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Helsinki, June 11, 1985
TO ALL REGISTERED PARTICIPANTS

This book offers information about the 10SPUDM program. The fact
that it is sent to you confirms your registration and receipt of
payment for participation in the conference.

The information in this book is not complete. One major paper and
some of the abstracts for the workshops are missing. You will
received the missing information when you register at the
conference site.

Two workshops are added to the five earlier planned: "Theory for
decision support" and (not surprisingly) "Subjective
probability". The work in the workshops will be organized
differently, depending of the intention of the workshop
organizer. This shows up in the variability of the information
given concerning these workshops. Some additional information
concerning the workshops that will be needed for the ‘conference
wil be delivered by Helmut Jungermann at a later time.

Please observe the instructions concerning manuscripts for the
volume of selected proceedings that will be published during
Spring 1986.

The Uryanizing Committee is grateful to all those who have made
program suggestions, accepted invitations (and their
consequences) and accepted to organize workshops. We are also
grateful to all those who have offered proposals for the
inclusion in the program.

We will meet in Helsinki to make the conference both interesting
and joyful!

Berndt Brehmer
Heliut Jungermann
0leg Larichev
Peter Lourens
Gordon Pitz
Guje Sevon
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WORKSHOP PROGRAM

Seven different workshops are offered. The idea of a workshop
meeting s tHat ome or two Tleading papers are presented,

whereupon the rest of the session s devoted to extensive

discussion, exchange of findings, plans, criticisms, and the

like. Topics, workshop organizers and contributors are mentioned

below. If the abstract of the contributions in included in this

volume, the title of the abstract is mentioned.

(a) STRUCTURING OF DECISION PROBLEMS IN APPLIED SETTINGS (Ward
Edwards)
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Farrokh Alemni: Illustrative analysis of one employer”s decision
to join a preferred provider arrangement

F. Hutton Barron: Sensitivity in value loss of linear
multiattribute value models to attribute completeness

Sue Brownlow: Methods for structuring multi-attribute value
hierarchies: a comparison

Also contributing: Helmut Jungermann, Donald Kleinmuntz, Lawrence

D. Phillips, and Detiof von Winterfeldt
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0la Svensson)
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A.D. Nikiforov & S.B. Rebrik: The study of capability of decision
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Tadeusz Tyszka: The role of familiarity in the choice of decision
strateg

Elke Weber: Portfolio theory revisited: A quantitative comparison
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Martin Weber & Detlof von Winterfeldt: Bias in assessing weights
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Also contributing: Ulrike Becker, Helmut Jungermann, and Manfred

Thiiring
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Also contributing: Dan Galai

Wednesday, August 28:

Jitendra V. Singh & Robert House: Organizational decision making
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Dan Zakay: Behavioral intents as determinants of decision-making
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RISKY SITUATIONS (Heikki Summala)

Contributions (abstracts, see p 216 - 220):
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Ray G.C. Fuller: Reflections on risk homeostasos theory

Also contributing: Leonard Evans
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(f) THEORY FOR DECISION SUPPORT (Patrick Humphreys)
Major contributions {abstracts, see p 221 - 230):

Eric Nappenbaum: A cognitive design paradigm in the theory of
choice

Cristina & Amilcar Sernadas: Structured clausal knowledge bases
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Also contributing: Gerard de Zeeuw

Brief contributions:
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COMPUTER DEMONSTRATIONS
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Raimo Keloharju: On-line demonstration of DYSMOD-software

Jac. VYennix: Communicating 1insights from compiex simulation
models
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Towards an Understanding of Human Judgment:
Medical pills for psychological ills

Jay J. J. Christensen-Szalanski

The past decade and a half has witnessed the maturation of a "scholarly
movement" that has examined the Timitations of human Jjudgment and decision making
abilities. Represented by the works included in the books by Kahneman, Slovic, and
Tversky (1982), and Nisbet and Ross (1980), this compilation of research on "cognitive
heuristics and biases" has convincingly demonstrated that human judgment and decision
making processes are imperfect, This line of research has also had a considerable
impact upon the judgment and decision making literature, particularly in the United
States. For example, researchers tend to cite preferentially its studies {Christensen-
Szalanski & Beach, 1984), and to anchor their discussion of research findings on the
“heuristic" paradigm itself (Berkeley & Humphreys, 1982).

Given the impact of this research on the academic environment, this paper
will examine its usefulness to the practitioner making judgments and decisions in
nonlaboratory contexts. Unlike previous papers which have criticized the usefulness of
this research by questioning the existence of the laboratory-observed biases outside
of the laboratory (see for example, Ebbesen & Konecni, 1980; Fiedler, 1983; Groner,
Groner & Bischoff, 1983; Hogarth, 1981; Phillips, 1983; Wallsten, 1983), this paper
will examine the practical usefulness of the cognitive bias research while assuming
that all the currently documented cognitive biases do exist outside of the laboratory.
The first section describes how the standard commonly used by researchers to evaluate
human judgment and decision making differs from that commonly used by practitioners.
The second section uses the practitioner's standard to assess the practical usefulness
of the findings generated by the "cognitive heuristics and bias" research: It
concludes that even given the assumption that all the currently documented biases do
exist in nonlaboratory contexts, the knowledge generated by this research movement is

of little use to the practitioner, The third, and final, section examines several
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" areas of research which have been neglected during the growth of this movement, but
which might provide useful information to the practitioner: it concludes that
researchers are not helping practitioners improve judgment &nd decision making
abilities by focusing on errors in judgment and decision making and that an expanded
research agenda is warranted.

Standards of Quality: Process vs Outcome

The usual procedure for research on the psychology of judgment and decision
making consists of presenting subjects with a task for which a theory prescribes a
"correct"” answer. As one might expect, there usuvally ts a discrepancy between what the
subject does and what the theory prescribes. The question then arises of how to
interpret that discrepancy.

The approach that commonly is used by researchers in this field regards the
discrepancy as a reflection of the inadequacy of the subject's thinking processes. It
views the normative theory as the standard of correctness and does not question the
validity of the model's assumptions (Jungermann, 1983). Thus, for example, a "good"
(1.e. correct) decision for the decision theorist is one that maximizes the expected
utility of the outcome. Such a standard, as Majone (1984), and Hright and Murphy
(1984) point out, means that the quality of the decision is evaluated with respect to
the inferred process by which the decision appears to have been made, and not with
respect to the outcome of the decision.

in contrast, the bractitioner primarily is concerned with the outcome of the
decision (e.g. Cassell, 1982; Jonsen, 1978). “Didlthe patient get better?" "Did our
profits increase?" "Do | feel happier?" The process by which the decision or judgment
was made 1s of secondary importance except when the outcome itself is bad. In such
circumstances, the practitioner is interested in knowing whether he or she "did what
was the correct thing" even though it did not result in the "correct outcome.” On the
other hand, when the outcome is good, -the practitioner is not so concerned about

evaluating the quality of the judgment or decision process. For example, the dictum
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“If it works then use it" is commonly expressed in medicine as justification for the
use of such "unscientific" treatment processes as placebos and faith healers (Gross,
1984; Kapp, 1983).

In summary, researchers and practitioners differ in the standards that they
commonly use to evaluate the quality of a judgment or decision. The former uses a
standard that focuses on the inferred process by which the decision or judgment
supposedly is made, while the latter uses a standard that focuses on the outcome
resulting from the judge's or decision maker's effort.

These different evaluative standards can result in researchers and
practitioners differ%ng in their interpretation of the usefulness of research
findings. For example, when successful mathematicians are found to answer mathematical
questions in a manner different from the predictions of a normative theory, the
researcher is apt to interpret the results as evidence that even expert "acquaintance
with formal logic and with probability theory does not extinguish erroneous
intuitions" (Tversky & Kahneman, 1971, p.109). In contrast, the practitioner may
wonder whether the fact that people apparently can be successful mathematicians in the
real world (i.e. a good outcome) without being able to solve the experimenter's
mathematical task suggests that the task itself is an inappropriate measure of the
mathematician's abilities.

The existence of these differences in evaluative standards and
interpretatiops suggests that, rather than being heedlessly generalized, the research
results on cognitive biases and heuristics need to be evaluated from the
practitioner's perspective in order to determine their implications for "practical
tasks." In short, knowledge of the existence of a bias is not sufficient to help
practitioners improve their judgments and decisions. Practitioners also want to know
the effect of that bias on the resulting outcomes. Specifically, practitioners need to
know (1) the degree to which the outcome resulting from their judgments and decisions

will improve once the cognitive bias is eliminated, and (2) whether this improvement



~ 16 -

Christensen-Szalanski

merits the expenditure of resources (e.g. mental effort, time, money) needed to
accomplish it.

The Practical Importance of Cognitive Biases

Relative to the Targe number of research studies that document the existence
of cognitive biases, little attention has been given to documenting the effect of
these biases upon the gquality of the resulting outcome, or to evaluating the costs and
. benefits associated with the biases' elimination. This lack of attention to the
outcome is not surprising given the aforementioned "process-oriented” goals of many
basic researchers. When surveyed about their beliefs regarding the quality of the
outcome of human judgment and decision making (Christensen-Szalanski & Beach, 1984)
researchers frequently offered editorial comments to the effect that questions on the
outcome are meaningless and irrelevant to the study of human judgment. Additionally,
there is the tendency among the applied “consumers" of basic research to accept the
reported experimental findings as facts that can be generalized cavalierly to all
situations (Berkeley & Humphreys, 1982). Rather than examine the seriousness of the
reported bias, the applied researchers generaily use the demonstration of the bias as
a warrant for the development of decision aids and training programs (Berkeley &
Humphreys, 1982; Funder, 1983).

This section reviews the relatively few studies that have directly evaluated
" the relationship between the presence of a bias in cognitive processing and its impact
on the quality of the resulting outcome. In so doing, it recognizes that there are
several different consequences of a judgment and decision making process that can be
regarded as outcomes of that process. In additien to the judgment or decision itself,
the results that ensve from implementing an action based upon the judgment or decision
are also outcomes. For example, a cognitive bias that affects a physician's ability to
process information may affect several outcomes including the physician's diagnosis,
the physician's selection of a treatment for the patient, and the patient's health

after being treated by the physician. The studies reviewed in this section evaluate
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the impact of cognitive biases on several different “levels" of outcome. The
conclusions of all these studies are quite consistent: The use of a biased cognitive
process does not imply that the resulting outcome will be adversely affected
[Footnote 1].

Theoretical Analyses and Computer Simulations

Existence of a Flat Maxima -- Edwards and his colleagues showed that errors
in the assessed value of different attributes {Von Winterfeldt & Edwards, 1973) or of
the importance of the different dimensions of a problem (Stillwell, Seaver, & Edwards,
1981) may have little meaningful effect on the decision maker's ability to select the
normatively correct solution. They reasoned that under certain circumstances, a "flat
maxima" may exist whereby several different procedures could yield virtually the same
"best" solution for the problem. The existence of this flat maxima effect has been
empirically supported by Beach's (1983) analysis of couples’ values for child bearing
and by Stillwell, Barron, & Edwards' (1983) study of people's evaluation of credit
applications.

Robust Efficiency of Biased Heuristics -- Several other theoretical and

computer simulation studies have compared the outcomes obtained from using differently
“biased" variations of normative strategies with their normative counterpart. These
analyses likewise showed that extremely biased processing strategies could be
surprisingly robust in their ability to generate outcomes that were not meaningfully
different from those generated by the "bias-free" normative strategy. For example,
Radner (1975; Radner & Rothschild, 1975) showed that "satisficing" rules for decision
making were quite efficient under fairly general circumstances. Thorngate (1980; see
also Feckhoudt & Hansen, 1983), using an elaborate Monte Carlo simulation, showed that
even severely biased decision strategies (e.g., failure to use any probabilistic or
utility information) often picked the normatively correct solution (although, analyses
by Johnson and Payne (in press) suggest that this ability may vary with different

tasks). In addition, Kleinmuntz and Kleinmuntz (1981) found little difference in the
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solutions reached in a simulation of a medical diagnosis whether it be by a normative
strategy of information search, & rendom trial and error strategy, or a strategy that
ignored base rates.

Complexity of the Katural Environment -- The complexity of the natural

environment may similarly prevent a biased cognitive process from having an adverse
effect upon the resulting outcome. Einhorn, Kleinmuntz, and Kleinmuntz (1979) examined
this complexity and concluded that substantial amounts of redundant information often
exist in the natural environment. When they examined the impact of redundancy upon the
quality of the outcome resulting from a flawed method of processing information they
concluded that (1) the problems associated with people's 1nab1|jty to attend to large
amounts of information are reduced because of the 1imited amount of unique
information necessary to make a decision, (2) extremely limited information search
strategies still may yield highly accurate predictions because of the redundancy of
the environment, and (3) the adverse effects associated with unreliablie information
are lessened because of the presence of multiple measures of the same cue. Using a
similar Vine of argumentation, Hoch and Tschirgi (1983), and Wright and Murphy (1984)
suggest that the redundant complexity of the natural environment.also may account for
peopie's ability to perform better on "context rich" problems than on abstract
problems that are formally equivalent to them {e.g., Johnson-Laird & Wason, 1977;
Griggs & Cox, 1982).

Empirical Studies
Infrequent Opportunity for the Expression of a Bias -- The existence of a

bias may not have a meaningful effect on the quality of an outcome if there is littie
opportunity for it to be expressed. Consider for example the results of a series of
studies that my colleagues and 1 conducted on physicians' ability to diagnose
pneumonia. Over a two year period we observed the manner in which physicians managed
patignts.who were at risk for having pneumonia. We found that physicians' estimates of

the patients' probability of having pneumonia were poorly calibrated (Christensen-
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Szalanski & Bushyhead, 1981), that the physicians did not use symptoms whose presence
was negatively correlated with the presence of pneumonia (Christensen-Szalanski &
Bushyhead, 1983), and that they were susceptible to using incomplete (and inaccurate)
feedback obtained from chest radiographs that were ordered to diagnose pneumonia
(Bushyhead & Christensen-Szalanski, 1981).

Initially it seemed that the existence of such a large number of cognitive
biases strongly argued for the replacement of the physicians' unaided judgment with
various diagnostic decision aids (e.g. Wood, Tompkins, & Wolcott, 1980) despite the
costs associated with implementing such aids (Christensen-Szalanski, Diehr, Wood, &
Tompkins, 1982). However, when the effects of the biases on the physicians' diagnostic
performance were evaluated, they were found to be embarrassingly small. The total
e}imination of all bias would have helped the "average" physician to diagnose
correctly only about one additional patient a year {Christensen-Szalanski, 1983). The
small impact of the biases on the physicians' overall diagnostic performance was
largely a result of the rare occurrence of pneumonia in the patient pup;lation -- less
than 3% of the patients at risk for pneumonia, and less than 0.5% of the entire
patient population seen by the physicians, Since pneumonia rarely occurred in the
population being served by the physician, the judgmental biases associated with its
diagnosis also rarely occurred, and the seriousness of the biases' effect on the
physicians' diagnostic performance consequently was reduced [Footnote 2]. A further
study of the biases' effect on the resulting outcome revealed that the presence of the
biases had virtually no impact on the quality of the treatment given the patients
since most patients who are misdiagnosed are given the same treatment that they would
receive had they been correctly diagnosed (Bushyhead, Wood, Tompkins, Diehr & Wolcott,
1983). This latter finding illustrates a medical variation of the flat maxima effect
in that the treatment given often may be the same regardless of which of several

different diagnoses is assigned to the patient (Reuben, 1984).
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Bias Has Little Practical Yalue -- Since researchers have focused on studying

cognitive processes regardless of the process® impact on the resuiting outcome, it is
not difficult to imagine that some cognitive biases may have little practical value
for the practitioner. An example of such a bias might be an inability to assign
correct numerical forecasts of an event's occurrence. When one examines how many of
the events which were assigned a 70% probability of occurring actually occurred, one
might expect that the number should be close to 70%. Instead, the actual number often
is much less than 70%. This "over-estimation" or "miscalibration” bias has been
documented in over forty studies (see reviews by Fischhoff, 1982; and Lichtenstein,
Fischhoff, & Phillips, 1982), and is one of the cognitive biases that is most easily
called to mind by researchers in the judgment and decision making field (Christensen-
Szalanski & Beach, 1984).

’ Despite the large amount of attention that has been given to documenting the
existence of the miscalibration bias, its practical significance to the practitioner
has largely been ignored. However, upon completing a detailed mathematical analysis of
different forecasting performance measures, Yates (1982) concluded that the value of
being perfectly calibrated was "largely aesthetic." Citing the importance of the
outcome to the practitioner, he argued that from a practical point of view a person is
primarily interested in being able to discriminate when the event under consideration
will and will not occur regardless of whether the "right" numerical iabel is attached
to this discrimination. Sanders (1973) reached a similar conclusion in his review of
the research on probabilistic weather forecasting.

This ability to discriminate when an event will and will not occur is
measured by the "resolution” of the person's forecasting performance (Murphy, 1973),
and has no relationship to the calibration measure that has so preoccupied decision
researchers (Yates, 19&2).7Thu5. it is not surprising that when Centor, Dalten, and
Yates (1984) compared physicians’ forecasting performance to that of a logistic

, regression model, they found that physicians were more poorly calibrated than the
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model in assessing the numerical probability that a patient had a particular disease,
while simultaneously being much better than the model at predicting which patients
actually did and did not have the disease.

The Elimination of the Bias May Be Worse Than the Bias -- The studies cited

thus far have demonstrated that the mere existence of a bias does not guarantee that
it will have a meaningfully adverse effect on the quality of the resulting outcome.
Indeed, data from a recent study on parents' decision to circumcise their sons
(Christensen-Szalanski, Boyce, Harrell, & éardner, 1984) indicate that the elimination
of a bias may have worse results than when the bias was present [Footnote 3]. This
study showed that the‘policy used by a group of American physicians to inform parents
about the medical complications associated with circumcising newborn sons was based on
two biased judgments: a misjudgment of the frequency with which the complications
occurred, and an underestimate of the parents' perception of the seriousness of the
complications.

To examine the effect of eliminating the physician's biases upon the parents'
decision making, physicians were instructed to (1) read to the parents a prepared list
of the complications associated with circumcision, along with the actual frequency of
occurrence, and (2) request that the parents evaluate for themselves the seriousness
of each complication. This procedure prevented the physicians®' biases from affecting
the information given to the parents. However, the elimination of these biases had no
effect on tﬁe parents' decision to circumcise their sons: parents largely ignored the
information on the medical complications when deciding whether to circumcise their
sons, and based their decisions almost entirely on social, traditional, or religious
considerations.

Moreover, the elimination of the physicians' biases not only failed to change
the parents' decisions, it also generated a number of undesirable outcomes: (1) it
required physicians to spend more time presenting the medical information to the

parents; (2) it made parents less confident in the appropriateness of their
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circumcision decision (the first major decision in their son's life); (3) it generated
resentment among the parents because they felt pressure to "doubt ;he importance of
their own beliefs"; and (4) it generated antagﬁnism in the nurses who felt that the
medical complications were excessively described to mothers whom the nurses considered
to be intellectually incapable of understanding the information. Not surprisingly,
these adverse outcomes eventually forced the termination of the experimental
procedure.

Summar,

This section has reviewed the relatively few theoretical, computer
simulation, and empirical studies that have evaluated the effect that a biased
cognitive process can have on the quality of the resulting outcome. These studies
showed that it is possible that the existence of a cognitive tias has no meaningful
adverse impact on the quality of the resulting outcome, and that the elimination of a
bias may generate undesirable side effects that did not exist when the bias was
present.

The small number of “"outcome" studies completed thus far necessarily limits
the generalizations that can be made about the practical importance of all cognitive
biases. However, the combination of studies documenting a trivial effect of the
cognitive biases, and the absence of studies documenting a meaningfully adverse effect
of the biases suggests (1) that the existence of many of the cognitive biases may not
reflect inadequacies on the part of people, so much as they reflect inadequacies on
the part of the normative theory being used to evaluate people, or (2) that human
judgment and decision making may be in great need of improvement, but that the
information to satisfy that need is not being generated by the current “cognitive
bias" movement.

Sfnce the first possibility has already been discussed in detail elsewhere
(Beach & Mitchell, in press; Cohen, 1981; Hammond, Hamm, Grassia, Pearson, 1984;

Heiner, 1983; Jungermann, 1983; March, 1978; Wilkening & Anderson, 1982) the remainder
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of this paper will consider the second possibility -- that the information needed to
help improve human judgment and decision making is not being generated by the
cognitive bias movement,

Future Areas of Research

Despite the immensity of the “"cognitive heuristics and bias" literature, the
previous section showed that it has generated little that the practitioner can use to
determine when the cognitive biases will have a meaningful impact on the quality of
the outcome, or to evaluate the relative costs and benefits associated with the
elimination of biases. This shortcoming does not necessarily imply that this
literature is of little use to understanding judgment and decision making processes
(see for example Mook's [1983] discussion of external "invalidity" as well as the
discussion by Levin, Louviere, Schepanski, & Norman [1983]), but it does suggest that
researchers may have to focus on more than the existence of reasoning errors in order
to provide the information that practitioners need to improve their judgments and
decisions. This section speculates about some possible areas of basic research which
may help generate that needed information.

Evaluating the Meaningful Significance of a Bias

Since the outcome of using different judgment processes has generally been
ignored in the judgment literature, the proposed emphasis on examining outcome
measures necessitates a slight shift in the Qay in which a finding's significance is
evaluated. The quality of human judgment can no longer be evaluated solely on the’
existence of statistically significant biases, since, as demonstrated above, the
existence of such biases may have little effect on the quality of the resulting
outcome, Instead of attending only to the alpha and beta of the statistical test,
researchers also will need to pay attention to "delta," the amount of a difference
that makes a meaningful difference (Feinstein, 1974).

The evaluation of delta depends on scientific rather than statistical logic

since there are no standards for deciding what is "bad" and what or how much is
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“petter® (Feinstein, 1971). A difference of 4 units in the mean values of two groups
may seem important if the respective means are I and 5 and trivial if the respective
means are 1001 and 1005.

The subjective nature of delta may be discomforting to some. Clearly,
investigators can enlarge or de-emphasize the magnitude of the difference according to
the way in which they choose to express it (see Feinstein [1973] for examples).
Consequently, arguments about whether the "glass is half empty or half full" may still
arise when examining the quality of human judgment and decision making (see for
examplie Loftus & Beach, 1982). Nonetheless the subjectiveness of this evaluation
should not prevent researchers in the field from making a decision about the
meaningful importance of an observed bias or cognitive heuristic. Such an evaluation
is necessary to assess the costs and benefits of developing aids to eliminate these
cognitive 1imitations, and to assess the quality of human judgment itself. Researchers
in medicine have been able to deal with this subjectiveness when evaluating such
things as the efficacy of different treatment regimens by conducting extensive outcome
studies comparing control and “treatment" groups {(Diamond & Forrester, 1983;
Feinstein, 1977; Freedman, Lowe, & Macaskill, 1982); psychologists should be able to
do the same when studying human behavior (see for example Lewis, Shields & Young,

1983).

Evaluating the Representativeness of a Study
#nd the Serfousness of a Cognitive Bias

The evaluation of delta will require greater attention to the
representativeness of the laboratory task used to test human judgment, but in a
slightly different manner than is currently done. Psychologists have generally
evaluated a study's representativeness on the basis of the appropriateness of the
specific task being performed by a specific type of subject (Brunswik, 1956; Edwards,
1981, 1984; Hammond, 1978). This interpretation of representativeness, however, is not

adequate to evaluate the quality of the outcome that results from the subjects'
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cognitive strategy. Researchers must also consider the representative frequency with
which the specific task occurs in the natural environment.

The importance of ascertaining the frequency with which a task occurs in the
natural setting also highlights the need to use "prevalence sensitive" measures when
evaluating the seriousness of the bias on a person's performance. For example, suppose
that a physician using a "biased strategy" misdiagnoses 20% of the people with a
particular disease. Such a finding might appear to suggest that the use of the biased
strategy has a large and meaningfully adverse effect on the quality of the physicians'
diagnostic performance. However, the measure “20%" does not reflect the frequency with
which the disease occurs in the natural environment. The seriousness of the error
associated with the biased strategy would be meaningfully different if the natural
prevalence of the disease were 1 in 10 rather than 1 in a million. The former would
translate into a 2% increase in the physician's error rate while the later would
result in a 0.00002% increase in the error rate. Thus, despite the apparently large
relative effect of the biasing strategy, from the individual physician's standpoint,
once the frequency of the disease's occurrence was considered, the incremental
difference in quality resulting from the biased strategy may not be considered serious
enough to merit the costs (mental effort, time, money) to correct the biased strategy.

Selecting a Time Frame for Evaluation

puring the course of the cognitive bias movement, researchers have given
little attention to determining the appropriate time frame within which to evaluate
the outcome Bf a person's biased judgment (Einhorn & Hogarth, 1981). However to '
evaluate better the practical importance of different cognitive limitations this
omission needs to be addressed and the duration of a bias's effect on human judgment
needs to be explored.

Consider for example the tendency for people's judgment to be affected by
their exposure to highly dramatic stimuli (Tversky & Kahneman, 1973). When the biasing

effect of a stimulus lingers for several years (see for example Featherstone, Beitman
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& Irby, 1984; Wong & Lincoln, 1984}, corrective aids may well be useful. However, if
the biasing effect lingers for only a few days, or a few minutes it may be
unreasonable to regard it as a meaningfully serious effect. At what point does the
longevity of an effect become serious enough to warrant the use of corrective
procedures?

Research establishing the time frame for the evaluation of a coanitive
strategy also can provide insights of theoretical importance. The acceptance of the
need to select a suitable time frame for evaluating the quality of a behavior
implicitly questions the appropriateness of such things as the long-term expected
value as the only rational measure of an outcome's worth. Lopes (1981) for example has
argued that since people do not have an infinite number of opportunities to make (and
remake) decisions, then the Tong-term expectation should be replaced or modified by
short-term considerations when deciding the rationality of a decision. Tversky and
Bar-Hillel (1983) have argued against this modification on theoretical grounds.
However, the results of two empirical studies suggests that regardless of what is
"correct" theoretically, people may be acting on short term considerations. In one
study, Wagenaar (1985) observed that people bet differently when they had a single
opportunity to gamble than when they had repeated opportunities to make the same
gamble. He concluded that depending upon the context of the decision, the long-term
expectation may not be considered by the decision maker. In a sacond study, I
(Christensen-Szalanski [1984]) observed pregnant women deciding whether or not to
request anesthesia during the delivery of their children. 1 found that at one month
prior to labor, during early labor, and at one month after their children's birth,
most women had values indicating a strong opposition to the use of anesthesia. The
duration with which these values were held and the retention of these values after the
chiidren's birth suggested that they corresponded to the women's “"long term" values.
These vaiues differed from those which fhe same women expressed during the few hours

of active hard Tabor. These latter, “short term" values indicated a strong desire to
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receive anesthesia. As a result of these conflicting values, women in hard labor were
faced with the choice of maximizing their “long term" values (i.e. to deliver the
child without the use of anesthesia), or maximizing their “short term" values (i.e.,
to receive anesthesia). Although there was an apparent inertial tendency among the
womén fo delay requesting anesthesia until some time after their values switched
toward favoring anesthesia, the women eventually did act on their short term values
and requested anesthesia.

Assessing the Utility of An Outcome

The study of people's values and how they make utility assessments has
received relatively little attention in the judgment and decision making literature
(Einhorn & Hogarth, 1981). This neglect is noteworthy from the practitioner's point of
view because of the frequent need for "accurate" utility assessments. In medicine for
example, the manner in which patients make utility assessments has become important
with the advent of the social policy that physicians should adhere to the patient's
values when making management decisions (Kassirer, 1983; Kaufmann, 1983; McNeil,
Weichselbaum, & Pauker, 1978; Moles, 1982; Pellegrino, 1973). Such a policy assumes
that the values expressed by the patient (1) capture the relevant dimensions of the
medical decision, (2) are stable over time, and (3) are representative of the
patient's "true" feelings. However, empirical evidence exists that questions the
validity of each of these assumptions., Patients' utilities may not be relevant
representations of the medical decision because patients may attach a large value to
information that has no bearing on the medical decision at hand (Berwick, in press). A
person's values may not be stable over time because of sunk costs associated with past
events and discounting effects associated with future events (Ainslie, 1975; Arkes &
Blumer, in press; Christensen-Szalanski, 1984; Christensen-Szalanski & Northcraft, in
press; Northcraft & Wolf, 1984). Finally, a person's expressed utility may not be
representative of his or her “true" values because the utility assessment can be

altered by factors such as: (1) the manner of eliciting the utility measurements
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(Fayers & Jones, 1983; Fischhoff, Slovic, & Lichtenstein, 1980; Liewllyn-Thomas,
sutherland, Tibshirani, 1984); (2) the person’s emotional status (Sjoberg, 1980, 1983;
Fisher, 1984; lsen & Patrick, 1983; Kuhl, 1983a, 1983b); (3) the person's interest in
the problem (Kuyper & Vlek, 1984; Marks & von Winterfeldt, 1984); and (4) the person's
current health status (Herman, 1984; Jank & Becker, 1984). Given the variability in
utility assessments that can be generated by the above factors, and the absence of
research on how utility assessments are made, the physician who wants to practice the
policy of adhering to the patient's values faces the new dilemma of having to decide
“Which values to use?"

Academic researchers also may want to pursue the question of how people
arrive at their utility assessments because of the number of important roles that
ptility is currently believed to play in the judgment and decision making process. For
example, in addition to its traditional role as part of the calculations being used by
the person to solve the problem, the utility associated with the outcome is also
considered to be a driving force in the person's selection of which cognitive strategy
to use {Beach & Mitchell, 1978; Christensen-Szalanski, 1978; Klein, 1983; Russo &
Dosher, 1983), and a motivational force on the performance of the resulting behavior
(kuhl & Beckmann, 1983; Kuhl & Blankenship, 1979).

Evaluating Subjective Equivalence and “Good Enough"

The finding that many of the cognitive biases and heuristics being used by
people yield outcomes which are not very different from those obtained from théir
normative counterparts suggests that people may be using these processes because they
require lower processing costs than the normative process and yield a solution having
an acceptable amount of error, i.e. one that is “good enough.” Such a finding supports
the notion that people behave in terms of "bounded" or “quasi® rationality (Brunswik,
1956; Hammond, 1966; Simon, 1955, 1978), but it also implies that people make

subjective judgments of acceptable error when deciding upon which strategy to use.
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The presumed existence of the subjective standard “good enough" suggests the
need to examine the process by which this standard is determined by the individual.

Unfortunately, the current focus on statistically significant errors has detracted

from the study of judgments of acceptable error. However, earlier work by Beach and
his students (Beach, Beach, Carter, & Barclay, 1974; Beach & Solak, 1969; Laestadius,
1970) may provide a good starting point for future work in this area. In this
collection of papers Beach used a measure called the "equivalence interval" to examine
the degree to which people discriminate between two measurements. The equivalence
interval was defined as the interval of acceptable error around the correct answer
within which judgments can be regarded as essentially correct (Beach & Solak, 1969) --
a measure that is conceptuzlly the same as the standard "good enough".

Among the findings Beach and his colleagues obtained using this measure were
that the breadth of the equivalence interval changed as a function of task difficulty
and task familiarity (Beach, et al., 1974; Beach & Solak, 1969; Laestadius, 1970),
information variability (Laestadius, 1970), and the amount of available information
(Beach, et al., 1974). Beach, et al., (1974) also speculated that the breadth of the
equivalence interval may be related to various personality characteristics such as a
person's need for achievement or the person's perceived degree of internal control
(Rotter, 1966).

A renewal of interest in subjective equivalence has potential importance that
extends beyond evaluating the vélid1ty of the theories of bounded/quasi rationality.
For example, a common method of evaluating choice behavior requires subjects to rely
on quantities in order to choose between one response or another. As Beach, et al.,
(1974) point out, if the magnitudes of the numbers involved are very large, ;ubjects
may not be very discriminating; two numbers can be objectively fairly different and
yet be subjectively similar, Such subjective similarity can lead to intransitivity in
a choice task (Tversky, 1969) and a distortion of the experimental results from a

broad range of decision research (Beach, Heinrich & Barclay, 1971).
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Conclusion

Researchers in the field of judgment and decision making have tended to focus
their attention on identifying systematic errors and biases in reasoning. One
justification given for this focus is that it exposes some of people's intellectual
Jimitations and suggests ways of improving the quality of human thinking (Armstrong,
1983; Evans, 1984; Kahneman & Tversky, 1982; Tversky & Kahneman, 1983). Those who have
criticized the usefulness of this approach have done so largely by questioning the
existence of the laboratory-observed biases in the real world.

This paper examined the practical usefulness of focusing on cognitive biases
while ignoring the arguments which question the existence of the biases in the real
world. It assumed that all the currently documented cognitive biases do exist in the
real world. It then concluded that even given this assumption about the validity of
the studies that identify cognitive biases, the knowledge generated by these studies
js of little use to the practitioner because it does not capture the information most
needed by the practitioner to improve the quality of his or her thinking --
information that evaluates the effect of these cognitive biases on the quality of the
resulting outcome.

This failure to evaluate the quality of the outcome that results from a
cognitive bias reduces the practical value of the research in several ways. It
prevents the practitioner from being able to determine the degree to which the outcome
would improve once the cognitive bias was eliminated, and whether this improvement
merits the expenditure of resources needed to accomplish it. Additionally, as shown in
this paper, it increases the 1ikelihood that cognitive biases will be identified which
have 1ittle meaningful impact on the quality of the resulting outcome. Researchers who
unknowingly identify such “"trivial" biases and assume that the biases have a
meaningfully adverse effect on the outcome also can do harm by unnecessarily
encouraging practitioners to (1} heighten their concern about improving their thought

processes, (2) lower their confidence in their own abilities, and (3) allocate large
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amounts of resources to develop "de-biasing" techniques -- techniques which even if
perfectly effective at eliminating the bias would have no discernible impact on the
quality of the resulting outcome.

Another reason for concern about the excessive attention given to identifying
reasoning errors and biases is its consumption of resources that could otherwise be
devoted to different areas of research. As discussed in this paper, there are several
neglected areas of basic research on reasoning processes that do not focus on
reasoning errors and that might better generate useful information for both the
theorist and practitioner.

Finally, these criticisms of the current focus on reasoning errors are not
meant to imply that people are "intuitive statisticians" who engage in only uniformly
"good" reasoning procesr;e& The futility of the research that tries to determine
whether people are uniformly good or uniformly bad reasoners has been well described
by Jungermann (1983), and Kruglanski, Friedland, and Farkash (1984). Rather,+these
criticisms are meant to encourage a shift in researchers' attention toward evaluating
the quality of the outcome resulting from human reasoning processes and determining

how much that quality can be improved in specific contexts given appropriate training.
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Footnotes

i. In reviewing these "outcome” studies, one needs to attend to the overall
quality of the resulting outcomes because the occurrence of bad outcomes is inevitable,
regardless of the quality of the judgment and decision processes being used. Since
uncertainty is an inherent component of expected value calculations, people can make the
normatively correct decision (i.e. select the alternative with the greatest expected
value) but still get a bad outcome because of forces beyond their control (Schwartz,
1979). Similarly, signal detection theory shows that, except in high signal to noise
ratio conditions, there are bound to be errors of judgment; one cannot eliminate false
alarms, without eliminating correct "sightings", and thus, bad judgments are the price
one pays for making good judgments (McClosky & Egeth, 1983).

2. Of course, an increase in the frequency of pneumonia would theoretically
increase the occurrence of the related biases and thus their impact on the outcome. Such
an event would reinforce the need to develop "prevalence sensitive" measures of a bias's
seriousness as discussed later in this paper. On the other hand, as Lichtenstein,
Slovic, Fischhoff, Layman, and Combs (1978), and Manu, Runge, Lee, and Openheim (1984f
have shown, a bfas associated with a low probability event is not always associated with
a higher probability event. The extremely rare occurrence of pneumonia in the present
study 1ikely made it difficult for physicians to assess accurately the prevalence of
pneumonia, let alone the symptoms that were predictive of it (see for example Sampson &
Smith, 1982). Under such circumstances, physicians are forced to rely on written or
verbal estimates of the frequency of pneumonia when developing their diagnostic policy.
If the prevalence of pneumonia were greater in a given population, the physicians'
diagnostic performance might easily be improved because they could subsequently rely
more readily on their own divect experience with the prevalence of pneumonia
(Christensen-Szalanski & Beach, 1982, 1983; Eckel, 1983).

3, In contrast to the relatively uncommon practice of circumcising males in
most European countries, nearly 80% of new-born males in the United States receive

elective circumcisions.
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Choice of research direction is all-imporiant. We all seek to make contributions of lasting value,
but success is elusive. The history of psychology, shorl as it is, shows a long litter of dead and
unproductive issues, our own blind alleys, one may say. The causes are severa), and there is no
algorithm for good choice. IL seems apparenl. however, that certain of these blind alleys could
have been avoided with betier forethought. This matler deserves consideration, for our own deci-
sion about research direction is important for our future well-being. Two main direclions in
judgment-decision research-cognitive and normative “are compared here with cencern for their
proper use and relative promise.

Judgmeni-decision theory has been dominated by one idea: human judgment and action
should obey prescriptimlns of rationality and optimality. The bulk of the research, accordingly, has
revolved around various normative models. Until about 1970, the hope was nourished that nor-
malive models would nol only prescribe bul also describe behavior. The demise of this hope did
nol, however, lead to abandonment. of the normative models.

Quite the contrary. Deviations from the normative models were seized on as phenomena,
reified as “biases” that needed explanation. One of the first such biases, of course, was the “con-
servatism” of Bayesian theory. Many olhers have followed.

Reification of biases is logically strange. Il the normative model is cognitively invalid, devia-
tions from thai model cannot generally have cognitive significance. By focusing on biases, the
normative concepiualization has retarded cognitive analysis, a point that has Leen made previ-
ouely {Anderson, 1974c) and that will be amplified here.

This paper illustrates how one cognitive theory, namely, the theory of information integration
(Anderson, 1981a, 1982), conceptualizes *‘biases’ in cognitive terms. The first part outlines gen-
eral characteristics of the Lheory, which embody a broad view of judgment-decision. The second
part presents case examples to illustraie the marked differences that result from choice of the cog-
nitive and normative approaches. The last part discusses directions for luture research, with

emphasis on motivations and judgments of everyday life.
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INFORMATION INTEGRATION THEORY

INTEGRATION AND VALUATION

The primary focus of the theory is on processes of information integration, as belits a world of
multiple causes and determinants. One of our major findings has been the operation of a general
cognilive algcbra of integralion processes.

This parallels the normalive view, for many normative models are prescriptive rules for
integration. Integration theory takes a nonnorinative approach, however, and it finds nonnorma-
tive rules. Cognitive algebra is not normalive algebra.

A similar contrast appears in valuation processes, by virtue of which the informational stimuli
atlain their specific values relalive to the operalive goal. Some normative approaches, it is true,
have tried to admit subjective values, but they have been hobbled without an effeclive theory of
psychological measurement. The functional measurement methedology of integration theory has

had good success, for it is based on cognitive algebra.

MOTIVATION

Motivation is central to information integration, because molivation constilutes the source and
essence of goals, and hence of values. Behavior is typically purposive, directed toward some goal,
and stimulus information is evaluated in relation to operative goals. The dimensional character of
values derives from goal-directedness, that is, from approach and avoidance tendencies relative to
the goal. The purposiveness of behavior thus leads to an important simplification of cognilive
representation, in which complex information fields are reduced Lo one-dimensional values.

Focus on molivation brings out some propertics of values that are often passed over. Foremost
is that values, like motivalions, are variable, a proposition nicely represented in Lhe saying thal a
boy’s eyes are bigger than his stomach. The Lerm, functional measurement, recognizes this varia-
bility of values, for it is concerned with values functional in relation Lo the operalive goal. Func-
tional measurement thus provides a new approach Le the analysis of motivation.

Motivation is the Cinderella of judgﬁent—decision theory. Although it provides the basis for
goals and values, it has been taken for granted and virtually ignored. More surprising has been
the neglect of motivalion in mainstream cognilive psychology, a neglect that is sometimes
outright divorce. In the present view, molivation is an integral component of cognition, and is

subject Lo exacl analysis.
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FUNCTIONAL VIEW

The goal-directed quality of thought and action is mirrored in a functional view, thal processing
of information in heavily determined by its function in goal attainment. It follows that cognition
is conlertual and ronstructive

Thought and action are contextual, because the local situation is a determinant both of
relevant stimulus information and of goals. And values, as already noted, vary with the goal.

Thought. and action arc constructive, because the same internal knowledge must subserve
many goals. Values, in particular, must gencrally be constructed in relation Lo operative goals,
because context and siluation are loo complex and too changeable Lo allow for memory.stornge
(Anderson, 1974b, pp. 88-90, 1974c, pp. 289-290). This lunctional view is embedded in the con-
cept of functional measurement, which has provided an effective methodology for measurement of

values—as they funclion within the operative context.

KNOWLEDGE SYSTEMS

The functional view leads to a facus on knowledge systems as the basis for thought and action. A
knowledge system typically contains both declarative knowledge and procedural knowledge, that
is, knowledge aboul things and procedures for utilizing such knowledge. In many importani cases,
if noi. typically, 8 knowledge system will aiso contain affect and motivation, which are here con-
sidered basic forms of knowledge.

A prototypical knowledge system may be found in the concept of attitude, much studied in
social psychology, but here viewed as a cognitive system. This is qualitatively different from the
populer view, originating with Thurstone, that attitudes are one-dimensional evaluative reactions.
In the present view, attitudes unite, rather than separaie, the ciassic three components of
motivation-cognition-action.

In this conception, a knowledge system may be likened to schems concepts of cognilive
psychology. Motivalion and alflect, however, which get short shrift in other cognitive theories, are
here taken as fundamental. Their role is illustrated by the function of sttitudes in valuation
processes.

A related difl't:ren:e appears in the present concept of functional memory. Memory research,
both traditional and contemporary, has been dominated by the concepl of reproductive memory.
Studies of reproductive memory are typically unconcerned with function and goal- excepl the goal
of reproduction. This appears in the reliance on accuracy, whether in reproduction by rote or for
meaning. With a focus on goal-directed hehavior, however, comes a concern with memory as il

functions to subserve goals.
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BIOSOCIAL HEURISTIC

The nature of human thought and action depends on both its biological foundation and its social
construction. These two aspecls may be treated as a biosocial heuristic, Lhal is, as a basis for
conjectures about cognitive processes (see Gromer, Groner, & Bischof. 1983). This biosacial
heuristic may seem too general to be uselul, but it yields some important suggestions.

Motivation illustrates both the biological and the social aspects. Man’s phylogenetic inheri-
tance conlains an array of motivalional systems, ranging from biological and affectional to percep-
tual and intellectual, that is at once efficient and adaptable. This adaptability may be seen in the
evolution of civilization and in its continuous reconstruction from new-born organisms. The
diversily of goals among different individuals also testifies to the basic shaping role of social learn-
ing and development.

The biosocial perspective bears directly on various normative assumptions. Normative models
typically rest on some stationarily assumption, for example, whereas the natural world is nolably
nonstationary. Recency effects thus make sense, biologically and socially, as & means of alerting
the organism to changes in the environment. To term recency a “bias” may blind the investiga-
tor to a heuristic clue about its biosocial significance. In a similar way, the once-popular norma-
tive assumptions of cognitive consistency failed because nature and society bolh condition man to
survive in a world marked with inconsistencies and conflicting information (Anderson, 1974b,c).

Biology and society are both concerned with survival in the real world. They have done
remarkably well, on the whole, considering the unpromising origins and the small size of the
human brain. One key Lo success lies in general-purpose processes, especially of valuation and
integration, that can determine rough-and-ready aclions in diverse situations. Bul Nexibility is
generally achieved at the expense of optimality. Especially in the artificial worlds of so many
judgment-decision studies, defined in abstract terms and hedged by arbitrary, often implicit nor-
mative assumplions, suboptimal behavior is not unexpected.

Cognitive algebra, which our developmental studies suggest is substantially biological in origin,
cnn‘stitutes one such set of general-purpose processes. It is no surprise, therefore, that what seem
irrational biases from a normative view may make good sense in cognitive algebra (Anderson,

1981a, pp. 27-29, 45-49, 83, 214, 293, 367).

EVERYDAY LIFE

Everyday life is a realm of person cognition, especially sell cognition, of social attitudes, marriage
and parenting, leavened with diverse social motivations from liking and obligation Lo blame and

ego defense. This is a primary realm for human thought and action.
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Everyday life has been Lhe main field for development of the theory of information integration,
which began as a theory of sacial cognition. This work, it may be emphasized, has been al the
same cognitive level thal has characlerized most judgment-decision research. There are many
common concepts, weight, value, and probability, for example, and typical TeSpONse measures are
at the same molar level. Everyday life is far richer, however, than the narrow world of urns and
beis that is prototypical of the judgment-decision area. Everyday life provides new horizons for
judgment-decision rescarch.

Everyday life has a deeper significance for judgment-decision theory, for it is a source of many
knowledge systems that are used in making judgmenis and decisions. Logic problems, for exam-
ple, are easier when stated in terms of familiar content than when stated abstractly. This facilita-
tion'is considered to result from the assemblage of background knowledge pertinent to the opera-
tive goal.” Personification, similarly, represents the utilization of socia’' knowledge systems outside
their ostensible range. This kind of thinking, heavily metaphorical, is whal the biosocia) heuristic

would suggest for a small brain

COGNITIVE ANALYSIS

Little of the foregoing discussion reflects novel ideas. Many workers in judgment-decision have
been concerned with cognilive process rather than with normative studies, and many of those in
the normative approach have also contributed to cognitive analysis (see, e.g., Kahneman, Shovic,
& Tversky, 1982; Scholz, 1983; Wallsten, 1980). The purposiveness of behavior was a major
theme of Tolman, Freud, and Lewin, to name bul three, and 4 contextual view has been advo-
cated not only in personalily theory (e.g., Magnusson & Endler, 1977; Sarbin, 1977) bul even in
memory (e.g., Jenkins, 1974). Organization of knowledge has been a major concern of both asso-
ciationist and gestalt schools, and schema concepts have been employed by Dgures as diverse as
Kant (see Webster’s unabridged dictionary), Bartlett (1932), and Piaget (1970). Some form of
biosocial view has been adopled by workers in many areas, especially in developmental psychol-
ogy (e.g., Bowlby, 1969; Harlow & Harlow, 1969; sec also Haith & Campos, 1983}, but also in
animal learning and motivation (e.g., Deutsch, 1983; Rozin & Kalat, 1971). Everyday life has
been a primary concern of much work in social and developmental psychology. These and related
influences have been importanti in the present theoretical development. *

Integration theory does, however, provide a unified treatment of all these ideas. These ideas
have evolved naturally from the basic focus on processes of valuation and integration and out of
the coricern with everyday life. This is the origin of the concept of functional memory. This is

the basis for the concern with motivation.
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Furthermore, integration theory has succeeded. It is not a hopelu) promissory note; il is nol a
manifesto: 1t 1s a working reality. The discovery and establishment of cognilive algebra have pro-

vided a base and frame for psychological measurement and a powerlul tool for cognitive analysis.

COGNITIVE AND NORMATIVE APPROACIIES

The cognitive and normative approaches lead Lo different conceptual frameworks, to different
methodologies, and Lo different lines of investigation. Both approaches have appropriate areas of
application, but they are often incompatible.

Indecd, our first applications of information integration theory to standard judgment-decision
tasks [ound serious discrepancies from normative behavior. Intuitive number-averaging, for exam-
ple, yielded strong recency effects (Anderson, 1984), a result generally verified in parallel studies
of psychophysical averaging (e.g., Weiss & Anderson, 1909), not Lo mention the Bayesian two-urn
task (Shanteau, 1970). Such order effects would cause inaccuracies, so normatively they would be

considered ‘‘biases.” Our concern, however, was nonnormalive, for Lthree different processes could
explain recency (see Anderson, 1974b, pp. 68-81). There was, moreover, the basic question of
determining the rule governing the serial integration process

A second result was nonaddilivity in tasks presumably obedienl to mulliattribute utility
models, which prescribe adding rules for attribute integration. In this case (Anderson, 1965),
nonadditivity was deliberately sought out as a critical tesl between adding and averaging rules.
The general failure of the adding rule and the success of the averaging rule imply Lhal cognilive
algebra is different from normative algebra.

In both these arcas, we Jound normative considerations generally a hindrance. They led Lo
inappropriate conceptualizations, to unrevealing experimental studies, and to unrevealing dala

analysis. The following sections illustrate this theme with case examples.

UTILITY THEORY

Cognitive algebra differs from normative algebra in the core arca of utility theory. For multiattri-

bute utility, indeed, the difference is qualilative, involving averaging rather than adding.

Multiattribute Utility. One large class of decision Lasks involves revealed attributes of some
enlity, such as a consumer good. A robust result of over two decades of work is the evidence for
averaging: adding positive information may actually cause the judgment to become less positive.
This averaging effect has been found across many areas, including attiludes (Anderson, 1981b),
and consumer goods (Troutman & Shanteau, 1979), to name but two. Its l;iOIOgicu! nature is

indicaled by its appearance in young children (Anderson, 1980).



_\5“0,_

NORMAN 1. ANDERSON

The standard normative assumption requires some kind of asdding process. The averaging
effect, however, rules out almosi any form of adding. such as adding with diminishing returns.
More important is thal the averaging effect reflects an exact algebraic rule that has fundamental

imporiance for cognitive analysis,

Subjective Expected Utility. The reference task in SEU theory is to judge worlh of two

discrete entities, both typically uncertain. Normative theory suggests the model
SEU = SP, x 5U, 4 5P, x SU,,

where SP, and SU, are the subjective probabilities and utilities of the two entities.

The key Lo testing this SEU hypothesis lies in finding a way to measure subjective probability
and utility. Historically, therefore, joint measurement of subjective probability and utility
became the cardinal problem of ulility theory. Normative axioms, assumptions about rational
behavior, were expected to provide a basis for measurement (see Luce & Suppes, 1965). This
axiomatic approach was pursued strenuocusly, as Estes (1980) indicated, because of “‘the assump-
tion that once the theoretical variables were adequalely measured, the task of theory construction
would be virtually completed |p. 265" This axiomatic approach failed. Some workers even con-
cluded that the SEU model was untestable.

This measurement problem was solved with functional measurement methodology. The suc-
cess of the initial application (Anderson & Shanteau, 1970) has been supported by Lhe later work
of Shanteau (1974, 1975a). The basis for measurement was found in cognilive algebra, specifi-
cally, in the multiplication rule.

A curious result of this work was the appearance of a subadditivity effect. This subadditivity,
like the, averaging effect, meant that the normative axioms were doomed to fail. Unfortunately,
this subadditive “'bias” has gone largely unexplored. One natural hypothesis is that bundles of
distinct commodities are subject Lo a generalized law of diminishing returns. This seems plausible
on the grounds that diminishing returns, which makes sense for bundles of similar commodities,
generalizes to bundles of dissimilar commeodities by virtue of task similarity. An alternative

hypothesis is that the pervasive averaging process is overlaid on a basic adding process.

Expectancy-Value Models. The SEU model is one of a class of ezpectancy-value models that
have arisen in many dilferent areas of psychology (see Feather, 1982). A recurrent theme of the
contribulors to Feather's book is measurement, for the use of such models depends heavily on
capabilities fo'r measuring expectancy and value. Fischholl, Gotein, and Shapira (1982), for exam-
ple, note that “Ii is extraordinarily difficult to study simullaneously the form of the decision
models that people use and the substantive considerations [i.e., values| incorporated in them
|p. 317)” As they recognize, however, this is just what functional measurement has accom-

plished.
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Besides the studies of the previous subsection, applications have been made Lo hunger-thirst
judgments (Klitzner & Anderson, 1977), to snake phobics {Klitzner, 1977; cited in Anderson,
1981a. Seetion 1.5.5), to helping behavior (Lynch & Cohen, 1978), Lo measurement of motivalion
(Anderson. 1978a), Lo poker (Lopes, 1978), and to dating judgment and choice (Shanteau & Nagy,

1979) Functional measurement can thus transform a hopeful verbalism into exact theory.

Decision Weights. The integration model is more general than the normative model. In par-
ticular, the subjective probabilities are replaced by more general weight parameters. As noted by
Anderson and Shanteau (1970, see, similarly, Shanteau, 19758, pp. 133-134)
A second, more specific difference arises in the interpretation of the weight parameters.
Integration theory applies to value judgments generally, whether or not they involve chance
elements. The weight of an informational stimulus representls ils importance in the total
evaluation, and this may be large or small for a variely of reasons. . . . .
In decision making with uncertain information, the weight parameter would reflect the
reliability or likelihood of the informational stimulus. But other factors would also affect
weight. A potential loss, e.g., might have greater felt importance than a potential gain
|pp. 449-450|.

This replacement of subjective probability with the more general concept of weight has been
questioned by some writers (e.g., Payne, 1973, p. 449; Rapoport & Wallsten, 1972, p. 147).
However, a similar idea has been adopted by Karmarkar {1978) and by Kahneman and Tversky
(1979), who have suggested Lhe term, decision weight. Inlegralion theory has the advantage of

having solved the measurement problem.

Nonadditive Utility. Additive utility models can be useful in two ways: as approximation and
as bases for optimal action. The subadditivity effect, for example, is not large, and it could be
neglected in many practical applications. To a lesser degree, the same is true of the averaging
effect.

Bul for cognilive analysis, clearly, additive utility models inay be seriously misleading. Furth-
ermore, calling the nonadditivity a bias does nothing to elucidate its nature. Its meaning is quite
different depending on ils locus in the flow of information processing. Nonadditivity could result
from information interaction at the valuation stage or from a nonlinear integration rule, but these
two are psychologically different. Cognitive analysis is required to determine this. This was a

fundamental issue in the establishment of the averaging model discussed next.
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AVERAGING

The averaging rule is & quantitative law of cognition, one of the few thal have been set on solid
ground. Establishing the averaging rule as an exact model was by no means easy, and several dif-
ficult theoretical problems had to be resolved (Anderson, 1981a, Chapier 2). The averaging rule
has become one of the basic results of the theory of information integralion, and it possesses some

notable advantages for cognilive analysis.

Weight Identifiability. The averaging model possesses the remarkable property of allowing
estimation of weights of qualitatively different attributes on a common ratio scale. Comparison of
attribute importance, unconfounded with scale value, Lhus becomes possible. In this properly, the
averaging model seems unique.

Many decision models employ weights, it is true, but only the averaging rule seems to provide
valid psychological measures of weight. Regression weights, for example, are confounded with
scale unil and so are not properly comparable across different predictor variables. Standardiza-
tion does nol solve this problem, and may make it worse {Anderson, 1982, Section 8.1). In all
these cases, the weights are arbilrary mathematical parameters, lacking in psychological meaning.

Sell-estimation of weights, in which the judge is asked to rate importance of each attribute,
may thus be put on a rigorous base with the averaging model, Self-estimation is fairly common,
but its validity has been untestable because Lhe true weights were unknown. The averaging
model goes beyond providing a validity criterion, for this can be used as the basis for developing
empirical procedures thalt may be expecied to yield valid self-estimates under general conditions.
This capability, as emphasized at an earlier conference (Anderson, 1982, Note 6.1a), illustrates

how cognitive theory can contribute to practical analysis.

Water Down (Dilution) Effect. - A “bias” produced by averaging is that information of zero
or near-zero value may reduce the polarity of the response. This happens because neutral infor-
mation may have non-zero weight, and so pull the response in toward the neutral center. This
disagrees with virtually any form of adding model.

An illustration from altitude theory was given by Himmelfarb (1974). Previous work had
shown that a polarized message produced less attitude change when it followed an initial near-
neutral message. The inlerprelation was that the initial message produced some active discount-
ing of the following message. This interpretation is unwarranted, as Himmelfarb argued, because
the averaging model predicts the same effect without any aclive discounting process—and
incorrect, because averaging theory had been successful in attitude research. The origin of the

misinterpretation, it may be noted, lay in the implicit normative assumption of an adding model
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An analogous idea was used in a thought experiment about the form of similarity models by
Anderson (1974a. p 256; 1981a, Section 5.6.5). This thought experiment consisted of adding
common clements to iwo stimuli, thereby increasing Lheir similarity. This eliminales the model of
additive dissimilarities that has been standard in multidimensional scaling. It agrees with an
averaging process for similarity judgments.

A striking instance of this averaging effect was found by Shanteau {1975h; Troulman & Shan-
teau, 1977) lor the Bayesian two-urn inference Lask. Samples of equally many red and white
beads, although completely uninformative, nevertheless caused the response ta shift Loward the
50:50 point. Shanteau's water down effect was rediscovered by Nisbett (Nisbett & Ross, 1980)
and Zukier (1982), who renamed il the dilution effect {see Anderson, 1981a, Section 2.3.8).

As Shanteau emphasized, a sharper contrast between the cognitive and nermative approaches
can hardly be imagined. Here again a resull thal seems mysterious bias from the normative

standpoint becomes meaningful within cognitive theory.

SERIAL INTEGRATION: ANCHORING AND ADJUSTMENT

Integration of information is Lypically serial. Even though the information may be presented all
al once, the judge ordinarily has to evaluate and inlegrate one piece at a time. An obvious prob-
lem is thal order of processing may influence the final judgment. The later information, being
fresher in memory, may have greater influence: a recency effect; or the initial information may
crystallize the judgment, reducing the influence of the later information: a primacy effect. Serial

integration was a basic concern in the initial development of information integration Lheory.

Process and Accuracy. The cognitive and normalive approaches contrast nicely in studies of
intuitive number averaging. Because of their concern with process and accuracy, respectively,
they lead to dilferent Lheoretical issues, to different kinds of experiments, to different methods of
analysis, and of course to different kinds of substantive conclusions (see Buscmeyer, 1985).

Ihe first integration study (Anderson, 1984) oblained good evidence for a secrial averaging
model, in which the order effects (strong recency) were represented as weight parameters of the
model. This analysis made it possible to Lest, in particular, that subjects did estimate an arith-
metic mean rather than some other measure of central tendency. This had remained an arbitrary
assumption in the normative approach.

A notable contribution of the serial averaging model was its capability for obtaining a com-
plete serial curve that showed the weights of the stimulus st each serial position (see Anderson,
1981a, Figure 2.10). Previous work on primacy-rgcency had been limiled to gross comparisons
between the first and second halves of the sequence. Functional measurement not only yielded

the delailed serial curve, but the success of the model provided a validational base for the
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measuremeni. These possibilities lay entirely oulside the normative capabilily. With iniegration
theory, the inaccuracy ‘‘biases™ began to make psychological sense in terms of attention, salience,
and discounting processes. As concluded in a later application [Anderson, 1968)
The general approach taken here is of interest from a joint theoretical-methodological stand-
point. |[Previous approaches| have placed primary emphasis on response accuracy, evaluated
against some numerically “correct’ crilerion such as mean or midpoint |and| considered
high accuracy Lo be the mosi. important result that had been obtained. Such resulls can be
quite interesling, of course, bui they can obscure the basic theoretical problem. .

emphasis on & normative criterion may retard development of an adequate theory |p. 392|.

Generality. Generality is a further advantage of the serial inlegration model. It has been
applied extensively in social cognition, where normative Lheory is seldom relevant because no
accuracy criterion is available. Moreover, it does not require a prior metric for the stimulus
values, and it can allow for personal valucs.

One area of npplicnl-ion. has been to the personality adjective task, which, in contrast to
number averaging, can yield a primacy effect, with the iniltial information having greater efTect.
Three main explanations for this primacy effect have been considered: change-of meaning, accord-
ing to which the initial adjectives interacl with and change the meanings of the later adjectives;
discounting, according to which the initial adjectives act to reduce the weighi of the later adjec-
tives; and attention decrement, according to which the weights show a steady decrease across
serial posilion owing Lo attention decrement, independent of adjective interaction. The Mnal array

of evidence {see Anderson, 1974b, pp. 68-81) overwhelmingly lavored the aitentional explanation.

Anchoring and Adjustment. The anchoring and adjusiment ‘“‘heuristic”” of Tversky and
Kahneman (1974) is a special case of serial integration. According to this heuristic, subjects
integrate by beginning with one piece of information and adjusting their response in the direction
of a second piece of information ~which is just serial integration. The essential conteni of this
heuristic is that adjustments are *‘typically insufficient |p. 1128].”

Anchoring and adjustment does not explain anything. The examples considered by Tversky
and Kahneman are merely rephrasings of the statement that adjustments are insufficient. No
explanation is given why adjustments are insufficient; this is taken as an empirical generalization.

This “heuristic’’ contrasis with the cognilive approach outlined in the previous subsection.
Insufficient adjustment would, of course, produce primacy effects. The psychological problem is
to determine what processes are responsibie for these primacy ellects. Farlier work had already
advanced far beyond the position of Tversky and Kahneman.

Even as an empirical generalization, anchoring and adjustment is unsatisfactory because it is

false. In judgment-decision research, many studies of serial integration show recency, as in Lhe
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cited study of number-averaging and in Shanteau’s (1970, 1972) studies of Bayesian theory (see
Busemeyer. 1985). To handle the facts would require two heuristics: anchoring and underadjust-

ment: and anchoring and overadjustment. With this, anything can be explained.

Theoretical Derivation of Anchoring and Adjustment. Anchoring and adjustment is
implicit in serial integration. Given a sequence of stimuli, the equation for Lhe adjusted response

al each step of Lhe sequence is
Rivy = woiR + w4844

where R, v, and s denote response, weight, and value, respectively, and i is the serial position
index.
In the special case of averaging, the weighls sum to unily, so the model may be writlten in the

proportionakchange form as
Riva = R+ wiifs, sy~ B)

In this form, the prior response, R;, may be called an “anchor,” and w, , (s, ,, - R.) an “adjust-
ment” in the direction of the present stimulus. The terms anchoring and adjustment add surplus
meaning without theoretical substance.

This integration theory aaalysis has every advaniage over the heuristic, 1t is rigorously
testable, and it has succeeded in many applications. It allows construction of a complete serial
curve of weight, thereby allowing both primacy and recency effects within the same sequence. It
has been pursued to a deeper level of process, with seme success, to understand primacy and
recency. Most imporlant is that it stands as part of a solid Lheory.

This poinL deserves emphasis. Primacy-recency effects have been studied intensively, but little
of this work had an adequate theoretical base. The empirical studies led to a maze of conflicting
results, sometimes recency, sometimes primacy, sometimes neither, without apparent order. Only
with a deeper base in theory did these results begin to make sense, an interesting case history in

scientific inquiry (Anderson, 1982, Section 7.14).

TWO-MEMORY HYPOTHESIS AND AVAILABILITY

An early, surprising finding in the integration studies was Lthal judgment involved two memories:
one for the literal information, another for the meaning of thal information. This finding implies
that reproductive memory is not sufficient for judgment-decision Lheory. A functional conception

of memory is required.
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Two-Memory Hypothesis. In the original experimeni {Anderson & Huberl, 1963), subjects
heard a list of trait adjectives that described a hypothetical person. They judged the person on
likableness and recalled Lhe adjeclives themselves. The nalural verbal memaory hypothesis says
that the judgment of likableness should be determined by the adjectives that are recalled.

This verbal memory hypothesis Tailed. Whereas the recall task yielded strong recency, the
person judgment yicelded weak recency or even primacy. Hence two distinet. forms ol memory
seemed implicaied; one for the relevant meanings of the trait words, the other for the words them-
selves.

This two-memory hypothesis disagreed with then-current views of memory. In the field of ver-
bal Jearning, it was taken largely for granted that meaning was parl of the word. In attitude
research, which went beyond memory to judgment, it was explicitly assumed thal attitudinal
judgments were determined by the verbal retention.

The two-memory hypolthesis has, however, been generally supporied in subsequent work (see
Anderson, 1981a, Section 4.2). It was one result that led to the present conception of functional
memory. In this functional view, interest in memory shifts away from the normative concern with
accuracy of reproduction to a cognilive concern with memory function in judgment and action.
Funclional measurement can measure functional memory, as illustrated by the capability of
obtaining complete serial curves for judgment. This approach does not depend on any specific
form of memory represeniation. Hence it also holds for multiform, distributed memory and for

any mix of serial and parallel processing (Anderson, 1983a).

Availability. The two-memory hypothesis disagrees with the availability heuristic of Tversky
and Kahneman (1973). This heuristic says that judgments of event frequency are determined by
recallability of instances. Il is thus a special case of the verbal memory hypothesis, and so is
inconsistenl with the results just noted.

A second problem is thal availability ignores nonmemory lactors, such as relevance or source
reliability, which are important in judgment-decision theory. This limitation was recognized by
Reyes, Thompson, and Bower (1980}, who acknowledged Lhe need for nonmemory weighting
paramelers in attitudinal judgments, but still maintained that only recallable arguments affect
judgment: “Recallable arguments thai are unimportant will have as little effect as important
arguments that are unrecallable [p: 10]."” This attempt to save availability is insufficient, for the
two-memory research shows that unrecallable arguments can have strong influence.

It may be objected that the availability heuristic applies only to judgmenls of frequency based
on instance information. This would be a narrow concept, for it would not allow lor the obvious
fact that many other finds of informalion, summary statistics, for example, can also affect judg-
ments of frequency. But even this narrow concept would seem incorrecl, as shown by Fiedler's

(1983) experiment with instance information. Fiedler pointed out that Lhe availability heuristic
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rested almost entirely on anecdotal evidence with virtually no altempt al experimental scrutiny.
Fiedler's results disagreed with availability. Indeed, Fiedler arrived at a conclusion similar to the

two-memory hypothesis

Frequency Judgments. A specific example may help clarify sc;mp differences between Lhe
present functional conception of memory and Lhe availability heuristic. Consider Lhe question,
““Are more deaths caused by rattlesnakes or by bees?” The answer, “raltlesnakes,” is taken Lo
refllect not only the operation oi' availability, but also a normative bias, for more deaths are
caused by bees.

But such questions seem almost meaningless within the availability [ramework, which involves
only memory for instances. It is a rare subject who will have known or even read about any
specific person killed by either rattlesnake or bee. Indeed, most judgments of frequency probably
depend on non-inslance information.

An alternalive interpretation is provided by information integration theory, in terms of unc-
tional memory and the construclivist principle. To sharpen the issue, suppose subjects have no
instance information. Being required nevertheless to give a judgment, they cast around for some
usable response dimension. One springs to mind: dangerousness. Subjects accordingly construct
impressions of dangerousness of rattlesnakes and bees, applying the averaging rule to their back-
ground knowledge. Rattlesnakes thus seem more dangerous than bees, and this judgment of
dangerousness mediales the judgment of frequency.

On this analysis, the judgment is a nice piece of problem solving. Far from being a curious
defect, as the normative view implies, it illustrates the cognitive Nexibility of general knowledge
systems in making judgments and decisions on the basis of scattered bits of information.

It is true that such behavior will often be inaccurate. That is the price of a general-purpose
system, and il certainly needs attention. Much the same point was made about social stereotypes

long ago by Lippman (1922; see Anderson, 1983b).

REGRESSION MODEL

The ordinary regression model yields & normative standard for many Lasks, for il defines optimal
response by an adding rule. Partially related is its use for practical prediction, in which it has
exceptional importance. For cognitive analysis, however, the regression model is a weal®tool. A
surprisingly large part of work with regression models is vitiated by failure to come to grips with

this cognitive-normative distinction (Anderson & Shanteau, 1977).

Configurality. Clinicians and laypersons alike believe, often strongly, that they process infor-
mation in a confligural manner, taking account of patterns and interrelations among the informa-

tional cues. Such configural capability was expected to be important in clinical practice.
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Regression models. however, were found to be better clinical predictors than the clinicians' and
even Lo be good predictors of the clinicians’ own predictions (see Dawes & Corrigan, 1974; Gold-
berg, 1968; Mcehi. 1954). It was often concluded that the clinicians’ claims for configural judg-
menl were incorrect.

In fact, configural judgment has been found in many inlegralion studics (see Anderson, 1969,
1972). Later studies have found definite evidence for the widely hypothesized discounting of com-
mon cues in comparalive judgment (Farkas & Anderson, 1979) and for an accident-configural rule
in moral judgment (Leon, 1980), to name but, two.

Curiously, the most strongly believed conliguralilty was found nonexistent: trait adjectives in a
person description do not generally interact to change one another's meanings (see Anderson,
1981a, Chapter 3). This finding of meaning constancy was a key result in developing a theory of
person cognition.

These results illustrate again the advantage of cognilive algebra over normative algebra for
cognitive analysis. This work aiso led to a better definition of configurality (Anderson, 1982, Sec-
tion 7.10). Much of the literature is difficult to interpret owing to failure to distinguish between
interaction among the stimulus informers, which is true configurality, and nonlinearity in the
integration rule or nonlinearity in the response measure. AL the same time, this work has helped
develop better methods for the difficull problems of studying configurality (Anderson, 1981a, Sec-
tion 3.4, 1982, Sections 1.1.5, 3.2, 7.10, and 7.13, 1983a, Sections D and E).

Averaging of Regressed Values. A nice example of the conceptual clarification conferred by
the averaging model of cognitive algebra is given by Birnbaum’s (1976) analysis of a probability
learning task studied by Lichtenstein, Earle, and Slovic (1975). Subjects were trained to predict a
numerical criterion from each of two separate numerical cues, with respective validities of .4 and
.8, and tested with two-cue combinations. The normative model, both in Bayesian decision
theory and in Brunswik’s lens model, is the ordinary regression model, with regression weights
determined by cue validities.

These normative models could not account for the data. They require that a medium value
cue make Lhe response more extreme, whereas the opposite result was obtained. This obtained
effect is just the standard test of averaging discussed previously. Lichtenstein, et al. shifted from
the normative adding rule to an averaging rule. They remained within the normative framework,
however, by assuming that subjects ‘“‘regressed” the separate cues, a normative correction lor
unreliability, and averaged these regressed values. The cogent analysis by Birnbaum ruled out
this averaging-of-regressed-values model and showed how the averaging model of integration
theory gave a unified interpretation of a complex set of results (see also Anderson, 1981a, Section

4.4.3 and Notes 4.4.3a,f).
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The cognitive-normalive distinclion appears al several poinls in the two foregoing studies. As
Lichtenstemn et al. (1975) note, the regression model seemed Lo do well when assessed in the tradi-
tional way but “‘the traditional measures . . . were not useful in uncovering Lhesc serious
discrepancies from the model |p. 85]."” This agrces with the lollowing discussion of weak infer-
ence  The traditional measures originate from the normative orientation and are ill-suited Lo cog-
nitive analysis. As illustrated empirically in a previous study of intuitive stalistics, “Emphasis on
a normative criterion may relard the development of an adequate Lheory |Anderson, 1968,

p. 392)."

Weak Inference. The inadequacies of the standard regression analysis for cognitive analysis
have been emphasized many times (e.g., Anderson, 1962, p. 817, 1968, p. 736, 1969, p. 84, 1971,
p. 193, 1972, p. 96; see also Anderson, 1982, Section 4.1; Anderson & Shanteau, 1977; Slovic &
Lichtenstein, 1971, p. 675). The fault may lie less in the model than in the way il is used
(Anderson, 1982, Section 4.3), but these statistical issues are not of present concern. What is of
present concern is the cognitive-normative distinction. l

Weak inference originated because the concepts and methods that had served well in practical
prediction were continued without realizing that they were seriously inadequate for cognitive
analysis. The very properties thal made the regression model so useful for practical analysis
vitiated it for cognitive analysis. Thus, the common claim Lhal the regression models were so
“powerflul’”” that they failed to detect any real configurality did not realize that this was a sign not
of power, but of weakness.

This cognitive-normative distinction is sometimes submerged under surplus meaning. One fre-

quent claim is thal the regression models ‘‘capture the policy™ of the judge. Even a wary reader
might be misled into thinking that “policy” had cognitive implications and that the regression
weights had psychological significance (see Anderson, 1982, Notes 4.3.1c and 8.1.4b). From a cog-
nitive sl.nndpr;int, the work on cognitive algebra shows Lhal regression analysis, crippled with
weak inference, has done very poorly al capturing policies. An understanding of the implications

of this cognitive-normative distinction is important for produclive research, as shown by the case

examples of Anderson and Shanteau (1977).
MEASUREMENT

Cognitive and Normative Response Bias. The cognitive-normative distinction is nowhere
clearer than in the concept of response bias. Normative bias refers to ordinary inaccuracy, the
difference between the observable response and some objective criterion measure. Normative bias

is thus itself observable, at least in principle.
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Unfortunately, normative bias is often interpreted in cognitive terms. This is a conceptual
error of double meaning, whose clarification requires a definition of cognilive response bias.

Cognitive bias refers to the difference between the observable response and some unobservable
subjective measure, such as subjective probability. Cognitive bias is thus not itsell observable,
bul is rather a theoretical construct.

This vital distinction may be illustrated with simple sensations such as loudness. Subjects
may be asked Lo assign numerical values to sounds in two ways: with the ordinary rating
method ™ or with the method of magnitude estimation propounded by Stevens (1974). These Lwo
methods give sharply dillerent results. Since they are not linearly related Lo cach other, they can-
not both be linearly related Lo Joudness sensation. At least one must be biased.

I'he problem for cognitive theory is to determine which, if either, method gives the Lrue meas-
ure of sensation. This is the problem raised by Fechner for psychophysical stimuli and made
prominent in recent times by Slevens’s controversial power law, based on the method of magni-
tude estimation. This measurement problem has been resolved by cognitive algebra, both in

psychophysics and in judgment-decision Lheory.

Overconfidence as Double Meaning. Double meaning can arise when a normative bias is
treated as though it was psychologically real. As one example, consider the common claim that
subjects are overconfident under certain conditions. In one method of assessment, subjects choose
between two answers to questions of fact and judge the probability thal their choice is correct.
By & normative rule, the proportion of answers actually correct among those judged to have pro-
bability p should equal p. In this case, the subject’s probability response is objectively correct in
the mean. In fact, however, subjecis are generally reported Lo be overconlident for harder items,
underconfident for easier ilems (see Wright, 1984).

This result, of itself, is largely meaningless. The interpretation depends entirely on a con-
cealed assumption that the investigators measured the probabilily response on a true psychologi-
cal scale. No study of this kind seems to have provided evidence for Lhe validity of the response
scale. Since response scales of Lhis kind are subject to various known biases (see Anderson, 1982,
Chapter 1), the assumption seems dubious and unwarranted. Perhaps the subjects were unbiased
al the cognitive level and the bias was introduced by poor experimental procedure.

It may be objected that no cognitive implications were intended in these studies; that the only
intended conclusion is that the proportion correct among those rated p is systematically different
from p; that this rating has an unknown relation to subjective confidence; about which, therelore,
no conclusion can be drawn. But il the bias is indeed in the response scale, it would seem more
fitting Lo conclude thai what was miscalibrated was not the subjects bul the experimental pro-

cedure.
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This example is one of several in which measurement theory is critical Lo the interpretation.
Ths may be called the double meaning bias, for il depends on eliciting cognitive implications that
are unwarranted by the normative referent. Double meaning is easily cured by avoiding cognitive

terms for normalive referents.

RESEARCH DIRECTIONS

Choice ol research direction is important in any field, but especially in a developing field like
Jjudgment-decision. The normative direction has undoubled practical value, and can ameliorate
narrowing tendencies inherenl in process studies (Anderson, 1981a, pp. 91-92). The normative
approach has internal problems, however, one of which is that normative specification may be
more or less arbitrary. This arbitrariness has been noted in relation to the biosocial heuristic, and
similar comments are given by Winkler and Murphy (1973), Hogarth (1981), Christensen-
Szalanski and Beach (1983), as well as Lhe extensive discussion by Cohen {1981} and his commen-
Lalors.

From a cognitive standpoint, the normative approach has two dangers. One is thal it imposes
a conceplual framework that is generally ill-suited to cognilive analysis. This danger has been
illustrated with the case examples of the previous part.

The other danger is Lthat the normative conception blinds invesligators Lo important problems
of judgment-decision that lie beyond the normative horizon. This danger is addressed in this
part, again by case examples, with emphasis on everyday life.

Three directions seem attractive from the present standpoinl. One of these is cognitive
analysis, including more detailed study of schemas and knowledge systems, of construciive
processes in valuation, of information interaction, and of gencral integration pracesses, especially
feature integration and assemblage. A related direction concerns dynamic settings, in which judg-
ment and decision evolve within a sequence of processing. This includes information search, goal
setling, and assemblage, as well as various forms of interpersonal interaction.

The third direction focuses on everyday life, Lreating our everyday judgments and decisions as
a fruilful field for investigalion. One altraction is the richness of this field. A second is its practi-
cal importance. And a third stems from Lhe belief, indicaled in the introductory parl, that the
modes of thought and the background knowledge developed in everyday life are important in gen-
eral cognilion.

The study of everyday life has been urged by many, including those of phenomenological and
ecological persuasions. Much judgment-decision research is at the same molar level, although
with the narrowness typical of the world of urns and bets. Judgment-decision research also suffers
from its past reliance on the normative approach, which causes it Lo ignore much of everyday life,

for which normalive constraints do not exist. The following Lopical overview indicales some ways
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in which integration theory has progressed in the study of everyday life.

PSYCHODYNAMICS OF EVERDAY LIFE

The psychodynamics of everyday life is neglected in normative theory. With liking or blaming,
for example, there is no general standard of accuracy or correctness. Hence there is no base for
normative theory. Other moral and social judgments suffer like neglect. Some nonnormative
approach is needed.

Integration theory provides a straightforward approach to everyday lile, in terms of cognitive
processes. Three topics, liking, blame, and fairness, will illusirate some Lheoretical issues -that

arise in social cognition “and in general judgment theory.

Liking and Disliking. Judgments of liking and disliking are basic in everyday life. Tn one stan-
dard experimental task, subjects make judgments about a person described by several personality
trait adjectives. This task has a number of advantages for experimentlal analysis (Anderson,
1981a, Section 1.8.4), and it was a key task in the development of information integration theory.

A primary theoretical issve concerned meaning constancy. Intuitively, adjeclives in a person
description clearly interacl in their meanings. The guality of patience, for example, seems dil-
ferent in a resourceful, patient person than in a submissive, patient person. Subjects and experi-
menters alike testify to the reality of such change of meaning.

The success of the averaging model implied thal the adjectives had constant meanings, con-
trary Lo intuitive beliel. This conclusion seemed shaken, however, with the associated discovery
of the positive contezt effect, in which the likableness rating of a single adjective, patient, in the
above example, was strongly alfected by the values of the other adjeciives. At face value, this 1a
change of meaning.

But the positive context effect has an allernative explanation, as a halo process. The first
judgment, of the person, is the average of the unchanged values of the two adjectives. The second
judgment, of the particular trait of that person, is the average of the unchanged value of thai par-
ticular trait and the overall judgment of the person.

The difference between these two interpretations may seem subtle, but there is a clear differ-
ence in the processing flow of information (see Anderson, 1981a, Figure 8.2). Moreaver, the two
interpretations make different predictions. Under the meaning change hypothesis, for example,
traits with & wider range of polential meaning will yield greater positive context effect, but not
under the hypothesis of meaning constancy. These and other such tests gave almost uniformly
favorabie support to meaning constancy (Anderson, 1981a, Chapter 3).

Three implications of this work deserve mention. First is the evidence for the averaging

model, which has proved generally useful in judgment-decision theory. Second ia the evidence



~63 -

COGNITIVE THEORY

agamnsi the validity of conscious report, in this case, about meaning change. Third is the demons-
tration of a way to get beneath conscious report with a rigorous analysis of the judgment process.

This provides a valuable Lool for cognitive analysis.

Blame. “Who’s to blame?” is an almost reflex response when Lhings go wrong. *It’s not my
Jault’” 15 almost as refllexive Blaming and avoiding blame are two ubiquitous motivations of
everyday life.

An organizer for blame research is provided by the blame schema (Anderson, 1983c):

Blame = Motive @ Consequences.
This schema reflects the common conception that judgment of blame for some action depends on
the motivation behind the action and the harm caused by the action. The generalized integration
operator, @, has been found to be an averaging rule in a number of situations.

The reference study on the blame schema is that Leon (1980), who obtained many results,
including the first demonstration of Lhe averaging rule for moral judgment, disproof of Piaget’s
centration doctrine, assessment of integration rules for individual children, an accident-configural
rule, and the [irst clear evidence for imputations about missing information. This sheafl of results
from a single study illustrates the usefulness of functional measurement methodology, as well as
the carefulness of Leon’s work. Subsequent studies have applied the averaging model Lo measure
true weights of Motives and Consequences (Surber, 1982), extended the averaging rule to include
the moral variable of recompense (Hommers & Andersen, 1985), and have shown how integration

rules can provide a new way to look at family influence (Leon, 1984).

Fairness and Unfairness. Equitable distribution of goods is a basic problem of society. A
putative normative rule, that pay should be propartional to deserving, dates back to Aristotle and
underlies the current women’s cry of equal pay for equal work. Everyday life indicates, however,
Lhat both pay and deserving have multiple determinants, money, vacalion, and status symbols
being only three varieties of pay, and effort, need, and actual work accomplishment being only
three determinants of deserving. A test of the proportionalily rule thus depends on having some
way to treat money and status symbols, for example, in Lhe same subjective currency.

Although nearly all equity formulations have explicitly adopted some form of proportional rule
(see Adams, 1965; Anderson, 1976; Walster, Walster, & Berscheid, 1978), the rule is untestable
without a capability for measurement of subjeclive values. Functional measurement resolved this
problem and established the operation of a cognitive algebra underlying judgments of fairness and
unfairness. Two applications to cognitive analysis deserve mention.

Equity judgments are doubly comparative, involving comparison of pay to deserving and com-
parison between persons. These comparisons, however, may be made in three psychologically dis-

tinct ways. Letting P and D denote pay and deserving, and A and DB two persons, the fairness



Lézfs_

NORMAN H. ANDERSON

rule may be writien in these Lhree ways:
PalPr = DyfDp
Py/D; = Pg|Dg
Pyf(Pa + Pr) = Daf(Da + Ds)

These three equalions represent diffcrent. orders of processing and dilferenl comparison operations.
The first equation, which dates back to Aristotle, requires initial comparisons of persons A and B
separalely for pay and for deserving, followed by a comparison of these two comparisons. The
second equation, popularized by Adams (1965), requires Lhe opposite order of comparison. The
third equation, from inlegration theory, has the same comparison structure as Aristotle’s model,
but a different algebraic form.

Bul these three equalions are algebraically equivalent. Judgments of fairness cannot distin-
guish among them. Judgments of unfairness, however, defined as the difference between the two
sides of each equalion, can distinguish among the equations. These judgments eliminated the [irst
two rules and gave good support to the third, derived from the averaging model of integration
theory (Anderson, & Farkas, 1975; Farkas, 1982). The algebraic rule thus diagnoses the com-
parison structure of the information processing.

A second processing issue arises when deserving has multiple determinants. The natural, nor-
mative assumplion had been that all determinants are first integrated to form a single overall
deserving, which then determines the distribution. The integration studies, however, revealed a
different rule, in which partial equily judgments are first made for each separate determinant, and
these are then integrated Lo delermine the distribution (Farkas, 1982; Farkas & Anderson, 1979).
Here again, cognitive algebra provided a penetrating analysis hardly ,ossible with other methods

{see also Anderson, 1983a, Section C).

Social Motivation. The three foregoing topics, liking, blame, and fairness, are among the
many social molivations of everyday life. Motivation has been neglected in nermative theory, of
course, owing to lack of accuracy standards. More surprising, most curreni. cognitive Lheories also
have difficulty in handling molivation (see, e.g., Clark & Fiske, 1982; Norman, 1980; Zajonc,
1980), an indication of an overly narrow conceptual framework. Integration theory, in contrast,

provides a direct approach Lo motivation, which is considered an integral component of cognition.

MARRIAGE AND FAMILY

The family is o natural laboratory, not much exploited in psychology. Il is a primary realm of
everyday life, to which judgment-decision theory can bring perspective and methods lacking in

other fields of family studies.
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Influence. Tamily decisions are typically joint decisions. Even decisions that concern one fam-
ily member alone are made relative to a background of constraints imposed by other members.
The study of intra-family influence is thus important in both daily behavior and in long-term
socialization proresses

A new method was developed to study influence belween spouses. In one study, husband and
wife cach received the same information about a child’s transgression and judged how much dis-
cipline should be applied. Husband and wife then received some added information, different for
each, which they exchanged orally. They then revised their initial judgments, taking account of
both their own and their partner’s added information. The design was based on the foregoing
blame schema, with factorial manipulation of molive and damage for the child’s action
(Armstrong & Anderson, 1984).

Results supported the averaging rule, not only for molive and damage, bul also for spouse
influence. This result made possible the tricky task of assessing the influence of each spouse on
the other. This influence followed an egalitarian paltern for these child-rearing judgments. Of
special interest was a substantial spouse similarity in moral values, measured in terms of the rela-
tive effects of motive and damage information. This result, like Leon’s (1984) mother-son similar-
ity, provides a novel way to assess long-lerm social influence. A more extensive investigalion is
given in Armstrong (1984).

Social averaging theory was applied by Graesser (1982) to study the related problem of nego-
tiation Lo obtain a joint decision. Same-sex groups of unacquainted subjects were given individual
payofl functions and bargained in sequential steps to a common poinl on Lhe decision continuum.
The social decision schemes studied by Davis and his students (e.g., Kerr, Stasser, & Davis 1979)
could not account for the results. The social averaging Ltheorem did quite well, illustrating the

potential of inlegration Lheory in group decisions, including marriage.

Personal Design. The neglect of the family as a natural laboratory reflects the methodological
difficulties that face the investigator. Experimental control is essential for serious causal analysis,
and .mnny questions require analysis at the level of the individual. In addition, it is often desir-
able to study each marriage within its own context. -

The method of personal design developed in these integration studies provides some leverage
on these methodological problems. Personal design consists of embedding Lhe abstract task within
the particulars of each marriage (e.g., Anderson, 1981a, Seclion 4.5.2, Note 4.5.2a}). Experimental
control can be obtained with factorial-type design, which allows diagnosis of the integration rule,
together with lunctional measurement of individual values. Other experiments and discussion are
given in Anderson (1983f). Of special interest. are extensions Lo handle sell-estimated paramelers
and other techniques that allow more flexible design, especially in natural situations (Anderson,

1982, Sectlions 4.3 and 6.2).
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SOCIAL ATTRIBUTION

Causal attribution is central in everyday lile, and the attribulion of traits and motives to explain
another’s behavior scems almost as automaltic as object perceplion. Such social attribuiion has a
formal analog to Bayesian inference, although the social “causes’ of behavior, such as motivation,

are Lypically unobservable subjective constructs.

Attribution Schemas. Two schema formulations have been considered in social attribution:
one based on integration theory (Anderson, 1974b, 1978b), the other due to Kelley (1972).
Kelley's formulation is normative in that people are assumed rational, not subject to emotional
bias, whereas integration theory is cognitive and includes molivation and emotion. Two points
from the cited references will illustrate this difference.

First, causal schemas are cognilive procedures in integration theory, as exemplified by integra-
tion rules. In contrast, Kelley defines schema actuarially as a patiern of data, represented as [re-
quencies of Lhree types of evenls in a three-Tactor analysis of variance. The cognitive procedures,
not being tied to actuarial rules, apply to many situations in which an actuarial knowledge base is
absent. Indeed, some schemas have no acluarial representation even in principle, as with the fore-
going blame schema.

Second, Kelley’s concept of information is Ltoo narrow. Motivation and afTect are not allowed
in Kelley’s conceplion of rational attribution. And even at the rational level, Kelley’s schemas
are limited Lo three specific kinds of event information (distinctiveness, consensus, and con-
sistency), which correspond to his three analysis of variance factors. Without a place for the
many other kinds of relevant information, this formulation cannot address much of the social

attribution of everyday lile.

Algebra of Attribution. Integration theory has established & number of exact rules of attribu-
tion. One result is cited here to point up the difference between cognilive algebra and normative
algebra. In this study (Anderson, 1974b, Section II1.B.2}), subjects received information about two
of three quantitics, namely, Performance, Motivation, and Ability, of persons Lrying out for a run-
ning team, and judged the third quantity.
Judgments of Performance followed a multiplication rule (see also Anderson, 1983a, Note 3):

Performance = Motivation x Ability.
Mathematically, therefore, judgments of Motivation and Ability should follow a dividing rule. In
fact, they followed a subtracting rule.

Motivalion = Performance - Ability

Ability = Performance - Motivation.

Subjects thus obeyed a cognitive algebra, but not a normative algebra.
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INTUITIVE PHYSICS

As a normative domain, intuitive physics has certain advantages over the intuilive statistics of
standard judgment-decision research. Judgments of area or speed, for example, have clear percep-
tual relerents on each occasion, thereby avoiding the complicalions associaled wilh inferences
from samples and averages over mulliple occasions. Nalure, moreover, provides an exact stan-
dard of correctness on each occasion.

Two cases of intuitive physics are considered here. Both showed nonnormative behavior, but
this made cognitive sense. In both cases, a normative focus on accuracy would have yielded little
insight, whereas the patlern analysis of integration theory revealed a cognitive algebra. Both
cases, moreover, involved developmental analysis, which increased our understanding of inlegra-

tion processes.

Height -+ Width Rule for Area of Rectangles. A serendipitous finding was that 5-year-olds
judge area of rectangles by adding height and width. The natural reaction is thal something must
be wrong, for the child need only look to see how big the rectangle is. When the normative
Height x Width rule is so perceptually direct, it hardly seems credible that young children should
adopt a physically incorrect rule that seems cognitively more sophisticated. Many alternative
explanations had to be explored, therefore, bul a series of eight experiments placed the Height +
Width rule on solid ground (Anderson & Cuneo, 1978).

Establishing the Height + Width rule leads on to the question of ils interpretation. Anderson
and Cuneco suggested that it was one manifestation of a general-purpose adding-type rule. Chil-
dren are considered sensitive to one-dimensional cues to quantity, but have available only primi-
tive integration operalors, notably a general-purpose adding-type rule. Height and width, being
the two salient one-dimensional cues, were accordingly added. The Lest of this interpretation was
sought=and found ~in other tasks of intuitive physics in which physics also prescribes a multipli-
cation rule but children add (see Cuneo, 1982; Wilkening, 1980, 1982).

This general-purpose adding-type rule appears as early as 3 years of age, which suggesls a bio-
logical base. Certainly there is little or no social training for such integration tasks. And
although the rule is nonnormative, it provides a rough approximation and so makes biclogical
sense for a small brain. These developmental studies can Lhus help us understand cognitive alge-

bra (scc also Anderson, 1983d,e; Wilkening & Anderson, 1982).

Distance, Velocity, and Time. Uniform motion exhibits Lhe rule,
Distance = Velocity x Time,
which interlocks the three physical quantities algebraically. Psychologically, however, distance

seems easier Lo apprehend than time. Nonnormative judgment might thus be expected.
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Fundamental work by Wilkening (1981, 1982) has siudied the developmental course of all
three judgments. The experimental task asked for judgments about an animal feeing from a
barking dog. Three sublasks were used, in which infermation was given about one pair of quanti-
ties and judgments were obtained aboul the third.

All three judgmenis obeyed a cognilive algebra. Judgments of distance, given velocity and
time, followed an adding rule in 5-year-olds, & multiplying rule in older subjecis. Judgments of
time, given distance and velocity, followed a sublracting rule in b-year-olds, and a dividing rule in
oider subjects. Judgments of velocily, given distance and time, followed a distance-only rule for
5-year-olds, and a subtracling rule for older subjects.

Here again cognilive algebra is not normative algebra. Thus, the judgments of distance and
time by 5-year-olds follow the foregoing general-purpose adding rule, not the normative multiply-
ing and dividing rules. For each age group, moreover, Lthe three judgmenis arc normatively incon-

sistent, as in the foregoing study of social aitribution.

HUMAN MOTIVATION

Molivation is central to judgment-decision theory. This reflects the purposiveness of behavior, for
judgment and decision are typically directed toward some goal. Because of this concern with
goal-directed thought and action, judgment-decision is more intimately concerned with motiva-
tion than almost any other area of psychology.

Motivation has, however, been taken for granted in judgment-decision research. Nol that
other areas of psychology give much help. Empirical work has concentraled on animal studies
(e.g., Bolles, 1975), but even basic drives, like food and sex, are so heavily socialized in man that
animal studies have limited relevance. Clinical psychology is constricted by the psychoanalytic
conceplion of unconscious motivation, which has little bearing on the motivations of everyday lile.

lPerBonnliLy theory is more pertinent, but rarely goes beyond typology and tesi-correlation metho-
dology, which is too gross to tell much about cognition or even about parlicular individuals in
particular situalions (e.g., Mischel, 1968). Nor does personality theory say much aboul motiva-
tions of everyday life.

One foothold for motivation rescarch is provided by information integration theory, based on
concepis of valuation and integration. Motivations rarely act singly; molivalion integralion is the
norm (Anderson, 1978a, 1981a, p. 309). Integration processes for motivation can be studied in
the same way as for other kinds of information.

Integration rules, moreover, can provide a base and frame for measurement of values. Values,
because they derive from goal-directedness, are a basic concept in all approaches lo judgment-

decision.
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This research direction is not just an aspiration, bul a living reality. Liking, blame, and fair-
ness. 1n particular, are with us every day. In a modest bul effective way, they can be subjecled Lo
exacl analysis, as already illustrated. These are the motivations of everyday lile. This is motiva-

tion with a human face
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ECONOMIC AND PSYCHOLOGICAL APPROACHES TO THE STUDY OF ECONOMIC BEHAVIOR:
SIMILARITIES AND DIFFERENCES

Psychology and the Complete Ecomomist

"To be a complete economist, a man need only be a mathematician, a
philosopher, a psychologist, an anthropologist, a historian, a geographer
and student of politics; a master of prose exposition; and a man of the
world with experience of practical business and finance, an understanding
of the problems of admimistration, and a good knowledge of four or five
foreign languages. All this in addition, of course, to familiarity with
the economic literature itself. This list should, I think, dispose at
once of the idea that there are, or even have been, any complete ecomomists
and we can proceed to the practical question of what arrangements are
likely to provide us with men who will feel not wholly confounded when
an important ecomomic decision confronts them." (Shackle, 1955, p. 241)

Indeed the complete economist appears to he the complete social scientist
and the typical economist should at least be open to scientific contri-
butions from other social and behavioral sciences if not well versed in
them. The purpose of this paper i{s to discuss some actual and potential
relations between economics and psychology which can be seen as &

perhaps basic step toward the complete economist. Incidentally, Shackle

is one of the few eronomists who have done some work with psychological

concepts in the company of psychologists.

Intuitively, economics and paychology seem to have much in common since
both at least on the surface deal with human behavior, albeit they cut
it into somewhat different slices. The paychologist's slices may just
be very much thinner thaa those of the economist. A psychologist who
looks at economic theoretical models to find a place where his know-

ledge of behavior can fit in and improve the theory,all the same faces

Paper to be presented at the tenth research conferense on subjective probability,

utility and decision making, Helsinki, 26~29 August, 1985.
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a difficult task. Somehow human sctors and psychological concepts are
rare in economic models. The behavior talked about turns out to be for
example cost and revenue behavior, or behavior of supply and demand curves
without any human agents. In econometric models, the psychologist usually
iooks in vain for variables corresponding to the concept of expectation

which is frequently used both in psychology and economics.

It is no wonder then that the psychologist picks out and turns against
the basic postulate of rationality in economic behavior. It should not
be difficult for a determined psychologist to prove that there exists no
such thing as an economic mwan. To the maifstream economist such attacks
seem like shadowboxing. Attempts by a few economists to use psychology
for replacing the rationality concept have on the whole not been very
successful and they have been based on the idea that in some sense the
rationality concept is mot realistic (see eg. Scitovsky, 19765 Maital,
1982; Alhadeff, 1982 for examples of recent attempts and e.g. Weisskopf,
1955, for an early attempt). The promulgated new theory turns out to be
difficult to apply to studies of reality although apparently more reality

oriented in the sense that it is based on actual psychological theory.

In the remaining part of this paper I shall develop further the difficulties
encountered and try to note some characteristics of the areas where some
success has been achieved. I know little about the history of economics

and only a little more sbout the history of psychology, but I think it

is important to try to find out where the two sciences started diverging
from their common footing in philosophy.

The Early History of Economics and Psychology

Both economics and psychology were closely related to philosophy in earlier
centuries. Adam Smith who is often seen as the founder of economics

through his "Inquiry into the Wealth of Natioms" (1776) had seventeen

years earlier published a study on'the Theory of Moral Sentiments"

which had some basically psychological ideas. The French social psychologist
Gabriel Tarde who coined the concept of economic psychology in the early ‘
1880's and later published a two-volume work on economic psychology

(Tarde, 1902), accused Adam Smith of having forgotten his knowledge of
psychology when writing the econcmics book. Smith especially omitted the

fact that the human being was a social being, interacting in many ways
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with his fellow human beings. Interestingly enough, the game type of
critique against Adam Smith is nowadays heard in debates about market
systems and the pursuance of self-interest. Although Kant toward the
end of the eighteenth century had declared that psychology could not be
a science since it could not use mathematics and experiments, the idea
of testing certain philosophical problems in the laboratory intrigued
many would-be-psychologists (Boring, 1950; Luchins & Luchins, 1965).
The fact that physiological studies were performed in the laboratory
provided ideas that led to the opening of the first laboratory in experi-
mental psychology in 1B79. It should thus be noted that experimental
psychology was not started because of problems in everyday life, but

rather on account of interest in the philosophical mind-body problem.

The Austrian School in Economics and Utility Theory

When economics started developing into a science of its own, it relied on
hedonistic philosophy and common sense rather tham on the little there

was of scientific psychology. The Austrian economist and social philosopher
Carl Menger published his "Grundslitze der Volkswirtschaftslehre" in 1871.
This was the beginning of the Austrian achool in economics which for some
time was highly influential, Similar ideas emanated from Bentham and

Jevons who like Menger proposed utility theories. Jevons and Walras in-
spired the use of mathematics which was foreign to the Austrians. Jevons{1871)
was apologetic about his use of mathematics, but justified his attempts

to use differential calculus by pointing to the fact that political economy

dealt with quantities.

The Austrian school which is often called psychological did not and stili
does not base its psychological concepts or reasoning on the science of
psychology, but rather relies on selfdeveloped concepts (see e.g. chapters
by Kirzner in Dolan, 1976). Without any support from scientific psychology
Menger (1871) developed a need theory the essentials of which are shown in

figure 1.

l Figure 1 about here 441
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The basic idea behind the table is that need groups can be ordered in terms
of how demanding they are and that there are levels of sati§faction. The
most demanding need group is I which according to Menger is the need for
nourishment. When some satisfaction is given, the urgency of this need
group diminishes and another need group is attended to. Menger suggests .
that need group V could be the need for tobacco which is then attended

to when the four higher need groups have each got a certain degree of
satisfaction. Embedded in this table is something very gimilar to the law
of marginally diminishing utility which was Formulated mathematically by
Jevons (1871). The value of goods is according to both authors determined
by their capacity to satisfy wants, i.e. the price the consumer is willing

to pay can in principle be defined from Menger's table.

Jevons treated political economy as a "Ealculus of Pleasure and Pain".

‘The Theory of Economy thus treated presents a close analogy to the science
of Statical Mechanics, and the Laws of Equilibrium of a lever as determined
by the principle of virtual velocities. The nature of Wealth and Value is
explained by the consideration of indefinitely small amounts of pleasure
and pain, just as the theory of statics is made to rest upon the equality
of indefinitely small amounts of energy" (Jevons, 1871, preface). In deve-
loping the concept of utility, Jevons cited the work on emotions and will
by the first British psychologist, Bain (see Boring, 1950).

A similar need theory to that of Menger was independently conceived much
later by Maslow (1954). It has received & lot of attention, especially in
social pasychology, but it has not inspired the same type of quantitative
precision as the theory of marginally diminishing utility.

Menger declared that those economists who were grappling with the causal
contexts of goods and. causal laws connected therewith, were mistaken about
economics ("Wirtschaftstheorie"), Such tasks were to be solved by the
natural sciences including psychology. "Wir dagegen haben die Gliter als
Mittel flir menschliche zwecke zu erfassen, ihren zusammenhang im zweck-
bewusstsein der wirtschaftenden Menschen (ihren teleologischen zusammen-
hang) zu erforschen und die Gesetze desselben festzustellen.'" (Menger,

1871, p. 21 footnote). Similar views on the roles of economics and psychology
still seem to characterize the Austrian, so-called psychological school in

economics (see e.g. Dolan, 1976). It is a hedonism towards the future
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whereas mainstream psychology became preoccupied with a hedonism of the

past, i.e. reinforcement rather than teleology (Boring, 1950, p. 704).

Mainstream Economists and Psychology

Mainstream economists have adopted a paradigm — in the Kuhnian sense -
in which mathematical reasoning plays a dominant role. Mathematics is
used for deductive reasoning and by means of auxiliary, simplifying
assumptions the models are empirically tested. Cyert & Simon (1983) have
recently accused economic theory for being only a branch of applied
mathematics and recommended that behavioralism should prevail rather

than mathematics.

Mainstream economists firmly reject the idea that the study of the indi-
vidual can be fruitful and rewarding. Becker (1976) calls his appruaéh
"the Economic Approach to Human Behavior" and obviously sees it as a,
complete model of human behavior, superior to any psychological or be-

havioral model. There are three components in this approach

1. utility maximizing behavior, i.e. ratiomality
2. stable preferences

3, market equilibria.

Deviations from rationality are assumed to cancel out in a population
and are anyhow limited in range because there are limited nppbrtunity
sets in the market place (Becker, 1976). Stigler and Becker (1977) have
shown that preferences are stable and that this also holds for the
effects of advertising. Advertising is generally assumed to affect pre-
ferences, but in the framework of Stigler and Becker, it is reconcil~
able with the assumption of stable preferences. The concept of market
equilibria is fundamental for economic analysis and essentially involves
that market forces tend toward a balance - which may never be attained
because new circumstances occur. Supply and demand, costs and revenues
or benefits tend towards equilibria. This assumption is an important
analytical tool.Psychological phenomena are at best epiphenomena,
accompanying and being caused by more fundamental phenomena., A lot of
interest is Focussed on transmission of information and the role of
expectations, only these concepts are devoid of psychological meaning

and had better not be studied at the individual level.
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pData collected from individuals are assumed to be laden with bias for at

least three reasons.

1. people may lie about their behavior and expectations
2. people may ignore the facts asked for and still provide answers

3. people may be mistaken and give the wrong information

Despite ignorance and mistaken views, people may anyhow on average and over
time display rational behavior. In addition to being .error ridden, data
on individuals tend to be expensive to collect. Consequently, mainstream

economists have little interest in psychological theory and methods.

The Case of Rational Expectations Theory

Macroeconomic theory started with Keynes (1936). Like the so-called Stock—
holm School (Lindahl, Myrdal and Ohlin) Heynes paid a lot of attention te
psychological concepts, but made no use of scientific psychology. Ex-
pectation became one of the mostly used concepts in macroecoromic theory and
the question arose how expectations were formed. The prevailing notion was
for many years that expectations were formed on the basis of previous ex-
perience and several models were developed om the basis of extrapolated
experience or some adaptive mechanisms. In the latter models, the concept

of learning was incorporated. The concept of expectation was considered to

be psychological and unobservable and there was a quest for replacing it by
measurements of objective data such &s time-series of price level develop-
ment. There was little discussion of the seemingly important question whether
there could be expectations when there were-hitherto unknown future phenomena

to react to.

The theory of rational expectations turned the concept of expectation from
psychology in the economist sense over tc economics. Rational expectations
is nothing more than the consistent application of neoclassical economic
analysis to the decision making under uncertainty (Carter & Maddock, 1982;
1984). Facing uncertainty the rational individual is assumed to gather
information up to the point where the marginal cost of additional informa-
tion is equal to its marginal benefit (Stigler, 1961). The theory thus
stresses the role of information or rather the use of the best available
information. This means for example that decision makers tend to rely on

the best available forecast of future price levels and even are willing to
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pay for it. The original idea imvolved that decision makers formed their
expectations in exactly the same way as qualified economists derived

predictions (Sheffrin, 1983).

The most important characteristic of the theory from the vantage point of
macroeconomics is that information about government economic policy
measures is also included in the considerations of the decision makers.
This is often interpreted in such a way that "aggregate demand manage-—
ment" practised by a government for example to lower unemployment will

be ineffective {(Carter & Maddock, 1984). This is known as the policy
impotence result of rational expectations. The stagflation crises with
both highginflation and high unemployment which have recently characterized
many countries are seen as evidence of the impotence of governments and
their economic advisers. The theory gives one way of explaining this

impotence.

There is much more to say about the theory of rational expectations. It
tries in Kuhn's sense to explain an anomaly within a paradigm and there is
disagreement about how well it succeeds. With respect to psychology, the
theory means that the concept of expectation has become more firmly rooted
in pure economic theory and that rational expectations utilizing informa-
tion can be deduced without recourse to psychology. There remain some
problems with the empirical measurement since the objective macro-economic
proxies replacing direct assessment of expectations do not seem to functiom
too well (Carter & Maddock, 198B4)., The difficulties have as a matter of
fact inspired some laboratory experiments run by economists to study how
people combine information to form rational expectations. Even adherents ad-
mit that there are still many problems connected with rational expectations

theory.

Some Economists' Expectations re Psychology

There appear to be three kinds of expectations on what peychology can
contribute to economic theory among economists who entertain a hope of

developing economics by means of psychology.

1. The concept of rationality can be challenged and replaced by ideas

borrowed from psychological theory.



A.&Q_’_

2. The concept of rationality is kept, but is extended, elaborated or
complemented on the basis of psychological theory.

3. Psychological constructs on a low level of abstraction and the
methods used to measure or assess such constructs are accepted

for use in certain economic or econometric models.

Frontal Attacks on the Postulate of Rationality

Scitovsky (1976) attacked the rationality postulate in a book which

tried to use psychological arousal theory as a basis for, if ﬁot really

& new theory of consumer economics, at least a profound discussion of
economic behavior. He distinguished between two major motivational

forces in human behavior according to arousal theory: on one hand, to
ward off disturbances or the search for comfort and the search for stimul-
ation or pleasure, on the other. Giving a number of examples he elaborates
on the importance of making this distinction for economic explanations
and predictions. Just observing preferences as revealed through market
behavior does not take care of this distinction. As a consequence the
economist misses such things as the quest for variety which characterizes
modern life in the welfare states and the stimulation or pleasure gotten
out of work. To my mind there is no doubt that if the search for variety

is a stable preference, forecasting of consumption will be very difficult.

There have been other frontal attacks on the postulate of ratiomality.
Alhadeff (1982) starts his development of a new microeconomic theory

by attacking the economic theoretical aséumption that only ratiomal
behavior can be modeléd. "The true barrier to modeling behavior is

not irrationality but the absence of a lawful relation -." (Alhadeff,
1982, p. 3). He finds that Skinner's operant conditionning theory offers
a fruitful way of modeling human behavior without recourse to such non-
operational variables as utility and rationality. Behavior which goes
against economic rationality can be lawful and modeled, as for example
the fact that intermittent reinforcement raises the probability of
responding above the value generated when all responses are reinforced.
Alhadeff's model of consumer behavior is essentially a conflict model,

based on operant conditioning theory and Neal Miller's conflict models.
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It escapes the critique by economists that when psychologists study
consumer behavior they have too much of a tendency to look at the attrac-
tiveness side and not the sacrifice side of the choice alternatives

(Meyer, 1982; Maital, 1982).

Scitovsky, Alhadeff and another promotor of alternative behavioral eco-
nomics, Maital (1982) stress the importance of empirical evidence on
behavior and laud the use of laboratory experiments for studying economic
behavior. This is also the tenet of the new branch which is called "Ex-
perimental Economics” (see Smith, 1982; Plott, 1982).

Reshaping the Postulate of Rationality

The concept of bounded rationality, which was proposed by Herbert Simon
(1955) is by now a well-known concept although it is apparently not
generally accepted among economists. It is widely used in behavioral--
theories of the firm and in consumer information processing. After
Stigler's 1961 paper on the economics of information which incorporates

a theory for information search there is a truly economic way of modeling
some behaviora that only bounded rationality which was based on psycho-

logical concepts seemed capable of handling.

Other attempts that can be mentioned involve the development of prospect
theory (Kahneman & Tversky, 1979) which I shall treat more fully a
little later. It suggests on the basis of empirical evidence that ex-—
pected utility theory leads to wrong predictions of risky choices.
Maital (1982) has suggested that in the long run prospect theory may re-

place the present postulate of rationality.

An interesting attempt to turn psychology into economics by making a psy-
chological theory commensurate with the rationality postulate has been
made by Akerlof & Dickens (1982). They adopt the psychological theory of
cognitive dissonance which as a matter of fact has a debated place in
psychology, for use as an explanatory factor of seemingly irrational
behavior. They rephrase cognitive dissonance theory so that it becomes
compatible with the rationality postulate. Behavior influenced by cog-
nitive dissonance is in other words seen as rational and predictable. A
prerequisite is the assumption that people have preferences not only for
different world states but also for their owun beliefs about world-states

and that they can choose their beliefs up to a peint.
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Using Psychological Knowledge Production

Sofar I have been dealing with the use of psychological theory at the micro
level. Scitovsky and other ecomomists who have borrowed psychological
theory are not like most psychologists concerned about individual behavior,
but rather about economic behavior in large aggregates like national
economies or at any rate considerable portions thereof. An altered,

at least from a psychological point of view improved microeconomic theory
of consumer choice or entrepreneurial behavior, is put to crucial tests
primarily on the aggregate ievel. The résults of these tests decide

whether the alterations are acceptable.

On the macroecomomic level, there has been an increasing use of psychologi-
cal concepts and data collection methods. The concepts are few and usually
restricted to expectations, certain attitudes and buying. intentions or buying
plans. The studies involve interview surveys and the results are reparted

as consumer or business confidence studies. The direct application of psy-
chology at the macroeconomic level has to some extent been successful in

the sense that the concepts and measurements have been adopted for use in
many continued studies of national economies. The EEC countries for example
conduct three annual surveys since the early seventies (see e.g. Oppen—

iinder & Poser, 1984).

Economists are more interested in how things change than in how they are
(Morgan, 1967, 1978). How is consumer buying benavior affected when
incomes or relative prices ‘change? How does inflation or a change in the
rate of inflation influence saving behavior? Morgan asserts that many

of the variables interesting to a clinical psychologist in interpreting

behavior are of mo interest to the economist for two reasoms.

1. Some variables useful in explaining individual differences

do not change over time, for example personality traits.

2. Some factors which affect behavior and also change over
time, change in different directioms for different people,

in a kind of random fashion which cancels out in the aggregate.
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The index of Consumer Sentiment

George Katona (1975) had already in the middle forties started developing
what was later to be called the Index of Consumer Sentiment (ICS): The ICS
involves the measurement of attitudes-expectations through five care-
fully selected interview questions posed to representative samples of

the adult population. The questions are very simple and refer to judgments
of past and future financial situations for the respondent's own household
and the economy as a whole. The f£ifth question concerns whether it is a
good time to buy durables or not. The answers to each questicn are,in the
design always used by Katona himself, carefully followed up through
probing techniques in which the interviewer asks broad, open-ended questions.
The Index of Consumer Sentiment has shown a good capability of predicting
on four to six months' notice upturns and downturns in the economy. It is
in the mass media reported as an index of optimism-pessimism. Consumer op-
timism is up is then a good indicator of an upturn coming in the near

future.

More or less against Katona's wishes, the ICS has been more and more used
in econometric time-series studies of saving development and purchases of
durables. There are many examples of significant contributions to the ex-
plained variance (e.g. Juster, 1981; Williams & Defris, 1981; Pickering,

1984), but there is also a debate about the use of ICS and of buying plans

‘

or intentions which often accompany the ICS questions (see e.g. Abeele, 1984).

Incidentally, the ICS questions and questions about buying plans were
from the beginning included in the interview surveys to make them a little
more interesting to the respondents (Morgan, 1967). It was felt by the
psychologists that the economists wanted to ask too many boring questions
about incomes, expenditures and wealth. Of course, nobody expected that

these filling-out questions could ever be used in a meaningful way.

Some Psychologists' Expectations re Economics

What psychologists in the first place expect to get from economics is pro-
bably not related to economic theory. Many psychologists have been attracted
to the study of economic behavior and in particular consumer behavior be-

cause this field has provided a testing ground for their ideas. The early
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behaviorists for example were interested in the practical arplications
of their theory and some of them tried their skills on the advertising
world. Good remuneration may have strengthened their interest. Watson

himself became a director in an advertising agency.

Economic behavior involves interesting, both simple and complex problems

and is displayed in many contexts. It is meaningful to subjects even in
laboratory experiments and an experimenter can easily create testing situation:
with high ecological validity. This may have contributed to an increasing
interest among (some) psychologists to study economit behavior, n.b. not

in order to contribute to the development of economic behavior theory,

but to develop further the usual, low abstraction level, psychological

theory they are working with.

Contacts with economic theory have been rare and have mostly led to criti-
cisms of the economic man concept. There is since long some ground of
common interest in the field of utility and game theory. As far as I can
tell the most promising development for interdisciplinary work of interest
te both ecomomists and psychologists has to do with the study of judgment
and choice. Again,this research circles around the rationality or expected

utility comcept with little impact on empirical economics.

Marginally Diminishing Social Impact

Direct loans from economic theory outside of game theory occur occasionally.
Let me give an example. Latané& (1981) studies the influence of the real,
implied or imagined presence of other individuals on people's physiological
states, subjective feelings, cognitions, values and behavior, so-called
social impact. A proposed theory of social impact is based on a principle
calied "The Psychosocial Law" which is modeled on the marginally decreasing

utility of money.

The "Psychosocial Law" is defined as
I= sNt s t&£ 1 and for inhibiting social impact
=t
I = sN
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"When people are in a multiplicative force field, the amount of social
impact, I, they experience, will equal some power, t, of the number of
sources, N, times a scaling constant, 8. Further, the value of the ex-
ponent t should be less than one. Impact will increase in proportion to
some root of the number of people present." "Thus, I suggest, there is

a marginally decreasing effect of increased supplies of people as well

as of money." (Latané, 1981, p. 344). The inhibition or division of social
impact occurs when the tendency to do something is inversely proportional
to the number of people involved. An example is the disinclination of
bystanders to help in an emergency which grows with an increasing number
present. Latané (1981) reports on a study in which the amount of tipping
per person in @ restaurant was investigated and found to be an inverse power
function with an exponent of about .2. Individuals dining alone tipped

almost 19 X, while groups of five to six people tipped less than 13 Z.

One of the areas of application suggested by Latané is the free-riding
or social loafing problem where individuals restrict their inputs to a
common task when the number of contributors increases (cf Stroebe &
Frey, 1982).

A Bold Assertion_

It is a bold assertion to state that economists are more imaginative in
their use of theory than are psychologists. Yet there is apparently some
truth in it. When psychology and economics parted from philosophy in a

more definitive way in the nineteenth century, psychology took philosophical
problems regarding the individual into the laboratory. Economists, on the
other hand, were inclined to solve problems at the macro level in societies.
Many of them were engaged in practical affairs. Bbhm-Bawerk, a famous member
of the early Austrian School, was for example for some time minister of
Finance. Economics needed highly abstract theory to encompass a large
variety of phenomensa in a meaningfully aggregated way. Psychologists

looked for general laws of simplified behavior and ended up with low-
level, fragmentized theories.
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The abstract microeconomic theory with rationality as a basic postulate
presupposes layers of models, involving simplifying assumptioms, for
studies of reality to become possible. Failure of data to confirm hypo-
theses may in economics shake the models in one laver, but leavesthe basic
theory unmolested. In psychology, the low-level theory is directly tested
and if not corroborated, has to be abandoned. It is often saved through
new attempts with changed procedures, ad hoc assumptions, new hypotheses
about interactions or contingencies, or a kind of domain assumptions (cf
Musgrave, 1981). The upshot of this difference in model building.is

that economists produce more conclusions from their use of empirical

data than do psychologists. Economic analysis of data yields more implica-
tions thanks to the more abstract level of the theory and can perhaps

be said to be more parsimonious in its handling of data.
The Instrumentalist View in Economics

Another aspect is that economists seem to make a more liberal use of
theory. With some exaggetation; it can be said that economists tend to
take a more instrumentalist view of theory and stress predictive power
whereas psychologists prefer a more realist view and emphasize description
and explanation (cf Caldwell, 1980). In the philosophy of science, the
logical empiricists favor the idea that there is perfect symmetry between
explanation and prediction and that predictions can be made only if there
are adequate explanations. The scientific ideal pursued by almost all ex-—
perimental psychologists, is epitomized by the Hempel-Oppenheim Covering
Law model (see Hempel & Oppenheim, 1953). This involves looking for good

explanations in the first place.

In his famous statements asbout positive (i.e. descriptive) economics,

the economist Milton Friedman has asserted that a theory may be completely
wrong in its assumptions, but as long as it gives good predictions, it

ie a good theory. This has been called the as-if assumption or the F-twist and
has been the subject of many discussions (see e.g. Cyert & Grunmberg. 1963;
Thaler, 1980; Musgrave, 1981). Similar instrumentalist views are apparently

held by many macro-economists.
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Psychological Theory and Reality

Social psychologists with an inclination towards strictly controled labora-
tory experiments have been targets of many attacks. It has been suggested
that subjects in psychological experiments should be treated more like
human beings than objects to be manipulated (Harré & Secord, 1973). There is
some relevance in this for the interrelations between psychology and
economics as already Tarde (1902) pointed out. Social impact is no doubt
essential for human economic decigions in many contexts, but studied very
little in the areas of human information processing, judgments and choices.
For my purpose, however, another type of criticism appears even more
important. Ideas have arisen implying that psychology, especially social
psychology, should be more concerned about reality. Onme way of thinking

is represented by "Full-Cycle" social psychology (Cialdini, 1980) which
essentially states that social psychology should work in the following way:

make systematic observations of reality
develop theory through laboratory experiments

test the theories through surveys conducted in reality.

Applying the "full cycle" concept to the psychological study of economie
problems would provide more interesting results than mere laboratory ex-
periments studying invented problems. This certainly does not preclude
that lsboratory results can be valuable and interesting. It is rather similar
to the criticism that social psychology does not create gemerative theory
(Gergen, 1982). By generative theory is meant theory that can challenge
what is taken for granted,serve as a basis for changes of (social) reality.
Developers of generative theory are interested in the wide applications

of their theory to problems of reality. Becker's consumer or home econcmics
theory which treats households as both producers and consumers in analogy
with the traditional theory of the firm is in principle a good example

of generative theory. It has been applied to study problems in such
diverse areas as consumption of goods, altruism, marriage and fertility.
The application in the last two areas have met with scathing criticisms
from behavioral scientists, but it may still have been fruitful (for

critical views, see Bagozzi & van Loo, 1978; Berk & Berk, 1283).
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The difference in imagination the existence of which I boldly asserted
earlier, may in the first place be a difference in the views about theory
construction and theory use. Although experimental psychologists tend to
believe in the generality of their laboratory research results, they
apparently do not consider the applicability of experimental results to
non-lsboratory situations as an important problem, They are still similar to
the leading psychologist Kenneth Spence (1956) who stressed that psychology
was a laboratory science and a young one at that. He held that too many
people in psychology did not have the true scientific attitude: they were
too eager to apply psjchological research to practical problems or they
gave in too easily to pressures from their environment to do so. Since
Spence's days psychologists have become more interested in the applica-
bility of experimental research to problems outside the laboratory, but
they have with few exceptions shown little concern about the wider
applicability. Gergen (1982) remarks that Skinner made the necessary steps
towards making his theory generative when he applied his theory to
society in his later writings (1971). Incidentally, in an article about
his old age Skinner (1983) comments that twenty years éarlier he felt

that his productive life as an experimentalist was coming to an end.

"What should I do with myself? °Administration’, Lehman (well-known
researcher on scientific creativity and age) said. But I had been a
department chairman, and that was not an attractive alternative. I turned
instead to broader issues in the design of a culture, culminating in

the publication of Beyond Freedom and Dignity."” (Skinner, 1983, p. 243).

When economists or more accurately exptesse& some economists use psycholo-
gical theory, they are inclined to generaslize freely and speculate about

the use. Scitovsky's expounding of arousal theory is a good example.
Similarly, Alhadeff (1982) who i; rather formal in his discourse extends

and generalizes Skinner's theory and Neal Miller's conflict models far
beyond the situations in which and for which they were conceived. Personally,
I think that this is a point where psychologists should learn from

economists.
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Generative Use of Psychological Theory

Let me take two examples of generative use of psychological theory. The
first one is based on Tversky and Kahneman's “prospect theory" and an
imaginative paper written by the economist Robert Thaler (1980) . The
second one concerns adaptation level theory and gives some ideas about
how this theory cam be used to derive hypotheses about behavior in

relation to prices.
Prospect Theory

Criticizing the expected utility theory, Kahneman & Tversky (1979) suggest
an alternative model, called prospect theory which need only be briefly

summarized here. The major tenets of the theory are:

1. In choices among risky prospects, people underweight outcomes
that are merely probable in comparison with outcomes that are

obtained with certainty, the so-called certainty effect,

The certainty effect contributes to risk aversion when there is

a sure gain in a risky choice.

The certainty effect contributes to risk seeking when there are

sure loases.

2. Choice components which are shared by all prospects are discarded

from attention, the so-called isolation effect.

The isolation effect appears as inconsistent preferences when

the same choice is presented in different forms.

3. Prospect theory assigns values to gains and losses rather tham
to final assets and replaces probabilities by decision weights
which except for low probabilities are lower than the corresponding

probabilities.

4. The value function is generally concave for gains, convex for

losses and steeper for losses than for gains (see Figure 2).

IAEigure 2 about here l
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The originators of prospect theory have tried out a number of impli-

cations in their owm work. Thaler (1980) pushes the theory even further

in a generative direction through discussing ten exémples of economic
problems where the solutions which seem to obtain in reality are strange

to economic thinking but can be handled through prospect theory. He suggests
that most people agree that the actual behavior which is shown in these
examples deviates from economic ratiomality. Secondly, he shows that

prospect theory can explain the deviating behaviors.
The Disregard of Opportunity Costs

Three of Thaler's examples refer to opportunity costs and what he calls the
endowvment effect. He notes on the basis of what psychologists would call
anecdotal evidence that people do not generally consider opportunity

costs i.e. the revenue you forego if you make a certain choice. Suppose
you own a summer cottage which you could let for SEK 2 000 per month.

You would never be willing to pay more than SEK 1 000 per month for a simi-
lar cottage. Few people would probably regard the revenue forgone as a
cost if they occupy the house themselves for their summer vacation rather
than letting it. This is obvioud3ly against economic theory which teaches
that opportunity costs should be taken into account and is difficult to
explain in economic terms. Thaler indicates that references are usually
made to income effects or transaction costs, but that the explanations

tend to be rather complex. He thinks that prospect theory offers a more
parsimonious explanation. Since the loss function is steeper than the

gain function and ouf-of-pocket costs can be viewed as losses and oppor-

tunity costs as foregone gains, the former will be more heavily weighted.

Thaler proceeds further and defines the endowment effect as the under-
weighting of opportunity costs. It is explained as follows. If some-
thing is.removed from what you have, this is a loss with heavier weight
than if the eame amount is added, i.e., is a gain. Outlay costs will
thus be more heavily weighted than opportunity costs.

In this context, two experimental studies of opportunity costs should
be mentioned. There have been discussions about whether businessmen

actually consider opportunity costs in making decisions. An important
question is whether information about opportunity costs should be pro-

vided by the accounting process. An early experimental study found that
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information on opportunity costs was disregarded (Becker et al, 1974).
The subjects were given choices as exemplified in Figure 3. The authors

attempt to explain "through pure conjecture" why opportunity costs are

' Figure 3 about here ]

disregarded: "... people respond to the "language of economics" as well
as to the ideas and concepts of economics." ... "People consider the
cost of their children's clothes and éducation before buying a yacht

or a Ferrari sports car. Why, then, did they ignore or treat as inferior
opportunity costs in the decision situation we presented to them? The

language of economics permitted and encouraged them to do so." (p. 327)

In a later experiment it was found that subjects used opportunity costs
when presented with such information in formal financial reports,
“realizing that the outlay costs normally presented are only part of the
information set available concerning alternative investment opportunities."
(Neumann & Friedman, 1978, p. 408). The authors sugrest that subjects

may impute opportunity costs when the latter are not explicitly stated

which may explain the outcome of the 1974 experiment.

Thaler's idea about the existence of an endowment effect may have explained
the differences in outcomes between the two experiments or it may not.

It would have given the experimenters who belong to the discipline of
accounting an interesting basis for experimental hypotheses. I have

taken Thaler's paper as an example of a stimulating attempt to "fool
around" a little with a psychological theory,something many psychologists

should learn to do.
Adaptation Level Theory and Price

My next example refers to psychological theory applied to price. In an
interesting contribution to a symposium on Pricing and Price Behavior,
the social psychologist Fred Emery (1969) applied psychological judgment
theory to the study of reactions to prices. He proposed four main hypo-

theses.



-9 -

io A price judgment is & judgment of value for money, where
value refers to use-value of some commodity for some person or

persons.

Price judgments are relative to what is known of other prices.

3. There is a normal or standard price for each discernible
quality level in each commodity class, serving as am anchor

for judgments of individual prices.

4. There is a range of tolerance about each standard price
meaning that a certain amount of deviation has no effect

up or down on sales.

On the basis of evidence from psychological judgment experiments,

Emery elaborates these hypotheses. In the area of marketing there has
been a long-time interest in the psychophysics of prices (Monroe, 1973).
This can be seen as generative use of psychological theory. Emery's
approach is, however, unique in the breadth of his approach and the

way experimental evidence from non-price research is used. One of the
theories Emery especially cites is Helson's adaptation level theory
which I think could be a good object for some "fooling around" without
necessarily producing directly testable hypotheses.

Adaptation Level

The concept of level of adaptation originated in psychophysics.
$hen stimuli such as weights were judged,

gubjects seemed to use snchoring points against which comparisons
were made to decide whether a particular weight was light or heavy.
The measure of the adaptation level was defined as that stimulus
weight that is judged on the average as being neither heavy nor
light. Above the adaptation level weights tend to be judged heavy,
below it they tend to be judged light., The adaptation level corre-
sponds to a psychological zero point on a bipolar scale of quanti-
tative meanings (Guilford, 1954). The adaptation level was shown
to shift when spzcial anchor stimuli of varying weights were
introduced. Long experience with the type of stimuli decreased
such shifts. The adaptation level is determined through three sets

of stimuli
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1. the set of stimuli judged (the focal stimuli)

2. background stimuli or anchor stimuli which
are not judged (the contextual stimuli)

3. stimuli judged earlier: the residual effect of
all pertinent, previous experiences

(the residual stimuli)

The adaptation level is defined as the weighted geometric mean

of all stimuli affecting the organism (Helson, 1964) . The general
equation for adaptation level is in psychophysics (Guilford, 1954,
p. 330)

where
Ae is the adaptation level resulting from all three sources of
determination, including the stimuli being judged

A is the adaptation level at the time the experiment begins

A is the adaptation level which would be given by the contextual

stimuli only
8; is a stimulus being judged

S. the geometric mean of Si; the adaptation level that would be

determined by the experimenthl stimuli alone

m, n, and ¢ are weights summing to unity.

In the more convenient logarithmic form the equation reads

log A =m log Ap + n log Ac + e log S,

From its origin in psychophysics adaptation-level theory has spread
into many other areas (Insko, 1967; Emery, 1969; Appley, 1971;

Stroebe & Frey, 1980). At first, there were great hopes that the
theory would have wide applications to all sorts of judgments of
social phencmena, but due to the complexity of the dimensions in

such cases the studies have not added significantly to the knowledge
about social phenomena (Insko, 1967). Some applications have been made

in the area of prices and pricing.
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Adaptetion level theory has some interesting implications for con-

sumer price sensitivity (see Emery, 1969). In the first place, products

are hypothesized to be julged in relative terms - such as cheap or

expensive - depending on an internal standard, in other terminology

often called "fair price”, and not judged in any absolute way (Kamen

& Téman, 1970). Secondly, the internal standard tends to shift systemati-
cally on the basis of new experience. Kamen & Toman (1970, p. 35} note for
example that motorists may try first to reduce their driving and other
motoring costs when gasoline prices go up. "However, there appears to be

an adaptation effect so that new and higher 'fair price' levels .are gradu-
ally established, and the cost reduction methods lose their impact." If a
consumer has negligible earlier experience of prices in a product class,

the judgments will according to the theory be affected by contextual stimuli
and by the prices of the considered products. Contextual stimuli are, for
example, consumer price level data From commercial or non-commercial sources.
If an extremely high price is presented as a contextual stimulus or part of
the stimuli to be judged, and the consumer has little previous price éx—
perience the adaptation level, Ae’ will be raised and other prices be judged
as lower. Similarly if an extremely low price is shown, other prices will
be judged to be higher and the products thus more expensive. This coincides

with techniques used by skilled hagglers.

What can be derived from some generative use of the theory, in a sort of
ioose, deductive way, with an eye on reality, are hypotheses whose pre-
dictive power can in principle be tested. It is possible to construe
laboratory experiments in which these hypotheses can be verified or re-
jected, naturally with some degree of artificiality. It may even be
possible to get some evidence from making systematic observations of
reality. The important thing is to generate new ideas.by juggling with
the theorvy, possibly combined with some sleight-of-hand. It seems likely
that psvchologists have a tendency to avoid instrumentalism and look
for good explanations rather than interesting predictionms. Although I
have some skepticism about instrumentalism and on the whole prefer

realism, 1 think the economiste have an advantage there.

Some Concluding Ideas

In this paper, I have run through a number of rather complex problem
areas and I have dealt somewhat superficially with them. Despite the

facileness of my discourse, the message is meant to be a bit alarming.
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With respect to theory there is except in a few areas, best characterized
by studies of decision making i.e. judgment and choice, little comwmon
ground between economics and psychology. Progress in the area of judg-
ment and choice may serve to modify and elsborate the foundations of
economic theory, i.e. the rationality postulate, in the long run, but

will that affect the structure of economic theory and the many layers of
strictly developed models involving auxiliary assumptions of negligibi-
lity of phenomena? There can be some doubt about the possibilities of
really succeeding in replacing the simplifying assumptions, but I share
the opinion of behavioral economigts that it is not only worth trying,

but a logical development (cf. Cyert & Simom, 1983). Personally I would

be inclined to think that the measurement and analysis of otherwise un-
attainable magnitudes for some time will be the most important common
interest for economists and psychologists. More elaborate measurements

of expectations and the actual use of economic information should become

a preoccupation both for economists and paychologists. It is hard for a
psychologist to accept the abstract beauty of rational expectations theory
and some time in the near future both experimental and survey oriented psy-—
chologists should become engaged in this new game in order to evince the

power of full-cycle psychology.

When writing this paper, I have been forced by what Thaler (1980) calls
""precommni tment"', l‘phennmenon which is also known to psychologists. The
example Thaler gives is now corroborated through my experience (though
some temporal and spatial characteristics should be exchanged). "Example
10. Professor X agreed to give a paper at the AEA meeting "to assure that
the paper would get written by the end of the year'. To be able to live
up to my precommitment I had to rely on a generative theory, proposed
by a well-known organizational psychologist, Karl Weick (1984), namely
the "Psychology of Small Wins". The idea is that attempts to cope with
large problems are self-defeating. So I have attempted to break down a
large problem into a series of small problems with the chance of making
small wina when grappling with them. Weick (p. 46) says: "A small win
reduces importance (“this is no big deal"), reduces demands (that's all
that needs to be done"), and raises perceived skill levels ("I can do

at least that"). When reappraisals of problems take this form, arousal
becomes less of a deterrent to solving them." It then strikes me that the
impotence of policy which is a consequence of rational expectations, may
perhaps be attacked through the "Psychology of Small Wins' rather than

holistically. This would mean more place for psychology in macroeconomics.
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A hypothetical value function.

Figure 2 Prospect Theory (Kahneman & Tversky, 1979, p. 279)
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X X
$ s,
Revenue n,471,018 Revenue 2,471,016
Material 146,313 Material 1,231,759
Lebor 153,035 Labor 531,612
Yarigble Overhead 2,043,219 Veriable Overhead 161,648
Foregone Profiv 69,548

~ote: For both the above projects, the materials cost represents the price paid
for cutside material purchases, The preject on the riziit, bowever, uses materials
from the storez, in ad:litien to outzide purchazes, which cre recarded as obsolete
and treated as havi 2er0 cost. ‘They can be sold on the marsct, if not used in
the project, for 230,343.00.

Please do not forges to circle the “X" printed immediately above the project

which you prefer.

Figure 3 Example of Choice Problem (Becker et al., 1974)
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Oswald HUBER , University of Salzburg

DECISION MAKING AS A PROBLEM SOLVING PROCESS

Problem solving is one of the central areas of cognitive
psychology. In my paper I discuss the interpretation of the pro-
cess of decision making as a problem solving process. I think.
this approach is fruitful for decision theory , but I want to
emphasize that I do not believe that the psychology of problem

solving presents ready-made solutions to us.
1. Problem solving

A problem is characterized by (see for example DBrner,19792,

Newell & Simon, 1972, Simon, 1979) :

(1) An (undesired) initial situation (initial state),

(2) a desired goal situation (goal state),

(3) the problem-solver does not know in advance how to trans-
form the initial state into the goal state.

If my car does not move, this constitutes a problem for me.
There is an undesired initial state and a desired goal state (the
car running again), and I do not have a fixed routine to trans-
form the initial state into the goal state. A standard example is
a game of chess: initial state is the start position of the
chessmen (chesspersons), the goal state is one of the numerous
checkmate configurations.

An operator is an activity tc alter states. In the car exam-
ple among the operators to change the initial state are for
instance : checking whether there is gas in the fuel tank, cal-
ling the repair shop. Usually the application of one operator
does not suffice to transform the initial- into the goal-state.
For example diagnosing an empty gas tank is an important opera-
tor, but it does not solve the problem by itself. Another opera-
tor (filling gas into the tank) has to be employed to reach the
goal state. Therefore a sequence of several operators (not neces-

sarily distinct ones) is applied. The realization of each opera-
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tor generates an intermediate state (provided the new state is

not the goal state). If the operators are already available the
problem-solver's task is to construct a or the sequence of opera-
tors which leads to the goal state. In other problems the search
for or the invention of operators may be a major part of the
problem.

The problem solving states and the operators together define
the problem-space, where the operators can be conceived as paths
for moving from one state to another. In a specific state not all
of the operators may be applicable, this knowledge about the
constréints is incorporated in the problem space. In most cases
the subjective problem-space is only a subset of the one objecti-
vely possible. Reasons for this are capacity limitations and
restricted knowledge. One and the same problem may be represented
by different problem-solvers in considerably different problem-
spaces. One variable affecting the subjective representation is
expertness, as hés been shown in different areas (see for example
Simon, 1979). Other relevant variables are for instance the prob-
lem formulation and characteristics of the task (for example time
pressure).

As stated above problem solving may be viewed as a journey
through the problem space. It is important to distinguish clearly
between the simulation of an operator in the problem space and
the actual execution of this operator. The cognitive representa-
tion enables us to test the consequences of an operator (for ex-
ample of a specific move in a game of chess) without performing
irreversible actions in the real world.

In most states in the problem space several operators could
be applied. Therefore the problem-solver has to select one of
them somehow. Among the strategies for operator selection are for
example: General problem solving strategies like Means-End-Analy-
sis and Progressive Deepening, or more task specific ones like
the Recursive Subgoal Strategy and the Pattern-Following Strategy
used in the Towers of Hanoi puzzle (Simon, 1975). Evaluation pro-
cesses play an important role in these strategies (for example
the evaluation of the similarity between the attempted state and
the goal state). Thus one common theme for decision theory and
problem-solving are the decisions among operators, but I do not
pursue this specific topic further. Whereas such strategies seem

to be sufficient to explain the behavior in simple well-defined
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problems like the Towers of Hanoi , other control processes seem
to be necessary in more complex problems (like for example wri-
ting a paper), where several different levels of action are in-
volved. I discuss the question of control of the problem solving
process in greater detail in section 5.

The problem-solver needs a knowledge base in order to deal
with the problem.
D&rner (19792) distinguishes two types of knowledge structures:
The epistemic structure contains the problem-solver's know-

ledge about the topic of the problem. The heuristic structure

contains the problem-solver's general and specific problem sol-
ving methods (operators). General techniques are for example: ab-
straction, induction, the use of analogies, etc.

There are different possibilities to define types of prob-

lems, see for example Ddrner (19792) and Greeno (1978). Relevant
for decision making is the distinction between problems with a
well-defined and an ill-defined gcal state.
In a problem with a well-defined goal state there are clear rules
which define for any state in the problem space whether it is a
(or the) goal state or not. Examples of such problems are chess
and the Towers of Hanoi puzzle. No such rules exist in a problem
with an ill-defined goal state. For example when writing a book
the author does not have a detailled concept of the goal state at
the beginning. Another example - relevant for our discussion - is
decision making. When I want to buy a house at the beginning of
the decision process the goal state is very vague : of course I
want to buy the best house possible, and I may even have some
ideas about criteria the best house should fulfill, but I have no
clear ‘'goal state. The goal state may become more specific in the
course of the process or may undergo changes. The standards in
the evaluation of the distance to the goal state may vary consi-
derably in different stages of the decision process. I come back
to the evaluation of the distance to the goal state in greater
detail in section 2.1 .
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2. Application of the operator approach to decision making

In this section I go into greater details concerning the

application of the problem-solving approach to decision making.
There are several aspects :
One concerns problem-solving tools. In decision counseling and
other activities.supporting a DM (decision- maker) general prob-
lem-solving tools are used, one example is brain-storming (group
or individual) to increase the production of ideas. On the other
hand some problem-solving programs incorporate alsc decision ma-
king tools, like Rubinstein's program (Rubinstein, 1981).

A further aspect in both, problem-solving and recent ap-
proaches to decision theory, is to understand decision making as
a process. The process approach to decision making has been re-
viewed quite recently by Payne (1982) and Pitz & Sachs (1984).

In my contribution I concentrate on the operator approach.
That means the explicit definition of problem-solving operators
to alter states in the problem space and the modelling of the
decision process as a sequence of such cognitive operators. The
operator approach is reviewd by Posner & McLeod (1982). I want to
discuss two examples of my own work, the first dealing with mul-
tidimensional choices, the second with a multistage decision
task.

2.1 Multidimensional decisions

The following considerations are formulated for multidimen-
sional decisions, but can be extended to simple decisions under
uncertainty, where the consequences of all alternatives are ana-
lyzed according to the same set of events.

Some developments in research concerning this type of decisions
may be interpreted in a way having similarity to the operator ap-
proach. Several authors divide the decision processes into phases
which are interpretable as operators on a very broad level (Holl-
nagel,1977; Kahnemann & Tversky, 1979; Montgomery, 1983).

A variety of heuristics for deciding (like Lexicographic Orde-
ring-, Majority- and Weighted-Pros-Heuristics), have been formu-
lated and investigated , for reviews see Aschenbrenner {1981),
Huber (1982) and Svenson (1979). These heuristics can be viewed

as operators, on a more fine-grained level than decision phases.
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However, even these heuristics appear to be too coarse units of
analysis. DMs use parts of such heuristics and combine them con-
structively in the decision process , the composition seems to be
influenced by the DM as well as by the specific decision task
(see also Bettman, 1979). Another problem with these simple heu-
ristics seems to me the lack of a common theoretical base.

To overcome this disadvantages an operator model was developed,
for details see Huber (1982). The model concentrates on the prob-
lem of choosing one alternative out of a given set of alternati-
ves. Other partial problems of the decision process , like the
search for alternatives , criteria and information are excluded
(at the moment).

Let A = {x, y, z, ...} be a set of alternatives,

and D = {Di' DZ""'Di""} a set of dimensions.

Each alternative x is a vector of aspects :

% = {%y) Xpp0e0s %js---) 4 With x5€D; .

The set A/Di contains the aspects of the alternatives on dimen-
sion Dj : A/Di = (xi, Yir zi,...) i

Elementary operators

The repertoire of elementary operators is the vocabulary for the

construction of complex heuristics, etc. The term "elementary" is

used always relative to the present analysis, it does not exclude

a further decomposition of these operators (sée section 3). Two

types of elementary operators are distinguished:

(1) Unspecific elementary operators.

These operators belong to the general operator repertoire of the

DM, they are also applied in the solution of other problems, like

concept-formation, solving of anagrams, etc., see for example

Newel; & Simon (1972).

For our purpose some examples of these operators are sufficient:

X=:Y...This operator sets X equal to ¥, where X and Y are sets or
elements of sets.

X&Y....Output of this operator is the pair (X, ¥} , X and Y being
sets or elements of sets.

M-X....X is deleted from the set M , X is a set or an element.

X€ M?..This operator tests whether X is an element or a subset of
M. Output is the corresponding element of {true, false) .

SELECT(M)...Output is one element of the set M. The operator does
not specify how this element is selected.

COUNT(M)...Output is the number of elements in the set M.
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FOR ONE {(m) FROM (M) AFTER THE OTHER —> oL ...The segquence ol of

operators is performed in turn with all elements from M.
IF (condition) TRUE: oL

FALSE: [ ...If the tested condition (for example

(X-€M?)) is true, the process goes to the sequence ot ,

if false to sequence [b .
(2) Specific elementary operators
These operators are specific for decision making (and presumably
similar tasks).
EVAL, EVAL+, EVAL-
This three operators evaluate one element m of the set M on the
subjective scale Ey, where EM=(e1M, eZM,.u) is a vector of dif-
ferent evaluation codes for the set M.
EVAL(m,Ey) attaches one element of the subjective evaluation
scale Ey to m. For example if Ey is the scale for the weights of
dimensions, and Dy is a specific dimension, EVAL(Di,ED) evaluates
the weight of this dimension. The subjective evalution scale may
be fine-graded or very coarse in comparison with the information
available. For example a DM may evaluate the possible wins in a
gamble only as "high" or "low", even if the exact amount of money
is presented. The scale may use a verbal, numerical, or analog
code (for example lines of differnt lengths).
EVAL+ and EVAL- are like EVAL, but produce a positively or nega-
tively biased evaluation.
MAX(M; > ), MIN(M; > ), EQUAL(M;>)
M is a set, % is anordering relation defined over M (for examp-
le preference, subjective probability, subjective weight). The
operator MAX selects that (those) element(s) which is (are) at
the top of the ordering. For example the output of MAX(D; ¥ ) con-
sists of the most important dimension(s).
MIN(M: > } is the counterpart to MAX, it selects that (those) ele-
ment(s) which is (are) at the bottom of the ordering (for example
the least probable event).
EQUAL(M; ») produces as output one element of the vector {true,
false) . The output "true" results if the elements of the set M
are "equal" in respect to the ordering relation ¥, for example
if two (or more) events are equally probable, if two or more as-
pects are equally preferred, a.s.o. Formally this operator could
be defined with the help of MAX or MIN, but I presume that a test

of equality activates other cognitive processes than the selec-
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tion of the maximal or the minimal element.

CONCATENATE, DIFF

CONCATENATE({M) concatenates the elements of the set M somehow. In
fact this operator is a whole bundle of different concatenation
operations. If for example the information is presented numeri-
cally in terms of cost, CONCATENATE may perform an arithmetical
summation. If the information is available in analog form (for
example the win in a gamble as a stack of coins) an analog con-
catenation operation may be performed (for example piling one
stack of coins mentally upon the other). The set M may be a set
of elements already evaluated by the operator EVAL.

DIFF(X,Y) is the pendant to CONCATENATE and produces as output
the subjective difference between X and Y. DIFF(x;,y;) for examp-
le generates the'difference between the alternatives x and y on
dimension Di‘

CRITERION, CRITERION{ , CRITERIONV

CRITERION defines for one or several dimensions a level of accep-
tance (for example a maximum price), also conditional levels of
acceptance can be defined.

CRITERIONT and CRITERIONV rise and lower the level of acceptan-
ce respectively.

DISARMABLE(xi)?

This operator tests whether the aspect x; can be transformed into
a more fitting aspect xj . This can be done by assuming a change
of x; in due time, or by disputing the credibility of the infor-
ﬁation.

Complex operators

A complex operator is an ordered sequence of elementary opera-
tors: There are three types of complex operators: sub-heuristics,
structuring plans and decision-heuristics.

(1) Sub-heuristics

Sub-heuristics select from the set of alternatives A a subset of
(one or more) alternatives S(A). Both, S(A)=A and S(A)=¢ are
possible extreme cases. Some of the sub-heuristics have resem-
blance to well-known heuristics, but here they do not lead to a
decision. There is room to give only two examples of the many
possible sub-heuristics:

Repeated applications of the sub-heuristic LEX are similar to the
Lexicographic-ordering-heuristic. LEX allows the possibility that

there is not one single most important dimension, but several, I
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assume that in this case the DM tests whether one {or more) al-
ternative dominates on the most important dimensions. The domi-
nant alternative(s) - if there are any - are selected with the
sub-heuristic DOMINANCE .
In the following sequence each operator is listed with its input
" and output, in the general form: OPERATOR( input )—> output
LEX(A,D)
1 MAX(D;weight)—> -

COUNT(Dmax)-——) nleax)

IF (n(Dmax)>1) TRUE: 2

th(A/Dmax;preference)—4> best alternative(s)

output =: best alternative(s)
2 DOMINANCE(A,Dmax)——a dominant alternative(s)

output =: dominant alternative(s)

Another example for a sub-heuristic is the +BIASED TEST. There is
not enough room to go beyond a verbal description, for a formali-
zation see Huber (1982). This sub-heuristic includes some aspects
of Montgomery's dominance-structuring (Montgomery, 1983).

+BIASED TEST tests whether a vector of aspects of one alternative
- x'= <xi'""xm> (with x'€ x) - is acceptable or not. This
test is biased because the DM wants a positive result and for
this reason is willing to "cheat" a little. A situation where
this sub-heuristic seems to be activated is the  following : In a
task with several alternatives and many dimensions the DM first
concentrates on thé important dimensions and (pre-)selects one
alternative. Then he/she looks whether this alternative is ac-
ceptable also on the other dimensions. If this is the case the
decision process is finished, therefore a little bias does not
count so much. Only if significant negative aspects come to light
this alternative is guestioned again.

There are several ways to bias the test H

1} Using EVAL+ an aspect is evaluated as positively as possible.
2) A negative aspect can be compensated by a positive one. That
means formally the evaluation of a pair {or triple, etec.) of
aspects ,instead of a single aspect. Again EVAL+ may be ac-
tivated.

3} The DM may compute the subjective difference between an aspect
and some standard on the same dimension (using DIFF). He/she may
do this for a negative and a positive aspect. Then he/she compa-
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res the differences for the positive and the negative aspects
(with EQUAL and MAX). If the difference for the positive aspect
is equal or greater than that for the negative one, the negative
aspect is compensated.

4) The DM can reevaluate the dimension with a negatiQe aspect,
making the weight as small as possible with EVAL- .

5)The DM can try to eliminate the negative aspect with the help
of DISARMAELElxi)? .

Another biasing technique - the introduction of fitting informa-
tion (see Montgomery,1983) - cannot be introduced in the formal-
ism, because it contains no operators for information acquisition.
(2) Structuring plans

In many decision situations the DM is confronted with an over-
whelming amount of information, for example with several alter
natives described on several dimensions. In such situations DMs
seem to employ plans to structure the task, see for example Payne
(1982), Svenson (1979). In the present formalism a structuring
plan is a complex operator where some details are left open.
These details are filled in in the course of the process when it
is necessary. I assume that the heuristic structure at least of
adult DMs contains such structuring plans, and that the DM is
able to develop new ones in new task situations.

The following example of a flexible adaptation of the number of
dimensions was used by several subjects in Huber (1982), when
there were several alternatives and more than ten dimensions. For
the sake of shortness 1 describe the structuring plan only
verbally: ¥

1) The DM partitiones the set of dimensions into three groups:
very important ones, important ones, less important ones (with
EVAL and an evaluation scale Ep with three levels).

2) The DM then concentrates on the very important dimensions only
and reduces the number of alternatives gquickly using any sub-
heuristic(s) he/she wants.

3) If the number of remaining alternatives is small enough (two
or three) the DM expands the set of dimensions, and selects the
best alternative by using information on the very important and
important dimensions, and activating any sub-heuristic,

4) Finally the DM tests whether this selected alternative is okay
on the less important dimensions also. Here +BIASED TEST may
come intc action.
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(3) Decision-heuristics

As output a decision-heuristic produces one - the best - alterna-

tive. It contains the following components :

1) It contains at least one sub-heuristic, bat may also contain
other (simple or complex) operators.

2) It contains at least one evaluation of the difference between
the present problem-solving state and the goal-state. I come
back to this problem later.

3) It may contain one or more structuring plans.

A decision-heuristic is a complete way through the problem
space. An infinite variation of decision-heuristics can be compo-
sed from the vocabulary of elementary and complex operators.

In very simple cases a decision-heuristic consists of only one

sub-heuristic and the evaluation of the goal distance. If the

first sub-heuristic does not lead to the goal state the DM

" applies another sub-heuristic and/or structuring plan. This may

be repeated and results in a long and complicated path through
the problem-space. Examples of simple and complex decision-heu-
ristics in different decision tasks can be found in Huber (1982).
For ekample one subject, who had to choose one out of six simple
gambles, employed three sub-heuristics, until he was satisfied :
one sub-heuristic computed the total sum of wins for each alter-
native using the CONCATENATE-operator (ignoring probabilities)
and selected the alternative with the highest sum. The second
sub-heuristic was similar to the Majority-rule, and finally he
used a sub-heuristic corresponding to the Maximin-strategy. As it
happened, the same (nondominant) gamble was selected with each
sub-heuristic, thus in the end the DM chose it.

The way through the problem-space seems to depend on the indivi-

dual as well as on characteristics of the task. For example in

one of the experiments reported in Huber (1982) one independent
variable was the presentation mode of the alternatives: alterna-
tives were presented either one after the other to the DM, or all
at the same time. In the sequential presentation mode the opera-
tors MAX, MIN and DIFF should be activated less often than in the
simultaneous presentation mode, because in the sequential mode
these operators need more space in the working memory. This hypo-
thesis was confirmed. The task variables affecting the decision
process which are reviewed in Payne (1982) and Pitz & Sachs

(1984) can be incorporated in the operator model.
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Distance to the goal-state
As far as I know decision theory did not investigate the question
when the decision process is terminated. Exceptions are Olander
(1975) , who goes into this problem in the context of the satis-
ficing-principle , and Wendt (1977), who defines the goal-state
as one where the DM selected one single alternative (in my forma-
lism, when S(A) contains exactly one alternative: n(S(A))=1 ).
Of course one characteristic of the goal state is n(S(A))=1, be-
cause it is the explicit task of the DM to select one alterna-
tive. However n(S(A))=1 is only a necessary but not a sufficient
condition for a state to be the goal state. If n(S(A)) were the
sole condition the DM could solve the decision problem very
guickly : simply selecting one alternative {(for example randomly)
would be sufficient. ;
I assume that any state is characterized (at least) by the trip-
let :

state(i) = (n(S{A))=1, (aspects) i (op)) .
(aspects) is the set of aspects the DM has used so far, it refers
to the amount of information about the alternatives processed up
to state(i). I assume that the DM attempts to process all the re-
levant aspects of the alternatives, especially of the ones in the
final choice. This assumption is based on the results of several
experiments, see Payne (1982).
(op} is the sequence of operators the DM has employed up to now.
Different operators (for example sub-heuristics) may have diffe-
rent value. That means the following: If the DM evaluates sub-
heuristic H1 as better (more rational, etc.) than H2 a choice
made with H1 would give the DM more confidence in the correctness
of the decision than a choice made with H2 (other things equal).
A remarkable common result of the experiments of Adelbratt &
Montgomery (1980) and Huber (1983) is that subjects prefer more
complex heuristics (processing more information, requiring more
memory space) to simple ones.
Both (aspects) and (op) are stored in the DM's memory . Therefore
these vectors do not constitute an objective bookkeeping of the
decision process.
The initial state is the triple :

initial state = {(n(S(A))=n(A), {aspects)= ¢, (0p>= py.
The goal state is characterized by the vector :

goal state = {n(s(A))=1, {aspects)*, {op)*) ,
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where (aspects}* and (op)* are an acceptable vector of aspects
and operators respectively.

The DM terminétes the decision process when the distance between
the present state and the goal state is zero, in other words,
when the chéracteristics of the present and the goal state are
the same. Which vectors of aspects and of operators are accept-
able is usually not clear from the beginning of the process (de-
cision making as a problem with ill-defined goal state). The
criteria for acceptance may change considerably in the course of
the decision process. I assume that at least the following
variables influence the acceptance of the vectors of aspects and
of operators :

(1) The specific alternatives: Consider for example a DM who is
confronted with two alternatives, none of them dominating. If
this DM evaluates a sub-heuristic resembling the Dominance-heu-
ristic as best, he/she nevertheless would have to readjust the
level of acceptance nevertheless, because this sub-heuristic does
not lead to a decision in the present situation.

(2) Some characteristics of the decision task which influence di-
rectly the amount and guality of available information or the
processing of the information (For example time pressure).

(3) The amount of time and effort already invested in the deci-
sion task.

(4) The importance of the decision, for example the amount of
"utility involved, number of people affected, etc.

The number of alternatives, seguential or concurrent presen-
tation mode, etc. should not affect the level of acceptance. This
follows from the interpretation of the decision process as a con-
structive problem solving process. The DM is assumed to adapt the
way through the problem space to the specific situation. In one
of the experiments reported in Huber (1982) the subjects after
each choice rated their confidence for having made the best deci-
sion. This was interpreted as indicator for the levels of accep-
tance for the vectors of aspects and of operators. None of the
five independent variables and none of the interactions with
these variables had an interpretable effect on the confidence
rating (smallest p=0.11}, but the number of dimensions and the
familiarity of the decision task had (both affect the amount and

quality of the information, see (2)).
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Jones & Rapoport {1979). Such a task is an abstract model of very
simple investment tasks, concerning the investment of money,
time, effort, social relations, etc.

In the decision theoretical approach the main relevant behavioral
variable is the stake sj
analysis of the behavior ina MBG is available, a pilot study was

. Because - to my knowledge - no process

conducted. The thinking-aloud protocols of this pilot study were
the base for the development of an operator model and for the
construction of hypotheses. The first experiments to test hypo-
theses about operators are already finished and in the phase of
protocol coding.

In the pilot study the MBG was embedded in an ecological context.
The task of the DM was to increase as much as possible the number
of Golddotted Whiptail Lizards, a species on the verge of extinc-
tion. Only 20 of them are left, and they cannot reproduce in the
laboratory. Because they are very prone to environmental factors
they do not reproduce in their natural habitat either. Now a
group of researchers has found one breeding place in an out-of-
the-way valley. If the lizards reproduce successfully in this
breeding place, each of them produces x (x=1 or 2) offsprings
(the lizards are parthenogenetic, see Cole, 1984). However the
breeding place is in an area with numerous small volcances which
from time to time emit gas clouds deadly for the lizards. It is
not possible to predict the gas clouds, only the probabilities
are known (2/3, 1/2 or 1/3). Because the alternative is extinc-
tion, the breeding place has to be utilized in spite of the risk.
The subject had to decide for each of a series of 20 breeding
periods (trials) how many of the available lizards were to put
into the breeding area.

Details from the pilot study and the operator model may be found
in Huber (1985). All the following analyses of the process are
based on the thinking-aloud protocols of the 22 subjects of the
pilot study.

For the analysis it seems useful to interpret the situation
as an interaction between a DM and an open system. A system con-
sists of a set of variables and a set of relations among these
variables, where some of the variables also have relations to
other (external) systems. Among the variables in the present MBG
there are: the probabilities of event L and W (gas clouds or

not), the capital (lizards), the stake, etc. One of the relations
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governing the transformation of variables is for example: If the
variable "event" has the value "gas-cloud”, the new value of the
variable "capital" is defined by : capital - stake.

In general the decision behavior seems to depend on the DM's re-
presentation of the system, the goal(s) and considerations based
upon the representation and goal(s). All three aspects may change
during the process.

Process analysis

In a first analysis I divide the process of dealing with the
MBG into six subprocesses, all of them may be relevant in each
trial :
(1) Representation of the system
At the beginning of the task the DM constructs a representation
of the system he/she has to work with. The representation inclu-
des the proﬁerties of the system, it may comprise accidential
properties, and relevant details may be omitted. The system re-
presentation may change in each trial. The DM's knowledge about
the system stems from several sources: External sources (most im-
portant one is the instruction), the DM's memory, the behavior of
the system (therefore the DM stores some kind of history of the
system), and inferences drawn from other information.
(2) Goals
A goal prescribes which value or set of values a specific varia-
ble should obtain. The first general goal (to breed as much 1li-
zards as possible) is established in the instruction. The DM usu-
ally formulates subgoals, intermediate goals, etc., and also
goals concerning the problem solving process ("First I want to
look what happens"). If the DM has a goal list with several goals
priorities among goals have to be defined.
The general goal together with the representation of the system
constitutes the task representation.
{3} Strategies
Strategies are subjective rules (conditional or not) for problem

solving. Two types of strategies are distinguished: Strategies

for chosing:- a stake ("After a series of three wins, put very few
" lizards into the breeding area"), and strategies for the problem
solving process ("First gather information then develop a strate-
gy"). The DM can maintain several strategies at the same time.
(4) Stake choice

This subprocess is relevant in each trial. The choice of the sta-
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ke may be determined by a strategy in full or partially. Deci-
sion-heuristics as discussed in section 2.1 may describe the pro-
cess of choosing a stake. The DM's expectation which event will
occur next may influence the stake choice. When a stake has been
selected the DM may test it by extrapolation into the future and
planning. A DM may select several stakes in the first instance.
In this case he/she has to decide which one to realize.

(5) Event generation and outcome determination

In each trial the random event has to be generated . When the DM
knows the event he/she uses the system representation to determi-
ne the win or loss and the new capital.

(6) Situation evaluation

This subprocess is also activated in every trial. It evaluates
the following components: Relevant variables in the system repre-
sentation (for example: win, loss, remaining trials, history of
the capital), goal distance , system behavior (whether it is in
accordance with the system representation), and strategies.
Operators

As formulated above an operator is a cognitive activity to trans-
form states in the problem space. A state in the present problem
is a vector of variables and relations among them. Included can
be for instance: the system representation, the momentaneous
value of variables (for example: capital, probability of loosing,
last stake), strategies for stake selection, a history of posi-
tive and negative events up to now.

The aim of presenting the operators is to describe their mode of
operation and their function in the process, not to develop an
elaborate formalism.

(1) General decision making operators

This group of operators contains (at least) the operators
described in section 2.1.

(2) Operators concerning the system representation

SYSTEM ANALYSIS—>» system representation

Output of this operator is a representation of the system. Input
is any of the sources mentioned above. This operator constructs a
system representation or changes an old one.

UPDATING—> system representation

This operator dates up the variables affected by the event and
the outcome, for example current capital and history of events,
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{3) Operators concerning goals

GOAL—> goal(range,content])

This operator generates a goal concerning one or more system
variables. A goal has a range (it holds for all or for some spe-
cific trials) and a content (what the DM wants to obtain, for ex-
ample: "I want to reach 100"). Input of this operator are: system
representation, information from the experimenter, and other
goals of the DM.

PS-GOAL—> PS-goal({range,content)

The goal generated by this operator is a problem solving goal ("I
really should have a strategy").

Goal lists and -hierarchies : If there are several goais or PS-
goals a goal list is formed. If a goal has been reached or is not
attainable anymore it is removed from the list. A goal hierarchy
is a goal list ordered by priority. Goal lists and -hierarchies
can be constructed and changed with the help of the general deci-
sion. making operators.

(4) Operators for strategy generation

PS-strategy generation—> PS-strategy

This operator generates a strategy for the process of problem
solving. For example, such a PS-strategy can constitute the plan
first to gather information about the system and then to develop
a strategy.

STRATEGY GENERATION—> strategy

Here a strategy for the selection of a stake is selected. Strate-
gies define conditional or unconditional stake limitations. The
limitation: may be very specific, for example a fixed percentage
of the current capital. A strategy may also define a subset of
all possible stakes. An example for a conditional strategy is the
following, used by several DMs in the p(win)=2/3 condition: If
you have won two times, bet very cautiously until the gas cloud
occurs, then go back to higher stakes.

{5) EXPECTATION GENERATION—> expectation

Input of this operator is the system representation (at least the
part concerning events and their probabilities) and the history
of events. Output is that event which will most probabliy take
place next, the output may also include an estimation of its pro-
bability. The function describing the behavior of this operator
may be similar to that of the process which produces a momentary

expectation in Jungermann's (1976) model of probability learning.
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(6) Operators concerning stakes

STAKE SELECTION—> stake

This operator selects a specific stake on trial i out of the set
of possible stakes. This choice may be made in various ways, for
example expectation(s) and/or strategies may play a role in the
choice. In general I assume that the DM tries to optimize two va-
riables at the same time: the possible win (which can be gathered
with a high stake) and the capital saved (which is the higher the
lower the stake is). Huber (1985) contains an attempt to model
the dependency of this optimization from other variables (capital,
number of offsprings, etc.).

The operator STAKE SELECTION is applied at least once in one
trial but may be used several times, for example if the DM has
more than one strategy. In this case a stake-list is formed.
STAKE TEST—> result

The DM may test a selected stake by simulating what would happen
if this stake is bet and lost, etc. I assume that the DM is plan-
ning ahead in this manner only very few trials (one or two). The
reason is not only the DM's limited capacity, but also the fact
that the present MBG does not necessitate planning ahead.

STAKE CHOICE—> stake

This operator chooses the final stake from the stake list , if it
contains more than one stake. There are many ways to choose. For
example if there are stakes selected with different strategies in
the stake list, one is to evaluate the respective qualities of
these strategies. Another possibility is to treat the choice as
an "ordinary" multidimensional choice.

(7) Event generation and outcome determination

EVENT . GENERATION—> event

This operator produces a random event , for example by throwing a
die. It is not necessary if the event is generated by the system
or by the experimenter independently from the DM.

QUTCOME DETERMINATION—> outcome

This operator determines the win or loss and the new capital,
after the event at trial 1 has occured.

EVALUATION—> result

This operator functions analogous to the operator EVAL, the dif-
ference is that EVALUATION performs more complex evaluations.
This more complex evaluations can be constructed from the opera-

tors described in section 2.1 . Some examples of EVALUATION are :
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1} EVALUATION(present situation), where “present situation" is a
list of vaues of variables which are relevant for the DM's stake
decisions (present capital, history of wins and los-ses, etc.).
2) EVALUATION(goal distance}. Goal distance is the difference
between the present goal and the present capital.

3) EVALUATION(strategy). Here the DM evaluates whether a specific
strategy is successful enough. )

4) EVALUATION(system representation). The DM checks whether the
system representation is sufficient or not.

5) EVALUATION(previous stake). After the cutcome determination
the DM may judge whether it was good to bet that specific stake.
6) EVALUATION(system behaviour). The DM analyzes whether the sys-
tem behaves according to the present representation of the sys-
tem. For example the DM may conclude that the history of positive
and negative events suggests a different probability of win as
stored in the system representation. This evaluation is especi-
ally sensible for deviations which are unfavorable for the DM.

Decision processes

Some of the operators are employed in each trial: STAKE
SELECTION, EVENT GENERATION, OUTCOME DETERMINATION, UPDATING, and
‘presumably EXPECTATION GENERATION, EVALUATION(present situation)
and EVALUATION(goal distance). Other operators are activated ac-
cording to the requirements of the momentary situation. For
example the DM may apply STRATEGY GENERATION when there is a
considerable change in the capital situation (to the better or to
the worse), if a strategy has been evaluated as unsuccessful, or
if a goal cannot be attained anymore. Examples for sequences of
operators are presented in Huber (1985).

The present analysis concentrates on operators on the level where
the DM controls the system (selects a stake,etc.). Operators on-a
metalevel are included if they influence directly the decision
process.On the metalevel the DM chooses among operators, evalu-
ates operators (for example strategies), works out plans for
sequences of operators, and so on. One can interpret this meta-
level also as aproblem space with heuristics for choosing among
operators as meta-operators. This meta-level again may have a
meta-metalevel, the latter one a meta-meta-metalevel, and so on,
in principle - but not in practice - infinitely. I discuss the
problem of control of the decision process and levels of control

in greater detail in section 5.
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3. Advantages and problems of the operator approach

One advantage of the operator approach to decision making is
that the construction of operators is closely linked with a task
analysis. The task analysis begins with a clear definition of the
problem to be modelled: which aspects of the solution behavior
shall be captured, which not. For example an operator model for
multidimensional decisions which attempts to include also the se-
mantical organization of dimensions has to incorporate more oper-
ators than the one described in section 2.1. Task analysis is im-
portant also for the definition of the set of operators, because
it helps to reveal the processing-steps which are‘necessary in
the problem solving process.

An operator system is a very flexible and adaptable tool to
model individual decision behavior, without abandoning the aim to
develop generalized theories. Generalized hypotheses may involve
elementary or complex operators, or clusters of these operators,
specific realizations of an operator (for example analog concate-
nation), etc. Operator models are not necessarily in contradic-
tion with algebraic models. An algebraic model may for example
describe the input-output relation of a specific operator. Thus
the optimal models of Funk,Rapoport & Jones (1979) could be in-
corporated into the operator STAKE SELECTION.,

The specific properties of operators together with general
cognitive theories enable the derivation of hypotheses about the
dependence of operator applications from task variables. For ex-
ample in task situations where stress is put on the working me-
mory operators with greater memory requirements should be used
less often , in tasks where the information on different dimen-
sions is commensurable the operator CONCATENATION should be
employed more often (see for example Huber, 1982).

The division of the process into simple operators (instead
of heuristics, etc.) is advantageous in the analysis of thinking-
aloud protocols. Simple operators can be detected more easily and
are coded with higher reliability.

Elementary operators should of course be analyzed further
whenever possible. They may link decision theory to general psy-
chology. In some cases one can fall back upon already existing
theories: For example the operators EVAL, EVAL+ and EVAL- belong
to judgment processes. Psychology has gathered a body of know-
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ledge about this topic (for example context effects, etc.). Theo-
ries about linear orderings {see for example Potts et al., 1978}
may help us to understand the cognitive processes in connection
with the operators MAX and MIN. For specific types of operators
DIFF and CONCATENATE , namely addition and subtraction, theories
of mental arithmetic are transferable directly. Posner & McLeod
(1982) review the research on elementary operators in several
areas of cognitive psychology.

‘Another advantage of the operator approach is that it raises
new questions for decision theory. One question is the problem
when the decision process is terminated, another is the control
of the decision process. A third is the general question of prob-
lem isomorphs , that is the question which objectively identical
problem formulations lead to different subjective representations
(and why). I have some hope that the operator approach will help
us to tackle the problem of characteristics of the DM more suc-
cessfully. I assume that in this context it will be more fruitful
not to work with global heuristics, but to break down the deci-
sion process into operators.

There are also problems in connection with the operator

approach :
One problem concerns the empirical test. If an operator model
contains no further (testable) assumptions beyond the definition
of elementary and complex operators the empirical content of the
model is rather low. In this case the sole testable condition is
whether DMs do apply operators which are not in the vocabulary of
the model or cannot be constructed from the vocabulary. Therefore
it is necessary to formulate hypotheses about the use of elemen-
tary and complex operators, etc., for example depending on the
number of alternatives involved. Such general hypotheses together
with estimates of individual parameters (specific subjective
weights of dimensions, specific individual preferences) enable a
.predictive simulation of individual ways through the problem
space and thus a stronger test of the operator model. The problem
is that at the moment not enough knowledge about the employment
of operators is available to allow such a predictive simulation ,
especially in multistage decision making.

Another problem is the level of abstraction on which the
operators are defined. There seems to be no general rule how

fine- or coarse-grained the elementary operators in a model are
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to be chosen. A too fine-grained operator definition seems to be
the lesser evil, because it is always possible to pool elementary
operators into clusters or to compose complex operators. However
too much unnecessary details may hinder successful work with the
model. For example if one is interested mainly in decision making
the question how in detail the operators MAX and MIN select the
elements (with the help of a spacial representation or a verbal
one, etc.) is not so important.

Operators which are too coarse-grained comprise different
actions. In the extreme case the definition results in rather
meaningless global operators, if it is nothing more than naming a
process which remains unanalyzed otherwise. For example it would
be possible to define a global operator "decision" which performs
the decision in a multidimensional choice task, Such an operator
would be meaningless. However it is not always possible to avoid
the introduction of rather coarse-grained operators if one does
not have enough knowledge about a necessary (according-to the
task analysis) subprocess. One example is the operator SYSTEM
ANALYSIS in the MBG. In my opinion such operators are acceptable
only as a temporary ersatz for more detailled elementary
operators.

4. Problem solving and emotional processes

The influence of emotions on the problem solving process and
also decision making receives increasing attention in the last
years, see for example Toda (1983).

It is very interesting that not only negative emotions (fear,
anger) influence cognitive processes, but also positive ones.
Isen et al. (1982) review some effects of positive emotions on
decision making. Isen & Means (1983) induced positive emotions in
one group of subjects. These subjects needed less decision time,
used less dimensions and considered less often the same informa-
tion again. It is not clear whether the subjects with positive
emotions are more efficient DMs as Isen & Means conclude, because
their paper does not contain systematic and controllable ana-
lyses of decision strategies. Dorner (1974) investigated the use

of rules of deduction in propositional logic. He observed an
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increase in errors caused by negligence when the subjects were
convinced they would soon reach the goal state. This result may
alsoc be one explanation for the "cheating” behavior in connection
with the provisionally selected promising alternative ({see sec-
tion 2.1; Huber, 1982; Montgomery, 1983).

Negative emotions can also be aroused by specific task con-
ditions, for example time pressure. In investigations involving
such task variables it seems desirable to separate the effect of
the induced negative emotion from the effect of the information
processing constraints caused by the specific task condition.

Dorner postulates an emergency reaction of the cognitive
system (ERC) when the problem solver has maneuvered him/herself
into a dangerous situation and therefore is in a condition of ne-
gative emotions. This reaction in the face of impending failure
is only one aspect of Ddrner's theory of complex problem solving
(DSrner et al., 1983). In one of his experiments for example the
subjects had to govern a simulated town over a period of several
(simulated) years, which is a very complex task as compared with
the ones usually used in problem solving research and in multi-
stage decision making.

The ERC has two main consequences: One is an externalization of
behavior control, the other a general activation.
Externalization of behavior control means a reduction of thin-
king. It results for example in rather limited goal analyses and
decision processes, and in the abandonment of analyzing and inte-
grating new information.

To which concrete type of actions the general activation leads
depends on the specific emotional coloring: Anger leads to ag-
gressive attacks on the problem, for example by the attempt to
eliminate an obstacle with one radical cure. Fear results in
avoidance behavior, for example instead of working on a difficult
paper I feel the urgent craving to tidy up my study. Despair
causes the problem solver to resign.

Dérner's theory seems to offer a variety of suggestions for re-
search in decision theory. I think everybody dealing with deci-
sion making has observed examples of behavior interpretable in
terms of ERC. DMs who have lost a lot of money (or lizards, by
the way) in a gamble often try to get back their money all at
once by betting a ruinous percentage of their remaining capital,

- a clear instance of a radical attack. People facing a difficult
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decision can be observed to gather still more and more informa-
tion , thus avoiding the decigion.

Systematic research in decision making concerning the ERC and
other topics of emotional influence is called for and promises
to be fruitful. In the MBG-experiment (breeding of lizards task)
mentioned in section 2.2 I have put to test some hypotheses deri-
ved from the ERC,

5. Control of the decision process

Even if I interpret the global process of decision making as
a problem solving process, I do not want to suggest that any part
of the process is interpretable as a problem solving process too.
One example for processes not being problem solving processes are
automatic judgment processes (see Kahnemann, Slovic & Tversky,
1982; Pitz & Sachs, 1984). Because I am ineterested in problem
solving aspects I restrict the following discussion to those
parts of the decision process which are clearly problem solving
processes in the sense of section 1.
Thus the general question is: How is a problem solving process
controlled ?

One theory of control favored by many authors rests on pro-
duction systems (see Newell & Simon, 1972; Simon, 1979; Toda,
1983). A production system is a hierarchy of productions. A

production is a rule that prescribes the execution of an appro-
priate operator (for example a specific sub-heuristic in a multi-
dimensional choice) under specific conditions (for example when
there are three or more alternatives). Conditions can be external
as well as internal states. In the production system productions
are ordered by priority: First the conditions of productions high
in the hierarchy are tested, only if these are not satisfied the
process goes to lower productions. Operator selection with a
production system is on the whole automatic.

The problem with the assumption that production systems are
the main instance of control is that it seems to be wrong.
I do not deny that parts of the problem solving process may be

governed by production systems, especially those where the prob-
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lem solver has much experience. On the other hand there is strong
empirical evidence from thinking-aloud protocols for planning,
evaluating the own thinking process, reflections on goals, etc.,
see for example DOrner et al. (1983), Huber (1982, 1985). DSrner
(1982) denotes such activities as "selfreflections".
Because at least a part of the control of a problem solving pro-
cess takes place on a metalevel of cognition a theory about con-
trol cannot be restricted to production systems.

One line of research which might be fruitful for a control
theory in problem solving and decision making is action theory.
I base the following discussion on Hacker (1973, 198031, Oester-
reich (1981) and Volpert (1982). Action theory investigates goal-
directed actions, a basic assumption is the hierarchical-sequen-

tial organization of planning and control of actions.
I illustrate the principle of hierarchical-sequential organiza-
tion of actions with an example by Volpert: A person X is in
his/her home and plans to get a new shirt. We do not expect this
person to plan a seguence of activities like ‘the one in the fol-
léwing sketch : Go to the writing-table, open the drawer, take
some money, close the drawer, put the money into the wallet,
leave the room, go to the front-door, open the front-door, a.s.o.
Person X will rather plan more complex actions like 'drive into
the city', 'park in the central garage', and decompose these com-
plex actions when it is necessary.

The basic unit for the theoretical analysis is the cyclic
unit {(Volpert, 1982), see Figure 1, A cyclic unit consists of a

goal G and transformations (operators) TyreeesT which are

r
actions to transform states. The model assumes a E;mporal orga-
nization: First the goal is defined, then one transformation
after the other is executed, this is represented by the descen-
ding . arrow and the horizontal ones in Figure 1. The ascending
arrow (from Tn to G) symbolizes a feedback process, which eva-
luates whether the goal has been reached.

Components of one cyclic unit can be parts of cyclic units
higher or lower in the hierarchy. The completion of a trans-
formation T; (for example 'drive into the city') may be the goal
in a subordinate cyclic unit. The attainment of goal G (get a new
shirt) may constitute one transformation in a superior cyclic
unit (for example ‘prepare your clothes for the journey').

Thus a complex hiearachical and sequential organization of
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actions emerges, a schematic example is depicted in Figure 2,
Figure 2 entails also one example of a possible flow of control
(and therefore of attention) in this hierarchy (arrows with broad
lines) when the sequence of observable actions (bottom row of
squares) is executed. It is important to note that in some cases
control is not necessary when a cyclic unit is performed, for
example when the problem solver is able to execute the cyclic
unit automatically. Production systems can very well be incorpo-
rated in a hierarchical-sequential organization. Thus this orga-
nization of actions unburdens the problem solver and helps to
save his/her information processing capacity. A further advantage
is the possibility to deal with planning errors and unexpected
obstacles: If in an action program a lower level cannot be per-
formed as intended, it is not necessary in any case to change all
superior levels too.

At present there is no general agreement how many levels of
control there are altogether. Whereas Hacker (1973, 19803} postu-
lates three levels, Oesterreich (1981) assumes five. An advantage
of Oesterreich's model is that his criteria for the distinction
of levels are derived from the properties of the model.

One problem is that in action theory the actions on the

lowest level are motoric activities. This makes good sense in the
usual applications of action théory, and is connected with its
roots in the psychology of working.
On the other hand in problem solving and decision making often
not very much problem-relevant motoric actions are performed
until the process is finished. An important decision may very
well be made without any (problem-relevant) motor activities at
all. In theories of decision making and problem solving cognitive
operatofs constitute the actions on the lowest level. This change
at the lowest level may necessitate the definition of other
qualitative levels than the ones in general action theory.

In this section I was able to sketch some aspects of action-
theory only. I think that an action-theoretical model is a more
promising general base for modelling planning and control of the
decision process than for example production systems alone. How-
ever, the situation here is similar to the one I mentioned in the
introduction: We cannot expect to get ready-made solutions for

decision making and for problem solving too.
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Figqure 1 ¢ Scheme of a cyclic unit and two examples.
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Figure 2 ; Schematic representation of a hierarchic-sequential
organization of actions.
The squares and the so0lid arrows (broad and thin)
depict cyclic units. The bottom row of squares
connected by broken arrows represent the observable se-
quence of actions (level I}. The arrows with the broad
black lines picture a possible flow of control (an
attention). :
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Sties Kichs:

Motivation and Decision Making:

An Information—Proceasing Approach

Theories of human motivation are constructed to explain goal-
directed behavior. They focus on the psychological mechanisms
underlying (a) choice among action alternatives, (b) vigor in
performing the selected alternative, and (c) persistence
until the goal is reached. One of the most fundamental
characteristics of motivational processes concerns the
perseverance of motivational states over extended periods of
time. While cognitive and emotional states are rather short-
lived (Anderson, 1983; Izard, 1977), motivational states seem
to have an intrinsic ability to persevere until the
respective goal is reached (Lewin, 1935; Atkinson, 1964).
Motivation research has investigated the dynamics of various
persevering motivational states which affect goal-directed
behavior: Successive arousals of a given motivational state
can cause a cumulative increase in the related action
tendency, arousl of one tendency can cause an indirect arouéi
of other (functionally related) tendencies (displacement),
and performance of one tendency can reduce other

(functionally related) action tendencies {substitution).
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These dynamic processes may have behavioral effects that =
cannot be predicted on the basis of the action-related
information available in the situation at hand. An individual
may choose an action which has a lower expected utility than
an alternative action tendency, simply because the
motivational tendency supporting the former has received
several instigations on previous occasions or because the
latter has been reduced by a functionally related action.
Nonetheless, 'cognitive processes underlying the appraisal of
expected utilities affect goal-directed behavior, especially
during the decision-making phase (Feather, 1982).
Consequently, theories of motivation have incorporated and
elaborated expectancy-value models of the decision process,
For the past three decades this cognitive approach has
dominated motivation research (sees Kuhl, 1982, for a
summary). In recent years, the limitations of cognitive
models of motivation have become apparent. Three aspects of
earlier theories of motivation are emphasizedin recent
research: (a) The dynamic properties of motivational
processes have been analyzed with more powerful methods than
earlier ones (Atkinson & Birch, 1978, Kuhl & Atkinson, 1985),
(b) Lewin's (1935) admonition to take account of the
motivational significance of the way action-related
information is represented and processed in memory is being
taken more seriously again in recent work ‘(Hamilton, 1983;
Kuhl, 1983). (c¢) Self-regulatory mechanisms supporting the
maintenance and enactment of behavioral intentions have been

incorporated into motivation theory (Kuhl, 198%4).
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In this chapter, I will summarize these three recent
developments. I will discuss all three 1ssues from an

information-processing perspective. In doing so, I am

adopting a somewhat broader definition of this term than the
usual one. Cognitive psychologists use the term information-
processing in an under-inclusive way, while they tend to use
the term cognitive in an over-inclusive way. Frequently, the
term cognitive is used as broadly as to comprise any méntal
process, i1including emotional and motivational processes. For
example, emotions are considered "nodes" in a propositional
network (Bower, 1981), one of "12 issues" for a cognitive
science (Norman, 1980), or simply indistinguishable from
cognitive processes (Mandler, 1983). I will use the terms
cognitive to refer to processes mediating the acquisition and
representation of knowledge, emotion to denote
phylogenetically acquired evaluative responses
(Plutchik,1980), and motivation to refer to the dynamic
properties of aroused action tendencies (Atkinson & Birch,
1978) .This restricted use of terms may be useful in
discovering potential differences among cognitive, emotional,
and motivational processes. Not each and every experimental
result regarding cognitive information processing is
generalizable to the way information is processed within the
emotional and motivational subsystems. Emotional processses,
for instance, seem to be characterized by a holistic rather
than the analytic-sequential (cognitive) mode of processing
(Leventhal, 1980). Motivational processes differ from

cognitive ones in their dynamic properties, 30
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perseverance, displacement, and substitution. With these
conceptual distinctions in mind let us proceed to the first

issue mentioned above.

Dynamic properties of motivational processes

Many cognitive theories of motivation and decision making are
episodic; they analyze cognitive determinants of motivation
within isolated temporal episodes. What aspects of a model
are modified when the transition from an episodic to a

dynamic model is made?

From episodic to dynamic models. First, a dynamic model

focuses on changes in motivational tendencies over time. The

mathematical description of a dynamic model requires
differential equations rather than static algebraic
equations. The dynamic theory of action (Atkinson & Birch,
1970) contains parameters which control the rate of increase

and decrease of motivational tendencies over time.

The second change occurring as a result of the replacement of
the episodic by the dynamic model concerns the degree of
complexity of the motivational state considered. Many
investigators .have found it convenient to focus on the one
particular category of behavior they happen to be interested
in, for instance, achievement-related decisions or managerial

decisions. This focus on Jjust one behavioral category
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suggests that individuals have only one motivational tendency
at a time. Within the isolated temporal episode created in a

laboratory experiment, one can arouse the action tendency of
‘interest to such a degree that other incompatible tendencies
become negligibly weak. However, when one broadens one’s
perspective and analyzes complex behavior in real 1ife
settings, one has to take account of the waxing and waning -of
the many simultansously aroused action tendencies. An action
tendency that 1s weak at a given point in time may become
strong and expressed in behavior after a while. A dynamice
model cannot confine itself to just one motivational tendency

that happens to be dominant at a given point in time.

The third property distinguishing a dynamic from an episodic
model may be called reflexivity. A dynamic model is reflexive
when dits output at a given time En affects one or more of
its input parameters at a subsequent point in time (£n+1)

The dynamic theory of action has this property. Although it
i8 hard to conceive of a living organism without postulating
some form of reflexivity, reflexive models are extremely rare
in psychology. The main reason for this 4s that the
mathematical derivation of a model’s implications become very
difficult 4f it contains a reflexive relationship. However,
this problem no longer prevents our formulating a reflexive

model because today one can obtain the derivations by means

of computer simulation.
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Computer simulation: Overcoming theoretical migconceptions.

Although the Dynamics of Action (Atkinson & Birch, 1970;

1978) 1is based on only a few simple stumptions, it would
become tedious, if not impossible, to derive predictions for
complex situations from the differential equations describing
the theory, especially because of the model’s reflexive
nature. The computer program that has been developed to allow
simulation of the motivational and behavioral consequences of
complex antecedent conditions enables investigators to derive
testable predictions from the theory for a variety of
experimental situations.

Even more importarnt than this predictive use of comﬁuter
simulation, may be the explicative use of computer
simulation. Let me explain the explicative use of simulation
with an example from physics. In addition to their formal
theories, scientists often have a number of isolated beliefs
which have a strong impact on the way they conduct their
research. Physicista, for example, belisved until recently
that the erratic behavior of turbulences could be predicted -
to the extent that it is predictable - only by very complex
equations. Recent computer simulations have shown, however,
that even a very simple (non-montonic) equation can predict
seemingly chaotic turbulences if reflexive changes 1in the
relevant parameters are taken into account (Hofstadter,
1981). Without the use of computer simulations, one would not
have known that even a simple model can predict extremely

complex turbulences because mathematical derivations become
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virtually impossible, even using simple equations, when one
has to take account of reflexive changes in parameters.
Although most psychologists would probably agree that mental
processes are subject to similar reflexive changes, 1little
use has been made of the computer to explore the implications
of the various psychological models when temporal changes of
parameters are taken into account. If psychologists continue
to devote most of their effort to empirical research without
taking time to examine the logical soundness of its premises,

the empirical research may be misled by mistaken beliefs.

Basic Principles of the Dynamics of Action

Starting from the observable aspects of the stream of
behavior, Atkinson and Birch s dynamic theory (1970) assumes
that motivational tendencies underlie the corresponding

activities which are initiated and terminated in behavior.

The principle of behavior states that the dominant or
strongest tendency isr always expressed in behavior.
Activities that are compatible with the activity that 1is
gsustained by the dominant tendency may also be expressed in
behavior. Each motivating tendency (T) is the resultant of an
action tendency (T), representing positive motivation to do
it aﬁd a negaction tendency (N), representing a tendency not
to do it. The resultant tendency is equal to the difference
between the action and the negaction tendencies (T=T-N). A

basic assumption 1s that of inertial tendencies. A tendency,
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once aroused, is assumed to persist until modified by sone
psychological force. Environmental influences that cause an
increase in the strength of an action tendency are
represented by the concept of instigating force (F).
Similarly, environmental influences causing an increase in
the strength of a negaction tendency are represented as
inhibitory forces (I). Instigating and inhibitory forces
cause a linear increase of action and negaction tendencies,
respectively, as a function of duration of exposure (t) to
the external or internal information producing them. The
strength of a tendency being expressed in behavior is assumed
to be reduced by the operation of a consummatory force (C),
which 18 a multiplicative function of the momentary strength
of the resultant tendency (T) motivating the activity and the
consummatory value (c) of that particular activity (C=cxT).
The change in strength of a tendency (dT) within a given
period of time (dt) is equal to the difference between the
instigating forces and the consummatory forces: dT/dt=F-C.
The average magnitude of_instigating forces for subordinate
tendencies 1is reduced by a parameter describing selective
attention. This parameter is meant to account for less than
continuous exposure to stimuli other than those involved in
performing the ongoing activity that is motivated by the
dominant tendency at that time.

The theory allows for displacement between tendencies
(Atkinson & Birch, 1970, chap. 2). The parameter J;}-describes
the proportion of instigating force Fi that 1s added

(displaced) to instigating force FJ depending on the degree
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of functional equivalence of activities i and j. Each pair of
activities can also be related by a parameter describing
substitution (d?}). This parameter defines the proportion of
consummatory force C1 that is added to Cj and represents the
extent to which activity 1 substitutes for activity j. Hence,
a tendency that is not expressed in behavior can be reduced
by consummation involving another activity if the latter ﬁas
some degree of substitute value for the former. Displacement
and substitution may also operate between determinants of the
strength of negaction tendencies (I and R) where the
parameter R describes the force of resistance analogous to
consummatory force (C) but which reduces resistance to an

activity.

Some Implications of the Dynamic Theory

Let me i1llustrate some 4implications of the dynamic theory by
discussing a specific example. Consider the case of an
executive who has to decide which of three new products (X,Y,
and Z) should be developed to the extent that it meets the
standards necessary to put it on the market. After a complex
decision-making procedure involving many positive and
negative attributes of each alternative he concludes that
product B is the one having the highest expected utility.
From a cognitive-episodic point of view the case seems to be
closed: The decision has been made. The executive will

support product Y. From a dynamic point of view, his behavior
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may still vary across situations, even if his decision, and
his evaluation of the expected utilities involved remains
unchanged. How could this paradoxical situation arise?
According to the dynamic theory, the motivational tendency to
support products X or Z does not disappear after the decision

has been made. This is i1llustrated in Figure 1.
Insert Figure 1 about here

The decision in favor of product Y occurs at time t, when the
motivational tendency to support product Y is the strongest
one. The fact that the evaluation of expected utilities
associated with each alternative remains constant is
reflected in constant "instigating forces" (which determine
the slopes of the curves while they are "dormant", i.e., not
dominant: Fy> Fp2 Fu). Note one difference between
traditional cognitive-episodic models and the dynamic theory:
The outcome of a cognitive process determines the rate of
increase of an action .tendency rather than its absolute
strehgth. As a result, even weakly instigated tendencies can
become dominant: Successive arousals of a weakly dinstigated

alternative may cumulate until it finally becomes dominant

finally become dominant (cf. point t3 in Figure 1).

A second mechanism promoting behavioral change despite the
constant evaluation of alternatives is related to
consummation. After tendency Y has been expressed in behavior

for a while, it 1is reduced in strength as a result of
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consummation (cf. point t, Figure 1). Our executive s
motivation to support product Y might decrease a little bit
after he has invested a considerable amount of energy in
defending his decision at a meeting. Meanwhile he might have
thought or talked about several posltive aspects of
alternatives X and Z, which resulted in an increase of the
motivational tendencies supporting these alternatives. The
vacililating behavior may appear irrational and dysfunctional
in this case. However, the behavioral variability of the
motivational system has its adaptive functions as well. It
helps the organism divide 4its temporal and behavioral
resources among the many conflicting goals that have to be

attained to satisfy its needs.

Empirical evidence. Several experiments have confirmed

various implications of the dynamic theory. In one experiment
subjects were allowed to perform any of three activities for
as long as they wished and switch forth and back among the
activities during the experimenf (Kuhl & Geiger, 1985).
During the main phase of the experiment rated attractiveness
of the three activities did not change. Nonetheless, subjects
did npot spend virtually all the time performing the most
attractive activity as would be expected by a cognitive-
episodic model. Instead, the proportion of time spent in each
activity was proportional to its rated attractiveness as
predicted by the dynamic model. Another experiment revealed
direct evidence for the dynamic theory s implication

regarding the performance of weakly instigated tendencies.
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Although the cognitive evaluations involved in the decision
(choice of difficulty 1level in an achievement task) had
stabilized after an extensive practice period, subjects
occasionally made choices that were inconsistent with the
"preferred" (i.e., the most strongly instigated) alternative

(Kuhl & Blankenship, 1979a; 1979b).

People not only occasionally switch to . non-preferred
activities; they sometimes fail to switch from a non-
preferred to a preferred activity when the opportunity
arises. In one experiment, subjects had to perform a rather
boring sorting task for about 15 minutes (Kuhl & Eisenbeiser,
1985). Subsequently, they were given a choice between
continuing on the sorting task or switching to an alternative
activity (reading comics) that had been rated as much more
attractive than the sorting task. Two thirds of the subjects
continued the sorting activity. In a postexperimental
interview most of these subjects considered their behavior
inconsistent with their "true" preferences. The results are
consistent with the dynamic theory if the aésumption is made
that, in subjects who failed to switch to reading, the
motivational tendency supporting the reading activity could
not 1increase rapidly enough within the decision period to

outgrow the tendency supporting the sorting activity.
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Action Control: Maintenance of Behavioral Intentions

The dynamic properties of the motivational system are not
compatible with the.idealized model of man as a "rational"
decision maker. If people show variable behavior even if
their 1latent hierarchy of preferences does not change; how
can they ever enact any decision, 1let alone when evaluations
underlying their decisions do change over time? The enactment
of behavioral intentions requires Eheir maintenance over an
extended period of time. A decision can be enacted only if it
is "frozen" and defended against competing motivational
tendencies that may grow in strength as a result of
cumulative instigations. I have argued recently that a
comprehensive theory of human action has to take account of
action-control mechanisms which support the maintenance of
behavioral decisions (Kuhl, 1983; 1984; 1985). Let me briefly
summarize the theoretical and empirical work conducted in our

laboratory during the past 5 years.

An information-processing model of action control

The efficiency of action control may be considered a function
of two factors. First, it depends on the sgelf-regulatory
abilities of the individual. Secondly, it depends on the

difficulty of enactment, i.e., the amount of self-regulatory

ability needed to enact the current intention.
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Difficulty of enactment. Most models of self-regulation have

little to say about the demands placed on the self-regulatory
aystem in various situations. According to my model (cf.
Kuhl, 1984), the difficulty of enactment is a function of
three factors, (1) the number and strength of other self-
generated action tendencies competing with the current
intention, (2) the compatibility of socially demanded actions
with the current intention, and (3) the mode of control that
is currently activated. My own recent research efforts have

focused on this third factor.

Two modes of control: Action and state orientations

1 propose a distinction between metastatic and catastatic
modes of control (Kuhl, 1984). Individuals do not always
perform actions that they wish or intend to perform.
A-cording to the model, the catastic mode renders the
enactment of an intention'very difficult whereas enactment is
facilitated in the metastatic mode. When a computer is
operating 4in the edit mode, instructions are not executed
aven if they are activated. Similarly, action-related memory
gstructures can be activated in an individual on a fantasy-
related 1level without being executed. In our research we
have focused on one determinant of metastatic and catastatic
modes of control. We call these action and state orientation,

respectively. An organism 18 said to be action-oriented if

attention is focused on a fully developed action structure.
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If attention is focused on some internal or external state,
the organism is said to be state-oriented. This state may be
characterized by perseverating cognitions related to some
present, past, or future state or even by the aﬁsence of any
coherent conscious thought (e.g., an unconscious conflict or

aim).

Antecedents of action and state orientations. I assume that

the degree of action orientation aroused in a given situation
depends on two factors, 1i.e. (1) the degree of perceived
incongruence between any two pieces of information processed
and (2) the extent to which an 4individual has developed

degenerated intentions, i.e., cognitive representations of

intentional states in which one or more elements are i11-
defined, weakly activated, or not specified at all (Kuhl,
1984), Mild degrees of incongruence between an individual’s
expectations and new information, between various conflicting
expectations or between conscilous and unconscious
representations may stimulate an action-oriented attentional
focus and a s8trong involvement 4in the current activity
(Berlyne, 1960; Cikszentmihalyi, 1975; Eckblad, 1981; Kuhl &
Wassiljew, 1982). If incongruence exceeds a critical level, a
state-oriented response is expected, 1i.e., attention focuses
on the incongruence-producing information and the experienced

cognitive-emotional state resulting from it.

The second assumed determinant of action and state

orientations refers to the executability of the intentional
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structure aroused. A cognitive structure representing an
intention 4s said to be degeqerated if one ore more of its
elements is not specified well enough for it to be executed.
I have proposed a propositional-network representation of an
intention specifying (1) the self as the agent of the
intended action, (2) the quality of personal commitment to
its enactment distinguishing an intention from "wishes" and
other action-related knowlege structures, (3) the context in
which the intended action is to be performed, and (4) the
intended action itself (Kuhl, 1984). Depending on which part
of a structure representing an intention is degenerated
different types of state orientation may occur, 1.€.,
failure-related state orientation, vacillating state
orientation, and goal-centered state orientation (see Kuhl,
1985, for a fuller discussion). The central assumption of
this model is that excessive attentional focus on incongruent
material or on degenerated intentions claims part of the
working-memory capacity needed for the control of the
maintenance and enactment of any intention activated. As a
result, the difficulty of enactment should increase

substantially when an individual becomes state-oriented.

Empirical evidence. Many empirical studies have been
conducted to test various aspects of this model (see kuhl,
1983; 1984; 1985, for detailed summaries). According to the
model, state-orientation should be assocliated with reduced
efficiency of enactment of intentions that place heavy

demands on self-regulatory functions. 1In the study by Kuhl &



_ /-

Geiger (1984) three motives (achievement, curiosity, and
altruism) were assessed prior to the experiment. Action-
oriented children (identified by a questionnaire) showed a
significantly smaller latency to initiate motive-congruent
behavior in a free-play situation than state-oriented
children did. In another study (Kuhl, 1982) it was found that
correlations between children’s intentions to perform several
after-school activities and their actual behavior were
congiderably higher for children scoring high on a scale that
was designed to assess a personal disposition toward action-

orientation than for children classified as state-oriented.

Functional helplessness. While trying to enact their

decisions, people may encounter obstacles. An individual’s
ability to enact her/his decision can be impairgd as a resgult
of her/his 1inability to cope with a series of failures to
overcome those obstacles. This action-control deficit may be
partly attributable to a motivational deficit ("giving wup")
and in part to a functional deficit. Our experimental results
showed that action-control deficits following induced failure
are, at least in part, attributable to a functional rather
than to a motivational deficit alone (as assumed in the
theory of Jlearned helplessness: Abramson, Seligman &
Teasdale, 1978). First, the performance deficits following a
series of induced failures were observed only in subjects
clasgified as state-oriented. Interestingly, this group
showed no indication of an expectancy or motivational

deficit. Secondly, performance deficits were found in the
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2ntire sample of subjects d4in an experimental condition
designed to induce state orientation (subjects were asked to
write an essay about their "feelings"). Third, an
experimental treatment that was to prevent state orientation
(asking subjects to state their hypotheses explicitly),
immunized state-oriented subjects against the detrimental
effects of helplessness pretreatment. Finally, state-oriented
3ubjects who suffered from generalized performance deficits
following helplessness pretrpatment reported to have been
"obsessed” by task-irrelevant state-related thoughts while
working on the test task despite trying hard to concentrate
on the task. These results demonstrate that the ability to
concentrate on the enactment of one's task-oriented decision
can be severely impaired if one responds to past failures in

a state-oriented way.

Self-regulating abilities. The theory of state orientation is

based on the assumption tﬁat state orientation is associated
with a high degree of difficulty of enactment. Theoretically,
state-oriented subjects might have as high self-regulatory
abilities as action-oriented subjects have, but attain a
lower self-regulatory ' efficiency than action-oriented
subjects because difficulty of enactment is congiderably
greater for state-oriented subjects. Our empirical results
revealed, however, that in addition to the factors increasing
the difficulty of enactment (e.g., reducing working memory
capacity when degenerated intentions are aroused), self-

regulatory skills are underdeveloped in state-oriented
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compared to action-oriented subjects.

The experimental data available suggest that, compared to
action-oriented subjects, state-oriented subjects are: (1)

less effective in actively controlling selective attention in

favor of information supporting a decision (see Kuhl, 1984,

155f.):(2) 1less parsimonious in the amount of information

processed before taking a decision thereby dincreasing the
risk that a competing tendency takes over before the current
intention 1s enacted (Kuhl & Beckmann, 1983), (3) 1less
effective in enhancing the motivational basis of their

current intention when necessary (motivation control), e.g.,

increasing the perceived attractiveness of an object
tentatively chosen (Beckmann & Kuhl, 1984); (4) less inclined
and/or less able to apply a parallel, "intuitive-holistic"
mode of information procesaing that seems to facilitate
complex problem solving (Kuhl & Wassiljew, 1984), and (5)
more susceptible to the motivation-reducing effects of being
sewarded for performing an intrinsically interesting activity

(Kuhl & Melendez, 1984).
The empirical findings available suggest the following
conclusions regarding the mechanisms which affect the degree

to which an individual actually enacts her/his intentions.
.

(1) Active attentional selectivity facilitates the processing

of information supporting the current intention and inhibits

the processing of information supporting competing
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tendencies. Mischel & Mischel (1983) report a series of
experimental findings which show that children 1learn to
maintain an experimentally induced intention against a
seducing action alternative by avoiding visual contact with
the source of distraction. Active selective attention to
goal-related information can alsc mediate the following, more

subtle, self-regulatory process.

(2) Encoding control presumably facilitates the protective

function of volition by selectively encoding those features
of a stimulus that are related to the current intention. It
is interesting to note that this assumption 1is in 1line with
recent experimental evidence of a biasing of pattern-matching
resources in favor of memory structures involving the current
goal (Anderson, 1983; La Berge, 1973; Posner & Snyder, 1975).
There 1is a growing body of research demonstrating that

perceptual tuning, 1i.e., the preconscious selection of input

on the basis of higher-order conceptual structures (e.g., the
current intention) occurs at very early stages of perceptual

processing (Carr & Bacharach, 1976).

(3) Emotion control presumably facilitatekd the protective

function of volition by inhibiting emotional states that
might undermine the efficiency of the protective function of
volition. It has been suggested and found that certain
emotional states (e.g., sadnéss; depression) render the
protection and, maintenance of an intention to avoid a

seducing action alternative difficult (Izard, 1977; Mischel,
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Ebbesen & Zeiss, 1972). We are currently investigating in our
laboratory when, and dependent on what developmental
precursors, children learn to control their emotions in order
to facilitate the enactment of current intentions against

powerful alternative tendencies.

(4) Motivation control refers to a feedback relation from

self-regulatory processes to their own motivational basis
(Kuhl, 1984). This process is especially important when the
current intention 18 supported by a weak action tendency.
When a mismatch between the strength of the current intention
and that of competing tendencies 1is detected (indicating that
the current intention is insufficiently strong) a self-
regulatory process is activated that increases the strength
of the current dintention by selectively processing
information that supports it. If I form the intention of
mowing my lawn while feeling afraid that my motivation is too
low to pull myself together and actually do it, a motivation-
control strategy is to think about what will happen should I
fail to perform the inten&ed action, 1i.e., my neighbors will
be dirritated, the grass will rapidly grow to a height that

will make it much more difficult to cut later, etc.

(5)Environment control describes a strategy that may develop

from the more basic strategies dealing with emotion control
or motivation control. Emotional and motivational states may
be controlled by manipulating the environment. Maxing social

commitments is an example. People who intend to stop smoking
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may inform a relevant other person about their intention
because they know having informed another person will create
gome social pressure that -may help maintain the intention.
Clinically oriented theories of self-control (e.g., Thoresen
& Mahoney, 1974) place particular emphasis on the process of
environment control, probably because deficits in this
process are more easily removed than deficits in the other,

less easily observable, processes.

(6) Parsimony of information-processing is an aspect of

volitional control that relates to the definition of stop
rules for information-processing. Theoretically, an actor
could go on forever processing new information about various
consequences of potential action alternatives without ever
performing any of them. Efficient action control requires
optimalizing the length of the decision-making process.
Whenever the actor believes ‘that further processing of
information bearing on potential action alternatives may
Jeopardize the executiop of the current intention, the
process of appraising action alternatives should be brought
to a halt, especially if further processing may reveal

information that wundermines the motivational power of the

current intention.



 JB =

Cognitive mechanisms affecting motivation

In 1ight of the functional differences between motivational
and cognitive processes one might overlook the interaction
between these two types of processes. Five questions that we
.are focusing upon in our research may illustrate the type of
cognitive mechanisms that may affect motivation: (1) How do
the specific (propositional) memory structures representing
veliefs, values, norms, and intentions affect motivation? (2)
What 1is the functional significance of the phenomenal status
(conscious vs. nonconscious) of action-related knowlédge? (3)
What role do active and passive attentional processes play in
self-regulation (i.e., in maintaining the current intention
and "protecting" it against competing tendencies)? (4) How
does the representational format of action-related knowledge
structures (e.g., pictorial, propositional, sequential)
affect motivational processes? (5) How do different modes of
information processing (e.g., intuitive-holistic Ve,

sequential-analytic) affect motivational processes?

In the remaindér of this chapter I will discuss the first
question (see Kuhl, in press, for a detailed discussion of

this and the renfaining four questions).
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Memory representation of action related knowledge

When we tested the validity of Expectancy X Value Models in
achievement-related settings on an individual basis, we found
considerable individual differences regarding the type of
information wused in decisions and the way various pieces
of information were combined. Some subjects based their
decision (regarding the amount of effort invested in a task)
entirely on value-related information, others focused
exclusively on expectancy-related information. Some subjects
combined expectancy and value by a conjunctive rule, others
used a disjunctive decision rule (Kuhl, 1977; 1982). These
findings and several theoretical and methodological problems
prompted us to focus on individual memory representations
affecting decisions among goals and action alternatives.
Since we focused on propositional representationa of action-
related knowledge, the question regarding the particular
characteristics of this type of knowlege arose. Propositional
structures encode information about facts (F) and about the
context (C) these facts are related to. As 1llustrated in
Figure 2, the fact component is subdivided iﬁto a subject
node (S) and a predicate node (P). The predicate is further
subdivided into a relational node (R) and an object node (0).
The context node may be subdivided into a temporal (T) and a
locational (L) component. I have proposed (Kuhl, 1983a,
p.1o7) that structures encoding motivationally significant
knowledge differ from other propositional knowledge

structures in four ways: First, in action-related
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propositions the subject node refers to some aspect of the
self as the agent of an action. Second, the context node
describes the temporal and spatial conditions under which the
intended action is to be performed. Third, the object node

refers to an action plan or production system (Anderson,

1983). Finally, the relational component of action-related
knowledge structures specifies the type of the motivational
gstate it encodes. In accordance with earlier cognitive models
of motivation (e.g., Ajzen & Fishbein, 1973), four types of
motivational states are of particular interest, 1.8,
expectations, wishes (or "attitudes" toward an act),
obligations, and Iintentions. Traditional expectancy-value
models do not make any assumption as to how these
motivational states are encoded in memory. I have assumed
that the type of state, an action-related structure relates
to is encoded by the relational component. Specifically, the
verbs  can, wish, must, and will presumably encode
expectations, wishes, social norms, and intentions,

respectively.

Insert Figure 2 about here

The latter state 1s of particular interest because in many
expectancy-value models, intentions do not have a status
separate from other motivational states. As a result, the
functicnal significance of the personal commitment to an

action which presumably distinguishes an intention from other



motivational states has been neglected in theories of
motivation since Kurt Lewin's (1926) geminal paper in which
he denied intentional states any special status (see Kuhl,
1984, for a fuller discussion of Lewin's paper). I have
already discussed the assumption that the intentional format
is particularly important because it controls access to an
individual’s repertoire of self-regulatory strategies.

The propositional model coincides with traditional decisian
models whenever the memory structure involved in a decisgion
matches the decision rule described by a particular
expectancy-value model. However, the propositional model has
some advantages compared to a traditional model. First, the
propositional model places more emphasis than traditional
models upon the variability of decision-rules (both across
and within individuals). Second, the propositional model
facilitates cross-fertilization with information-processing
approaches. Many issues that are currently debated in memory
research have interesting motivational d4implications when
applied to motivational ~phenomena. The five questions
mentioned at the beginning of this section help generate

numerous new hypotheses for future research.

Because of space limitation I will confine myself to  one
example which 4illustrates the heuristic utility of the
information-processing approach applied to cognition-
motivation interactions. 1In one study we investigated the
motivational effects of the way subjects encoded an

instruction. Specifically, we wanted to study the effects of
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letting a behavioral intention degenerate, i.e., lose one of
the components in the memory structure encoding it (Kuhl &

Helle, 1984).

Hospitalized depressive patients and several control groups
(hospitalized schizophenics, drug addicts, and university
students) were asked to clear up a desk on which many papers,
computer card, penclls, etc. were scattered around. An
attempt was made to induce a degenerated form of the
intention to clear up the table by preventing the subjects
from specifying the point in time when they were supposed to
start clearing it up. The experimenter said they were not
allowed to do it immediately 'because some testg had to be
taken, but it would be up to them to decide when they would
be able to do it. This manipulation was chosen to let the

context component of the clear-up intention degenerate:

Subjects were to be induced an intention to clear up the
table without telling them when to do it. The experiment
dincluded control groups in which subjects saw the desk
without being instructed to clear it up. It was expected that
non-depressive subjects would modify the format of the
cognitive representation of the instruction from an
intentional format to a less self-commiting format (e.g., a
"wish") once they found out that execution had to - be
suspended. Depressive subjects were expected to maintain the
intentional format of the instruction. - According to our
theory (Kuhl, 1985) this inflexibility should reduce working

memory capacity needed for the enactment of other intentions.
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This assumption was tested directly by administering several
tests of working memory capacity after the experimental
manipulation. As can be seen from Table 1, depressives did
not differ from non-depressive subjects in short-term memory
capacity in the control conditions while depressives suffered
from a significant 1loss of memory capacity in the
experimental condition that was to induce a degenerated

intention. Interestingly enough, these results were
Ingert Table 1 about here

. replicated when subjects wers subdivided according to the
score on the scale assessing state and action orientations.
While state-oriented subjects showed a gignificant decrement
in working memory capacity in the condition in which an
attempt was made to induce a degenerated intention, action-
oriented subjects had identical memory capacity under

experimental and control conditions.

Other experiments showed tﬁat this reduction of processing
capacity can also be found in non-depressed individuals,
aspecially when they have one or several perseverating
degenerated intentions (see Kuhl, 1985), It can be concluded
that we cannot derive any predictions as to wether a
behavioral decision will be carried out unless we can specify
the motivational state of the individual. Specifically, we
need to have information regarding the way the current

intention is represented in memory and regarding the
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presence of other perseverating intentions (degenerated or
not) which may impose considerable limits on the individual’s

capacity to encact the intention of interest.

Conclusion

In this chapter, I have discussed three information-
processing mechanisms presumably affecting decision making
and goal-directed behavior. First, motivational tendencies
are subject to dynamic influences that may be confined to the
motivational system, i.e., perseverance, cumulative arousal
consummation in action, displacement, and substitution.
Second, the maintenance and enactment of intentional states
seems to be mediated by several mechanisme and strategies
individuals use to shield their current intentions against
competing action tendencies. Third, étructural agpects of the
memory repregentations of action-related knowledge affect
decision making and goal-directed behavior. When some
component of an action-related knowledge structure is ill1-
defined or degenerated, decision making and encactment of
intentions can be severely impaired. We hope that a more
comprehensive account of the processes mediating goal-
directed behavior will generate new questions for future
research and promote a fuller understanding of how decisions

develop and how they are enacted.
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TENDENCY STRENGTH

U ¥ . TIME
£y t,
Figure 1: An example of a stream of activity (X,Y,2Z) and the changing

motivational state that accounts for it even when the personality
and immediate environment are constant,
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Table 1: Mean short-term memory span (as defined by Woodworth &
Schlosberg, 1954) and reported frequency of thinking about the
"mesced-up table® as a function of the degree of depression
(BDI-score) and experimental conditions.

pepression (BDI-Score) Tow high
Experimental condition

(clear-up-table instruction): with without with without
Memory span 4,84 4,83 4,42 4,83

Frequency of thoughts
about messed-up table 2,3 2,2 3,0 1,3

n 13 14 14 13
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Patrick Humphreys, London School of Economics and Political
Science, on:

INTELLIGENCE IN DECISION SUPPORT

Much has been claimed for expert systems based upon artificial
intelligence techniques which aim to support decision making by
capturing the knowledge of the decision maker in either
declarative form (e.g., semantic networks, frames and logic), or
procedural form (e.g., rule-space system). Yet their success in
application has been limited to handling low-level, well-
structured problems, 1in which the decision maker has 1ittle, if
any, discretion in formulating a policy for action. Various AI-
based systems which have encountered this application difficulty
are reviewed and their limitations traced to (i) an over-
restrictive definition of "knowledge" in terms of facts and
rules, (ii} an inadequate conceptualisation of the way decision
making is structured at different levels in both personal and
organizational decision making, (iii) the belief that a person
may be aided (rather than replaced) merely through capturing
relevant knowledge, formalizing it in a "Decision Support System"
(DSS), and then applying this knowledge in a similar way to how
the unaided decision maker would.

A1l the above reflect failures of DSS design methodology,
rather than of the resulting systems per se. The appropriate use
of knowledge representation techniques 1s only one side of
intelligence 1in decision support. The other side involves
techniques  for representing the DSS design problem and
structuring the activities of the various participants involved
at each stage in its life cycle. Key frameworks here analyse (i)
levels of knowledge representation in handling decision problems,
and (ii) the goals (roles and motivations) of participants in the
process, the problem structuring languages they employ, and the
types of expertise they possess.

The paper discusses how these frameworks may be used in
practical applications, intersecting a "top down" (from high
level to Tow level) requirements analysis with the traditional
“bottom up" system development methodology to produce DSS which
have the capability actually to aid high level decision making
activities rather than just to frustrate or subvert them. Major
issues here include:

(i) The necessity of exploring and representing knowledge at five
rather than two (declarative vs procedural) qualitatively
different levels during DSS design, development and applications.
(ii) Shaping the design and development process jointly from the
top, through constraints predicated on goals and problem
.structuring language, and from the bottom, through constraints
predicated on characteristics of available formalized wethods,
"knowledge representation shells" or generic software modules.
(iii1) Anti DSS-imperialism: Sharing the control of the problem
structuring process, and its knowledge base between the decision
maker and DSS. ({iv) The importance of procedures for exchanging
problem structuring knowledge between participants during DSS
development. {v) Psychological validation throughout the system
development life cycle, not just of the application.
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SPECIAL LECTURE

The main concern of this lecture is with general aspects of the
theory of human decision making.

James G. March, Stanford University, on:
ALTERNATIVE VISIONS OF HOW DECYISIONS HAPPEN

Theories of individual and organizational choice normally begin
with a simple structure that makes decisions a consequence of two
guesses. The first guess is a guess about the uncertain future
consequences of possible current actions. The second is a guess
about the wuncertain future preferences with respect to those
consequences when they are realized. Choice is a matter of
pursuing an alternative with expected consequences that we expect.
to Tike when they occur. The vision of decision making is a
vision of intentionality and expectation.

There are other possible visions of how decision happen. In
particular, we can consider:

1. Rule fo]lowin%. Decisions can be seen as happening through the
appTication of standard rules to appropriate situations. The pool
of these duties, roles, obligations, or standard operating
procedures are assumed to evolve by some process of variation and
selection.

2. Experimental learning. Decision can be seen as stemming from
past experiences. We Tmagine a process of incremental trial-by-
trial Tlearning through which behavior successful in the past is
less 1ikely to be repreated than is behavior unsuccessful in the
past.

3. Conflict and power. Decision can be seen as resulting from
confTict, bargaining, and coalition formation among contending
groups and individuals. The outcomes of conflict depend on the
desires and powers of the various participants.

4.Contagion. Decisions can be seen as spreading through a
population of decisfon makers. Variations in contact among
decision makers, 1in their status, and in the attractiveness of
behaviors affect the rate and pattern of the spread of decisions.

Most recently attempts to develop a behavioral decision
theory have tried to relate psychological research on information
processing, inference forming, and the allocation of attention to
a rational choice vision of decision making. The research has
been successful in showing important ways in which human decision
do not conform to rational choice of the classical form.

The research, however, has implications not only for
decisions that happen through choice, but also for decision that
happen through rule following, Tlearning, conflict, or contagion.
At the same time, a focus on these alternative perspectives on
decision making may suggest alternative directions for behavioral
decision theory, directions that might tie it more generally with
research on how decision actually happen in the real world of
modern institutions.
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TUTORIAL

Larry Phillips, London School of Economics and Political Science,
will give a tutorial entitled "The practice of decision
analysis". This tutorial is designed to give those who have no

personal experience of doing decision analysis some idea of how
it is actually done.
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STRUCTURING OF DECISION PROBLEMS IN APPLIED SETTINGS (Ward
Edwards, University of Southern California)

General structuring issues, decision trees, and examples of
application will probably be put on Monday, and MAU on Tuesday.
That implies that Alemni, Edwards, Jungermann, and Phillips will
talk on Monday, and Barron, Kleinmuntz, Brownlow, and von
Winterfeldt on Tuesday. Wednesday would be 1left for other
volunteers, general discussion, and some attempt to pull it all
together.
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Farrokh Alemni:
IMMustrative analysis of one employer™s decision to join a
preferred provider arrangement

SUMMARY

Employers often need to make a decision about whether to
enter into a contractual agreement with a health care
provider and, if so, under what terms. This is a complex
decision with uncertain consequences and large stakes. It
needs to be defended in front of organizational boards. Its
cost and benefits need to be communicated effectively to
skeptical employees. By reducing the complexity of the
decision, analysis may help in the negotiations between the
provider and the employer. This paper describes an example.

in a recent application, an employer was concerned that —r
the combined effect of (1) new administrative costs, (2)
different hospitalization costs, (3) changes in utilization
patterns, and (4) different clinical costs would undermine
any savings obtained through discounts offered, Analysis
was able to show that a discount will lead to large changes
in number of clinical visits as well as small changes in the
frequency of hospitalization. Despite the changes in
utilization patterns, however, it was still beneficial to
join the preferred provider arrangement. The discounted
hospitalization cost after adjustment for case mix
differences was low enough to produce savings. Even with
more than thirty percent increase in number of clinical
visits some savings persisted.

The insights provided by this type of analysis helped
the parties involved in their negotiations.
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Sensitivity in Value Loss of Linear Multiattribute
Value Models to Attribute Completeness

F. Hutton Barron - Unlversity of Alabama
Don N. Kleinmuntz - University of Texas
The purpose of this paper is to examine a particular structuring issue
-~ the impact of a set of missing attributes. The approach is both analytic
and empirical.
Analytically, Kleinmuntz (1983) has examined conditions required for
additive multiattribute value models to converge, when one model 1s based on
the "entire"” set of attributes, and the second model is based on the

“considered" subset of attributes. The convergence relationship is:

. 2
Py (1 + 90,004 1+ " + 200y, (1)
where

Y is & linear composite of n~k "considered" attributes (k<¢n)
Z is a linear composite of k "missing" attributes
¥°is a linear composite of n (missing and considered) attributes

¢ is the ratio UZIUY

The relationship (1) illustrates how Pyz and ¢ influence convergence.

Not surprisingly, “is large when missing attributes are not important (¢

Pyv
is low) or the miesing information is redundant (pYZ is high). What is more

surprising is the relatively large degree of convergence even when the

missing information is relatively important and not redundant.
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The empirical approach uses loss of value as a measure of the sensiti-
vity of additive MAV models to alternative formulations -- specifically to
the case of missing attributes. The distribution of loss of value, as a
proportion of the maximum value based on the entire attribute set, is
determined empirically for 18 sets of 15 alternatives each, specified
(completely) by 9 attributes. Within each set of 15 alternatives and for
equal attribute welghts, the best alternative using 9 attributes, is
compared to the MAV score {all 9 attributes) of the best alternative using
reduced sets of 6 to 8 attributes. Results indicate both frequent non-
optimality but with little loss of utility and occasional non-optimality
with severe (40% to 60%) loss of utility. All of this occurs jointly with
high analytic convergence. Two actual applications are also examined and
some implications for practice are considered.
1: Kleinmuntz, D.N. The Sensitivity of Multiattribute Utility Models to

Attribute Formulations, Department of Management Working Paper, 82/83 -
4-27., University of Texas at Austin, July 1983.
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Methods for structuring milti-attribute value hierarchies:

a_ comparison.

Sue Brownlow,

Cambridge University.

Multi-attribute value analysis begins with the construction
of a qualitative model of the attributes of the problem. The
attributes are arranged into ahlerarchy, inwhich each 'parent”
attribute is defined in greater detail by the combination of
its ‘offspring'. Little is known about the structuring process,
or about the afEfacts of different methods on the form of the
hierarchy which is developed.

Two different methods of structuring are commonly employed.
In the first, top-down (TD) method, the overall objective is
decomposed into a serles of lower-level attributes, each of
which may then be treated in the same manner. This successive
decomposition continues until a level of sufficient detail has
been reached. In the second approach, bottom-up (BU) structu-
ring, attention is focussed on a detailed assessment of the lower
level attributes, which are then clustered into groups under
broader ‘parent' attributes.

Any discussion of the effects of thes.e methods may be
expected to depend also on the type of problem to which they
are applied. For the purposes of this work, problems were broken
down into two types, according to the aims of analysis. In the
first type of problem (C), the primary aim is the choice of one
of a number of well-defined options. In the second type (E),
the purpose is more generally to explore the nature of the
problem.

This paper reports the results of an experimental investi-
gation into the effects of these different structuring methods
on different types of problem. Forty student volunteers were
interviewed to develop hierarchies of their attributes for the
problem of choosing a career, with the purpose either of choosing
between a number of pre-specified alternatives, or of defining
the attributes of their 'ideal' career.

The effects of the different methods were quantified

according to three sets of measures for each group. The shape
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of a hierarchy may be characterised by a series of measures
including number of attributes, offspring width (ie. width of
groups of siblings), depth of branches, and number of terminal
nodes. Comparison with a master list of possible attributes
gives a measure of the completeness of a hierarchy. The deqree
of certainty of the decision maker, both before and after the
structuring process, may be assessed subjectively.

This paper concludes with a discussion of the implications
of these results on the structuring process, and addresses the
question of whether one of the methods is in any sense better

than the other.
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COGNITIVE MODELS OF DECISION PROBLEMS (Henry Montgomery,
University of Goteborg, and 0la Svensson, University of
Stockhoim)

In cognitive psychology a number of ways have been suggested for
how people represent information. These representations include
attribute or dimensional descriptions, images or mental models,
and association networks, cognitive maps or scenarios. In this
working group we will discuss the limitations and merits of
different types of representations as psychological models of how
people view decision problems. We will discuss how different
models relate to each other and how they may be combined. We will
highlight a number of problems related to an attribute or
dimensional representation. For example: To what extent and how
do people classify different aspects as belonging to attributes?
What are the effects of variations in expected range of aspects
on attribute importance? How stable is a given attribute
representation during a decision process? What types of relations
do people see between attributes (e.g., hierarchical, cyclical or
no relations)? To what extent are attributes related to higher
order goals or life values?
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IMAGES IN ENERGY PLANNING
Anders Biel
Henry Montgomery
Department of Psychology
University of G&teborg

The research to be presented aims at describing how political
actors view different decision alternatives with an emphasis
on alternatives in Swedish energy politics. Since energy
planning in Sweden is a local responsibility within a frame
of directions set up by the Government, both local and state
level of planning and the correspondence between the two have
been investigated.

An analysis was conducted of 34 speeches made by the Swedish
Minister of Energy. The analysis was based on concepts
related to behavioural decision theory. It was assumed that
the speeches concerned a number of alternatives for supplying
energy in Sweden. The views held about each alternative were
described in terms of scenarios, where each scenario contains
chains of consequences which are seen as resulting from the
implementation of an alternative. Each consequence was
assumed to have more or less favourable positions on an
attribute. The attributes were divided into goal attributes

{i.e. fulfilment of goals for the energy politics) and
instrumental attributes (i.e. occurrence of means which

affect possibilities of attaining different goals). Further-
more, the speeches referred to policy measures which could

be used for changing the causal relationships in a scenario.

It was found that the views held by the minister to a large
extent could be summarized in terms of a limited number of
causal models regarding relationships between instrumental
attributes and goal attributes. The most prominent causal
model seemed to be that good technology promotes good
economy. Another finding was that many alternatives were
only related to a limited fraction of the goal attributes.
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The concepts that turned out to be relevant in order to
analyse the speeches were also applied to an investigation

on the local level. Ten townships that were about to invest
in new energy systems were studied. Interviews were conduc-
ted with politicians as well as with officials. Deliberately,
people holding different opinions as to what system should
be implemented in their town were selected. Each person was
interviewed twice and the second interview concerned points
on which the parties talked at cross-purposes on the first
occasion. It was found that each party nearly always
imagined positive consequences for the preferred alternative;
whereas the alternative preferred by the opposite party was
seen as mainly giving rise to negative consequences. 1In
many cases, the disagreements could be reduced to a limited
number of instrumental attributes. It is concluded that the
model used in the present study seems to be a useful way of
describing conflicts between different parties in a decision

situation.
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A Descriptive Study of Auditors' Use of
Analytical Review in Audit Program Design

by
S. F. Biggs, T. J. Mock and P. R. Watkins

Working Paper No. 71

This paper describes research of the auditor
judgment process as it relates to analytical review. To
date, a number of studies have been conducted concerning the
properties of statistical and other formal modeling
approaches to analytical review (e.g., Kinney, 1978;
stringer, 1975). However, little audit research has been
conducted concerning the qualities of auditor judgment-based
analytical review. Yet research in psychology, expert
systems and decision science implies that human judgment may
exhibit comparative advantages over models in areas such as
pattern recognition and integration of diverse elements of
information. The need and/or ability to recognize patterns
and integrate diverse elements of information is
characteristic of the information search and acquisition
process used h}rauditors in analytical review.

To gain insights into the auditor judgment process when
accomplishi}g analytical review, actual audito;s were studied
evaluating real working papers and an audit program of a
client of a public accounting firm. The auditors verbalized
their thought processes and these were then evaluated with
respect to decision search patterns, information acquisition,
and underlying decision processes.

The contribution of this paper is primarily descriptive.

Evidence is gleaned from subjects' verbalizations concerning
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information search and acquisition, analytical review
procedures requested, and use of analytical review
jnformation in reviewing substantive audit procedures. This
evidence forms the basis for jdentifying the "problem space”
(Newell and Simon, 1973) of the auditors. Ultimately this
type of evidence will be the basis for evaluating auditor
expertise, problem representations, and for development of a
framework to understand the organization of auditor knowledge
and how that knowledge impacts audit judgments. This
framework may ultimately provide the basis for expert systems

development which would serve as audit decision aids to

facilitate more consistent and better quality audits.

RESEARCH APPROACH

The approach to research for this study differs somewhat

from other studies in accounting in that a "non-rational”

(not to be confused with irrational)} research methodology was
employed. As shown in Table 1, the major, general,
Aifferences in this study may be characterized within the
context of philosophy of science arguments. That is, in the
current study the wtraditional" rational science approach was
not followed. Rather, a "humanist" approach advocated by
Mitroff and Kilman (1978), Rosnow {1981), Reinharz (1979},
Lachman, Lachman and Butterfield (1979) and Newell and Simon

(1972) was utilized. 5



/62 -

Judgment as a component decision process for choosing
between sequentially available alternatives

Heiner Gertzen and Franz Schmalhofer
Psychologisches Institut der Universitat Heidelberg

Previous decision research has revealed several choice heuristics
whose application depends upon situational factors as for example the
mode of the alternatives' presentation (e.g. Aschenbrenner, '1984).
Therefore the availability of the choice alternatives, i.e. both alter-
natives being available at once, or several alternatives being available
only one after the other seems to be a situational factor of definite.
ecological importance which deserves some detailed investigation. For
example, when buying a product the products offered by one store are
simultaneously available, whereas the information about the products of
different stores must be processed in sequence, possibly separated by
some unrelated cognitive processing.

This differential availability of the information about the alter-
natives may favor the application of one or the other of two types of
strategies. Contrary to the dimensional processing strategies which are
applied when the information of both alternatives is presented at the
same time, the Timited capacity of working memory may favor the forma-
tion of an overall judgment of the alternatives. An alternative's over-
all judgment can be held in memory more easily than a 1list of the
alternative's features. Thus alternative-based processing would be ex-
pected for sequentially available alternatives. In this case a choice
may be derived by determining which of the overall judgments is better.
Since such judgments knowingly differentiate less accurately between the
attractivity of the two alternatives, more inconsistent choices may be
expected for sequentially available choice pairs. Due to memory failure
and the consequent application of some supplementary decision heuristic
(possibly some satisficing principle}, sequential availability could
produce systematic biases for the firstly, or secondly presented alter-
native.

These assumptions were examined by an experimental investigation
with a total of 90 subjects. Several pairs of multi-dimensionally des-
cribed text-processing systems were presented to the subjects. For every
description of an alternative a meaningless name was introduced and
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presented in the choice task. Every subject first acquirved knowTedge
about text-processing systems, making all subjects equally knowledgeable
about this subject domain. In the three conditions of the experiment,
which was run under the control of microcomputers, multi-dimensional
descriptions of the alternatives were either presented simultaneously,
sequentially, i.e. the description of one alternative after the other, or
sequentially, with an interpolated task to be performed between the
presentations of the two alternatives. Every alternative of a pair was
presented in the first as well as in the second position, so that every
choice pair had to be presented twice. Choices and choice latencies were
collected.

In addition, subjects judged the attractiveness of the alterna-
tives from memory as well as from multi-dimensional descriptions. Where-
as in the memory judgment task, subjects were only presented with the
name of the alternative, only multi-dimensional descriptions were shown
to the subjects in the (regular) judgment task. The first judgment task,
which was separated from the second by a distractor activity, thus
indicates the judgments about the alternatives which are stored in the
decision maker's memory after several choices. If persons based their
decision upon the overall judgment of the alternatives rather than upon
dimensional comparisons, the collected memory judgments should be suited
for predicting the decision maker's choice.

For sequentially presented alternatives memory " judgments were
found to be a better predictor of the choices than for simultaneously
presented alternatives. In that case, there was also a higher correla-
tion between the two types of judgment, indicating that for sequentially
presented alternatives, decision makers are more likely to base their
choices upon overall judgments of the élternatives than for simultane-
ously presented alternatives.

The data also indicate that sequential presentation may yield
fewer consistent choices. For the sequential presentation mode, the
secondly displayed alternative was more likely to be chosen than the
alternative being presented first. By including choice latencies it is
analyzed whether and how various cognitive models (e.g. Aschenbrenner,
Albert & Schmalhofer, 1984) can explain the reported results.
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THE STUDY OF CAFABRILITY OF DECISION MAKER

TO CARRY DUT SOME ELEMENTARY OFERATIOMS
NIKIFOROV A.D.y REERIK S.E.

The most advance methods of solvind a3 multirle criterial
mathematical erodramming rroblemsr» are man-machine rrocedures
(MMF)y in  which the decision~maker activelw finds the best
solution.

The aquality of solutions the attitude of decision maker tou it
are determined by the correlation between MMP’s requirements to
the I'My ahd his carability to rerform correctly the necessary
information rrocessing.

The results numerous rsyholodical stadies conducted in recent
yparsy evidence that human carabilities in rrocessing comrles
multirle factors information are rather limited.

Imrlementing some orerstion DM makes BTTOrS dierlaw
contradictions uses wrond hearistics,

The rpresent work describe the result of investidation of
carability of [N to imrlement some oreration uced in HMF. There
was no results of rswvhological recearch concerning thess
}DPEPBtiﬂﬁa These orerations are!

1.The criteria rankingd oreration on the basis of preferences
of DM.

2. The oreration of assidnement of satisfactory value by one

criterion.

We realized the conventional of a laboratory exreriment.S0 we
trued to arrroach it to the resl conditions DM work., Wo teke well

familiar for subdects task! +to chose the rlace Ffor building
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summer cottade, It was select seecizl drour of subdectss which
was doind to build summer cottasge.

The various ture of rlace for buildindgd summer cottage was
described by means of 12 criteriz havind srread words definition
and ordinal scales of estimation,

According to the results of exreriments the mext conclusions
can be made!

1.The ranking of 12 criteria on the bassis of epreferences of
DM is rossible and can be carry out if the sreliminsrus srecial
training of M is fulfilled. It is nessesarw to meke clear the
rreferenses of DM and to form stable sustem relations between
criteria.

2.The investidation rroved that DM was concistent while
assidnind of satisfectory wvalue buw the one criteriern if that
criteria was imrortant.

J.Assidnement of satisfactory value by isolate eriterions
leades in some case to contradiction with the vialue of this
criteria in the dgrour of chosen alternativ.

4.When develoring and evaluating MMF it is n2ssesary Lo  take
into the consideration the fact that DM caen rersue consistent
rolisy towards criterias estimation of wmore imrortant for him

criteries and can be not concistent towards not importent.
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PERTTI SAARILUOMA
DECISIONS IN CHESS PLAYERS' PROBLEM-SOLVING

Decision-making and problem- solving are twe thought processes which
obviously are very close to each other, Most of human thinking
presupposes both decision-making and problem-solving. At least it is
very hard to imagine a genuine thought provoking Tife-situation which
does not necesitate problem-solving as well as decision making. In
order to increase our understanding of human thinking as a whole it
is necessary to consider the interrelations of human problem solving
and decision making.

Problem-solving is a complex and time-consuming process. The problem-
solver must usually find his way among many alternatives to reach his
goal. This naturally means that he must make a number of necessary
decisions to be able to find the correct route from initial situation
to his goal. One of the first tasks in studying the interrelations
between problem-solving and decision making is to find out the types
of decisions necessary for smooth problem solving.

In this work chess is a practical task environment. Some of the most
fundamental findings in cognitive problem-solving research have been
made by studying chess players' problem-solving (de Groot 1965,1966,
Newell and Simon 1972), which gives a promising opportunity to
theoretical considerations of the interrelations of the two areas. On
the other hand, searhing for a move in chess is not only a problem-
solving situation but the tree structure of the game obviously makes
it also a decision situation, which should support the empirical work.

In this study the method of thinking aloud and protocol analysis has
been used to classify a group of task necessary decisions and make
a preliminary study of their function 1in chess players' problem-
solving. By task-necessary decision I mean here a decision which is
necessary for the smooth course of the process.

The decision processes 1in chess players’' problem solving may be
divided into two broad classes: metadecisions and decisions.
Metadecisions are decisions concerning the problem solving process
itself. They are important in controlling the course of the process.
Decisions concern the selection of a move, i.e. the problem itself.
To make a move a chess player must usually select between various
reasonable moves, which necessitates an ordinary choice between a
number of goals in the world outside the solver himself.

Three important metadecisions may be demonstrated in the protocols of
chess players. They are the choice between relevant and irrelevant
problem spaces, choices concerning . allocation of resources, and the
termination decision. A problematic chess position may be structured
in the mind as a problem space in only one way at a time. The solver
must decide what are the reievant ways of structuring the problem
situation, i.e. which are the ideas he is going to consider, and he
must also decide in which order he is going to consider them.

A solver must also decide how much effort he 1is going to invest in
studying some alternative, since time is always limited. These are
decisions about the allocation of resources. At the very end the
solver must decide when to stop his search. The termination decision
is reached when he is so satisfied with what he has achieved that he
does not want to continue the search.
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At the present stage of research three types of decisions may also be
demonstrated in chess players' protocols. They concern the value of
the position, the value of the decisfonal evidence and the choice
between reasonably good moves. These three types of decisfons are, of
course,refated ¢o each other as to the metadecisions.

To be able to select a move a chess player must evaluate the problem
position as well as the goal positions he considers. He must decide
whether the positions is good or bad for him or it 1is equal. In
achess position there are always a number of chess-specific factors,
such as open lines, weak pawns, active pieces etc., and the player,
in evaluating a position, must be able to decide what the weight of
individual factors is, i.e. which of them are fimportant in this
particular problem position and which are not. So decisions

concerning the value of the position and value of the decisional
evidence are strongly interrelated.The choice of a move is paturally
based on evaluation. It may be a cheice in circumstances of certainty
or risk. The degree of certainty depends naturally on the nature of
the position and the relevance of the decisional evidence collected.

There is some evidence that metadecisions are related to decisions.
If a player finds a move which he evaluates very good he {s very
willing to make the termination decision. If he evaluates, even
i1lusorily, his position as bad, he is apt to invest more resources
to defensive moves than attacking moves and vice versa. This means
that a problem-solver probably has a sophisticated cost/benefit
analysis controlling his problem solving process similar to that
which has been found in decision-making.

It is evident that decision-making and problem solving are closely
{nterrelated processes. There are two {mportant {ssues in their
relations which may be preliminarily considered. Firstly, is it
possible to explain errors 1in chess players’ problem-soiving by
failures 1in task nocessary decisfons? Secondly, what is the role
skill differences typical to chess in decision making during the
problem-solving process?
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The role of familiarity in the decision strategy
selection.

Tadeusz Tyszka
Department of Psychology
Polish Academy of Sciences

One of the most important controversies about the nsture of

. the decision making deals with the problem.whether it should be
conceived as an optimizing or rather as a satisfying behavior;
whether the chosen alternative is optimal in some sens or rather-
only satisfactory. The two approches differ in how the infTormation
about alternatives 1$ acquired, how through this informstion is
and how descriptive and evaluastive information is processed.

Generally, the model of satisfying behavior assumes less in-
formation acquisition and processing what fits better lim;ted
cognitive capacity. It also has stronger experimental sugpport,
especially as far as information seeking behavior is concerned.
As regards evaluation processés, however, the advantage of the
satisfying model is not so obvious.Both approaches assume claear,
unambiquous human preferences, what in many decision situations
neaed not be true. In such situations, evaluations of absolute
type /X is good enough/ which are required by the satysfying
model may be even more difficult for the humsan decision maker
than evaluations of comparative type /X is better than Y/ -
reyiured by the optimizing modelu,

An experiment has been performed on the role of familiarity
with the decision fask and its impact on information and evalus—
tion processes in decision making. 4 combinaticn of two process
tracing techniyues that if information seeking and thinking aloug,

has been used,
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Obtained differences between groups dealing with more vs. lesa
familiar decision tasks may be summarized as follows:
More familiar with decision task utilized, and processed, "richer"
information. They acquired information "by alternatives" rather

than "by aspects". Their descriptive ss well as evaluative sta-

" . tements were predominently of absolute type. Both last findings

fit well satisfying behavior.Behavior of those less familiar

with decision taska fitted the satisfying model definitly budly;

they used comparative statements in higher proportion than those

more familiar with decision taska, also their patterns of infor-

mation seeking were less consistent. At the same time their beha-
vior could indicate some difficulties with evaluation processes -
- probably related to lack of standards of evaluation.

Although it 1s quite difficult to tell what decision strategy
they did follow, there are hints indicaeting evaluation cperations
refered to by Montgomery as dominance structuring. One of these
hints is that they expressed significantly higher proportion of
pogsitive evaluative statements than those more femilisr with

decision tasks.
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Fortfolio Theory Revisited: A GBuantitative Comparison
With Subjective Expected Utility
Elke U. Weber
University of Toronto
. Canada
Frevious tests of portfolio theory (Coombs, 1946%9; 1974) have

been restricted because the absence of an independent measure of
subjective risk. Some indirect tests of the model, testing
qualitative predictions of portfolio theory, (e.g., Coombs, 1980;
Coombs & Huang, 19746) have been favorable, while others
(e.g- ., Aschenbrenner, 1978; Lehner, 1978) failed to find the
predicted phenomena.

The present study takes advantage of a measure of subjective
risk récently developed and validated (Weber, 19B3; 1984; Luce &
Weber, 1984) to make a quantitative comparison of the adeguacy of
expected utility theory and portfolio theory for predicting
preferences between alternatives in risky choice situatiaons.

The design of this study is completely within—-subject since

the objective is the prediction of individual preference. All
analyses are done on individual subject data. The sample
size is ten, including college students and highschool
teachers. The study has two stages, parameter estimation
(stage I) and comparison of predictive power of

exwpected utility vs. portfolio theory for preference judgments
(stage II).

Stage I: Using graphic rating scales appropriately labeled,
subjects provide judgments of subjective riskiness for a set of
three—outcome lotteries (monetary outcomes), and of desirability

for a set of one-outcome lotteries. The outcomes of both sets of



A2

lotteries span the range of the lotteries used in stage II.
Subjects” subjective risk function parameters are estimated from
their risk judgments (Weber, 1985; Luce % Weber, 1984). Subjects®
utility for outcomes and subjective probabilities are estimated
simul taneously using standard functional measurement technigues.
To assess possible inaccuracy in the perception of expected
value (Van Santen, 1978), subjects are also asked to rate average
pa;o¥F of the three-outcome lotteries used in stage II.

Stage Il: Subjects provide ratings of desirability for a new
set of three-outcome lotteries (dependent variable). Using the
individuals”® parameters estimated in stage I, subjective
riskiness and subjective eupected utility are computed for this
set of lotteries. A regression of desirability ratings on
subjective expected utility provides a measure of the latter®s
predictive power (multiple R-squared!). This is compared with the
fit of the regression of the desirability ratings on euxpected
value (or subjective expected value., average payoff) and risk (as
a quadratic term, because distance from ideal risk point as
opposed to absolute level of risk is hypothesized to affect
preference in portfolio theory). Froblems of comparison between

the two models on the basis of a goodness-of-fit measure are

discussed.

1)
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Bias in Assesszing Weights in
Multi-Attribute Decision Making

1)
Eisenfuehr, F.
2)
Von Winterfeldt, D,
1)
Weber, M.

Throughout the last years there has been a growing
bedy of research on bias in assesging one-dimensional
utility functions. It has been shown that depending on
framing, elicitation methods etc. different utility
functions might be determined. Within the following
paper we take a first step towards investigating biasg in
a multi~attribute decision making situation, i.e.
investigating bias in assessgsing attribute weights. The
regults of our sktudy indicate that the solutions of
descriptive and prescriptive decision problems might
depend on the method chosen to elicit the weights ay
wall asg on the structure of the system of decision
relevant attributes.

In our empirical study we tried te address four
main questions: i) How is the division of one attrilute
into two disjunct subattributes reflected in the weights
of nttributes and subattributes? ii) Are different
metheds of assessing weights more or less sensitive to
dividing attributes resp. do different metheds give
different weights for the same system of attributes?
iii) Is dividing attributes resp. choosing a method
eritienl for predicting a decision maker's hehavior?

iv) Is the perceived correlation between subattributes a
possible explanation for the observed bias?

To answer these questions we surveyed 280 German
Business students who were divided into 8 groups. Each
group received two questionnaires on attribute weights
in a job cheice situation, with 3, 4, 5, or 6 attributes
in the first questionnaire and 6 or 3 attributes in the
gecond questionnaire. The attribute systems with more
than 3 attributes weres generated by dividing 1, 2, or 3
of the original three attributes into disjunctiva
subattributes. Within each questionnaire we used four
different methods to assess the attribuit=s weights,
checked preferential independence of attributes,
determined perceived correlation of attributes and asked
the students to chcose between a number of jobs.

1) Lehrgebiet Allg. Betriebewirtschaftslehre, RWTH
Aachen, Templergraben 64, D-5100 Rachen, F.R. Germany

2) Systems Science Department, University of Southern
California, Los Angeles, CA 90089, USA
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APPLICATION AND EVALUATION OF DECISION AIDS (Berndt Rohrmann,
University of Mannheim)

In this workshop the following topics shall be discussed:
- What criteria should be fulfilled by decision aids?
- Which evaluation methods are appropriate?
- When are clients satisfied by decision-aiding techniques?
- What practical problems occur within applications?
- How can the usability of decision-analytic approaches be
improved?

It is planned to have one theoretical/methodolegical contribu-
tion, probably three presentations of application/evaluation
examples and an integrative discussion of conclusions.

There will also be time for (short) statements about ongoing
research. The group should consider quantitative as well as
qualitative decision aids, and should look at different fields of
application (e.g., social, economical, medical, legal decisions,

.etc.) )
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DESIGN AND EVALUATION OF A DECISION AID IN A NATIONWIDE DISCUSSION

P. Neijens Free University of Amsterdam
W.E. Saris University of Amsterdam

Two years ago the Dutch government instigated the General Social Discussion
(GSD) about the use of nuclear power in the Netherlands. This discussion
was divided into two parts. In the first part, the information phase, an
independent committee collected informatiom about the consequences of
nuclear power and the possible alternatives to it. This information has
been summarized in an 'Interim report’. In the second part of the GSD the
committee had to collect the opinions of the population which had to be
based on the previously collected information. These opinions are presented
in the 'Final report’.

Several procedures have been used to collect the opinions of the public.
One of them, the Choice questionnaire, has been developed by the authors.
In developing this procedure we based our approach on the theory of
decision analysis. To make a good decision one must, according to this
theory:

- make an overview of the possible alternatives
- make an overview of the consequences of these alternatives
- evaluate these consequences

- make a choice on the basis of these evaluations

In line with the design of the GSD it was decided that the first two steps
should be the task of the researchers. In the Cholce questionnaire
information was provided about the different possible energy sources. This
information was based on the Interim report of the committee.

The respondents’ task was to evaluate the information in order to make a

decision on this topic.
In developing this 'decision aid' we had to answer the following questions:

- what is the appropriate formulation of the choice problem?
- what information about possible consequences has to be given?
- what is the most efficient way to present the information?

- what is the appropriate way of eliciting the evaltiations and the choice?
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In the first part of the paper, we will describe how we answered these
questions. That means: we will give our arguments for the specific design
of this decision aid.

In the second part of the paper a thorough evaluation of the Choice
questionnaire will be presented. First of all, we asked the respondents
about their opinion of the bias in the presented information. We also asked
them if the Choice questionnaire was an aid to them for making a choice.
Far more important than this subjective evaluation, we think, is an
objective evaluation of the decision aid. Two aspects of the quality of the
decision aid have been analysed: the quality of the evaluations of the
consequences of the choice options given by the respondents and the quality
of the choices made by the respondents.

First we will analyse the evaluations of the consequences: do the
respondents evaluate consequences which are clearly advantageous as
advantages? Do they evaluate disadvantageous consequences as disadvantages?
Do they evaluate the same consequences of different alternatives the same?
And if not: to what extent can these mistakes be explained by an existing
opinion of the respondent about the alternatives before he or she fills in
the questionnaire?

Second we will investigate if the choices made by the respondents are in
line with their evaluations of the consequences, that means: in line with
the presented information. We also analysed the direction of the
relationship between evaluations and choice: does the choice determine the
evaluations or do the evaluations determine the choice? In other words: we
investigated 1if an effect of the Choice questionnaire on the choiceprocess
exists.

We also analysed the effects of different possible ways to present the

information,

For this evaluation study, we did research on four random samples of the
Dutch population. We presented three different forms of the Choice
questionnaire. In one sample we asked the opinion of the respondents

without presenting information.
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APPLICATION OF DECISION AID IN HUMAN SERVICE ORGANIZATION
(Helping Probation Officers to Decide Disposition of Juvenile Delinguents)

by
Monica Shapira, Ph.D.

School of Social Work
The Hebrew University, Jerusalem

pDespite the recent growth of a variety of decision aids designed to
help the decision makers to augment their minds' capacity, to reduce the
complexity of judgmental tasks and consequently, to improve their performance
in those tasks, there has been as yet little application 6f those aids to
the actual making of decisions in human service organizations. In most
social and clinical settings experts' judgments and decisions involving
assessment of people, prediction of uncertain events in peoples' lives from
complex and ambiguous information, and subsequent choice of preferable
action are still largely a matter of doing one's best, of ignoring uncer-
tainties, trusting intuitive strategies and relying on implicit and mostly
unvalidated beliefs. The two main obstacles in introducing decision aids
into decision making in human serxvice organization can be traced to:
1) the absence of a known, or even knowable and measurable, criterion.
Moreover, in those situations the information on the "true" outcomes of
decisions is either incomplete, noisy, or lacking altogether. Therefore
the task structure cannot be precisely defined and the criteria of optima-
lity and accuracy lack-external validity; 2) the proverbial resistance of
helping professions to substitute the intuitive and implicit reasoning,
based on professed commitment to the idea of uniqueness of an individual
and belief in individualization by a systematic application of an explicit
general rule. The resistance of professional experts is reinforced by

organizational inertia and unwillingness to change established routines,

Our presentation describes a successful application of a decision aid,
designed, developed and implemented in YOuth Probation Service in Jerusalem.
Probation Officers' task in recommending disposition presents a paradigmatic
case of the general class of clinical-diagnostic and predictive decision
made by professional experts in most helping professions, where people are
assigned to treatments on the basis of professional assessment of their

personal characteristics, their needs and their social circumstances.
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Our decision aid is based on provision of procedural support to
decision makers in the form of heuristic rule for processing, weighting
and combining diverse information into disposition decisions, and on
division of labor between the expert decision maker and computer capi-
talizing on each party's relative advantage. The knowledge, clinical
experience and coding ability of professional decision makers is amplified
by the computer's superior capacity to process and integrate information

in an effective, consistent and reliable way.

Our presentation reviews the successive stages in designing and
development of this support system: from the eliCitiEifn of expert
knowledge and experience in terms of rules and facts, @ncoding it into
computer program, through incremental improvement in the knowledge base
by reiterative trial-use of the system in direct interaction with
experts to a final implementation of the system as a part of organizatiocnal

routine of the Pxobation Service.

We address our presentation specifically to the issue of improving
decisions in situations in which criteria of optimality are lacking and
suggest how some "local" or partial optimality criteria can be evolved
from the understanding of the specific tasks and of the social conseguences
of the experts' judgment. The specific strategies which helped to gain
acceptance of professional experts and organization management for the
Support system will be discussed in greater detail, The social benefits
and usability of such decision aids in human service organizations both in
terms of people served and organizational declsion practice will be

Presented.
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INDIVIDUAL AND ORGANIZATIONAL DECISION MAKING (Zur Shapira, The
Hebrew University)

- The theme of this- working group is to exchange ideas about the
relationship between individual and organizational decision
making. Some questions about the relevance of these levels of
analysis to each other were raised by March and Shapira (in
Ungson and Braunstein, eds., Decision Making, Boston, Kent
Publishing 1982). Examples of issues to be aeait with include:
(1) effects of commitment on choice; (2) conflict (within and
between individuals); and (3) the role of dincentives in
organizational decision making. There are three 2 hour sessions
and the plan is to discuss one or two related. subjects in each
sessfon. The papers will be presented first and will be followed
by brief statements by other participants on their related
research, then a general discussion on the subject will be held.
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DYNAMIC DECISION MAKING IN DUAL CONTROL PROBLEMS WITH CONFLICTING GOALS.

Godfried van den Wittenboer,Institute for Andragology,University of Amsterdam
Jacques de Bruyn,Social Science Informatics,University of Amsterdam

Joke Catau,Institute for Andragology,University of Amsterdam

Many real world decision problems are dynamic in nature. They can be character-
ized by a series of interdependent decisions in which the decision on each
step creates a new decision problem at the subsequent step. The situation be-
comes more complex when two decision makers with conflicting interests are
involved. Although this kind of problems is extensively studied in the litera-
ture on control theory and differential games, the models proposed are in es-
gence still normative and a sound psychological basis is lacking.

In the full paper ;e study the decision making behaviour in a situation in
which two decision makers (called players) in turn make decisions in order to
control a simple dynamic system. The system state evolves according to a
linear difference equation and each player can control this state in his turn
by the size of his move. Both players pursue a different value of the system
state. These values are called their respective goals, and the further they
are apart the more conflicting the situation is. Each move is assumed to cause
costs for both the players. They depend on the distance from the obtained
system state to their goal and the size of their moves, both weighttd by non-
negative parameters. Adding these costs over n subsequent steps, we get the
so-called individual loss functions, The decision theoretic problem for each
player is to choose his moves in such a way that the value of his own indivi-
dual loss function will be minimized.

An interesting aspect of this problem lies in the fact that more than one
strategy is defined in literature and that they all can be played optimal:

the all moves concerning competitive strategy, the one move minimizing

myopic strategy and the all moves concerning cooperative strategy. Note-

worthy is that the cooperative strategy leads to the least total individual
loss, then the myopic strategy and then the competitive strategy. The myopic
strategy requires no information on the other player's costs on each move and
his total loss until then, but both the other strategies do. One has over-
looked, however, that this information creates the possibility that people
can see whether they do better than the other player and that they, besides

minimizing costs, also want to win. In doing so, they rather will use more
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aggressive strategies, even if these will lead to higher losses for them-

gelves than needed. We define two such strategies: a plain aggressive strategy

in which one maximizes the difference between the individual costs on a move,

and a repressive strategy in which one maximizes the differences between the

individual costs on both the own and the opponent‘'s move. The hypothesis is
that people who are more completely informed about their opponent's costs
show a stronger tendency towards the aggressive strategies than people who
are not.

0f course we are also interested in the real strategies and in strategy switch-
es. In the full paper some hypotheses will be discussed concerning these as-—
pects. In fact they all refer to the stability problem, which is especially
of interest when the structure of the decision problem is changing during the
decision making process by altering the weighting parameters from above.

In order to test these hypotheses an experiment was set up in which 36 subjects
were assigned to the cells of a two by three factorial design. One factor of
this design contains the complete and the low information condition depending
on the fact whether the players, besides information on each move, also were
informed about the opponent's costs. The second factor consists of three differ-
ent sequences of the weighting parameters. The game was implemented on a com-
puter and played on two terminals. The players were asked to play one of two
factories that shared the market of a certain product. Each player was told
that his best market share was 70% and that he could control the market by
appropriate moves which could minimize his total costs. The subjects did know
the form of their loss functions, but not the parameter values.

Only a few results can be summarized here. Analysis of variance shows very
convincing that people in the complete information condition indeed use more
aggressive strategies and that their total costs are considerably higher

than in the low information condition. Remarkable in this result is that
people need more information to make better decisions but that they, instead,
use this information to fight each other. Another intriguing result is that
no effect of differences in the weighting parameters can be found, but that
different sequences of these parameters lead to different strategies and total
individual costs. Though as yet no definite results can be given on the
stability hypotheses, a first look at the data shows a higher correlation
between the corresponding moves of both players (r= .93) than between their
outset market shares and their moves (r= -.67). This suggests that people
react more upon each other than upon the more important system state. Complete

results will be reported in the paper.
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DECISION ANALYSIS WITH COMPETITION

Jane M. Fraser
Rachelle E. Rees

School of Industrial Englneering
Purdue University
West Lafayette, IN 47907
Abstract

Decislon analysis I1s a useful ald for declslon makers, but 1t falls to model the
Interactlve nature of competitive declslon maklng. Game theory does model the Interac-
tlve nature of competitive decision making but many of Its methods and assumptlons
are Incompatlble with decislon analysis. In partlcular, game theor uses the normal
rather than the extenslve form of analysls, has the goal of predleting aggregate behavior
rather than advising an Indlvidual declslon maker, generally assumes complete rather
than Incomplete Information, and assumes all players are ratlonal In a particular mean-
Ing of ratlonallty. Other parts of game theory may be applicable to declslon analysls;
the analysls of games with Incomplete Information, and the ideas of ratlonalizable stra-
tegles have useful implications for declslon analysls. We conclude that models of com-
petltlve declslon making must confront, not avold, two Issues: the Infinlte regress of
expectations and psychologlical models of decislon making. Language and methods are
needed for taking Into account as much of the regress of expectations as Is needed. A
useful theory must aiso glve varlous possible psychological models for one's opponents
and then help the declslon maker to calculate what to do agalnst each type.
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Decision Making in Social Dilemmas
David M. Messick
Department of Psychology
University of California
Santa Barbara
U.S.A.

Social dilemmas are multi-person decislion making situations in which (1)
each person has a choice, which by the criteria of individual rationality, is
better than another choice, but in which (2) if everyone makes their "best"
choice, everyone is made worse off than if everyone made the less good choice,
Thus the result of a set of individually rational decisions is a set of
outcomes that are not desired by any of the decision makers. Many real world
problems including pollution, overuse of shared resources, overpopulation, arms
races, and overtaxation may be viewed as having the characteristics of soeial
dilemmas.

In our research program we have been studying two different classes of
solutions to social dilemmas. The first class concerns factors that tend to
promote or hinder more socially "enlightened" individual decisions within the
context of social dilemmas. Such factors include the amount of information
individuals have about the impact of their decisions on the environment, the
degree of homogeniety or heterogeniety in the decisions of other group members,
and the extent to which the decision makers perceive themselves as members of a
common social category.

The second class of solutions concerns the decision makers' willingness or
desire to change the actual decision structure from a social dilemma to some
other form. Possible alternative decision structures include the appointment
or election of a leader who will make decisions for the entire group, the
division of resources or responsibilities into private, non-shared units, or
imposing restrictions on the decision options that effectively eliminate the
pernicious structure that leads to sub-optimal equilibria.

The paper that I propose to give will describe one or two of the numerous
studies we have conducted as well as the theory that we are developing to
explain the relationships between the two types of decisions people make #in
social dilemmas and to predict when people will want to alter the decision
structure that defines their interdependence.



7
Hedaonic Framing and The Break-Even Effect

Eric Johnson

Carnegie-Mel lon University
Richard Thaler
- Cornel.l Unlversity

Seldom are decislons made in temporal isolation. Our current

choice are evaluated with knowledge ot the decislpons and outcomes

that have preceded them. Despite normative advice to ignore
these histarical events, it is well established that real
declslon-makers are often influenced by both past losses (i. e.

sunk costs) and past 9gains. Our paper attempts tao extend that
work by providing a series of empirical regularities and at least
a partial explanatian of these results In the spirit of the
pioneering work of Kahneman and Tversky (1979: 1982). Here we
extend thelr descriptlive model ot decislian under uncertainty;
prospect theory: to simple two stage situations in which a

previous outcome might intluence a subsequent decisian.

We Identlfy several principles based upDn a series of
exper iments. The first we term hedaonic framling: I+ possible
individuvals prefer the rep}esentatiun ot risky prospects which
max|imizes thelr wvalue: as represented by the prospect theory
value function. Experimental evidence Iindlcates: for examples
that subjJects preter two gains one ot $50 and another ot $25 to a
single %75 sgaln. ﬁs Iimplied by the curvature of the wvalue

functions the reverse is true for losses.
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We also note Important e;ceptinns to thls principie:r For
examples; wunder many clrecumstances subject seem unwlillng o
combine two lobssess; prefering Instead to separate them. Consider
for examples a situation where two lossess say a $20 +tratflc
ticket and a $25 fine from the <college reglstrars; befall our
subjects. Here we simply ask subjects whether they wouid prefer
these two events; to occur togsethers on the same day: or
separate; on two dltterent days. The overwhelming majority (71%)
of respondents preter the two events to occur apart. Thus: while
subject prefer a larger integrated loss to its components they

seem unwilli!ing or unable to perform this Integration themselves.

This observation suggests that inltial losses cause subsequent

losses to be relatively more palnfuly an effect we term the

ratchet eftfect. We provide several emplrical demonstrations that
Initial losses reduce risk-seeking. Conversely; risk seeklng can
Increase wunder some conditions. For example; declision makers
seem much more |ikely to choose a risky optlon when .it will wipe
out the initial lossy an phenomenon we term the break-even
etfect. Another circumstance which |Increases risk seeking we

term the house money effect: Risk seeking increases following an

Initial galn; I¥ the Ilosses presented by the risky aoptliaon will

not exceede the initial galn,

We close by summarizing these results; and suggest several
alternative explanations. These explanations; along with several
real world behaviors consistent with these principles suggest

that this is a promising area for tuture research.
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Proposal for a paper to be presented in one of the workshops at
the Tenth conference on subjective probability, utility and de-
cisionmaking

Authors: Inga-Lill Johansson and Ewa Wennstr&m
Department of Business Administration
University of Gothenburg
Sweden

Title: "Who can make use of financial information?”
Summar,

Financial information is supposed to be a useful basis for deci-
sions. However, there is a lack of empirical descriptions of how
financial information is used in organizations. Such descriptions
are necessary for the development of information systems which
can contribute to better decisions in organizations.

The purpose of this paper is to throw some light on how financial
information is used in two companies in Sweden, by placing to
users in focus. .

After a short introduction, the paper begins with a description

of the development*of the two companies and their situations, orga-
nizational structures and systems today. We then change perspective
and give an indirect description of two orderreceivers, one in
each company.

We put the pictures of the two companies and the two orderreceivers
together and try to compare the situations, the structures, the
systems, the users and the use of information. There are simila-
rities and differences. What explain this?

An analysis in terms of characters (following Riesman 1952) make

the problem of how financial information is used, appear. With
character we mean "the mechanisms which contribute to preserve the
user's identity and in the same time to conform to the company".

The company's character is a shadow of the characters of the employees
.and is preserved by the employees who can preserve their identity

by joining the company. The character of the company appears in

it's relation to society.

Only users who can make use of an information system to preserve
his/her identity are supposed to make use of the information in
the system. In the same way; Only companies who can make use of
an information system to preserve it's identity, can make use of
it. i

We end up the paper with a discussion of how we plan to investigate
if “"character” can explain how financial information is used in or-
ganizations.
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Perceptions of Fairness in Economic Transactions

Richard Thaler (with Daniel Kahneman and Jack Knetch)

The economic analysis of competitive markets assumes that agents will
take advantage of all legal opportunities to increase profits. Based on
this assumption, prices are assumed to adjust to allow markets to clear
(where supply equals demand). We have investigated the class of actions
which are legal economic opportunities, but which are viewed by the
community as unfair or even outrageous. The conditions that lead to a
judgment of unfairness are analyzed. These conditions are found to be
incoherent since they are subject to framing manipulations. That is,
two economically equivalent actions can differ in their perceived fairness.
That certain actions (such as sharply raising prices during a shortage) are
judged to be unfair is shown to prevent some markets from clearing.
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Titendm V. £righ, Roped J- Houre ¢ &wlafj Jreck

ORGANIZATIONAL DECISION MAKING AND ORGANIZATIONAL SURVIVAL

INTRODUCTION

Historically, the dominant perspective in the study of organizational
decision making has been an adaptation perspective. According to this
perspective, organizations, or, more specifically, leaders and dominant
coalitions attempt to adapt to changing organizational contexts in order te
ensure the performance and survival of organizations (March and Simon, 1958;
Cyert and March, 1963; March and Olsen, 1976} Lawrence and Lorsch, 1969;
Ch;ld, 1972; Galbraith, 1977; Pfeffer, 1978). However, in recent years,
this adaptation perspective has been challenged by another perspective,
population ecology theory (Hannan and Freeman, 1977) which argues that due
to & variety of imertial factors organizations have a minimal capacity to
make any major adaptive decisions. Instead of adaptation, selection by the
environment is a more satisfactory approach to explaining change in
organizational populations. Organizations that 'fit' the environment
survive while others are selected out.

Although the adaptation and selection perspective are often seen as
conflicting (Astley and Van de Ven, 1983) and it is debated whether organi-
zational change 18 primarily due to adaptation or selection, our approach is
different. We argue that, in general, both selecéion and adaptation occur
in organizational populations and that it is important to attempt to model
them simultaneously. We do so by modeling the effects of organizational
changes on an age dependent model of death rates, in which younger organiza-
tiong are more subject to selection pressures than older organizations, and,

consequently.-have higher fallure rates.
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Quality of Information and Organizational Decision
Making
Dan Zakay. Department of Psychology
Tel Aviv University. Ramat Aviv 69978
Israel
Submitted for presentation in the workshop on "individual and organizational
Decision Making" organized by Zur Shapira. SPUDM 1985.

Communication is the vehicle through which coordination in organizations
is accomplished. Many researchers see communication as the most significant
essence of any organization and the process of communication as the heart
of effective organization. As such, the &uaIity of organizational communication
is a critical determinant of the quality of organizational Decision-Making.

The present paper deals with a specific type of ineffective communication
termed "Defensive Reporting” which is defined as a situation in which subordinates
report what they think their superior wants to hear rather than what he should
hear. Defensive Reporting (DR) refers to maximizing even trivial success and
minimizing failure.

A survey was conducted among managers representing various types of
organizations. The managers were asked to evaluate the range of DR and to
give examples of cases in which organizational decision were harmed because
of DR. The following examples, obtained in the survey, will further illustrate
the severity of DR:

a) Because of DR about the forecast of workload, a decisfon to buy a new
computer was delayed.

b) Because of DR about marketing potential of a new product, production
was too high.

¢) Because of DR about the completion of a phase in a building project,
fewer resources than needed were allocated for fts completion.

A specific and severe problem which was found to be caused by DR is
the threat to the reliability of computerized data bases on which large
organizations tend to rely more and more.

A content analysis was conducted on the case studies and a conceptual
model for the explanation of the causes of DR was suggested. The model was
supported by the statistical analysis of the subjective estimations given
by managers while taking into account the characteristics of the various
organizations.

1t was concluded that DR is a widespread phenomenon and 1s a severe

danger to the quality of organizational decision making. DR was found

to be highly influenced by the communicational ciimate of an organization.
Potential methods for reducing the level of DR and its impact on organizational
decision making were suggested. ’
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Behavioral Intents as Determinants of DEcision-Making
Processes
Specific paper. Submitted for presentation in SPUDM, 1985
Dan Zakay. Department of Psychology.
Tel Aviv University. Ramat-Aviv 69978,
Israel

It is well known today that man is capable of utilizing various decision-
making strategies, while coping with different decision tasks. The specific
strategy used is dependent on the task, the context, the personality of the
decision maker and his/her momentary psychological state. For instance,
states of boredom, fatigue or inattention might Tead to the use of simple
strategies like random choice while time stress might lead to the utilization
of non-compensatory and non linear strategies.

It is assumed here that varfability in utilization of decision-making
strategies stems from two main factors: 1) A basic individual tendency
which favors the use of one or more specific decision strategies over others.
This tendency is based on personality traits, education, past experiences, etc.
2) A momentary choice of a strategy stemming from the idiosyncratic meaning
assigned to the momentary event as perceived by.the decisian maker (DM).
Accordingly, it is suggested here, that the decision strategies utilized might
be predicted from the meaning of the situation as perceived by the DM and from
his set of beliefs and behavioral intents (BI) regarding the utilization of
specific decision strategies.

The present study deals with the relationship between BI and the utilization
of a specific decision strategy. The two decision strategies which were chosen
for testing were compensatory versus a noncompensatory strategy. A compensatory
decision is defined here as one in which the alternative chosen is superior
to the other alternatives only in terms of the sum of the weighted utilities of
all the attributes. A non-compensatory deciston, on the other hand, is defined
here as one in which the alternative chosen {s superior to other alternatives
only by virtue of its score on the most important attribute and is inferior
to others considering the weighted sum of the utilities of all the attributes.

It was hypothesized that subjects with BI favoring a compensatory approach
will actually utilize 1t significantly more as compared to subjects with BI
favoring a noncompensatory approach, In the first phase a specific questionnaire
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aimed at measuring BI toward the use of a compensatory or a nonconpensatory
strategy was built and validated. In the 2nd phase, 20 subjects participated
in a decision making experiment, which was composed of 2 stages. In the
first stage each subject was presented with six decision problems and was
asked to decide upon the values and weights which he/she felt appropriate
for each attribute in each alternative, in each decision problem. Using
the data derived from this first stage, 36 binary decision probiems for each
of the individual subjects were constructed so that in each of them it was
possible to ascertain from the selection of one alternative rather than the
other, whether the choice was based on a compensatory or a non-compensatory
strategy. In addition, each subject completed the BI questionnaire on the
basis of which a score which indicated the strength of his/her Bl toward
utilizing a compensatory strategy was given (BIC). The proportion of
compensatory decisions which were actually made out of the 36 decisions was
calculated as well for each subject (PCM). The statistical analysis supported
the hypothesis. The Pearson correlation between BIC and PCM was 0.79
{df=18; p € 0.01). The average PCM of subjects with BIC scores above the
median was 0.63, while for subjects with BIC scores below the median 1t was
0.37. It is of interest to note that subjects utilized both compensatory
and non-compensatory strategies and variation between these two types of
strategies were found between as well as within subjects. However, each
subject showed a consistent preference which was highly related to his/her
BI.

The implication of the findings for understanding the decision making
process within the frame of reference of the total cognitive system (e.g.
memory, beliefs) are discussed.
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APPLICATION OF DECISION THEORY TO INDIVIDUAL BEHAVIOR IN RISKY
SITUATIONS (Heikki Summala, University of Helsinki, Finland):

This workshop attacks the problem how people manage risks in
hazardous activities such as driving. Do they perceive or
estimate risks so as to optimize their output according to
expected utility models; or what would be the heuristics they use
in maintaining safety? What is the fate of the widely discussed
risk homeostasis theory? And, last, what kind of countermeasures
would be successful for higher safety?
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Hazard Information and the Public:
wWould a Marketing Approach Help?

George T. Cvetkovich
Department of Psychology
Western Washington University
Bellingham, Washington 98225 USA

Timothy C. Earle
Battelle Human Affairs Centers, Seattle

and

Brian N. Baird
Tacoma, Washington

It is often concluded that controversies over the
development and control of hazardoure technologies result from the
public®s lack of Information about, or inability to understand,
complex issues. This leads to the technical solution of providing
more information, which it is assumed will clear up the
disagreements, rather that treating such controversies as social
problems. One apparant, and for a U.S5. regulatory agency nearly
unprecedent step in a more social orientation was made by the
United States Environmental Protection Agency when it asked for
public input concerning new emission control standards for
arsenic from the Asarco copper smelter in Tacoma, Washington. By
many accounts the EPA's informational workshops and public
hearings were successful in getting a large number of people
personally involved In the issue, in reducing suspicions about
government actions, and in developing a sense of open dialogue
and the sharing of information. Survey results, however, suggest
that the effort was not entirely successful in increasing
information and reducing conflict. Thirty percent of those who
had attended the workshops were not able later to correctly
answer two basic questions concerning emission risks to
mortality and the requirements of the proposed standards. while
the format used improved the political climate within which
information was used and risk decisions made, additional
considerations relating to the presentation of information seem
to be needed. One direction that could be taken is suggested by g .
marketing approach which considers the needs of the hazar
information consumer and the manner in which hazard information
is processed.

practical application of a marketing approach requires the
development of a model of risk decision making. The model
proposed, which is based on recent research on information
processing, behavioral decision theory and social judgment
theory, assumes that decision making is a dynamic process. People
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make a decision, acquire addlitional information, take actions to
mitigate the judged risks, and adjust thelr decisions as seems
appropriate to them. Among the most important factors influencing
the occurance, order and frequency of the steps in the process
are the nature of the person's interaction with the environment,
the cognitive processes operating on the information, and
existing images of risk and hazard held by the individual. The
model suggests that marketing of hazard information should
consider (1) the individual's involvement with the hazard issue;
(2} the comprehensibility of the hazard information; (3) the
applicability of the information to the risk judgment problem;
and [4) differences among individuals and groups in information
needs and processing abilities. The risk decision model will be
supported and illustrated using results from three studics on the
Asarco smelter issue -- 2 public surveys and one decision making
simulation study. One important implication of a marketing
approach is that it requires policy makers to explicitly decide
what Information is to be disseminated, in what form it will be
presented in, who it is intended for and why it is being
disseminated. These and other policy implications will be
discussed.
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REFLECTIONS ON RISK HOMEOSTASIS THEORY

by
RAY'G. C. FULLER

Trinity College, University of Dublin

Summary

Risk homeostasis theory (RHT), as an explanation for the
occurrence of road traffic accidents, has been criticised on
a number of grounds but most receutlj by Evans (1985) who
through analysis of traffic fatality field data concluded
that there is "no evidence supporting it (RHT) and much

evidence refuting it".

However the field evidence used by Evans (and indeed several
other commentators on RHT) does not’ satisfy one or more of
the requirements of an unambiguous test of RHT, which for
such data is argued to include: )
(1) a measure of driver target risk level which is inde-
pendent of accident rate
(2) a measure of accidents which takes account of both
frequency and severity
(3) determination of risk in all domains of behaviour and
(4) a time frame which is adequate enough to take account

of feedback lag.
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Nevertheless% given the difficulty, if not impossibility of
satisfying these requirements for a good test of RHT, the
question arises as to whether or not the theory is indeed
testable. Examination of the postulates of RHT also raises
questions about the internal consistency of the theory and
the extent to which certain predictions made from it are

valid.

RHT highlights the importance of feedback to drivers regarding
the accident riskiness of their behaviour. However as Evans
(1985) has concluded, "there is no justification for focussing
on it as the sole controlling mechanism in driving". A

recent psychological formulation of driver behaviour by

Fuller (1984) which develops an earlier concept by Naatanen
and Summala {1976) attempts a more comprehensive explanation

of such controlling variables.
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THEORY FOR DECISION SUPPORT (Patrick Humphreys, London School of
Economics and Political Science):

"Decision support systems" has been described as a rallying cry,
and most sources which have attempted to develop a theoretical
basis for such entities have concéntrated on revamped systems
design methodology or formalisms for data representation and
inference (rules, production systems, etc.). Little of this work
has addressed the fundamental question which have to be faced in
the early stages of the system design 1ife cycle: what needs to
be supported? Who needs to be supported; and how should this
support be understood and utilized within the decision process.
How should knowledge of how to as well as what be shared between
the computer based system {dss) and the human activity (DSS) in
the organization, or society? What constitutes organizational
relevant knowledge, how is it to be conceptualized and accessed?
How can we trade off present problem solving ability against
future flexibility, or support for present, well defined
procedures, against facilitation of future as yet undefined
procedures? ; :

Theory which informs the answers to questions 1like these 1{s
likely to be of a rather different character from that which
graces present texts on Decision Support Systems. This workshop
will concentrate on exploring possibilities concerning the nature
of this theory. Three major papers are planned for presentation
at the workshop in support of this enterprise, these are:

A cognitive design paradigm in the theory of choice
by Eric Nappelbaum, Institute for Systems Studies, Moscow

Theory of languages of user systems
by Gerard de Zeeuw, Subfaculty for Andragology,
University of Amsterdam

Structured clausal knowledge bases for DSS modular development
by Christina and AmiTcar Sernadas, Faculdad de Ciencias de Lisboa

It will also be possible to explore further any relevant {ssues
raised in the pre-circulated paper on
Intelligence in Decision Support.

Participants in the workshop will be able to make short
presentation concerning their own experiences or ideas in
relation to answering the above and related questions, but it is
hoped that the majority of the workshop will be taken up in real
discussion of theoretical and practical issues as they emerge.
(If, perchance, the discussion achieves sufficient coherence, we
could try subsequently to bfing the points made together in a
paper along the Tines of "New directions for the theory of
decision support”).

Patrick Humphreys
Horkshop Convener
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COGNITIVE -~ DESSIGN PARADIGM IN THE
THEORY OF CHOICE

E,Nappelbaum

In most of the contemporary models of choice the predominant un-
derlying paradigm is that of the psychological measurement theory. In
other worda DM 1is regarded in them as a kind of a complicated trans-
ducev which have to convert the physical properties of available alter-
natives into the attitutes towards them e.g. in the form of the pre-
ferences which actually predetemine the ultimate choice. In doing so
humen D M firs; maps each elternative into  its paychological attri-
butive space (measurements of attributes) and then to convolve tche
latter into preferences (measurement of preferences) with the difergn—
tiation between the two stages dictated by the complicated nature of
the over-all measurement task., In this sense the aim of the decision-
-making theory is to help a DM to map alternatives into his pycologi-
cal space more acourately and to properly convolve the results of
these measurements on the basis of special teste desigued to reveal
his basic attitudes seen as a kind of calibration factors of an
ingtrument,.

At thg spme time there exisis a class of decision problems for
which the main problem concerns designing a proper representation for
the available nlternative or in other words designing the psycholo-
gical gpace into which the alteranatives will be eventually mapped.
Moreover for the problems of this kind this stage of the ccgnitive
design is of a crucial importance and actually predetermines the out-
come of the choice exerczige,

The paper considers a cognitive-desiguparadigm which can be used

to derive des<ision-making models for the problems of-this kind,
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The core of this paradigm is a variety of the balance principle promi-
nent in psychology from the times of-Hall. The paradigm explicitly
fecognizes three main components in representation of the choice ai-
tuation a declarative or attributional one, an intencional or instru-
mental one and an attitudinal or value-oriented one and secks to ba-
lance them within a representation it ptives to design. The desired
balancing presupposes certain "intersufficiency" of each of these com-
ponents with regard to two others ms well as their "consistency" in
the pense that the designed representation pinpoint the alternative to
be chosen.

The capabilities of the suggested approach will be illugtreted
by the esnalysis of wellknown paradoxes of Allais and Elsberg, and of
varions eptablished approaches to modeling of choice, e.g, Tverky's

elimination by aspecte technigue.
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STRUCTURED CLAUSAL KNOWLEDGEBASES
for DS5 MODULAR DEVELOPMENT

Cristina Sernadas
Amilcar Bernadas

Departamento de Informadtica e Ciénciag da Computag%o
Faculdade de Ciéncias de Lisboa
58, Rua da Escola Politécnica
1294 Lisboa, Portugal

SUMMARY

There are three main DSB8 Knowledge representation paradigms:
the togical paradigm, the structural paradigm and the procedural
paradigm, ,

The lpaica)l paradigm borrows tools from Mathematical Logic and
jdentifies a Knowledgebase with a theory (for instance in the
first order logic)l. Thus, the Knowledgebase is a set of theorems
which c¢an be obtained #from the axioms wusing a fixed set of

inference rules.

The structura) paradigm puts emphasis on the structure of the
facts composing the Knowledgebase, A set of fixed semantic
primitives iagstractions) are provided to build the
knowledgebase. Examples are the popular conceptual modeling
approaches used.in database design, as well as the frame-oriented

and other common approaches in Al applications.

According to the procedural paradigm the Knowledgebase is
composed of active agents (e.g. actors) with definable reaction
patterns.

Each of the three paradigms has some advantages, as well as

some clear drawbacKs compared to the others, The main
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contribution of the logical paradigm is the unifying view of the
Knowledgebase as a theory, However, it lacKs structuring tools
and control of the inference rules, It has been argued that no
one can understand a logical information base with; say, 20000

axioms.

The structural paradigm provides some of the required
organizational principles by giving a fixed -set of semantic
primitives (e.g. the entity and the event). However; inference
mechanisms are closely related to the semantic primitives
themselves and no general inference techniques are provided.

The procedural paradigm has the advantage of allowing direct
implementations Ffor the Knowledgebase access mechanisms, but it

easily leads to a very low degree of understandability.

An important step towards the unification of the logical and
the procedural paradigms was given with the development of Prolog
and the Fifth generation efforts. However, no serious effort was
made to bring together the logical and the structural paradigms.
It is the objective of this specific paper to provide a framework
for this unification: the institutional framework.

the clausal institution, This structured theory is built using
theory mappings that cnrrespﬁnd to the semantic abstractions of
the adopted structural Knowledge representation scheme. On the
other hand, the Knowledgebase can be accessed through the clausal

jogic general purpose inference mechanisms.

Within this context, each DSS Knowledge representation approach
corresponds to a library of theory mappings. Transformation tools
from one DSS know)edge representation approach to another DSS
Knowledge representation approach can also be easily supported.
Furthermore, new user-defined abstractions can be introduced at

will, allowing the modular construction of the DS5 knowledgebase.

Such DSS structured Knowledgebases can be efficiently

implemented in a Prolog environment.
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INDUSTRIAL DECISION MAKING AND THE DESIGN OF EXTERNAL DECISION SUPPORT FACILITIES
Fred Bronner, Veldkamp/Marktonderzoek, Amsterdam
Robert de Hoog, Social Science Informatics, University of Amsterdam.
Introduction
Since the end of the seventies, the Dutch government has seen the stimulation of
technological development as one of the key factors for revitalizing the Dutch
economy. The improvement of the innovative capabilities of small and medium-sized
industrial firms is an important aspect of this policy. However, the decision of
such a firm to innovate or to use innovative technologies, depends to a large ex-
tent on the agvailability of information on these new possibilities. From research
subsidized by the government, it has become clear that the major hindrances to an
effective flow of information to manufacturers are not located at either the supply
or the demand side. The main problems are in the distributive sphere, that is, an
effective transfer process ie lacking., This conclusion is confirmed by Moriarty
and Spekman (1984), in their study on the use of information sources during the in-
dustrial decision and buying process. In order to get more insight into the preferred
organizational structure for this transfer of information, the Dutch government has
subsidized our research project which is the main topic of this paper.
Moulded in terms of decision theory and decision technology, the problem can be re-
stated as trying to acquire knowledge as to how the design of external decision sup-
port facilities depends on the nature of internal decision problems of the industrial
firms under consideration. As has been shown by Zakay (1984), the information search
component of the decision process is considered by managers as cne of the most im-
portant criteria for judging the guality of a decision. That is why decision support
and decision aiding cannot neglect the information search component (see also Bronner,
de Hoog, 1984a). This implies that empirical research has to study categories of re-
curring decision problems, the organizational characteristics of the firms involved
and the need for information, in relation to preferences of those firms for external
decision support facilities in order to promote an effective information transfer.
In summary: the basic philosophy of the policy behind this research is that better
information leads to better {(more innovative) decision which in turn result in new

economic oppertunities.

Design of the research project

Given the diversity of the small and medium-sized companies, the project was limit-
ed to a small sector of this field with a high innovative potential: factories that
produce machines for the food and chemical industries. The project was divided into
two subprojec&s. First a self-completion gquestionnaire was sent to a sample of in-
dustries (n=123). This questionnaire contained questicns concerning information needs,
the information search process, use of informational inputs, organizational characte-
ristics like R & D commitment, rate of growth, number of employees, new product de-
velopment, internal information facilities as well as an evaluation of the status

quo of information transfer. For a second project, a subsample (n=35) was drawn

from the original sample. These managers were personally visited by an interviewer
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who by means of a micro-computer elicited the subjects cognitive and preference
structure for six different organizational structures for information transfer
(a MAUD-like program, see Bronner, de Hoog, 1984b). The protoccls of the compu-
ter sessions were coded and combined with the data from the first subproject,

yielding an integrated data set for analysis.

Results

First we found that the information search behavior of most firms exhibited a

wide variety of information sources, while most of the time this behavior was

of an ad hoc nature. As far as external search of information can be considered,
the kind of information sought could be clearly linked to six different types of
decision problems facing the firms: decisions concerning production, decisions
about applied technology, export decisions, marketing decisions, decisions con-
cerning costs, decisions involving juridicial aspects. From the computer inter-
view 1t became clear that the managers preferred twoof the sii hypothetical or-
ganizational structures for information transfer: both line-oriented, one available
at regional and the other at national level. This preference was in no way related
to the organizational characteristics of the firms, that is the preference holds
across a wide variety of firms. But when related to the six different decision
problems important differences did crop up. For example when a firm has to make
decisions concerning production it prefers a centralized line —oriented facili-
ty, but when a firm is involved in an export decision it prefers a kind of 'in-
formation broker' who has inside information about the country that is the export
target. Other relations will be elaborated upon in the full paper. Based on these
results we advised the government to builld an organizational structure that is
largely line-oriented with a strong regional flavor, an advice that is now in

the process of being carried out.

Conclusion

The topic of the paper is: how to design an organizatiomal structure that acts as
a decision support facility, making it as easy as possible for the decision maker
to get the relevant information at the right time without too much inconvenience.
In answering this question a relation has been discovered between the kind of de-
cision problem at hand and the required information transfer structure. Notions
from decision theory and decision technolggy proved to be helpful in eliciting
the preferences of the decision makers involved.
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Decision techniques and social research: toward an integrated framework for
problem-solving.

by:

Jac. L. Geurts, University of Nijmegen, The Netherlands
Stuart L. Hart, University of Michigan, USA

Nathan S. Caplan, University of Michigan, USA

Abstract

Over the past century, two parallel streams of applied and scholarly ac-
tivities have proceeded in almost complete ignorance of each other. The
first, referred to here as the development and use of decision techniques*,
has occured largely in the interdisciplinary areas of planning, management
and organizational studies. Scores of these standardized and repeatable
procedures have emerged in recent years ranging from the highly quantita-

tive techniques of operations research and fromal analysis to the highly
judgmental aids df futures research and group processes.

The second stream consists of several bodies of empirical, social and
behavioral reseaych conducted largely, but not exclusively within the realm

of traditional disciplines. Examples include research traditions in the
fields of behavioral decision theory cognitive psychology group dynamics,
organizational change, innovation, and, the utilization of knowledge.

Both of these streams of activity seem to suffer from a common deficien-
cy: they lack an organizing framework or set of contingency priciples for
ordering relevant techniques and empfrical research findings along dimen-
sions wich are salient to both researchers and potential users. Indeed,
throughout the research literature, the problem-solving or decision making
process (the context for both streams of activities) 1s often treated as if
it were a uniform and steady-state condition. The result with regard to
decision techniques has been the over-use or misapplication of various aids
with little or no regard for underlying assumptions and limitations. Per-
sons with skill in the use of specific decision techniques -- much Tike the
child when given a hammer discovers that everything needs hammering -  too
often apply that technique indiscriminately as if it were equally suitable
under all conditions. With regard to findings from the empirically based
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research traditions, the result of this lack of an organizing framework is
instability or extreme variance among findings within research traditions
and scattering and fragmentation of related findings across traditions.
Just as we oversimpiify the nature of problems with regard to the applica-
tion of techniques, so, 1t seems we also oversimply our conception of pro-
blem solvers: people are not neutral information processors or cognitive
machines but rather are influenced by the situation which they find them-
selves in. Complexity time pressure, stress, health, etc. all affect the
outcomes of problem-solving deiiberations.

This paper responds to the above deficiencies by developing a template
or organizing framework which attempts to reconcile the two streams of
activity with the realities of problem solving and decision making in real
organizations. The framework explicitly recognizes that, while decision
making in organizations is inherently a collective and often muddled pheno-
menon, there are, nonetheless, many distinctively different kinds of pro-
blem situations (ranging from problem formulation under conditions of rela-
tive ignorance to option selection under conditions of certainly) and that
these situations have unique characteristics which make certain decision
techniques or research findings less or more applicable.

The paper has three central topics:

1) it identifies and articulates central dimensions of a framework for
organzing different problem types and decision situations;

2) it shows how the prescriptions and caveats which fiow from the empiri-
cally-based research traditions can be organized and integrated using
the above framework; and

3) it classifies, in a preliminary way, existing decision techniques using
the same framework, on the basis of their nature and underlying assump-
tions. ‘ ;

It is discussed that such an integrated framework should be useful not only
to the manager and decision maker (for technique selection and anticipating
potential behavorial and organizational difficulties) but also to the re-
search and scientific community (by identifying gaps both with regard to
techniques and empirical research). The purpose of this framework is to
promote the maximum utilization of the decision-relevant research and aids
already present and to point out areas where such knowledge is lacking.

* The terms aids en techniques will be treated as synonyms.
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DECISION SUPPORT AND DECISION MAKING IN REGIONAL PLANNING
by
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School of Architecture,

University of Western Australia,
Nedlands. Western Australia. 6009

ABSTRACT
Regional planning is characterized by three principal concerns:
- The magnitude and complexity of the problem.
- The varying quality of data and analytical tools available to planners.
- The existence of conflicting multiple objectives.

In addition, it is normal to expect to have to operate within changing social,
economic and political frameworks which have direct impacts on the pro-
cesses by which alternative planning strategies are evaluated.

This Paper will present some of the results of a research programme
which has resulted in the development and implementation of a computer
aided regional planning system. This System (called the ISP System, for
Interactive Spatial/Sectoral Pianning) has been developed in an attempt to
provide decision support for planners in their role of developing policy, pre-
dicting consequences and the analysis of results. The ISP System is curr-
ently installed in planning offices in Stockholm, Sweden, and in Perth, Aus-
tralia.

The ISP System offers a user friendly interface with substantial use
of graphics to assist the user in the operation of the programs. The user
interface has been specifically designed to suit the needs of planners with
tiexibility to allow personalization of the operation procedures.

The ISP System represents one of the first attempts at implementing
a decision support system in regional planning in a way that allows the in-
clusion of complex and comprehensive models to simulate various elements
of regional systems.
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SUBJECTIVE PROBABILITY {Pieter Terlouw, preliminary organizer)

This workshop delas with different aspects of probability
judgments. The participants of this group will set up the
conference program at the first workshop meeting of the
conference
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AN EMPIRICAL EXAMINATION OF THE EFFICTENCY
OF THE BAYESIAN STATISTICS IN AUDITING

by

Mohammad J. Abdolmohammadi
Assistant Professor of Accounting
Boston University
704 Commonwealth Avenue
Bosten, MA 02215 USA

ABSTRACT

Competitive pressure is on in the accounting profession te improve both
the efficiency and the quality of audit services. Among methodologies sug-
gested in the literature for achieving these objectives 1s the Bayesian sta-
tistical approach to sample size decisions and error likelihood revisions.
This paper reports on the results of two interrelated case-studies with 138
practicing auditors to investigate the efficiency implications of the Bayesilan
approach over the classical statistical approach in compliance testing tasks
in auditing.

The vesults provide evidence in support of the efficiency of the Bayesian
approach. (1) Using the Bayesian approach, experienced auditors decided on
smaller sample sizes than those using the elassical approach for the same level
of confidence (95%). (2) Once the samples were taken, the study shows that
the auditor's reliance on the Bayesian revision model resulted in higher effi-
ciency than reliance on judgmental revision in two sample cases where auditors’
behavior was conservative. While auditors were Bayesian in another two sample
cases, they showed excessiveness in revisions beyond Bayes' model in a fifth
sample situation. Implications for future research are discussed.
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THE PRINCIPLES OF EXPERT RESOLUTION

Interest in expert resolution is chiefly motivated by the increasing use
of subjective probabilities in scientific studies, particularly in
quantative risk assessment. However, the principles of expert resolution
are also applicable in situations where probabilistic diagnostic systems
must be evaluated,

The theory of expert resolution is concerned with the development of
criteria for evaluating expert probability assessments. 1f euperts are
asked to make only non-probabilistic predictions, then it is quite easy to
specify an appropriate criterion for evaluation: One expert is better than
another {if his predictions are more often correct. When experts are
required to make probabilistic predictions, this simple criterion is ho
longer applicable. This paper is‘tnncerned with establishing the basic
principles for a theory of expert resolution for probabilistic predictions.

Section 1 of this paper will present principles for evaluating subjective
probability distributions. It turns out that whole distributions are
easier to evaluate than single probabilities. Section 2 discusses an
experiment recenlly carried out in the Netherlands which may be =een as
validating the Lheory presented in Section 1. A final section discusses
some problems associated with single probability predictions, and with the
calibration scores which have been used in this case.

Theoretical considerations

The information associated with a probability density P over the intergers
is defined as

I(P) = & Pli)logPili)
1€ N

where P(i) is the probabilty assigned to the integer i. I{P) attaing its
maximum value (zero) if P(i) = 1 {for some i. Roughly speaking, scmaller
values of I(P) correspond to a "flatter" density function. For densities
having one central peak (as is usually the case for this type of subjective
probability densities) I(F) is a good measure of the degree to which the
density is "spread out". Obviously, high information is a desideratum in
expert probabilistic assessments. Dther things being equal, we should
prefer the advice of the expert whose probabiilty densities tended to have
the highest information.

Calibration
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If an expert consistently provided highly informative density functions,
while the true values always fell in the "tails" of his density functions,
then we would say that his assessments did not have a high degree of
correspondence with reality. Roughly speaking, calibration is intended to

measure the extent to which a set of probability density functions
"correspond to reality”.

To get an idea how a calibration score could be defined, suppose an expert
gives the same probability density function for a large number n of
uncertain quantities. Call this density function P. By observing the true
values for all these quantities we generate a sample distribution §° with
8' (i} equal to the number of times the value i is pbserved, divided by n.
If in the long run P = 8, then we say that the expert is perfectly
calibrated. The “distance" between S’ and P can be measured by the
relative information of S with respect to B, 1(5°,F):

1(5°,P) = 2- 8 (i)log(S’ (i) /P(i)].
iEN

Larger values of 1(8°,F) correspond to greater "distance" between §’ and P.
1(8’,FP}, however, is not itself a very good measure of calibration. Even if
the expert is perfectly calibrated, it will seldom happen that P and S’ are
identical, as statistical fluctuations alone will produce a discrepancy
between P and S’ and hence will produce a non-zerp value for I{(§",P). What
we should like is an pbjective probability measure for observing a relative
information score at least as high as I(5°,P), under the assumption that
the expert is perfectly calibrated. In other words, we should like to know
the objectiveé conditional probability:

* Prob{I(5,F) > I(5°,F) I expert is perfectly calibrated}.

I+ the expert is perfectly calibrated, if P is concentrated on a finite
number M of intergers which include all observed values, and if we regard
the uncertain quantities in question as independent, then as the number n
of observations gets large, nl(S’.F) becomes chi-sguare distributed. The
number of degrees of freedom is M - 1. Hence, we can calculate the above
objective conditional probability by consulting a chi square tabel.

The above objective conditional probability is called the expert’s

obiective likelihood function for the n observations, and we propose to use
this quantity to measure calibration in expert probability assessments.
Good calibration corresponds to high likelihood and is also a desideratum

in expert resolution,

In the experiment described below I(F) and 1(5°,P) are used to define an
information score and a calibration scere.

2 if El dominates EZ with respect to scores f

If El does not dominate E2 with respect
to both scores, then we can only define a preference between thenm by

"
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deciding on some trade-off between information and calibration.
We note that there is a sort of “natural antagonism" between good .
calibration and high information. Choosing the fractiles close together
vields a high information score, but makes it “likely” that the true value
will fall in one of the tails, producing a low calibration score. Under a
superficial analysis, this patural antagonism would mask the fact, evident
from the experiment discussed below, that "good experts" are better than
"inferior experts” with respect to hoth calibration and information,

An experiment was recently conducted at a large'Dutch training facility for
operators of technical systems in order to test the theory of expert
resolution presented above. The experimental subjects fell into two

groups.  One group, the ipexperienced operators, were in the last year of
a five-year training program. All these subjects were between 20 and 23
years of age. The second group, the experienced pperators, had all

completed the training program. Their average was 36 years and they had on
the average 15 years of practical experience.

The subjects were each given two tests, modelled on the tests of Raiffa
(1982).. A general knowledge test solicited fractiles for uncertain
quantities in the general knowledge area, and a technical test solicited
fractiles for uncertain quatities in the area of their enperties. The 1%,
254, S0%, 75% and 994 fractiles were solicited. The experienced operators
were thought to be the "better experts" for the items on the technical
test, and we were interested whether they would score higher on information
and calibration on the technical and general knowledge tests. The
experiment is described fully in Cooke, Mendel and Thys (19P4); a short
summary is presented here.

On  the general knowledge test, the experienced operators were not ranked
significantly higher either with respect to calibration or with respect to
information. On the technical test, however, the experienced operators
were ranked significantly higher both with respect to calibration and
information. This suggests that "being a good expert® is significantly
correlated with better calibration and greater information. Being a good
expert in the area of one’s expertise, however, does not seem to make ane a
better forecaster in other areas.

The npatural antagonism between information and calibration noted in the
previous section was also observed in this experiment., Within the group as
a whole there was a significant negative correlation between good
calibration and high information on both tests. The same negative
correlation was observed within the experienced and the inexperienced

groups. (For the experienced group the correlation was not quite
significant for the technical test. This might*be attributable to the
small sample size for this testg only 12 experienced operators took this

test.) In other words, within each group, the subjects with the highest
information scores tended to be ranked lower in calibration.
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THE CREDIBILITY OF EVIDENCE OBTAINED BY PROBABILISTIC KNIGHTS AND KNAVES
Ruma Falk
Department of Psychology
The Hebrew University, Jerusalem 91-905, Israel

Most evidence concerning uncerkain claims {s mediated by human agents who
are, as a rule, nonperfect transmitters. Unlike the task posed by some
"popular logical puzzles concerning "knights and knaves'" (Smullyan, 1978),
where a conclusive deduction is possible, with real-life witnesses the best
we can achieve is a probabilistic evaluation of the uncertain hypothesis. In
classical knights and knaves® problems deterministic solutions specifying
both the truth value of the given evidence and the identity of the witnesses
(whether knights or knaves) are based on the verbatim statements given in
the problem. The complexities involved in considering probabilistic knights
and knaves are two-fold: Not only are we obliged to formulate our conclusions
probabilistically, but we have also to consider the prior probabilities of
the different kinds of witnesses., We shall therefore consider only situations
in which the identity of the witnesses is given. Such a problem was presented,
for example,exactly half a century ago by Eddington (1935):

1f A, B, C and D each speak the truth once in three times (independently)

and A affirms that B denies that C declares that D is a liar, what is the

probability that D was speaking the truth?

For simplicity's sake, all witneasses will be assumed to behave consistently
with respect to the honesty trait. A constant parameter, p#l/2, will denote
a witnesse's probability of telling the truth across all situations. Let us
distinguish between two types of witnesses: A witness inclined to tell the
truth, i.e., whose p>1/2, will be considered a probabilistic-knight, or
“pight". A witness disposed to lie, i.e., whose p<l/2, will be considered a
probabilistic-knave, or "pave". We shall consider two simple models for the
evolution of one's faith in the truth of an uncertain claim that is subject
to multiple probabilistic testimonies. In both, the uncertain contention,

such as the guilt of a defendant, will be denoted G,

In one, the Cumulative Model, n independent witnesses all testify that G

is true.

In the other, the Chain Model, only the nth witness testifies. She claims
that the {(n-1)th witness said that the (n-2)th said that...the second

witness said that the first said that G is true.

It will be shown that for the cumulative model, when all the witnesses are
pights their evidence increases the credibility of G above Lhe prior, and

.a8 n grows indefinitely, the probability of G Lends Lo one. For the paves,
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G's posterior preobability approaches zero when n grows.

For the chain model; although the testimony of the nth of n pights also
increases G's credibility, the longer the chain, however, the smaller

that increment. When the chain's length grows indefinitely the posterior
probability of G tends to the prior. The same limit 1s approached by a

long chain of paves, though finite chaine decrease G's posterior probability
below its prior when n Is odd, and increase it when n is even. Thus, when
the chain ie very long it makes little difference whether the witnesses were
pights or paves and it does not even matter what the testimony was, as if

the whole chaln of witnesses did not exist (Falk, in press).

Several enrichments of the two models that would render them more realistic
will be discussed and the relevance of these two models to various real-

life situations will be considered.

Although the two models approach diametrically different conclusions, some
anecdotal indications suggest the possibility that people occasionally
credit the chain situvation with a degree of belief that the cumulative

mondel would have deserved.
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ON THE CALIBRATION OF EXPERTS AND LAY PEOPLE

Gideon Keren

Institute for Perception TNO

What type of skill is calibration: Can it be generalized or
is it task specific? And how can it be improved? The
present article reports two experiments addressing these
questions. In Experiment 1 it is shown that meteorologists.
known to be extremely well calibrated with weather
forecasting, were not better calibrated than university
students on a task of responding to general knowledge
items. In Experiment 2, using university students as
subjects, an ;ttempt was made to improve calibration by
specific instructions (warning subjects beforehand not to
use absolute confidence ratings too frequently). Although
the manipulation resulted in some. improvement in
calibration as suggested by formal measures of calibration,
it is argued that this change is technical in nature and
should not be interpreted as a real improvement in
calibration. It is proposed tnat good calibration is task
specific, and that real improvement in calibration can be
achieved only by better knowledge of the underlying

variables that affect the particular task (phencmenon).

A preliminary model for calibration will be briefly presented.
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The use of subjective probabilities for discriminating levels of partial
knowledge concerning a test item.

Pieter Koele and Rob de Boo, University of Amsterdam

Abstract

The commonly used response method for answering muitiple choice
tests is of the forced choice type. The examinee has to select exactly
one of the k possible answers, and he or she receives an item score
of one if the selected answer is the correct one, and an item score of
zero if the selected answer is a wrong one. Test score is then the
sum of the item scores.

This response method has at least two disadvantages. First, many
examinees do not like to gamble when uncertain, and they consider it
to be unfair that they can give no indication of “"partial knowledge".
In the second place, the forced gambling introduces error variance into
the distribution of the testscores, thus lowering the reliability and
the validity of the test.

Response methods that try to overcome these problems have never
obtained wide spread application, despite a not inconsiderable amount
of encouraging empirical research (see Echternacht, 1972, for an
overview)., Finetti (1965) has contributed a theoretical study, in
which he examines a variety of response methods for discriminating
levels of partial knowledge concerning a test item, together with cor-
responding scoring rules. What he calls the most powerful response
method is the method in which the examinee attaches a personal probabi-
Tity to each of the k answers of the test item, reflecting his of her
belief in the correctness of the respective answers. The present
study was undertaken to answer three main questions regarding the

use of this so called probability testing:

1) Are examinees (university students) able and willing to handle
the probability testing response method? -

2) Which scoring rule is to be applied?

3) How are classical item and test indices affected?

A group of 119 students was asked to answer the same multiple choice

test twice; one time in the usual forced choice way, one time using personal
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probabilities. After completion of the tests they had to fill out a short
questionaire inquiring after their opinions about probability testing as
compared to standard multiple choice testing.

The results indicate that psychology students have no problems in
handling personalprobabilities in this situation, and that they have no
serious objections against this method. However, as far as the scoring
rule is concerned two problems still have to be soived. First, the
choice between the two most appropriate scoring rules, the quadratic
one and the logarithmic one (see Van Naerssen, 1961), is not easy to make.
Second, whatever scoring rule is selected, the determination of the
cutting score of the test is (as yet) not completely satisfactory.

In this paper some suggestions for solving these problems are proposed.
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TESTING FOR REGRET AND DISAPPOINTMENT IN CHOICE UNDER UNCERTAINTY

Certain psychologically based alternative theories of choice under
uncertainty, such as regret theory - see Bell (1982) and Loomes and
Sugden (1982), (1983) - and disappointment theory - see Bell (1983) and
Loomes and Sugden (1984) - can between them, explain a number of observad
violations of standard expected utility theory, including the common
consequence effect, the common ratic effect, and preference reversal -

see Machina (1983, Sections 3 & 4).

However, much of the evidence concerning those violations was
collected with the intention of testing conventional theory, and does
not provide direct tests of the alternative models, nor give an

indication of the relative importance of vegret and disappointment.

This paper reports on recent evidence produced by experiments
designed specifically to test and to distinguish between regret and
disappointment. That evidence was obtained from a sample of 120
respondents who were paid for their participation according to the
choices they made and the outcome of a random device. The results are
largely consistent with predictions of both regret and disappointment
models, but they also point to a number of other ifsues and questions
that may reward further experimental work, some of which is currently

in progress
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The Role of Fuzziness in a Theory of Deciston Processes

Gregg C. Oden
University of Wisconsin—Madison

0f what value are fuzzy sets and fuzzy logic to the behavioral decision theorist? This paper will
take a posilion between the unbridied enthusiasm of some proponents and the complete
skepticism of many detractors. It will be shown that fuzziness is not & replacement for but
rather a necessary adjunct to other forms of continuousness in an account of decisional
mechanisms. In particular, fuzziness will be shown o be neither simply subjective
probabilily in disguise nor jusl a consequence of a beliefl that everything is continuous.

In support of this position, the argument vil‘l be developed that the real value of the fuzzy
approach ls that it provides the means for discrete, propositional models of decision processes
to deal with the continuous world in a way that preserves Lhe meaningfulness and
informativeness of gradations in subjective quantities while not being excessively susceptible
to variability and perturbation. Such robustness under adversity is characteristic of human
cognitive functioning. To achieve thisend, itis necessary to distinguish, as fuzzy Ltheories do,
between physical continua, subjective continua, variability, and fuzziness.

In illustration of these points, a multi-level account of the psychological factors involved with
a simple conjunctive decision problem will be presented. In addition, the place of this view of
decision theory within the framework of a general fuzzy propositional approach to modeling
cognitive processes will be examined. Fuzzy propositional models are the result of wedding the
structural richness and expressive power of iraditional semantic networks with the capability
of fuzzy logic to tolerate and exploit continuousness. Models of this sort have proven to be
successful in accounting for decisional subprocesses in other domains, such as pattern
identification (e g., Oden & Massaro, 1978; Oden, 1984), and conceplual categorization (e.g., Oden
& Lopes, 1982).
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OVERCONF IDENCE RECONSIDERED
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One of thejquallty aspects of subjective probability distribu-
tions (SPD’s) is accuracy: the degree of agreement between the sub-
ject’s assessment distribution and the actual outcome. The concept of
overconfidence {defined as, for instance, the number of times that the
actual outcome lies outside the extreme bounds of an SFD) is directly
related to the concept of accuracy. There is a large amount of
research that reports people to be overconfident: the actual outcomes
lie far more often than expected outside the extreme bounds of the
assessed BFD’s. To improve the quality of SFD's in this respect
several sugyestions have been made (Huber, 19743 Hogarth, 1980;
Lourens, 1984). This paper will report on the implementation of some
of these suggestions in experiments involving the specificatlion of
SFD’s for proportions.

A first suggestion {Dr improvement is to use more than one methad
for the assessment of SPD’s and have the assessor reconcile the re-
sults (Huber, 19743 Hogarth, 1980). This suggestion is implemented in
the interactive computerprogram  SPAT (Subjective Probability
Assessment Techniques Lourens, 1984; Terlouw, tl?Bd; Terlaouw,
forthcoming). Experiments with SPAT showed no substantial Emprovement
with respect to the overconfidence bias. In a repeated measurement

subjects specified even tighter distributions and became more overcon-

fident.
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A second suggestion for improvement is to use extended ques-
tioning by letting tl-1E assessor make assessments also for the negation
or the opposite of the problem at hand and by letting the assessor
split up the problem into a number of meaningful categories or subpro-
blems (Lourens, 19B4). This suggestion was implemented as a pre-
liminary interactive computerprogram before using S5PAT, but an experi-
ment showed subjects to become even more overconfident than in the
experiment performed with SPAT only.

A third suggestion for impravement is to train the assessars
through making them aware of their potential biases (Huber, 1974;
Hogarth, 19B0). A combination of this suggestion and a part of the
second suggestion (the split-up into categories) was implemented in a
paper-and-pencil experiment using a simple assessment method (speci-
fying a best guess, a lower bound - specify the largest number of
which you are almost absolutely sure that the right answer is above
that number - and an upper bound - defined analogous to the lower
bound =). The results with respect to the overconfidence bias were
approximately the same as the results reported from the experiment
with SPAT. A repeated measurement, however now, showed anly a slight
increase of overconfidence.

A fourth suggestion for improvement is to apply a so-called
’insurance policy’, after the assesment the decision aider replaces a
small fraction of the total probability density by a compaonent almost
uniformly distr15uted over the range of all possible outcomes
{Molenaar, 1980). Calculations, using the SPD's from the first and
third experiment mentioned above, point to promising results with

respect to diminishing the overconfidence bias.
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Iin conclusien, several suggestions made for the improvement of
the quality of SPD’s did not prove to be effective with respect to
diminishing overconfidence. The reason seems to be that increased
uccupatihn with the task tends to elicit more overconfidence instead
of realism. The use of insurance policies, by an assessment/decision

aider, however, seems promising.
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COMPUTER DEMONSTRATIONS

We will have two sessions (which will be in parallel with
specific paper sessions on Tuesday, August 27). The
demonstrations will be devoted to presentations and discussions
of computer software for decision analysis, decision aiding, or
for research on decision making. (Organizer: Peter Lourens)
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1. Introduction

This paper has arisen from research into the nature of adaptive
dialogues expressed as a Function of the interaction between the computer
model of the user and the specific tasks the user is trying to achieve
using the computer.

This paper outlines a perspective of human-computer interaction based
on a representation of the goals and intentions that the user brings to a
consultative session. This paper suggests that the responses of an
automated decision support system will only be fully acceptable when
researchers acknowledge the need for decision support systems to contain ‘
both knowledge of the domain and also wider knowledge of users as intentional

agents within the context of a consultative session,

26 The Current State of Affairs

Existing decision support systems (e.g.‘expert systems) can solve
problems to varying degrees of ability, What they lack, however, is the
ability to provide acceptable justifications for their reasoning, and the
ability to enter into a truly interactive dialogue with the user about the
user's problem, This inability stems largely from the unequal nature of the
interactive session between two different 'agents’, the human and the
computer. Each agent approaches the session with different, and sometimes
opposing, goals and intentions, The user typically has varying domain
knowledge, rich knowls%ge of the interactive session, and high expectations
of what the outcome of the interaction should be. The computer, on the
other hand, possesses varying domain knowledge and practically no
representation of the goals and intentions that humans bring to interactive

sessions.

March 27, 1985
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One can view daeisio; support systems as 'tools® or as "assistants'; the
former take no part in the decision making process other than to perform
mundane calculations, while the latter enter into a dialogue with the user
asaisting her to solve her particular problem., Decision support systems

are often programmed as a decision support tool whereas the questions
typically asked of the system require it to possess the type of knowledge,
and enter into a typé of dialogue, we would normally require of a decision
support 'assistant's, The resulting output from the computer may be highly
unsatisfactory, from the user's point of view, because it has not been
framed with reference to, or within, the context of these wider goals and
intentions the user typically brings to an interactive session.

Given that the goal of a decision support system is to aid the human user in
solving his particular goal, research in planning and lingulstic pragmatics
suggests that computer dialogue should be framed not only in terms of the
immediate problem, but with reference to the wider context of the decision
support consultation, and the effects the computér's output will have on the

user's representation of the problem.

3. Conclusion

This paper concludes that in order for a declsion support system to be viewed
as an assistant rather than as a decision support tool, it has to be given
its own goals and intentions outside specific domain knouledgg, and has to
have some representation of the goals and intentions human users bring to

the consultative session. The decision support system can only achieve

this if it has some representation of the user, in terms of goals and
intentions, and can frame its output with reference to this knowledge.
Current work in the field of planning and pragmatics suggests possible
formalisms that could be used to represent this type of knowledge. Ain

example computer program, based on these formallsms, will be discussed,

March 27, 1985
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On-line demonstration of DYSAMOD-software
by
Dr Raimo Keloharju

Helsinki School of Lconomics

Relativity Dynamics (RD) is an extension of System Dynanics (SD), allowing the
modellers in SD to optimize their models heuristically from a terminal in parame-
ter space. The optimization procedure makes use of a specilic software package,
consisting of the DYSMAP programming language in SD and of the DYSMOD-soft-
ware (DYnamic Systems MOdeller and Developer).

In 5D, the chosen systems are simulated on the computer. In RL, the use of
DYSMOD gives two additional possibilities:

(A) Representative systems are chosen from the investigated "class. This means
that the computer acts as a model generator when the modeller(s) has(have) spe-
cified a set of potential models. Therefore the modelling procedure becomes a
learning process where the modeller(s) analyse(s) and the computer synthesizes.
The new methodology allows for the presentation of a cyclic problem in linear

terms that corresponds to the way of human thinking.

(B) Obtained experimental data are processed by the computer. The data serve as
the raw material for some decision rules which the computer uses in its role as
model generator. Those decision rules could be replaceable algorithms (library prog-
rams, to be called on when needed). The stage of problem formuiation can thus be
separated from the stage of problem solution. A division of labour between subs-

tance modellers and algorithm developers is now possible.
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- DYSMOD was developed in such a way that SU is a special case of LD

- Optimization in parameter space means that some model parameters are also
variables for the heuristic optimization algorithm (bearch Decision Rules) that is

being used

- the systems that are generated are genetic as the occurrence of A is not

necessary but is sufficient to explain the occurrence of b

- the optimization framework of DYSMOD in its basic form is shown below:

COMPILATION

i

Objective function?
Minimize or Maximiza?
Parameters and ranges?
® Output of parameters?
Length of simulation?

|

L,
Number of iterations?

Size of step multiplier?
Number of output lines?

QPTIMIZATION

RERUN'

gl

<

/m
o
a

THANGE" /

1TER”

END”

DYSMOD will be demonstated with two small examples:

(1) Without any use of the feedback theory, a model which generates a given

S-formed growth curve is searched. This example relates to point {A) above

(2) An algorithm partitions the optimization procedure for another simple model,
The algorithm is a heuristic analogy tor the Simplex rule in linear programming.

This example relates to point (L) above.
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Communicating insights from complex simulation modeis

Drs. Jac A M. Vennix, dr. Jac L.A. Geurts, Jan W. Gubbels: Catholic Univer
sity of Nijmegen, p.o.box 9108, 6500 HK Nijmegen, the Netherlands

Formal economic models have become important aids in national economic de-
cision-making. Even within the circles of the politically active, an elite
seems to establish itself: those who understand and are able to use results
from complex formal models have in many instances a certain advantage above
those who do not (see a.o. Feldt, 1975). This is not & phenomenon only ob-
servable in economic decisionmaking. Formal models are used in several
areas of policy-making (Watt, 1977, Greenberger a.o., 1976).
There are many reasons for the lack of effective and widespread use of the
resuits of formal models. One has to do with a communication barrier that
obviously exists at the science/public policy interface (Caplan, 1979;
Duke, 1982). Simulations of large models are usualiy described in highly
technical reports, which only a very few non-academic people can or will
read and understand. One research-tradition tries to solve this problem by
an integration of computersimulation with elements of gaming/simulation.
The result is a technique called interactive simulation in which persons-
in-roles in a question-and-answer-relationship with a ‘formal dynamic model
programmed on a computer, form the simulation of the system (Klabbers a.o.,
1978, 1980; Van der Hijden, 1978; Geurts, 1981). The work reported here is
part of that tradition. The project, of which the first phase will be des-
cribed in this article, 1s aimed at the optimalization (in terms of time,
costs and results) of the procedure of man-machine simulation. It uses a
formal economic model of the Dutch social security system as a case. The
aim is to design a generic instrument based on experiential learning that
will enable non-specialists to understand the dynamic behavior of a complex
~ formal policy model. We will also test empirically whether the instrument
achieves this goal. The instrument will have an interactive simulation as
its base. Additional tools (such as diagram analysis and procedures for
symplifying the model) will be included to facilitate the process of under-
standing the model used in the simulation. The project has the following
phases:
1. development of the interactive simulation and exploratory research on
its functioning;
2. design and construction of the additional tools for model understanding;
3. evaluation of the total instrument in a controlled experiment in which a
non-simulation form of communication (the study of reports accompanied
by verbal presentations by specialists) will be the control condition.
The project is currently in phase 2. Phase 1 was held necessary as a be-
ginning because from the literature on educational impacts of gaming it was
not completely clear whether a (man-machine) interactive simulation could
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form a solid base upon which an instrument as intended could be built. Man-
machine simulations of the type described below present a very special and
difficult task to the partiéi a person or a small team is faced with the
problem of increasing his or its understanding of the dynamic characteris-
tics of a formal model by inputting decisions and collecting and assessing
information about their effects. Most research on the educational impact of
gaming does not deal with this type of games.

Phase 2 will be finished by the end of May 1985. Phase 3, the experimental
evaluation, will be held between september 1985 and july 1986. The presen-
tation by the authors will consist of a short explanation of the Dutch So-
cial Security System and the economic model used in the simulation. Next
the simulation/game constructed around this model will be presented in some
detail. After that, as an illustration of the game's functioning, we pre-
sent briefly some data we collected during the runs we have organized with
this prototype in phase 1. Finally the design and construction of the addi-
tional tools for the understanding of the dynamic characteristics of com-
plex formal pelicy models (the work of phase 2) will be described.
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REASONING AND RISK AVERSION
Lola L. Lopes

University of Wisconsin -— Madison

Al though psychologists have studied human behavior under
risk for more than thirty years, no clear consensus has been
reached concerning such behavior. What is risk, and how do
people respond to it? The answers to such questions should be at
the heart of the psychology of risk, but they are largely rot 1o
be found in the e{fensiue body of literature that exists on the
topic. Instead, one finds primarily expositions of why and how
people violate normative theories. In other words, psychologists
have tended to prejudge the goals and, sometimes, the forms of
decision under risk and to interpret pecple’s behavior only in
this light. I will present an alternative approach to risky
decision making that is aimed at capturing the salient
psychological aspects of risk both as people perceive it and as

people respond to it in choosing among alternative risks.

The po%ition taken is that an individual’s responses to risk
should be viewed as the acts of a goal-directed planner who is
oriented toward improving his lot in some, usually local, time
frame. These acts are viewed as reflecting at least the
following. three characteristics of the decision maKer: (1} risks
are represented psychologically in terms of the relative
cumutative probabilities of the outcomes; (2) preférences among
rigks reflect primarily the relative likelihood that goals or
azpirations will be satisfied; and (2) goals are often not set
before the choice set is Known but rather are created on the

basis of an assessment of what is available.

Experimental evidence will be offered to support these
claims drawn from studies of chaoice using both standard (but
multioutcome) laboratory ogambles and classic problems in the

literature of risky decisicon makKing.
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A PSYCHOLOGICAL STUDY ON THE COGNITIVE STRUCTURE OF RISK

Katrin Borcherding Thomas Eppel Bernd Rohrmann
Institut fiir Psychologie SSRI Fakultdt PPE
TH Darmstadt USC, Los Angeles Univ. Mannheim
Problem

Within the last decade the evaluation of risk and risk management became

an important topic of public discussion and also of social scientific re-

search. This is true for the impacts of private activities like smoking or

car driving and even more for large-scale technology developments like nu-

clear power plants. In this context, the determinants of risk judgment and

the acceptance of risk are to be studied on an individual and a societal

basis.

In an empirical study to be reported here, the cognitive structure of risk

and risk related judgments was analysed. More specifically the following

questions were investigated

- How do characteristics of the risk source influence the evaluation of
risk and risk relevant aspects.

- What are the psychological determinants of these judgments.

- Do groups differ in what they mean by risk and how they evaluate risks.

Method

In a psychometric approach several groups of respondents gave judgments
about risk sources with respect to different risk-relevant aspects. 24 risk
sources were considered according to four characteristics: whether the risk
source is an activity (private versus professional) or a housing situation
(with technically versus environmentally induced risks), and whether risk
primarily concerns accident potential or chronic health impacts. These
characteristics led to eight classes edach of which contained three risk
sources. Four groups of subjects evalyated the risk sources with respect

to eleven aspects, especially overall risk, individual and societal bene=
fit and risk acceptance. In addition information about several covariates
and about subject’s attitudes towards environmental problems, technological
development and postmaterial values was collected. The four groups (each
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N = 20) were env!ronméntallstsn engineers, students of psychology and of
technology. In addition ten risk researcher were included as ‘experts’'.

Results

" The data analysis yielded the following main results:

- classification of risk sources according to the four characteristics
mentioned above was meaningful : Risk sources from same classes were
evaluated similar on risk relevant aspects and - by ANOVA - classes
explained more variance than risk sources within classes.

- Groups show systematic differences in their evaluations of risk sources
on risk relevant aspects.

- The judged level of risk and risk acceptance are quite well predictable
by the considered risk-related aspects and attitudes.

- There are considerable differences in the relative importance of risk

aspects when assessing the overall risk of a source between groups.

The hypothesized cognitive structure of the psychological variables

was mainly confirmed by means of causal analysis.
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A Comparative Analysis of Risk Perception in Hungary and the United States

Tibor Englander and Klara Farago
Institute for Psychology

Hungarian Academy of Sciences, Budapest

Paul Slovic and Baruch Fischhoff

Decision Research, Eugene, Oregon

Risk is a fact of life. Yet, the facts of life vary from country to
country, depending upon economic conditions, technological infrastructure,
public health priorities, and natural hazards, among other things. Percep-
tions of risk may also vary from one country to another, depending upon what
éhe news media choose to report, what people choose to discuss, what cultural
norms are viewed as important, and what technical and political opportunities
for control exist. Given these influences, one would expect the substance of
risk perceptions to vary considerably, depending upon the information that
people could and do have. It is less clear whether the structure of those
perceptions will differ between countries. Will "risk" mean something dif-
ferent? Will the importance of different features of risk vary? Will the
complexity of people's subjective risk space differ? These questions are ex—
plored by a replication in Hungary of research conducted in the United States.
Results of these studies will be reported in this paper. Some highlights are
as follows: .

1. In many ways the risk perceptions of parallel Hungarian and U.S.
groups was very similar. The "perceived risk factor space” that has been
observed with diverse groups in the U.S5. was also observed in Hungary, sug-
gesting that it reflects fundamental aspects of the way that people respond
to the hazards in their enviromment,

2. There were, however, substantial differences in the way that the
U.S. and Hungarian samples judged the magnitude of various risks. The U.S.
respondents showed a much higher lever of perceived risk for almost every
hazard.

3. Within each group, there were also some systematic differences in
the ordering of perceived risks. The U.S. respondents were most concerned

about the risks from newer, higher techmology hazards such as chemicals
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(food preservatives, pesticlides, herbicides, medications), DNA research, nucle-
ar power, and aviation. Hungarians were most concerned about the familiar,
everyday hazards of electricity, home gas furnaces, motor vehicles, railroads,
childbirth, boating, 4nd mushroom hunting. )

4. Differences in perceptions of benefit associated with these hazardous
activities and technologies were less evident, The U.S. subjects judged police
work and commercial aviation to be relatively more beneficial; the Hungarians
saw X-rays, home appliances, and pesticides as relatively higher in benefit,
compared to the U.S. respondents. Most other items were judged similarly ben-
eficial by both groups.

The paper will conclude with a discussion of these results and some hy-
p.otheses will be put forth to explain why Hungarians see so much less risk in

their world than Americans.
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A DECISION-THEORETIC STUDY OF HANDLING LARGE-SCALE RISKS )

Charles Vliek - Department of Psychology, University of Groningen
B
Henk Boer - Division of Psycholeogy, Technical University at Enschede

Over the past 5 years we have collaborated in a multidisciplinary project
team to investigate methods, judgments and preferences revolving around "The
assessment and evaluation of risks associated to the use of hazardous mater-
jals", especially LPG or liquefied petrcleum‘gas, and 502 or sulfur dioxide
as used in the production of beet sugar. The six-volume Final Report deals
with technological, psychological and decision-theoretic aspects of this
problem. The BO-page Summary Report (Vlek & Stemerding,with others,1984),now
being translated into English, gives a concise overview of the whole project.

rThe present paper summarises results and conclusions from the decision-
theoretic subproject (see Kuyper & Vlek,1984, and Viek,Kuyper & Boer,1985,
for data and conclusions from the technological and psychological subprojects).

Company managers, civil safety inspectors and people living in the vicinity
(“neighbours") of industrial sites harbouring LPG or S0, were asked to par-
ticipate in individual as well as group sessions in which Gardiner & Edwards’®
(1975; Edwards, 1977) Simple Multi-Attribute Rating Technique (SMART) was tested
for its usefulness and acceptability. In the first study SMART was fully applied
to the evaluation of six schematically presented LPG gas stations by individual
participants. We observed significant between-group differences in mean
attribute importance weights and option-attribute scores. Little discrepancy,
however,was revealed between intuitive and final ‘calculated' preference orders.

In triadic sessions a manager, safety inspector and neighbour went through
SMART together step-by-step. At critical steps, consensus was forced upon the
triad by an averaging procedure applied to e.g. attribute importance weights
and option-attribute scores. Again, between-group differences in weights and
option scores were apparent, but little discrepancy was revealed between
intuitive and 'calculated' preference orders.

Given these results we decided to apply SMART in a degenerated form in a
parallel study conducted with groups of managers, safety inspectors and neigh-
bours concerned with using 502. This resulted in clear group differences in
attribute importance rank orderings and in preference orders of sugar product-
ion options (e.g. with and without the use of 502].

Further exploring the road towards a social decision methodology we had the
same respondents rank order a set of ten different societal groups potentially

invelved in social decision making regarding the use of hazardous materials.

%} PAPER prepared for Tenth Research Conference on Subjective Probability,
Utility and Decision Making, Helsinki, 25-29 August 1985,
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Our respondents appeared to come up with rather different sets of ‘decisional
influence weights' for the ten groups k.g. managers assigning low weights to
negative-interest groups, but neighbours attributing fair weights to the
groups most directly involved). This could be related to systematically differ-
ent assessments of the ten groups on a number of attributr's entitling them to
play a more or less important role in the social decision process.
Finally, we confronted our managers,safety inspectors and neighbours with
six different methods or principles for making social decisions on the use
of hazardous materials. Each briefly described on a card, these had to be
rank ordered according to their believed suitability . This time, the three
respondent groups revealed a fair amount of consensus about the two most
preferred methods/principles, viz. ‘professional (expert) judgement' and
‘decision analysis'. One may wonder to what extent this result is replicated
when the groups have had actual experience with the methods/principles judged.
The observed consensus about the most preferred decision methods did, how-
ever, not go without differences of opinion about the relative importance of
certain parts or aspects of decision procedures. For example, all three
groups endorsed the usefulness of technical risk analyses, but they differed
in their belief as to the testability of estimated risks against a priori
set standards. They also disagreed ‘about the role lay-people's risk estim-
ates should play in policy formation concerning hazardous materials' uses.
In an "Epilogue: social decision making about technological risk” to this
empirical study, we conclude that:
a. simple multi-attribute rating techniques can be helpful for people who
don't know their preferences beforehand;
b. a wise combination of ‘professional judgment; and 'decision analysis' will
probably be most acceptable to the parties in a ‘'big risk' controversy;
c. safety decision problems can be ordered from small- to large-scale, and
different methods/principles are suited for different types of problems:
d. there is a variety of different 'decision approaches' which can be con-
veniently ordered along two dimensions: (1) standard setting (and testing)
versus explicit decision apalysis, and (2) a technocratic versus socio-
cratic way of handling the decision problem.
e. large-scale risk problems not only demand explicit decision analysis, but

also force the participation of groups having high stakes in the decision.

Cur primary recommendation to the sponsors of this project - two government
departments - was to stimulate the development and application of ‘good’

social decision procedures taylored to different types of safety problems.
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UTILITY, UTILITARIANISM AND JUSTICE

(Maurizio Mori - Lorenzo Peccati)(‘)
ABSTRACT

We use an approach to von Neumann-Morgenstern utility in order
to give a simple model for individual preferences.
We consider some problems concerning the use of these indivi-
dual preferences to obtain a utilitarian social choice function.
The main tool suggested to evaluate the parameters of a so-
cial choice function is a general agreement aboqt a fiscal system.
It is also described the possibility to cast Rawl's theory
of justice in a utilitarian frame under current hypothesis about

the shape of von Neumann-Morgenstern cardinal utility curve.
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Effects of Decision Training Among Maﬁagers and Professional Staff in Two

Large Organisations.

Martin John Morris,
University of Melbourne,

Australia.

The efficacy of aids to decision making has received little or no attention
in the published literature of psychology or management science. The
supposed usefulness of training in techniques of decision dacémposition is a
largely untested assertion. It has been argued by the proponents of such
techniques that "institutionalization" of the method in practice systemat-
ically facilitates higher quality decisions in the organisation. The
purpose of the study outlined here was to examine the effects of such
training in two large Australian organisations. The two organisations
participated as part of a broader study of decision making in conditions of
uncertainty. The organisations, Australia Post and Shell Rustralia, differ
markedly in their organisation structure and the extent to which each has

been involved in training in decision aiding.

Australia Post is a steeply hierarcﬁical bureaucratic organisation with
only limited exposure to decision aiding techniques. Shell Australia is
characterised by a much flatter organisation structure and has been
systematically training managers and professionals in decision decomposi~

tion techniques for ten years.

It could be expected that if claims made by the proponents of such aids are
indeed valid, that subjects trained in a systematic procedure for decom-
posing decision tasks would report a more structured approach to informa-
tion processing in such tasks than subjects with no training. Furthermore
it would be reasonable to expect differences between the organisation in
which decision aiding had been institutionalized and that in which a pilot

training program only had been introduced.

27 randomly selected trained subjects from each organisation were matched
-with untrained subjects. Data was collected from each subject concerning

their decision making activities using a combination of anonymous
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questionnaire, researcher completed questionnaire and structured

interview.

A principal components analysis of the questionnaire data from all
subjects revealed six identifiable factors accounting for 75% of total
variance. A discriminant analysis of the six principal factors failed to
identify any statistically significant differences between trained and
untrained subjects. No significant differences were found between

organisations on any of the six factors.

Trained subjects in both organisations were significantly more goal
oriented and frustrated by lack of goal clarity. Trained subjects in
each organisation were significantly less satisfied with senior managements

effectiveness in reducing uncertainty in the organisation.

The effects of training in decomposition techniques as an aid to decision
making processes in organisational contexts appear to be equivocal. The
apparent frustration resulting from lack of goal clarity is a persistent

effect among trained subjects.

significant Sex and Age differences were identified in 3 of the &

principal factors.
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¥, Friman & H.C. Blomqvist: On the Information Basis and
Subjective Uncertalnty of Inflationary Expectations. An
Empirical Study.

Abstract

The purpose of this paper was to throw light on factors affecting the
dispersion of individual inflationary expectations and the subjective
uncertainty with which they are held. The sample of respondents was
selected among business school students, 170 people altogether. Sub-
stantial differences between individual expectations were found despite
the rather homogeneous sample. Systematic differences were found, how-
ever, only between first-year and "older" students, while there did not
seem to be differences between men and women. A comparison of different
proxies of uncertainty revealed, by and large, a good consistency and
that first-year students and women are more uncertain than "older" stu-
dents and men, respectively.

The expected rate of inflation could be explained fairly well by the
perceived actual rate. Furthermore, the "age" of the respondent was

a s{gnificant additional explanatory variable, suggesting that "younger"
and "older" students might base their expectations on somewhat different
sources of information.

There was a positive relation between uncertainty, measured as the
interval estimate of the expected rate of inflation, and the inflation
rate. Moreover, the perceived uncertainty about actual inflation was a
significant explanatory variable. We did not succeed to “"explain"

very much of the variation in the individual estimates with our models,
however. '
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A General Model of Judgemental Forecastinp

George Wright and Peter Ayton,

Decision Analysis Group,
Psychology Department,
City of London Polytechnic,
01d Castle Street,

London El1 7NT.

in this paper we describe and evaluate recent work on judgemental fore-
casting. We will be concerned with problems of structuring scenarios

and with the evaluation of probabilistic forecasts. We will focus on
problems of eliciting consistent, coherent and valid judgemental forecasts
and we will describe the ways in which forecasting can be improved -
either by aiding forecasters to make improved forecasts or by selection of

those people with an abllity to make realistic forecasts of the future.

Human judgement has been studied for many years by cognitive psychologists
interested in decision-making and a general, but recently disputed,
conclusion has been that human judgement is sub-optimal in many ways
(Wright 1984, 1985). People have been shown tq be inconsistent fore-
casters in that forecasts obtained by different methods (eg by point
estimates, odds or reference bets) produce divergent assessments when
converted to a common metric. Incoherence is common when recomposed
probabilities of unions and intersections of events are compared to their
holistic equivalents. People have also been shown to be "supradditive"
when assessing the component probabilities of a set of mutually exclusive

and exhaustive events.

Studies of the validity of judgemental forecasts have involved measuring
calibration. For a person to be perfectly calibrated, assessed
probability should equal percentage correct over a number of assessments
of equal probability. Recently, Wright (1982) has shown that
calibration of forecasts differs from that of probabilities given to

veracity of general knowledge propositions.

We now have evidence that the imminence of a forecast period, the time
duration of a forecast period, and the subjective desirability and
perceived controllability of the events to be forecast exert influences

on probability assessment and subsequent calibration.

Contd. ..
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In addition we also know that individuals are consistent in their fore-

casting performance across a range of situational manipulations.

The research reviewed in this paper can be seen to address separately the
construction of scenarios, the elicitation of consistent and coherent
probability forecasts and the validation of judgemental forecasts. How-—
ever, if a scenario is incomplete but accepted as realistic, then
subsequent probability forecasts may be inappropriate. Similarly, if
probability forecasts are inconsistent they cannot be coherent or valid.
In turn, coherent forecasts may not be valid. In short, we believe that
the focus of research on judgemental forecasting should now turn to the
validation of forecasts. Forecasting aids such as our program "FORECAST"
(Wright, Ayton and Whalley, 1984) aid resolution of inconsistent and
incoherent forecasts and so provide a base-line for valid or

well-calibrated judgements.

In order to see if our general model of the judgemental forecasting
process is valid pychologically many questions have yet to be answered.
Scenario generation requires identification of a plausible set of events.
Thus the processes labelled in our sequential description of the
forecasting process may be interdependent in other respects. Quite how
these stages interact remains a matter of speculation at present but our
judgemental forecast is that these problems will become a subject of

future research.
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COMMUNICATING RISK AND OTHER ANALYSES ToO PECISION MAKERS

Rex V. Brown
Decision Science Consortium, Inc.
7700 Leesburg Pike, Suite 421
Falls Church, Virginia 22043
(703) 790-0510

The problem of information display and presentation is one of the most serious
problems standing in the way of more extensive and effective use of decision
science. The vast majority of risk and other formal arfalyses developed do not
clear minimal display requirements; viz. that the user adequately understands
what the analysis can tell him that is useful for his purposes. This would be
sufficient to guarantee the failure of the analysis as a practical aid, and

failure is indeed more common than success.

Information display needs to be considered more generally as part of com-
munication between decision makers and analysts, which may include communica-
tion of users' needs before an analysis is conducted, since this may affect
the assimilation of information that then gets produced. This can be viewed
as a problem of "human engineering® of analytic products, which we have argued
since the early '70's, is the most critical failing in getting them used. 1In
fact, we believe that human engineering should represent at least half the to-
tal effort that goes into decision-oriented analysis, and it rarely gets more
than 5%.

A comprehensive communication methodology is proposed to help decision makers
understand and use risk analyses for varied policy-making activities. The
communication methodology covers: "bottom-line" utility and risk (both
baseline and conditional on various options); the determinants of risk and
their interrelationships; and the interpretation of risk analyses, in
particular, uncertainty, sensitivity, and the integration of Judgmental with

other information.

An information presentation system is discussed within a broader framework of
procedural guidelines. These guidelines address: matching information to
user problems; formulating and formatting given items of information; ap-
preciating the uncertainty, sources of evidence, and implications of the
information; determining appropriate institutional arrangements; and managing

the flow of information in both directions between user and.analysis. Dis-
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tinctive modeling concepts include: wuse-specific macro-models; plural
analysis; making the black box transparent; alternative concepts and measures

of uncertainty; and user override of variables within the model.

The goal 1s to produce a communication techmology that is both practical and
theoretically well founded. It builds on earlier DSC work in risk and
regulatory analysis, in computerized decision aids, and on its interdisci-
plinary background in statistical decision theory, cognitive psychology and
computer science. Applied material is used to stimulate and test methodologi-
cal innovation. The communication methodology is exercised in the context of
existing risk analyses and adapted to selected policy-making needs and
regulatory case studies. The ultimate consequences of this research should
include more extensive and more productive use of risk and decision analyses
by both governmental and industrial organizations, and, more generally, an im-
provement in the practice of decision science through enhanced methods for its

communication.

This research 1s supported by the Policy Sciences Program of the National

Science Foundation Division of Policy Research and Analysis.
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Knowledge and Data in Predictive Judgement
Janet A. Sniezek
Johnson Graduate School of Management

Cornell University

Judgements of quantitative variables can be made from any
combination of empirical data, personal knowledge, or expert knowledge.
In predictive judgement, the value of a criterion variable Ye at time t + k
is estimated at time t. Generally, historical data based on values of the
criterion at times t - 1, t - 2, ... t - nare available. Human judges will
interpret these data according to available knowledge about the variable
and events pertaining to it.  Knowledge may be limited to personal
observations and assumptions, or may also Include a collection of facts
and reasonably valid assertions, i.e. expert knowledge. The purpose of this
paper is to examine the manner in which knowledge and data interact in
predictive judgement.

The proposed model describes how knowledge is applied In the
process of making judgements of historical data. These judgements,
evaluatory or descriptive in nature, result in new derived subjective
values of historical and current criterion data. The operations to generate
predictions are then applied to the derived, not actual, data values. The
model shows how this interaction between knowledge and data should lead
to predictable effects on judgement extremity, confidence, and perceived
risk. Implications for judgement with expert systems are discussed.

Data in support of the model are obtained from a laboratory study of
predicted prices of nine stocks by 99 judges. Two factors were veried
experimentally: amount of information about the stock (a full page expert
report from Standard & Poor, stock name only, or no information) and
amount of historical stock price data. Results show that knowledge and
data interact to produce more extreme judgements and higher confidence

without an accompanying increase in prediction accuracy
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INFERENCES, SUBJECTIVE FPROBABILITY AND FREGUENCY OF CORRECT ANSWERS:
A COGNITIVE AFFROACH TO THE DYERCOMNFIDENCE FHENOMENDN

REGINE S. MAY
Institut fir Fsychologie
Technische Universitat
Dovestrafie 1-3
D 1000 Berlin 10

Germany

Calibration is a method to evaluate singular subjective probhabilities
empirically by means of relative frequencies. The subjects usually have to
solve a large number of almanach-type questions and than to assign a
subjective probability to each of the items. With this methad usually
"overconfidence" emerges, that is, subjective probability judgments are
higher than justified by the relative frequency of correct answers for each

class of items with a given subjective prabability.

Social psycholegists tend to interpret overconfidence as one of the many
indicators of human inferential shortcomings. In contrast to this
generalizing viewpoint, we postulate a more precise item specific analysis

based on specific hypotheses about the cognitive processes behind the data.

The conceptual framework of this analysis is a cognitive process model
that, summarizing several suggestions in the literature, distinguishes
three phases: 1) problem solving, 2) development of subjective certainty,

3) translation into gquantities.

The role of probabilistic inferences for 1) the correctness of items and 2)
the subjective probability is analysed. If the knowlege representatian can
be understood, overconfidence can be predicted specifically only for a
certain kind of items ("misleading" items), whereas even underconfidence

can be predicted for other items.
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Two types of Z-alternative geography items, resembling those used in former
calibration research, were constructed to test the predictions, a) seven
items concerning the population of large cities (e.g."Which city has more
inhabitants: Islamabad or Hyderabad"), and b) five items concerning the
Morth-South-Relation of large cities (e.g. "Which city is more North: Rome
or New York?"). Specific models for both types of items predict subjective
probability and solution probability, and therefore over- and
underconfidence.

The data of 43 subjects are compatible with the model.

The results show that the content of the knowledge structure of the
individuals determines subjective prabability as well as solution
probability. For these two relevant variables not the guantity of evidence,
but the aquality of evidence, its content, is decisive. Models with
predictive capacity for calibration can be constructed for inferences on
propositional knowledge as well as for inferences on analogical represented

knowledge.

The effect of "wrong knowledge”, resulting in significant tendencies for

wrong answers and solution probabilities <.50, is discussed.

In a second experiment the usual overconfidence phenomenon was replicated
for singular probability ratings in the usual calibration paradigm. But,
sub jects tended to be underconfident. Further considerations of subjective
probabilities should try to explain the discrepancy between the two

viewpoints of the same subjects on the same performance.
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Judgement revision and the "locking in" phenomenon
Stuart Wooler & Lawrence D.Fhillips

Hypothesis generation and Jjudgement revision in the light of

feedback was studied in a 'real world' task context - that of
assessing tire risks for commercial premisses - by adapting a
computer-based ‘expert system’ for fire insuwrance underwriting
(Phillips % Wisniewski, 1983) for experimental use. Subjects

underwent training in fire risk assessment and subsequently performed
a 4 stage judgemental task on each of 10 fire risks, employing
information derived from fire surveyors’' reports, as follows:

1) PRESCREEN - by deciding whether the risk is a priori
acceptable or not.
&) CLASSIFY - into 1 of 9 possible classes of commercial

premisses.
3)  ASBESS - evaluate the quality of the premisses on 6
criteria.

Un the basis of the above information input by the subject into
the computer-based expert system, a risk rate {(in the ftorm of a
number of pence per hundred pounds insured) was generated by
the sasystem. In the light of this, and the accompanying
information presented on the VU (see experimental conditions
below), subjects were required to:

4) ALCEFRT RISE, REVISE FISE or FASY ON RESPONSIBILITY FOR RISE
TO A SUPERVISUOR. REVISE RISE involved subjects iterating back
to modify judgements at one or more of the FRESCREEN, CLASSIFY
or ASLESS stages.

The experiment was conducted under 4 conditions which differed in
the amount of information which accompanied the risk rate:
i) no additional information displayed
ii) inferential information displayed - cansisting principally
of a posterior probability distribution over % levels of risk
From 'Foor’ to 'Excellent’ (derived from the priors built in to
the system and from the intormation input by the subicct),
giving the subject some insight into the svstem' s o ar1ng
which led to the generated rate.
iii) credibilibty intormation displaved. The credibility value
is a model checking device ( defined as the proportion of all
possible combinations of assessments on & criteria made all  Lhe
ASSESS  stage which are Jless  likely than the combination
describing the current risk), where a low credibility  valus
+lags the subiect that reconsideration ol the risk wmav be
neces;sar .,
iv) indorential indormation plus credibility intormoatyon
displaved,

A two stage hypotheeis generation and revicion model i presed e
which is supparted by the data from this study - according to wbhcl
Jjudgment makers {irst  assian a problem to a generic  caleqgory  or
problem tvpe, and then emplov pre-staored intormation aboot the prablea
typr to help 1n developong a specific detalled reprecent Lion o The
current problem ot von  interteldt,  Lyguo) . Frecentakbion ot
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inferenkial  and credibility infeormation had considerableo ol fecl in
inercasinn cubircts tendrney Loy reaviae the g Ofrin one abmut L8 yTR]
spoci fic reprosentabion of the cuarrent proolsl em coredibili by
indormation  being moee influenbial than inferenty 1), bnd had  no
effert on suthiscts revisions of the assigment ot g = ko aonerio
cateqgor ies. Subjsrcts  remained  Ylocked in” Lo aeneric hypod oo
atoul.  Lhe data generator regardless of the nalinee and aaount of
presontod information. Ihex implications  of this  studvy for
understanding intuitive hypothesiv  reneration and  teshing - in
particular the work ot Gettys et al. (1760 - ere d1 e e,

"Higaing" surveyors’ reports so that some were more 1ikely to aqive
rise to low credibility velues and others to ‘non-normal  probability
distributions provided {further  support that  subjccts were  In ghiw
sonsitive to the presented stimoli.

Bottyve Gofr., CoManninag, T.Hehle & . Ficher Hypothe=<is Leaeration: 2
final report on years of reoesearch, IR S l0- 8oy Mo s,
Oklahoma: Decision Processes Laboratory. UUnivercoity of Ollahoo o,
L0,

Fhillips L.D. % l.kE.Wisniewski Bayeoian Models {or Compoat e i rlred
Underen-iting The Statistician. 32. & PO R4 5

von  Wintoer{feldi L. Stru ring e sion Probloms for Deciciom
Analysis. Acte Peychojoaica, 45, 1-3, 1980,
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TESTING AND REVISING HYPOTHESES: STRATEGY AND STRUCTURE

Joshua Klayman & Young-Won Ha
University of Chicago

Hypothesis testing has interested behavioral scientists and philosophers
of science because it is seen as a central process in the formation of
scientific and everyday theories, and in the ability to learn from
experience. The task we focus on in owr research is "rule discovery."

Here, the goal is to determine the features th-at. disti.nguiah instances with a
certain target property from those without it.

Wason (1960) invented an often-used rule discovery task with sets of
three numbers as instances (e.g. 2,4,6). The experimenter has a defining rule
by which some of these "triples" are targets, and some are not. After an
initial example is given, subjects propose other triples, and the experimenter
indicates whether or not they fit the defining rule. In this way, subjects
test their hypotheses about what the rule must be. Subjects test instances
they hypothesize to be targets ("+tests") much more often than hypothesized
non-targets ("-tests").

This preference for +tests (often called "confirmation bias") can lead to
a false belief in a rule that is overly restricted. There may be target in-
stances that the hypothesis misses, and only -tests can reveal these false-
negative errors., We have shown, however, that the consequences of a "+test

" heuristic" depend greatly on the characteristics of the particular problem
(Klayman & Ha, 1984). In the present study, we examine several factors that
could affect the nature of people’s hypothesis testing strategies and the
effectiveness of a given strategy. First, we consider the relation of
hypothesized to correct rule (Figure 1). Different types of tests are useful

in each case: +tests reveal false positives (overlapping and surrounding

Figure 1.
T = Target set specified
by defining rule

H = Instances specified Overlapping
by hypothesized rule hypct.hes;s hypothesis hypothesis

hypotheses), whereas -tests reveal false negatives (embedded and overlapping
!;ypotheses). We examined the use of +tests and -tests in each environment,
and the response to feedback from each. We also considered a more
sophisticated type of test, in which the current hypothesis is tested against
an alternative.

We ugsed 18 different combinations of initial example and defining rule,
using sets of numbers and sets of cities. To begin, each subject was given
one of the initial examples (e.g,, "the triple '2,5,8' fits the rxule"), and he

wrote down an initial "best guess” about what the defining rule was. He then
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wrote out & new triple, and what it was he was *trying to find out.” The
experimenter indicated whether the new triple fit the defining rule, and the
subject wrote down his current (possibly revised) best guess about the rule.
This procedure was repeated for 18 triples. The subject received a bonus
payment for every trial on which the best guess was correct.

Overall, subjects solved about half the problems. Those who failed at
the task were even more disposed to +tests than were the successful problem
solvers (15/18 versus 9/18). RAlternative-tests accounted for & of 18 tests
for successful problem solvers, and 2 of 18 for non-solvers. Thus, successf‘ul
hypothesis testing was alsc associated with a willingness to test alterna-
tives. We analyzed the 18 trials in three blocks: trials 1 to 6, 6 to 12,
and 12 to 18. People who started a block with an overlapping or surrounding
hypothesis were as likely to end up with an embedded hypothesis as a correct
one. Those in the embedded condition tended to stay embedded. At the end, of
the 26 subjects who failed to solve the problem, 17 had embedded hypotheses.

These results confirm the most basic finding of Wason's study and others
like it. Hypothesis-testers are adept at discovering cases that fit their
hypotheais but not the correct rule, They are much less adept at finding
correct cases that their hypothesis misses. Thus, they often end up with an
overly restricted hypothesis. However, subjects did not necessarily take an
unsophisticated approach. Many subjects carefully tested the limits of their
hypotheses. Also, subjects sometimes spontanecusly shifted hypotheses,
without being confronted with negative feedback, and then tested a new,
broader hypothesis with +tests.

Another aspect of the larger hypothesis testing process is how people use
feedback to guide the generation of revised hypotheses. The results of our
experiment suggest that hypotheses have a sort of "natural order™ (cf. Mervis
& Rosch, 1981). Rules that are either much broader or much narrower than this
natural level will be difficult to discover. Second, some features of a rule
are naturally more "salient." The results of hypothesis testing lead the
tester to add, subtract or change features of the hypothesis. Using
independent assessments of salience, we found that more salient features are
more likely to be added, and less likely to be dropped. Thus, there is a

continuous interplay between hypothesis testing and hypothesis generation.

Klayman, J. & Ha, Y.-W. (1984). Confirmation, disconfirmation, and informa-
tion in hypothesis testing. U. of Chicago, Center for Decision Research.

Mervis, C.B. & Rosch, E. (1981). Categorization of natural objects. Annual
Review of Psychology, 32, 89-116.

Wason, P.C. (1960). On the failure to eliminate hypotheses in & conceptual
task. Quarterly Journal of Experimental Psychology. 12, 129-140.
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Department of Fsychology
Universily of Warsaw

Towards s motivational account of coenitive bianes

The number of studies which demonstrate existence of diverse
cognitive biases in human Judgment seems to have reached the cli-
max.ilhereas psychology of the 60-ties was almost entirely devoted
to demonstrating the basic rationality of human lay mind, psycho-
.logy of the late 7U-ties, and particularly that of the BO-ties
is set upon proving the reverse i we all err,we are prone to nu-
merous illuaiona,f&llaeies.biases,effecta etc.,aXl of them violg-
ting some normatively preseribed rule of information processing,
The present author has managed to identify over 30 of such atable
tendencies in human Jjudgment, 81l of them carrying an explicit
label pointing to ita non-normative character.They come from di-
verse areas of psychology, the domain of probabilistic reasoning
being by no means the exclusive one as they include : attribu-
tional thinking end causal reastning,covariation assessment,esti-
mation of control and controllabilityllogical Teasoning,hypothe-
ses testing, attitude change, asymmetry of positive and negative
evaluative Judgments,influence of affect and evaluation upon hu=
men thinking etcsTwo monographs which give a review of the pheno-
bena ,Nisbett’'s and Ross’ (198V),and Kahneman's end Iversky's
(1982) ,by no means exhaust the 1list,

It seewms ,however, that while we are relatively well acquaint-
ed with the phenomenon itself and with diversity of the forms it
can take, we are also Ffaced with an'equal diversity of its expla-
nations.The latter vary from a simple critic of human cognitive
limitations (ef.Kahneman and Tversky 1982),whieh is sometimes en=~
riched with indications on how 1o make up for at least some of
them ( Nisbett et als.1933), throuzh more or less exhaustive defen—
ding of lay cognitive rules which points to the edaptive goals
those can serve (cf.Bjurkman 1984,Kruglansky 1983, ihite 1984), to
a brave attack upon the Very axioms of normative prescrivtions
Supposed to underlie lay Teasoning,togesher with formulation of
an original ,non-classija losie of huran inference {Conen 1877,19352},

The present author’g symvailhies lie with the lalier appreacnes.

Following are the main ideas o7 the vaper
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f.0ut of the diversity of cognitive blases some are supposed
to be more essential for understaimding the way in which human
lay mind works than others which,in turn, are claimed to be in-
ferrable from the former ones.it is postulated that the most
crucial cognitive bias which can account for over 20 of erroneous
Judgmental tendencies hitherto noted is human proclivity to ignore
the hase-rate information while making probabilistie judrments
and to focus instead on siggular information.

2.1t is hypothesized ,however, that the neglect of bage-rate
information is not an error as it has‘been suggested by normati-
vely oriented researchers bub a deeply rooted tendency with high
biological significance.The tendency 1s responsible for the ebili-
ty on the part of human orgeanisms to structure their environment -
in terms of the "figure-ground" relations which, in turn, is a
prerequisite of taking on a directed action,sscribing it an effe-
ctive valence,and protecting the dominant direction of the action
againet competing alternative courses which could disrupt the pro-
cess altogether.As such the tendency should be pronounced with res- '
pect to involving content areas and objects which bear affective
significance while it should be diminished with respect to events
which are either affectively neutral or,for %hat reason or another,
should be neutralized.

301t 1s thus claimed, in line with argumentation provided by
Cohen (1977) that people will generally tend to function in line
with the non-classie,"Baconian" probabilistic catculus which is
not based on m frequentisl conception of probability ,as this
carries an overall higher pragmatic sipgnificance in gituations
which call for ection involvement.However,in conirast to Cohenian
argument,it is also hypothesized that people will be able 1o
switch to such a manner of information processing which does take

bage-rate information into account and this haa a"frequential"
character (be it "Pascalian" - to use Cohen’s terminology once
more - or any other).lhis should hapoen when for adaptive reasons
the direction of the action taken is to be reflected upon and
corrective measures are to be taken with respecf to it.
4sTheoretical argumentation for these claims will be developped
and empirical srguments collected within several domains of pay-
chology (e.ge.,attribution theory,decision meking,and clinical
asoecial sycholugy) will be presentied to suopnort this line of

reasoninr.
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Intransitivity in Choice Behavior
Ll
Maya Bar-Hillel and Avishal Margalit
The Hebrew University

Transitivity is a compelling desideratum of cholce and preference.
Perhaps no reason for belng traneitive is as intuitively compelling as
the very requirement for transitivity itself. HNometheless, distinct
penalties attach to intransitive choice patterns, most notably their
non-extendability, their vulnerability to agenda manipulation, and their
exploitqbliity as a money pump. These difficulties attend intransitive
cholces irrespective of the setting in which such cholces might be
encountered. Nonetheless, in the domain of social choice, even though
the majority rule is not transitive, it has remained one of the most
attractive rules for integrating individual preferences into social
decisions, and its use is not considered irvetional., One question this
paper will explore is why our intuitions differ about the acceptablility
of intransitivities in individual versus im group choice.

However, even in individual cholce, 'the observation of intransitive
choice cycles {i.e., the observation that some decision maker
consistently chooses A over B, B over C, and C over A) cannot always be
taken to indicate an intransitive preference, and is not necessarily a
pattern upon the detection of which the decision maker would wish to
alter any of the cholices in the cycle -— or would know how to. We offer
a classification of choice settings in which systematic intransitivity
might be observed in individual choice.

1. The individual decision maker may be acting as proxy to a group,
blurring somewhat the distinction between individual and group choice.
Consider, for example, a benevolent dic;ator making decisions on behalf
of her subjects, who wishes to choose for them that which they would

have chosen for themselves.

2. The cholce set may consist of multi-attribute alternatives,
which might be difficult to evaluate independently. For example, each
dimension may be only ordinally ordered, and the values of the alter-

‘natives on the various dimensions be incommensurable. In such cases,
the decision maker might substitute an additive difference rule for an

independent evaluation procedure. Such rules, if they are non-linear
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(e.g., the majority rule and the lexicographic semi-order), will not be
transitive. There are sound psychological reasons to expect that some—
times non-Iinear additive difference rules might appear attractive to
the decision maker faced with certain multi-attribute alternatives,

especially if their intransitivity is not transparent,

2. The intransitivity may be a direct reflection of some objective
preperty of the alternatives. For example, random variables A, B, and C
exist such that p(A> B)> .5, p(B>C)> .5, and p(C>A)> .5. If one
wishes to maximize the probabllity that the alternative of one's choice
will exceed the rejected alternative —- and some payoff structures call
for such maximization as optimal —— then A should be chosen when the
choice set is A and B, B should be chosen when the choice set is B and
C, and C should be chosen when the choice set is A and C. Concrete

examples will be provided.

The above examples provide paradigmatic cases when intransitivity
might be observed in individual choice. Clearly, real-life choice
problems where intransitivity is exhibited will not always be clearly
and uniquely clasgifiable into these categories. Hence, it will not
always be clear what changes to recommend, if indeed any, when intran-
sitive choices are observed in individual choices. Some guidelines for
diagnosing the causes of such intransitivities are discussed, as well as
some thoughts on the common presumption that intransitive choice is

irrational,
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Decision Support System CLASS( CLASsification System)

O0.I.Larichev, E.M.Moshkovich, E.M,Furems

ABSTRACT

Problem of clasgificetion by & human being of a get of
objects, characterized by milticriteria estimetes is wide spread
in humen practice. Medical diagnostics is one of the tasks of
guch class. '

In this article o new method for dlegnestic decision support
gystem construction is described. It is based on a direct classi-
fication by an experienced expert of possible diegnostic signs.
Chaeracteristic features of this approach are the following:

1) natural languesge for gaining expert information (we don't use
subjective probabilities, points, belonging functions, et.c.);

2) completeness of developped decision rule - decision classes
are defined for each possible gombination of diagnostic signs;

3) specially developped method for rationel choice of mostly in-
formative questions for interviewing an expert. This allows
substansial (in 30-50 times) decrease of & numbexr of questions,
necessary to build e decision rule;

4) for each decision class (for each disease) sets of main and
auxiliary diagnostic signs are defined. Main ones are uged while
moking a diagnosis, auxiliery ones - for its more precise
definition (differential diagnosis);

5) special procedures to check and correct contradictions in ex-
perts! information based on additional interviewing of an ex-
pert.

The system designed wes used in a number of practical tasks:
construction of expert medical systems, development of a system
for R end D results evaluetion.
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DECISION JUSTIFICATION, INFORMATION STRUCTURE AND THE CHOICE OF
DECISION RULES.

Robert de Hoog, Social Science Informatics, University of Amsterdam

Godfried van den Wittenboer, Institute for Andrology, University of Amsterdam.

People not only make decisions, they frequently must justify them to others
as well. Justifying a decision can grosso modo take two forms: first, an ar-
gumentation in terms of the qualities of the chosen alternative and second,
an argumentation in terms of the process that has been followed to arrive at
the decision. Obviously, the second form 1ls the most interesting one from
viewpoint of decision theory, for it contains information about the decision
making procedures that are used during the decision. An important question
in this respect is, whether the way decisions are made depends on the known
need to justify these decisions afterwards.

In the full paper we study this problem by investigating the decision rules
people did use in a decision making experiment in which one half of the sub-
jects was told that they had to justify their decision making afterwards to a
panel of experts:and the other half wt Roughly speaking the hypotheses to be
tested were based on the assumption that people tend to reduce cognitive
strain in decision making by employing less effort evoking decision (non-
compensatory)} rules, unless they must justify their decisions to other people.
Justification asks for a more balanced or reasoned decision making process,
mostly leading to the use of rules requiring more effort. Since cognitive
strain will alsc be lowered if the necessary information is better structured,
more difficult rules can in that case be used without spending more efforts.
So, a stronger tendency in the application of the more difficult compensatory
rules must be expected when highly structured information is available.

To be sure of the decision rule people did use in the experiment, they had
to choose one of four procedurally described rules, each reflecting a diffe-
rent decision strategy: the average (AV) rule, the least objections (LO) rule,
the conjunctive (CON) rule and the lexcgraphic (LEX) rule. All participants
had to decide according to the selected rule five different political scena-
rios to pull the Dutch economy out of the recession. These scenarlos were
presented in two different formats: one format had a "story-lika" structure
containing political and economic considerations, three political measures,
and the effects of these measures on ten critical economic and political va-
riables (the low-structure condition). The other format contained exactly
the same story but, in addition, the information was structured in the form
of a matrix in which the measures and the effects on the ten critical varia-
bles were outlined clearly (the high-structure condition). Taken together,
this leads.tﬂ a two by two factorial design with the justification conditions

as factors.
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Forty participants, screened on some basic knowledge about political and
economic matters, were sampled from the population of Amsterdam. After train-
ing these subjects in the use of the four decision rules, the experimental -
conditions were introduced and the subjects were invited to select one of
the four rules for deciding which of the five scenarios they should prefer.
After this had been done all the subjects were Interviewed on the same
questions; one half by a panel, the other half by a questionnaire.

The experimental conditions did lead to effects. Analysis of variance
showed that subjects in the justification conditfion found the task signi -
ficantly more difficult, while subjects Ln the high structure condition found
it much more easy to use the procedural descriptions of the decision rules.
No manifest influence of the need to justify was found on the selection of
the decision rules. Only a latent effect in the direction of the more strin-
gent decision rules was noticed for the justification condition. The high vs
low structure condition did show a significant effect in the direction of se-
lecting compensatory rules more frequently in the high structure case, though
this was mainly due to the significant greater preference for the LO rule
in this condition. This finding could be explained by the fact that the in-
formation was structured in such a way that it permitted by far the easiest
"mapping” onto the LO rule. It provides an explanation too for the stronger
latent effect on this condition towards more pessimistic rules.

From the results it becomes clear that our assumption about subjects sim-
plifying the task when possible, is refuted. Nearly one third of the subjects
selected the average rule and they were equally distributed over the experi-
mental conditions. Furthermore no differences did occur in the number of attri-
butes used. We strongly got the impression that it is not "social pressure"
or ‘"cognitive strain" that matters, but fawiliarity with a rule. The average
rule seems deeply "soclalized" and that could be the reason why people ad-
here to it, even when it is difficult to apply.

As a last point we stress that the structure of information definitely
seems to influence decision making behavior. A polnt that is often overlooked
when experimental results are generalized. Specific information structures
can elicit decision behavior that would possibly not have occurred when another
information structure is available for the same decision making task. A word
of caution is therefore justified when decision making experiments are de-

signed (see also Phillips, 1983).

Literature
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Ambiguity and the Market for Protective Services:
A Psychological Perspective

Robin M. Hogarth
University of Chicago
Graduate School of Business
Center for Decision Research
As originally demonstrated by Ellsberg (1961), uncertainty or ambiguity
concerning probabilities can have important effects on hypothetical choices

made between urns. However, the ability to explore ambiguity in more ecologi-

cally relevant settings has been hampered by the lack of psychologically-based

theories that predict the conditions under which ambiguity will or will not
affect decisions. A recent exception is the ambiguity model developed by
Einhorn and Hogarth (in press). In the Einhorn-Hogarth (EH) model, it is
assumed that ambiguous probabilities are assessed by way of an anchoring and
adjustment process. Specifically, people first anchor on an initial estimate
and then adjust this by mentally simulating/imagining other values the prob-
ability could take. It is further assumed that the net impact of this
adjustment process is affected by (a) perceptions of ambiguity (the greater
the perceived ambiguity, the more mental simulation is involved), and (b)
attitudes toward ambiguity in the circumstances. This latter variable
captures the notion that in imagining alternative values of the probability,
people may accord more (or less) weight to values greater (or smaller) than
the initial estimate. Responses predicted by the EH model are represented
algebraically by a nonlinear function of the initial probabilities that is
regressive with respect to the latter and governed by two parameters that
capture, respectively, perceived ambiguity and attitudes toward ambiguity in
‘the circumstances. It is important to note that in addition to predicting

ambiguity aversion, the model also predicts situations where ambiguity will be

preferred.
Since the EH model predicts circumstances under which probability assess-

ments will or will not be affected by ambiguity, there are several reasons why

it is illuminating to examine the market for protective services from this

perspective, First, prices provide an operational dependent variable that can

be linked directly to assessed probabilities. Second, even if buyers and

sellers of these services agree on the same initial probabilities, differences

in perceived ambiguity and attitudes toward ambiguity can induce significant
asymmetries. This paper explores the implications of these asymmetries for

VRZ
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two types of market, futures and insurance. For the former, the notions of
“ambiguity sensitive" and "ambiguity insensitive" positions are introduced
with respect to "gambles" involving mixed payoffs {i.e., possibilities of
gains and losses). These notions are then used to examine the effects of
taking certain positions in futures markets and to explore how agents can
systematically exploit the positions of others, or conversely be exploited.
Predictions of the EH model for insurance decision making are explored by
considering asymmetries between perceptions as well as attitudes toward
ambiguity by buyers and sellers. These lead, inter alia, to predictions of
when buyers (consumers) and sellers (firms) are more or less likely to agree
on prices for insurance and where firms can exploit consumers' willingness to
pay. Predictions of the EH model in respect of both futures and insurance are
supported by experimental data using economically sophisticated subjects.
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SUPPORTING PROBLEM STRUCTURING IN STRATEGIC DECISIONS
by

Anna Vari, Janos Vecsenyi, Zita Paprika, Bureau for

Systems Analysis, Hungarian State Qffice for Technical

Development, Budapest, Hungary

Abstract

The understanding of the conceptualization of decision
problems by stakeholders provides a basis for designing the
procedure and for selecting the methods and techniques on

supporting the decision making process.

It has been revealed in several studies /Mason, Mitroff,1981;
Kleindorfer, 1984; Vari, Vecsenyi, 1984/ that there can be
significant differences in views of the members of an
organization concerning [i/ the problem to be solved, [fii/
the objectives and the hierarchy of goals, [iii/ the past
and future states and events of the environment, and /[iv/

the alternative actions and their consequences.

For exploring and representing these views, several techniques
have been developed. Toulmin [1958/ suggested a form of analysis
of arguments which was developed by Mason and Mitroff [1980/

for structuring debates on policy issues in organizations.

Saris and Gallhofer [/1984/ designed a method for determining

the structures of the argumentations in foreign policy decisions.

Shank [1975/ developed a method for the graph representation
of conceptual information processing, while Axelrod [1976/
suggested the method of cognitive mapping for describing the

multilevel structures of decision problems.

How these tcchniques, and approaches can be used in supporting
decision processes? Our paper attempts to offer an analytic

toocl combining some eclements of the above techniques which is
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appropriate for framing documents, personal interviews

as well as group discussions, with the aim of identifying
the different types of uncertainties to be handled in
decision support [Berkeley and Humphreys 1982/.

Analysing the cases of supporting real strategic decisions,
our paper demonstrates the applications of the suggested
tools by stakeholders in conceptualization of the problem,
in revealinguncertainties and differences in opinions and
also in selecting decision support methods.
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LAY ESTIMATES OF ANNUAL FATALITY RATES

Dancker D.L. Daamen, Department of Social and Organisational Psycholeay,
Leyden University

Cees J.H. Midden, Netherlands Energy Research Foundation, E.C.N., Petten
Bas Verplanken, Department of Social and Organisational Psychology,
Leyden University

ABSTRACT

First a summary of research on lay people's estimates of annual deaths

due to any kind of causes is presented. A brief outline is given of research
done by Lichtenstein, Slovic, Fischhoff, Layman and Combs (1978), Green
(1980), Slovic, Fischhoff and Lichtenstein (1979), Viek and Stallen (1979),
Renn (1981), Von Winterfeldt, John and Borcherding (1981).

We then discuss three main questions:

1) How accurate are lay people's estimates of the number of deaths in an
average year compared with the (statistically) recorded mean frequencies
(or expert estimates)?

2) Can any regularity be found in the (mis)judgements?

3) How can consistencies be explained?

We bring forward arguments t8 show that researchers who claim that lay people
estimate absolute annual numbers of deaths reasonably well, base these
conclusions on methodologically weak grounds. First, in some of the research
Togarithmically transformed scores were used, which artificially raise
correlations. But, more important, in nearly all studies mentioned above
correlation coefficients were used as indications of accuracy, which is
highly questionable in our view. Correlation coefficients merely measure
linear associations between variables, whatever this linear relation may

be. Even if the best fitting regression line strongly deviates from the

line x = y a high correlation will still be found.

We suggest a more suitable measure of association, the ‘coefficient of
identity' (from Zegers and Ten Berge, 1983). This measure, among other
things, takes into account absolute differences between judged and true
frequencies. After re-analyzing the data from the various studies

comparing the correlation coefficients and coefficients of identity the
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results in each case are quite different. For example Lichtenstein's data
show a drop from 0.71 to 0.10 (using untransformed scores), Viek's data

from 0.84 to 0.25 and Green's data from 0.96 to 0.38 (values of the
coefficient of identity can be compared with correlation coefficients

and can also range from -1 to +1). We conclude therefore that lay people
make poor absolute estimates.

The question of consistency in the (mis)judgements of death frequencies

is discussed for each study as well as for all studies taken together,

in which case we looked at stimuli which were used in two or more studies.
In the former case a fairly high degree of consistency can be found, whereas
in the latter cases the overall level of consistency is very low.

We evaluate several theoretical explanations to account for these findings.
The way stimuli are presented and answers are elicited (‘'contextual effects')
rather than characteristics of stimuli (e.g. the availability of examples)
appear to be important factors in determining patterns of misjudgements.

For example the range of the presented stimuli in the studies correlates
-0.80 with the slope of the regression lines that were found.



- R0 - Tha 16./0

MENNO WOLTERS
Detision Ma 6/2\77 1h the Cnpeds Grtiamwen?”

The present study reporte on both theoretical and empirical activities. A
typically theoretical eudeavor is the search for the connection between the
interspace politice approach to roll call snalysis and representatives of
two families of decision making theories, Bronner & De Hoog's additive-
difference model and Tazelear’s theory of mental incongruity. At the start
of the project, the first research problem was formulated as:

RP; How can the interspace pelitics models of roll call behavior be
deduced from, respectively, a decision theory and a theory of cogni-
tive balance?

This slightly more general phrasing of the first central question soon
opened the eyes for an integrated approech to the formalization of either
theory of individual decision making. The fruit of this activity will be
reported in Chapter 2 as the conclusion that Tazelaar’s and Bronner & De
Hoog’s theories are nmot to be regarded competitors. This in turn affects
quite heavily the task that was set for Chapter 3 as:

RP, Which model(s) of roll call behavior provide(s) an optimsl description
of the roll calls in the European Parliament?

It was originally hoped that the answer to the second research problem
would by the ssme token be a comparative test between the theories of
individual decision making, The conclusion of Chapter 2 made this impossi-
ble. Instead, Chapter 3 will study the internal validity of the general
{combined) theory of decision making in comparison to the incerspace poli-
tics models, with a multi-method approach of roll call analyeis, comtent
analysis, opén and structured interviews and questionnaires, and observa-
tion. The cohclusfon of these endesvors ie quite negative. Bronner & De
Hoog's and Tazelaar’s theories of individual decision making do nmot explain
in an adequate and consistent mamner what is going on in the European
Parliament when it makes a collective decision.

Although at the start of the project the optimism predominated that at
least one of the theories would yet at least partially explain the decision
making behavior of the MEPs, & certain difference between purely individual
and collective decision making behavior was already expected, as ¥as shown
above, That ie why and how the five hypotheses of the previous section

guide the task set for Chapter 4, to extend the theory in order to cover
collective decision making behavior. Thus:

“’3 In what respect(s) does parliamentary decision making behavior differ
from other human decision wmaking? In conformity with:
a) the aggregation hypothesis?
b) the ideology hypothesis?
c) the predictability hypothesis?
d) the coalition hypothesia?
e) the barrier hypothesis?

Chapter 4 teports about both the theoreticel extensions developed with the
help of the hypotheses, and a couple of empirical teats against data from
the European Parliament. Incomplete as the number of tests is to evaluate
the model aes a whole, it nevertheless produces some inconsistent results
which will be discussed at the end of Chapter 4.

The empirical studies dealt with in Chapters 3 and 4 contain, apart from
their theoretical meaning and implicationa, sufficient descriptive informa-
tion about the European Parliament to justify a Chapter 5 based on:

RP, Into what direction ies the formaticn of European transnational groups
and of coalitions of these groups, inside the European Parliament,
developing since 19797

It is tempting to use the expression "European integratlion" instead of the
vague "direction", but Chapter 5 will show that it is uncertain whether,
rather than how, the European Parliament has developed toward more Europaan
integration.
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Proposal for a specific paper:

A eriterion for the substitutability
of objective procedures for judgments of quality

Willem K.B. Hofstee

U. Groningen, The Netherlands

Abstract

In many situations where quality (of, e.g., scientific or artistic
plans or products, job or school applicants, property, or even
life in general) is to be assessed, a dilemma arises between
objective and judgmental procedures. Traditionally, psychological
researchers have advocated the dismissal of judgments in these
situations; Robyn Dawes, for example, has made a plea for
"'Slitting the Decision Maker's Throat with Occam's Razor". The
arguments in favor of objective procedures are twofold: They
tend to be more fair in the sense of equal treatment and
transparency, and they tend to be more efficient both in terms
of reliability/validity and in terms of cost. The persistence of
judgmental approaches can be partly explained from improper
motives, such as-a discriminatory conspiracy between the judges
and the majority of the judgees, and the tendency to protect
professional authority.

Even so, valid objections against exclusive reliance upon
objective procedures can be brought forward. A theoretical
objection is that such procedures represent operationalizations

of an intended construct (i.e., quality), and are as such more
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or less deficient. Specifically, "quality" is a construct with

important emergent aspects that by definition cannot be covered
by a prearranged procedure. The pragmatic counterpart of this
theoretical objection is that objective procedures tend to.elicit
unintended and often undesirable side effects on the part of the
judgees, who will strive for a maximum score instead of maximal
quality. Objective procedures thus exert a corruptive influence
in the sense that the rational subject is tempted to exhibit
behavior making a cosmetic angle with truly productive behavior.
The solution to be proposed in the dilemma between objective
and judgmental procedures is to apply a more stringent criterion
for the substitutability of objective procedures for judgments:
Not only should objective procedures be more efficient in terms
of their observed validity/reliability in relation to cost; also,
their true component should be perfectly correlated with the true
component of the judgments, which serve as a criterion. In other
words, the objective procedure should not contain reliable
variance that is uncorrelated with the-judgments, and vice versa.
If the procedures are thus equivalent, no unintended side effects
will be elicited by the objective procedure. As a consequence,
a judgmental approach may be preferred over a more reliable and/or
valid objective procedure. If equivalence cannot be demonstrated,
attempts should be made to explain the discrepancy in terms of
other variables. Conceivably, a satisfactory explanation can be
found in some cases. If so, the side effects upon applications
of the objective procedure are intentional and may be defended

as being desirable.

The paper will discuss some of the many implications of the
equivalence paradigm in the areas of judgment of quality, selection,

and psychological concept formation.
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Selected proceedings will be published in a book edited by
Berndt Bre@mer, Helmut Jungermann, Peter Lourens and Guje Sevon.
The book will be published by North Holland. It is our intention
to have the book out during Spring of 1986. This means that there
will mnot be much time for the editorial work, and we therefore
ask a!I those who want to have their papers: considered for
inclusion in the proceedings to help us by bringing four copies
of their papers to the conference and handing them over to the
editors at registration.

INSTRUCTIONS FOR AUTHORS

. The paper you submit must be an original piece of work, i.e., it should
not have been published elsewhere.

. The length of your paper should not exceed 15 double-spaced pages,
including references, and should follow the APA manual.

. The proceedings will be published in camery-ready form. Your figures
must be suitable for such reproduction. They should be drawn in ink

on good quality paper, and they should not exceed 12x12 cm (including
lettering). remember that the figures will be reproduced in much smaller
size (about 5 x 5 cm) and select the size of your lettering accordingly.

You must submit four copies of the manuscript with copies of all
tables and figures. You should also submit one set of figure originals.

. We will try to have the proceedings out during Spring of 1986. This
gives us very little time for the editorial work, but we think that
it is worth it to have the proceedings out early; there are few
things as stale as old proceedings. We would therefore appreciate
to have your manuscript as early as possible. The very latest date
for handing in your manuscript will be when you register for the
the conference upon arrival in Helsinki. But if you complete your
manuscript earlier than that, please send it to us as soon as it is
ready. It is most convenient if it is sent to Guje Sevén.
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