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Practitioner points

* When making decisions in stable or “kind” learning environments, both intuitive and ana-
Iytic cognitive styles may lead to good decisions. In “wicked” learning environments, how-
ever, decision-makers relying on only one of the styles may become entrenched by prior
learning and perform poorly.

* In wicked learning environments — where the conditions for decision-making are challeng-
ing — our results provide cues for successful cognitive strategies; they indicate that flexible
style preferences boost the effect of cognitive ability, while strong preferences for a single
style may entrench even those with high cognitive abilities.

* Particular attention should be paid to the interplay of cognitive styles when recruiting, de-
veloping, and promoting decision-makers. Avoiding entrenchment in style preferences and
encouraging flexibility in thinking styles are sought-after qualities for decision-making in
wicked learning environments, such as non-routine crisis management.

BACKGROUND

A key topic in the scientific debate on decision-making concerns the effects of intuitive and analytic cog-
nitive styles on task performance. In the literature on decision-making under time pressure and stress,
intuition has been hailed as a powerful tool (e.g. Akinci & Sadler-Smith, 2012; Dane & Pratt, 2007,
2009; Gigerenzer, 2000; Hodgkinson et al., 2008; Klein, 1998, 2003). In contrast, the heuristics and
biases tradition sees intuition as a source of error, implying that more analytic decision-makers are less
biased and better performers (e.g. Kahneman, 2011; Tversky & Kahneman, 1974).

Pretz (2008) defines cognitive style as “individual differences in the preference to think intuitively
or analytically” (p. 556). Pretz's definition aligns well with the more general definition of “consis-
tent individual differences in the ways people prefer to organise and process information” (Martinsen
et al., 2020, p. 154). Measures of intuitive and analytic cognitive styles have been developed, validated
and applied to study the effects of thinking styles (e.g. Allinson & Hayes, 1996; Betsch, 2008; Hodgkin-
son, Sadler-Smith, Sinclair, et al., 2009; Pacini & Epstein, 1999; Pretz & Totz, 2007). In a recent meta-
analysis examining the effects of analytic and intuitive thinking, Alaybek et al. (2021) found a significant
positive effect of analytic style but no effect of intuitive style on performance. This finding contradicts
the research stream holding intuition as a “fast and frugal” decision-making style (Gigerenzer, 2000;
Gigerenzer et al.,, 2011; Klein, 1998, 2003, 2008). Alaybek et al. (2021) remarked on the abundance of
theorizing about the interactive effects of intuitive and analytic styles and the lack of empirical studies.

Interaction effects are at the core of cognitive style theories. For example, Cognitive-Experiential Self-
Theory (CEST; Epstein, 1990) holds that the two dimensions of cognitive style operate synchronously
and interactively (Epstein, 1990; Pacini & Epstein, 1999). Several researchers theorize that certain combi-
nations of intuitive and analytic styles are more effective than others (e.g. Allinson & Hayes, 1996; Hod-
gkinson & Clarke, 2007; Hodgkinson & Sadler-Smith, 2018). Hodgkinson and Clarke (2007), for example,
propose that a high—high combination of intuitive and analytic styles makes a decision-maker versatile
and able to handle a broader range of challenges. In contrast, a low—low combination indicates a non-
discerning decision-maker. Klein (2003) has a different view. He argues that an analytic style would inter-
fere with expert intuition in crisis management and thereby reduce the effectiveness of the intuitive style:
“From the perspective of intuitive decision-making, conscious analysis is the bottleneck” (Klein, 2003, p.
68; see also Gigerenzer, 2000; Hodgkinson & Sadler-Smith, 2018; Kahneman & Klein, 2009). Moreover,
psychometricians have established that modelling the effects of two variables without including their
interaction term produces inaccurate estimates and misleading interpretations of the main effects when a
significant interaction effect exists (e.g. Aiken & West, 1991; Nunnally & Bernstein, 1994).
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Explicitly modelling the interaction effects, therefore, has the potential to resolve disagreements in
the literature on the effects of styles, including Alaybek et al's (2021) surprising finding of the non-
significant effect of intuition. Since the interaction effect of intuitive and analytic styles is central to the
cognitive style research, and empirical studies are lacking, in this article we investigate the following
two research questions: First, does the interaction between intuitive and analytic cognitive styles explain
performance over and beyond the main effects of the two styles in a volatile, uncertain, complex, and
ambiguous (VUCA) environment under time restrictions? Second, we ask whether interacting cognitive
styles will predict the effectiveness of individuals' decisions when made in the team context. According
to Akinci and Sadler-Smith (2019), decision-making is often a collective undertaking in organizations.
Thus, the theoretical and practical implications would be more substantial if extended to the team
context.

Based on our findings, we offer three contributions. First, we study cognitive styles in a boundary
condition called wicked learning environments, characterized by delayed, lacking, irrelevant, unreliable,
and misleading feedback (Hogarth, 2001, p. 208; for a more formal treatment see Hogarth et al., 2015).
We found that the interaction effect significantly affected performance beyond the main effects of the
separate styles, personality, and cognitive ability. This demonstrates the importance of considering the
interaction effect of cognitive style. Second, the interaction effect supports current theorizing about
the effectiveness of combinations of styles (e.g. Hodgkinson & Clarke, 2007) but challenges the under-
lying assumptions describing decision-makers with the combination of styles called “non-discerning.”
Contrary to the current assumptions, we find that those who score low on preferences for both styles
perform equally well as those who score high. The implication is that the current assumptions behind
the effect of combinations of styles need to be revised, and so should the label “non-discerning.” Finally,
we found a shared characteristic among the superior performers: the high—high and low—low scoring
groups. Cognitive ability correlated significantly with performance in these two groups but not in the
other groups. This explorative finding helps us understand how cognitive styles influence decision-
making in VUCA (or wicked learning) environments.

In the following section, we review theories of the relations between intuitive and analytic cognitive
styles and task performance to analyse how styles interact in wicked learning environments under time
pressure. Next, we present two studies on the interactive effects of the two cognitive styles on task per-
formance. In the first study, we tested our hypotheses about the interaction effects of styles on decision-
makers' performance in a simulated crisis management setting. In the second study, we extend the first
by testing whether individuals' cognitive styles influence decision-making in a team setting and whether
the hypothesized interaction effects persist in the context of teams. Finally, we discuss the results and
their implications.

Theories of intuitive and analytic cognitive styles

Messick (1976) distinguished between cognitive style and cognitive ability. In contrast to cognitive
ability, cognitive style controls the way or mode in which individuals think about a particular task.
Styles compare to learned habitual strategies (Messick, 1976) and can directly affect task performance
(e.g. Pacini & Epstein, 1999). We build on Pacini and Epstein (1999) dual-processing theory of style.
They defined styles as a learned preference — an acquired ability and motivation to think intuitively or
analytically. The Cognitive-Experiential Self-Theory (CEST) is firmly grounded within the tradition of
individual differences and holds that stylistic preferences are relatively stable and reliable individual dif-
ferences (Epstein, 1990). It posits that individuals may unconsciously and strategically switch between
intuitive and analytic modes as required, but stylistic preferences influence the propensity to switch
(Louis & Sutton, 1991).

The CEST comes with a questionnaire to measure analytic and intuitive processing preferences, the
Rational-Experiential Inventory (REI; Norris & Epstein, 2011; Pacini & Epstein, 1999). The REI is one
of the most frequently re-validated and applied dual models of intuitive and analytic cognitive styles
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(Akinci & Sadler-Smith, 2013; Alaybek et al., 2021; Hodgkinson & Sadler-Smith, 2003a, 2003b; see also
Hodgkinson, Sadler-Smith, Sinclair, et al., 2009) and allows researchers to measure the preference for
intuitive and analytic processing on two separate Likert scales. As the two styles are conceptually in-
dependent (Norris & Epstein, 2011), the measure allows researchers to explore the possible interaction
effects between the two dimensions.

Effect of intuitive and analytic styles in wicked learning environments

Hogarth (2001) described how we educate our intuition by unconsciously picking up on the regulari-
ties of the environment (see also Hammond, 1996; Kahneman & Klein, 2009). Acquired intuitions
may be effective in complex environments, given that they are ecologically valid (Gigerenzer, 2000;
Hogarth, 2001; Kahneman & Klein, 2009; Klein, 1997, 1998, 2003). Gigerenzer et al. (2011) provide an
extensive account of the fast and frugal heuristics research program (see also Gigerenzer et al., 1999;
Okoli & Watt, 2018).

Experience educates intuition, increases the mind's capacity for processing and allows vast amounts
of information to be handled rapidly (Betsch, 2008; Hogarth, 2001; Klein, 1997; Pretz, 2011). With ex-
pert intuition, there is supposedly no trade-off between speed and accuracy, provided that the learning
environment produces timely and valid feedback, and that the decision situation is representative of the
learning context (Gigerenzer, 2000; Kahneman & Klein, 2009). In contrast, in rapidly changing envi-
ronments — where the regularities of the environment have changed — increased information gathering
and processing leads to better performance (e.g. Eisenhardt, 1989; Kahneman & Klein, 2009).

For skilled intuition to develop, two conditions must be met: the environment must provide suffi-
cient ecologically valid cues, and there must be an opportunity to learn the regularities of the situational
patterns (Hogarth, 2001; Kahneman & Klein, 2009; Klein, 1997, 2003). Skilled intuition would, there-
fore, thrive in an environment with regularities in the form of routine crises — crises that frequently de-
velop with recognizable characteristics and regularities with immediate feedback for learning. In wicked
learning environments (Hogarth, 2001) or volatile, uncertain, complex and ambiguous environments
(referred to as VUCA), there are few recognizable regularities and limited opportunities for feedback
and learning. Consequently, the conditions for developing and applying skilled intuition are not present
(Kahneman & Klein, 2009).

In wicked learning environments, the predictions of cognitive style theories become unclear. Such
environments represent a particularly interesting boundary condition because they are tangent to
the context for which Klein (1997, 2003) developed the Recognition-Primed Decision (RPD) model.
Wicked learning environments differ from Klein's context by challenging the basic conditions for de-
veloping and applying skilled intuition. Moreover, the requirements for the effectiveness of analytic
thinking are also challenged since a clear framework is not available and the time required for analytic
thinking is missing.

Effect of combinations of styles in wicked learning environments

Although researchers often argue in favour of the intuitive style over the analytic one under time—
pressure conditions (e.g. Evans, 2008), this does not automatically imply that an analytic style negatively
influences performance. As the two styles are conceptualized as independent dimensions, a significant
preference for one style does not imply a low preference for the other (Epstein, 1990). Stanovich and
West (2000) demonstrated that preferences for how we think influence how we are biased; analytic and
intuitive thinking lead to different task construals. Construals triggered by intuition are highly con-
textualized, personalized and socialized, whereas analysis serves to decontextualize and depersonalize
problems. Hence, analytical processing is more adept at representing tasks regarding rules and underly-
ing principles (Stanovich, 1999; Stanovich & West, 2000). Consequently, an intuitive style can provide
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alternative ideas and information that support and enhance analytic thinking. Conversely, a mentally
demanding analytic thinking style can correct maladaptive behaviour induced by an intuitive thinking
style and help identify rules and underlying principles. As analysis involves logical and conscious pro-
cessing, an individual with a high preference for analysis tends to expend more cognitive effort over a
more extended period than an individual with a low preference for analysis (e.g. Hogarth, 2001). The
obvious drawback is that under time pressure and increased complexity, analytic decision-makers would
lack time to process all information logically and consciously and might fail to reach a decision.

Hodgkinson and Clarke (2007, see also Langley, 1995) discuss how people with specific combi-
nations of cognitive styles process information. They theorized that individuals high on the analytic
dimension and low on the intuitive dimension tend to approach problems step-by-step, as they are
conscious of details. Individuals high on the intuitive dimension and low on the analytic dimension
are recognized as “big picture-conscious.” Individuals low on both dimensions are labelled as “non-
discerning,” supposedly deploying only a minimum of cognitive resources when making decisions.
The last of the four categories constitute the high-high individuals, or the “cognitively versatile.”
Decision-makers within this category switch more readily between intuitive and analytic processing
modes, thereby efficiently adjusting to the changing demands of the situation (Hodgkinson, Sadler-
Smith, Burke, et al., 2009).

Shiloh et al. (2002) provided a different view. They found that decision-makers who scored high on
both styles and those who scored low on both styles were most prone to the effect of framing and con-
cluded that these groups were more sensitive to the context (Shiloh et al., 2002). In a dynamic setting,
sensitivity to context is often a critical capacity (Klein, 2003) and not just a bias. In a wicked learning en-
vironment, neither analytic rules nor intuitive shortcuts are valid. Therefore, rigid adherence to a single
style can lead to entrenchment, whereas the motivation to switch between styles may offer an advantage.

The motivation for switching differs across style preferences. Those who score high on both styles
may find it stimulating to switch because both styles are viewed positively, whereas those who score low
on both styles may switch because of indifference. The low—lows may also enjoy additional advantages
over readily switching. The indifference between styles may make the latter group more sensitive to
task demands than the preference for particular thinking styles. Consequently, low—low scores indicate
greater independence from thinking styles and a stronger focus on task demands. We will explore the
possible synergistic effects between the two styles. For instance, when one style is high, it is beneficial
for performance that the other style is also high. Conversely, when one style is low, it is helpful for per-
formance that the other style is also low. Similar to standing in a boat in a heavy sea, muscles automati-
cally work synergistically to balance the body.

In conclusion, we can formulate the following hypothesis on the relations between intuitive and an-
alytic styles and their interactive effect on task performance in wicked learning environments.

H1. When individuals make decisions in a wicked learning environment, analytic cog-
nitive style moderates the relation between intuitive cognitive style and task performance,
such that the relation is negative for actors low on analytic style; and positive for actors high
on analytic style.

STUDY 1: INTERACTIVE COGNITIVE STYLES IN
INDIVIDUAL DECISION-MAKING

In the first study, we tested this hypothesis (H1) and assessed whether a moderated relation ex-
ists between intuitive and analytic styles on task performance. We designed a microworld to sim-
ulate a wicked learning environment (Hogarth, 2001) with a high degree of VUCA (Brehmer &
Dérner, 1993). The simulated environment constitutes a highly controlled laboratory-like microw-
orld, where everyone engages in tasks within the same environment, resources, information and time
limits (Davison et al., 2012).
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Study 1 method
Sample and procedures

The N in Study 1 is 749 observations of 107 participants, each solving seven tasks. Thirty three (31%)
were military officers from a Norwegian military academy specializing in army operations, and 74
participants were students from a Norwegian business school. The average age was 23.4 for military of-
ficers and 23.8 for business students. A total of 85% of business students were studying at the BSc level
and 15% at the MSc level.

The study was conducted in a laboratory setting. Two to five days before the participants came to
the laboratory, they responded to the Pacini and Epstein (1999) REI inventory, the NEO FFI inventory
(Costa & McCrae, 1992) and questionnaires for other background variables. The questionnaires were
administered using Confirmit, an electronic administration tool.

Participation was voluntary, and the data-gathering procedure followed the ethical guidelines for
informed consent by the Norwegian Centre for Research Data (NSD) and in compliance with the EU's
General Data Protection Regulation (GDPR).

The study included the following activities, which took place in this sequence: an oral introduction
to the crisis management simulation (15min), a simulation practice session (10min) and a simulation
session (25 min).

Simulated decision environment

To establish the content and nomological validity of the tasks, we interviewed three senior instruc-
tors and four experienced officers in crisis management at Norwegian military academies (Army and
Air Force). Using cognitive task analysis (Crandall et al., 20006), we mapped the behavioural require-
ments of the task (Wood, 1986). The three instructors independently reviewed and contributed to
the task material, including the properties of available resources, task descriptions and performance
measures.

Based on this analysis, we designed the simulated environment as a set of 12 crisis management
tasks covering two domains. The first five tasks pertain to rescue operations, the following five to
security operations and the final two combine the two domains. The first two tasks in each domain
are warm-up tasks, and the first of the two combined domain tasks is also a warm-up task. We used
the NASA task-load index (TLX) to norm workload, including time pressure and mental demands
(Hart & Staveland, 1988). The overall TLX score was .60 on a scale from 0 to 1. The temporal de-
mand score was .71, and .52 for mental demand, indicating high perceived time pressure (Hart &
Staveland, 1988).

The participants were asked to manage the crises by allocating the right amount and types of
resources accurately and timely. The resource allocation task consists of selecting the correct type
of resource, selecting the nearest location with this resource available and choosing the proper role
and capacity for the resources. They failed the task if the resources allocated were of the wrong types
or roles or arrived too late. As the task progresses, the decision-maker can monitor the resources,
constantly survey new information, and change the resource allocation decision if relevant. The
individual decision maker controls the following resources: transportation helicopters (bell type),
rescue helicopters (SeaKing type), surveillance aircraft (Orion type) and fighter aircraft (F-16 type).
A message indicating the nature of the incident, including a map symbol indicating its location,
triggers each task. For example, a message can read: “The Emergency Central reports that a flood
has been building up gradually in the [name] river close to [location] and has caused several houses
to be trapped in flood water between river banks.” Following the message, the participant allocates
the resources needed to alleviate the incident, and points are given for allocating the resources at
the right time and amount.
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Measures

Task performance

The dependent variable was a measure of individual performance on the seven tasks in the crisis man-
agement simulation. We created a formula to calculate these scores. The score is based on the cor-
rectness of the type, function, quantity and speed of resource allocation (faster is better). Resource
requirements change as the situation intensifies, thus reflecting the time dimension (it pays off to make
quick decisions). This formula was unknown to the participants. The scores ranged from 0 (no correct
actions taken) to 100 (perfect performance). The Cronbach's alpha reliability was .65.

Intuitive and analytic cognitive style

We assessed the independent variables using the Rational-Experiential Inventory (REIL; Pacini & Ep-
stein, 1999). This is a 40-item version of the original REI based on Epstein' (1990) Cognitive-Experiential
Self-Theory (CEST), scored on a 5-point scale ranging from 1 (definitely not true of myself) to 5 (definitely
true of myself). Cronbach's alpha for the intuitive scale was .87, and .80 for the analytic scale. Sample items
that measure analytic preferences include: “I enjoy intellectual challenges,” and “I enjoy solving problems
that require hard thinking,” Sample items that measure intuitive preferences include: “I believe in trusting
my hunches,” and “I trust my initial feelings about people” (Pacini & Epstein, 1999, p. 976).

Control variables
We statistically controlled for cognitive ability, the Big Five factors, and experience to investigate how
intuitive and analytic styles predict performance beyond these variables.

Big five. The personality variables of the five-factor model were measured by the 60-item NEO-FFI
inventory, a shortened version of the NEO PI-R inventory (Costa & McCrae, 1992; Le et al., 2011). Each
factor was computed according to the scoring manual without STEN conversion.

Cognitive ability. We measured cognitive ability using the Cattell Reasoning B-scale from Cattell's 16PF
version 5 (OPP Ltd, 1994). The scale comprises 15 tasks, each with three answer alternatives, where one
of the alternatives is correct. The scale correlates well with general IQ tests (Cattell & Schuerger, 2003).
The sum of the raw scores, with one point per correct answer, was used in the regression analysis (Cattell
& Schuerger, 2003).

Experience. We used experience as a control variable to account for the possible performance ef-
fects of between-participant differences in educational and professional backgrounds. This variable is
dummy-coded as 0 for business school experience and 1 for military academy experience.

Analytic approach

We applied multilevel linear modelling to address the dependency between repeated tasks nested within
individuals. This approach helps avoid bias in estimating standard errors, confidence intervals and eco-
logical fallacy (Snijders & Bosker, 2011). We used a two-level random intercept model. The clustering on
Level 2 reflects the seven tasks performed by individuals. We used the restricted maximum likelihood
estimator (REML) to fit the model. To produce model fit indices and the likelihood ratio test, we refit-
ted the model with a maximum likelihood estimator (ML). To conduct all analyses, we used R (version
4.2.2) and RStudio with the Ime4 package for multilevel modelling and the interaction package for
interaction plots and Johnson—Neyman analysis.

Study 1 results

In Table 1, we present the descriptive statistics: means, standard deviations and correlations. Approxi-
mately 31% of the participants had military experience with crisis management beyond basic training
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(these were officers at the military academy). The mean for the analytic style was 3.73 (min 2.2, max 4.7)
and 3.34 (min 2.1, max 4.5) for the intuitive style. Cognitive ability (r=.17, p<.001) correlated positively
with task performance. Intuitive cognitive style correlated positively with task performance (r=.10,
p<.01). In contrast, the analytic style correlated negatively and was non-significant (r=—.07, p=.07).
Three of the Big Five factors, Neuroticism, Openness and Conscientiousness, all correlated negatively
with task performance.

The intraclass correlation for the null model was .08. The repeated-measures analysis is pre-
sented in Table 2. Neither the intuitive nor the analytic style had a significant main effect on task
performance (Model 3: 4=1.83, p=.37, and b=—.99, p=.73 respectively). The interaction between
the intuitive and analytic styles was significant (Model 3: b=12.47, p <.01). Thus, the main effects
cannot be interpreted in isolation (Aiken & West, 1991). The significant )(2 change from Model 2 to
Model 3 (J{ZA: 8.42, p<.01) supports H1, postulating an interaction effect between intuitive and
analytic styles.

To interpret the interaction effect, we followed Aiken and West's (1991) prescriptions. Figure 1 il-
lustrates the interaction pattern between the intuitive and analytic styles. The two simple slopes in
Figure 1 are plotted for one standard deviation above and below the mean. In line with H1, the simple
slopes show that when participants are high on the analytic style (one SD above the mean), the relation
between intuitive style and task performance is positive (upward sloping). When participants were low
on analytic style (one D below the mean), the relation between intuitive style and task performance was
negative (downward sloping).

We used the Johnson—Neyman technique to identify the regions of significance for the two slopes
(Johnson & Neyman, 19306). Figure 2 illustrates how the slope of the relation between intuitive style

TABLE 2 Repeated measures analysis (Study 1).

Model 1 Model 2 Model 3
Est. P Est. P Est. P
Regression coefficients (fixed effects)
Intercept 33.28%* .008 33.37* .012 34.93%* .007
Cognitive ability 1.64%%% <.001 1,728 <.001 1.66%*+* <.001
Experience 5.66* .027 5.21* .044 6.16* .015
Neuroticism —.05 796 —.006 743 —.08 .643
Extraversion 45 .058 37 133 .33 161
Openness —.27 .096 —.22 187 —.24 142
Agreeableness 15 437 10 .609 .06 738
Conscientiousness —.51%* .003 —.45*% .020 —.39% .039
Intuitive CS 2.49 232 1.83 367
Analytic CS -2.06 491 -.99 734
ICS X ACS 12.47%* .005
Variance components (random effects)
o2 662.37 662.37 662.37
T00 subject 11.35 11.38 4.20
Model summary
Deviance (—2LL) 6994.7 6992.6 6984.2
AIC 7014.7 7016.6 7010.2
A 2.16 .340 8.42%* .004

Note: Observations =749, N, .. = 107; #p< 053 #5p < 015 5 <001,

Abbreviations: ACS, analytic cognitive style; CS, cognitive style; ICS, intuitive cognitive style.
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FIGURE 1 Simple slopes analysis, Study 1. Abbreviations: ACS, analytic cognitive style; ICS, intuitive cognitive style.

and performance varies as a function of analytic style. When analytic style was oxtside the interval
[—.84, .18], the slope of intuitive style was significant at p <.05. Specifically, when analytic style is
lower than —.84, the slope for intuitive style is significantly negative. It was significantly positive
at values above .18. The range of observed values for analytic style (centred) is [-1.53, .92], and the
standard deviation (§D) is .43.

In summary, the Johnson—Neyman analysis supports H1: When individuals make decisions in a
wicked learning environment, analytic style moderates the relation between intuitive style and task per-
formance, such that the relation is negative for actors low in analytic style and positive for actors high
in analytic style.

Study 1 discussion
The interaction patterns show that participants with the low—low and high—high style combinations

stand out as the best performers. Conversely, the low intuitive—high analytic participants performed the
worst. That the high—high combination is associated with high performance coincides with Hodgkinson
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FIGURE 2 Johnson—Neyman analysis, Study 1. Abbreviations: ACS, analytic cognitive style; ICS, intuitive cognitive style.

and Clarke (2007) predictions of cognitive versatility in a strategy context. That the low—low combina-
tion, the non-discerners, performs equally well as the versatile (high—high) in our VUCA setting con-
flicts with the assumptions concerning the non-discerners. Thus, this finding inspires a reinterpretation
and new theorizing about the low—low combination.

First, it seems to be a mistake to assume that a low preference for both intuitive and analytic styles
implies that they cannot engage in a complex task. A weak preference for a style does not imply that the
decision-makers cannot think, just that they do not have a strong preference for any of the two styles.
They may still be able to think hard and well. Moreover, since cognitive styles become habitualized over
time (Hogarth, 2001; Messick, 1984), a strong preference for a particular style may imply a trajectory for
entrenchment (Dane, 2010; Luchins, 1942). Those who strongly prefer one style may be more prone to
entrenchment, while those with a mixed preference are more likely to avoid entrenchment by switching
styles. Being high—high or low—low implies they can self-correct by switching between styles and reduc-
ing biases by continuously reframing interpretations (e.g. Soll et al., 2015).

In Study 1, we analysed the interaction effects between cognitive styles in individual decision-making,
In organizations, decision-making is often a collective undertaking (Akinci & Sadler-Smith, 2019).
Managers construct teams to organize better decision-making. A long tradition within social psychol-
ogy has established that social influence in teams is strong and significant. To further understand the
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interactive effects of cognitive style in a wicked learning environment, we asked in Study 2 whether the
social influence of teams will dilute the effect of individuals' interacting cognitive styles.

STUDY 2: INDIVIDUALS' INTERACTIVE COGNITIVE
STYLES IN A TEAM CONTEXT

Team context changes the dynamics of decision-making (e.g. Kozlowski & Ilgen, 20006). Asch (1956)
found that individuals conformed to the group when decision-makers made their decisions publicly
in groups. Janis (1971) argued that groups often engage in groupthink because of social cohesion and
group dynamics. Researchers have found that social conformity is also significant in distributed teams
(Haines, 2014; Haines & Cheney Mann, 2011; Postmes et al., 1998). Since teams can alter the outcome of
individuals' decision-making, it is worth exploring whether this extends to diluting the effect of cogni-
tive styles. If social influence is strong, we would expect individuals in the group to think and perform
more similarly, thus eliminating differences caused by individuals' cognitive styles.

Although team members are exposed to social influence, individual decisions are not continuously
available to the rest of the team, which may decrease social influence (Asch, 1956). From our discussion
of cognitive style theories, we would expect to find the same pattern as in Study 1. Thus, we have two
competing sets of theories and two competing hypotheses.

H2a. When individuals make decisions in the context of teams in a wicked learning en-
vironment, the social influence in the team is significant, rendering the effect of individual
styles on performance insignificant.

H2b. When individuals make decisions in the context of teams in a wicked learning envi-
ronment, analytic style moderates the relation between intuitive style and task performance,
such that the relation is negative for actors low on analytic style; and positive for actors high
on analytic style.

Study 2 method
Sample and procedures

The N in Study 2 is 141 observations of 49 students, each solving three tasks (scenarios). Participants
were recruited from the same business school as in Study 1 and grouped into three-person teams. Due to
random technical issues, six incomplete observations were removed from the sample. The average age of
the participants was 24.5, with 33% male students. While 31% in the first study had military experience
beyond basic training, only 2% of this sample had such experience. This change in sampling ensured
that participants did not have expert heuristics and therefore perceived the context as more wicked.

We followed the same data-gathering procedure as in Study 1 concerning the NSD guidelines and
GDPR. We administered the study in a laboratory setting. We included the following sequence of ac-
tivities: a short presentation of the crisis management simulation (15min), a simulation practice session
(10 min) and three simulation sessions (20 min each).

Simulated decision environment
The microworld, the simulated wicked learning environment, encompasses counter-terrorism at an

operational command level and is similar to the simulation used in Study 1. The goal is to protect oil
rig installations on the coastline of Norway. The task requirements included information exchange,
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monitoring and coordination. The critical aspects of this simulation resemble the team effectiveness
laboratory developed by Hollenbeck et al. (2002) and Hansson et al. (2023). The simulated environment
plays out in three 20-min scenarios with similar difficulty levels. Each player has a specific role with
a unique and complementary set of capabilities. The roles are Orion, a surveillance airplane to detect
vessels; Patrol, a coastal fast patrol boat to search vessels; Frigate, a military vessel able to attack and
eliminate threats. The game's outcome depends on the individual performance of the three roles. The
players are separated from each other; the only communication is through the built-in chat or email
functionality. The participants were randomly assigned to different roles and teams. We used the NASA
task load index (TLX) to norm the workload for this task as well (Hart & Staveland, 1988). The aver-
age TLX score was .51 on a scale from 0 to 1. The temporal demand was .53, and the mental demand
was .47, indicating that the tasks in Studies 1 and 2 had a comparable overall workload.

Measures

Before coming to the laboratory, the participants responded to questionnaires administered through
Qualtrics Survey Software, including the Pacini and Epstein (1999) REI inventory, the five-factor
model and several background variables.

Task performance

Task performance is an individual measure combining equally weighted action and time scores ranging
from —40 to 100. A performance score of 100 indicates a perfectly performed task, while a negative score
of —40 reflects the penalties given for faulty actions, such as attacking a vessel that is not hostile. The team
petforms better when everyone does their job, and vice versa. Hence, measuring individuals' cognitive
styles and performance provides a good understanding of their contribution to the team's performance.
The Cronbach's alpha reliability was .55, which we consider acceptable since it is based on only three tasks.

Intuitive and analytic cognitive style

As in Study 1, we used Pacini and Epstein's (1999) 40-item Rational-Experiential Inventory to assess
cognitive style preference. Cronbach's alpha reliability in our sample for the intuitive scale was .80,
and .89 for the analytic scale.

Control variables

We controlled again for the Big Five as measured with the 60-item NEO-FFI and cognitive ability using
Cattell's Reasoning B-scale. Experience was dummy-coded as 0 for no military experience and 1 for
military experience. This control variable allows us to account for the possible effects of crisis manage-
ment training from the military.

Analytic approach

We used the same analytical approach and statistical packages as in Study 1. To address the depend-
ency between repeated tasks nested within individuals, and individuals nested within groups, we apply
multilevel linear modelling. We use a three-level random intercept model, where the clustering on Level
3 reflects group membership and Level 2 reflects the nestedness of the three repeated scenarios (Level
1) in individuals.

Study 2 results

Table 3 contains descriptive statistics. On average, the participants reported being more analytically oriented
than intuitive, as in Study 1 (mean=3.64, min 2.6, max 5.0 vs. mean =3.26; min 2.0, max 4.4 respectively).
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Cognitive ability (r=.11, p=.21) correlated positively with task performance but was non-significant. As
in Study 1, there was a positive correlation between intuitive style and task performance (#=.28, p<.001).
The correlation between analytic style and task performance was positive, although not significant (r=.00,
p=47). None of the Big Five factors correlated significantly with task performance in Study 2.

The intraclass correlation for the null model in Study 2 was .25, indicating a significant social influ-
ence, as the grouping in teams explained 25% of the variance in individual performance. The results of
multilevel modelling are presented in Table 4. As in Study 1, neither intuitive nor analytic style had a sig-
nificant main effect on task performance (Model 3: b=4.31, p=.34, and b=—1.79, p=.75 respectively).
Like in Study 1, the interaction between intuitive and analytic styles was significant (Model 3: 4= 30.006,
p<.001), implying that the main effects cannot be interpreted in isolation (Aiken & West, 1991). There
was a significant ;(2 change from model 2 to model 3 ()(2A: 17.20, p<.001). The interaction between
individuals' cognitive styles also significantly influenced individuals' performance in the team setting.
Thus, we found support for H2b and rejected H2a, although we found a significant effect on individual
performance from grouping individuals in teams.

We followed Aiken and West (1991) prescriptions to interpret the interaction effect. Figure 3 illus-
trates the interaction pattern between the Intuitive and Analytic styles. The two simple slopes in Fig-
ure 3 are plotted for one standard deviation above and below the mean. In line with H2, and as in Study
1, the analysis of the simple slopes illustrates that when participants were high on analytic style (one SD
above the mean), the relation between intuitive style and task performance was positive (upward slop-
ing). When participants had low scores for analytic style (one SD below the mean), the relation between
intuitive style and task performance was negative (downward sloping).

TABLE 4 Repeated measures analysis (Study 2).

Model 1 Model 2 Model 3

Est. P Est. p Est. P

Regression coefficients (fixed effects)

Intercept —9.47 734 -12.98 .635 —34.94 152
Cognitive ability 1.18 154 .70 406 .59 431
Experience -2.61 .873 -3.79 .810 —5.03 727
Neuroticism .09 .823 23 .585 31 A24
Extraversion 44 .516 .28 .687 .88 163
Openness —-.05 .899 .09 .827 51 180
Agreeableness A3 .376 .26 .593 .06 .883
Conscientiousness -12 733 .24 504 .23 471
Intuitive CS 11.54* .013 4.31 .336
Analytic CS -1.03 871 -1.79 749
ICS X ACS 30.06%** <.001

Variance components (random effects)

o2 340.52 341.67 332.38

o0 subject:group 29.41 15.83 .00

T00 group 107.99 89.01 40.36

Model summary

Deviance (—2LL) 1244.0 1236.2 1219.0

AIC 1266.0 1262.2 1247.0

A 7.72% .02 17.20%%+ <.001

Note: Observations = 141, Nsubjms =49, N =18.%p<.05; *¥p<.01; ¥*¥p<.001.

groups

Abbreviations: ACS, analytic cognitive style; CS, cognitive style; ICS, intuitive cognitive style.
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FIGURE 3 Simple slopes analysis, Study 2. Abbreviations: ACS, analytic cognitive style; ICS, intuitive cognitive style.

We used the Johnson—Neyman technique (Johnson & Neyman, 19306) to identify the regions of sig-
nificance for the two slopes. Figure 4 illustrates how the slope of the relation between intuitive style and
task performance varies as a function of analytic style. When the analytic style was outside the interval
[—.65, .13], the slope of the intuitive style was significant at p<.05. Specifically, when the analytic style
is lower than —.65, the slope for the intuitive style is significantly negative. It is significantly positive at
values above .13. The range of observed values for the analytic style (centred) is [-1.09, 1.36], and the
standard deviation (§D) is .52.

In summary, the Johnson—Neyman analysis supports H2b: for low levels of analytic style, intuitive
style is negatively related to performance, and for high levels of analytic style, intuitive style is positively
related to performance.

Study 2 discussion

The team setting did not dilute the effect of individuals' interacting cognitive styles, although individu-
als' performance correlated within teams. Still, the interaction between the individual team members'
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FIGURE 4 Johnson—Neyman analysis, Study 2. Abbreviations: ACS, analytic cognitive style; ICS, intuitive cognitive style.

cognitive styles significantly affected individuals' performance, as in Study 1. Thus, conformity and
group dynamics did not crowd out the effect of individuals' cognitive styles. This finding is interesting
because we might have expected the opposite based on social conformity research, and the finding pro-
vides some insight into the level of conformity that influences individuals' cognitive processing in this
setting. Moreover, in Study 2, we replicated the findings from Study 1, supporting Epstein, 2003, p. 7)
proposed utility of switching between styles: “Each system has advantages and disadvantages, and the
advantages of one can offset the disadvantages of the other.” Again, the low-lows performed as well as
the high-highs. To further understand this finding, we performed a post-hoc analysis.

Post-hoc theorizing and analysis

Cognitive style is often described as a learned method or habit for solving problems (Hodgkinson &
Clarke, 2007; Messick, 1976; Pacini & Epstein, 1999). When the environment changes or is wicked,
previously learned methods may not work (e.g. Dane, 2010; Klein, 1997), and the decision maker may
become entrenched in ecologically invalid methods.

When existing methods and heuristics are ineffective, decision-makers might do better by relying on
their cognitive ability to solve the problem. Individuals with higher scores on Cattell's B-scale tend to
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TABLE 5 Post-hoc analyses.

Cognitive ability Task performance
N M (SD) M (SD) TCATP P

Study 1

HH 133 10.8 (2.53) 50.3 (24.4) 267 <.01

HIL 84 7.5 (3.06) 43.9 (24.9) 19 .08

LH 140 10.2 (1.84) 36.1 (26.8) .06 .51

LL 112 8.5 (2.63) 46.6 (28.7) 27k <.01

Others 280 9.18 (2.83) 43.6 (27.1) A6 <.01
Study 2

HH 20 12.2 (1.42) 39.1 (17.4) NGO <.001

HL 26 9.12 (2.57) 20.8 (18.4) .02 93

LH 23 9.91 (3.70) 17.4 (21.6) —-.18 A3

ILIL, 12 9 (2.95) 21.7 (17.6) 7 .02

Others 60 10.5 (2.02) 24.7 (22.2) —.14 .30

Note. High = one-quarter of an SD above the mean; Low = one-quarter below the mean.
Abbreviations: HH, high intuitive style, high analytic style; HL, high intuitive style, low analytic style; LH, low intuitive style, high analytic
style; LI, low intuitive style, low analytic style.

Significance levels (all two-tailed): ¥p<.05; *¥p<.01; ***p<.001.

perform better on tasks requiring fluid intelligence, that is, seeing relationships independent of previous
specific practice (Cattell, 1971). Those with low motivation to think analytically and intuitively may rely
less on style, allowing their cognitive ability to play a more significant role. If so, we expect higher cor-
relations between cognitive ability and performance in the cognitively flexible high—high and low—low
groups than in the other groups.

To explore this idea, we conducted a simple post-hoc analysis comparing the correlations between
cognitive ability and performance across the 2 X 2 style combinations, dividing the participants into four
style groups (we have entered the corresponding Hodgkinson & Clarke, 2007, p. 2406) labels in paren-
theses): high intuitive—high analytic (Cognitively versatile); low intuitive—low analytic (non-discerning);
high intuitive—low analytic (Big picture conscious); and low intuitive—high analytic (Detail conscious).
We created these groups by selecting observations one-quarter of the standard deviation above and
below the mean values to retain sufficient observations in each group for the analysis. For example, if
participants score above this threshold on intuitive style and below on analytic style, they will be cat-
egorized as high intuitive—low analytic, or high—low for short. We created an additional group called
“others” for the remaining observations that fell outside the defined range. Table 5 presents the results.

In Table 5, Study 1, we observe that the high—high group has the highest score for cognitive ability,
and the low—low group has the lowest. However, the correlations between cognitive ability and per-
formance were the highest for these two groups. The correlation between cognitive ability and perfor-
mance was significant for both the high—highs (r=.26, p<.01) and low—lows (r=.27, p<.01). Equally
interesting, the correlation between cognitive ability and performance was non-significant in the high—
low and low—high groups. We found the same pattern in Study 2. Together, these results support our
post-hoc reasoning about a possible cognitive entrenchment effect for those with a strong preference for
a specific style and more leeway for the high—high and low—low groups' cognitive ability.

GENERAL DISCUSSION

Our objective was to examine the relation between the interaction of intuitive and analytic styles and
task performance in a crisis management context perceived as having a wicked learning structure (Hog-
arth, 2001). Across both studies, we found a significant interaction effect where analytic style moderated
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the effect of intuition so that low—lows were the best performers, together with high—highs (Figures 1
and 3). The interaction was significant after controlling for the Big Five personality factors, cognitive
ability and experience. In Study 2, we found that social influence did not dilute the interaction effect.
Our study adds to the interpretation of Alaybek et al's (2021) meta-analytic finding of no main effects
of intuitive style, demonstrating Aiken and West's (1991) point about how interaction effects, if not
analysed, may hide the effects of the interacting variables.

Our findings extend current theories of cognitive styles to a boundary condition: wicked learn-
ing environments with time pressure. Earlier theorizing indicates that in a wicked learning environ-
ment, prior experiential learning will be less ecologically valid and, consequently, intuition less effective
(Gigerenzer, 2000; Hogarth, 2001). Therefore, an analytic approach in wicked learning environments
should be equally problematic because established rules are challenged or invalid. Hence, relying on
either style alone would not suffice. Instead, the observed interaction patterns support Hodgkinson and
Clarke (2007) and Hodgkinson and Healey's (2011) predictions about the high—high group. They hy-
pothesized superior performance for the high—high group owing to their cognitive flexibility, arguing
that a strong preference for both styles makes it easier to adapt to task requirements. The literature is
more pessimistic about the performance of the low—low group. However, our findings contradict and
extend established theories on this point: the low—low group performs as well as the high—high group.

How can these groups with opposing preferences for both styles perform equally well? Moreover,
why are they much better than the two groups with strong preferences for only one of the styles? The
high—high and the low—low groups share a nondominant preference and, thus, are assumed to be cog-
nitively flexible and able to switch styles effortlessly. Perhaps the most obvious speculation is that both
groups have the same motivation to switch between styles. In contrast, a dominant preference may
dampen the motivation to switch since the preference for the other style is comparatively lower.

There is some empirical support for cognitive flexibility theorizing in prior studies. Shiloh et al. (2002)
found that participants with low—low and high—high combinations of styles demonstrated greater sen-
sitivity and adaptation to environmental cues and frames, which may be critical when the learning
environment is wicked. Tversky & Kahneman, 1981, p. 453) illustrated the framing effect with the fol-
lowing example: “Veridical perception requires that the perceived relative height of two neighbouring
mountains ... should not reverse with changes of vantage point.” By analogy, our study reflects a setting
where the mountain's actual height is unavailable from any vantage point. Therefore, the switching
styles shift vantage points and help to understand the situation better.

To further understand the mechanisms behind the effect of switching styles, it is necessary to de-
fine cognitive styles as a learned method. The accumulation of repetitions of successful resolutions
leads to the habitualization of specific response patterns and the mechanization of thought processes
(Luchins, 1942). A method developed in a specific environment may become a mental set or entrench-
ment in another environment (e.g. Dane, 2010; Luchins, 1942). Intuitive and analytical styles reflect
pre-learned response patterns (Anderson, 1996). Moreover, Wolin (1960) considered method as an intel-
lectual strategy for processing and argued that “method is the salvation of puny men [sic]” (p. 383), and
in stable environments simplifying and routinizing procedures can ensure top performance. However,
when the environment and laws change — such as in a wicked learning environment — the method is no
longer a salvation. Then, high motivation for a cognitive style may be the opposite of salvation; it can be
a cognitive entrenchment for highly able decision-makers. Thus, in a wicked learning environment, the
labels “Intuitively entrenched” and “Analytically entrenched” add to the understanding of Hodgkinson
and Clarke (2007) labels “Big picture conscious” and “Detail conscious” respectively.

Decision-makers' confirmation-seeking propensity and a strong preference for a single style may
increase the probability of entrenchment (Dane, 2010; Luchins, 1942; Rudolph et al., 2009). The low—
lows may be less entrenched because they are not firmly committed to any style and perform better than
those with a dominant preference. We can further speculate that the high—highs' strong preference for
both styles may avoid entrenchment through their cognitive flexibility and more active switching. In
out post-hoc analysis, we found that entrenchment constrains the potential of decision-makers' cogni-
tive ability. Specifically, we observed that cognitive ability did not correlate with performance for those

A 'T 'v20C ‘Seesvvoe

J wouy

95U8017 SUOWIWOD BA 181D 9|qedtjdde ay) Aq peusenob 912 sajo1Le YO ‘9SN 0 S9INJ 10} ARG 8UIUO AS|IM UO (SUONIPUOD-PUE-SWRIALIO™AB | 1M Aleq 1 Bu UO//SaHL) SUONIPUOD Pue SWB | 81 89S *[1202/20/02] Uo ARiqiauluo As|im ‘imisu Areutew A ueiBemioN Aq /92T doolTTTT 0T/I0pAu0d Ao |m AReigipul



228 | BAKKEN ET AL

firmly committed to only one style. For those without a dominant preference (the high—high and low—
low groups), there was a significant positive correlation. Therefore, commitment to only one style seems
to constrain cognitive ability. In contrast, the low—low and high—high groups leverage their cognitive
ability better.

There seem to be both similar and different mechanisms behind the superior performance of the
high—highs and low—lows. Both are assumed to be cognitively flexible, but low—lows are less committed
to styles and may be more unbiased explorers in environments that do not behave as expected. The
low—lows find less motivation in thinking intuitively and analytically and may take a more distanced
and unentrenched perspective on the task. Conversely, high—highs may overcome entrenchments by
effortless shifting between their styles.

These points explain why considering low—lows as non-discerning is too simplistic and misleading.
Moreover, the operationalization of cognitive styles was based on Pacini & Epstein, 1999, p. 976) scale.
A closer look at key items does not support the non-discerning label for low—lows. If you disagree with
the following REI-items: “I enjoy solving problems that require hard thinking; Thinking hard and for
a long time about something gives me little satisfaction (reversed); I prefer complex problems to sim-
ple problems,” and simultaneously: “I believe in trusting my hunches; I trust my initial feelings about
people; Using my gut feelings usually works well ...”, it does not imply that you cannot think. Such
preferences merely imply that the low—lows are not firmly committed to any of the styles. Thus, they
are cognitively independent, less biased by stylistic preferences, and therefore perhaps more open to the
characteristics of the task environment.

Limitations and directions for future research

Cognitive style researchers measure individual differences in preferences for cognitive processing but do
not measure the actual cognitive processes used while solving a task. This study identifies correlations
between interactions of styles and performance but cannot link this correlation to participants' actual
cognitive processes. The cognitive style research tradition generally assumes a relation between preference
and processing. However, we know it is possible to deviate from what we prefer, and future research should
investigate when, how much and in which situation we deviate. However, it may be challenging to measure
cognitive processing. The development and application of such measures is an exciting avenue for future
research. Such measures are in high demand and would help bridge cognitive style and cognitive processing
theories. Recent technological developments have provided digital tools that supplement and support more
established techniques, such as think-aloud verbal protocols (e.g. Prime & Le Masurier, 2000).

A general criticism of using computer games with simulated environments is that the task differs
from those that participants would face in the real world. An essential point, however, in using a sim-
ulated environment is the ability to select the mechanisms of interest from the real world and design a
controllable environment where these mechanisms stand out similarly for all participants (Brehmer &
Dérner, 1993). Our simulation ensured all participants were presented with the same wicked task en-
vironment, which would not have been possible in a field study. Experts' heuristics affect their percep-
tions of the environment (e.g. Haerem & Rau, 2007; Hogarth, 2001; Kahneman & Klein, 2009; Salas &
Klein, 2001). Thus, a possible reason for the somewhat increased interaction effect in Study 2 is that
almost all participants were novel to the context and perceived higher degrees of volatility, uncertainty,
complexity and ambiguity. The more homogenous sample of novices in Study 2 seems to have strength-
ened the internal validity and increased the effect of interacting cognitive styles. Moreover, the effect of
combinations of cognitive styles probably depends on the conditions we have only controlled and not
manipulated, such as differing levels of task complexity, time pressure, phase, or stage in the problem-
solving process. For example, a very high time pressure might favour less switching since a strong
preference for a single style will avoid the extra cognitive effort involved in switching styles. All these
factors are prime candidates for future studies of boundary conditions for the effects of cognitive styles
in various crisis management contexts.
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CONCLUSION

A conclusion from our two studies of decision-making in wicked learning environments (Hoga-
rth, 2001), or VUCA environments, is that the interaction effect of intuitive and analytic cogni-
tive styles affects task performance beyond the main effects of the separate styles, the Big Five
personality factors, domain experience and cognitive ability. Our analysis clarifies why cognitive
style research often produces inconclusive and contradictory results, highlighting the importance
of including the interaction effects between styles when studying decision-making in wicked learn-
ing environments. Extending current theories of intuitive and analytical styles, we describe how
cognitive styles can be a mechanism for cognitive flexibility or for cognitive entrenchment. More
specifically, our results provide cues for successful cognitive strategies in wicked learning environ-
ments; they indicate that flexible style preferences boost the effect of cognitive ability, while strong
preferences for a single style may entrench even those with high cognitive abilities. Thus, our studies
empirically explore an often-overlooked assumption in cognitive style research — that the interacting
cognitive styles, rather than a single style, play a significant role in solving complex and ambiguous
problems. For practical purposes, our studies imply that cognitive entrenchment tends to constrain
decision-makers' cognitive ability in wicked learning environments. In such environments, the non-
entrenched decision-makers seem better at leveraging their cognitive ability. Moreover, our studies
indicate that the entrenchment effect depends on the characteristics of the domain and degrees of ex-
pertise. Therefore, an intriguing direction for future research lies in exploring the influence of cogni-
tive entrenchment on the utilization of cognitive ability across different decision-making contexts.
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