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Abstract. The goal of this paper is to investigate how the cognitive style is
related to the expectations towards the support mechanisms offered in the
decision support system while analyzing the multiple criteria decision making
problem. We analyze the decision makers’ expectations regarding the forms of
representing the results by the system (e.g. rankings vs. ratings), as well as the
different ways in which they could declare their preferences (e.g. using numbers,
words or pictograms). The relationship between the cognitive style determined
by the Rational-Experiential Inventory and the decision makers declarations are
examined using the correspondence and cluster analysis and fraction tests. The
results to some extent confirm the postulates of the behavioral theory of decision
making that the rational decision makers prefer the preference mechanisms that
are more based on the numerical categories, oppositely to the experiential ones.
Unfortunately, there are no clear patterns of preferences for versatile or indif-
ferent decision makers. These results, however, do not so evidently correlate
with the final recommendations of decision aiding methods.

Keywords: Decision support system � Cognitive profile � Preference analysis �
Multiple criteria decision aiding

1 Introduction

In vast majority of real-life situations, making decisions requires a thorough and time-
consuming trade-off analysis of the performances of many alternatives with respect to
many and usually conflicting criteria. Therefore, a variety of multiple criteria decision
aiding (MCDA) methods are proposed to support decision maker (DM) in their deci-
sion analyses [11, 32]. Various MCDA methods differ in the philosophy of preference
elicitation, the aggregation algorithms they use, and the information their require from
DMs [30], which often makes it difficult to choose the one that will be suitable to
support DM in a particular decision making problem. Therefore, some researchers even
propose the guidelines for selecting an appropriate MCDA technique, depending on the
type and context of the decision making problem or the requirements imposed on the
process of the preference elicitation [13, 16, 27], to make sure that the preference
analyses and the final results will be sound and reliable.
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There are, however, some other factors, such as the behavioral ones, that may affect
the results the MCDA methods produce [21, 25]. Some of them are related to the
decision making skills and cognitive abilities of DMs, i.e. to the thinking/cognitive
style and the way of analyzing of the decision-making processes [8, 10]. DMs that
think fast and do not analyze the facts thoroughly are more prone to make some
information processing errors that result from using intuition and heuristics [12, 33].
Consequently, they may misuse the decision support tools and produce false conclu-
sions based on the recommendations provided by the decision support systems. Some
empirical results show the potential relationship between cognitive capabilities and the
decision making process and its results [7, 22]. Therefore, it seems vital to analyze,
what decision support mechanisms fit the thinking styles the best (i.e. do not require an
effort higher than the cognitive capabilities of DMs), and hence offer the facilitation
that increases the chances for more accurate preference elicitation and generate final
recommendations that are reflecting the intrinsic preferences of DMs best.

However, understanding the relationships between information processing style and
the preferable decision aiding tools may be biased by the perspective used in describing
the nature of style constructs themselves [10, 28]. Depending on which approach is
used, i.e. unitary (e.g. parallel-competitive) or dual (i.e. orthogonal, e.g. default-
interventionist) one, the conclusions on how the style affects the decision making
effects may be different. In the former approach, the conclusions may be formulated
based on the single index describing the single bipolar rationality-intuition dimension,
e.g. the highly rational DMs are perceived simultaneously as little intuitive. In the
second approach, both constructs form separate dimensions and hence the style is
perceived as a mix of various intensities of both constructs, e.g. DM can be considered
as both highly rational and intuitive.

Taking the above issues into account, the goal of this paper is twofold. First, we
aim at investigating how the cognitive style affects: (1) the DM’s expectations towards
the form of the support mechanisms offered in the decision support system while
analyzing the multiple criteria decision making problem, and (2) their actual selection
of the MCDA method as most useful in solving real-world decision making problems.
In particular, we analyze the DMs opinion regarding the most preferable and efficient
way of preference representation that can be offered in the support system in quanti-
tative or qualitative way; e.g. by means of numbers, linguistic terms, verbal descrip-
tions or pictograms, and confront these opinions with the final choice of the decision
support mechanisms that they recommend. Second, we wish to verify if the
dual/orthogonal approach for measuring the cognitive style allows for better (more
detail) description of the opinions and choices made by the DMs when evaluating the
MCDA techniques.

In our analyses we use the results of the experiment conducted in online survey
system (OSS). In the experiment, the decision making problem was predefined and
three selected MCDA methods were implemented to support DMs, namely: AHP,
SMART and TOPSIS [26]. Having completed the decision making phase, the
respondents evaluated the OSS itself as well as the methods and their interfaces and
provided the opinion regarding the most preferable, adequate and informative design of
decision support mechanism. To describe cognitive profile of the participants, the
Rational-Experiential Inventory (REI) test was used [17], which allows to identify two
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dimensions of such a profile: rationality and experientiality [8]. To identify the rela-
tionship between the cognitive style and the expectations regarding the most preferable
way of support the correspondence analysis was used, which maps the relationships
from multi-dimensional matrix into a two-dimensional space (using the aggregation
that keeps as much of original information as possible) and hence allows to analyze
them based on the notion of distances.

The rest of the paper is organized as follows. In the Sect. 2 the behavioral aspects
of decision support are discussed and research questions asked. In Sect. 3 we described
the experiment we had conducted, while in Sect. 4 the results are presented. We
summarize the results in Conclusions and answer the research questions.

2 Behavioral Factors and Decision Support

2.1 Investigating an Impact of Thinking Styles on Decision Process

There were early works of Simon, Kahneman and Tversky that paid attention to the
behavioral issues of decision making processes and the cognitive limitation of DMs
[29, 33]. The postulates of including some notions of behavioral analysis into the
process of verifying the effects of decision support and the usefulness of decision
aiding tools were and still are raised by the MCDM methodologists [21, 25, 34]. Some
experimental works show that various behavioral elements may affect the decision
making and decision support, among others the cognitive style of DMs, which is
defined as the consistent individual differences in preferred ways of organizing and
processing information and experience [24].

Green and Hughes [14] experimentally confirm the existence of interaction between
the cognitive style and the type of training, which affected the decision maker initial
use of a decision support system (DSS). The manager’s cognitive style was measured
by them by means of Myers-Briggs Type Indicator (MBTI) [3].

Engin and Vetschera [7] experimentally studied the relationship between the
cognitive style and decision quality when using tabular or graphical representations of
information. The error rate, which measured the discrepancy between a reference
ranking of alternatives and the one built by the DM, seemed to decrease when the
analytical orientation of DM’s increased for tabular representation, while it increased
for graphical one. Moreover, the effect of cognitive style was stronger for tables than
for graphical representation. To described an individual’s position they used compet-
itive analytic-intuitive scale measure by Cognitive Style Index [2].

Lu et al. [22] analyzed the effects of cognitive style (measured by means of MBTI)
and type of decision support model on the decision support acceptance. Three different
support models were considered: the fuzzy weighted-sum model, Saaty’s analytic
hierarchy process, and the linear weighted-sum model. They inconclusively observed,
that the cognitive style allowed to described the relationships among different accep-
tance measure only for one of these models (the fuzzy weighted-sum one), but not for
others.

Chakraborty et al. [5], on the other hand, examined the DMs’ acceptance of new
technology using Technology Acceptance Model [6]. They showed that cognitive style
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has significant direct effects on perceived usefulness, perceived ease of use, and sub-
jective norms, and both perceived usefulness and subjective norms affect actual tech-
nology usage. The individual’s cognitive style was measured by means on Kirton
Adaption–Innovation Inventory [4], which is an instrument for measuring the style on
an adaptor–innovator continuum.

All these works show that cognitive style can affect the decision making process
and results, however, the cognitive style itself can be differently perceived and inter-
preted. Thus, the question arises, what can be the simplest yet sufficiently informative
way of measuring the cognitive style.

2.2 Rational/Analytical and Experiential/Intuitive Thinking Modes

There is an extensive discussion among the psychologists on how to define the cog-
nitive style best. An approach based on the dual-processing distinction seems to be
most grounded among the researchers, and it stems from the early works in a field of
psychology and decision making [33, 36]. It makes a distinction between two thinking
modes: rational/analytical and experiential/intuitive ones. For the terminology issues
Stanovich simply calls them System 1 and System 2 [31], but we will use these terms
interchangeably.

Within the cognitive psychology literature, it has been suggested that rationality
and intuition are two coexisting information-processing systems, however there is lack
of consensus about the theoretical relation between them [2, 9]. As was pointed out
[35]: “models of individual differences in cognition differ as to whether intuition and
analysis are viewed as bipolar opposites or as two independent unipolar dimensions.
The distinction concerns whether one can be as follows: (i) either intuitive or analytical
or (ii) both intuitive and analytical in orientation. The first implies a negative relation
between the constructs, whereas the second implies no relation between intuition and
analysis”.

The cognitive style, that is an orthogonal mix of the rational and intuitive
approaches, can be determined by the Rational-Experiential Inventory (REI) [8]. This is
a psychometric test consisting of the series of questions regarding the way of thinking
and reasoning that the responder usually implements in their everyday life. However,
some experimental results indicate various problems with understanding a 40-item
original inventory [20]. Hence, some modifications of original REI test are proposed,
such as a shorten version of REI test that consists of 20 items, i.e. the REI-A test [23].

According to REI results and some aggregation principles, the DMs can be
assigned into one of four classes that differ in the combination of scores for rational and
experimental modes [1, 18]. Those highly rational and highly experiential (HRHE) are
called cognitively versatile, and are considered to have the skills to consider the
problems both in details and as a big picture, when required. DMs from class HRLE are
detail conscious (or rational) and have tendency to approach problem step by step in
systematic way, while in contrast those from the class LRHE are big picture conscious
(or experiential) use mostly intuition and are able to detect emergent issue ahead.
Finally, those from the LRLE class (non-discerning or indifferent) seems not to be
willing to engage their own cognitive resources in information processing (neither
analyze nor base on the intuition) but rather rely on the opinions of others.
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2.3 Research Questions

Taken into account all the issues raised in the previous two subsections some research
questions may be formulated. First, following the extensive discussion regarding the
competing approaches to the definition of the cognitive style [10] we would like to
answer the following question:

Q1: Does the orthogonal definition of the cognitive styles allow to define the
cognitive style classes that differ significantly in DMs’ most preferred ways of
preference representation and declaration (preference representation schema)?

Taking into account earlier studies an experiments (see e.g. [19]), the detail con-
scious DMs may be perceived as rational in bilateral perspective, and we may expect
that they prefer more quantitative ways of preference representations. Similarly, the
big-picture conscious ones can be called experimental in bilateral perspective and
hence they would probably prefer to operate with non-numerical representation of
preferences. We will try to confirm these two theses, but we are more interested in
finding:

Q2: What are the most preferred preference representation schemas by versatile or
indifferent DMs?

To answer Q1 and Q2 we will use the dataset from the decision making experiment,
in which the REI test was implemented. We will cluster the DMs into four groups as
defined in Sect. 2.2, and analyze the answers they gave in the post-task questionnaires
regarding: the way in which they wish to declare the preferences the most; and the most
preferable representation of the results of the decision making process and the evalu-
ation of alternatives. These are however, the self-reported general declarations and we
would like to confront them with the DMs’ final recommendations regarding the most
preferable decision support method, i.e. one of three different ones that they used in the
experiment. Therefore, we ask:

Q3: Do the cognitive style and the corresponding preference representation schema
correlate with the choice of the best decision aiding method?

This would allow us to check whether DMs are truly interested in using the
decision aiding tool that fits their cognitive capabilities the most, or they would rather
opt, for instance, for a method that is quick, less time-consuming or has a nicer user
interface.

3 Decision Making Experiment

To find the answers for the research questions posed in Sect. 2.2, we organized the
decision making experiment in OSS. In the experiment the hypothetical problem of
choosing a flat to rent was consisted for which five predefined alternatives were
defined, each describing the resolution levels for five evaluation criteria. Since the
participants were 413 students of four Polish universities, the problem was stylized to
their decision making context. Table 1 presents the full decision matrix of the problem
under consideration.
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The experiment consisted of several steps that were related to the process of
preference elicitation and decision support. At the beginning the respondents read the
case and set an individual ranking of alternatives using the holistic approach. Using the
boxes that visualized the alternatives and the drag-and-drop mechanism, they organized
the boxes in an order that were supposed to reflect their individual subjective prefer-
ences (no instruction about the references were given to the participants).

In the next steps the decision analysis was conducted, which started from elicitation
of criteria weights, where the participants used both AHP-based pair-wise mechanism
and linguistic evaluation. Unsatisfied with the results produced by these two methods,
they could also assign the weights directly themselves. Then the consequences of the
alternatives were evaluated using three implemented MCDA methods: AHP, SMART
and TOPSIS that differed in the preference elicitation schema. To each method the
corresponding user interface was designed that was supposed to fit the cognitive
requirements of the method itself. For AHP the sliders were used for each compared
pair with accompanying verbal description of evaluation set by the slider. For SMART
the tables were presented, which had to be filled by DMs directly with numbers
representing their preferences. Since TOPSIS evaluates the quantitative criteria auto-
matically using the notion of distances, there was a need for implementing a method for
evaluation of two qualitative criteria in our problem, namely no. of rooms and
equipment. Here, the DMs declared the preferences using pictograms, i.e. for each
option seven empty stars were assigned and DMs colored in yellow as many of them as
required to express the option performance. The screen-shots of the interface for each
of MCDA method are presented in Fig. 1.

Table 1. Decision matrix in OSS experiment

Alternative Rental
costs

No. of rooms Size Equipment Travel
time to
university

A 950
PLN

2 rooms (including
1 room with a
kitchenette)

35 m2 Fridge, washing
machine,
microwave

10–
12 min

B 1200
PLN

3 rooms (including
a living room with
a kitchenette)

54 m2 Fridge, washing
machine,
dishwasher,
wireless internet

30–
35 min

C 900
PLN

2 rooms + kitchen
(separate)

35 m2 Fridge, washing
machine, cable
internet

20–
25 min

D 700
PLN

1 room + kitchen 25 m2 Fridge, washing
machine, TV, cable
TV, cable internet

30–
35 min

E 950
PLN

1 room + kitchen 54 m2 Fridge, washing
machine, cable
internet

20–
25 min
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Finally, the rankings of alternatives obtained by means of these three MCDA
methods were presented to the respondents, including the scores they obtained and their
graphical representations (five stars rating for TOPSIS and SMART or colored circles
for AHP), as shown in Fig. 2.

In the series of post-decision making questionnaires the respondents had evaluated
the whole decision support process offered in OSS. They were asked to evaluate each
support method, their ease of use, interface, reliability etc. We also asked about their
opinion regarding some aspects related to the optimal design of the decision support
mechanism and software support, such as the way of representing the results,
describing the alternatives scores in final rankings, and best possible way of declaring
the preferences in the preference elicitation process.

Finally, the respondents filled the REI test, which allowed us to determine their
cognitive profiles and link them with their evaluation and expectations toward the
decision support. As our respondents were non-native English speakers, we were afraid
of misunderstanding problems related to some language nuances, hence in this study
we used a shorten version of REI test that consists of 20 items, i.e. the REI-A test.

AHP 

SMART 

TOPSIS 

Fig. 1. User interface used for preference declarations in each MCDM method (Color figure
online)

Fig. 2. Display of the results of MCDA process in OSS (Color figure online)
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Correspondence analysis was used to describe the relationships among the factors
under analysis [see e.g. 15].

4 Results

4.1 The Cognitive Styles and Cognitive Profiles

Confirmatory factor analysis with Varimax rotation with Kaiser normalization for the
REI test allowed to defined the decision-making profiles at the satisfactory level. The
Kaiser-Meyer-Olkin (KMO) measure (=0.852) confirms sample adequacy. The KMO
values for individual items between 0.791 and 0.887 are also satisfactory. Bartlett’s test
shows that correlations between questions were large enough to perform a factor
analysis [v2(190) = 2284.122; p < 0.001].

There is a strong (>0.99) and statistically significant (p < 0.01) correlation between
the factor loadings of the thinking styles and the corresponding average values of
answers for questions describing this style. Therefore, we used the average values from
questions 1–10 as the scalar measure of rational mode (R), and from questions 11–20 to
describe their experiential mode (E). These average values were used to classify the
respondents within each mode into two classes: L (less or equal to average) and H
(above the average). The combination of these two classes for two modes make four
different categories of cognitive profiles: Versatile (HRHE), Rational (HRLE), Expe-
riential (LRHE), and Indifferent (LRLE). The correlation coefficient between average
values of rational and experiential thinking modes is equal −0.054. This is a first
indicator that REI’s dimensionality should rather be expressed by two interacting but
independent (orthogonal) rational and experimental systems, not the unimodal one, and
suggests a positive answer for Q1.

4.2 Expectations Towards the Declaration of Preferences

First, we analyzed the respondent’s choices regarding the most preferred way of
defining their preferences in the preference elicitation process. The numbers and
fractions of choices are shown in Table 2 and visualized in Fig. 3a.

Taking into account the relatively low fractions in choosing the forms of preference
declarations other than three most frequently chosen classes we removed the latter form
the correspondence analysis to make the visualization more readable.

Table 2. Decision making profiles vs preferred forms of preference impartation (N = 413).

Declaration of preferences Indifferent Versatile Rational Experiential

Numerical 60 (56.1%) 54 (61.4%) 78 (69.6%) 62 (58.5%)
Pictorial 30 (28.0%) 29 (32.9%) 22 (19.6%) 34 (32.1%)
Verbal 17 (15.9%) 5 (5.7%) 8 (7.2%) 9 (8.5%)
In other way 0 (0%) 0 (0.0%) 4 (3.6%) 1 (0.9%)
Sum 107 (100%) 88 (100%) 112 (100%) 106 (100%)
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It seems that the Versatile and Experiential DMs are relatively close to each other
(fractions in Table 2 are quite similar), but far from Rational and Indifferent. Among all
the classes most DMs choose numerical, next pictorial and finally verbal description of
preferences. This is a dominant choice (69.6%) for DMs with Rational profile. How-
ever, Experiential and Versatile DMs are also quite frequently choosing pictorial way
of preference declaration, while the Indifferent ones choose the verbal declarations
most frequently than others.

The differences in fractions for Rational profile and two other classes with low
rationality index (Indifferent, Experiential) are significant (p < 0.072). The DMs with
higher rationality index (Rational and Versatile) differ significantly in the choice of
pictorial declarations (p < 0.017). Also, Indifferent and Experiential DMs differ sig-
nificantly (p < 0.05) in choosing the verbal declarations among themselves. This is
another premise to answer Q1 positively.

4.3 Expectation Towards the Representation of Final Results of Decision
Analysis

Next, we have analyzed the DMs’ expectations about the forms of the representation
of the results obtained in the decision analysis phase. The fractions of user’s
expectations regarding the cardinal quantitative representation of the results (ratings)
vs. ordinal representation by means of rankings only or other types of representations
are presented in Table 3 and visualized by means of correspondence analysis in
Fig. 3b.

a) Cognitive profiles vs forms of prefer-
ence declarations.

b) Cognitive profiles vs. forms of repre-
senting results by the system 

Fig. 3. Correspondence analysis for cognitive profiles in OSS (1)
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The respondents with high experiential index (HE: Versatile, Experiential) prefer
the results to be presented in a form of ranking only. Their fractions of choosing the
rankings (65.1% and 63.6% respectively) differ significantly from those determined for
DMs with low intuitive index (51.4% and 47.3%, respectively).

The respondents with low experiential index (LE: Indifferent or Rational) prefer
mostly the rating as the best way of representing the results of the decision analysis.
There is as much as 45.8% of Indifferent DMs and 50.0% of Rational who choose
rating, while only 34.1% of Versatile and 33.0% of Experiential do so.

The differences in choices between LE and HE are significant (p < 0.048), and this
is in fact the only situation in our study, where unimodal approach to the definition of
cognitive style could be used to describe the differences in sufficiently accurate way.

4.4 Expectations Towards the Representation of Offers’ Evaluation

We have also analyzed the responses of the DMs for more detailed question regarding
the most preferred representation of the alternatives evaluation in the final ranking.
Various combinations of representations suggested by the respondents were clustered
into three classes: pure numerical representation, non-numerical representation, or the
mixed one that joins the advantages of all three forms. In Table 4 the numbers of
respondents selecting each representation of alternatives’ evaluations are provided and
the results are visualized in Fig. 4a.

Table 3. Decision profiles classes vs forms of representing results by the system (N = 413).

Forms of representing the results of
decision analysis

Indifferent Versatile Rational Experiential

The rating of each alternatives 49
(45.8%)

30
(34.1%)

56
(50.0%)

35 (33.0%)

Ordering (ranking) alternatives 55
(51.4%)

56
(63.6%)

53
(47.3%)

69 (65.1%)

I need other information 3 (2.8%) 2 (2.3%) 3
(2.7%)

2 (1.9%)

Sum 107
(100%)

88
(100%)

112
(100%)

106 (100%)

Table 4. Preferred forms of presentation of alternatives evaluation in the final ranking
(N = 413).

Description of alternatives
in final ranking

Indifferent Versatile Rational Experiential

Only numerical 48 (44.8%) 37 (42.1%) 63 (56.2%) 48 (45.3%)
Mix with numerical 34 (31.8%) 34 (38.6%) 29 (25.9%) 34 (32.1%)
Non-numerical 25 (23.4%) 17 (19.3%) 20 (17.9%) 24 (22.6%)
Sum 107 (100%) 88 (100%) 112 (100%) 106 (100%)
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Here we see that Indifferent and Experiential profiles are relatively close to each
other (unlike to previous results), but far from Versatile and Rational. The DMs from all
the classes prefer most the numerical evaluation, then mixed one and the least – the non-
numerical representation of offers’ evaluation. Rational DMs are the only ones to prefer
numerical scores in majority (56.2%). The Versatile also like the numerical evaluations
of offers but combined with some alternative representations (verbal and/or pictorial),
while the DMs with low rationality index (Experiential, Indifferent) are more satisfied
with the non-numerical representation of offers’ values than DMs from other classes.

The differences in fraction of choices made by the Rational and Versatile DMs are
significant (p < 0.023) for numerical and mixed representations. They similarly fre-
quently choose non-numerical representation, but the fraction of such choices is rela-
tively low (<19.3%). It seems, however, that Indifferent and Rational profiles differ
significantly in choosing the numerical scores (p < 0.05).

4.5 Recommendation of MCDA Method

Finally, we have analyzed what are the recommendations towards using a specific
MCDA method by the DMs from different classes. This way we wished to confront the
DMs most preferred ways of handling the preferences with their real choices made as
the DSS users, who were offered the software implementations of particular MCDA
techniques. The results are presented in Table 5, and visualized in Fig. 4b.

a) Cognitive profiles vs forms of prefer-
ence declarations.

b) Cognitive profiles vs. recommended 
method 

Fig. 4. Correspondence analysis for cognitive profiles in OSS (2)

Table 5. Recommended methods (N = 413).

Recommended method Indifferent Versatile Rational Experiential

AHP 35 (32.7%) 23 (26.2%) 30 (26.8%) 33 (31.1%)
SMART 31 (29.0%) 20 (22.7%) 38 (33.9%) 23 (21.7%)
TOPSIS 40 (37.4%) 42 (47.7%) 43 (38.4%) 49 (46.3%)
None of them 1 (0.9%) 3 (3.4%) 1 (0.9%) 1 (0.9%)
Sum 107 (100%) 88 (100%) 112 (100%) 106 (100%)
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Surprisingly, TOPSIS appeared to be a choice of relative majority of DMs within
each class of cognitive profiles. The highest percentage of TOPSIS choices was in
Versatile (47.7%) and Experiential (46.3%) classes. This is an interesting finding, since
the respondents from all cognitive profiles had previously preferred in majority the
numerical forms of preference declarations (see Table 2).

Indeed, Rational DMs appeared to choose SMART more frequently than others,
Versatile more frequently than others chose TOPSIS, and the Indifferent – AHP. The
general profile of choices of Experimental DMs makes them similarly close to TOPSIS
and AHP but definitely far form SMART.

5 Conclusions

In this study we tried to analyze what are the DMs’ willingness and expectations for
operating with various types of preference information during the process of decision
analysis conducted in the decision support system. Some of our results confirm the
general propositions formulated by the behavioral theory of decision making, that link
the thinking styles with some schemas of DMs activities focused on solving the
decision making problems. For instance, the Rational DMs prefer in majority the usage
of ratings, numerical only description of alternatives and numerical declaration of
preferences more frequently than respondents from other classes. They also prefer not
to use the pictorial declaration preferences more than respondents from other classes of
decision making profiles. Contrary, the Experiential ones do not process information
extensively and hence need no precise data to be provided. This simply overlap with
the general description of rational and experiential actors provided by Epstein [8].

However, trying to find the answers for the research questions we were able to shed
a new light on some nuances of the potential impact of cognitive styles on the
expectations and use of the decision support tools. It seems that the question Q1 can be
answered positively, as the orthogonal definition of the cognitive styles was absolutely
necessary to described the differences in DMs’ most preferred ways of preference
representation and declaration. When we look at the groups of similar profiles encircled
at Figs. 3 and 4, the Rational and Experiential ones always constitute separate groups,
while the Versatile and Indifferent classes, each independently, sometimes are more
alike to Rational, and sometimes to the Experiential one. A good summary of our
results, that allow to formulate the answer for question Q2 is presented in Table 6.

Table 6. Profiles and nearest choices according to correspondence analysis.

Choices regarding: Indifferent Versatile Rational Experiential

Preference declaration Verbal Pictorial Numerical Pictorial
Results representation Rating Ranking Rating Ranking
Offer evaluation Non-numerical Mixed with numerical Only-numerical Non-numerical
Recommended method AHP TOPSIS SMART TOPSIS/AHP
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The Versatile on general seem to be more like Experimental in preference decla-
ration and results representation (no quantitative representation required). However,
they would like to obtain a little more specific information about differences in alter-
native performance that would be somehow linked to numbers. This matches with the
support method they are closest to, which appears to be TOPSIS. The Indifferent, on
the other hand, prefer to define their preferences verbally (like no other), and wish to
have a cardinal information as the result (rating as Rational). Interestingly, they would
like to receive such cardinal information about alternatives in non-numerical way (as
Experiential). This explains their general choice of AHP.

The answer for question Q3 is not so evident. Looking at Table 6 one may say that
some generalized outcomes provided by correspondence analysis allow to answer Q3
positively. Cognitive style and choices regarding preference representation match the
methods the DMs recommend to use. Rational like numbers and hence choose
SMART, while Experiential dislike them and they opt for either TOPSIS or
AHP. However, if we look at the profiles of choices (Table 5), we will see that in each
class the relative majority of DMs choose TOPSIS. If we confront it with another
finding, that the absolute majority in each class prefers to declare preferences by means
of numbers (Table 2), a complicated picture of some contradictory expectations and
needs of DMs is given, that needs further and deeper investigation.

A need of more detailed research arises, that would identify the preferences towards
using particular decision support algorithms accompanied by some additional visual-
ization techniques, with a measure of the efficiency of their use. This could help to
develop the support mechanisms that are fit to the cognitive capabilities of the decision
makers, reduce the potential errors they could make using the heuristics typical to the
profile of their thinking style, and provide them with a type of information that they are
able to process and use efficiently to make the best decisions.

Acknowledgements. This research was supported with the grant from Polish National Science
Centre (2016/21/B/HS4/01583).

References

1. Akinci, C., Sadler-Smith, E.: Assessing individual differences in experiential (intuitive) and
rational (analytical) cognitive styles. Int. J. Sel. Assess. 21(2), 211–221 (2013)

2. Allinson, C.W., Hayes, J.: The cognitive style index: a measure of intuition-analysis for
organizational research. J. Manag. Stud. 33(1), 119–135 (1996)

3. Briggs, K.C., Myers, I.B.: The Myers-Briggs Type Indicator: Form G. Consulting
Psychologists Press, Palo Alto (1977)

4. Carne, G., Kirton, M.J.: Styles of creativity: test-score correlations between Kirton adaption-
innovation inventory and Myers-Briggs type indicator. Psychol. Rep. 50(1), 31–36 (1982)

5. Chakraborty, I., Hu, P.J.-H., Cui, D.: Examining the effects of cognitive style in individuals’
technology use decision making. Decis. Support Syst. 45(2), 228–241 (2008)

6. Davis, F.D.: Perceived usefulness, perceived ease of use, and user acceptance of information
technology. MIS Q. 1, 319–340 (1989)

7. Engin, A., Vetschera, R.: Information representation in decision making: the impact of
cognitive style and depletion effects. Decis. Support Syst. 103, 94–103 (2017)

Cognitive Style and the Expectations Towards the Preference Representation 175



8. Epstein, S., et al.: Individual differences in intuitive–experiential and analytical–rational
thinking styles. J. Pers. Soc. Psychol. 71(2), 390–405 (1996)

9. Evans, J.S.B.: In two minds: dual-process accounts of reasoning. Trends Cogn. Sci. 7(10),
454–459 (2003)

10. Evans, J.S.B., Stanovich, K.E.: Dual-process theories of higher cognition: advancing the
debate. Perspect. Psychol. Sci. 8(3), 223–241 (2013)

11. Figuera, J., Greco, S., Ehrgott, M. (eds.): Multiple Criteria Decision Analysis: State of the
Art Surveys. Springer, Boston (2005). https://doi.org/10.1007/b100605

12. Gilovich, T., Griffin, D., Kahneman, D.: Heuristics and Biases: The Psychology of Intuitive
Judgment. Cambridge University Press, Cambridge (2002)

13. Górecka, D.: On the choice of method in multi-criteria decision aiding process concerning
European projects. Mult. Criteria Decis. Making 6, 81–103 (2011)

14. Green, G.I., Hughes, C.T.: Effects of decision support systems training and cognitive style
on decision process attributes. J. Manag. Inf. Syst. 3(2), 83–93 (1986)

15. Greenacre, M., Blasius, J.: Multiple Correspondence Analysis and Related Methods.
Chapman and Hall/CRC, London (2006)

16. Guitouni, A., Martel, J.-M.: Tentative guidelines to help choosing an appropriate MCDA
method. Eur. J. Oper. Res. 109(2), 501–521 (1998)

17. Handley, S.J., Newstead, S.E., Wright, H.: Rational and experiential thinking: a study of the
REI. Int. Perspect. Individ. Differ. 1, 97–113 (2000)

18. Hodgkinson, G.P., Clarke, I.: Conceptual note: exploring the cognitive significance of
organizational strategizing: a dual-process framework and research agenda. Hum. Relat. 60
(1), 243–255 (2007)

19. Kahneman, D., Tversky, A.: Choices, Values, and Frames. Cambridge University Press,
Cambridge (2000)

20. Klaczynski, P.A., Fauth, J.M., Swanger, A.: Adolescent identity: rational vs. experiential
processing, formal operations, and critical thinking beliefs. J. Youth Adolesc. 27(2), 185–
207 (1998)

21. Korhonen, P., Wallenius, J.: Behavioral issues in MCDM: neglected research questions. In:
Clímaco, J. (ed.) Multicriteria Analysis, pp. 412–422. Springer, Heidelberg (1997). https://
doi.org/10.1007/978-3-642-60667-0_39

22. Lu, H.-P., Yu, H.-J., Lu, S.S.: The effects of cognitive style and model type on DSS
acceptance: an empirical study. Eur. J. Oper. Res. 131(3), 649–663 (2001)

23. Marks, A.D., et al.: Assessing individual differences in adolescents’ preference for rational
and experiential cognition. Pers. Individ. Differ. 44(1), 42–52 (2008)

24. Messick, S.: Individuality in Learning. Jossey-Bass, San Francisco (1976)
25. Morton, A., Fasolo, B.: Behavioural decision theory for multi-criteria decision analysis: a

guided tour. J. Oper. Res. Soc. 60(2), 268–275 (2009)
26. Roszkowska, E., Wachowicz, T.: Analyzing the applicability of selected MCDA methods for

determining the reliable scoring systems. In: The 16th International Conference on Group
Decision and Negotiation. Western Washington University, Bellingham (2016)

27. Saaty, T.L., Ergu, D.: When is a decision-making method trustworthy? Criteria for
evaluating multi-criteria decision-making methods. Int. J. Inf. Technol. Decis. Making 14
(06), 1171–1187 (2015)

28. Sadler-Smith, E.: The intuitive style: relationships with local/global and verbal/visual styles,
gender, and superstitious reasoning. Learn. Individ. Differ. 21(3), 263–270 (2011)

29. Simon, H.A.: A behavioral model of rational choice. Q. J. Econ. 69(1), 99–118 (1955)
30. Słowiński, R., Greco, S., Matarazzo, B.: Axiomatization of utility, outranking and decision

rule preference models for multiple-criteria classification problems under partial inconsis-
tency with the dominance principle. Control Cybern. 31(4), 1005–1035 (2002)

176 E. Roszkowska and T. Wachowicz

http://dx.doi.org/10.1007/b100605
http://dx.doi.org/10.1007/978-3-642-60667-0_39
http://dx.doi.org/10.1007/978-3-642-60667-0_39


31. Stanovich, K.E.: Who is Rational? Studies of Individual Differences in Reasoning.
Psychology Press, Hove (1999)

32. Triantaphyllou, E.: Multi-criteria decision making methods. In: Triantaphyllou, E. (ed.)
Multi-criteria Decision Making Methods: A Comparative Study, vol. 44, pp. 5–21. Springer,
Boston (2000). https://doi.org/10.1007/978-1-4757-3157-6_2

33. Tversky, A., Kahneman, D.: Judgment under uncertainty: heuristics and biases. In: Wendt,
D., Vlek, C. (eds.) Utility, Probability, And Human Decision Making, vol. 11, pp. 141–162.
Springer, Dordrecht (1975). https://doi.org/10.1007/978-94-010-1834-0_8

34. Wallenius, J., et al.: Multiple criteria decision making, multiattribute utility theory: recent
accomplishments and what lies ahead. Manag. Sci. 54(7), 1336–1349 (2008)

35. Wang, Y., et al.: Meta-analytic investigations of the relation between intuition and analysis.
J. Behav. Decis. Making 30(1), 15–25 (2017)

36. Wason, P.C., Evans, J.S.B.: Dual processes in reasoning? Cognition 3(2), 141–154 (1974)

Cognitive Style and the Expectations Towards the Preference Representation 177

http://dx.doi.org/10.1007/978-1-4757-3157-6_2
http://dx.doi.org/10.1007/978-94-010-1834-0_8

	Cognitive Style and the Expectations Towards the Preference Representation in Decision Support Systems
	Abstract
	1 Introduction
	2 Behavioral Factors and Decision Support
	2.1 Investigating an Impact of Thinking Styles on Decision Process
	2.2 Rational/Analytical and Experiential/Intuitive Thinking Modes
	2.3 Research Questions

	3 Decision Making Experiment
	4 Results
	4.1 The Cognitive Styles and Cognitive Profiles
	4.2 Expectations Towards the Declaration of Preferences
	4.3 Expectation Towards the Representation of Final Results of Decision Analysis
	4.4 Expectations Towards the Representation of Offers’ Evaluation
	4.5 Recommendation of MCDA Method

	5 Conclusions
	Acknowledgements
	References




