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Abstract: The aim of this study is to examine the cognitive flexibility before and during the COVID-19 pandemic through
a different performance measurement suitable for online application. In the study, three different data collected in 2019 (T19),
2020 (T20) and 2021 (T21) were compared with both within-and between-subject designs. One-hundred-and-twenty-three
university students were included in the study for within-subjects, 239 for between-subject. According to the findings of the study,
the cognitive flexibility of the students who continue formal education in T19 is higher than the students who continue distance
education in T20 according to both within-subject and between-subject design. Besides, in both designs, fewer total words
were produced in T19 than in T20. The sentences created by the students who continue their distance education in pandemic
stay around less categories and contain more words. According to the within-subject findings obtained at T20 and T21, the
cognitive flexibility and total words produced at T20 were greater. In other words, the scores of the students decreased over
time during the pandemic period. In T21, cognitive flexibility is not related to vulnerability, perceived risk, and fear of COVID-19.
However, according to the regression results, vulnerability at T21 was predicted by the total word and total emotional word in
T20. Accordingly, producing more total words in T20 reduced vulnerability in T21; however, using more emotional words in T20
increased vulnerability in T21. In addition, the number of siblings was negatively associated with vulnerability. Lastly, cognitive
flexibility test was found to be reliable.
Keywords: cognitive flexibility, performance measurement, emotional word, COVID-19, vulnerability, fear, perceived risk.

Introduction
Cognitive flexibility enables individuals to follow and succeed in complex tasks, and to adapt
to changing demands. Besides, it is an important characteristic that depends on the interaction of
sensorimotor and various cognitive mechanisms (Ionescu, 2012). Cognitive flexibility is defined as the
cognitive ability to switch between two different concepts and to think about different concepts at the
same time (Scott, 1962). Therefore, cognitive flexibility is an executive function that involves shifting
attention to another set (e.g., Lehto et al., 2003). Also, cognitive flexibility is defined as “the ability to
benefit from different categories, the number of different categories used” in performance measures (e.g.,
Rietzschel, De Dreu and Nijstad 2007; Murray et. al, 1990). On the other hand, cognitive flexibility also
reflects the revealing of unique semantic relationships (Jung-Beeman et al., 2004). Cognitive flexibility
is a more complex process than a simple response shifting (Whiting et al., 2017). Neuroimaging studies
have shown that when the language component is added to cognitive flexibility, more brain regions are
activated in a complex manner. This is a complex process in which processing speed, working memory,
and language processes have shared neural substrates with the frontal, parietal, and temporal regions of
the brain (Barbey, Colom and Grafmanet, 2013).
The concept of cognitive flexibility is more evidence-based and larger than psychological flexibility
(Whiting et al., 2017). Abstract definitions of psychological flexibility and cognitive flexibility are similar, but
the functional goals of the concept of cognitive flexibility have reduced it to a shift setting (Ionescu, 2012).
Both concepts include a behavioural change as an intellectual or movement towards environmental
changes. The significant difference between the two concepts is the role of the self and acceptance in the
context. Accordingly, while cognitive flexibility includes adapting to changing cues, psychological flexibility
includes seeing oneself apart from experiences and emotions and being able to accept these experiences
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instead of behavioural change and experiential avoidance when necessary (Whiting et al., 2017).
While psychological flexibility enables individuals to adapt to variable conditions, it also requires
changing the behavioural repertoire when necessary (Kashdan and Rottenberg, 2010). It has been shown
in different contexts that psychological flexibility is an important variable in maintaining mental health,
and the lack of psychological flexibility in many psychopathology situations (Bond and Flaxman, 2006;
Ciarrochi, Bilich and Godsellet, 2010; Kashdan and Rottenberg, 2010; McCracken and Morley, 2014).
In times of such intense COVID-19 pandemic, both psychological and cognitive flexibility emerge as
important concepts (e.g., Dawson and Golijani-Moghaddam, 2020; Fernandez Lynch et al., 2020; Kroska
et al., 2020; Pakenham et al., 2020). Psychological flexibility has been shown to be effective in moderating
the potentially harmful effects of COVID-19 risk factors (Pakenham et al., 2020). Besides, psychological
flexibility is positively associated with well-being. It has been shown to be negatively associated with anxiety,
depression, and distress related to COVID-19 (Dawson and Golijani-Moghaddam, 2020). Openness to
experience, behavioural awareness, and valued action, which are components of psychological flexibility,
might be important targets in intervention and prevention regarding COVID-19 (Kroska et al., 2020).
Apart from this, there are fewer studies in the context of cognitive flexibility than the concept of
psychological flexibility. Jafari (2020) revealed that the self-reported cognitive flexibility taken with the
Cognitive Flexibility Inventory was negatively correlated with anxiety during the COVID-19 period, and
that the control sub-dimension of cognitive flexibility was negatively correlated with risk perception.
Afshari, Hashemikamangar and Hashemikamangar (2021) found that both the control and alternatives
sub-dimensions of cognitive flexibility are negatively correlated with the risk perception of COVID-19.
Cognitive flexibility was found to have a negative correlation with social-distance fatigue, and a positive
correlation with compliance with social distance (Seiter and Curran, 2021). Further, cognitive flexibility of
COVID-19 patients who responded to home treatment was found to be significantly higher than those who
did not respond to treatment (Jafari, 2020). As a result of these findings, it is understood that cognitive
flexibility is an important variable in coping with COVID-19. However, all the studies presented here took
measures of cognitive flexibility via self-report. In a period where cognitive flexibility is so important, it is
crucial to conduct a study in which performance measurement is taken.
The current study examines cognitive flexibility in the context of students. The distance education
process has started to take place in our lives more than ever due to COVID-19, and distance education
has become inevitable due to current conditions (Kim, 2020). The pandemic has caused a global crisis
in higher education (Raaper and Brown, 2020). According to Aucejo et al., (2020), 13% of students
post-poned their graduation due to COVID-19, 40% lost their jobs, internships or job offers, and 29%
expect less earnings by the age of 35. Chen, Kaczmarek and Ohyamaet (2020) shows that according
to the perception of a significant majority of students, burnout in distance education has increased and
engagement in lessons has decreased. Fifteen percent of medical students are concerned that the
pandemic will affect their specialty choices (Byrnes et al., 2020). Chinese students studying overseas
stated that they have anxiety largely stemming from media discrimination and fear of COVID-19 (Ma and
Miller, 2020). Besides these effects of the pandemic on students’ academic and daily lives, there are also
partially positive effects due to the transition to distance education. For example, students have faced
many difficulties, their engagement has decreased, and their learning opportunities have been damaged,
but there are also positive effects such as students’ ability to attend classes in their location and flexibility
in learning processes (Hill and Fitzgerald, 2020). Again, due to COVID-19, while 25% of students’ study
hours increased by more than 4 hours per week, another 25% decreased by more than 5 hours per week
(Aucejo et al., 2020). It is conceivable that COVID-19 reduces students’ motivation, disrupts their daily
routines, and reduces coping strategies required to deal with stressors (Grubic Badovinac and Johri,
2020). Therefore, it is important to study on and develop solutions for possible effects. In this context, it
becomes important to understand the role of cognitive flexibility.
To measure cognitive flexibility, many methods have been used previously, including self-report
and performance measurement. Some of the methods used in the performance measures of cognitive
flexibility are Alternative Uses Test (AUT; Guilford, 1967), Torrance Creativity Test (TTCT; Almedia et al.,
2008) and Wisconsin Card Sorting Test (WCST; Kongs et al., 2000). Cognitive flexibility is considered as
a sub-dimension in creativity tests such as AUT and TTCT. Cognitive Flexibility Inventory (CFI; Dennis,
and Vander Wal, 2010) and Cognitive Flexibility Scale (CFS; Bilgin, 2009) are among the most used
scales in self-report measurement of cognitive flexibility. Studies investigating the relations of cognitive
flexibility between self-report and performance measurement show that the correlation between selfreport and performance measures is either weak or absent, so it is suggested that neither measure the
same structures or cognitive processes (Johnco, Wuthrich and Rapee, 2014). While problems such as
social desirability (Webster, 2019) may arise in self-report measurements, a more reductionist approach
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is used in performance measures, so both approaches have their own advantages and disadvantages.
Nevertheless, it is suggested that these two different approaches complement each other (Synder,
Friedman and Hankin, 2020).
As a result, a different approach, used in Cambaz and Ünal’s study (2021) and suitable for online
application in this pandemic period, is used in the performance measurement of cognitive flexibility in
this study. Like Barbey, Colom and Grafman (2013), this performance measurement includes processes
to produce language. It is planned to compare this measurement taken at different times in university
students, before and during the pandemic period, within-subject and between-subjects. Finally, it is
aimed to examine the relationship of this cognitive flexibility with vulnerability, perceived risk, and fear in
COVID-19.
Hypotheses
Hypothesis 1 (H1): The cognitive flexibility (H1) and the total number of words produced (H1V2) of
students at time T19 are expected to be higher than the levels of students at time T20.
Hypothesis 2 (H2): The cognitive flexibility (H2V1) and the total number of words produced (H2V2)
measurements taken from the same students at T20 time are expected to be higher than the students at
T21 time.
Hypothesis 3 (H3): There will be a negative relationship between cognitive flexibility and vulnerability,
perceived risk and fear regarding COVID-19.

Materials and Methods
Participants
The data was collected at three different times (i.e., 2019, 2020, and 2021) from 239 students (207
women (86.6%), for details see Table 1) studying at a state university in Ankara, Turkey. Ethical approval
of the study was obtained from Ethics Committee. Participants were invited to the study in return for
additional points for the course.
Table 1
Number of participants

Design
Dependent variable
Cognitive flexibility and produced total words (collected in T19, T20, and T21), and vulnerability,
perceived risk, and fear of COVID-19 (collected only in T21) were the dependent variables of the study.
Independent variables
Within-Subject. Pre-pandemic (T19), pandemic (T20) and second pandemic (T21) data obtained
from the same participants at different times were compared. The within-subject results were obtained by
comparing T19 with T20, and T20 with T21.
Between-Subjects. Before and after pandemic: 2 (scores before pandemic [T19] x scores during
pandemic [T20])
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Measurements
Cognitive flexibility task
The performance measurement in Cambaz and Ünal’s (2021) study was used for assessing
cognitive flexibility. The operational definition of cognitive flexibility in this measure is “the ability to benefit
from different categories, the number of different categories used, revealing unique semantic relationships”
(e.g., Jung-Beeman et al., 2004; Murray et. al, 1990; Rietzschel, De Dreu and Nijstadet, 2007). A total
of 40 words from 8 different categories (e.g., school, furniture, emotions), 5 from each category (e.g.,
student, desk, happy), were presented in a table. The categories used in the table are predetermined
and the words from these categories presented as mixed in this table. Thus, an objective approach was
demonstrated in determining the different categories used by the participants. The instruction given to the
participants is “Please form five different sentences using at least one of the above words, or as many as
you want.” The cognitive flexibility score of the participants was obtained through the following formula.

k = number of different categories used in a sentence
Using one category in a sentence does not generate points because the participants have already
been asked to use at least one word. For example, “I feel unhappy.” cognitive flexibility score was
considered 0 for the sentence. Because in this sentence, only one word from one category was used,
and the instructions given to the participants were already stated for them to use at least one word. All
participants, without exception, used at least one word in each sentence. For instance, considering the
sentence “The cat and dog were playing happily.”, three different words from two different categories are
used and the cognitive flexibility score for this sentence is 1. Words belonging to the same category used
in the same sentence do not produce cognitive flexibility scores. Cognitive flexibility score was calculated
as “the number of different categories used in a sentence – 1” within this framework. The total score is
obtained by adding the flexibility score generated for all sentences. As a result, cognitive flexibility here is
not the use of a word given in the table in a sentence, but the ability of the participants to combine words
in different categories, which are more difficult to use together.
COVID-19 vulnerability, perceived risk, and fear
As in Yıldırım, Geçer and Akgül’s (2021) study, vulnerability, perceived risk, and fear measurements were also collected. For vulnerability, the following question was asked to the participants: “In your
opinion, what is the probability of developing coronavirus disease during the coronavirus outbreak?”. For
perceived risk, the participants asked the following question: “Compared to most people your age and
sex, what would you say your chances are for developing novel coronavirus?”. Lastly, “I am afraid of novel
coronavirus” and “I am terrified by a novel coronavirus” was used for fear measurement. All questions
were 5-point Likert type, and high scoring for each question indicated higher vulnerability, higher perceived
risk, and higher fear, respectively.
Procedure
Participants were invited to the research via the online form. Participants who approved the consent
form first answered the cognitive flexibility task, then the COVID-19 questions (T21) and the demographic
form (T19, T20).

Results
Reliability of the Measurement
To test the reliability of cognitive flexibility for five different sentences in the T19 data, the Cronbach
alpha internal consistency coefficient was examined. The result was .78. The internal consistency
coefficient was found as .77 and .73 for the T20 and T21, respectively. To measure the test-retest reliability,
the correlation between T20 and T21 data from the same participants was examined. Accordingly, the
test-retest correlation coefficient was found to be .64.
16
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Within-Subject Results
The analysis of the data was performed by using the SPSS v23 statistical analysis program. Below
and above 2.5 standard deviations were excluded from the analysis. Paired-sample t-test analysis’ results
indicated a significant difference in the cognitive flexibility scores between T20 measurement (M = 3.96,
SD = 2.82) and the T21 measurement (M = 3.31, SD = 2.55) conditions; t (123) = 3.17, p = .00. There was
a significant difference in the total words scores for between T20 measurement (M = 41.87, SD = 9.77)
and the T21 measurement (M = 39.02, SD = 7.75) conditions; t (123) = 3.54, p < .001.
There was a difference between the cognitive flexibility scores for between T19 measurement (M =
5.50, SD = 1.91) and T20 measurement (M = 4.43, SD = 2.71) for same participants (t (13) =1.10, p=.29)
was not significant. However, the total words’ scores for T19 measurement (M = 32.86, SD = 11.65) and for
T20 measurement (M = 46.21, SD = 10.37) for same participants (t (13) = 4.13, p < .001) was significant.
Between-Subjects Results
The MANOVA test was applied to examine the cognitive flexibility and total word differences of
different students whose data were collected at T19 and T20 (gender and age were controlled). According
to Box’s Covariance Equality Test results (F (3, 3431724) = 2.01, p = .11), it was found that the covariance
equality assumption was met. According to Levene’s Equality of Variance Test results, it was found that
the equality of variance assumption was met for cognitive flexibility F (1, 237) = ,007, p = .94) and total
words (F (1, 237) = .38, p = .54).
The different measurement times (T19-T20) had a significant effect in multivariate test (Λ = .819,
F (2, 234) = 25.84. Namely, T19 measurement of cognitive flexibility (N = 99, M =4 .97, SD = 3.01) was
significantly higher than T20 measurement (N = 140, M = 3.76, SD = 2.66); F (1, 235) = 10.10, p = .00,
η2¬ = .04. Also, T19 measurement of total words (N = 99, M =3 4.51, SD=8.99) was significantly lower
than T20 measurement (N=140, M=41.89, SD = 9.83); F (1, 235) = 34.10, p = .00, η2¬ = .12. In other
words, students who continued their education with formal education in 2019 used significantly more
categories (their flexibility was higher) but they used significantly less words. Gender and age did not
cause a significant difference.
Correlations Among Variables
There is a correlation of .64 between T20 and T21 time of cognitive flexibility, and a correlation
of .52 between T20 and T21 times of the total word (see Table 2). There is a correlation of .37 between
vulnerability and perceived risk; .23 between vulnerability and cognitive flexibility in T20; -.23 between
vulnerability and the total words in T20; and .23 between vulnerability total emotional words in T20. No
correlation was found for cognitive flexibility and total word data at T21 time obtained simultaneously with
COVID-19 related variables. To examine how the data explains vulnerability, regression analysis was
performed.
Table 2
Correlation coefficients

www.ijcrsee.com

17

Cambaz, Z. H. & Ünal, G. (2021). Does student’s cognitive flexibility decrease during pandemic? A new approach to measure
cognitive flexibility, International Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE), 9(1), 13-22.

Regression for COVID-19 Vulnerability
The model in Table 3 explains 31% of the vulnerability variance, F (11,112) = 4.67, p = .00 (see Table
3). Accordingly, the perceived risk (β = .348, t = 4.28, p = .00) predicts vulnerability. Cognitive flexibility,
total word, and total emotional words obtained at the same time (in T21) with the perceived risk variable
did not predict vulnerability. Surprisingly, the total word (β = -.22, t = -2.311, p = .02) and total emotional
words (β = .24, t = 2.48, p = .02) obtained from the same participants a month ago (in T20) predicts
vulnerability. In other words, performance measurements taken from the participants simultaneously
with the vulnerability measurement did not predict vulnerability. Performance measurements (total word
and total emotional word) collected a month ago predicted vulnerability. Accordingly, while the total word
collected three weeks ago seems to decrease the upcoming perceived vulnerability, the total emotional
word used a month ago seems to increase vulnerability.
Table 3
The model for vulnerability of COVID-19

Discussion
In this study, a performance measure was used benefiting from the language production processes
of cognitive flexibility. This performance measure is also in line with the definition of cognitive flexibility
regarding usage of unique semantic relationships (Jung-Beeman et al., 2004). It is understood that this
performance measurement, suitable for online application during this pandemic period, gives reliable
results. According to Hulin, Netemeyer and Cudeck (2001), 0.6-0.7 levels are acceptable, so although it
is a performance measurement, it is understood that the internal consistency coefficient and test-retest
coefficient are sufficiently reliable. This test-retest coefficient is even higher than the Turkish version of
the Cognitive Flexibility Inventory (Gülüm and Dağ, 2012), which is a self-report measure. Some of the
disadvantages mentioned about performance measures are that they require a lot of time and money and
their investment in maximal performance in the artificial environment (Coman and Richardson, 2006).
However, the current proposed measurement lacks these disadvantages and participants do not have to
strain for a maximum performance. So, the flexibility score also depends on a desire that the participants
are not aware of. In creativity tests such as AUT and TTCT, the responses of the participants are obtained
first, and then the coders try to obtain how many different categories those answers belong to, and with a
relatively subjective approach. In this proposed method, the cognitive flexibility score is evaluated within
the framework of objective criteria in the sentences.
According to the between-subject findings of the study, the cognitive flexibility of students who
continue formal education in 2019 (T19) is higher than that of students who continue distance education
in 2020 (T20), thus H1V1 is confirmed. However, the total words produced by students attending formal
18
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education in 2019 is lower than the students who continue distance education in 2020, thus H1V2 is
confirmed just the opposite way. In other words, while students in 2019 formed sentences with fewer
words around more categories, students in 2020 formed more words with less categories. This finding
was confirmed by the within-subject results comparing the T19 and T20 results, where a limited participant
was available. In T19 time, the participants produced sentences with fewer words around more categories,
compared to the T20. Both within-subject and between-subject research results reveal a pattern like this:
students who continued their distance education during the pandemic period used more words around
fewer categories, that is, they were stuck around certain categories. This could be considered as a
reflection of less cognitive flexibility.
According to the within-subject findings at T20 and T21 times, students produced more cognitive
flexibility and total words at T20 than at T21, thus H2V1 and H2V2 is confirmed. One reason for the
cognitive flexibility and total word in T20 time is higher than at T21 time may be that the approaching
exams in T21 time plays a role as a stressor, since high anxiety is associated with low cognitive flexibility
(e.g., Kalia, Knauft and Hayatbiniet 2020; Park and Moghaddam, 2017; Yu, Yu and Lin, 2020). Exam
anxiety during the pandemic period may have caused worse results. Although the data were collected at
the same time, no correlation was found between the cognitive flexibility, total word, total emotional used,
and COVID-19 variables at T21 time, thus H3 is not confirmed. Also, no correlation was found between
perceived risk of COVID-19 and self-reported overall cognitive flexibility (Kalia, Knauft and Hayatbiniet
2020). Surprisingly, however, regression analysis revealed that vulnerability in T21 was predicted by
the total word and total emotional word in T20. The high number of total words in T20 time decreased
vulnerability, and the high number of total emotional words in T20 time increased vulnerability in T21.
This may mean that expressing ourselves during the pandemic period reduces our vulnerability, but when
emotional expression is involved, our vulnerability increases. The study also found that the number of
siblings was negatively correlated with the fear of COVID-19. According to the findings of Ma and Miller
(2020), perceived social support in students during the pandemic period is negatively related to anxiety
and stress. Greater number of siblings may be related with greater perceived social support.
Cognitive flexibility is associated with positive outcomes during the pandemic period (e.g., Afshari,
Hashemikamangar and Hashemikamangar, 2021; Kalia, Knauft and Hayatbiniet 2020; Seiter and Curran,
2021). In the current study, obviously, distance education period plays an important role in reducing
students’ cognitive flexibility. In addition, stressors such as exam stress could further reduce cognitive
flexibility. If conditions such as the loss of a relative are added to this picture, it may be even more
difficult to cope with this situation. Therefore, some strategies should be followed to increase the cognitive
flexibility of students and make them to adapt to the distance education process in a better way.
The first strategy may be as follows: Social interactions of individuals -within the scope of pandemic
possibilities- allow healthy progress. In the current study, it has been shown that the number of siblings
is negatively related to the perceived fear of COVID-19. In addition, the vulnerability of the participants
who expressed themselves more (producing more total words) after one month was found to be lower.
However, the vulnerability of the participants who expressed themselves around emotional words was
higher after one month. Therefore, it seems important to provide environments where participants can
express themselves without experiencing excessive emotional intensity. In this period, students’ access
to mental health services should be facilitated, albeit virtual, and social assistance should be provided
to students in special situations (Liu et al., 2020). Online education is proposed to include planning,
implementation and reflection stages and there are tasks to be completed in these stages (Kim, 2020).
Kim suggests that even if the transition to normal classroom teaching is difficult in the current situation,
the environment, and activities like the classroom environment should be provided in online teaching and
important components such as creativity, critical thinking, and communication should be presented to
students. Students may have some suggestions to make the lessons more efficient (Chen, Kaczmarek
and Ohyama, 2020). Working with small groups of previously distributed cases could be more beneficial
for students than lecture alone. Interactive lessons are also more beneficial and ungraded quizzes can
be made useful at this stage so that students can be integrated into the lesson. Interactive teaching style
is the main predictor of student satisfaction and effectiveness of teaching (Fatani, 2020). Students may
improve their metacognitive skills (e.g., cognitive flexibility) to better adapt to education in COVID-19
(Qadir and AlFuqaha, 2020). Qadir and Al-Fuqaha suggest that it may be beneficial for students to have
a basic knowledge on the functioning of memory, the connection of neurons with each other, how to learn
best and how to consolidate information to improve their meta-cognitive processes.
One limitation of this study is the small number of participants for the within-subject design at
T19 and T20 time. In addition, the proposed novel method needs to be studied in different contexts and
variables. Not only the quantity but also the quality of the sentences produced by the participants around
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certain words may provide meaningful data. Different qualitative structures may occur in the content
of sentences according to the number of different categories used. Therefore, qualitative analysis and
semantical evaluation of the generated sentences might provide new perspectives. Also, for future studies,
it may be suggested to investigate the relationship between different performance measures of cognitive
flexibility and the currently proposed performance measurement. While distance education extended the
study time of some students, it decreased some, as well (Aucejo, 2020). Examining personality types of
participants (e.g., extroverted, or introverted) might help to explain these seemingly contradictory results.

Conclusion
In this study, a novel approach was used to measure cognitive flexibility. The correlation between
the measurements collected at different times points to a disposition, which could be called as trait, for
the number of word production and the use of words from different categories. As a result, in a period
when the COVID-19 pandemic was experienced so intensively, students seem to get heavily affected both
cognitively and emotionally. Current research reveals that cognitive flexibility, which is a metacognitive
process, is affected by this process, as well. Accordingly, in this period, students preferred to produce many
words around fewer categories, indicating low cognitive flexibility, rather than producing their semantic
resources efficiently. However, performance measures such as producing many words or focusing on
emotional words as a general dispositional strategy have also been found to predict future vulnerability
to COVID-19. More research is needed to examine important psychological resources such as cognitive
flexibility that may be affected by this period, and to develop strategies to protect these resources.
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