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Background: Scoring and analysis of Forced Choice(FC) scale has caused a great deal of
controversy among researchers. Most of the discussions are related to the superficiality of the
obtained results due to the ipsative nature of FC scale datas.

Aims: The aim of this study was to use the Thurstonian Item Response (T-IRT) approach in scoring
and examining the factor structure of FC scales.

Methods: The statistical population of this study was students of Allameh Tabataba'i University of
Tehran. The T-IRT model was used to score and analyze the data obtained from the Kolb Learning
Styles Questionnaire (LSI), which is a Forced Choice approach.

Results: The results of the T-IRT model in examining the factor structure of the LSI showed that the
four-factor model fit well with the data and also, although the correlation structure between the
factors in the orthogonal bipolar bifactor model was consistent with the proposed Kolb structure; but
this model did not fit well with the data. The results of Multinomial logistic regression model in
examining the relationship between learning styles of gender and field of study of students showed
that the gender variable has no Share in predicting learning styles (CH:4.87, P>0.05); but the model
related to the field of study was significant (CH:305.26, P<0.001). Also, the results of beta
coefficients and significance of the model showed that students of psychology (Sig=0.01, p = —1.69)
and law (Sig=0.01, B = 1.48) have more Divergent and Assimilator learning style.

Conclusion: These findings indicated that the T-IRT approach works well in solving problems
related to scoring and analyzing FC scales, and this could expand the use of these scales. Also, the
results of studying learning styles indicate that in teaching and education, more attention should be
paid to students' learning styles and teaching methods appropriate to their learning styles should be
used.
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Introduction

Studies have shown that personality traits, attitudes,
and other non-cognitive psychological traits predict
job performance in a meaningful way (Ryan &
Ployhart, 2014; Morillo et al., 2019) and can have
effects that go beyond cognitive ability (Cook, 2016).
In measuring these characteristics, there are problems
such as social desirability and effect of response
styles (Cuadrado, 2018). Force Choice scales are used
to reduce effect of response styles (Stark,
Chernyshenko & Drasgow, 2005). Despite the
strengths of the Force Choice scales in confronted
with social desirability, faking and response styles
(such as Acquiescence, central tendency, etc), There
are problems in scoring and analyzing them (Ng et al.,
2021). The use of classical scoring methods leads to
the production of scores with ipsative properties.
Scores with ipsative properties can be interpreted for
intrapersonal assessments, but are not suitable for
interpersonal comparisons (Martinez et al., 2021).
Also, the total scores of the respondents in the scales
are equal to a fixed number, and this causes a positive
correlation between some variables to become a
negative correlation (Sung and Wu, 2018). As a
result, it is not possible to use analysis of variance and
factor analysis methods to analyze this type of data
(Brown and Maydeu-Olivares, 2013).

Brown and Maydeu-Olivares (2011) proposed a
method that uses all pairwise comparisons within the
blocks. based on Thurstone’s (1931) law of
comparative  judgment, they proposed the
Thurstonian Item Response Theory Model (T-IRT)
for modeling Force Choice scale data. This model is
based on a binary encoding system. In each block, the
subject must Ranking n statements according to his /
her preferences. In this study, the T-IRT approach
was used to examine the factor structure of the
Learning Style Inventory (LSI), which is an Force
Choice scale (Kolb, 2014). This questionnaire has
been widely criticized for its logical inconsistencies
in constructing theory and factor structure (Kayes,
2005; Matsuo & Nagata, 2020). There is also
conflicting evidence about the factor structure of the
Kolb’s Learning Styles Questionnaire (LSI), which is
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due to the use of the classical scoring method
(Calderon et al., 2021).

The aim of this study was to use the Thurstonian Item
Response (T-IRT) approach in scoring and examining
the factor structure of FC scales.

Method

Regarding the purpose and nature of research
problem, T-IRT model was used in scoring and
examining the factor structure of Force Choice scale
(Kolb’s Learning Styles Questionnaire); therefore,
the research method is descriptive. The study
population included all students of Allameh
Tabatabai University. Among the students, 523 (197
students of psychology and educational sciences, 101
students of counseling, 100 students of economics,
117 students of law and political sciences, 108
students of management and accounting) were
Participate in this study.

Kolb’s Learning Styles Questionnaire (LSI) was
developed in 1985 to assess participants' perceptions
of learning styles in 12 four-statements blocks
(Kolb’s, 2014) and was widely used in foreign studies
(e.g., Metallidou & Platsidou, 2008; Din et al, 2020
and Calderon et al., 2021) and internal (for example
KHasar, 2008; Negahi et al., 2015; Rahiminia et al.,
2016 and Faizi et al., 2018) were used. According to
Kolb’s theory, learning is an interactive process
which consists of four stages (Concrete Experience,
Reflexive Observation, Abstract Conceptualization,
Active Experimentation) (Morris, 2020). By
combining these four stages of learning, Kolb’s
introduces four learning styles: Divergent,
Convergent, Assimilator, and Accommodator
(Kolb’s, 2005).

Results

As mentioned, the main purpose of this study is to
investigate the factor structure of Force Choice Scale
(Kolb’s Learning Styles Questionnaire) using T-IRT
model. For this purpose, M Plus software version 7.4
(Muthen and Muthen, 1998) was used to investigate
the relationship between students' learning styles and
cognitive variables (gender and Field of Study),
multinomial logistic regression (MLR) method in the
form of SPSS software version 22 was used.
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Relevant data of 523 people (308 women and 215 from two different dimensions, and since each
men) were used in the analysis, of which 254 (48.6) material is assumed to measure only one attribute;
were in the bachelor's degree, 198 (37.9) were in the therefore, each paired comparisons in the model
master's degree, and 71 (13.6) were in the doctoral depend on two attributes or dimensions. For the
degree. learning styles questionnaire 12 block (B = 12) with
Regarding T-IRT model wuses all pairwise four alternatives per block (I = 4) include 72 pairwise
comparisons within blocks, and each pairwise comparisons (I x B =72).

comparison is the result of comparing two materials

Table 1. indices of Fitting Four-factor and Two-factor model of learning style

Model CHI DF  CHIDF _ RMSEA  CFI TLI

Model Four-Factor ~ 8641.61 2471 3.49 0.069 0685  0.664

Model Two-Factor  4998.73 2466 2.02 0044  0.944  0.934
Examining fit indices related to the two models shows data. However, two-factor model does not fit the
that the four-factor model fits well with the research research data (Table 1).

Table 2. Correlation coefficients between factors in the four-factor model and the two-factor model

Two-factor model
correlation matrix

Four-factor model correlation matrix

Factor CE RO RO CE AC-CE AE-RO

= vai AC-CE .

Af__ oms _ozs om 1 AERO 018 :
Examining the correlation among factors in the two Observation ~ with  Active  Experimentation.
models shows that in the four-factor model, there is a Furthermore, in the bipolar factor model, there is a
negative correlation between Concrete Experience negative correlation between two dimensions of
with Abstract Conceptualization and Reflexive perception and processing (Table 2).

Table 3. Fit indicators related to the model of predictor variables
Model Fitting Criteria Likelihood Ratio Tests

Model AIC BIC -2 Log Likelihood  Chi-Square  DF Sig

Intercept 123.53  187.42 93.53

Gender 12241 17352 98.41 4.87 3 018

Field of Study ~ 410.79  436.35 398.79 305.26 9 0.0001

A multinomial logistic regression model was used to Conclusion
investigate whether students' learning styles could be This study aimed to use Thurstonian Item Response
influenced by their field of study and gender. approach to examine the factor structure of Force
Examining the fit indices and Log likelihood of the Choice scale. Background review has shown that
variables in the final model shows that the Field of using classical scoring methods in Force Choice
Study has a significant role to predict the final model scales leads to the production of data with ipsative
(Table 3). Moreover, the results of beta coefficients properties and therefore makes using the
and model significance showed that psychology and conventional methods such as factor analysis and
law students have more Divergent and Assimilator principal component analysis does not reflect real
learning styles. relationships in this type of data (Brown and Maido-

Olivars, 2013; John and Bentler, 1993). To this end,
Brown and Maido-Olivars (2011) proposed the
Thurstonian Item Response Model for Modeling
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Force Choice Scale Data based on Thurstone’s (1931)
law of comparative judgment. Scoring and reviewing
the factor structure of the Learning Styles
Questionnaire was done in the form of T-IRTmodel.
The results obtained from the bipolar factor model
show that the factor load of a number of expressions
in the blocks is not significant. Moreover, the fit
indices indicated that the model did not fit with the
data.

Comparing the results of this study with previous
studies, which is mostly done by Principal
Component Analysis method, shows that although
the bipolar factor model in this study like previous
studies, does not fit well; however, the correlation
structure of the factors in this study is in accordance
with the proposed model of Kolb’s. Finally, the
results do not support the bipolar factor model
proposed by Kolb’s (1985), and these results are
consistent with the studies of Calderon et al. (2021),
Metallidou, Platsidou (2008), and Kayes (2005).

The examination of the results and fit indices of four-
factor model showed that the expected relationship
among the factors in the structure of the model is
established, and the model has a good fit with the
data. The results therefore support the four-factor
model proposed by Kleb (1985) and are consistent
with the studies of Calderon et al. (2021).

The examination of students' learning styles shows
that most students have divergent learning styles.
Moreover, the fit indices related to the model of
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studying the relationship among learning styles and
gender and field of study, showed that the model
related to gender did not fit the data, but the field of
study has a significant role in predicting students'
learning style.

Finally, reviewing the results and indicators of fit
showed that Thurstonian Item Response model in
scoring and examining the factor structure of Force
Choice scales be able to overcome the limitations of
the traditional scoring method and moreover,
comparing the results with the studies showed that
this model reflects the real relationships among
dimensions to examine the factor structure of the
Learning Styles Questionnaire.
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4. Accommodator
5. Mplus7
6, Multinomial logistic regression
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