incongruity). Moreover, the model
looks too self-contained (or like a closed loop;

Hacker, 1986a; Kuhl, 1983). There is, of course; -

anenvironment that may, for example, change
the goals or plans. People will also sometimes
construct the feedback themselves; thus, there
is an active process of developing feedback.
Moreover, goals can change, and therefore
thereis a dynamic development of action struc-
tures that is not well represented in Miller et
al’stheory. Every new goal leads to another set
of actions because of new discrepancies be-
tween the world and the goals. There are also
multiple goals that lead the concert of actions;
for example, when working on a specific task,
one may also want to do it efficiently and at
the same time elegantly. In sensorimotor skills,
parallel movements are organized by multiple

goals as well (Broadbent, 1985; Fuhrer, 1984), -

Finally, one critique is that action theory is
concerned only with single actions pertaining
to a single goal. Some of the conclusions in the
discussion on multiple actions and the issue of
heterarchy within action theory (Broadbent,
1985; Fuhrer, 1984; Gallistel, 1980; Kaminski,
1973; Turvey, 1977; Volpert, 1983) include:

» Itisin principle not difficult to include
multiple actions within action theory.
Since planning must be anticipative to
a certain extent, action anticipation goes
beyond the particulars of the action
itself. This means that a certain amount
of parallel processing has always been
assumed in action theory.

* Two actions running their course can
be intertwined with each other: often
this is done by some time-sharing
process on the intellectual level of
regulation,

* A hierarchy does not imply that the
lower levels of regulation have no reg-
ulatory functions except those delegated
from above. Of course, lower levels
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react to feedback (even if, as in the case
of proprioceptive feedback, conscious
processes are not involved) and adjust
the action to situational conditions
without involvement of higher levels.

» Lower-level actions can lead to changes
in the goals at higher levels when it
turns out that one cannot pursue them

- adequately.

» _Some errors show that lower levels can
have “a life of their own.” This implies
that there is no “dictatorial power” of
the higher over the lower level, but rather
a sort of “negotiation” process (Turvey, -
1977). The primary example is capture -
errors (Reason, 1979), in which a habitual
routine takes precedent over a conscious
plan, as in the case of a driver who takes
a direct route home, although she had
planned to divert to buy clothing. These
actions that don’t go as planned appear
as intact sequences of action, perfectly
coherent in all respects except that they
were not what was intended at that time
(Reason, 1988). This suggests that low-
level habits can take over the action path
vis-3-vis conscious higher-level plans.

For these reasons, the concept of hierarchy

may be too strong. However, heterarchy is -

not really a good term, since hetero means

“different” in Greek. We prefer the term
* weak hierarchy (Turvey, Shaw, & Mace, 1978).

These points of critique should not divert at-
tention from the fact that functional units are
nested in some kind of upper- and lower-level
processing.

Volpert (1982, p. 39) describes in Figure 3

‘how the functional units can be grouped into

a hierarchic-sequential pattern. This model
assumes a temporal organization: First an
overall goal is set and then a series of func-
tional units are produced and executed in a
top-down mariner. This means that once the
lower-level units have been completed, the
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FIGURE 3

The Hierarchic-Sequential Model of Action Regulation
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goal of the upper-level unit is accomplished.
Some functional units (the gray areas) are resi-
dent but not in the foreground of attention,
while the black unit is the one acted upon.
The white units are not yet really thought out
or fully activated—they will be elaborated
and activated during the course of action. The
regulations are elaborated before they actually
areused in the action process—the term breadth
of anticipation is used here (Hacker, 1973). The
ascending arrows signify feedback (this is the
bottom~up part of this figure). If the subgoal
has been attained, the unit is completed.

A concrete example of such a hierarchic
process is Hacker's (1986a, p. 137) description
of how a tree along the street is replaced (see
Figure 4).

This hierarchy is usually described as
going from higher levels (the intellectual
level) that control and monitor the action pro-
cess to lower levels directly linked to muscular
activities (the sensorimotor level). Actually, we
think there are two, albeit related, dimensions

[

involved. One goes from conscious thought to
automatized behavior, the other from thought
to muscular action.

The first dimension goes from conscious-
ness to automaticity. Consciousness does not -
necessarily imply thata thought s verbalizable;
it can also be a vivid thought, picturing a
certain action (e.g., Shephard & Metzler, 1971).
Conscious strategies are necessary when a
nrew problem is tackled or when a more routin-
ized strategy fails to work.

With practice in redundant environments,
actionsbecome routinized and automatic. Then
they tend to have the following characteristics
(Semmer & Frese, 1985): (a) They become more

 situationally specific, (b) they require less ef-

fort, (c) they involve overlap between different
operations, (d) they require less feedback from
the environment, (e) they require fewer (or no)
decisions to be made, and (f) movements take
on a more parsimonious form.

Thesecond dimensionimpliesthat thoughts
cantranslate into muscular movements. Newer




The Hierarchic Structure of Action: An Example

Execution

Put
trees

Pavement

Placing street trees

Administrative

preparations

=
5" /
& E
<s ]
=
* ..-/"‘S-
S
[
/ s
3 g
- I °
y / &
=
& 2
= 20
(=}
s —18%
S
3
3 .
[
3 4]
ﬂ /
&
3 .
S
kN
2
G . .
®s £
g =
g2 2
-] : 3"‘3
[ =4 723
=3~}
Y]
g% 8
= 3
£E3 =
;-,’>
13
o
¢ 35 -
-é'g Iz
=1 ) ©
g  §
X% 1y
% 8c
) .

From Arbvitgeanhidogic (p 137) by W. Hlacker, 19800, Bern, Gormany Hubwer Copynght 198 by Tlaber: Kepemibat try pormmssum

284  Frese and Zapf

research, partidularly by Gallistel (1980), whose
theory was strongly influenced by the German
biologist von Holst, shows the mediating mech-
anisms between a general goal and muscular
movements, and does not need to be repeated
here. A separate set of research on mental
training (Vandell, Davis, & Clugston, 1943),
taken as evidence for action theory, showed
that just mentally imaging a certain movement
led to an improvement in the skills of using
these movements (Ulich, 1967, 1974). This phe-
nomenon is documented well (Heuer, 1985).
Moreover, mental training leads to physio-
logical arousal in the muscle used in the
imagined movement (Wehner, Vogt, & Stadler,
1984) and in pulse and breathing rate; how-
ever, the latter is somewhat reduced in com-
parison to actually doing a certain task, but is
stronger than just watching the task (even the
latter implies an increase in pulse and breath-
ing rate; Rohmert, Rutenfranz, & Ulich, 1971).

It is interesting to note that the upper
halves of both dimensions are related to con-
scious thoughts. Moreover, sensorimotor skills
can combine both dimensions as well: They
usually are highly routinized and related to
muscular movements. For these reasons and
for economy of exposition, these two dimen-
sions are usually combined into one, and
different levels are differentiated. The follow-
ing four levels” seem to be most useful (Hacker,
1973; Semmer & Frese, 1985).

The Sensorimotor Level of Regulation. The
sensorimotor level is the lowest level of regula-
tion. Stereotyped and automatic movement
sequences are organized without conscious
attention. Regulation takes place with the help
of proprioceptive and exterioceptive feedback.
This type of regulation is largely unconscious
and is done with little subjective effort
(Kahneman, 1973). The concept of automatic
processing (Shiffrin & Schneider, 1977) can be
applied here. Information processing at this
level is parallel, rapid, effortless, and without
apparent limitations. Conscious regulation has

some difficulty to modify action programs at
the sensorimotor level. It can stop the action,
but it is much more difficult to modify an
automatized action.

At this regulation level, different levels of
complexity of movements may occur. For ex-
ample, performing a delicate ballet figure is
more complex than driving a nail into a wall.
Because of parallel information processing at
this level, the execution and coordination of
parallel movements is possible, but training
for the movement must be done to a great
extent at this level. For this reason, the ballet
figure has to be practiced repeatedly for one to
become accustomed to it. What makes the ac-
tions at this level difficult is the number of
movements to be coordinated, their timing,
and their accuracy.

The Level of Flexible Action Pattems. Ac-
tion patterns can be conceptualized as sche-
mata (see Norman, 1981, 1986; Schmidt, 1975).
These are ready-made action programs that
are available in memory and must be specified
to situationally defined parameters. These
action programs have been previously estab-
lished and must be activated and integrated
into an action chain for a specific situation.
Moreover, the action patterns can be adjusted
to the situation (Volpert, 1974). According to
Hacker (1986a), these action programs are
largely dependent on the perception of signals.
Since in his view signals are well-trained con-
cepts, they can trigger these well-trained action
schemas.

The Intellectual Level of Action Regulation.
On the intellectual level, complex analyses of
situations and actions concerning problem so-
lutions are regulated (Hacker, 1973). New ac-
tion programs are designed comprising analy-
sis of goals and environmental conditions,
problem solving, and decision making. Execu-
tion on this level is necessarily conscious. It is
slow, laborious, resource-limited, and works in
a serial mode, interpreting feedback step by




TABLE 1

A Model of Levels of Regulation
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Levels of Sensorimotor Level of Flexible Intellectual Heuristic
Action Regulation  Level Action Pattern Level Level
Consciousness Unconscious; Access to Conscious Both conscious and
of regulation normally no consciousness representation automatic use of
access to possible, but necessary heuristics
consciousness not necessary
Elements of Movement-oriented Flexible action Complex, intel- Generalized
the operative schemata; not schemata lectually mediated heuristics, possibly
image system necessarily image systems automatized
conscious
Goals Noindependent  Subgoals Goals Standard and
goals available metagoals
Atction Blueprints of Well-known action Conscious complex Metaplans,
programs ‘elementary move-  patterns with plans, strategies heuristics
ment patterns and  situational
cognitive routines  specifications
Feedback/ Stereotype test pro- Processing of Analysis and Abstract (nonobject-
signals grams, unconscious known signals/ synthesis of oriented) checks,
. processing of kin-  feedback new information  logical inconsisten-
esthetic and pro- cies
prioceptive feed-
back signals

Arter Hacker, 1985, 1986a; Semer & Frese. 1985; Volpert, 1975, 1987b.

step (see Shiffrin & Schneider’s, 1977, controlled
processing).

A similar kind of trichotomization has
been developed by Rasmussen (1982, 1987a,
but without reference to Hacker, 1968, 1973,
or German action theory). He differentiates
between knowledge-, rule-, and skill-based
strategies.

The Heuristic Level. The intellectual level is
object oriented; metacognitive heuristics can-
not be regulated on this level. Therefore, an
additional heuristic level was introduced by
Semmer and Frese (1985)." On this level, the

heuristic functions of how to go about a cer-
tain problem or a class of problems in a certain
area are regulated, logical inconsistencies are
tested, and abstract heuristics are generated.
The concept of metacognitions is related to
regulation at this level (e.g., Brown, 1988;
Gleitman, 1985). '

The different levels of regulation are pre-
sented in Table 1 in a summary form. They are
quiteimportant concepts inaction theory. They
have only been sketched out briefly at this
point, but the issues of levels of regulation will
be taken up again when we discuss the applica-
tions of action theory.

-
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The Operative Image System
as the Knowledge Base for Regulation

In addition to the levels of regulation, there is
the so-called operative image system. The op-

erative image system can be considered as the -

sum of internal long-term representations of
condition-action-resultinterrelations (Hacker,
1986a). It is the cognitive base for action reg-
ulation and comprises the knowledge that en-
ables a person to act. Long-term representa-

tions comprise movement-oriented schemata .

to be regulated largely unconsciously at the
sensorimotor level, flexible action schemata

. regulating routinized actions at the level of

flexible action patterns, more complex sche-
mata and strategies to be related to the intellec-
tual level, and metaplans and heuristics refer-
ring to the heuristic level.

In other cognitive systems, procedural and
declarative knowledge have been differenti-
ated (e.g., see Anderson, 1976). This should not
be confused with the difference between
plans and goals and the operative image sys-
tem. The operative image system s itself action
oriented. Action theory does not deny that
there is knowledge that is not linked to action
at all. However, it is seen as the uninteresting
part of mental events—at least of little rel-
evance for applied psychology.

Operative image systems do not directly
regulate actions. The correctness and sophisti-
cation of the operative image system deter-
mines the quality of the actions via goals, infor-
mation processing, plans, and so on. Hacker
(1986a) describes the operative image system
of a process control operator. The operator
knows which processes take place, how they
are related to technological parameters, how
this is part of the total structure of the plant;
and the operator knows a lot of signals and
how to act if they appear and the consequences
of potential actions. The better the operator’s
operative image system, the more efficient the
operator’s actions will be.

There is some relation of the concept of the
operative image system with the “mental
model” (Gentner & Stevens, 1983; Norman,
1983). Mental models and operative image

“systems are similar insofar as the information

they store is not a true copy of reality. Both
share properties like selection of informa-
tion and incompleteness. However, the term
operative emphasizes the action-oriented char-
acter of operative image systems. They are
developed by actions and comprise action-
oriented images (e.g., how to printa textdouble-
spaced). The concept of mental models is more
an internal model of an external system—for.
example, a computer program (e.g., how for-
matting functions are organized in submenus).
Action theory emphasizes the fact that opera-
tive image systems are learned and built by

-acting.

Properties of the Operative Image System.
Operative image systems are prerequisites of
the regulation processes. They include knowl-
edge on goals, plans, and feedback. During
action preparation (goal development, orienta-

" tion, and plan development), operative image

systems have guiding functions. They guide
orientation and lead to parsimonious search
strategies.

They are usually selective and even dis-
torted because operative image systems do
not have to represent a complete picture of the
work situation. They need only represent those
issues that are important for the tasks done.
They can, for example, exaggerate differences
of important signals and underrate irrelevant
ones. Thus, operativeimage systems work with
generalized schematic features (Bartlett, 1932;
Piaget, 1969). ’

Not every action is represented. Thus, the
problem of storage space is solved: The opera-
tiveimages imply rough outlines of actions that
donot exceed storage space and can be comple-
mented during the action process. Operative
image systems are cost-optimizing systems.




FIGURE 5

Applications of Action Theory: An Overview
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For example, they generate strategies that
meet job requirements with the least amount
of effort. The cost of storing information is
optimized as well. Therefore, expenditures of
decoding and encoding are minimized and
stored in terms of rules and heuristics.
Operative image systems have to be differ-
entiated from short-term processes of regula-
tion (e.g., goal and plan development, monitor-
ing, feedback processes). While operative im-
agesystemsare elements of long-term memory,
action programs must be kept at least partly in
the working memory (Reason, 1990). The goals
present information that certain parameters
have to be retrieved from long-term memory to
working memory. .
Operative image systems comprise long-
term knowledge on the input conditions of
one’s task, the throughput conditions, and the
expected and prescribed results (Hacker, 1982a,
1985). The knowledge of the input conditions
includes the intervention points, the laws of

technological processes, and the conditions of

the raw material. The throughput conditions
imply knowledge of plans, tool use, signals,
typical errors, and expected probability of
success. The knowledge on expected and pre-
scribed performance results should include

in-between outcomes, standards, set points,
and prediction of consequences, including un-
wanted ones.

Applications: An Action Theory
Understanding of Phenomena
in Industrial and Organizational
Psychology

Action theory is useful in understanding cer-
tain phenomena that are typical of industrial
and organizational psychology: errors, per-
sonality and work, competence and training,
task characteristics, and work design. Figure 5
describes action as the mediator between the
person and the work object. Without action,
there is no change in the work object. The
objective world of work, again, influences the
actions. Personal prerequisites have an impact
on action, but action also has an impact on the
person.

The following presentation will be orga-
nized along the lines of Figure 5. At first we
shall continue to concentrate on action as the
centerpiece of the theory. Up to this point,
action has been assumed to work out. Errors
are the converse. '
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On the left side of Figure 5, aspects of the
person are described; the two most important
issues are personality development and com-
petence. On theright side—the object side—the
task characteristics are most important and will
be presented next. Work design influences the
task characteristics (and thereby also influences,
for example, the development of competence,
mediated by actions); work design is discussed
last.

Errors in Actions

Action theorists have always been interested
in the efficiency of action (Semmer & Frese,
1985; Volpert, 1974). Therefore, there has been
great interest in the converse: inefficiency and
errors. First we will discuss a definition of
errors. Second, we will present a taxonomy
of errors. Third, we will summarize some valid-
ity hypotheses that both support the error
classification schemeas well as the basic theory.
Finally, we will discuss some practical implica-
tion of error analyses.

Definition of Errors. There are three ele-
ments of a definition: (a) errors only appear in
goal-oriented action, (b) they imply the
nonattainment of goals, and (c) an error should
have been potentially avoidable (Frese & Zapf,
1991b; Zapf, Brodbeck, Frese, Peters, & Priimper,
1992).

This definition is, for example, contrary to
a phenomenological approach, which defines
an error as an out-of-tolerance action, or a tech-
nical approach, which defines error as the
violation of a rule or not meeting the normal
system standard. Since one could purposely
deviate from externally imposed actions or
purposely violate a rule, this would not be
considered erroneous from a psychological
point of view (see Sellen, 1990). For example,
risky behavior is often an intended deviation
from a prescribed course of action (Hoyos,
1980; Hoyos & Zimolong, 1988). This definition
of errors is in line with other cognitive and

action-oriented approaches (see Arnold & Roe,
1987; Norman, 1984; Rasmussen, 1987b; Rea-
son, 1987a, 1990).

Errors and inefficient behavior have a large
conceptual overlap. A detour to reach a goal
may be conceptualized as inefficiency but also
as error, because usually one’s goal is to pro-
ceed in the most straightforward manner (see
Volpert, 1974). Pragmatically, behavior is
inefficient even when it is successful in attain-
ing a goal if the goal should have been more
easily attained in a more direct manner (direct
implies that each subaction leads closer to the
goal and that no subaction has to be undone;
Zapf, Brodbeck, & Prumper, 1989).

Since an action-oriented approach to hu-
manerrors looks at errors in human action, this
could easily lead to the assumption that it is
always the human being that fails. However;
scientifically it is quite difficult to give one
clear cause of an error. Usually there is a chain
of causes, and it is more or less arbitrary where
one should stop seeking further causes (see
Rasmussen, 1987c). Errors should therefore be
considered the result of mismatched condi-
tions within a sociotechnical system
{(Rasmussen, 1982, 1985).

A Taxonomy of Errors. Errors can be dif-
ferentiated according to steps in the action
process and the different levels of action regu-
lation. In addition to the levels of regulation,
there are errors in the knowledge base for
regulation.’

Figure 6 depicts a general taxonomy of er-
rors (Frese & Zapf, 1991b, p. 21). Since there are
hardly any theoretical criteria on what and
how many types of errors should be differenti-
ated, practical criteria are important; A tax-
onomy proves its relevance if different error
types lead to different practical consequences,
such as in training and system design.

The following categories exist (some ex-
amples stem from the domain of human—com-
puter interaction for which the taxonomy was
originally developed; for details, see Frese
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& Altmann, 1989; Frese & Zapf, 1991a; Zapf
et al., 1992).

Knowledge errors occur when there is a lack
of knowledge of facts about the tasks and the
tools to carry out the tasks.

At the heuristic level, action styles, cognitive -

styles, and the impact of a lack of self-reflection
can be discussed. Cognitive styles and action
styles can be described as generalized and au-
tomatized heuristics. Cognitive styles are typi-
cally investigated with reference to errors
(Messer, 1976); for example, reflexivity versus

impulsivity using the matching familiar fig- .

ures test (see Kagan, Rosman, Day, Albert, &
Phillips, 1964) or field dependence using the
embedded figures test (Witkin, Dyk, Faterson,

Goodenough, & Karp, 1962). Dorner (1981, .
1987b) described lack of self-reflection as an-

important prerequisite for errors in problem
solving. Good problem solvers showed more
seli-reflections than bad problem solvers. Fur-
thermore, the number of self-reflections de-
creased under conditions of failure.

On the intellectual level of action regulation,
errors occur because the information process-
ing capacity is limited (see Reason, 1990).
Errors in goal setting occur when goals are inad-

‘equately developed. Examples for typical

errors described by Dorner (1989, 1991) are the
deficient decomposition of global goals into
subgoals. Goals are sometimes unclear: There
is only a vague criterion that helps in deciding
whether the goal is achieved or not (e.g., the
library should become more user-friendly).
Mapping errors occur in gathering, integrat-
ing, and elaborating information (Dérrer, 1991).
Here, the goals are correct, but information
needed to reach the goals is ignored or pro-
cessed incorrectly. In complex situations it is
often necessary to search actively for informa-
tion. A series of simulation studies showed
the difficulties people have in predicting the
behavior of dynamic systems (Dérner, 1987a;
Domer et al., 1983). For example, prognosis er-

rors occur in predicting nonlinear system

states (e.g., prognosis of AIDS incidents;

Badke-Schaub, 1990; Dorner, 1989). Thought
errors occur when plans are inadequately de-
veloped or when wrong decisions are made in
the assignment of plans and subplans. Typical
planning errors occur when long-term and side
effects are not considered, or in methodism,
which is the unreflected replication of a course
of action that has been successful before
(Ddrner, 1991; also Luchins & Luchins, 1959).
Memory errors occur when a certain part of the
plan is forgotten and not executed, although
the goals and plans were initially correctly
specified. Judgment errors appear when onecan-
not understand or interpret the feedback.

Errors on the level of flexible action patierns
occur when well-known actions are per-
formed. Habit errors imply that a correct action
is performed in a wrong situation. Some ex-
amples from human~computer interaction are
presented by Zapf et al. (1989, 1992): A person
switches from the use of one word processing
system to the next one. Doing this, she still
uses the function keys that were correct in the
former system but which are now incorrect.
There is a tendency to use more routiniz-
ed behaviors even if they are not adequate
(Semmer & Frese, 1985; see also Reason’s [1990]
frequency gambling and Rasmussen’s {1982]
model). Omission errors occur when a person
does not execute a2 well-known subplan. An
example may be that a person forgets to save a
file after he is interrupted by a telephone call,
although he usually does this routinely at the
end of a session. Recognition errors occur when
a well-known message is not noticed or is con-
fused with another one.

Movement errors are placed at the sensorimo-
tor skill level. There is only one category here
because at this level it is empirically
difficult to differentiate between planning,
monitoring, and feedback. For example, typing
errors or stumbling could be classified at
this level (for more on this, see Gentner, 1987;
Grudin, 1982). )

Though there are other error taxonomies

(e.g., Arnold & Roe, 1987; Heckhausen &




Beckmann, 1990; Norman, 1981; Rasmussen, 1982;
Reason, 1987b, 1990), they are usually not vali-
dated in field studies. A field validation study was
carried out by Frese and Zapf (1991a; Zapf et al.,
1992). In this study on computerized office work,
areduced versionof the taxonomy described above
was used (see Figure 6).

Ashypothesized, errors attheintellectual level
of regulation and knowledge errors required more
error-handling time. This is the case because the

' in-tellectual level implies conscious thoughts that

- are processed in a slow, sequential mode. Addi-
tionally, the errors are more complicated at this
level. Knowledge errors imply a need for addi-
tional time because one must either look infor-
mation up (e.g., in a handbook) or explore to find
the correct procedure. Errors at the intellectual
level and knowledge errors can often be cor-
rected only with some external support (such as
from co-workers; Brodbeck, Zapf, Priimper, &
Frese, 1990).

Errors at the lower levels are related to well-
known actions; moreover, handling of a wrong
action step is usually not complicated at lower
levels (Zapf, Lang, & Wittmann, 1991). Therefore,
errors at lower levels can usually be corrected
without any external help.

Knowledge errors appear more frequently in
novices. Novices do not have enough knowledge
about, for example, functions or commands. They
also make more thought errors because they
have more ditficulty applying their computer
knowledge to their tasks. In contrast, expert users
make more habit errors. This is expected because
expert users regulate more actions at the lower
levels (Priimper, Zapf, Brodbeck, & Frese, in
press). Thought and memory errors appear more
often in highly complex jobs (Zapf et al., 1992)
because complex jobs require more regulation at
the intellectual level.

Sensorimotor errors fall into a separate class.
First, there is no need for support. Second, differ-
ences from habit errors are apparent in the
distribution of novices and experts. These empiri-
cal results are encouraging and support a tax-
onomy of the type suggested here.
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The Error-handling Process. Error han-
dling can be defined as the process from
error detection to recovery from an error (or
quit to recover). The error-handling process
comprises the following stages (see Bagnara
& Rizzo, 1989; Reason, 1990; Zapf et al.,
1991): error occurrence, error diagnosis (in-
cluding error detection and explanation),
and error recovery.

Error detection is defined as the user’s
realization that an error has occurred inde-
pendently from knowing what the error is
like and how it came about (Zapf, Maier,
Rappensperger, & Irmer, in press). To know
whether an error has occurred or notimplies
someknowledgeabout theuser’sgoal. Thus,
error detection is essentially related to the
feedback that there is a deviation from the
goal. In many cases, the people involved in

the action themselves are the only ones .

who know about their goals. In all these
cases, only they can detect the error. For
example, say a user wants to adjust the
page layout margins but instead presses the
print key. In this case, only the user knows
that an error has occurred, since the result
looks reasonably correct. In such a case,
error detection cannot be done by a com-
puter. The results of both a field study and
some experiments showed that error detec-
tion by computer systems has clear limita-
tions (Zapf, Frese, et al., 1991; Zapf, Lang, E.
Whittmann, 1991; Zapf et al., in press).

The Conceptof ErrorManagement. There
are essentially two ways to deal with errors:
error prevention and error management.
The more typical strategy used by software
designers, trainers, and industrial erigineers
is the attempt to reduce the number of er-
rors. In contrast, an error management strat-
egy does not reduce the number of errors
per se but attempts to make error handling
easier rather than trying to avoid errors un-

- der all circumstances (Frese, 1991; Frese &

Altmann, 1989). To understand the concept
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of error managerment, one must differentiate
between the error occurrence and the negative
error consequences. For example, one negative
error consequence is time loss due to an error.
An error management strategy exists when a
system supports quick and effective recovery
procedures.

There are several reasons for using error
management (Frese, 1991): ’

s Itis often assumed that errors occur more
often in complex work environments. The
most important strategy to reduce com-
plexity is to increase the division of labor.
A reduction of complexity should lead
to a reduction of errors as well. Qur data
show a relationship between complexity
and errors for thought and memory errors
but not for all other kinds of errors (Zapf
etal, 1992).

Increasing the division of labor was, of
course, the strategy suggested by Taylor and
his followers (Taylor, 1913). Taylor's strategy
stands in contrast to work design concepts
developed by action theory (see the section on
work design later in this chapter).

» One strategy for solving the problem of
human errors is automatization. The less
people actually do, the fewer errors there
should be. In one sense, this strategy
works. However, the long-term conse-
quences might be rather negative. This
has to do with the “ironies of automatiza-
tion” (Bainbridge, 1983). The automated
production or data flow must be super-
vised by human beings. This means that
error-prone human beings should inter-
rupt production if something goes wrong
with a machine, However, such actions
are rarely practiced anymore and skills
not practiced will not run smoothly and
without problems.

= Some argue that errors can be avoided
by qualification. However, qualification
does not reduce the number of errors

per se; as a matter of fact, in some cases
experts commit even more errors than
novices (fewer knowledge but more
habit errors; Priimper et al., 1992).

+ The data on error detection show that
it is not possible to automatize error
recovery because only a small percent-
age of errors can be detected by the
system (Zapf et al., in press). Undetect-
ed errors cannot be handled by the
system.

= Last, but not least, empirical studies

both in psychology and engineering
show that it is impossible to avoid
errors completely.

The concept of error management tries to
overcome the potential negative side effects
of error prevention. Error management is a
special case of giving control to the worker,

With these empirical findings in mind, the
advantages of an action theory approach to
human errors can be summarized.

»  Unlike phenomenological approaches,
an action theory approach to errors is
based on underlying psychological
mechanistns (see Rasmussen, 1987a).
Based on phenomenological error des-
criptions, it would be difficult to de-
velop measures to overcome error
situations.

» The model integrates different ap-
proaches to human errors—for ex-
ample, errors in complex problem
solving (Dorner, 1987a, 1987b, 1989,
1991); the analysis of action slips
(Heckhausen & Beckmann, 1990;
Norman, 1981; Reason & Mycielska,
1982); taxonomies based on Rasmus-
sen’s skills, rules, and knowledge

. classification (Rasmussen, 1982, 1987a,
1987b; Reason, 1987b, 1990); and tax-
onomies oriented to the action process
(e-g., Rouse & Rouse, 1983). Errors in




complex problem solving are located -
at the higher levels of regulation; action
slips at the lower levels.

The model clarifies the differentiation
between mistakes (wrong intention)
and slips (correct intention but wrong -
execution; Norman, 1984: Reason &
Mycielska, 1982). The concept of slip
indicates first that there is an error

in a routine action and second, that it
is an execution error but not an error
in the intention. However, errors of
execution are not necessarily at the
lower levels of action regulation; they
can also occur at the intellectual level,
If someone wants to do a multivariate
analysis of an empirical problem and
chooses, for example, the multivariate
variance analysis procedure correctly
(correct goal), then the decision for a
wrong parameter is still the result of
intellectual regulation but at the same
time part of the wrong execution of
the correct goal (i.e., slip). According
to our model, this would be an error
at the intellectual level of regulation.

Action theory distinguishes between
errors at the intellectual level of ac-
tion regulation and knowledge errors,
which is not done by Rasmussen
(1982, 1987a) and Reason (1987,
1990). Errors at the intellectual level
are more dependent on the complexity
of a task; knowledge errors are mainly
dependent on users’ qualifications
(Zapf et al., 1992).

Action theory is able to explain the
somewhat surprising finding (Priimper
etal, in press) that additional exper-
tise does not necessarily lead to fewer
errors. The person with a higher level
of expertise delegates regulation to
lower levels (routine levels). This im-
plies that the chances of committing
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errors at these levels increase with
expertise.

= Finally, the concept of feedback-driven
actions implies that errors and correct
actions are two sides of one coin. Feed-
back drives behavior by comparing the
current state with the goal. Errors are °
essential feedback components of hu-
man actions. Errors often tell us that
our picture of reality is not congruent
to reality. Therefore, errors also have
a positive function (Frese, Brodbeck,
Heinbokel, Mooser, Schleiffenbaum,
& Thiemann, 1991). They support the
construction of realistic models of the
world and are necessary steps toward
achieving a goal.

Work and Personality

In the Anglo-American literature, personality
is usually taken as the independent variable
in industrial and organizational psychology.
Action theory presupposes that this may not
necessarily be the case. Since work is the
prototype of action and since in work action
personality is changed, personality may be
the dependent variable (Hacker, 1986a; Rubin-
stein, 1968).}

This is the area of occupational socializa-
tion (Frese, 1982). Needless to say, action the-
ory quite enthusiastically embraced the con-
cept of lifelong development (Baltes, Reese, &
Lipsitt, 1980), with work being a major factor
in the adolescent and adult years.

Moreover, German-speaking work psy-

. chology has turned the issue around in the

sense that it is believed that work should
allow further chances for the enhancement of
the personality* (“Personlichkeitsforderlich-
keit der Arbeit”; Hacker, 1986a; Ulich, 1978b;
Volpert, 1989). Quite a bit of the discussion
in German-speaking work psychology sur-
rounds the question of what constitutes pre-
requisites of good work design. Since work

"work strategies (see the issue of superworkers

294 Frese and Zapf -

psychology is supposed to provide a method-
ology for work design, criterion issues on the
adequacy of a work situation are important.
Much of this is ontological—for example, the
criterion that work should not damage a
person’s mental and physical health in the long
run or that work should allow social interac-
tions to take place.

One of these criteria is the chance for per-
sonality development. This criterion empha-
sizes particular aspects of personality—namely,
a set of cognitive and procedural skills devel-
oped in work, like problem-solving, social,
and general metacognitive skills (Hacker,
1986a). Oneshould be able to use one’s abilities,
develop one’s own goals and plans for work,
and use creative ideas in work. Two important
issues are the chance for the individual to be
active in work and the acceptance of the job in
the society (Hacker, 1986a; Ulich & Baitsch,
1987).

Personality enhancement should lead to a
transfer from work to active and enjoyable
leisure activities (Hoff, 1986; Hoff, Lempert, &
Lappe, 1991). It should also be related to pro-
ductivity because of the higher level of qualifi-
cation of the workers and because of better
discussed later). -

Empirically, thereare some well-established
effects of work complexity on intellectual

functioning and flexibility that are about as -

strong as the impact of education (Hifeli,
Kraft, & Schallberger, 1988; Kohn & Schooler,
1978, 1983; Schleicher, 1973). Research has
been done with different methodologies and
different dependent variables. While Kohn
and Schooler (1978) have used a measure of
intellectual flexibility that has not been vali-
dated independently (Greif, 1978), Schleicher
(1973) has used a traditional 1Q measure (the
Intelligence-Structure-Test of Amthauer, 1955)
and essentially found a similar relationship.
These empirical results suggest that certain
skills developed in complex work situations
generalize to some kind of general use of flex-

_ ible intellectual functioning.

Moreover, the relations between work and
leisureactivities (Hoff, 1986; Karasek, 1976,1978;
Meissner, 1971; see also Ulich & Baitsch, 1987)
show some spillover from work into leisure
time; however, these relations are certainly
complex and difficult to interpret, and causal
relations have not yet been well analyzed.

One concept helpful in understanding
how work can translate into personality de-
velopment is action styles (Frese, 1983; Frese,
Kreuscher, Priimper, Schulte-Gocking, &
Papstein, in press; Frese, Stewart, & Hannover,
1987; Sonnentag, Frese, Stolte, Heinbokel, &
Brodbeck, 1992). For example, if the work envi-
ronment encourages the development of long-
range goals, this may transfer to actions out-
sidework. Twoconcreteaction styles researched
were goal orientation and planfulness (Frese
etal., 1987). Goal orientation means thata long-
range goal is developed in detail and that
it is particularly persistently pursued. Simi-
larly, planfulness implies that the plan is long-+
range-oriented, that the plan is not given up
quickly, and that it is developed in detail
before action is taken (e.g., there are backup
plans available in case something goes wrong).

The functioning of these action styles is
assumed to be related to the following process
(Frese, 1983; Frese, Stewart, & Hanover, 1987):
To have long-range goals is a metacognitive
heuristic that is developed on the heuristic
level (see the earlier discussion of the levels of
regulation). The use of this heuristic can be
automatized as well. Thus, ifapersonisoftenin
a situation that requires long-range goal set-
ting, this heuristic to set goals witha long-terin
orientation will be automatically used. Auto-
maticity implies that the first thought for a
person with high goal orientation in uncon-
strained (or weak) situations (Weiss & Adler,
1984) may be questions like, “What does this
imply in the long run?” Automaticity does not
imply, of course, that this person always uses a

long-range goal because she may consciously
decidetouseadifferent strategy in this particu-

* lar situation or the situation may suggest the
“use of a certain strategy in the first place.




Since automaticity develops with practice,
the job can either strengthen the use of a heuris-
tic used before entering the job (since it is now
practiced repeatedly, it will become automa-
tized) or a new heuristic can be developed at
work and automatized there. Finally, a prior
heuristic can be reduced in its applicability.
This may mean that the generality of the action
style is reduced.

A questionnaire on goal orientation and
planfulness was shown to have adequate reli-
ability and validity (Frese et al., 1987). Goal
orientation has been related:

+ Negatively with depression in several
studies (Frese et al., 1987, Frese et al.,
in press)

+ Positively to the Type A behavior pat-
tern (Frese et al., 1987)

« To growth need strength (Frese et al.,
1987)

» Tostudents’ grade point average
(Frese et al., 1987)

+ Toleaders’ goal orientation with perfor-
mance in software development groups
(Sonnentag et al., 1992) '

« To good performance in insurance
agents (Frese et al., in press)

* To programmers with high goal orien-
tation who can recognize important
material in programs more quickly
(Albrecht, 1988)

Planfulness was less clearly related to work
variables, although one study shows that there
1s a weak positive correlation with work com-
Plexity and with certain forms of inefficiency
(Stumpf, 1991).

We would assume that the action-style
goal orientation might be a moderator in goal-
setting studies, although we do not have em-
pirical support for this supposition yet.

Another action style is action versus
state orientation (Kuhl, 1983, 1992). Kuhl
(1982) argues that people are in different

-
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metacognitive states when they have formed
an intention; they may either be occupied with
goal-irrelevant cognitions about the situation
and about their emotional state or they may be
oriented toward planning and acting. The
former is called state orientation, the latter action
orientation. A scale measuring the construct
was shown to mediate between the intention
and the action (Kuhl, 1982). State orientation
also leads to a perseverance effect in which
people stick to an unattractive task that they
have begun (switching is more action oriented;
Kuhl, 1983, 1992). Moreover, this action style
moderates the influence of noncontrol situa-
tions on helplessness, with only state-oriented
people showing the helplessness effects
(Kuhl, 1981). Onthe other hand, managers with
high state orientation are probably better deci-
sion makers in complex and risky situations,
whileaction-oriented managers are better deci-
sion implementers (Kuhl, 1992).

Another issue relating work and personal-
ity is control. Control at work implies a certain
amount of autonomy with regard to the se-
quence, time frame, and content of the work
goals; work plans; the use of feedback; and the
conditions of work (Frese, 1989). Not having
control implies that the goals and plans of
work are outside the person working (this is
related to Hackman & Oldham's, 1975, concept
of autonomy). An example would be that a
personis told in detail how to perform a certain
procedure at work. Control at work may have
an influence on control cognitions. While this
has been shown to be true in cross-sectional
studies, there is no longitudinal evidence for
this assertion (Frese & Zapf, 1988). One would
assume that this leads to less self-confidence in
one’s goal and plan development—a notion
similar to self-efficacy (Bandura, 1986). For this
reason, people with low control at work should
also be more passive and less productive
(Karasek & Theorell, 1990). In situations that
require independent actions, such as usingand
applying a new software program to one’s
work, control at work is an effective moderator
(Papstein & Frese, 1988). Thus, knowing that
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one is in control of one’s goals and plans may
have its own impact on productivity (Hacker,
1986a).

In a study on East German blue collar and
white collar workers (Frese, Zempel, Kring, &
Soose, in press), the relationship between con-

trol at work and developing initiative vis-a-vis -

work issues has been shown to be true as well.
Moreover, people with less control at work
rely on more authoritarian principles in educa-
tion (Kohn, 1969).

For this reason (and for the effect of control
in health issues; see Frese, 1989; Karasek &
Theorell, 1990), control cognitions have been of
interest to action theorists. ‘

Thus, personality is seen as the dependent
variable within action theory research. Obvi-
ously, action theory does not deny the impor-
tance of personality variables as predictors of
work performance and adjustment. As a matter
of fact, there are suggestions to adapt the work
situation to personal prerequisites, including
personality variables of a person. This is one
issue of work design that is taken up in the last
section of this chapter.

Compelence and Its Development

One of the crucial variables for action theory is
competence. Therefore, there has been quite a
lot of research in this area and on the question of
training. It is in the area of performance that
action theory has the most promise. Anglo-
American work psychology has usually focused
on motivation when looking at performance.
The most important interest of action theory
hasbeenin knowledge of the background of the
production process and in the work strategies
used.

Performance, Knowledge, and the Super-
worker. There is, of course, more than one
way to increase performance. Hacker (1986a)
distinguishes the following methods.

General Increase of Activation. This is a pure
motivational approach. It does not change the

direction of task performance but just the in-
tensity. While this is certainly useful over short
periods of time, in the long run activation has
morenegative effects by increasing fatigueand
the number of errors, including a decrease in
error detection. For this reason, Hacker (1986a)
suggests use of the following strategies, which
are all based on some kind of learning.

Sensibilization. This implies that signal dif-
ferences can be perceived adequately. For ex-
ample, steel workers can perceive very small
differences in color of the melt in a blast fur-
nace. This gives them a signal concerning
whether the iron is ready or not. Similarly,
radiologists can discover the smallest abnor-
malities in an X-ray picture with phenomenal
speed (Dahm et al., 1991). Of course,
sensibilization is a result of practice and
the development of a good operative image
system.

Psychological Automatization. With practice
in redundant environments, skills become
routinized. This has the ad vantage that the use
of automatized skills does not require a high
levelof cognitive effort; additionally, the move-
ments are smoother and more parsimonious
because different movements, thoughts, and
actions overlap to a greater degree (Hacker,
1986a). Moreover, cognitive operations can be
performed while acting because automatized
operations do not require a Jot of attention.

However, there are also disadvantages:
Automatization carries with it a certain degree
of rigidity. This rigidity is partly due to the fact
that thereis no conscious attention to the action
and to the feedback. It is also difficult to un-
learn automatized skills. Reintellectualization
of an automatized skill is not only effortful, it is
also very slow. Particularly under stressful
conditions, there is a tendency to revert back to
prior automatized skills (Semumer & Pfifflin,
1978b).

Verbalization. Verbalization may mean two
things. First, it may mean conscious verbaliz-

¢




able knowledge of some facts or some work
procedure, If something is explicitly verbal-
ized, it helps to orient one’s attention toward

therightsignals. Italso facilitates flexible knowl- -

edge. Second, and more importantly, the learn-
ing process is facilitated by verbalization.
Galperin (1967) has suggested that learning is
facilitated by interiorization of speech. Thus, it
would help to verbalize a certain work proce-
dure. This verbalization is then interiorized,
which means the verbalization is shortened
until an abbreviation of a command is used to
regulate behavior. Thus, more and more, exter-

nal speech becomes inner speech. Elssner-

(1972) has shown the viability of such a proce-
dure in training (more on this later in the sec-
tion on training).’ '

Intellectual Penetration. By this, Hacker
(1986a) means a deep intellectual under-
standing of the task and of the activities neces-
sary to accomplish the task. Intellectual pen-
etration is what differentiates superworkers
from average workers. Superworkers have a
better operative image system. For example,
excellent blue collar workers are more real-
istic about how long it will take to carry out
a task (Hacker, 1986a); excellent white collar
workers are more realistic concerning the
time it will take to perform a computer task,
and they can anticipate better what another
Person would want to do with a certain pro-
cedure (Lang, 1987a). Because of their higher
anticipation, superworkers perform fewer
work activities and produce more, as in the
ase of weavers with semiautomatic looms
(Herrmann, 1967). A North American study
On managers yielded similar results: The
best Mmanagers anticipated more problems,

New more about the implications of an
€vent, predicted events more accurately,
and avoided negative ones (Klemp &
McClelland, 1986), Similarly, Jeffries, Turner,
Polson, and Atwood (1981) found that expert
Programmers used more time to understand
“the problems at hand than nonexpert

Programmers. ’
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In another set of studies, Riihle (1979) and

Schneider (1977) have shown the differences
betweenexcellentand averagebluecollar work-
ers in a textile factory. Table 2 shows Hacker's
(1992) summary of their results. This table is
another indication that it is not the greater
motivation to work hard that distinguishes
superworkers from nonsuperworkers, but
rather a better operative image system and
better work strategies. .

While Hacker and his co-workers usually
looked at blue collar work, in another set of
experiments Dérnerand his colleagues (Dérner
et al., 1983) have used very complex computer
simulations. For example, subjects had to work
as a dictatorial mayor of a city. These com-
puter simulations included 4,000 variables that
were interdependent and dynamic {e.g., infla-
tion increased even when nothing was done,
the number of unemployed in the city changed

-when investments were low). Each experi-

ment lasted for several days.

Successful subjects had more precise goals
and asked more questions, particularly more
“why” and more abstract questions. The ques-
tions were also on the right level of decom-
position; in other words, they made sure to
develop an adequate operative image system
that was useful in understanding the prob-
lems at hand. This allowed them to set clearer
and better priorities (e.g., economic priorities
of inflation reduction instead of providing
every citizen with a public telephone). They
also developed more hypotheses and tested
their hypotheses. They planned more, directed
their actions more toward their goals once
they were established, and did not act impul-

+ sively. They made more decisions and had

more goals. They were more self-reflective and
thought more actively about changing things
rather than just describing them (Dérner et al,,
1983; Reither & Stiudel, 1985).

They were also less neurotic, but there
were no differences in IQ compared to the
bad performers (Démer et al., 1983; Dérner
& Kreuzig, 1983; Dérner & Pfeifer, 1991).
This result is, of course, akin to Sternberg’s
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TABLE 2 ,

Empirical Results on the Superiority of Superworkers in Two Studies

Direction
Area Criteria of Results _ Significance
Intensity of work Use of work time; speed — ns,
Sensorimotor skills Skills in two areas ~ ns.
Operative image system  Search time for causes Shorter - Sig.
of errors
" Error prevention More frequent Weak sign
Disruption of normal work for More frequent and Sign
planning longer
Organizing periods of machine More frequent and Sign
use without tending them longer

Interviews

Knowledge of frequency of errors
Knowledge of signals of error causes
Knowledge of duration of repair and

other operations

Knowledge of efficiency of strategies

More comprehensive Sig.
More comprehensive  §; 8.
More exact . Sig.

More comprehensive Sig.

Adapted from “Expertenkonnen Erkennen und Vermitteln” by W. Hacker. In Arbeit ui
Germany: Veslag fir Angewandte Psychologie. Copyrigi 1992 by Verlag fir Angew.

+ discussion of practical intelligence (e.g.,

Sternberg, 1986).

More Active Approach. A more general descrip-
tion of the work strategies of super-
workers is Hacker’s (1986a) differentiation of
momentary versus planning strategies.’” Mo-
mentary strategy implies that one reacts to
the situation that exists at the moment. In con-
trast, a person using a planning strategy plans
ahead and actively structures the situation,
including potential feedback. Thus, planning

. strategy implies a more comprehensive and -

more penetrating intellectual representation
of the work process, alonger time frame to plan
ahead, a larger inventory of signals, a better
knowledge and anticipation of error situations,
and a more active orientation toward work,

andte Psy

nd Technik (Vol. 2 p. 15)by M. Frese and H. Oberquelie (Eds.), 1992, Stuggant,
hologie. Reprinted by p i i

L L 4

This comparison also sheds some light on
the riddle that superworkers sometimes seem
to work less yet produce more. Because of
their planning strategy, they are more efficient
in the sense of getting a higher yield with
less effort than people using a momentary
strategy. Hacker and Vaic (1973) found that
superworkers were not significantly different
from other workers in their actual work time
(time spent in production), but there were sig-
nificant differences in Ppreparatory activities
(e.g., getting supplies), in having exact goals in
work, and in presenting work rationalization
ideas to the company.

The concept of superworkers is somewhat
different from the concepts of novice versus
expert. Thereis certainly some conceptual over-

_ lap between them. The novice versus expert
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concepts are quite fuzzy but are often based
on the dimension of experience. In contrast,
the superworker concept refers to the notion
of efficient strategies of action, which may
very well be different from experience.

Thus, there is ample evidence that super-
workers in real-life work situations show a
better understanding of work processes and
potential strategies, and also use more active
strategies to control the work situation rather
than have it govern them. This is not only true
of blue collar workers, but also of managers
and subjects in a very complex simulation.
Superworkers do not necessarily work harder
{they usually do not, and sometimes show
even less work behavior) than other workers,
but work more efficiently.

Skills and Skill Acquisition. Much of the
literature on training in action theory was
done in the area of sensorimotor skills (e.g.,
Ulich, 1964, 1967, 1974; Volpert, 1971, 1976) and
iearning computer skills (Freseetal., 1988;Greif,
1989). However, there is also an active litera-
ture on training in social skills (Hartwich &
Okonek, 1979; Kiithbauer & Schmidt-Hieber,
1978; Rieger & Rummel, 1979; Semmer &
Pfafflin, 1978a), although there is less research
in this area,

From action theory comes the follow-
ing propositions on skill acquisition and
training: :

» People are active learners.

« Theaction is regulated by an operative
image system. The better a training
program improves this system, the
better is the action.

* Every person begins a learning situa-
tion with a rudimentary operative
image system. Accidental learning
results will be incorporated into this
system.,

» Cognitive strategies and heuristics
structure the training process and
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lead to a better operative image sys-
tem for the training process.

» People learn from feedback and errors.

« Inthe beginning of the learning pro-
cess, the rules and plans are conscious.
With practice, they are transferred to
lower levels of regulation.

« Transfer of training to everyday
work depends on task orientation and
practice support at work.

-« Mental training should have an effect

on physical performance.

People Are Active Learners. One assumption of
action theory is that people are active toward
their environment (Rubinstein, 1968). As a
matter of fact, learning is facilitated by action.
Only through action is it possible to develop
routines. In principle, one can have thoughts
that are not related to actions. In such a case,
these thoughts will not really regulate action
(Semmer & Frese, 1985). Only thoughts thatare
actually connected to actions will result in
better performance. It is easier to solve a prob-
lem that is action oriented than one that is
not (Johnson-Laird, 1983). Even perception may
be much more action oriented than classical
perception theory held to be true (Gibson,
1979; Hofsten, 1985; Neisser, 1985). Again, it is
easier to learn something about the environ-
ment when we are acting on it than when we
are sitting still.

In the training literature, an active ap-
proach has been discussed under the rubric
of exploratory learning (Bruner, 1966; Greif,
1992; Greif & Keiler, 1990). There is ample
evidence that this approach is superior to
learning that does not allow an activeapproach
(Carroll, Mack, Lewis, Grischkowsky, &
Robertson, 1985; Frese et al., 1988; Greif &
Janikowski, 1987, Greif & Keller, 1990; see how-
ever, contrasting discussion by Ausubel, Novak,
& Hanesian, 1968). In one study (Hiltscher,
1992; Hiltscher & Frese, 1992), two training
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procedures, were compared—one attempted
not to allow any exploration (sequential train-
ing); the other necessitated exploration. One
result was that the exploration group learned
more than the sequential group. However,
there was a second, more important finding:
Our hypothesis was that some people in the
sequential training would deviate from the in-
structionand would exploreanyway. We found
that those subjects Jearned more than the peo-
ple who actually followed the instruction.

The Importance of an Operative Image System.
Ausubel et al. (1968) were critical about explo-
ration because it always involves a certain
amount of “blind trial and error.” They suggest
giving trainees a clear cognitive orientation—
an advanced organizer—to enhance training,
This is also in line with trainees’ preferences to
be able to first observe the skill that they are to
learn and then use more active approaches of
learning (Volpert, 1969). Thus, these concepts
speak for the importance of the operative im-
age system.

A good operative image system leads to
better performance. It is developed by provid-
ing good background knowledge on the work
process involved and a set of principles by
which the work process and the task execution
is done effectively (Freier & Huybrechts, 1980;
Josif & Ene, 1980; Riihle, Matern, & Skell, 1980).

The operative image system must have
two characteristics. First, it should be in some
way holistic; thus, it should include the impor-
tant parameters of the task. In tasks that are too
complex to learn in one practice session, an
overall global concept of the task should be
given to the trainee (Volpert, 1971). This stands
in sharp contrast to the sequential orientation
that Seymour (1954) suggested. The sequen-
tional orientation leads to one-sided and low-
level training procedures and thus produces
little intellectual insight into the task.

Second, the operative image system has to
beaction oriented. Inan observational study on
computer users, only those parts of the mental

model that had direct relevance to actions were
useful (Lang, 1987b).

There is a certain contradiction between
the issue of exploration just discussed and the
issue of providing a good operative image sys-
tem. In fact, explorationimplies a certain amount
of trial and error, though this may be hypoth-
esis-driven. In contrast, presenting a good op-
erative image system in the beginning of train-
ing helps to avoid trial-and-error periods, al-
though discovery learning is minimized. In
actuality, most training programs do not pit
discovery learning against giving a good men-
tal model before the training—rather, they use
both. For example, Greif and Janikowski (1987)
have first presented an orientation poster that
provides a hierarchy of the program com-
mands to be learned. Next, they gave the sub-
jects a chance to explore. :

In one experiment, these two procedures
were tested against each other (Frese et al.,
1988). One group of computer-naive subjects
received an orientation poster (Greif &
Janikowski, 1987) and a good introductory
handbook. The other group—the exploratory
group—was asked to develop some hypoth-
eses on how the computer program might
function and tried out to work with these hy-
potheses (at some point, the trainer would pro-
vide a correct answer). Both groups did about
equally well with an insignificant superiority
of the exploratory group. In another experi-
ment simulating a chemical process control,
performance was better for a group that re-
ceived a set of optimal rules than it was for a
group that developed its own set (Freier &
Huybrechts, 1980). One explanation for the
superiority of the rule presentation may have
been that feedback—which is crucial for ex-
ploratory learning—was not optimal.

Thus, there may be two different processes

" bywhichahighdegreeof learning takes place—

the learning made by active exploration and
the learning made by using good rules. Both
may also lead to high performance. Note that
both involve practice. However, exploratory




training emphasizes learning through action to
a higher degree than learning through the use
of good rules (which may prove positive), but
it may invariably lead to certain errors and
pitfalls. They may in turn lead to incorrect
conceptualizations that need to be eradicated
over the long run {which may work against
efficient learning). In contrast, initially giving
a good operative image system reduces the
amount of active learning (which may actu-
ally reduce good learning). This is true even
though it will give a good mental model ini-
tially, thus minimizing wrong turns and dead-
end roads (which may prove positive). Of
course, a combination of the two approaches
would be best from an action theory point of
view.

The action theory perspective in training
imyties that pure drill has its limits (Frese et al.,

19%. . Semmer & Pfafflin, 1978a). Drill may

provide certain experiences in performing a
task. However, drill reduces the chances to
develop a good mental model. Drill may work
with very rudimentary types of tasks, but if
the task has a certain amount of complexity,

important task characteristics will be missed -

because they are not self-evident (not even
whena modelis presented). Drill just produces
skill acquisition on a lower level of regulation.
Therefore, an intellectual understanding will
beminimized. Additionally, drill does not guar-
antee flexible reactions when environmental
changes occur because action patterns have
been learned as invariants.

Rudimentary Operative Image System and Acci-
dental Learning. People start out with a rudi-
mentary operative image system. This is usu-
ally some kind of metaphor or analogy. For
example, a typewriting metaphor is often used
by computer novices when they are learning a
word processing system. This ieads to charac-
_ teristic errors, such as in the interpretations of
blank spaces and the possibility to overwrite
a blank. A blank has no particular meaning
When one is working with a typewriter, while
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it has its own representation in a word process-
ing program. In contrast, using the metaphor
of building block letters leads the subjects to
avoid creating blanks, since a block letter
“blank” is conceptualized to exist (Waem &
Rabenius, 1987).

Humans beings are uniquely adjusted to
changing environments by drawing inferences
very quickly. This has the disadvantage that a

merntal model is formed even when there is -

actually not enough information available. In
one training, we observed a computer novice
perform the following process with a word
processing system: When inserting a letter, he
would first “make room” for it by inserting a
blank space, then, he would insert the letter
and delete the blank space that was now un-
needed. He had been using this procedure
quite consistently for a long period of time.
People develop operative image systems quite

' quicklyand withouthaving anadequate knows-

edge base (Norman, 1983). This means that

trainees should be cautioned against develop- -

ing a fixed operative image system too early.
Exploration may help to reduce a premature

fixation because people are encouraged and-
sometimes forced to test new hypotheses. Ad-

ditionally, trainees should learn to look for
disconfirming experiences (this may be an ad-
vantage of error training, as will be discussed
later).

Cognitive Strategies and Heuristics. One wayto
sharpen the operative image system and avoid
premature fixtures on one type of explanation
is to give heuristics to trainees. Training with
heuristics has been shown to be superior to
training without heuristics. Skell (1972, p. 48)
has, forexample, given the following heuristics

* to tool and dye maker apprentices (nonliteral

translation by the authors):

« Compare the drawing with the raw
material. What do you have to do to
achieve the changes demanded by
the drawing?
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s Are there 'ény prerequisites not im-
mediately observable in the drawing?

» Isthere anything else to do after vou
have performed all the steps?

o Try to eliminate movements that are
not necessary; you can do this by
thinking about the following' questions:

Can different types of actions be per-
formed with the material clamped
the same way into the vise?

Can the clamped item be used again?

If you have a choice between the p
same clamp setting or the same too,
ask yourself which one is more time-
consuming!

If a different clamp setting is used
for the material, can it be used to do
different things at the same time?

Skell (1972) and others (e.g., Hopfner, 1983;
Scintag, 1989; Sonntag & Schaper, 1988;
Volpert, Frommann, & Munzert, 1984) showed
that heuristics such as these produce work
performance superior to that which results
when these suggestions are not given.

Rithle, Matern, and Skell (1980) reported

two experiments on giving heuristics to*

switchpersons in railway stations and to mul-
tiple machine operators. The use of heuristics
and their interiorization increased optimal
decisions in the switchpersons and increased
the work performance of the multiple machine
operators. Additionally, the operators with the
new training procedure experienced less mo-
notony and satiation in their work than those
trained with the traditional procedure.
Heuristics were not only used in skills for
blue collar workers. Computer training (Frese
et al,, 1991; Greif, 1989, 1992; Irmer, Pfeffer, &
Frese, 1991) and social competence training
(e.g., discussion and negotiation skills) were

also advanced by using heuristics (Hartwich &
Okonek, 1979; Kithbauer & Schmidt-Hieber,
1978).

The theoretical importance of heuristics is,
first, that they further a clear and action-ori-
ented operative image system, and, second,
that they provide a set of easy-to-remember
rules of thumb that help prevent pitfalls. Third,
it is important that they do not attempt to
present a complete orientation that would be
too difficult for the novice to remember and
that would only produce a partial information
extraction leading to a lopsided mental image;
heuristics leave room for exploration. Fourth,
at the same time, a set of heuristics can be
complete enough to present a mental image
that is in some ways holistic. Fifth, heuristics
can be used in the sense of progressive
interiorization of commands. That is, in the
beginning they have to be spoken out loud;
after a while, a shortened version is used, this
versionis then only mumbled, and finally, only
an abbreviated version of inner speech is used
(Skell, 1980).

Learning From Feedback and Errors. There is no
doubt that feedback is necessary for learning
to occur (Annett, 1969). This is, of course, one
issue that has led to the development of action
theory in the first place, with its heavy orienta-
tion toward a feedback loop. However, feed-
back is only useful when it is similar to real-
life feedback. For example, augmented feed-
back (i.e., feedback used only in training) leads
to worse real-life performance because one has
become accustomed to the feedback in training
(Volpert, 1971). Moreover, feedback is of no use
if there is no external task or internal goal to
compare the feedback with. Withouta set point,
feedback has no guiding function for action.
Feedback has a number of functions in
the learning process. First, one knows from
feedback whether a certain movement is still
oriented toward the goal or is leading away
from it. Second, negative feedback tells the




trainee what he or she has not learned yet,
and positive feedback reveals what is known.
Third, negative feedback describes the bound-
aries of the operative image system as it exists
now—what cannot be solved with the particu-
lar mental model one has developed so far.
Fourth, feedback connects the trainee to the
objectivity of the world. Fifth, feedback has a
motivating function; positive feedback encour-
ages one to persist on the path, and negative
~ feedback encourages one to correct the path
and orient oneself toward the environment to
scan it for unnoticed clues.

In comparison with behavioristic and hu-
manistic views, action theory has a higher
opinion on negative feedback. An error is one
type of negative feedback, and a particularly
useful one. Errors have been shown to improve
training in a number of studies from different
groups in Germany (Frese & Altmann, 1989;
Freseetal., 1991; Greif, 1992; Greif & Janikowski,
1987).

Errors have several advantages. First, er-
rors help people understand that a certain part
of the operative image system is not correct
(possibly a boundary condition). For example,
some trainees had difficulties with the use of
rulers in a computer system because it was
not used to underline text (as subjects thought)
but to set margins (Frese & Altmann, 1989).
This error led the subjects to know that they.
should expect exceptions to underlying
metaphors. Moreover, the trainee may realize
that he or she does not know something well
enough, which may lead to self-reflective
thoughts.

Second, errors can sometimes lead to new
Phases of exploration and to creative solutions.
Many scientists have reported that errors led to
new discoveries.

Third, errors can bring about a reintellect-
ualization of the action. Potential premature
routinization of behavior will be broken up.
This gives the person a chance to think con-
sciously of the adequacy of the operative
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image system. Moreover, premature routin-
ization is a problem in training and needs
to be broken up before automatization is
developed too far because alternative learning
is then very difficult.

Fourth, errors produce a more complete
operative image system because they sharpen
the knowledge on potential pitfalls, potential
problems, and difficult areas in the task struc-
ture. Therefore, more caution and enhanced
attention is used in these areas, and therefore
quicker detection and correction.

Fifth, error making helps to develop skills
in error handling. Since errors appear quite
frequently in real work life (Zapf et al., 1992),
skills in error handling help to use errors pro-
ductively and efficiently.

Sixth, errors always have the negativeeffect
of being frustrating. But since they occur regu-
larly, it is useful for people to learn to deal
with this frustration. Thus, using errors in
training in some ways provides stress manage-
ment training (Greif, 1986).

Errors havebeen experimentally researched
by comparing one group that received ample
opportunities for making errors (essentially by
being given tasks that were too difficult to do)
with another group that was given instruction
in how to go through the difficult tasks. The
instruction did not allow someone following it
to make an error. The error training group
consistently fared better than the group that
received no training (Frese et al., 1991;
Greif & Janikowski, 1987; Hiltscher, 1992;
Thiemann, 1990). Most of these trainings also
presented general heuristics to the subjects on
how to deal with errors, such as “I have made
an error. Great!” or “There is a always a way to
leave the error situation” (Frese et al., 1991, p.
83). Since these were all laboratory experi-
ments with volunteers as subjects, error train-
ing was also used in a normal school for teach-
ing computer skills (Irmer, Pfeffer, & Frese,
1991). Again, various error training groups

were superior to groups receiving standard
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training in a performance test given after the
training.

Automatization of Action Regulation. With prac-
tice, there is a change from conscious regula-
tion to lower levels of regulation: Action theory
presupposes that with practice, skills become
automatized. For example, the novice driver
cannot talk while driving—all of the person’s
attention is oriented toward driving. In con-

trast, the expert driver shifts gears without

thinking about it and talks while driving with-
out problems ocurring (except when he or she
gets into a difficult situation and when some-
thing does not work properly). Routinization
develops rather quickly. As a matter of fact,
after doing something for a few times in a
redundant environment, routines develop. As
discussed before, it is hard to break up rou-

tines; particularly when peopleareunder stress, .

there is a tendency to stick to old routines.

This implies for training that it is necessary
to prevent premature routinization. This can
be done by keeping the environment non-
redundant. It may be one of the advantages of
an exploratory form of training that the envi-
ronment is kept nonredundant. In contrast,
sequential training (Seymour, 1954) deliber-
ately introduces redundancy to increase the
routinization of skills in partial tasks. While
this leads to a quick routinization of these par-
tial tasks, it is more difficult to connect dif-
ferent parts of the complete action because
organizing the parts into a whole requires new
strategies. The different parts may form some
kind of gestalt. This gestaltlike character is
more difficult to achieve in sequential training,
If the partial tasks have been prematurely rou-
tinized in separate practices, it may be very
difficult to combine the parts.

A general problem of automatic behavior
is the difficulty in changing it. This implies
that verbal forms of retraining are useless.
The alternative actions must be practiced
until one has achieved a certain routine in this
new behavior. This is the case, for example, in
leadership behavior. Alternative leadership

behavior will not.be used in the real work
situation as long as one has not practiced the
alternative behaviors. Thus, practice is an im-
portant part of training. It is not so much a
problem of changing cognitions, but one of
making the new cognitions regulatory signifi-
cant; much of the work is in getting the person
toreally act according to the new rules (Semmer
& Frese, 1985).

Transfer of Training to Everyday Work. Trans-
fer of training should be enhanced by a clear
orientation toward the task at work and a
chance to practice in safe environments and
with task-oriented support.

We have discussed the importance of the
task for an action theoretic conceptualization.
Since the reason for action is to accomplish
tasks, it is little wonder that action theorists
have looked at the role of task orientation in
transfer. Papstein and Frese (1988) have sug-
gested that there is a difference between train-
ing tasks and work tasks. Usually in training,
the development of system knowledge stands
in the foreground. For example, most trainers
will explain in great detail how to use the
computer as a system but not how to apply
it in the specific tasks at hand. To transfer this
to the work task requires a separate set
of principles and new knowledge: task
application knowledge. Task application
knowledge implies knowledge on how
the system can be used in practical work
situations (e.g., knowing concrete examples).
In a study involving training people on a
computer program, task application knowl-
edge was an effective mediator between per-
formance after the training and the use of the
software six months later (Papstein & Frese,
1988). ‘

Moreover, goal orientation and planfulness
(both related to long-term orientation and pre-
cise goal setting and planning) proved to be an
effective moderator (Papstein & Frese, 1988).
Thus, people who think about the long-term
use of the trairing material show a higher
degree of transfer.




The more decision latitude the work situa-
tion allows, the easier it is for employees to
develop such safe environments for them-

selves. This may be one reason why work -

situations with a high degree of job discretion
show more transfer than work situations
withlittle autonomy in work (Papstein & Frese,
1988).

Of course, task orientation can be incorpo-
rated into the training itself, either by using
normal work tasksas examples or by asking the
trainees to apply the training content to their
normal work tasks. This was suggested in
cognitive therapy (Kanfer, 1975; Watson &
Tharp, 1972) and social competence training;
application contracts thatspecify how and when
to use what one has learned can help to fur-
ther this goal (Greif, 1976; Semmer & Pfifflin,
1978a).

One way to understand theoretically the
difficulties in transferring knowledge learned
in training is to look at the action structure. In
the beginning of the learning process, the ac-
tions are conceptualized as a global structure
without specific relations with the actual per-
formance of these actions (Volpert, 1971).
Slowly, the regulatory processes are strength-
ened and the global structure is replaced by an
operative image system that has regulatory
power to control the particular acts. At this
point, actions are regulated at the intellectual

level. It is an important issue to connect this-

intellectual level with lower levels.

Since the tasks have usually been done be-
fore and are therefore well routinized, there is
a necessity to unlearn old routines and to es-
tablish new ones. This may be of greater impor-
tance than all other issues in training because
lack.of support for this transmission from
training to work and from intellectual under-
standing to actual routine use of new action
Patterns is largely responsible for the ineffi-

ciency of training asan instigator of on-the-job-
behavior."”

The Effects of Mental Training. Evidence that
purely imagining 2 movement leads to an
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improvement has strengthened the concept

of cognitive regulation of action. There-

fore, mental training—or, as it was also often
called, mental practice—was one of the first
issues taken up by action theorists (e.g.
Déumling et al., 1973; Rohmert, Rutenfranz, &
Ulich, 1971; Ulich, 1964, 1967; Volpert, 1969,
1971; Wunderli, 1978). In mental training, the
movements must be imagined very concretely
(e.g.,in skiing, how one uses the legs in turning
left).

Obviously, so-called behavioristic con-
cepts like systematic desensitization are easily
reinterpretable within this framework (Sem-
mer & Frese, 1985). Similarly, in training assert-
iveness skills, it is useful to imagine how one
talks about a sensitive issue.

Mental training probably works through
two different mechanisms. One is related to
the training of cognitive aspects of the move-

ment. Movements that are more cognitively -

regulated, such as learning to go through a
maze, will be better after cognitive train-
ing. However, mental training additionally
shows a practice effect even with more
motoric movements (e.g., dart throwing). The
function may be to integrate thoughts and
muscular actions, or more specifically to inte-
grate motoricand kinesthetic schemata (Heuer,
1985).

Task Characteristics

-Hackman (1970) differentiated fourapproaches

in job analysis: behavior description, behavior
requirement, ability requirement, and task de-
scription. From an action theory perspective,
task characteristics are described with refer-

~ence to regulation processes—the regulation

requirement approach. This actually consti-
tutes a fifth approach, although there are cer-
tain similarities to the behavior requirement
approach.

Threeaspects are distinguished: the regula-
tion requirements of a task, the resources for
regulation, and the regulation problems (see
Figure 7). -

&

306 Freseand Zapf

FIGURE 7
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Resources for Regulation: Control at Work,
A central variable for work design is control.
Many different terms are used in this area:
control (Frese, 1977, 1989; Oesterreich, 1981),
Handlungsspielraum (room for action;
Semmer, 1984; Ulich, 1972), degrees of free-
dom (Hacker, 1986a), decision latitude
(Karasek, 1979), and autonomy (Hackman &
Oldham, 1975, 1980). There is high concept-
ual overlap between these terms, and all
of them can be subsumed under the term
control. '
Control means to have an impact on the
conditions and on one’s activities in correspon-
dence with some goal (Frese, 1977). Decision
possibilities exist with regard to the sequence

of the action steps, the time frame, and the
content of goals and plans (see Figure 8).
Decision points with regard to sequence in-
clude which™tasks are carried out first, in
which sequence plans are performed, and in
which sequence feedback information is pro-
cessed. Time frame refers to both when and for
how long a certain task is performed. Content
refers to the substance of the decisions, such as
what particular task is done and what plan is
performed.

A high amount of control might allow one
to define the general goal of the work itself. A
lower level of control might only allow one to
choose between goals and plans at lower levels
of action regulation.




'FIGURE 8

Aspects of Control
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From " A Theory oi Control and Complexity: Impli for Softs

Design and Integration of the Compuser Svstem ivo the Work Place™ by

M. Frese. In Paycasiogical issues of Human Computer Intevaction in the Work
Plsce tp. 16) by M. Frese. E Llich, and W Dzwda (Eds.), 19875, Amsterdam.
North-Hotland. Copyright 1987 by North-Holland. Reprinted by
permission.

In the context of action theory, the goal-
oriented nature of control is emphasized.
Without a goal, there is no issue of control (see
Frese, 1987b). This differs, for example, from
Seligman’s (1975) concept of control as

noncontingency o events (i.e, an event ap- -

pears or disappears regardless of a person’s
action). According to Seligman’s (1975) defini-
tion, a person would have control if he or she
accidentally and contrary to his or her inten-
tion produced a mistaken outcome. A goal-
oriented definition would suggest that this per-
son had no control.

Several issues have to be emphasized in
this context (Frese, 1987b, 1989). First, the
goal-oriented nature of control: Decisions are
made with some goal in mind. As long as
something is irrelevant to a goal, noncontrol is
ot an issue. Second, control and risks: Real
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freedom exists only when decisions do not
involve high risks. High-risk decisions are
aversive. Third, the personal mearing of con-
trok: There is only control if the decision possi-
bilities make sense and they are relevant to
the person. There must be real alternatives of
goal attainment (e.g., sorting out eggs in a hen
farm for breeding does not offer real decision
possibilities; Hacker, 1986a).

Subjective and objective control can be
distinguished (Frese, 1978; Hacker, 1986a;
Oesterreich, 1981; Ulich, 1972). Objective con-
trol consists of potential decision points with
regard to a goal. Objective control is deter-
mined by the logic of work products; means
and machinery and their physical, chemical,
or biological structures and regularities; and
organizational variables that, for example,
determine the division of work or prescribe
work procedures. Subjective control is the con-
trol a person perceives in a situation. Skills are
particularly important as prerequisites of con-
trol. They determine whether objective deci-
sion possibilities are actually perceived and
whether the perceived decision parameters can
be realized. Perceived control might sometimes
be higherthan objective control. However, since
feedback conditions are usually more obvious
in work life, illusion of control should be lower
inthe work domain than in other settings (Frese,
1992).

Functionality, Transparency, and Predictability:
Prerequisites for Control. Functionality, trans-
parency, and predictability have become im-
portant issues in human-machine systems
(Ulich, 1991). An action theoretic concept of
control allows one to integrate these concepts
into a theoretical framework (Frese, 1987b;
Hacker, 1986a).

Functionality refers to whether a tool, such
as a computer program, permits or enhances
the completion of a task. Without the func-
tionalities of tools, there is no control because
goals cannot be achieved at all or must be
changed (see Zapf, 1991c). However, a high

~

308 Frese and Zapf

degree of functionality does not necessarily
imply control. For example, a typist with a
powerful word processor whose task is writ-
ing standard letters has little control.

Transparency implies that one can easily
develop an operative image system of the tool
(see Maass, 1983). Under conditions of non-
transparency, one cannot make adequate goal,
planning, and feedback decisions. However,
transparency is not identical to control be-
cause it is possible to develop a system that is
completely transparent but does not offer any
control (Frese, 1987b)—for example, a com-
puter system that explains every step it takes
in a process and provides clear prompts but
does not allow the user to make any decisions.

Preductability has some overlap with trans-
parency. Transparency refers to the present
and the predictability to the future. If a sys-
tem’s behavior cannot be foreseen, it is not
predictable. As with transparency, a system
can be predictable but noncontrollable. Take
the typist example: When writing standard
letters, it is easy for the typist to predict what
will happen next, but the person has little con-
trol over the task. .

Regulation Requirements. From an action-
oriented perspective, regulation requirements
are related to properties of the hierarchic-se-
quential organization of action. In this section

we will differentiate between the complexity,’

variety, and completeness of actions.

Complexity. In contrast to contro] as a set of
decision possibilities, complexity implies deci-
sion necessities. Thus, high complexity leads to
a high degree of regulation requirements nec-
essary to perform a particular task. Complexity
is an interactive term. It refers to a person's
skills and the requirements of the situation. For
example, if a person has done a certain task
frequently, the person will have routinized the
decisions necessary for performing the task;
thus, the complexity of the task is rather
low. In contrast, the task will have a high

degree of complexity for the novice, even if jt
may turn out to be a noncomplex task after
practice. This is in contrast to, for example,
Kieras and Polson’s (1985) concept of complex-
ity as completely independent of a person’s
experience.

Thus, a high level of regulation always im-
plies more complexity than a low level of regu-
lation. An example for low-complexity work
is certainly assembly line work, which can be
almost completely regulated at the lower
levels of regulation after a short period of prac-
tice. Thus, the altitude of the hierarchy illus-
trated in Figure 3 is a good approximation of
complexity.

The situational parameters of complexity
can be described in analogy to Figure 8. Deci-
sion necessities are based on the following
parameters (Dorner, 1976; Frese 1987b; Fuhrer,
1984):

+ The number of different goals, plans, and
signals (feedbacks) that have to be regu-
lated and put into a time frame

» The dissimilarity of the goals, plans, and
signals

s The number of relationships within and
between goals, plans, and feedback

« The number of conditional relationships

It makes sense to differentiate complicated-
ness from complexity. A system becomes
complicated when it is complex and when one
of the following additional conditions apply
(after Frese, 1987b, p. 322): little control, little
functionality, little transparency, little predict-
ability, fewer decision possibilities than neces-
sary, and when the complexity is neither so-
cially nor technically necessary or adequate.
Complicatedness is related to the regulation
problems to be discussed presently.

This view has implications for work design.
Work may allow too little complexity. How-
ever, it does not help to induce complicated-
ness into the process because this would just




increase negative stress effects. Rather, true
complexity and control have to be increased at
the same time.

Complexity and Contro!. There are some ap-
proaches that confound complexity and con-
trol (Karasek, 1979; Karasek, Baker, Marxer,
Ahibom, & Theorell, 1981; Volpert, Oesterreich,
Gablenz-Kolakovic, Krogoll, & Resch, 1983).
This is understandable from an empirical per-
spective, since complexity and control are
usually highly correlated (Semmer & Zapf,
1989). Theoretically, however, controland com-
plexity can be differentiated. While control can
be considered as the amount of decision possi-
bilities, complexity represents the amount of
decision necessities. In other words, a complex
task requires complex decisions whether the
person wishes this or not. In a sense, complex-

ity is a prerequisite of controk: If there is no -

complexity (e.g., only decisions at the sen-
sorimotor level are required), then little control
is possible (decision possibilities at the level of
movements). Butevenifatask is very complex,
there might be little room for deciding how to
perform the task. Since control is seen as a
positive factor within action theory (Frese,
1989; Hacker, 1986a; Semmer, 1984; Ulich,
Grosskurth, & Bruggemann, 1973) while com-
Plexity can have negative influences in some
cases, it is important to distinguish control

trom complexity. Semmer (1984) pointed out

that workplaces with high complexity and low
control are particularly stressful.

The major reasons complexity can be nega-
tive are that it leads to overload and responsi-
bility. Responsibility is related to complexity
and control in a curious way. First, responsibil-
ity usually implies that a certain number of
decisions must be made. Second, these deci-
sions often imply high risks or high negative
consequences. This may be aversive, although
It often enlarges the freedom of action on the
job. Since we have defined control as decision
Possibilities and complexity as decision neces-
sities, responsibility should only be aversive if
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it implies too much complexity and/or too
little control,

Variety. Variety as an indicator of job content
was used by Hackman and his colleagues
(Hackman & Lawler, 1971; Hackman & Oldham,
1975; Jenkins, Nadler, Lawler, & Cammann,
1975). According to action theory, variety can
be interpreted as the amount of different ac-
tions required by the tasks, independent of the
complexity. Since having many different tasks

in a given job implies variety, the amount of -

hierarchies needed to do the job constitutes
variety. Thus, variety refers to the latitude of
the pyramid of the hierarchic-sequential model.
The pyramid of hierarchic-sequential action
regulation would either be very narrow or very
wide.

Completeness of Action. From the perspective
of action theory, the completeness of action
can be added as a further concept of work
content (Hacker, 1985). Completeness refers to
both completeness of the action process and
completeness of the hierarchy-of-action regu-
lation. The action process is complete when all
steps in the action process (goal setting, plan
development, plan decision making, monitor-
ing, and feedback processes) are carried out.
Actionsare, forexample, incomplete when there
are no possibilities to define goals (because they
are defined by supervisors) or when there is no

. feedback to the worker (e.g., quality control).
The hierarchy is complete when all levels of .

regulation are used. When a person can regu-
late all of his or her actiohs ona low level of
regulation (as, e.g., at the assembly line), the
action is not complete.

The completeness of an action has been
discussed as a sort of ontological given within
action theory. Volpert (1978) argued that the

nature of humans was to act and perform com-

plete actions. He introduced the concept of
“partialization of actions” to describe the phe-
romenon that higher levels of regulations are
cut off (Volpert, 1975). In his view, modern
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industrialization has led to a reduction of com-

plete actions. Certain problems arise from
partialized actions, such as a reduced level of

competence and a reduced ability to deal with

problems from more than one perspective.
Research has shown that work regulated
on the lower levels only is related to a lower
degree of competence and job satisfaction and
higher stress (evidence in Hacker, 1982a, 1982b,
1985, 1986a; however, there is also contradic-
tory evidence, e.g., in Zapf, 1991b). While it is

- clearly possible to develop other hypotheses to

explain these results, they have been taken as a
starting point to demand that work design be
oriented toward allowing complete actions.

Stress hx{df the Concept of Regulation Prob-

lems. Action and stress can be related in two

ways: (a) The action process can be influenced -

and changed under stressful conditions, and
{b) actions can produce stress.

The Action Process Under Stress Conditions. We
will discuss two aspects here how the action
process is changed under stress conditions in
general, and a taxonomy of stressors devel-
oped from the perspective of how it influences
the regulatory processes in actions.

Planning and feedback under stress conditions.
Stress conditions can influence the various ele-
ments of action regulation, such as goal setting;
planning, and the levels of regulation.

For example, under stress (time pressure
and noise), subjects show a higher number of
operations, a lower efficiency (Schulz &
Schonpflug, 1982), and more sensorimotor er-
rors (Zapf, 1991a) than subjects working under

nonstress conditions.

Under stress, people compensate for past
inefficiencies. Schulz (1980) simulated clerical
work by giving subjects a series of decisions
to make regarding such things as checking
bills, replying to customer complaints, and re-
sponding to credit applications. The subjects

were able to look for additional information

in computerized directories. A highly effective

strategy was to memorize the directories, be-
cause otherwise the-subjects had to interrupt
their work frequently. The results indicated
that people under stress tended togive up long-
term planning and fall back on more short-
termstrategies; forexample, they did not memo-
rize the directories and had to request informa-
tion frequently.

Simple performance studies do not always

lead to the effects just described. People com-
pensate for stressors and misregulations. For
example, Dorner and Pfeifer (1991) reported
that subjects working with a fire-fighting simu-
lation under stress used less adequate strate-
giesbut compensated for this by working harder
(i.e., giving more commands to the fire-fighting
units). ' .
Other experiments on mental load have
shown its impact on the action dynamics
(Hacker & Richter, 1980; Hockey & Hamilton,
1983; Schonpflug & Wieland, 1982). The inter-
esting point here is that action theory might
present a way to integrate these findings. For
the sake of brevity, we will not be able to
elaborate in this chapter.

A taxonomyof stressors. Many reviewers of
stress research have criticized the fact that
there is no theoretically derived taxonomy of
stressors (e.g., Kasl, 1978; one exception being
roleconflictand ambiguity, Katz & Kahn, 1978).
For example, many studies treat nearly every
work characteristic as a stressor {e.g., Frone &
McFarlin, 1989; Spector, Dwyer, & Jex, 1988).
Action theory suggests a taxonomy of stressors
on the basis of how the stressors affect the
action regulation.

From an action theory perspective, stres-
sors can be considered to disturb the regulation
of actions (Semmer, 1984). These regulation
problems can be differentiated into the follow-
ing groups: regulation obstacles, regulation
uncertainty, and overtaxing regulations (see
Figure9)." The content of Figure 9 (after Leitner,
Volpert, Greiner, Weber, & Hennes, 1987; and
Semmer, 1984) will be discussed in the follow-
ing section. :
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FIGURE 9
-A Classification of Regulation Problems
Regulation problems
] \\
Regulation Regulation Overtaxing
obstacles uncertainty regulations
Regulation . Quantitative )
difficulties Interruptions [ overload Time
' pressure
Informational
difficulties People
Disruption [ Role conflicts
of functions
Movement ioui Concentration
difficulties Blockages L Role ambiguity necessity

Note: The content of this figure is taken from Leitner et al. (1987) and Semmer (1984). We have changed
the English terminology used by Greiner and Leitner (1989) because we think ours better conveys the

theoretical meaning.

Aster K. Leitner, W. Volpert. 5. Creiner. W. C. Weber. & K. Hennes, 1987, and N. Semmer, 1964,

Regulation obstacles. According to Leitner
et al. (1987), “regulation obstacles are events
or conditions that are directly related to the
task at hand” and make it harder or even im-
possible to pursue a goal and to regulate an
action. “The actor has to expand additional ef-
fortorhas to use morerisky actions”(p. 21; trans-
lation by the chapter authors). An exampleis a
crane operator who has to make sure that there
are no people underneath the crane before be-

_ ing able to swing the crane across some space.
An obstacle exists if the operator is not able to
oversee this space without any difficulty.
Obstacles have a negative influence on an

otherwise intact action. They can be concept-
ualized to be “daily hassles” (Kanner, Coyne,
Schaefer, & Lazarus, 1981) in the workplace.
Additional effort may imply that one has to
give up on a particular task or start anew, that
some steps have to be repeated again, or that
detours are necessary. It may also mean more
physical strength is necessary in some cases.
One subcategory of regulation obstacles is
regulation difficulties: It is in principle pos-
sible to do a task, but it is made more difficult
than is necessary. Examples are lack of infor-
mation or bad tools. Regulation difficulties do
not directly pertain to the external task. If a
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person’stask is tolook for information, a lack of
information is not a regulation difficulty (e.g., a
telephone operator looking fora number thatis
difficult to find). However, other difficulties
that make it hard to find the information fall
under this concept (e.g., no computer being
available).

Another subcategory refers to interrup-
tions that are produced by unpredictable out-
side events. Interruptions can appear because
of other people (colleagues, supervisors), tech-
nical problems {(machine breakdown), and or-

ganizational problems (lack of supplies).

Semmer (1984) has shown organizational
problems to be one of the best predictors of
psychosomatic complaints among the various
stressors ascertained.

Regulation uncertainty. Regulation uncer-
tainty means that one does not know how to
achieve a certain goal. which kinds of plans are
useful, and what feedback can be trusted
(Semmer, 1984). Qualitative overload is a re-
lated category (Frankenhaeuser & Gardell,
1976).

Another issue is uncertainty caused by in-
sufficient or delayed feedback. For example,
a process control operator who never knows if
his or her decisions really produce a chemical
correctly until much later must live with this

stressor even when he or she is optimally per-

forming all the time.

The traditional concepts of role ambiguity
and conflicts fall under this category (Kahn,
1973). From an action theory point of view,
uncertainty is the underlying concept of role
ambiguity and role conflict, such as when a
supervisor has to push production but is sup-
posed to keep safety first and does not know
how toachieve these two goals simultaneously.

Overtaxing regulations. Overtaxing regula-
tion does not mean that it is impossible to de-
velopadequate goals, plans,and feedback, as in
the case of uncertainty. Rather, the problem is
the speed and intensity of regulation. For

example, time pressure taxes the person’s ca.
pabilities because of the high speed required.
One response is for the person to expend a
higher degree of energy. The resulting arousal
is not a problem over a short time span, but be-
comes one over a long time span (Rissler, 1979).
The problem is to find out what the normal
maximum speed is. We know that people can
compensate for higher demands for som¢
time—that is, they can work with a higher
speed (witha higher physiological arousal level)
and thus work beyond their capacity (sec
Frankenhaeuser & Gardell, 1976).

Speed of processing (time pressure) pro-
duces problems because action regulation can-
not be done as planned within a given time
frame. A second problem is information over-
load of the short-term working memory during
action execution (concentration). Too much
information has to be kept in the working
memory at the same time (Zapf, 1991b).

Actions and Their Influence on Stress. A some-
what novel issue is action theory’s emphasis
ontheinfluenceof action onstress. Stress theory
isby and large very optimistic postulating that,
once a person acts, there is little stress because
onecandealand cope withstress (Gal & Lazarus,
1975). Proponents of this kind of theory
include Lazarus and co-workers (Lazarus &
Folkman, 1984). Although Lazarusand Folkman
certainly see a potential negative impact of
coping on the stress process, they do not really
emphasize this point. From an action theory
point of view, Schonpflug and his co-workers
(Battmann, 1984; Schénpflug, 1979, 1983, 1985,
1986a,1987; Schulz, 1979,1980, 1982) have taken
a different perspective: that actions consume
energy and require effort in setting goals, plan-
ning, and processing feedback. Thus, actions
canaggravatestressoreven produce new stress.
This can lead to a vicious cycle. While stress
itself can produce certain problems in the ac-
tion process, the actions taken up under
stressful conditions may themselves increase
the stress problems. Resulting misregulations




must be compensated for by additional actions,

and these compensating actions can lead to
even more stress

The various aspects of the action process
can be discussed from this perspective
«chonpflug, 1985). Forexample, planning takes
otra effort, particularly if there are little re-
~ources available. Realistic and detailed feed-

back can be used for effective action execution. -

However, looking for feedback can be very

laborious if it is not at hand. This may contrib--

ute to stress (Battmann, 1988).
From an action theory perspective, disen-
aagement can be considered a strategy to cope

with stress. Schonpflug (1985) suggests two

differ.  patterns: disengagement as giving up
and disengagementas an instrumental act. Dis-
vngagement as giving up is an avoidance strat-
ey that comes about when negative outcomes
of actions outweigh the positive ones. For ex-
ample, not being able to solve a work task may
result in complete inactivity (Schulz &
N honpflug, 1982). In social systems, disen-
Ligement may also be a strategy to engage
other people’s help, thus transferring a task to
sumeone else.

Applications of Action Theory in Job Ana-
lysis Instruments. In order to be able to de-
“1yn and change workplaces, German work

Fs¥chologists were always interested in how.

objective work conditions affect people.

Since action theory emphasizes its related-
ness to the outside world, it is not surprising
that job analysis instruments based on this
theory claim to measure objective rather than
“ubjective representations of work characteris-
tics (Oesterreich & Volpert, 1987). This is by no
Means common sense, since it is often argued
that the perception of work characteristics
should be measured because they are the best
predictors of such aspects as performance.and
health outcomes. This is particularly true in

the stress field. Cos
However, both practical and methodologi-

cal reasons for an objective conceptualization
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and measurement of work characteristics (Frese
& Zapf, 1988; Oesterreich & Volpert, 1987; Zapf,
1989) include the following:

» Practically, one needs objective param-
eters to redesign work independently
of a particular worker (institutional
approach). This institutional approach
can only be used if objective work cha-
racteristics are shown to have an impact
on people’s behavior, ill health, or per-
sonality development. If objective work
characteristics do not have any impact
on the individual but all variance is
explained by individual cognitive ap-
praisals, it would not make sense to
redesign working conditions. In this

~ case, the only sensible approach would

be to change the individual.

» Methodologically, objective measures
can overcome the problems of trivial
correlations between subjective mea-
sures of work characteristics and psy-
chological well-being and ill heaith
(Frese & Zapf, 1988; Kasl, 1978).

Based on action theory, several job analysis
instruments were developed: an instrument to
identify regulation requirements in industrial
work (VERA: Verfahren zur Ermittlung von
Regulationserfordernissen in der Arbeit-
statigkeit; Oesterreich & Volpert, 1991; Volpert,

-Oesterreich, Gablenz-Kolakovic, Krogoll, &

Resch, 1983), the activity evaluation system
(TBS: Titigkeitsbewertungssystem; Hacker,
Iwanowa; & Richter, 1983), an instrument to
identify regulation obstacles in industrial work
(RHIA: Leitner, Volpert, Greiner, Weber, &
Hennes, 1987), and an instrument for stress-
oriented job analysis (ISTA: Semmer, 1984;
Semmer & Dunckel, 1991). These instruments
have several characteristics in common. First,
they are related to the objective environment.
Second, they are based on the concept of the
ideal typical worker (an average worker with
sufficient skills to perform the necessary tasks;
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TABLE 3 ~

The VERA Model of Regulation Requirements*

Level 5 Development of new action spheres
The result of the work task cannot not be predetermined in detail. The result can only be
achieved by developing new ways of production. Thereby, it is open [as to} exactly what needs to
be produced. Thus, new production areas are opened up or inferred (e.g., research).

Level 5 Plans for new tasks and technological processes have to be developed and coordinated.

Level 5SR™ Plans for changes of existing tasks and technological processes have to be developed and
coordinated, but the existing conditioris should be changed as little as possible.

Level 4 Cooerdination of action spheres
The result of the work task cannot not be predetermined in detail. Several action spheres have to
be coordinated and sometimes initiated in the work process. This means tha developing subgoals
in one area has implications for dealing with the subgoals in a second area. The functions of the
action spheres are interrelated and influence each other. Therefore, they have to be coordinated
(e.g., repair of a complex system).

Level4  Several interrelated subgoals of the work domain have to be planned and coordinated.

Level R Only one subgoal has to be planned. However, other interrelated subgoals have to be taken
‘into consideration.

" Level3 Subgoal planning

The result of the work task cannot not be predetermined in detail. Reaching the production goal
cannot be done by using a preprogrammed plan. The result can only be achieved by developing
a set of subgoals that are worked through step by step. Achieving the subgoals cannot be one by
planning everything in detail beforehand (e.g., the work of a tool-and-dye maker). :
Only a rough series of subactivities can be planned. After achieving a subgoal, the planto attain th
next subgoal has to be thought through. Each subgoal is reached by regulation on leve! 2.

Asin level 3, but the sequence of subgoals and respective sequences of subactions are preplanned
by external order or in the way the production svstem is organized. Therefore, there is no own
planning of subgoals, but the sequence of subgoals has to be recapitulated. Each subgoal is reached
by regulation on level 2. .

Level 3

Level 3R

Level 2 Action planning

The result of the work task cannot be produced by a movement program alone. Different
movement programs have to be combined in a new way (e.g., cutting and installation accord-
ing to a plan). ’

The sequence of work steps has to be planned. By combining different movement programs, it is
possible to plan the whole task in advance, since the task is familiar to the worker.

There is a given sequence of work steps by external order or by the way the production system is
organized, but with some variations. Therefore, there is no own planning of the worker, but the
plan of the work steps has to be recapitulated. :

Level 1 Sensorimotor regulation

Theresult of the work task is produced by 2 sequence of movements that have been used frequently
{e.g., assembly line work).

An initiatéd action program can be carried out without conscious regulation; however, small
variations in work material, work results, and too! use occur.

Level IR Same as level 1, but there is no occasional use of a different tool and variations of material seldom
occurs.

Level 2

Level 2R

Level 1

From “Task Analysis for Work Design on the Basis of Action Regulation Theory” by R. Oestenveich and W. Volpert, 1986, Ecoriomi¢ and Industrial Democracy. 7,
PP- 42-45. (Translation of original work by W. Volpert, R. O ich, 5. Gablenz-Kolakovic, T. Krogall, & M. Resch, 1983). Copyright 1966 by |
Sage. Reprinted by permission.
* This is not aliteral translation of Volpert et al. (1983, pp. 42-45). However, we hive tried to be true to the text asmuchas possible. However, we have st times changed
the inology used by O« ich and Volpert (1986) in an English-language publication. We think (and hope} that our translation better conveys the theoretical
meaning. . !

**R 2 restricted level




Qesterreich & Volpert, 1987). From a practical
point of view, any worker who knows how to
do a certain work task can be considered as an
ideal typical worker (e.g., employees who have
worked at least one year after their education
for the job). Third, the instruments make use
of “observational interviews” in which the ob-
server who is familiar with the under-

lying theory both observes the work actions-

and asks questions to understand his or her
observations. Fourth, the instruments are not
concerned with the individua!l qualities
of the workers but with general regulation
requirements; that is, they take no account of
interindividual differences in mental regula-
tions. Objective implies here that the measures
are independent of an individual’s cognitive
processing (Frese & Zapf, 1988; Oesterreich &
Volpert, 1987). ~

VERA: Instrument to Identify Regulation Re-
quirements in Work. The instrument VERA
(Verfahren zur Ermittlung von Regulation-
serfordernisseninder Arbeitswelt), which iden-
tifies regulation requirements in work, was
developed to assess the requirement of plan-
ning and thought processes in certain jobs
{Oesterreich, 1984; Oesterreich & Volpert, 1986,
1991; Volpert et al., 1983).

A VERA analysis breaks down the job into

tasks. Twocriteria are used todistinguish tasks:_

(@) If units refer to a common identifiable goal,
they are grouped together as a task; (b) if two
units cannot be performed independently by
two people without them giving information
to each other, they belong to the same task.
Each task is then analyzed to determine at
which levels the task accomplishment should
be regulated. The levels are based on
Oesterreich’s (1981) five-level model of action
regulation (Table 3). This model differs to a
certain degree from the levels of regulation
described earlier. The lowest level corresponds
to Hacker's (1986a) sensorimotor level. The
level of action planning roughly represents the
level of flexible action patterns. The higher
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levels of regulation in the VERA instrument
all refer to intellectual levels.

The so-called “restricted level” R was intro-
duced to further differentiate the VERA
model. This applies if regulations arising at this
level only need to be performed in an incom-

. plete and restricted form (examples in

Oesterreich & Volpert, 1986).

VERA can be used to analyze blue collar
work, but not white collar, engineering, or
management work. Separate versions of VERA
were developed to evaluate flexible manufac-
turing systems (Volpert, Kétter, Gohde, & We-
ber, 1989; Weber & Oesterreich, 1989) and of-
fice work. This was done within the framework
of another instrument—the Contrastive job
Analysis (Dunckel, 1989; Dunckel & Volpert,
1990; Dunckel, Volpert, Zolch, Kreutner, Pleiss,
& Hennes, 1993; Volpert, 1987a, 1992). The
Contrastive Job Analysis asks which parts of a job
should be computerized and which parts should
remain with the worker. Work tasks that are
regulated at the sensorimotor level are candi-
dates for computerization.

VERA is constrained, however, to one im-
portant aspect of work. It does not measure
work stressors or communication. Therefore, it
should be applied together with other instru-
ments, such as the RHIA instrument. A weak
point of VERA is that it does not differentiate
between work complexity and decision lati-
tude, as was described earlier.

RHIA—Instrument to Identify Regulation Ob-
stacles in Industrial Work. Theinstrument RHIA
(Regulationshindernisse in der Arbeitstitigkeit;
an instrument to identify regulation problems
in industrial work) was developed to identify,
describe, and quantify task-related mental stress
in industry (Greiner & Leitner, 1989; Leitner et
al,, 1987). Our section on regulation problems
was largely based on the background theories
of the RHIA instrument (see Figure 9).

RHIA was developed to measure stres-
sors at work through observational inter-
views, independent of whether the particular
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conditions are evaluated by the worker as dis-
turbing. In this sense, work characteristics are
considered to be stressors when they require
additional efforts for people to carry out a
particular task.

The instrument is based on the theorv de-
scribed in Figure 9; the emphasis is on regula-
tion obstaclesand overtaxing regulations. Regu-
lation obstacles influence the action regulation
directly and require immediate reaction from
the workers. They are measured on a common
dimension—the length of additional time re-
quired to respond to the obstacles. Capacity
overtaxing appears when continuous condi-
tions reduce the mental and physical achieve-
ment capacity of the worker over the course of
the workday.

Most prominent for this instrument is the
measurement of regulation obstacles. These
have tobe identified by the job analyst with the
help of observations, interviews with the job
incumbents and supervisors, or document
analysis. ‘

The value of this instrument is certainlv its
strong theoretical basis and its clear theoretical
distinction between several types of regulation
obstacles. The method leads to concrete de-
scriptions of stress events that can be easily
communicated to practitioners. The observed
stressors show moderate size correlations
with psychosomatic problems and irritation/

strain {(Greiner & Leitner, 1989). A disadvan-

tage is that it only tackles a part of potential
stressors at work (Semmer & Dunckel, 1991).

Like the VERA instrument, RHIA was
developed to analyze blue collar work. An
integrated VERA/RHIA instrument for the
analysis of office work is available (Leitner,
Liiders, Greiner, Ducki, Niedermeier, & Volpert,
in press).

TBS—Tatigkeitsbewertungssystem (Activity
Evaluation System). The TBS is an instrument
for evaluating the chances for personality en-
hancement in a job (Hacker & Iwanowa, 1984;
Hacker, Iwanowa, & Richter, 1983; Iwanowa &

Hacker, 1984). This instrument evaluates the
completeness of actions in several respects. A
complete action according to this instrument
includes sequential completeness (including
goal and plan development and preparatory
phases of the action process) and hierarchical
completeness (including regulation at all lev-
els). As additional features, cooperation and
communication made during work are mea-
sured. Based on this concept, five groups of
scales were developed, as shown in Table 4.

There are several variants of the TBS for
different jobs and a special version for menta)
activities such as software development (Ru-
dolph, Schonfelder, & Hacker, 1987).

The instrument provides cutoff values for
each scale, resulting in a typical job profile.
Given minimum values, personality enhance-
ment at work should be possible. Scale values
that are below the cutoff points indicate job
areas that need to be redesigned.

The TBS covers the full range of job con-
tent variables. The most important part of the
TBS is certainly the measure of complete activi-
ties at the workplace (which are assumed to
enhance personality). In this way, the TBS is a
tvpical theory-driven form of job analysis and
evaluation instrument that can be used to sup-
port the need for the redesigning of jobs. Since
there is no concept of personality enhancement
at the workplace in the Anglo-American litera-
ture, there is also no comparable instrument
available. There are, however, certain areas of
overlap with the Job Diagnostic Survey (Hack-
man & Oldham, 1974, 1975).

Action Theory and Work Design

In Germany, work psychology is seen not
just as a descriptive science of work behavior
but as a prescriptive science that should con-
tribute to work design. Unlike the situation in
the United States, this is regarded to be of
utmost importance, and issues related to work
design take up a large proportion of the profes-
sional discussion in German industrial and
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TABLE 4

* The Scales of the Job Evaluation System (TBS)

The TBS Scales

A.

Organizational and technological conditions that determine the completeness of action.
A.l. Completeness of the action process. The amount of so-called preparatory
activities are of particular importance. Furthermore, items for error checks
and organizational activities are included here.
A2. Variety of work tasks and cycle time
A3. Possibilities for psychological automatization
A.4. Transparency of the production process
A5. Predictability of job requirements and time constraints
A6. Controllabilitv (degrees of freedom)
A7. Physical (bodily) variety, including variety in posture and
bodily movements

Cooperation and communication

B.1. The range of necessary cooperative work
B.2. Tyvpes of cooperative work

B.3. Variety of cooperative work

B4 Communication

Responsibility resulting from the external task
C.1. Content of individual responsibility

C.2.  Amount of responsibility for results

C.3. Collective responsibility for performance

Required cognitive performance

D.1. The level of action regulation required

D.2. Information required by the job (ranging from simple signals to complex
states and processes)

D3. Intellectual information processing required (problem-solving activities,
ranging from algorithmic cognitive operations to creative problem solving)

Skill requirements

E.1. Required formal education for the job

E2.  Actual use of occupational education i
E.3. Job requires constant learning

Adapted from A, Iwanowa and W Hacker. 1954, and \V. Hacker, A. twanowa, and P. Richter, 1983; transiated and extended by the chapter authors.

organizational psychology. Certain prerequi-
sites must be met if design is to be taken seri-

ously:

* There should be strong relation-
ships to the engineering sciences,

like machine construction and com-
puter sciences.

« One should know the psychological
‘parameters that are affected by work
design.
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« Design always implies certain value
decisions; they must be made trans-
parent and tied to scientific knowledge.

" For example, it is a value decision to
answer the question, “Is it more impor-
tant that work contributes to health, or is
productivity more important even if it
damages health?”

« Design decisions can never be completely
based on empirical work because future
use of a technology or a machine to be
designed for the first time cannotbe
studied empirically (Ulich, 1991). Thus,
they have to be derived from a design
theory that is anchored in other empirical
work.

Many of the action theory concepts dis-
cussed earlier were developed to justify design
work. The central variables from an action
theory perspective are the completeness of ac-
tion, the increase of regulation requirements
and control, the reduction of regulation prob-
lems, ard the concept of personality enhance-
ment. Ontological givens, such as being active
or the necessity to develop one’s own goalsand

‘plans, were hypothesized. Moreover, action

theory may also provide a theory that can help
determine how new machines should be de-
signed. A discussion of the most important
criteria for work design appears below:.

There is no one best way, in the sense of
Taylor (1913). Since regulation necessities and
regulation possibilities usually go hand in
hand, action theory takes a nondeterministic
view (Frese, 1987b). A situation may require
complex regulations, but may not prescribe a
particular way of accomplishing them. Since
people have different priorities, stvles, and
mental models, different work strategies re-
sult. This is partly in contrast to the concepts
of Newell and Simon (1972) or the GOMS-
model of Card, Moran, and Newell (1983; see
the critique of the GOMS model by Greif &
Gediga, 1987). The more complex a situation
is, the greater are the chances of there being

individual strategies (see Ulich’s [1990, 1991)
principle of individualization of work). Em-
pirically, different strategies may lead to a
similar productivity (Ackermann & Ulich,
1987; Triebe, 1981; Ulich, 1990). For this reason,
it is useful to aliow a person to choose his or
her own work strategy.

Volpert (1975, 1978) and Hacker (1986a)
maintain that an action is an ontological given
and that phylogenetic development of the
person involved the possibility to use action
with control over goal setting, planning, and
the use of feedback and involves all levels of
regulation. This contrasts with the notion of
partialized action (Frese, 1978; Volpert, 1975),
in which certain levels of regulation are not
under the control of the individual. For ex-
ample, in assembly line work, the worker only
works on the lowest level of regulation but
has little conscious problem-solving activities:
thus, higher levels of regulation are not at his
or her disposal but are concentrated in the
engineers who set up the assembly line. An-
other example is a job that does not give feed-
back or a job that does not allow one to develop
one’sown plans and goals. Complete activity is
related to better health effects and higher pro-
ductivity (Hacker, 1987b).

An action should be allowed to run its
course. It is aversive when it js interrupted tv
outside events that do not belong to the task
(Frese, 1987b; Semmer, 1952). Any obstacles to
doing one’s work should be reduced. Ven
often these obstacles result from bad organiza-
tion (see our earlier discussion on stress ).

People should be allowed to be active in
their work (Hacker, 1986a; Volpert, 19587H)
Again, this is related to the ontological given
that people are better when they are acting
than when they are just observing. Phylo-
genetically, people are not cognitive or mental
beings, but rather actors who use cognitions
toregulate their actions. Therefore, workshould
allow people to be active. Any task that takes
away action will lead to problems, as the

. difficulties of vigilance tasks amply show




{Mackworth, 1970). From this follows the con-
cept of the active operator (cited in Hacker,
1986). In contrast to complete automatization
of, for example, piloting, the active operator
concept allows the person to stay in active
control of the process. He or she still must act.
Lomov and co-workers (cited in Hacker, 1986)
show that active pilots perform better than
pilots working with highly automatized ma-
chines (see also Wiener, 1985).

Theissue of control has come up repeatediy
and is one of the central issues in work design.
In contrast to Emery and Trist (1960) and Em-
ery and Thorsrud (1976), who similarly prefer
work to be designed to allow more control,
action theory’s arguments are not based on the
grounds that control is a prerequisite of democ-
racy at work. Nor is the basis a humanistic type
of psychology. It is also not a motivational
theory, as is the one bv Hackman and Oldham
(1980). Rather, action theory’s idea is that people
who have control can do better because they
can choose adequate strategies to deal with the
situation. For example, they can plan ahead
better and are more flexible in the event that
something goes wrong (see our earlier discus-
sion of the superworker concept). Skills can
only be acquired in a lifelong process when
there is control at work.

This view is supported by recent studies of
Wall and collaborators (Jackson & Wall, 1991;
Wall, Corbett, Martin, Clegg, & Jackson, 1990:
Wall, Jackson, & Davis (1992). In a job rede-
sign study in advanced manufacturing tech-
nology, computer numerical control ({CNC)
operators’ jobs were restricted to merely load-
ing, monitoring, and unloading machines. In
the case of a machine fault, they had to alert
specialists. In a field experiment (Wall et al.,
1990), the operators were trained in fault diag-
nosisand fault management (e.g., recalibrating
mechanisms that worked out of tolerance, re-
setting machines, editing programs to cope
with variations of raw material). Fault diagno-
sis and fault management then became a
part of the operators’ jobs, and specialists were
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only called upon in situations with more fun-
damental difficulties. The results showed a
decrease of machine downtime and a corre-
sponding increase in output. These results were
not only due to a quicker response to machine
breakdowns that could be caused by higher
motivation and the time saved because no ex-
perts had to be called; a reanalysis by Jackson
and Wall (1991) revealed that there was a long-
term learning effect that produced a reduction
of faults. This result appeared gradually over
several weeks. The explanation is that the in-
crease of complexity and control by job rede-
sign provided the possibility to develop a more
differentiated operative image system and
better strategies to prevent machine faults.

The basis for any good work design is the
good qualification of the worker. Therefore,
qualifications are necessary prerequisites for
good work design but are also important con-
sequences. If work does not allow the use of
qualifications, thev will be lost due to disuse.
Any work reorganization program must also
involve a qualification program (Ulich et al.,
1973).

Qualifications can only be upheld if work
has a certain complexity. For this reason, action
theory is much more concerned than other
approaches in psychology with keeping com-
plexity in the job and even increasing
complexity. For example, cognitive psychol-
ogy applied to tool use seems to have quite an

oppositeapproach (e.g.,Card, Moran, & Newell,

1983; Kieras & Polson, 1985). It may be useful to
differentiate between complexity, which in-
creases the amount of intellectual work in the
job, and complicatedness, which increases
mental load. “With an increase of memory
load, the quantity and quality of performance
deteriorates and fatigue increases. In contrast,
increasing the complexity of intellectual tasks
does not yield such a deterioration, at least as
long as memory load remains constant”
(Hacker, 1987a, p. 123; see Hacker, 1986b).
Obviously, it follows from action theory

that work should provide feedback. This -
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feedback should be natural; that is, it should
result from doing the work itself and not from
some system superimposed (e.g., feedback only
given by the supervisor).

Work should minimize the amount of
information that must be kept in memory at
any one time. One way to reduce thisamount is
by chunking (Miller, 1956), and being able to
chunk is a function of good qualifications and
experience. This suggestion is not necessarily
opposed to having a certain amount of com-
plexity in the job, as Hacker's earlier quote
shows.

Thus, there are certain design criteria devel-
oped from an action theory perspective. Work
design concepts can be put into a different
perspective within an action theory orienta-
tion, such as in job rotation and job enlarge-
ment. These concepts have been interpreted to

be restricted design concepts because tasks of a -

very similar nature are combined (Herzberg,
1966). From an action theory perspective, regu-
lation requirements and control are certainly
the same across the tasks. However, there may
be different regulation problems in the tasks
combined (stressors, errors). One result may be
that job rotation and enlargement decrease
one-sided physical and mental loads. In con-
trast, job ‘enrichment and semiautonomous
work groups imply an increase of regulation

requirements and control. More complex goals,

and plans can be developed and may allow for
the use of complete actions in work. The effects
on regulation problems may be the same as for
job rotation and enlargement. However, inso-
far as increased control functions as a modera-
tor, job enrichment may lead to fewer stress
problems, given a certain amount of stressors.

Design can mean several things. Ulich (1991)
has suggested differentiating the following
design strategies:

« Corrective work design. This is the typ-
ical situation for the work psychologist—
to be called in to suggest a redesign be-
cause certain problerns have arisen

(e.g., a high accident rate, high staff
turnover, or high absenteeism).

« Preventive work design. That is, design

of machines and workplaces that do
not yet exist. This is preferred because
cooperation with the design engineer
allows for workplaces to be developed
from scratch from a work psycholo-
gist's perspective.

« Prospective work design. While preven-

tive work design aims at the potential
negative impacts of the job, prospec-
tive work design attempts to anticipate
the positive impacts for personality
development.

» Differential work design. This implies
that the job is adapted to an individ-
ual’s personality (Ulich, 1978a, 1983).
Therefore, such a work design leads
to productivity gains (Ulich, 1990).
One disadvantage is, of course, thai
many different designs must be real-
ized. Moreover, the design may cast a
person into a certain mold that may
not fit after a while. Therefore, Ulich
(1983) suggests complementing this
with the principle of dvnamic work
design.

«  Dynamic work design. This means that
the work design is adjusted to the
growing aspirations of the job holder.

Since work design is influenced by new
technology, it follows that action theorists
have a keen interest in issues related to new
technologies. The use of new technologies has
been studied intensively. The above design
strategies imply that one would prefer blue
collar workers to become programmers and
supervisors of their machines (e.g., tool-and-
dye machines), rather than just the monitors
of them. Thus, results like the one by Wall
and Clegg (1981) fall well in line with this
thinking.




Another aspect of work design involves
looking at the tools used in work. For this
reason, software ergonomics became an
important field for German work psychology
(see Frese, 1987c, and Frese, Ulich, & Dzida,
1987, for English-language overviews). The
following aspects are important in tool design
(see Ulich, 1986, 1991).

» Tools change the action process at work.
Thus, tool design is always work design
to a certain extent (Hacker, 1987a, 1987b;
Ulich, 1989, 1991) because, depending on

_the tools, important parameters of the
jobs change (e.g., help provided, which
strategy is supported, complexity and
control at work). For this reason, tools
have to be evaluated according to how
they interact with general work dimen-
sions and what effects they have on the
general work situation.

» Tools should truly support the task
accomplishment. Since the task is the
primary goal of the worker, tools must
be well adapted to the task, their use
must be learned within a reasonable
time, and they should not interrupt
task completion or the usual routines
of task completion. \WWhenever a
tool has its own logic—aside from the
support of the task actions—it hinders
task completion.

Tools should be consistent. This means
two things: (a) consistency with the
specialist knowledge in the field of ap-
plication and (b)internal consistency.
The former implies that users can rely
on their specialist nomenclature and
on their prior concepts of how the work
is to be done when using the tool; the
latter means that all the parts of the
tool should react in the same way.
Examples are that error messages
should always appear in the same line
or that function keys should operate
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consistently throughout a software
program. Inconsistencies produce
problems because people develop

. complete operative image systems
and automatize their behavior very
quickly.

Tools must be transparent, meaning
that users can develop a good oOperative
image system from using the tool. This
means that the original intentions of the
designer are clear (Keil-Slawik & Holl,
1987; Maass, 1983).

Controllability of a tool means that
users can adapt the system to the task
and to their own strategies and prefer-
ences. Moreover, it should support
flexible use, since strategies change
and should be allowed to change over
time (e.g., with fatigue; Sperandio,
1971). One implication of this is that
the tool should not adjust itself (adapt-
iveness), but its change should be
under the user’s contro! (Haaks, 1992).
In contrast, some cognitive human
factors scientists suggest that a com-
puter system should adapt to the user
automatically (Kass & Finin, 1988).

One variant of controllability is indi-
vidualization (Ackermann & Ulich,
1987; Greif & Gediga, 1987; Ulich,

- 1990). This means that a user can

adjust a system to his or her work
strategies. This may be done through
macroprograms. It may also be done
through systems that grow with the
knowledge a person has of a system

(the so-called genetically growing

system; Greif, 1988).

Finally, the tool should support error
management. We already discussed
error management in the section on
training. From an action theory point of
view, errors are ubiquitous because they
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can be seen as aberrations on the way
toward the goal. Overcoming the error
is more important than error making
per se. Moreover, the cognitive appa-
ratus of human beings is error prone,
precisely because it is so well adapted
to an environment in which one must
react quickly.

Error management is also useful because
it reduces costs. What makes errors costly,
both in terms of stress effects and economic
costs, are the error consequences, such as error
handling time, but not the error per se (Frese,
1991). Thus, error handling time should be
reduced by supporting error management strat-
egies. Computer systems often offer features,
such as the UNDO kev on a computer’s key-
board, that support error management. Many
additional features can be developed (for an
overview, see Zapf, Frese, Irmer, & Brpdbeck,
1991).

Postscript

" This chapter provides an introduction to

action theory. First, a general concept of action
theory was developed by describing acti.on as
goal-oriented behavior. The core of action is
the feedback cycle. This implies that there is a
goal, which constitutes the set point to which
action outcomes are compared. The theory de-
scribes an action process, consisting of goals,
information integration, plans, monitoring,
and feedback. In addition, action regulation is
hierarchically structured. There are four levels
of regulation—the sensorimotor level, the
flexible action patterns level, the intellectual
level, and the heuristic level. The most impor-
tant differentiation is between actions that
are consciously regulated and those that are
routinized. Long-term knowledge of these
processes is stored in the operative image
system.

In the second part of this chapter, t4he gen-
eral theory was applied to understanding cer-
tain phenomena such as errors, the interrela-

_ tionship between work and personality, the

development of competence, tasks characteris-
tics, and work design. _ .

it is tempting to contrast American with
German industrial and organizational psy-
chclogy, but such a contrast is very often mis-
leading. Clearly, both American and German
industrial and organizational psvchology are
rather heterogeneous. Even when there are
differences, it is really hard to sav whether one
has used sufficiently representative materials
from each country. Moreover, the differences
that one finds are often more a matter of
degree of emphasis rather than a clear-cyt
distinction between the approaches used in
the two countries. Nevertheless, we feel that
there are some differences, and that action
theory has something to contribute to Ameri-
can psychology. Here we offer a few specula-
tive remarks.

We think that the major advantage of
action theory is not its cognitive orientation,
but rather the ease with which it can relate
cognitive issues to applied field settings. Cog- \
nitive psychology tends to be rather ele-
mentaristic, as with mechanistic concepts. This
makes it hard to use such concepts in a ﬁe{d
of application. In contrast, action theory is
much less fine-grained but allows an easy
application to such issues as task analy§1s,
task design, and training. Moreover, action
theory encompasses within one theqrehca!
orientation a far broader range of issues.
This vprovides the advantage that one can
-integrate findings of middle—.and 'small—
range theories and various practically impor-
tant phenomena of industrial and organiza-
tional psychology. _

The other side of the coin, however, is that
action theory has not been clearly defined or as
welltested assome cognitive theories. Attimes,
action theorists seem to have been content




with being able to use a concept in the field
rather than to verify it independently.

Still, we think that action theory has a lot to
offer. For example, American industrial and
organizational psychology tends to look
largely for motivational concepts when ex-
plaining differences in job performance. In
contrast, the concept of the superworkerallows
a different approach. Similarly, issues of par-
ticipation in decision making are typically re-
lated to motivation. Again, in action theory,
participation in decision making implies that
knowledge is shared. This has practical impli-
cations: With a pure motivation concept in
mind, one might suggest setting up group dis-
cussion sessions designed to make persons
feel important to the overall work effort. Our
concept of participators implies simply that
maximal transfer of knowledge must be orga-
nized and implemented.

We do not want to say that motivation is
unimportant.” In the concept of goals, cogni-
tive and motivational aspects of action are
closely related. Also, there is certainly a moti-
vational side to having complete actions (e.g.,
as discussed by Hackman & Oldham, 1980).
But motivation does not constitute the whole
picture. Asamatter of fact, a simple increase in
motivation does not produce higher produc-
tivity, while a better understanding of a job
does. .

Moreover, action theory is objectivistic. A
purely cognitive point of view often negates
the function of cognition for human beings—
namely, to be able to act properly. Experiments
often show that illusions exist. This view has
been quite prominent in American industrial
and organizational psychology as well (Salancik
& Pfeffer, 1977). An action theory concept im-
plies that this is only true if the person cannot
act (Neisser, 1985; Sabini, Frese, & Kossman,
1985) because generally the perceptual cycle
(Neisser, 1976) is supplemented by feedback
received from the objects acted upon. Obvi-
ously, there are limits to this objectivity. These
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different views have practical implications.
Fromanaction theory pointof view, one would,
for example, be much more cautious in expect-
ing a reduction of stress from a change of sub-
jective perceptions without also changing the
objective stressors and resources. This may
lead to illusions that cannot be upheld against
reality over the long run—an issue that be-
comes particularly clear when optimism is
confronted with grim realities (e.g., in the case
of unemployment; see Frese, 1987a).

Moreover, the job analysis instruments
attempt to be objective as well. Of course, the
practical reason is most important: An objec-
tive instrument allows the design of jobs to be
done independently of a particular individual.
Without the concept of an objective environ-
ment that affects the individual, the only sen-
sible approach would be to change the indi-
vidual. The concept of object-oriented action—
that is, changing the objective world—will
correspond well to the practical requirements
of work analysis:

As we see it, personality is usually concep-
tualized as an independent variable in the
United States. We do not quarrel with this
point of view, but feel the full picture should
also include the view that personality develops
throughaction. This producesadifferent orien-
tation, the most important result being the con-
cept of personality enhancement in the work-
place. From this perspective, it is obvious that

selection may be seen differently. At

times, selection procedures assume that there
is a stable personality that is not affected by the
jobatall. Again, this has practical consequences:
In a typical concurrent validation program, a
correlation between person characteristics and
performance is used as a good approximation
of the prediction of performance from the per-
son characteristics. From an action theory.
perspective, working effectively in a job pro-
duces certain person effects that may partly
explain the correlations in a concurrent valida-
tion procedure. Thus, interpreting them as
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predictors of performance only may oversim- -

plify the case.

Since action theory is an integrative theory,
it allows for a higher degree of integration
of areas that are rather differentiated in the
United States. For example, there seems to
belittle integration between human factorsand
industrial and organizational psychology. Ac-
tion theory allows such an integration to a
larger extent because it specifically integrates
upper and lower levels of regulation. This im-
plies, for example, that motor movements are
not seen as completely distinct from thinking.

From a historical perspective, the following
three points made action theory a powerful
paradigm in German industrial and organiza-
tional psychology:

» It superseded the stale controversy be-
tween cognitive theory and behaviorism.

» Work action is taken as the legitimate
starting point of work psychology.

« People are seen as active rather than
passive beings who change the world
through work actions and thereby change
themselves.

Superseding the Controversy Between
Cognitive Theory and Behaviorism

The nearest thing to an action concept is, of

course, behaviorism. However, behaviorism-

does not allow a closer look at the goals and
tasks of working people and the thought pro-
cesses that take place while they are working.
While behaviorism was at one time a useful
theory for looking at work from a time and
motion study perspective, modern technology
made simple time and motion studies obso-
lete. When supervising a machine, simple physi-
cal action was not the important contributor to
the work outcome. Rather complex, thought-
ful, and goal-oriented actions like setting,
servicing, and controlling the machine and
checking the output were mostimportant. Those
activities were not usefully described within

the tradition of time and motion studies. Thus,
an action theory that was connected to cogni-
tive processes was needed. (After it was:devel-
oped, one result of the theory and its studies
was that even simple work could not be well
described with time and motion studies that
were disconnected from cognitive processes,
either; see Hacker, 1986a.)

Behaviorism developed a high methodo-
logical sophistication to study behavior, its
antecedents, and its consequences. Addition-
ally, it allowed the study of psychology with a
clear objective reference point--the behavior of
people. On the other hand, it was not consistent
with the knowledge that such aspects as ex-
pectancies, thoughts, and mental models guide
actions above and bevond antecedents and
consequences. The apparatus of a behavioristic
animal would simply be too unwieldv and
nonorganized to survive in reality (eg.,
Chomsky, 1959, suggested that a few trans-
formation rules allow the generation of lan-
guage, while learning language in the sense
of behaviorism would take too Jong and be
too complicated).

One of the most important arguments of
behaviorism against early cognitive theorists
was that a goal referred to something in the
future that could not have an impact on the
behavior that was occurring right now. More-
over, it was a metaphysical concept and there-
fore not worthy of study for the new natural
science of psychology (Hull, 1943). The cyber-
netic feedback cycle (Miller et al, 1960) has
allowed the understanding at a purely me-
chanical Jevel that goals and feedback can have
the function of regulating behavior toward a
goal. The computer analogy helped to over-
come this largely philosophical behavioristic
argument.

Cognitive theory, on the other hand, keeps
the human animal lost in thought (Guthrie,
1935). The phylogenetic function of thought
was not just to understand but to be better able
to act because of the good understanding of a
situation (Hofsten, 1985; Neisser, 1985).




Miller et al. (1960) set out to bridge the gap
between cognition and action. The major link
was the concept of plan. Since a plan is hierar-
chically organized, action theory is a molar as
well as a molecular kind of theory. It is pos-
sible to discuss the trajectory from a specific
thought to a specific muscle movement
(Gallistel, 1980), as well as the trajectory from
a wish to action (Heckhausen & Kuhl, 1985)
within the same kind of theory.

Work Action as the Starting
Point of Work Psychology

Work in the sense of developed and systematic
tool use is unique to human beings (Dolgin,
1985; Schurig, 1985). Thus, the starting point
for an industrial psychologist should be the
human being at work. The ultimate purpose of
work is to produce a product (which can, for
example, be a physical object, an intellectual
concept, or a certain emotion). Production
means acting on the world in a systematic
way. Work action is therefore the theoretical
and empirical starting point of industrial and
organizational psychology. From this perspec-
tive, it is surprising that the earlier edition of
this Handbook did not even mention the
concept of action in its subject index (Dunnette,
1976; this is also true of its equivalent in Ger-
many; see Mayer & Herwig, 1970).

Work means accomplishing a task via’

action. A task is a conglomerate of redefinitions
and objective demand characteristics (Hack-
man, 1970). But a task cannot usually be ac-
complished without some reference point in
the world of objects. The tasks of work may be
to hunt an animal, produce a new automobile,
sell a computer, design a software program, or
make a customer happy. In each case, there is
an object that needs to be changed (or at least it
has to change hands) in an objective sense.
With the development of culture, the object of
action may not be directly tied to a physical
object, such as in the case of working out a
theory. But even such a theory will be of
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little use if there is not some tie to real-world
objects. Thus, in the final analysis, work psy-
chology must be rooted in the objective world.
Work psychology cannot be just the study of
cognition at work or just the symbolism in-
volved in work. (This does not mean, of course,
that symbols are not important— they are, and
they must beincorporated into an action theory
of work.)

Moreover, work uses tools in changing ob-
jects. Such tools are either physical or mental
(e.g., a pair of scissors or a brainstorming ses-
sion). A tool is more than just some material
shaped in a certain way. It is always an objecti-
fication of a certain procedure to work—the
toolasa planofaction. The same is true of social
tools, like the organization of work. An organi-
zation is an objectification of how one deals
socially with a certain object (Berger &
Luckmann, 1966).

The Human as an Active _
Rather Than a Passive Being

In contrast to the perspective of behaviorism,
here human beings are not seen as only re-
sponding to their environment; instead, they
are seen as influencing and shaping their envi-
ronment as well. Moreover, living is acting.
Thus, we usually have a goal and some kind of
idea of how to proceed with it (at least as long

as the action is not routinized). Goals change

in accordance with one’s accomplishments,

.usually in the direction of higher effect on the

environment (White, 1959). Thus, an active
person will continue to be active, even when he
or she has achieved agoal.”

The conceptualization of humans as active
does not imply, however, that the environ-
ment is unimportant. When working, physical
objects are changed directly or indirectly. By
changing physical objects, workers are
changed as well. The example of tool use
demonstrates this, When producing a tool, a
procedure for doing something is developed
materially. When using this tool afterward, the
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person is to a certain extent bound to the pro-
cedure. Thus, the person changes because of

. work. After the invention of the spoon, eating

soup changed; at the same time, a spoon can
only be used in a certain way and a spoon
actually produces an affordance (in the sense of
Gibson, 1979) to use it for bringing watery
substances to the mouth.

Changes in objectsand social organizations
produce cultures and also produce changes in
the people working. Thus, work action is some-
thing that shapes people collectively and indi-
vidually. Thus, by working, people change the
world and thereby change themselves. For this
reason, work socialization has been an in-
teresting issue for action theorists (Frese, 1982;
Hacker, 1986a; Volpert, 1975).

Action theory has been a useful theory,
both in terms of integrating various areas per-
taining to work and in providing a structured
approach to studying and researching work
psychology. Certainly it is not yet a fully devel-
oped theory, but it consists of fragments that
have been studied in detail and areas that
have heuristic value. It is a tool to be used in
gaining a better understanding of one area—
work—that differentiates the human animal so
clearly from other animals.

Thanks to the following people who read
the manuscript and gave us recommendations:
F. Brodbeck, C. Clegg, N. Semmer, 5. Sonnentag,
and W. Volpert.

Notes

1 Actually, there is a whole tradition of a social
action theory that is not covered in this chapter (see
Cranach & Harré, 1982).

2 For a different approach, see Qesterreich (1981,
1984).

3 They used the term level of abstract thought then.
4 Thereare several concepts for internal represen-
tations: the operative image system, with its empha-
sis on plans and actions; and mental models, with
their emphases on structural parameters of the envi-

ronment. To use a term that embraces both of them,
knowledge base for regulation was introduced.

5 Ofcourse, thereis no doubt that personality may
also be a prerequisite for doing some kinds of work
well. )

6 It is interesting to note that enhancement of
personality or growth in personality is the major
psvchological variable discussed in the German
constitution—quite a contrast to the more hedon.
istic pursuit of happiness in the United States.

7 It is interesting to note that learning theorists
have used this as a paradigm of regression—the rat
reverts back to the more routinized route if under
stress (Mowrer, 1950).

8 Ofcourse,Meichenbaum (1977 has popularized
this concept in the United States in the area of
stress immunization training.

9 Hacker published in East Germany under
socialist rule. One can assume that the concept of
planning strategv was used to accommodate the
leading ideology of socialist planning. This may
very well be so. As it turns out, however, it might be
amyth thatsocialist countries were planning well or
were planning at all. While there was quite a ot of
metaplanning on the societal level, there whs very
little planning of production. This lack of planning
of the particulars of work and the littie use of feed-
back (and the little attempt to look actively for real-
istic feedback) may have been two factors leading t»
the low work efficiency in the Eastern European
countries. .
10 In this connection it is interesting to note that in
the recent Frontiers book of the Society for Industrial
and Organizational Psvchology on training, there
is no mention of the problem of transfer and fransi-
is not even in the index (Goldstein, 1969).

11 We have left out an action theory approach to
the area of motivation that is quite unique and
potentially very interesting for applied psvchology
(e.g., Gollwitzer, 1990; Heckhausen, 1991). This area
was left out because these motivational constructs
have not been used in industry up to this point.

References

Ackermanii, D, & Ulich, E. (1987). The chances ot
individualization in human—computer interac-
tion and its consequences. In M. Frese, E.
Ulich, & W. Dzida (Eds.), Psychological issis o




human—computer interaction in the work place
(pp. 131-145). Amsterdam: North-Holland.

Albrecht, K. (1988). Einfliisse personenspezifischer
Variablen auf die Programmierung. Miinchen,
Germany: Universitit Minchen: Unverbff.
Diplomarbeit.

Amthauer, R. (1933). Intelligenz-Struktur-Test.
Gottingen, Germany: Hogrefe. )

Anderson, ]. R.(1976). Learning, memory, and thought.
Hillsdale, NJ: Erlbaum.

Anderson, J. R. (1983). The architecture of cognition.
Cambridge, MA: Harvard University Press.
Annett, J. (1969). Feedback and human behavior. Balti-

more: Penguin Books.

Arnold, B., & Roe, R. A. (1987). User errors in hu-
man—computer interaction. In M. Frese, E. Ulich,
& W. Dzida (Eds.), Psychological issues of human
computer interaction in the work place (pp. 203~
220). Amsterdam: North-Holland.

Ausubel, D. P, Novak, J. D., & Hanesian, H. (1968).
Educational psychology: A cognitiveview. New York:
Holt, Rinehart and Winston.

Badke-Schaub, P. (1990). AIDS-Bekimpfung in
Pannenburg. Wie unterscheiden sich Gruppen und
Einzelpersoncen bei der Bearbeitung ¢ines komplexen
Simulationsproblems? (Working paper No. 6).
Berlin: Project Group Cognitive Anthoroplogy,
Max-Planck-Gesellschaft.

Bagnara, S., & Rizzo, A. (1989). A methodology for
the analysis of error processes in human-com-
puter interaction. In M. J. Smith & G. Salvendv
(Eds.). Work with computers: Organ:zational, man-
agement, stress and health aspects (pp. 603-612).
Amsterdam: Elsevier Science Publishers.

Bainbridge, L. (1983). Ironies of automatization.
Automatica, 19, 775-779.

Baltes, P. B., Reese. H. W., & Lipsitt, L. P. (1980). Life-
span developmental psvchology. Annual Review
of Psychology, 31, 65-110.

Bandura, A. (1986). Social foundation of thought and
action: A social cognitive theory. Englewood Cliffs,
NJ: Prentice-Hatl,

Baron, J. (1988). Thinking and deciding. Cambridge,
UK: Cambridge University Press. )

Bartlett, F. C. (1932). Remembering: A study in experi-
mental and social psychology. Melbourne: Cam-
bridge University Press.

Battmann, W.(1984). Regulation und Fehlregulation
im Verhalten IX: Entlastung und Belastung durch
Planung. Psychologische Rundschau, 26, 672-691.

Action as the Core of Work Psychology 327

Battmann, W. (1988). Request of feedback as a
meansof self-assessment and affect optimazation.
Motivation and Emotion, 12, 57-74.

Berger, P. L., & Luckmann, T. (1966). The sociai
construction of reality. New York: Doubleday.

Brehmer, B., & Allard, R. (1991). Dynamic decision
making: The effects of task complexity and
feedback delay. In J. Rasmussen, B. Brehmer, &
J. Leplat (Eds.), Distributed decision making:
Cognitive models for cooperative work (pp.
319-334). New York: Wiley.

Broadbent, D. E. (1985). Multiple goals and flexible
procedures in the design of work. In M. Frese &
J. Sabini (Eds.), Goal directed behavior: The concept
of action in psychology (pp. 285-295), Hillsdale,
NJ: Erlbaum.

Brodbeck. F.C., Zapf, D., Primper, ]., & Frese, M. (in
press). Error handling in office work with com-
puters: A field study. Journal of Occupational and
Organizational Psychology.

Brown, A. L. (1988). Metacognition, executive
control, self-regulation, and other, even more
mysterious mechanisms. In F. E. Weinert
& R. H. Kluwe (Eds.), Metacognition, motiva-
tion, and understanding. Hillsdale, NJ: Erlbaum.

Bruner, . S. (1966). Toward a theory of instruction.
Cambridge, MA: Harvard University Press.

Card, S. K., Moran, T. P, & Newell, A. (1983). The
psychology of human-computer interaction.
Hillsdale, NJ: Erlbaum.

Carroll,J. M., Mack,R. L., Lewis, C. H.,Grischkowsky,
N.L. & Robertson,S.R.{1985). Exploring a word
processor. Human-Computer Interaction, 1,
283-307.

Carver,C.S., & Scheier, M. F.(1982). Control theory:
A useful conceptual framework for personality,
social, clinical, and health psychology. Psycho-
logical Bulletin, 92, 111-1335. ’

Chomsky, N. (1957). Syntactic structures. S. Graven- '

hage, the Netherlands: Mouton.

Chomsky, N. (1959). Review of Skinner's verbal
behavior. Language, 35, 26-58.

Cranach, M. v., & Harré, R. (Eds.). (1982). The
analysis of action: Recent theoretical and empirical
advances. Cambridge, UK: Cambridge Univer-
sity Press.

Cranach, M. v, Ochsenbein, G., & Tschan, F. (1987).
Actions of social systems: Theoretical and em-
pirical investigations. In G. R. Semin & B. Krahé
(Eds.), Issues in contemporary German social

328 Frese and Zapf

psychology: History, theories and application (pp.
119-155). London: Sage.

Cranach, M. v, Ochsenbein, G., & Valach, L. (1986).
The group as a self-active system (outline of a
theory of group action). European Journal of Social
Psychology, 16,193-229.

Cratty, B. J. (1973). Movement behavior and motor
learning. Philadelphia: Lea & Febiger.

Daumling, M., Engler, H.J., Smieskol, H., Tiegel, G.,

Triebe, J. K., Ulich, E., & Wilke, K. (Eds.). (1973). |

Beitrige zum mentalen Training. Frankfurt:
Limpert.

Dahm, M., Glaser, K., Jansen-Dittmer; H., Keizers,
A., Mever-Ebrecht, D., Miinker-Haupp, K.,
Rudolf, H., Schilling, Ch., Selbmann, A., &
Winkler, W. (1991). DIBA: Der digitale
Arbeitsplatz. InD. Ackermann & E. Ulich (Eds.),
Softwarc-Ergonomie “91. Benutzerorientierte Soft-
ware-Entiwicklung (pp. 342-351). Stuttgart, Ger-
many: Teubner.

Dorner, D (1976). Problemiosen als Information-
sverarbeitungsprozef. Stuttgart, Germany:
Kohlhammer.

Dérner, D. (1981). Uber die Schwierigkeiten
menschlichen Umgangs mit Komplexitat.
Psychologische Rundschan (Sonderdruck), 31,
163-179.

Dorner, D.(1987a). On the difficulties people havein
dealing with complexity. In ]J. Rasmussen, K.
Duncan, & |. Leplat (Eds.), New technology and
humnan error. Chichester, UK: Wiley.

Dorner, D. (1987b). Von der Logik des Miflingens:
Denken, Planen und Entscheiden in Unbestimmtheit
und Komplexitat. Bonn-Bad Godesberg: Lehrstuhl
Psychologie 11, Universitait Bamberg, Projekt
“Mikroanalyse” DFG 200/5-7? No. 54.

Dorner, D. (1989). Die Logik des Miflingens.
Hamburg: Rowohit.

“Déraer, D.(1991). The investigation of action regula-

tion in uncertain and complex situations. In J.
Rasmussen, B. Brehmer, & ]. Leplat (Eds.), Dis-
tributed descision making: Cognitive models for coop-
erative work (pp. 349-336). New York: Wiley.

Dorner, D. (1992). Wissen, Emotionen und
Handlungsregulationoder Die Vernunft der Gefiihle.
Bamberg, Germany: University of Bamberg, De-
partment of Theoretical Psychology.

Dérner, D., & Kreuzig, H. W. (1983).
Problemlgsefdhigkeit und Intelligenz.
Psychologische Rundschau, 34, 185-192.

Dérner, D, Kreuzig, HW., Reither, F., & Staudel, T.
(1983). Lohhausen—Vom Umgang mit Unbestim-
mtheit und Komplexitat. Bern, Switzerland: Huber.

Dorner, D., & Pfeifer, E. (1991). Strategisches Denken,
Stress und Intelligenz. Project Group Cognitive
Anthropology (Working Paper No. 11). Berlin:
Max-Planck-Gesellschaft.

Dolgin, K. G. (1985). An action theory perspective of
the tool-using capacities of chimpanzees and
human infants:In M. Frese & J. Sabini (Eds.), Goal
directed behavior: The concept of action in psychology
(pp.35-44). Hillsdale, NJ: Erlbaum.

Dunckel, H. (1989, March). Contrastive task analy-
sis. In K. Landau & W. Rohmert (Eds.), Recen:
trends in job analysis: Proceedings of the Interna-
tional Symposium on Job Analysis: University of
Hohenheim (pp. 125-134). London: Taylor &
Francis.

Dunckel, H., & Volpert, W. (1990). A guide for
contrastive task analysis in clerical and adminis-
trative work. In P. Richter & W. Hacker (Eds.),
Mental work and automation (pp. 61-67). Dresden,
Germany: Technical University.

Dunckel, H., Volpert, W., Zdlch, M., Kreutner, L.,
Pleiss, C., & Hennes, K. (1993). Konstrastiv
Aufgabenanalyse im Buero. Der KABA-Leitfaden
Zuerich: Verlag der Fachvereine: Stuttgart
Teubner.

Dunnette, M. D. (Ed.). (1976). Handbook of industrial
and organizational psuchologu. Chicago: Rand
McNally.

Elssner, G. (1972). Erlernen motorischer Arbeit-
shandlungen auf der Grundlage von Sprech-
impulsen—dargestellt an einer Anlernmethodik
fir das Aufstrecken von Kuoxamseide in einem
Kunstseidenwerk. InW.Skell (Ed ), Psychologischc
Analyse von Denkleistungen in der Produktion (pp
173-189). Berlin: Deutscher Verlag der
Wissenschaften.

Emery, F. E., & Thorsrud, E. {(1976). Democracy a!
work. Leiden, the Netherlands: Martinus
Nijhoff.

Emery, F. E., & Trist, E. L. (1960). Socio-technicai
systems. In C. H. Churchman & M. Verhulst
(Eds.), Management science, models and techniquc:
(Vol. 2, pp. 83-97). Oxford, UK: Pergamon.

Frankenhaeuser, M., & Gardell, B.(1976). Underload
and overload in working life: Outline of 2
multidisciplinary approach. Journal of Huma:
Stress, 2, 35-46.




Freier, B, & Huybrechts, R. (1980). Untersuchung
zum Training kognitiver Grundiagen
von Arbeitsverfahren. In W. Hacker & H.
Raum (Eds.), Optimierung von kognitiven
Arbeitsanforderungen (pp. 229-235). Bern, Swit-
zerland: Huber.

Frese, M. (1977). Psychische Storungen bei Arbeitern.
Salzburg, Germany: Otto Miilier Verlag.

Frese, M. (1978). Partialisierte Handlung und
Kontrolle: Zwei Themen der industrieilen
Psychopathologie. In M. Frese, S. Greif & N.
Semmer (Eds.), Industrielle psychopathologie (pp.
159-183). Bern, Switzerland: Huber.

Frese, M. (1982). Occupational socialisation and
psychological development: An under empha-
sized research perspective in industrial psy-
chology. Journal of Occupational Psychology, 53,
209-224.

Frese, M. (1983). Der EinfluB der Arbeit auf die
PersGnlichkeit. Zum Konzeptdes Handlungsstils
in der beruflichen Sozialization. Zeitschrift fiir
Sozialisationsforschung und Erziehungssoziologie,
3(1), 1128,

Frese, M. (1987a). Alleviating depression in the un-
employed: Adequate financial support, hopeand
early retirement. Social Science Medicine, 25,
213-215.

Frese, M. {(1987b). A theory of control and com-
plexity: Implications for software design and
integration of the computer system into the
work place. In M. Frese, E. Ulich, & W. Dzida
{Eds.), Psychological issues of human computer in-
teraction in the work place (pp. 313-338).
Amsterdam: North-Holland.

Frese, M. (1987¢). The industrial and organizational
psychology of human-computer-interaction in
the office. In C. L. Cooper & I. T. Robertson

(Eds.), International review of industrial and organi-

zational psychology (pp. 117-163). Chichester, UK:
Wiley.

Frese, M. (1989). Theoretical models of control and
health.InS. L.Sauter. J. |. Hurrel, & C. L. Cooper
{Eds.), Job control and worker henlth (pp. 108-128).
New York: Wilev.

Frese, M. (1991). Error management or error preven-
tion: Two strategies to deal with errors in soft-
ware design. In H. J. Bullinger (Ed.), Human
aspects in computing: Design and use of interactive
systems and work with terminals (pp. 776-782).
Amsterdam: Elsevier Science.

Action as the Core of Work Psychology 329

Frese, M. (1992). A plea for realistic pessimism: On
objective reality, coping with stress, and psycho-
logical dysfunctioning. In L. Montada, S. H.
Filipp, &M. J. Lerner (Eds.), Life crises and experi-
ences of loss in adulthood (pp. 81-94). Hillsdale, NJ:
Erlbaum.

Frese, M., Albrecht, K., Altmann, A, Lang J., Papstein,
P., Peyerl, R,, Priimper, J., Schulte-Gocking, H.,
Wankmiiller, [, & Wendel, R. (1988). The effects
of anactive development of the mental model in
the training process: Experimental results in a
word processing system. Behaviour and Informa-
tion Technology, 7, 295~304.

.Frese, M., & Altmann, A. (1989). The treatment of

errors in learning and training,. In L. Bainbridge
& A. Ruiz Quintanilla (Eds.), Developing skills
withinformation technology (pp. 63-86). Chichester,
UK: Wiley.

Frese, M., Brodbeck, F.C., Heinbokel, T., Mooser, C.,
Schleiffenbaum, E., & Thiemann, P. (1991). Er-
rors in training computer skills: On the positive
function of errors. Human Computer Interaction,
6,77-93, _

Frese, M., Brodbeck, F. C., Zapf, D., & Priimper, J.
(1990). The effects of task structure and social
support on users’ errors and error handling. In
D. Diaper, D. Gilmore, G. Cockton, & B. Shackel
(Eds.), Human-computer interaction—INTERACT
‘90 (pp. 35-41). Amsterdam: Elsevier Science.

Frese, M., Kreuscher, R, Priimper, ., Schulte-

Gocking, & Papstein, P. (in press). Action styles

and performance: The role of planfulness and goal-
orientation in five ecologically valid performance
studies. Giessen, Germany: University of Giessen,
Department of Psychology.
Frese, M., & Stewart, J. (1984). Skill learning as a
. conceptin life-span developmental psychology:
An action theoretic analysis. Human Develop-
ment, 27, 147-162.

Frese, M., Stewart, |, & Hannover, B. (1987). Goal-
orientationand planfulness: Action styles as per-
sonality concepts. Journal of Personality and Social
Psychology, 52, 1182-1194.

Frese, M., Ulich, E., & Dzida, W. (Eds.). (1987). Psy-
chological issues of human—computer interaction at
the work place. Amsterdam: North-Holland.

Frese, M., & Zapf, D. (1988). Methodological
issues in the study of work stress: Objective vs.
subjective measurement and the question of lon-
gitudinal studies. In C. L. Cooper & R. Payne

330 Frese and Zapf

(Eds.), Causes, coping, and consequences of stress at
work (pp. 375-411). Chichester, UK: Wiley.
Frese, M., & Zapf, D. (Eds.). (1991a). Fehler bei der

"Arbeit mit dem Computer. Ergebnisse von
Beobachtungen und Befragungen aus dem
Biirobereich. Schriftenreihe ”Arbeitspsychol-
ogie,” Band 52, (Hrsg. E. Ulich). Bern, Switzer-

land: Huber.

Frese, M., & Zapf, D. (1991b). Fehlersystematik und
Fehlerentstehung: Ein theoretischer Uberblick.
In M. Frese & D. Zapf (Eds.), Fehler bei der Arbeit
mit dem Compuler. Ergebnisse von Beobachtungen
und Befragungen im Biirobereich {pp. 14-31). Bern,
Switzerland: Huber.

Frese, M., Zempel, ]., Kring, W., & Soose, A. (1993).
Evervday entrepreneurship in Germany; Differences
in personal initiative. Unpublished manuscript,
University of Giessen, Department of Psychol-
ogy, Giessen, Germany. _

Frone, M. R., & McFarlin, D. B. (1989). Chronic
occupational stressors, self-focussed attention,
and well-being: Testing a cvbernetic model of
stress. Journal of Applied Psychology, 74, 876-883.

Fuhrer, U. (1984). Mehrfachhandeln in dunamischen
Umfeldern. Gottingen, Germany: Hogrefe.

Gal, R, & Lazarus, R. 5. (1975). The role of activity in
anticipating and confronting stressful situations.
Journal of Human Stress, 1 (4), 4-20.

.allistel, C. R. (1980). The organization of action: A new
sunthesis. Hillsdale, NJ: Erlbaum.

"Galperin, P. 1. (1967). Die Entwicklung der

Untersuchungen iber die Bildung geistiger
Operationen. In H. Hiebsch (Ed.), Ergebnisse der
sowjetischen Psychologie (pp. 367-405). Berlin:
Akademie Verlag.

Gentner, D. R. (1987). Timing of skilled motor per-
formance: Tests of the proportional duration
model. Psychological Review, 94, 255-276.

Gentner, D. R, & Stevens, A. L. {Eds.). (1983). Mental
models. Hillsdale, NJ: Erlbaum.

Gibson, . J. (1979). The ecological approach 1o visual
perception. Boston: Houghton Mifflin.

Gleitman, H. (1985). Some trends. in the study of
cognition. In S. Koch & D. E. Leary (Eds), A
century of psychology as science: Retrospections
and assessments (pp. 420-436). New York:
McGraw-Hill.

Goldstein, 1. L. (Ed.). (1989). Training and the
development in organizations. San Francisco:
Jossey-Bass.

Gollwitzer, P. M. (1990}, Action phases and mind
sets. In E. T. Higgins & R. M. Sorrentino (Eds.),
Cognition: Foundations of social behavior (Vol. 2,
pp- 53-92). New York: Guilford Press.

Greif, S. (1976). Diskussionstraining. Salzburg, Ger-
many: Otto Miiller.

Greil, S. (1978). Intelligenzabbau und Dequal-
ifizierung durch Industriearbeit? In M. Frese, 5.’
Greif, & N. Semmer (Eds.), Industrielle psy-
chopathologie (pp. 232-236). Bern, Germany:
Huber.

Greif,S.(1986). Neue Kommunikationstechnologien
~Entlastung oder mehr Strefi? Beschreibung
eines Computer-Trainings zur “Strefim-
munisierung.” In K. K. Pullig, U. Schikel, & ].
Scholz (Eds.), Stref im Unternehmen (pp. 178~
200). Hamburg: Windmiihle. _

Greif, S. (1988, December). Genetic growing syslems
and self-controlled training. Paper presented at the
Swedish-German Hda/MDA-Workshop on the
Humanization of Working Life, Stockholm.
Ergebnisse des Projcktes MBQ. Universitat
Osnabriick, 9-89.

Creif, S. (1989). Exploratorisches Lernen durch
Fehler und qualifikationsorientiertes Software*
Design. In S. MaaR & H. Oberquelle (Eds.), Soft-
ware-Ergonomie ‘89. Aufgabenorientierte System-
gestaltung und Funktionalitat (pp. 204-212).
Stuttgart, Germany: Teubner.

Greif, S. (1992). Computer systems as learning
environments. InJ. Valsiner & H. G, Voss (Eds.),
The structure of learning processes. Norwood, NJ:
Ablex.

Greif,S., & Gediga, G. (1987). A critique of one-best-
way models in human-computer interaction. In
M. Frese, E. Ulich, & W. Dzida (Eds.), Psychologi-
cal issues of human-computer interaction in
the work place (pp. 357-377). Amsterdam: North-
Holland.

Greif, S, & Janikowski, A. (1987). Aktives Lernen
durchsystematische Fehlerexploration oder pro-
gram-miertes Lernen durch Tutorials? Zeitschrift
fiir Arbeits-und Organisationspsychologie, 31,
94-99.

Greif, S., & Kaller, H. (1990). Innovation and the
design of work and learning environments: The
concept of exploration in human-computer in-
teraction. In M. A. West & J. L. Farr (Eds.),
Innowation and creativily at work (pp. 231-249).
Chichester, UK: Wiley.




Greiner, B., & Leitner, K. (1989, March). Assessment
of jobstress: The RHIA-Instrument. InK. Landau
& W. Rohmert (Eds.), Recent developments in job
analysis. Proceedings of the International Sym-
posium on Job Analysis, University of
Hohenheim (pp. 53-66). London: Taylor &
Francis.

Grudin, J. T. (1982). Error patterns in novice
and unskilled transcription typing. In W. E.
Cooper (Ed.), Cognitive aspects of skilled
type writing (pp. 121~144). New York: Wiley.

Guthrie, E. R. (1933). The psychology of learning. New
York: Harper & Row.

- Haaks, D.(1992). Anpafibare Informationssysteme. Auf
dem Weg zu aufgaben- und benut:erorientierter
Systemyestaltung und Funktionalitit. Géttingen,
'ermany: Verlage fiir Angewandte Psychologie.

Hacker, W. (1968). Zur Entwicklung der
Arbeitspsychologie in der wissenschaftlich-
technischen Revolution. In W. Hacker, W. Skell,
& W. Straub (Eds.), Arbeitspsychologie und
wissenschaftlich-technische Revolution (pp. 11-39).
Berlin: Deutscher Verlag der Wissenschaiten.

Hacker, W.(197°3). Aligemeine Arbeits-und Ingenieurs-
psychologie. Berlin: Deutscher Verlag der
Wissenschaften. C

Hacker, W. (1952a). Action control. On the task
dependent structure of action-controlling men-
tal representations. In W. Hacker, W. Volpert, &
M. Cranach (Eds.), Cognitive and motivational as-
pects of action (pp. 137-149). Berlin: Deutscher
Verlag der Wissenschaften.

Hacker, W. (1952b). Objective and subjective or-

ganization of work activities. In M. Cranach-

& R. Harré (Eds.), The analysis of action (pp. 81~
. 98). Cambridge, UK: Cambridge University
Press.

Hacker, W. (1985). Activity: A fruitful concept in
industrial psychology. In M. Frese & J. Sabini
(Eds.), Goal directed behavior: The concept of action
in psychology (pp. 262~284). Hilisdale, Nj:
Erlbaum.

Hacker, W. (1986a). Arbeitspsychologie. Bern, Swit-
zerland: Huber.

Hacker, W. (1986b). What should be computerized?
Cognitive demands of mental routine tasks
and mental load. In F. Klix & H. Wandke (Eds.),
Man Computer Interaction Research MACINTER-I
(pp. 445-461). Amsterdam, North Holland:
Elsevier Science Publishers.

B

Action as the Core of Work Psychology 331

Hacker, W. (1987a). Computerization versus
computer aided mental work. In M. Frese, E.
Ulich, & W. Dzida (Eds.), Psychological issues of
human-—computer interaction in the work place
(pp- 115-130). Amsterdam: North-Holland.

Hacker, W.(1987b). Software-Ergonomie: Gestaltung
rechnergestiitzter geistiger Arbeit? In W.Schiinp-
flug & M. Wittstock (Eds.), Software-Ergonomie
‘87 {pp. 31-54). Stuttgart, Germany: Teubner.

Hacker, W. (1992). Expertenkonnen. Erkennen und
vermitteln. Goettingen, Germany: Hogrefe,
Verlag Fuer Angewandte Psychologie.

Hacker, W., & Iwanowa, A. (1984). Zur psycho-
logischen Bewertung von Arbeitsmerk-malen.
Zeitschrift fiir Psychologie, 192, 103-121.

Hacker, W, Iwanowa, A., & Richter, P. (1983).
Tatigkeits-Bewertungssystem. Berlin: Diagnos-
tisches Zentrum.

Hacker, W., & Richter, P. (1980). Psychische
Fehlbeanspruchung: Psychische Ermiidung,
Monotonie, Sittigung und Stre@. In W. Hacker
(Ed.), Spezielle Arbeits- und Ingenieurpswchologie,
Lehrtext 2. Berlin: Verlag der Wissenschaften.

Hacker, W., Skell, W., & Straub, W. (Eds.). {1968).
Arbeitspsychologie und wissenschaftlich-technische
Revalution. Berlin: Deutscher Verlag der
Wissenschaften. ‘

Hacker, W, & Vaic, H. (1973). Psychologische
Analvseinterindividueller Leistungsdifferenzen
als eine Grundlage von Rationalisierungs-
beitrigen. In W. Hacker, W. Quaas, H. Raum, &
H. ]. Schulz (Eds.). Psychologische Arbeitsunter-
suchung. Berlin: Deutscher Verlag der
Wissenschatften.

Hackman, . R.(1970). Tasks and task performancein
research on stress. In J. E. McGrath (Ed.), Social
and psychological factors in stress (pp. 202-237).
New York: Holt, Rinehart & Winston.

Hackman, J. R., & Lawler, E. E. (1971). Emplovee
reactions to job characteristics. fournal of Applied
Psychology, 53, 259-286.

Hackman, . R, & Oldham, G. R. (1974). The job
diagnostic survey: An instrument for the diagnosis
of jobs and the evaluation of job redesign projects.
Technical Report No. 4. New Haven, CT: Yale
University, Department of Administrative
Science.

Hackman, J. R, & Oldham, G. R. (1975). Develop-
ment of the job diagnostic survey. Journal of
Applied Psychology, 60, 259-270.

332 Frese and Zapf

Hackman, J. R., & Oldham, G. R. (1980). Work rede-
sign. Reading, MA: Addison Wesley.

Hafeli, K., Kraft, U.,' & Schallberger, U. (1988).
Berufsausbildung und Perséulichkeitsentwicklung.
Bern, Germany: Huber.

Hannover, B. (1983). Handlungsstile. En
handlungstheoretischer Beitrag zur psycho-logischen
Persoenlichkeitsforschung. Unpublished diploma
thesis, Department of Psychology, Technical Uni-
versity of Berlin. ‘

Hartwich,C., & Okonek, K.(1979). Diskussionstraining
fiir die gewerkschaftliche und betriebliche
Interessensvertretung. Unpublished diploma the-
sis. Berlin: Free University Berlin, Department of
Psychology. .

Heckhausen, H. (1991). Motivation and action. Berlin:
Springer.

Heckhausen, H., & Beckmann, J. (1990). Intentional
action and action slips. Psychological Review, 97,
36-48.

Heckhausen, H., & Kuhl, J. (1983). From wishes to
action: The dead ends and short cuts on the long
wayv toaction. In M. Frese & J. Sabini (Eds.), Goal
directed behavior: The concept of action in psychology
{pp- 134-160). Hillsdale, NJ: Erlbaum.

Herrmann, G. (1967). Psychische Anforderung
bei Mehrmaschinenbedienung. Probleme und
Ergebnisse der Psychologic, 20, 21.

Herzberg, F. (1966). Work and the nature of man. New
York: Mentor Books.

Heuer, H. (1985). Wie wirkt mentale Ubung?
Psuchologische Rundschau, 36, 191-200.

Hiltscher, T. (1992). Schulungsstrategien fiir das
Erlernen von Computerprogrammen: Eirie Anaylse

der psychologischen Aspekte verschiedenet

Trainingskonzeptionen. Unpublished diploma
thesis. University of Giessen, Giessen, Germany.

Hiltscher, T., & Frese, M. (1992). Process characteris-
tiesoferror training: The role of exploration. Giessen,
Germany: University of Giessen, Department of
Psychology.

Hockey, R., & Hamilton, P. (1983). The cognitive
patterning of stress states. In R. Hockey (Ed.),
Stress and fatigue in human performance (pp.
331-362). Chichester, UK: Wiley.

Hoff, E. H. (1986). Arbeit, Freizeit und Personlichkeit.
Wissenschaftliche und alltigliche Vorstellungsmus-
ter. Bern, Germany: Huber.

Hoff, E. H., Lempert, W., & Lappe, L. (1991).
Personlichkeitsentwicklung in der Facharbeiter-
biographie. Bern, Germany: Huber.

Hofsten, C.(1985). Perception and action. InM. Frese
& . Sabini (Eds.), Goal directed behavior: The con.
cept of action in psychology (pp. 80-96). Hillsdale,
NJ: Erlbaum.

Holding, D. H. (1965). Principles of training. Oxford.
UK: Pergamon Press.

Hopiner, H. D. (1983). Untersuchungen zum
Einsatz heuristischer Regeln beim Uben im
berufspraktischen Unterricht. Forschung der
soziglistischen Berufsbildung, 17, 28-33.

Hovos, C. Graf. (1974). Arbeitspsychologie. Stutigart,
Germany: Kohthammer.

Hoyos, C. Graf. (1980). Psychologische Unfall- un.
Sicherheitsforschung. Stuttgart, Germany:
Kohlhammer.

Hoyos, C. Graf, & Zimolong, B. (1988). Occupational
safety and accident prevention. Amsterdam:
Elsevier.

Hull, C. L. (1943). Principles of behavior. New York -
Appleton-Centurv-Crofts.

Irmer, C., Pfeffer, S., & Frese, M. (1991). Praktische
Konsequenzen von Fehleranalvsen fiir das Train-
ing: Das Fehlertraining. In M. Frese & D. Zap:
(Eds.), Fehler bei der Arbeit mit dem Comprter
Ergebnisse von Beobachtunge:1 und Befragunger i
Biirobereich (pp. 151-165). Bern, Germanv
Huber.

Iwanowa, A., & Hacker, W. (1984). Das
Tatigkeitsbewertungssystem. Ein Hilfsmizw!
beim Erfassen potentiell gesundheits- und
entwicklungsfordernder objektiver Tatig-
keits-merkmale. Psychologie und Praxic. 23
57-66.

Jackson, P. R. & Wall, T. D. (1991). How does opera-
tor control enhance performance of advarced
manufacturing technology? Ergonomics. 33
1301-1311.

Jeffries, R, Turner, A. A, Polson, P. G., & Atwood.
M. E. (1981). The processes involved in design-
ing software. In J. R. Anderson (Ed.), Cogu::i
skillsand their acquisition (pp. 255-283). Hillsdalv
NJ: Erlbaum.

Jenkins, G. C,, Nadler, E. E.,, Lawler, E. E., JIl. &
Cammann, C. (1975). Standardized observa-
tions: An approach to measuring the natre
of jobs. Journal of Applied Psychologu. ct
171-181.

Johnson-Laird, P.N. (1983). Mental models. Towar.is i
cognitive science of language, inference, and cov-
sciousness. Cambridge, MA: Harvard University
Press.




tosit. G, & Ene, P. (1980). Entwicklung der
Diagnosetitigkeit bei Operateuren in
warmekraftwerken. In W. Hacker & H. Raum

tEds.), Optimierung von kognitiven Arbeitsanfor-

derungen (pp. 248-251). Bern, Germany:
Huber.

xagan.]., Rosman, B. L., Day,D., Albert, ., & Phillips,

W. t1964). Information processing in the child.

" Psuchological Monographs, 78 (1, Whole No. 578).

xahn, R. L. (1973). Conilict, ambiguity, and over-

* load; three elements in job stress. Occupational
Mental Health, 3, 2-9.

Aainernan, D.(1973). Attentionand effort. Englewood
Cliits, NJ: Prentice-Hall.

Aaminski, G. (1973). Bewegungshandlungen als
Bewiltigung von Mehrfachaufgaben. Sport-
wissenschaft, 3, 233-250.

saminski, G. (1982). What beginner skiers can teach
us about actions. In M. v. Cranach & R. Harré
{Eds.), The analysis of action (pp. 99-114). Cam-
bridie, UK: Cambridge University Press.

Aanter, F. H.(1975). Self-managing methods. In F. H.
Kanfer & A. P. Goldstein (Eds.), Helping people
change. New York: Pergamon.

Aanfer, R. (1990). Motivation theory and industrial
an¢ organizational theory. In M. D. Dunnette &
L. M. Hough (Eds.), Handbook of industrial and
organizational psychelogy (Vol. 1, pp. 75-170). Palo
Alto. CA: Consulting Psychologists Press.

\anner, A. D., Covne, J. C., Schaefer, C., & Lazarus,
R.5.(1981). Comparison of two modes of stress
measurement: Daily hassles and upliits versus

maijor life events. Journal of Behavioral Medicine, 4,
1-39.

Rarasek. R. A. (1976). The impact of the work environ-

ment on life outside the job: Explorations in the
assoctations between job content and leisure behavior
and mentai health using national survey data from

- Sweden and the United States. Unpublished doc-
toral dissertation, Massachusetts Institute of
Technology, Cambridge, MA.

Narasek, R. A. (1978). Job socialization. A longitudinal
study of work, political and leisure activities.
Stockholm: Swedish Insitute for Social Research.

Karasek, R. A. (1979). job demands, job decision
latitude and mental strain: Implications for job
tedesign. Administrative Science Quarterly, 24,
385-408.

Karasek, R. A., Baker, D., Marxer, F., Ahlbom, A., &
Theorell, T. (1981). Job decision latitude, job
demands, and cardiovascular disease: A

Action as the Core of Work Psychology 333

prospective study of Swedish men. American
Journal of Public Health, 71, 694705,

Karasek, R. A., & Theoreil, T. (1990). Henlth work:
Stress, productivity, and the reconstruction of work-
ing life. New York: Basic Books. )

Kasl, S. V. (1978). Epidemiological contributions to
the study of work stress. In C. L. Cooper & R.
Payne (Eds.), Stressat work (pp. 3-18). Chichester,
UK: Wiley.

~ Kass, R, & Finin, T. (1988). A general user model-

ling facility. In E. Solloway, D. Frye, & S.
B. Sheppard (Eds.), CHI ‘88 Conference
proceedings: Human factors in computing
systems (pp. 145-150). Reading, PA:; Addison-
Wesley.

Katz, D., & Kahn, R. L. (1978). The social psychology of
organizations. New York: Wiley.

Keil-Slawik, R., & Holl, F. (1987). Transparenz von
Dialogsystemen: Riickmeldungen, System-
meldungen, Fehlerverstehen. Abschlufibericht der
Arbeitsgruppe 1 der 7. Mensch-Maschine-
Kommunikationstagung. Unpublished manu-
script, Peiting, Germany.

Kieras, D., &Polson, P. G. (1983). An approach to
the formal analysis of user complexity. Interna-
tional Journal of Man-Machine Studies, 22,
365-3%4.

Klemp, G. O., & McClelland, D. C. (1986). What
characterizes intelligent functioning among
senior managers. In R. J. Sternberg & R. K.
Wagner (Eds.), Practical intelligence: Nature and
origins of competence in the everyday world
(pp- 51-83). Cambridge, UK: Cambridge Uni-
versity Press.

Kohn, M. L. (1969). Class and conformity. A study in
values. Homewood, IL: Dorsey Press.

Kohn, M. L., & Schooler, C. (1978). The reciprocal
effects of the substantive complexity of
work on intellectual flexibility: A longitudinal
assessment. American Journal of Sociology, 48,
24-32. '

Kohn, M. L., & Schooler, C. (1983). Work and person-
ality. An inquiry into the impact of social stratifica-
tion. Norwood, NJ: Ablex.

Kiihbauer, B., & Schmidt-Hieber, E. (1978).Beratung-
straining fiir die gewerkschaftliche und betriebliche
Interessensvertretung. Theoretische Grun-
dlagen und Entwicklung eines Kategoriensyst-
ems zur Evaluation eines Trainings. Berlin: Institut
fir Psychologie, Freie Universitit Berlin,
Unverbff. Diplomarbeit.

334 Freseand Zapf

Kuhl, J. (1981). Motivational and functional help-
lessness: The moderating effect of state vs. action
orientation. Journal of Personality & Social Psy-
chology. 40, 155-170.

Kuhl, J. (1982). Action vs. state-orientation as
a moderator between motivation and action.
In W. Hacker, W. Volpert, & M. Cranach (Eds.),
Cognitive and motivationational aspects
of action (pp. 37-46). Amsterdam: North-
HoRand. )

Kuhl, J. (1953). Motivation, Konflik! und Handluug-
skontrolle. Berlin: Springer.

Kuhi, . (1992). A theory of self-regulation: Action vs.
state orientation, self-discrimination, and some
applications. Applied Psychology: An International
Review, 41,97-129. :

- Lang, J. (1987a). Mentale Modelle bei Experten: Eine

empirische Untersuchung zur elektronischen
Ablage eines Biirosystems. In W. Schonpflug &
M. Wittstock (Eds.), Softiare Ergonomie °57 (pp.
98-109). Stuttgart, Germany: Teubner.

Lang, J. (1987b). Mentale Modelle bei Experten. Eine
empirische Untersuchimg der elektronischen Ablage
eines Biirosystems. Unpublished diploma thesis.
University of Munich, Department of Psychol-
ogy, Munich.

Lazarus, R. 5., & Folkman, S. (1984). Stress, appraisal
and coping. New York: Springer.

* Lee, B.5.(1950). Effects of delayed speech feedback.

Journal of the Acoustic Society of America, 22,
8§24-826.

Leitner, K., Liiders, E., Greiner, B., Ducki, A.,
Niedermeier, R, & Volpert, W. (1993). Analyse

psychischer Anforderungen und Belastungen in der-

Biiroarbeit. Das RHIA/VERA-Biiro-Verfahren.
Gottingen, Germany: Hogrefe, Verlag fiir
Psychologie.

Leitner, K., Volpert, W., Greiner, B., Weber, W.G., &
Hennes, K. (1987). Analyse psychischer Belastung
inder Arbeit. Das RHIA-Verfahren. Cologne, Ger-
many: TUV Rheinland.

Leontiev, A. N. (1978). Activity, consciousness, and
personality, Englewood Cliffs, NJ: Prentice-Hall.

Leontiev, A. N. (1981). Problems of the development of
the mind. Moscow: Progress.

Locke, E. A., & Latham, G. P. (1990). A theory of goal
setting and task performance. Englewood Cliffs,
NJ: Prentice-Hall.

Luchins, A. S, & Luchins, E. H. (1959). Rigity of
behavior: A variational approach to the effects of

Einstellung. Eugene, OR: University of Oregon
Books.

Luria, A. R. (1959). The directive function of speech
in development and dissolution. Word 135,
341-352, 453-464.

Luria, A. R. (1970). Die hoheren kortikalen Fuitktioner
des Menschen und ihre Storungen bei ortlichey
Hirnschidigungen. Berlin: Deutscher Verlag der
Wissenschaften.

Maass, 5. (1983). Why systems transparency? InT.R.
G.Green,S.]. Payne, & G. C. van der Veer (Eds.),
Thie psychology of computer use (pp. 19-28). Lon-
don: Academic Press.

Mackworth, ]. F. (1970). Vigilance and attention.
Harmondsworth, UK: Penguin Books. '

Mayer, A., & Herwig, B. (Eds.). (1970). Handbuch der
Psychologie, Band 9: Betriebspsychologie. Gottingen,
Germany: Hogrefe.

Meichenbaum, D.(1977). Cogntitive-behavior modifica-
tion: An integrative approach. New York: Plenum
Press.

Meissner, M. (1971). The long arm of the job. A study
of work and leisure. Industrial Relation, 10.
239-260. ‘

Messer, S. B. (1976). Reflection-impulsivity: A re-
view. Psychological Bulletin, 83, 1026-1052.

Miller, G. A. (1956}. The magical number seven, plus
or minus two. Psuchological Review, 63, 81-97.

Miller, G. A, Galanter, E., & Pribram, K. H. (1960".
Plans and the structure of behavior. London: Holt

Mowrer, O. H. (1950, Learning theory and personahity
dynamics. New York: Ronald Press.

Neisser, U.(1976). Cognition and reality: Principles ani
implications of cognitive psychology. San Francisco
Freeman. '

Neisser, U. (1985). The role of invariant structures in
the control of movement. In M. Frese & J. Sabini
(Eds.), Goal directed behavior: The concept of action
in psychology (pp. 97-109). Hillsdale, NJ:
Erlbaum.

Newell, A., & Simon, H. A. (1972). Human problem
solving. Englewood Cliffs, NJ: Prentice-Hall.
Norman, D. A. (1981). Categorization of action

slips. Psychological Review, 88, 1-15. °

Norman, D. A. (1983). Some observations on mental
models. In D. R. Gentner & A. L. Stevens (Eds.).
Mental models (pp. 7-14). Hillsdale, NJ: Erlbaum

Norman, D. A. (1984). Working papers on errors
anderror detection [unpublished manuscript). San
Diego: University of California.




Norman, D. A. (1986). Cognitive engineering. In D.
A. Norman & S. W. Draper (Eds.), User centered
ustemdesign (pp. 31-61). Hillsdale, NJ: Erlbaum.

Oesterreich, R. (1981). Handlungsregulation und
Acntrolle. Minchen, Wien, Baltimore: Urban &
Schwarzenberg.

Oesterreich, R. (1982). The term “efficiency-
divergency” as a theoretical approach to
problems of action-planning and motivation. In
W. Hacker, W. Volpert, & M. Cranach (Eds.),
Cognitive and motivational aspects of action
tpp. 99-110). Berlin: Deutscher Verlag der
Wissenschaften.

Qesterreich, R. (1984). Zur Analyse von Planungs-
und Denkprozessen in der industriellen
Produktion. Das Arbeitsanalyseinstrument
VERA. Diagnostica, 30, 216-234.

Ousterreich, R., Resch, M. G., & Weyerich, A. (1988).
Bevorzugung und inhaltliche Bewertung von
Handlungsfeldern unterschiedlicher Natur.
Sprache und Kognition, 7, 144-161.

Qusterreich, R., & Volpert, W. (1986). Task analysis
tor work design on the basis of action regulation
theory. Economic and Industrial Democracy, T,
302-327. : )

Ocsterreich, R.,, & Volpert, W. (1987). Hand-
lungstheoretisch orientierte Arbeits-analyse. In
U. Kleinbeck & J. Rutenfranz (Eds.), Arbert-
spswciologie. Enzyklopadie der Psychologie.
Themenberewch D, Serie 111, Band 1 (pp. 43-73).
Géttingen, Germany: Hogrefe.

Ovsterreich, R., & Volpert, W. (Eds.). (1991). VERA
Version 2. Arbeitsanalyseverfahren zur Ermittlung

von Planungs- und Denkanforderungen im Rahmen .

der RHIA-Anwendung (Handbuch und Manual).
Berlin: Technische Universitit Berlin.

Oschanin, D. A. (1976). Dynamisches operatives
Abbildsystem. Probleme und Ergebnisse der
Psychologie, 59, 37-48.

Papstein, P., & Frese, M. (1988). Transfering skills
from training to the actual work situation:
The role of application knowledge, action
styles and job decision latitude. InE. Soloway, D.
Frye, & S. B. Sheppard (Eds.), Proceedings of the
CHI °83 conference of human factors in computing
systems (pp. 535-60). Reading, PA: Addison-
Wesley.

Patterson, R. D. (1990). Auditory warning sounds in
the work environment. In D. E, Broadbent, A. D.
Baddely, & J. T. Reason (Eds.), Human factors in

. Action as the Core of Work Psychology 335

hazardous situations (pp. 485-491). Oxford, UK:
" Clarendon Press.

Piaget, J. (1969). Das Erwachen der Intelligenz bei
Kinde. Stuttgart, Germany: Klett.

Primper, J., Zapf, D., Brodbeck, F. C., & Frese, M.
(1992). Errors of novices and experts: Some sur-
prising differences between novice and expert
errors in computerized office work. Behaviour
and Information Technology, 11, 319-328.

Rasmussen,].(1982). Human errors: A taxonomy for
describing human malfunction in industrial in-
stallations. Journal of Occupational Accidents, 4,
311-335. )

Rasmussen, J. (1985). Human error data: Facts or fie-
tion. Roskilde, Denmark: Riso National Labora-
tory. .

Rasmussen, J.{1987a). Cognitive control and human
error mechanisms. In J. Rasmussen, K. Duncan,
&J. Leplat (Eds.), New technology and human error
(pp. 53-61). London: Wiley.

Rasmussen, }.(1987b). The definition of humanerror
and a taxonomy for technical systemdesign. In J.
Rasmussen, K. Duncan, & |. Leplat (Eds.), New

technologyand human error (pp. 23-30). Chichester,

UK: Wiley.

Rasmussen, J. (1987¢). Reasons, causes, and human
error. In J. Rasmussen, K. Duncan. & J. Leplat
(Eds.). New technology and human error (pp. 293~
301). London: Wiley.

Reason, ]. T.{1979). Actions notas planned: The price
of automation. In G. Underwood & R. Stevens
(Eds.), Aspects of conciousness (Vol. 1, pp. 76-89).
London: Academic Press.

Reason, J. T. (1987a). A preliminary classification of
mistakes. InJ. Rasmussen, K. Duncan, &J. Leplat
(Eds.), New technology and human error (pp. 15~
22). London: Wiley.

Reason, J. T. (1987b). Generic error-modelling
system (GEMS): A cognitive framework for
locating common human error forms. In J.

"Rasmussen, K. Duncan, & J. Leplat (Eds.), New -

technology and human error (pp. 63-83). London:
Wiley.

Reason, J. T. (1988). Framework models of human
performance and error: A consumer guide.InL.
Goldstein, H. B. Andersen, & 5. E. Olson (Eds.),
Mental models, tasks, and errors (pp. 35-49). Lon-
don: Taylor & Francis.

Reason, J. T.(1990). Human error. New York: Cam-
bridge University Press.

336 Frese and Zapf

Reason, J. T., & Mycielska, K. (1982). Absent-minded?
The psychology of mental lapses and everyday errors.
New York: Prentice-Hall.

Reither, F., & Staudel, T.(1985). Thinking and action.
In M. Frese & J. Sabini (Eds.), Goal directed
behavior: The concept of action in psychology (pp.
110-122). Hillsdale, NJ: Erlbaum.

Resch, M. G, & Oesterreich, R. (1987). Bildung von
Zwischenzielen in Entscheidungsnetzen.
Zeitschrift fiir experimentelle und angewandte
Psychologie, 34, 301-317.

Rieger, A., & Rummel, M. (1979). Analyse des
Trainerverhaltens in der Kleingruppenarbeit.
Institut fiir Psvchologie, FU Berlin: Unverdff.
Diplomarbeit.

Rissler, A. (1979). A psychobiological approach to
quality of working life: Costs of adjustment to
quantitative overload. In R. G. Sell & P. Shipley
(Eds.), Satisfaction in work design: Ergonomics and
other approaches (pp. 113-119). London: Tavlor &
Francis.

Rohmert, W, Rutenfranz, J., & Ulich, E. (1971). Das
Anlernen sensumotorischer Fertigkeiten. Frankfurt,
Germany: Europiische Verlagsanstalt.

. Rouse, W. B., & Rouse, S. H. {1953). Analysis and

classification of human error. IEEE Transactions
on Systems, Man, and Cubernetics, 13, 539-549.

Rubinstein, S. L. (1962). Sein und Bewuftsein. Berlin:
Verlag der Wissenschaften.

Rubinstein, S. L. (1968). Grundlagen der allgemeinen
Psychoiogie. Berlin: Verlag deutscher
Wissenschaften.

Rudolph, E., Schonfelder, E., & Hacker, W. (1987).

Titigkeitsbewertungssystem —Geistige Arbeit (TBS--

GAJ. Gottingen, Germany: Hogrefe.

Riihle, R. (1979). Inhalte, Methoden und Effekte der
Analyse und Vermittlung operativer Abbilder bei
Bedientdtigkeiten der Mehrstellenarbeit. Unpub-
lished doctoral dissertation, Technical Univer-
sity of Dresden, Dresden, Germany.

Riihle, R., Matern, B., & Skell, W. (1980). Training
kognitiver Regulationsgrundlagen.InW. Hacker
& H. Raum (Eds.), Optimierung von kognitiven
Arbeitsanforderungen (pp. 223-241). Bern, Ger-
many: Huber,

Sabin, J., Frese, M., & Kossman, D. (1985). Some
contributions of action theory to social psychol-
ogy: Social actions and social actors in the con-
text of institutions and an objective world. In M.
Frese & J. Sabini (Eds.), Goal directed behavior: The

concept of action in psychology (pp. 249-257),
Hillsdale, NJ: Erlbaum.

Salancik, G., & Pfeffer, J. (1977). An examination of
need-satisfaction models of job attitudes. Ag-
ministrative Science Quarterly, 22, 427-456.

Schleicher, R. (1973). Die Intelligenzleistung
Erwachsener in Abhingigkeit vom Niveau der
berufiichen Tatigkeit. Probleme und Ergebnisse der
Psychologie, 44, 25-55.

Schmidt, R. A. (1975). A schema theory of discrete
motor skill learning. Psychological Review, §2.
225-260.

Schneider, N. (1977). Untersuchungen zur Effektivitit
von kognitiven Lehr- und Trainingsmethoden. Un-
published doctoral dissertation, Technical Uni-
versity of Dresden, Dresden, Germany.

Schneider, N., & Shiffrin, R.M.(1977). Controlléd and
automatichuman processing I: Detection, search,
and attention. Psuchological Review, 84, 1-66.

Schonpflug, W. (1979). Regulation und Fehiregula-
tionim Verhaltenl: Verhalten-sstruktur, Effiziepz
und Belastung —theoretische Grundlagen eines
Untersuchungsprogramms. Psychologische
Beitrige, 21,174-202.

Schinpflug, W. (1983). Coping efficiency and situ-
ational demands. In R. Hockeyv (Ed.), Stress and
fatigue in human performance {(pp. 299-330).
Chichester, UK: Wiley. .

Schonpflug, W. (1983). Goal directed behavior ac a
source of stress: Psychological origins and con-
sequences of inefficiency. In M. Frese & J. Sabin:
(Eds.), Goal directed behavior: The concept of actics:
in psychology (pp. 172-188). Hillsdale, NI
Erlbaum.

Schonpflug, W. (1986a). Behavior economics as an
approach to stress theory. In M. Appley & R
Trumbull (Eds.), Dynamics of stress. New York:

" Plenum Press.

Schonpflug, W. (1986b). The trade off between inter-
nal and extérnal information storage. Journal o*
Memory and Language, 25, 657-675.

Schénpflug, W. (1987). Beanspruchung und
Belastung bei der Arbeit—Konzepte und
Theorien. In U, Kleinbeck & J. Rutenfranz (Eds..
Arbeitspsychologie. Enzyklopidie der Psychologic
Themenbereich D, Serie JI1, Band 1 (pp. 130-184).
Gottingen, Germany: Hogrefe. .

Schénpflug, W. (1993). Applied psychology: New-
comer with a long tradition. Applied Psychology:
An International Review, 42, 5-30.




~ronpilug, W., & Wieland, R. (1982). Unter-
cachungungen zur Aquivalenz schwankender
Schallpegel. Schwankende Schallpegel, Léistung-
<iandein und der Wechsel von Arbeit und Erholung.
iResearch Rpt. No. 82-105 01 204). Berlin:
U mweltbundesamt.

< aule, P (1979). Regulation und Fehlregulation im
Verhalten U: Stre@ durch Fehlregulation.

_ Psuchologische Beitrige, 21, 597-621.

~hulz. P.(1980). Regulation und Fehiregulation im
Verhalten V.: Die wechselseitige Beeinflussung
von mentaler und emotionaler Beanspruchung.
Psuchologische Beitrige, 22, 633-636.

Nhulz, P.(1982). Regulation und Fehlregulation im
\erhalten. VIL Entstehungsbedingungen und
Erscheinungsweisen deremotionalen Belastung
in Leistungssituationen. Psychologische Bitriige,
24, 498-522.

Nhulz. P, & Schonpflug, W. (1982). Regulatory ac-
tivity during states of stress. In W. Krohne & L.
Laux (Eds.), Achievement, stress and anxiety (pp.
51-73). Washington, DC: Hemishere.

Svhurig, V.(1985). Stages in the development of tool
behavior in the chimpanzee (pantroglodytes). In
M. Frese & J. Sabini (Eds.), Goal directed behavior:
The concept of action in psychology (pp. 20-33).
Hillsdale, NJ: Erlbaum.

Seilen, A. J. (1990). Four chapters on human error and
hunan error detection. Unpublished doctoral
dissertation, Institute for Cognitive Science, Uni-
versity of California, San Diego.

semmer, N. (1982). Stress at work, stress in private
lite, and psychological well-being. In W. Bach-
mann & [. Udris (Eds.), Mental load and stress in
activity (pp. 42-55). Amsterdam: North Holland’

Semmer, N. (1984). Strefibezogene Tatigkeitsanalyse.
Weinheim, Germany: Beltz.

Semmer, N. (1993). Differentiation between social
groups: The case of basic and applied psychol-
ogy. Applied Psychology: An International Review,
42, 40-46.

Semmer, N., & Dunckel, H. (1991). StreBbezogene

. Arbeitsanalyse. In S. Greif, E. Bamberg, & N.
Semmer (Eds.), Psychischer Stref am Arbeitsplatz
(pp. 57-90). Gottingen, Germany: Hogrefe.

Semn.\er, N., & Frese, M. (1985). Action theory in
clinical psychology. In M. Frese & J. Sabini
(Eds.), Goal directed behavior: The concept of action

in psychology (pp. 296-310). Hillsdale, NJ:
Erlbaum,

Action as the Core of Work Psychology - 337

Semmer, N, Pfafflin, M. (1978a). Interaktionstraiing.
Weinheim, Germany: Beltz.

Semmer, N. (1993). Differentiation between social
groups: Thecase of basic and aplied psychology.

Applied Psychology: An International Review, 42,

40-46.

Semmer, N., & Pfifflin, M. (1978b). StreB und das
Training sozialer Kompetenzen. InR. Bésel (Ed.),

Stref. Einfihrung in die psychosomatische -

Belastungsforschung (pp. 188-203). Hamburg:
Hoffmann & Campe.

Semmer, N., & Zapf, D. (1989). Validity of various
methods of measurement in job analysis. In K.
Landau & W. Rohmert (Eds.), Recent develop-
ments in job analysis (pp. 67-78). London: Tayltor
& Francis. '

Seymour, W. D. (1954). Industrial training for
manual operations. London: Pitman.

Shepard, R. N., & Metzler, J. (1971). Mental rotation
of three-dimensional objects. Science, 171,
701-703.

- Shiffrin, R. M., & Schneider, W. (1977). Controlled

and automatic human information processing,
II: Perceptual learning, automatic attending, and
a general theory. Psychological Review, 84,
127-190.

Skell, W. (1972). Analyse von Denkleistungen
bei der Planung und praktischen Durchfiih-
rung von Produktionsarbeiten in der
Berufsausbildung. In W. Skell (Ed.),
Psychologischen Analysen von Denkleistungen in
der Produktion (pp. 13-100). Berlin: Deutscher
Verlag der Wissenschaften.

Skell, W. (1980). Erfahrungen mit Selbstin-
struktionstraining beim Erwerb kognitiver
Regulationsgrundlagen. In W. Volpert (Ed.),
Beitrdge zur Psychologischen Handlungstheorie
{pp- 50~79). Bern, Germany: Huber.

Sonnentag, S., Frese, M., Stolte, W., Heinbokel, T., &
Brodbeck, F. C. (1992). Goal orientation of
team leaders: Its effects on performance and
group interaction in software development projects.
Giessen, Germany: Department of Psychology,
University of Giessen.

Sonntag, K. (1989). Trainingsforschung in der
Arbeitspsychologie. Bern, Germany: Huber.

Sonntag, K. & Schaper, N. (1988). Kognitives Train-
ing zur Bewiltigung steuerungstechnischer
Aufgabenstellungen. Zeitschrift filr Arbeits- und
Organisationspsychologie, 32, 128-138.

338 Freseand Zapf

Spector, P. E., Dwyer, D. ], & Jex, $. M. (1988).
Relation of job stressors to affective, health, and
performance outcomes: A comparison of mul-
tiple data sources. Journal of Applied Psychology,
73,11-19.

Sperandio, J. C.(1971). Variations of operator’s strat-
egies and regulating effects of work load. Ergo-
nomics, 14, 571-577.

Sternberg, R. ]. (1986). Introduction: The nature
and scope of practical intelligence. In R. .
Sternberg & R. K. Wagner (Eds.), Practical intelli-
gence: Nature and origins of competence in the every-
dayworld (pp. 1-12). Cambridge, UK: Cambridge
University Press. ‘

Stumpf, J. P. (1991). Handlungsstile und Fehler. Eine
Auswertung  von  Beobachtungen  an
betriebswirtschaftlichen Softwarepaketen. Unpub-
lished doctoral dissertation, University of
Munich, Department of Psychology.

Taylor, F. W.(1913). Die Grundsitze wissenschaftlicher
Betriebsfithrung. Neuauflage 1977, hrsg. von W.
Volpert. Weinheim, Germany: Beltz.

Thiemann, P. (1990). Aus Fehlern lernen?
Fehlervermeidung vs. Fehlermanagement in der

Mensch-Computer-Interaktion. Unpublished doc-

tora) dissertation, University of Munich, Depart-
ment of Psychology.

Tomaszewski, T. (1964). Die Struktur der men-
schlichen Tatigkeiten. Psychologie und Praxis, 8.

Tomaszewski, T. (1978). Titigkeit und Bewuftsein.
Weinheim, Germany: Beltz.

Triebe, J. K. (1981). Aspekte beruflichen Handelns und
Lernens. Feld- und Lingsschnittuntersuchung zu
ausgewihlten Merkmalen der Struktur und Genese
von Handlungsstrategien bei einer Montagetitigkeit.
Bern, Gemany: Unpublished doctoral dis-
sertation, University of Bern, Department of
Psychology.

Turvey, M. T. (1977). Preliminaries to a theory of
action with reference to vision. In R. Shaw & J.
Bransford (Eds.), Perceiving, acting and knowing:

Toward an ecological psychology. Hillsdale, NJ:

Erlbaum.

Turvey, M. T., Shaw, R. E., & Mace, W. (1978). Issues
in the theory of action: Degrees of freedom,
coordinativestructures and coalition.In]. Requin
(EQ.), Attentionand performance (Vol. 7). Hillsdale,
NJ: Erlbaum. '

Ulich, E. (1964). Das Lernen sensumotorischer

Fertigkeiten. In R. Bergius (Ed.), Lernen und

Denken, Handbuch der Psychologie (Vol. 1-2, pp.
326-346). Gottingen, Germany: Hogrefe.

Ulich, E.(1967). Some experiments on the function of
mental training in the acquisition of motor skills. -
Ergonomics, 10, 411-419. ,

Ulich, "E. (1972). Aufgabenwechsel und
Aufgabenerweiterung. REFA-Nachrichten, 25,
265-275.

Ulich, E. (1974). Formen des Trainings fiir das
Erlernen und Wiedererlernen psychomotorischer
Fertigkeiten. Rehabilitation, 13, 105-110.

Ulich, E.(1978a). Uber das Prinzipder differentiellen
Arbeitsgestaltung. Industrielle Organisation, 47,
566~568.

. Ulich, E. (1978b). Uber mégliche Zusammenhinge

zwischen Arbeitstitigkeit und Personlichkeit-
sentwickiung. Psychosozial, 1, 44-63.

Ulich, E. (1983). Differentielie Arbeitsgestaltung—
ein Diskussionsbeitrag. Zeitschrift fiir Arbeit-
swissenschaft, 37, 12-15.

Ulich, E.(1986). Aspekteder Benutzerfreundlichkeit.
InW.Remmele & M. Sommer (Eds.), Arbeitsplatze
morgen (Berichte des German Chapter of the ACM)
(Vol. 27, pp. 102-122). Stuttgart, Germany*
Teubner.

Ulich, E. (1989). Arbeitspsychologische Konzepte
der Aufgabengestaltung. In 5. Maass & H.
Oberquelle (Eds.), Software-Ergonomic "§9:
Aufgabenorientierte Systemgestaltung (pp. 51-65).
Stuttgart, Germany: Teubner.

Ulich, E.(1990). Individualisierung und differentielle
Arbeitsgestaltung. In C. Graf Hoyos & B.
Zimolong (Eds.), Enzwklopidie der Psychologie,
Themenbereich D, Serie IIl, Band 2,
Ingenieurspsychologie (pp. 511-535). Géttingen,
Germany: Hogrefe.

Ulich, E. (1991). Arbeitspsychologie. Stuttgart, Ger-
many: Poeschel.

Utich, E., & Baitsch, C.(1987). Arbeitsstrukturierung.
In U. Kleinbeck & ]. Rutenfranz (Eds.),
Enzyklopiidieder Psychologie, Themenbereich D, Seire
II, Bd. 1: Arbeitspsychologie (pp. 493~532).
Gottingen, Germany: Hogrefe.

Ulich, E., Grosskurth, P., & Bruggemann, A. (1973).
Neue Formen der Arbeitsgestaltung. Frankfurt:
Europiische Verlagsanstalt.

Vandell,R. A., Davis,R. A., & Clugston,H. A. (1943).
Thefunction of mental practice in the acquisition
of motor skills. Journal of General Psychology, 29,
243-250.




Volpert, W. (1969). Untersuchungen iiber den Einsatz
des mentalen Trainings beim Erwerb einer
sensumotorischen Fertigkeit. Cologne, Germany:
Deutsche Sporthochschule.

Volpert, W. (1971). Sensumotorisches Lernen. Zur
Theoriedes Trainings in Industrie und Sport. Frank-
furt: Limpert.

Volpert, W. (1974). Handlungsstrukturanalyse als

Beitrag zur Qualifikationsforschung. Cologne, Ger-
many Pahl-Rugenstein.

Volpert, W.(1975). Die Lohnarbeitswissenschaft und
die Psychologie der Arbeitstitigkeit. In P.
GroBkurth & W. Volpert
Lohnarbeitspsychologie (pp. 11-196). Frankfurt:
Fischer.

Volpert, W. (1976). Optimierung von Trainings-
programmen. Untersuchungen iiber den Einsatz des
mentalen  Trainings beim Erwerb einer
sensumolorischen Fertigkeit. Lollar, Germany:
Achenbach.

Volpert, W. (1978). Struktur und Entwicklung
menschlicher Handlung—Der Ansatz der
psychologischen Handlungstheorie. In G.
Riickriem, F. Tomberg, & W. Volpert (Eds.),
Historischer Materialismus und menschliche Natur
(pp. 266-277). Cologne, Germany: Pahl-
Rugenstein.

Volpert, W. (1982). The model of the hierarchical-
sequential organization of action. In W. Hacker,
W. Volpert, & M. Cranach (Eds.), Cognitive and
motivational aspects of action (pp. 35-51). Berlin:
Hiithig Verlagsgemeinschaft GmbH.

Volpert, W.(1383). Anden Grenzender hierarchisch-
sequentiellen Handiungsorganisation. Berliner
Hefte zur Arbeits- und Sozialpsychologie, 3. :

Volpert, W.{1987a). Contrastive analysis of the rela-
tionship of man and computer as a basis of
system design. In K. Fuchs-Kittowski, P.
Docherty, P Kolm, & L. Matthiassen (Eds.), Sys-
tem design for human development and productivity.
Amsterdam: North-Holland.

Volpert, W. (1987b). Psychische Regulation von
Arbeitstatigkeiten, In U. Kleinbeck & J.
Rutenfranz(Eds.), Arbeitspsychologie. Enzyklopidie
der Psychologie, Themenbereich D, Serie LI, Band 1
(pp. 1-42). Géttingen, Germany: Hogrefe.

Volpert, W. (1989). Work and personality develop-
ment from the viewpoint of the action regulation
theory. In H. Leymann & H. Kornbluh (Eds.),

Socialization and learning at work; A new approach

(Eds.),

Action as the Core of Work Psychology 339

to the learning process in the work place and society
(pp- 215-232). Aldershot, UK: Avebury.

Volpert, W. (1992). Work design and human devel-
opment. In C. Floyd, H. Ziillighoven, R. Budde,
& R. Keil-Slawik (Eds.), Software development and
reality construction (pp. 336-349). Berlin: Springer-
Verlag.

Volpert, W, Frommann, R., & Munzert, J. (1984). Die
Wirkung allgemeiner heuristischer Regeln im
Lernprozefi—eine experimentelle Studie.
Zeitschrift fiir Arbeitswissenschaft, 38, 235-240.

Volpert, W., Kétter, W., Gohde, H. E., & Weber, W.
G. (1989). Psychological evaluation and design
of work tasks: Two examples. Ergonomics, 32,
881-890.

Volpert, W, Oesterreich, R., Gablenz-Kolakovic, S.,
Krogoll, T,, & Resch, M. (1983). Verfahren zur
Ermittlung von Regulationserfordernissen in der
Arbeitstitigkeit(VERA). Cologne, Germany: TUV-
Rheinland.

Vroom, V. H. (1964). Work and motivation. New York:
Wiley.

Vygotski, L. 5. (1962). Thought and language. Cam-
bridge, MA: MIT Press.

Vygotski, L.5.(1978). Mind in society: The development
of higher psychological processes. Cambridge, MA:
Harvard University Press.

Waern, Y., & Rabenius, L. (1987). On the role of
models in instructing novice users of a word
processing system. Zeitschrift fiir Psychologie,
Suppl. 9. )

Wall, T. D, & Clegg, C. W. (1981). A longitudinal
field study of group work redesign. fournal of

- Occupational Behaviour, 2, 31-49.

Wall, T.D,, Corbett, . M., Martin, R., Clegg, C. W., &
Jackson, P. R. (1990). Advanced manufacturing
technology, work design and performance: A
change study. Journal of Applied Psychology, 75,
691-697.

Wall, T. D, Jackson, P. R, & Davis, K. (1992). Opera-

“tor work design and robotics system behavior: A
serendipitous field study. Journal of Applied Psy-
chology, 77.

Watson, D., & Tharp, R. (1972), Self-directed behavior:
Self-modification for personal adjustment. Belmont,
CA: Brooks/Cole. )

Weber, W.G., &Oesterreich, R. (1989, March). VERA
microanalysis: Applied to a flexible manufactur-
ing system. In K. Landau & W. Rohmert (Eds.),
Recent developments in job analysis: Proceedings

340 Frese dnd Zapf

of the International Symposium on Job Analysis,
University of Hohenheim (pp. 91-100). London:
Taylor & Francis.

Wehner, T., Vogt, S., & Stadler, M. (1984). Task-
specific EMG-characteristics during mental
training. Psychological Research, 46, 389—401.

Weiss, H. M., & Adler, 5. (1984). Personality and
organizational behavior.InL. L. Cummings & B.
M. Staw (Eds.), Research in organizational behavior
(Vol. 6, pp. 1-50). Greenwich, CT: ] Press.

White, R. W. (1959). Motivation reconsidered: The
concept of competence. Psychological Review, 66,
297-333.

Wickelgren, W. A. (1977). Speed-accuracy tradeoff
and information processing dynamics. Acta
Psychologica, 41, 67-85.

Wiener, E. L. (1985). Beyond the steril cockpit. Hu-
man Factors, 27, 75~90.

Witkin, H. A., Dyk, R. B., Faterson, H. F,,
Goodenough, D.R., & Karp,S. A. (1962). Psycho-
logical differentiation. New York: Wiley.

Wunderli, R. (1978). Psychoregulativ akzentujerte
Trainingsmethoden. Zeitschrift. fir Arbeil-
swissenschaft, 32, 106-111. :

Zapf, D. (1989). Selbs!- und Fremdbeobachtung in der
psychologischen Arbeitsanalyse. Method-ische
Problemebeider Erfassung von Strefam Arbeitsplatz.
Géttingen, Germany: Hogrefe.

Zapf, D. (19912). Handlungsfehler, Stref und
organisationaler Kontext. In M. Frese & D. Zapf
(Eds.), Fehler bei der Arbeit mit dem Computer:
Ergebnisse von Beobachtungen und Befragungen im

 Biirobereich (pp.106-117). Bern, Germany: Huber.

Zapf, D. (1991b). Stressbezogene Arbeitsanalyse béi
der Arbeit mit unterschiedlichen Biirosoftware-
systemen. Zeitschrift fiir Arbeits- und Organisation-
spsychologie, 35, 2-14.

Zapf, D. (1991¢). Taxonomue von Handlungsfehlern
bei der Computerarbeit. In M. Frese & D. Zapf
(Eds.), Fehler bei der Arbeit mit dem Computer:
Ergebnisse von Beobachtungen und Befragungen
im Biirobereich (pp. 32-46). Bern, Germany:
Huber.

Zapf, D., Brodbeck, F.C., Frese, M., Peters, H., &
Prismper, J. (1992). Errors in working with com-
puters: A first validation of a taxonomy for
observed errors in a field setting. International
Journal of Human-Computer Interaction, 4,
311-339.

Zapf, D., Brodbeck, F. C., & Priimper, J. (1959).
Handlungsorientierte Fehlertaxonomie in der
Mensch-Computer-Interaktion. Theoretische
Uberlegungen und eine erste Uberpriifung im
Rahmen einer Expertenbefragung. Zeitschrift fiir
Arbeils- und Organisationspsychologie, 33,
178-187.

Zapf, D, Frese, M., lrmer, C., & Brodbeck, F. C.
(1991). Konsequenzen von Fehleranalvsen Hir
die Softwaregestaltung. In M. Frese & D. Zapf
(Eds.), Fehler bei der Arbeit mit dem Computer:
Ergebnisse von Beobachtungen und Befragungen
im Biirobereich (pp. 177-191). Bern, Germany-
Huber.

Zapf, D, Lang, T., & Wittmann, A. (1991). Der
Fehlerbewiltigungsprozef. In M. Frese & D. °
Zapf(Eds.), Fehler bei der Arbeit mit dem Computer
Ergebnisse von Beobachtungen und Befragungen
im Biirobereich (pp. 60-79). Bern, Germany:
Huber.

Zapf,D., Maier, G. W., Rappensperger, G., & Irmer,
C. (in press). Error detection, task character-
istics and some consequences for software
design. Applied Psychology: An International
Review.




