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Twelve years have passed since the publication of Complex Problem Solving:
The European Perspective (Frensch & Funke, 1995a). In the volume, most of
the prominent European researchers in the area of complex problem solving
(CPS) summarized the—then current—state of the field in this relatively
young and exciting area of study. As many readers know, CPS is a term that
was introduced about 30 years ago in Germany by Dietrich Dérner (1975).
Komplexes Problemlssen (which is the original German term) established not
only a new type of problem to be studied, a type that differed from “simple”
problem solving in terms of complexity, temporal dynamics, and other at-
tributes, but also a new method, namely, the use of computer-simulated
microworlds.

Since the publication of Complex Problem Solving: The European Perspective
(Frensch & Funke, 1995a), the young field’s most pressing questions and
preferred answers have changed. In this chapter, we focus on some of the is-
sues that have been at the center of attention in the CPS literature during
the past 12 years (see also Funke, 1999, 2006). The chapter is divided into
four parts. In the first part, we briefly redescribe the historic roots of mod-
ern research on CPS and establish a working definition of the concept. In



26 FUNKE AND FRENSCH

the second part, we discuss one specific issue that has been of interest in the
CPS community lately, namely, the question to what extent, if at all, CPS
performance might be related to intelligence. We discuss some of the older,
and much of the most recent, research that has been concerned with explor-
ing the link between intelligence and CPS. In doing so, we differentiate be-
tween explicit and implicit CPS. In the third part, we focus on the question
to what extent, if at all, CPS can be empirically distinguished from “simple”
problem solving, and if there are domain specific or domain general princi-
ples at work. In the final part of the chapter, we present and discuss 10
myths about CPS that we believe very much hampers scientific progress in
the area at the present time.

THE EUROPEAN PERSPECTIVE
ON COMPLEX PROBLEM SOLVING

As pointed out by Frensch and Funke (1995b), researchers in the area of hu-
man problem solving have often been quite inconsistent in their use of
terms such as problem, problem solving, and intelligence. Although perhaps un-
derstandable, different uses of the same term seriously undermine scien-
tific progress. Because the definition of a term affects the choice of
experimental tasks and methods, and thus, ultimately affects the conclu-
sions to be drawn (Frensch & Funke, 1995b), we make an attempt in this sec-
tion to delineate what exactly we mean when we talk about “problems” in
general and “complex problems” in particular. First, however, we give a
brief historical overview of complex problem-solving research.

Simple and Complex Problems

Beginning with the early experimental work of the Gestaltists in Germany
(e.g., Duncker, 1935), and continuing through the 1960s and early 1970s,
research on problem solving was typically conducted with relatively simple
laboratory tasks (e.g., Duncker’s “X-ray” problem, 1935; Ewert & Lambert’s
“disk” problem, 1932, later known as “Tower of Hanoi”) that were novel to
research participants (e.g., Mayer, 1992). Simple novel tasks were used for a
variety of reasons: They had clearly defined optimal solutions, they were
solvable within a relatively short time frame, research participants’ prob-
lem-solving steps could be traced, and so on. The underlying assumption
was, of course, that simple tasks, such as the “Tower of Hanoi,” capture the
main properties of “real” problems, and that the cognitive processes under-
lying participants’ solution attempts on simple problems were representa-
tive of the processes engaged in when solving “real” problems. Thus,
simple problems were used for reasons of convenience and generalizations
to more complex problems were thought possible. Perhaps the best known
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and most impressive example of this line of research is the work by Newell
and Simon (1972). . .
However, beginning in the 1970s, resear.chers became mqeasmgly con-
vinced that empirical findings and theoret.lcal concepts derived from sim-
ple laboratory tasks were not easily generalizable to more compléx, real-h.fe
problems. Even worse, it appeared that the processes underlying CPS in
different domains were different from each other (St.ernberg, 1995): These
realizations have led to rather different responses in North America and
Eu;?;\?orth America, initiated by the work of H_erbeTt Simon on learning by
doing in semantically rich domains (e.g., Anzzu & Simon, 1979; Bhaskar i?c
Simon, 1977), researchers began to investigate prol?lem sglymg separately
in different natural knowledge domains (e.g., physics, writing, chess play-
ing), thus relinquishing on their attempts to extract a global theory of p}rlob—
lem solving (e.g., Sternberg & Frensch, 1991). In'stead., researchers
frequently focused on the development of prol?lem solving within a certain
domain, that is, on the development of expertise (e.g., Anderson, Boyle, &
Reiser, 1985; Chase & Simon, 1973; Chi, Feltovich, & Glaser, 1981?. Areas
that have attracted rather intensive attention in Nort.h' America include
such diverse fields as reading, writing, calculatior'l, political d.ecmon mak-
ing, managerial problem solving, lawyers’ reasoning, mechanical Problerg
solving, problem solving in electronics, computer skills, game playing, an
roblem solving.
eveIrrll %f:;);;ltao main approiches have surfaced,‘ one initiatc?d py Donald
Broadbent (1977; see Berry & Broadbent, 1995) in Great Bfltam and th.e
other one started by Dietrich Dérner (1975, 1980; see also Dorner & Wear-
ing, 1995) in Germany. The two approaches have in common an emphaslis
on relatively complex, semantically rich, computerized laboratory tas‘fs
that are constructed to be similar to real-life problems. The approaches dif-
fer somewhat in their theoretical goals and methodolggy (see l?auchner,
1995, for a more detailed comparison). The tr.a.chtlon initiated ‘by
Broadbent emphasizes the distinction between cogniuve problern-solvmg1
processes that operate under awareness versus outside (?f awareness, %rﬁ
typically employs mathematically well-defined corpputemzed systems. The
tradition initiated by Dérner, on the other hand, is interested in the in.ter—
play of cognitive, motivational, and social components of prgblem $O 2\/1810%
and utilizes very complex computerized scenarios that contain up‘t}o1 , N
highly interconnected variables (e.g., Dérner, Kreuzig, Reither,
Stiudel’s, 1983, LOHHAUSEN project). o N
With the aforementioned considerations in mind, itis not surprlsmg.that
there exists a wide variety of definitions of the term CPS that have relatlv'ely
little in common (e.g., Frensch & Funke, 1'995b). Any general conch;sul))n
regarding CPS, however, and any theoretical model of CPS can only be
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meaningful if all agree on what constitutes a problem and what constitutes
CPS. For the remainder of this chapter we define CPS as follows:

Complex problem solving occurs to overcome barriers between a given state
and a desired goal state by means of behavioral and/or cognitive tI>nu1ti—ste

actvities. The given state, goal state, and barriers between give’n state ang
goal state are complex, change dynamically during problem solving, and are
intransparent. The exact properties of the given state, goal state abl”ld barri-
ers are unknown to the solver at the outset. CPS implies the efficient interac-
tion between a solver and the situational requirements of the task, and
involves a solver’s cognitive, emotional, personal, and social abilitie; and
knowledge. (Frensch & Funke, 1995b, p.18) , -

INTELLIGENCE AND COMPLEX PROBLEM SOLVING

In th.lS section, we review some of the research on the relation between CPS
and intelligence that has mainly been conducted in the past 15 years. In the
rele\{ant studies, intelligence was assessed by traditional intelligence .tests or
specific subtests. The assumption underlying this research is tﬁat aperson’s
IQ score reflects some global and relatively stable intellectual ability that
might be associated with CPS. In our review, we distinguish CPS that is de-
penfient on the intended actions of a problem solver (ib.e. explicit problem
§olv1ng) and problem solving that occurs, more or less, ou’tside thefr)ealm of
intention (i.e., implicit problem solving). For both types of CPS, we ask to
V«{hat extent individual differences in CPS competence mightbe ti,ed to indi-
vidual differences in intelligence (for a more extensive discussion of this is-
sue, see Wenke & Frensch, 2003).

Explicit Complex Problem Solving

Wlth few exceptions, the tasks used to assess complex explicit problem solv-
ing competence consist of dynamic scenarios presented on a computer
with the rllumber of (independent exogenous and interconnected endo ej
nous) variables ranging from 3 to about 2,000. The scenarios are describid
to'research participants with the more or less clearly specified goal to opti-
r;)l(z)g )some aspects of the scenario’s output (for a review, see Funke, 1995,
Perhaps surprisingly, empirical support for a relation between intelli-
gence and problem solving ability is poor. Typically, the reported correla-
FIOHS are low or even zero, at least when the problem situation is
intransparent or the goal to be achieved is poorly specified (for detailed re-
views, see Kluwe, Misiak, & Haider, 1991, as well as Beckmann & Guthke
1995). The probably best-known study producing zero correlations wa;
conducted by Dérner and colleagues (1983) in the early 1980s using the
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LOHHAUSEN system. Participants’ task was to “take care of the future
prosperity” of a small town called LOHHAUSEN over a simulated 10-year
period. About 2,000 variables were involved in this system (e.g., number of
inhabitants, earnings of the industry, etc.). Participants interacted with the
system through an experimenter. Problem-solving competence on this task
did not correlate with the Raven’s Advanced Progressive Matrices (APM;
Raven, Court, & Raven, 1980) scores, and it did not correlate with scores on
the Culture Fair Intelligence Test (Cattell & Weiss, 1930).

Results such as these have been interpreted and discussed quite contro-
versially by different groups of researchers. One group of researchers (e.g.,
Dérner & Kreuzig, 1983; Putz-Osterloh, 1981) has argued that zero corre-
lations between problem-solving competence and general intelligence re-
flect the fact that traditional IQ measures tend to be ecologically less valid
than CPS measures. More specifically, these researchers claim that in dy-
namic scenarios (a) the goals are often ill specified, (b) information needs to
be actively sought after, and (c) semantic and contextual embeddedness
(i.e., a meaningful cover story) is almost always present, and that traditional
intelligence tests do not measure the intellectual abilities (such as the
so-called operative intelligence; Dorner, 1986) required for successful
problem-solving performance in highly complex and ecologically valid
environments.

According to a second group of researchers (e.g., Funke, 1983, 1984;
Kluwe et al., 1991), low correlations between 1Q and CPS are due to meth-
odological and conceptual shortcomings. Kluwe et al. (1991) have pointed
out, for instance, that it is impossible to derive valid indicators of prob-
Jem-solving performance for tasks that are not formally tractable and thus
do not possess a mathematically optimal solution. Indeed, when different
dependent measures are used in studies with the same scenario (l.e.,
TAILORSHOP; e.g., Funke, 1983; Putz-Osterloh, 1981; Sui3, Kersting, &
Oberauer, 1991, 1993), then the empirical findings frequently differ for
different dependent variables.

Second, the reliability of the performance indexes is often low (e.g.,
Funke, 1983, 1984; Kluwe etal., 1991), ranging between .2t0.7, depending
on the dependent variable used (see, e.g., Miiller, 1993; Putz-Osterloh &
Haupts, 1989; Strohschneider, 1986). Other quite serious methodological
criticisms concern the narrow sampling of 1Q in most of the studies men-

 tioned earlier (e.g., Funke, 1991), and the different ecological validity of

the scenarios.

However, the empirical picture is far more complicated and less clear
than might have been suggested thus far. Although zero correlations be-
tween test intelligence and complex problem-solving competence are fre-
quently obtained, this is not always the case. For example, Putz-Osterloh
(1981; Putz-Osterloh & Liier, 1981) has argued that the relation between
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global intelligence and complex problem-solving competence is mediated
by the transparency of the problem-solving task. Like Dérner et al. (1983),
Putz-Osterloh (1981) failed to find significant correlations between prob-
lem-solving competence and the APM in an intransparent experimental
condition with the TAILORSHOP scenario, a scenario simulating a small
company in which shirt production and sales are controlled via purchasing
raw materials and modifying the production capacity in terms of the num-
bgr of workers and machines. Participants’ goal in the study was to maxi-
mize the company’s profit, either in a transparent condition, in which they
had access to a diagram depicting the relations between the system
variables, or in an intransparent condition in which no diagram was shown.

Putz-Osterloh (1981, see also Putz-Osterloh & Liier, 1981; Hérmann &
Thomas, 1989) found a statistically reliable relation (Tau = .22) between IQ
and problem-solving competence (operationalized by the number of
months with increasing capital assets) in the transparent experimental con-
dition (but see Funke, 1983, for different results).

A different moderator variable affecting the link between global intelli-
gence and complex problem-solving competence has been suggested by
Strohschneider (1991). The author, using the MORO system in which par-
ticipants are asked to improve the living conditions of nomads in the Sahel
zone, manipulated the specificity of the to-be-attained goals (cf. Burns &
Vollmeyer, 2002). In the specific-goal condition, participants were asked to
reach specified values on critical variables (e.g., number of cattle, number
of inhabitants, etc.). In the unspecific-goal condition, the participants’ task
was to take actions that guaranteed long-term improvements of the MORO
living conditions.

In the unspecific-goal condition, problem-solving performance did not
correlate with general intelligence as measured by the Berlin Intelligence
Structure test (BIS, Jager, 1982; Jager, SuiB}, & Beauducel, 1997); however,
substantial correlations (up to r = -.59) were found in the specific-goal
condition.

Yet another variable affecting the relation between global intelligence
and complex problem-solving ability may be the semantic context of a
problem-solving task. Hesse (1982) investigated the impact of the semantic
embeddedness of the problem-solving task on the relation between IQ and
CPS. In the semantic condition, participants were asked to solve the DORI
Problem, a computerized system involving ecological variables and rela-
tions. In the semantic-free condition, a system with an isomorphic problem
structure but without the cover story and without meaningful variable
names was presented to the participants. In addition, transparency was ma-
nlpglated in the same way as had been done in the Putz-Osterloh (1981) ex-
periment described earlier. Hesse (1982) obtained moderate correlations
between problem-solving performance and APM scores only in the seman-
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tic-free condition (r = .38 and r = .46 for the transparent and the
intransparent condition, respectively).

On the whole, the empirical findings described earlier do not support a
strong link between global intelligence and complex problem-solving com-
petence when goal specificity and transparency are low and when the se-
mantic content is rich; the link appears to be somewhat stronger when the
intelligence-testing conditions more closely resemble the problem-solving
testing conditions. We agree with Kluwe et al. (1991) that, on the basis of
these results, it cannot be determined whether low correlations are due to
invalid intelligence testing (i.e., their failure to assess real-world intellectual
abilities necessary for dealing with complexity), or are due to a lack of reli-
ability of the CPS measures. The heterogeneity of the scenarios and IQ tests
used further complicates the interpretation of the existing results.

In the research reviewed next, IQ subtests such as the ones that are inher-
ent in the BIS or learning-test scores were correlated with CPS perfor-
mance. For example, SuB} et al. (1991, 1993; see also Hussy, 1991) had
problem solvers work on an intransparent version of the TAILORSHOP.
The authors hypothesized that to successfully control this system, problem -
solvers need to infer the relations among critical variables and need to de-
duce meaningful goals and actions. Therefore, reasoning ability, as as-
sessed by the BIS-factor K (processing capacity, capturing the ability to
recognize relations and rules and to form logical inferences in figure series,
number series, and verbal analogies), was assumed to be the single best pre-
dictor of problem-solving ability. This is indeed what the authors found.
Overall problem-solving performance correlated substantially with K (r =
47). In addition, knowledge (specific system knowledge as well as general
economic knowledge) was found to be a predictor of problem solving as well
(see also Putz-Osterloh, 1993).

Similar findings have been reported by Hérmann and Thomas (1989)
who administered the TAILORSHOP under two different transparency
conditions. When problem solvers’ system knowledge, as assessed by a ques-
tionnaire, was high, then the K-factor (indicating capacity, r = .72) and the

G-factor (indicating memory performance, r = .54) correlated with CPS
performance in the intransparent condition, whereas the B-factor (indicat-
ing processing speed, r = .77) was the best predictor in the transparent con-
dition. However, when system knowledge was not considered, then
significant correlations only emerged in the transparent condition.

A different “componential” approach has been taken by Beckmann (1994;
for a comprehensive overview, see Beckmann & Guthke, 1995). Beckmann
and colleagues argued that successful problem-solving performance involves
the ability to learn from success and failure. The authors therefore used
learning tests (e.g., Guthke & Beckmann, 2003) that assess problem solvers’
learning potential, in addition to the reasoning subtests of traditional intelli-
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gence tests (Intelligence Structure Test; Amthauer, Brocke Liepmann, &
B“eauducel, 2001, and Learning Test Battery “Reasoning,” I:TS 3; Guth’ke
Jager, & S(_:hﬁ}idt, 1983) to predict problem-solving performance ar’ld knowl:
§dge acquisition. Diagrams for which the relevant relations need to be filled
in are used to assess the latter. The authors’ six-variable system is based on a
linear equation system, and was administered in either an abstract
MACHINE version or in a semantically meaningful version (CHERRY-
TREE, for which water supply, warmth, etc., had to be manipulated to con-
trol the growth of cherries, leaves, and beetles).
~ In the abstract MACHINE version, problem solvers acquired substan-
txgl system knowledge, and learning-test scores correlated substantiall
with the system knowledge measure as well as with problem-solving per}j
formance measures, whereas traditional intelligence subtest scores onl
correlated (z}lbeit to a smaller degree) with problem-solving performancey
In contrast, in the CHERRYTREE version, problem solve?s did not dern;
onstrate system knowledge and test scores did not (regardless of type)
corfelate with problem-solving performance. Interestingly, the twoy§x-
perimental groups (i.e., MACHINE vs. CHERRYTREE) did’ not differ in
terms of the quality of their CPS performance, that is, in their control of
the system. This and similar results have led several researchers (e
Il?:gkr))lf & Bri)a.dbent, 1984) to propose different modes of learning an(ig()'%
em solving; we return is1 i i i
e prOble;gn ot to thisissue in the next section when we discuss
.To summarize, when specific intelligence components are correlated
with prqblem-solving performance in complex systems and when the prob-
lerp solving goals are clearly specified, then moderate to substantial g())rre-
%atlons are thained, even under intransparent'task conditions. The most
important intelligence components predicting problem-solving compe-
tence appear to be processing capacity-reasoning ability and learning po-
tentlgl. Semantic content appears to be an important mediator of Ehe
rel.atlon between abilities and CPS, implying that the content may activate
prior knowledge and affect the problem representation. Furthermore, in-
consistent results have been obtained regarding the relation between ’sys-

tem knowledge (i.e., knowledge about the relati i I
problem-solving performance. one among variables) and

Implicit Complex Problem Solving

Some recent findings with artificial grammar learning, sequence learnin

and CPS tasks all suggest that people are capable of successfully solving,
problems even when they are not able to verbally express the knowled g
they are utilizing (e.g., Frensch & Riinger, 2003). Such findings have Iegd
some researchers (e.g., Berry & Broadbent, 1984, 1987; Nissen &
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Bullemer, 1987; Reber, 1967, 1969) to propose independent learning sys-
tems that might underlie performance in a problem-solving task, an ex-
plicit learning system and an implicit learning system. The former is
thought to be based on deliberate hypothesis testing, to be selective with re-
spect to what is learned, and to lead to consciously accessible and
verbalizable knowledge. Implicit learning, on the other hand, has been
characterized as involving “the unselective and passive aggregation of in-
formation about the co-occurrence of environmental events and features”
(Hayes & Broadbent, 1988, p. 251). Thus, implicit learning is assumed to
take place irrespective of the intention to learn, to not rely on hypothesis
testing, and to lead to implicit (tacit) knowledge that cannot or can only par-
tially be accessed (Frensch, 1998). Furthermore, it has been argued (Reber,
Walkenfield, & Hernstadt, 1991; see also Anderson, 1998) that implicit
learning is an evolutionary older, less variable, and more robust ability, sug-
gesting that problem-solving performance that is based on implicit learn-
ing might not be correlated with intelligence.

Reber et al. (1991) were among the first to empirically explore the rela-
tion between implicit learning and intelligence. The authors compared
participants’ performance on an “explicit” letter series completion task
(i.e., requiring an explicit search for underlying rules) with implicit learn-
ing (i.e., a well-formedness judgment) following an artificial grammar
learning task. Reber et al. were able to show that series completion, but not
implicit learning, was associated with global intelligence. During the learn-
ing phase of the artificial grammar learning task, participants were in-
structed to memorize letter strings produced by a finite state grammar.
They were informed about the existence of rules underlying the strings only
after the learning phase had ended, that is, before the test phase took place.
During the test phase, participants were asked to judge whether a given
string corresponded to the rules (i.e., well-formedness task). To ensure a
common metric for the series completion task and the well-formedness
task, performance on the series completion task was assessed via two-choice
response alternatives. In addition, participants were required to explain
their choices.

Reber et al. (1991) found relatively small individual differences on the
well-formedness task as compared to much larger individual differences on
the series completion task. This result could be corroborated by a re-analy-
sis of former studies (e.g., Reber, 1976) in which implicit versus explicit
learning was manipulated by varying the instruction for the artificial
grammar task. ’

More to the point and much more interesting was the fact that Reber et
al. (1991) could show that participants’ Wechsler Adult Intelligence Scale
scores (M = 110, SD = 21.2) correlated only weakly and nonsignificantly
with performance on the well-formedness task (r = .25). The inter-
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correlation between the two tasks did not reach significance (7 = .32). Thus,
implicit learning did not correlate significantly with IQ.

Recently, McGeorge, Crawford, and Kelly (1997) replicated and ex-
tended the earlier findings from Reber et al. (1991) in interesting ways.
First, a factor analysis showed that although the correlation between perfor-
mance on the implicit task and overall IQ was not significant (r = .12), there
was a small but statistically reliable correlation between implicit learning
and the Perceptual Organization factor (r = .19). Interestingly, this factor is
the one most clearly associated with fluid intelligence. Second, there were
no differences in performance on the implicit task with Increasing age.

Furthermore, Maybery, Taylor, and O’Brien-Malone (1995) found that
performance on an implicit contingency detection task was not related to
IQ (r = .02 and .04 for children in Grades 1-2 and 6-7, respectively). Also,
the children in these studies showed no association between their success on
the implicit task and actual verbalized knowledge of the contingency tested
(r = .05 for both groups). Interestingly, the low correlations between im-
plicit learning and IQ seem not to have been due to lack of variation in im-
plicit functioning. That is, there were individual differences in implicit
learning but these were not related to the differences obtained on the 1Q
measure. Also of interest is the fact that performance on the mmplicit tasks
increased systematically with age.

Unfortunately, in more recent work, Fletcher, Maybery, and Bennett
(2000) were not able to replicate their earlier findings. Comparing 20 chil-
dren with intellectual disability (mean mental age = approximately 5.8
years) with intellectually gifted children (mean mental age = approxi-
mately 12.4 years) of similar chronological age (approximately 9.5 years),
the authors found that implicit learning varied with intellectual level. It is
unclear why the earlier and the more recent findings using essentially the
same methodology yielded conflicting results.

In a somewhat different and yet related area of research, Ellis and col-
leagues have found that individuals identified as retarded often display in-
tact incidental learning. In the first of their studies, Ellis, Katz, and Williams
(1987) found that mildly retarded adolescents, normal children, and nor-
mal adults were all equivalent in incidental learning of location. As with the
studies discussed earlier, individual differences were obtained but were un.-
related to gross measures of high-level cognitive functioning.

Ellis and Allison (1988) painted a more complex picture. Incidental
learning of frequency of occurrence was equivalent for mildly retarded ado-
lescents and college students, but only for visual information. Although
many individuals with a diagnosis of retardation displayed normal inciden-
tal learning of verbal-semantic material, several such individuals did not.
The findings suggest that uncontrolled, unintentional learning processes
show little age and IQ variation when visual-spatial or noncomplex materi-
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als are used, but that individual differences might emerge in progessing of
verbal or complex materials. Anderson (1998) h.as.recgntly fewewefi re-
search into related phenomena, arguing that variation in IQ is assoc1§1ted
primarily with variations in mechanisms that are amenable to conscious
control and reflection. o

On the whole, an empirical relation between complgx implicit .problem
solving and intelligence is usually not obtained. The typlcally obtamefi pgll
findings are nevertheless interesting becguse they point to the possibility
that implicit and explicit problem-solving competence might rely on
different intellectual abilities.

ISSUES FOR FUTURE RESEARCH

In this section of the chapter we address two issues that have begun to attract
the interest of researchers in the CPS community and might well gu{de
much of the future research in the area: (a) the question of whether CPSisa
construct that is independent of other cognitive abilities, ar}d (b) the ques-
tion of the domain specificity of strategies and representations.

Is There an Independent Construct of CPS?

One of the interesting questions of this research is the following: is ther§ an
independent construct of CPS or are there only “normal” pl.roblem—solvmg
processes operating on complex environments? The question can also be
posed this way: are the CPS processes of such a kind tha.t a new quality qf
problem solving is reached, or do we have only an extension on th.e. task di-
mension with respect to complexity but not on the level of cognitive pro-
cesses? ' .

Arecent study by Wittmann and Siif§ (1999) addresseq this question gnd
asked for the cognitive prerequisites of CPS. In an extensive data Follectlon,
136 students from Mannheim University worked on three mlcr.owor%ds
over the course of 3 days. Each microworld was performed twice with
changed starting values: (a) a simulation called POWERPLANT (Wall.lad:,
1998), (b) the Berlin version of the famous TAILORSHOP (S}ﬂ% :
Faulhaber, 1990), and (c¢) the economic microworld LEARN (M.ﬂlmg ,
1996), which—similar to LOHHAUSEN—consists of over 2,000 variable-.
Additionally, all participants took the BIS-4 (Jager, Su8, & Beauduce,
1997) and worked on nine tasks of a test battery for working memory
capacity (Oberauer & Siif3, 1996). . '

It turned out that for all three microworlds, the processing capaaty‘(as
measured with the BIS-4) was a substantial predictor of problem-solving
quality. But just as influential was the system-speciﬁc knowledge. Both pre-
dictors explained around 30% each of the variance of the aggregated CPS
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scores. “Speed of information processing” was with 5% explained variance
without importance. Also, working memory capacity explained variance
above processing capacity. Wittmann and St} (1999) as well as Siifl (1999)
drew the conclusion from these results that, in principle, CPS might be seen
as a construct of its own right, but that at the same time, the effects could be
explained by referring to intelligence and domain-specific knowledge.

Considering the study and the interpretation arrived at by the authors,
the question still remains if there exists a unique capacity for solving com-
plex problems. If there indeed exist differences between simple and CPS,
then one must be able to demonstrate a distinctive feature that separates
the one from the other. This has not been demonstrated yet in terms of cog-
nitive processes, but only in terms of different task descriptions.

An empirical argument against a separate ability of CPS comes from Siif3
(2001, p. 127 £.). He summarized several of his own microworld studies in
which he regularly assessed intelligence and knowledge. According to his
analyses, most of the CPS variance could be explained by these two indica-
tors—therefore, he argued that we do not need a construct like CPS besides
intelligence and knowledge.

A different view is implied by recent PISA results (the international study
on student achievements). In the German national extension of PISA, com-
puter simulated microworlds have been used in addition to an intelligence
test and other more conventional problem-solving instruments (see
Klieme, Funke, Leutner, Reimann, & Wirth, 2001). It turned out in multidi-
mensional scaling analyses that the conventional problem solving is located
close to analytical reasoning, but knowledge acquisition and system control
based on parameters from a finite state automaton which served as
microworld constitute a separate dimension independent of test intelli-
gence. This result could be interpreted as supporting the assumption of an
independent construct.

From our view, the question about an independent CPS construct re-
mains open until precise process models of CPS activities are presented that
differ from models for simple problems. Today, we can only be certain that
CPS research introduced new tasks to the problem solver, tasks that have
not been analyzed before. Whether different cognitive abilities are neces-
sary which lead to different processes cannot be answered today.

Domain Specificity of Strategies and Representations

What determines the mental representation of a problem? The assumption
that structural features of a problem (i.e., type of dependencies between
variables, time horizon, requested information processing, etc.) are impor-
tant has been rejected by studies with so-called “problem isomorphs.” Such
isomorphs are structurally equivalent versions of one and the same prob-
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lem in different “clothes.” Early research by Kotovsky, Hayes, and Simon
(1985) has shown that isomorph problems produce different types pf repre-
sentation and—as a consequence—also different solution strategies. Such
isomorphs have been used for complex problems by Funke (1992 ;
ALTOEL) and Beckmann (1994; KIRSCHBAUM). As was the case with
simple problems, the different versions of the same complex problem pro-
duce significant differences with respect to the acquired knowledge abogt
the problem. These results demonstrate the massive effects of context: it
seems that problem solving—in the same way as other cognitive func-
tions—is highly driven by semantic embedding and knowledge. The idea gf
an abstract context-independent capacity for solving problems of a certain
structure is not supported by this research. .
Newell, Shaw, and Simon (1959) attracted much attention with their
“general problem solver” (GPS). They believed at that time that GPS could
be a universal procedure which, independent of domains, would solve every
problem. Nowadays, we see the restrictions of the GPS more clearly, two of

them being the most important:

1. GPSis not as general as one might think because it works only for Fhe
small class of well-defined problems. The urgent problems to manklpd
are ill-defined problems which cannot be solved by algorithms but which
need ethical and moral considerations as guiding principles. ‘

2. GPS has ignored domain-specific knowledge and domain—speaﬁc
strategies, which play an important role in our daily problem-solving ac-
tivities. To describe problem solving as a procedure which solves prob-
lems independent of their context was a fascinating idea but the
ignorance of accumulated knowledge and its use by intelligent problem
solvers turns out to be a deficit of that approach.

SOME MYTHS OF RESEARCH ON THINKING
AND PROBLEM SOLVING

With the advent of CPS research, we are sailing into new ports of our scien-
tific world, but with us on board remain some of the unsolved research ques-
tions and also some of the myths of traditional research. Following, we
present our list of the top 10 assumptions that currently seriously. under-
mine progress in the area of CPS research because th_eyw are not discussed
broadly and because they have the status of implicit beliefs—the reason why

we call them myths:

1. Thinking and problem solving occur (solely) in the head—Isn’t it true that
we need our brain for problem solving? For sure, without the brain,
goal-directed problem solving would never happen. But the real process
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requires an interaction with the environment (the scissors metaphor
used by Herbert Simon) and it remains fair to request research about the
ecology of thinking (Graumann, 2002), which is present in the recent ap-
proach of ecological rationality (see Gigerenzer & Selten, 2001).

2. The more complex the problem, the more complex the cognitive activities for
problem solving—This is an assumption, which was questioned as early as
1908 by Karl Biihler. What operations will be used on the stage of prob-
lem solving is not only determined by the type of problem but also by the
intended operations. For example, the unbelievable capacity of a mental
calculator, who computes in his head and within a minute the 137. root of
a number consisting of 1,000 places, needs no new concepts to explain
this enormous performance. As Bredenkamp (1990) could demonstrate,
even the reader of this chapter would be able to do that—at least in prin-
ciple, if he or she is willing to train extensively on certain procedures and
to have the table of logarithms available by heart. The message is this: It
is a very complex task but the cognitive procedures behind the scene are
very normal.

3. Thinking and problem solving are cognitive activities that have little or noth-
ing to do with emotion—The divergence of cognition and emotion as two
different areas of psychological research has been a historical fact, which
we have to overcome as soon as possible. Itis not true that we deal with ei-
ther cognition or with emotion. A huge amount of research demonstrates
the strong interaction between the two areas. Problem solving in com-
plex domains has much to do with emotion regulation; emotions trigger
the way problems are tackled (Fiedler, 2001; Forgas, 2001; Schwarz,
2000; Spering, Wagener, & Funke, 2005).

4. Problem solving is a untversal domain-independent ability—The assump-
tion of a universal domain-independent ability was part of the early re-
search program called “information processing approach.” The idea of a
domain-independent ability was fascinating but as empirical evidence
showed that cognition is a highly domain-specific enterprise.

5. Thinking and problem solving occurs by the use of rules—It is true that a lot
of problem solving and thinking can be reconstructed as a series of rules
which are followed by the problem solver. In certain environments, the
use of plans will be helpful and lead to the goal. But there are other situa-
tions in which the control of action is more triggered by the events and
the environment than by following a fixed plan. “Situated cognition”
(Clark, 1997; Hutchins, 1995) makes the point that thinking does not oc-
cur solely in the head but partly also in the word. This has been demon-
strated in more detail in point 1. The assumption of rule-based
processing is standard in so-called production systems, which are used
for cognitive modeling (e.g., ACT-R from Anderson & Lebiere, 1998).
On the other hand, there exist connectionist systems, which completely
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resist the use of symbolic representations (for a review, see Medler, 1998).
It is true that modeling of problem solving by means of production rules
might be the first choice, as has been done by Wallach (1998). But even
complex processes of planning can be successfully conceived of as
connectionistic networks (Schenck, 2001). Also, PSI theory (Dérner et
al., 2002) is based completely on a connectionistic approach.
6. Simple problem solving can be analyzed experimentally, complex problem solv-
ing not because of its system character—Complex systems have a lot of con-
nections within and between the different subsystems. On the first view, a
systematic testing of the different functions and their interactions seems
to not be possible. But nevertheless, the highly skilled art of system anal-
ysis allows it, even with complex systems to localize and diagnose distur-
bances as well as latent functions.
7. One needs many participants to identify the small effects, which are important
for thinking and reasoning—Indeed it is necessary to have many observa-
tions if the expected effect size is small. On the other side, if one has a
strong theory, even a single participant would be enough to falsify a uni-
versal hypothesis. For research on thinking and problem solving, this fact
implies the following: Single cases cannot only be used for the genera-
tion of hypothesis (Kluwe, 1995) but under given conditions they can
also be used for hypothesis testing.
8. Problem solving and thinking (especially complex problem solving) could not
be learned—Especially in the context of complex requirements, the
pedagogics of CPS seem not to work well. You cannot easily teach “criti-
cal thinking” (Dauer, 1989; Halpern, 1989). But with computer-simu-
lated microworlds, one can use fast motion and slow motion to allow for
a precise observation of consequences. As Dorner (1989, p. 305) ar-
gued, the use of different time scales allows for multiple learning by
means of “symphony of requirements.” This argument goes as follows:
if you make many experiences on different time scales with different
scenarios, you will learn a lot about actions and their consequences. To
play is always a good preparation for the real thing. With the use of com-
puter-simulated microworlds, it never was more easy to have these ex-
periences available. ,
9. The use of brain imaging allows new insights into the active brain. There-
fore, traditional cognitive theories will be replaced by neurological concepts—It
is true that the potential of brain imaging has been increased tremen-
dously (Posner & Raichle, 1994). The expectations are set to watch the
brain life in action. Will we be listening to the brain if it is working on
complex problems? And if it will be possible, what could be seen? Op de
Beeck, Wagemans, and Vogels (2001) wrote the following in their criti-
cal review: “... if one wants to construct a cognitive model of behavior,
then a mere localization of these processes is not that important (con-
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trary to its importance for neuropsychology). For a cognitive scientist, it
is important which cognitive processes are involved in a task and how
these a computed, but it does not matter where they are computed ...

(p. 344).

The old discussion about the right level of analysis started by Marr (1982)
in the context of his work on artificial intelligence models of seeing hastobe
remembered here. Also, the controversial debate around connectionistic
versus symbolic approaches is related to that issue (see Broadbent, 1985;
McClelland, 1988; McClelland & Rumelhart, 1985; McCloskey, 1991). Do
new insights about neural structures really shed new light on theories whlch
are formulated on a much more abstract level of analysis? The answer 1s
also, in the case of brain imaging techniques, similar as in the.debat.es about
connectionistic systems: It is an interesting issue how the brain realizes cer-
tain activities but the finally important questions are on a more abstract
level and cannot be answered by insights on this deep level. The ghost of a
“new phrenology” (Uttal, 2001) will hopefully sleep in his qu. ‘

10. CPS is an intercultural stable component of human cognition—This last
point relates to the cultural boundedness of cognitive processes in general
and of problem solving in special (see Nisbett 2003; Nisbett & Norenzayan,
9002). Especially in the context of CFS, a lot of interesting results from
cross-cultural studies are available today (Strohschneider, 1996, 2001;
Strohschneider & Giiss, 1998, 1999). Culturally bound problem-solving
styles are the expression of cultural boundedness of thir}king and problem
solving, which we should accept more intensively in the interest of our own

survival.
SUMMARY AND CONCLUSIONS

The study of CPS by means of computer-simulated scenarios is indee'd a
huge extension of traditional research on thinking and problerp solving.
The results from the last decade provide a deeper understanding of the
behavior of human actors in complex situations. But even today we have
no final answers to key questions like trainability. The fundarpental
idea—to simulate reality and to watch actors in their problem-solving ac-
tivities—has become a fundamental part of modern psychology. It was a
basic idea at the beginning of the 20th century when Ge.rman working psy-
chologists used the idea of work specimens as diagnostic approach, Yvhlgh
they called “Psychotechnik.” It is time for us to keep this idea running in
the 21st century. N

The first goal of this chapter was to discuss towhat extent, if indeed at all,
individual differences in complex problem-solving competence are related
to individual differences in intelligence. Two forms of problem solving were

Ta—
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distinguished: explicit problem solving, that is, problem solving that is con-
trolled by a problem solver’s intentions; and implicit problem solving, that
1s, automatic or nonconscious CPS.

Our main conclusions are as follows. First, there exists no convincing em-
pirical evidence that would support a relation, let alone a causal relation,
between complex explicit or implicit problem-solving competence, on the
one hand, and global intelligence on the other hand. Itis important to em-
phasize that this conclusion is one that is based on a lack of evidence, not
necessarily a lack of theoretical relation. That is, we do not deny the theoret-
ical possibility that a relation between global intelligence and CPS compe-
tence might exist; we argue only that there exists no convincing empirical
evidence that would support such a relation. Nevertheless, the evidence re-
viewed in this chapter is consistent with a wealth of empirical findings on
the relation between intelligence and simple problem solving which sug-
gests that even when a relation between intelligence and problem-solving
competence is obtained, it is quite modest in size (e.g., Sternberg, 1982).

Second, however, there exists a considerable amount of empirical data
suggesting that specific components of intelligence, such as processing ca-
pacity, might be related to specific components of explicit CPS. To what
extent a similar conclusion might be warranted for implicit CPS remains
to be seen; the available research has, thus far, not addressed this specific
question.

On the whole then, the available evidence suggests that the global con-
cepts of intelligence and problem solving are not related, but that specific
subcomponents of intelligence and explicit problem solving might share
variance. The existing empirical evidence does not speak, unfortunately, to
the issue of whether subcomponents of intelligence predict subcomponents
of problem solving or whether the opposite causal relation holds; the em-
pirical designs used up to now simply cannot answer this question.
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