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Abstract: Based on the performance of the Wisconsin Card Sorting Test (WCST), participants can be divided into high and
low cognitive flexibility groups. The cognitive differences between the two groups need further study. However, studies have
grouped participants according to different criteria of the WCST. Based on the classical WCST, the present study investigated
two issues in college students: (1) the power of indexes for predicting performance, and (2) the feedback processing
characteristics of high and low cognitive flexibility participants. The regression analysis showed TCF (trials to complete the
first classification) and PR% (the percentage of perseverative response) were powerful predictors. We further divided
participants into high and low cognitive flexibility groups according to the regression equation. Regarding the feedback
processing characteristics, we classified all trials in rule-search phase as one of four types: correct-correct (coCO),
correct-error (coER), error-error (erER), and error-correct (erCO), which were based on the relationship between the former
feedback and the current response. The results revealed that compared with the low cognitive flexibility group, the high
cognitive flexibility group could learn effectively from feedback. Differences in the feedback processing ability may be one of
the reasons for the differential performance of college students on the WCST task.
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identity based on their previous choices and the corresponding
feedback. A positive feedback after the correct classification

The Wisconsin Card Sorting Test (WCST) is a well-known often means the effective character can be repeated in the next
measurement task that was formally proposed by Berg et al. in trial, Whlle an error feedback means the previous rule (i.e., 'the
1948 [1]. It was first used to research the conceptual formation .effectlv.e character) no !ong'er applies, and a rule transformation
and abstract reasoning in normal people. Since 1963, it hasbeen 'S requlre?d (as shown in Flgure'l). The rule changes after 10
widely used by clinical psychologists to measure the executive ~ cOnsecutive correct responses without any clue. The test ends
dysfunction [2-3]. In the classical WCST, there are four stimulus until the pa'rtlclpant' has correctly found the intrinsic rule 6 times
cards (a card with one red triangle/two green stars/three yellow — ©F the cost in 128 trials.
crosses/four blue circles) and a stack of 128 response cards. Four
stimulus cards are placed on the bottom panel, and a response
card is placed on the top panel. Each response card shares one,
two or all of three characters (color, form, number of icons) with
each of the stimulus cards. Only one character is in effect for
each trial. Participants are required to judge which stimulus card
shares the current effective character with the response card.
Importantly, the effective character is unknown to the
participants beforehand, and participants must determine its

1. Introduction

perseverative
response

perseverative
error

incorrect

Figure 1. Three successive trials of WCST.
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Thirteen measurement indexes have been used in former
studies (as shown in Table 1). Two points need further
clarification. First, PR refers to the situation where the
participant follows the previous rules, while the effective
character has changed to another. Since the response card
and the stimulus card may have 1-3 identical characters, if
they share both the previous and current effective
characters and the participant makes a PR, the feedback
would be correct, otherwise PR will induce a PE (as
shown in Figure 1). Therefore, the value of PR is equal to
or greater than the value of PE. Second, FMS means that
the participants have found the current effective character,
but they cannot complete 10 correct responses in
succession. Since previous studies have shown that
compared to healthy participants and those without
prefrontal damage, patients with prefrontal damage had
more PR, many studies used PR to describe abnormal
participant performances. Patients with brain injuries are
limited to specific concepts and rely on external stimuli,
resulting in rigidity and a lack of abstract characteristics as
their basic way to deal with the environment [4].
Apparently, it is rare for college subjects to do a number of
persistent reactions under the same classification
conditions after they have been told the classification is
wrong. The abstract thinking of normal subjects enables
them to extract features and form the concept of making
the environment structured and organized. To date, a few
studies have grouped normal participants based on their
WCST scores to further compare their performances in
other cognitive tasks [5-7]. These studies have grouped
participants according to different criteria. In Dong et al.,
the participants were grouped based on TT (total trials)
and PE (trials of perseverative error) [6], in Li and Bai’s
study, they focused on TC (total correct trials) and TE
(total error trials) [8]. Liu et al. integrated 13 indexes and
automatically classified the subjects according to the
results of the computer version, which may not avoid the
problems caused by collinearity among the indexes [7].
Based on the selected indexes, participants were divided
into high and low cognitive flexibility groups and further
compared their performance in other tasks, such as the
Iowa gambling task, reading scientific essays and working
memory task, and a language-switching task. Although
their results have shown those with high cognitive
flexibility had better performances than those with low
flexibility, it is unclear whether all the high/low cognitive
flexibility has the same meaning. More consistent
operationalization and study of cognitive flexibility will
be required [9]. In detail, it is necessary to reveal which
indexes are more powerful to be used as the basis for
grouping the normal participants before further studies are
completed. In other words, we still need to determine
which indexes are a good summary of the WCST
performance. If an index can predict the performance of
the task accurately, we say it is a good index, and we can
group participants based on the effective index for further
study.

Table 1. The indexes and their meanings in the WCST.

Index Description or Formula

The total number of trials that the
participant has completed when the
test ends.

The number of times that the
participant has found the correct rule,
with range of 0-6.

the number of correct responses
during the test

accuracy = TC / TT * 100%
TE=TT-TC

The number of trials that a participant
uses to finish the first classification
successfully.

the ratio of 3-10 correct responses in
succession to the total responses

The trial numbers that the participant
follows the previous effective
character while it has changed.

The number of error response trials
following previous effective character
while it has changed.

PE% =PE/TT * 100%

total trial (TT)

categories complete (CC)

total correct (TC)

accuracy
total error (TE)

trials to complete first
classification (TCF)

the percentage of conceptual
response (CR%)

trials of perseverative response
(PR)

trials of perseverative error (PE)

the percentage of perseverative
error (PE%)

the percentage of perseverative
response (PR%)
non-perseverative error (NPE)

PR% =PR/TT * 100%

NPE = TE-PE
The trial numbers of 5-9 correct

failure to maintain set (FMS) . .
responses in succession.

Further researches are needed on the specific indictors to
distinguish participants. However, the WCST is one of the
most widely used measures to evaluate cognitive flexibility
[10-11]. Participants performed well in the WCST are of high
cognitive flexibility, otherwise they are low -flexibility.
Throughout the learning process in WCST, participants
initially are unaware of the correct rule, and they sort the
cards randomly or formulate a hypothesis for sorting and test
it by trial and error. Once they find a correct sorting character,
10 times successive correct sorting is needed. The only
effective information can be used is the feedback after
participants’ responses. Only for the people without cognitive
deficits, why are some ones good at WCST and others not?
Does the feedback processing characteristics related to
participants’ different performance on the WCST? Focusing
on the WCST, the functional magnetic resonance imaging
(fMRI) results indicated that a cortical basal ganglia loop was
more active during the reception of negative feedback
compared with the positive feedback [12], and the lateral
prefrontal-to-parietal cortices were more active in the
2-successive negative feedback condition than in the one
negative feedback condition [11]. However, they did not
compare the feedback learning characteristics between the
different groups. According to the analysis of the first four
trials in the WCST, the deficiency of the basic ability to
guide behavior based on feedback information could explain
the poor performance of psychiatric patients on this task [13].
To our knowledge, few investigations have based on the
WCST to compare the feedback processing characteristics of
the participants with different level of cognitive flexibility.
As the only valid information available in WCST, we assume
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that the feedback learning characteristics of subjects at
different levels are different in the rule search stage. The
comparison of feedback learning characteristics between high
and low flexibility subjects is helpful to deepen the
understanding of WCST, and also provides new ideas for the
subsequent research using WCST as a standard to divide the
subjects.

The present study therefore used the classic WCST-128 in
college students. Two issues were investigated: the power of
the main measurement indexes for predicting college
participants’ performance, and the feedback processing
characteristics of the high and low flexibility groups in the
WCST.

2. Methods

2.1. Participants

160 right-handed college students (72 males) participated
in our experiment. All of them were recruited through local
advertisements. Their average age was 20.67+1.9. None of
the participants reported any history of neurological or

corrected-to-normal vision. The study was carried out in
accordance with the recommendations of “Ethical standards
for experiments in Soochow University, the Ethical
Committee of Soochow University” with written informed
consent from all subjects. All subjects gave written informed
consent. The protocol was approved by “the Ethical
Committee of Soochow University”.

2.2. Apparatus and Task

The stimuli were displayed on a 17-inch display with a
resolution of 1024x768, a refresh rate of 80 Hz and a 57 cm
of sight distance.

In each trial, a reaction card was presented at the top panel
of the screen. The panel below that included the selection
area, containing 4 different stimulus cards. The participants
had to determine which stimulus card was matched with the
response card in the selection area by clicking the mouse.
After choice, a 400-ms feedback (either correct or wrong)
was presented. The participants were told if they chose the
wrong one, not to change it, and then try to make the next
choice right. Participants were instructed to correctly classify
as many cards as possible.

psychiatric impairments. All  had normal or
CORRECT
or
a o0
o0
WRONG
Stimuli are present until a 400ms
response is detected.
>
Figure 2. One trial of the task.
3. Results the average was 19.8.

3.1. Participants’ Main Performance in the WCST

When one participant completed 6 classifications (10
consecutive correct responses each time) or expended 128
trials, the task finished. Among the 160 participants, 106
students completed 6 classifications successfully. The
number of participants who completed 0, 1, 2, 3, 4 and 5
classifications was 3, 5, 10, 9, 18 and 9, respectively. The
average number of trials cost by the 106 participants who
completed the 6 classifications was 97.2.

The larger number of trials required to complete the first
classification indicated a poor generalization ability,
especially in terms of a poor initial concept formation ability.
In all subjects, the minimum value of TCF (trials to complete
first classification) was 10, the maximum value was 128, and

The PR (trials of perseverative response) indicated the
cognitive transfer ability, and it was the best indicator for the
lesion of the frontal lobe in WCST. In our study, the average
value of PR was 11.4.

3.2. Measurement of the Predictable Indexes

The WCST itself included a number of indexes, many of
which were not independent. For example, TT (total trials) =
TE (total error) + TC (total correct), TE = PE (trials of
perseverative error) + NPE (non-perseverative error), PE% =
PE/TT*100%, and PR% (the percentage of perseverative
error) = PR/TT*100%. Furthermore, the research has not
been consistent in the use of differentiation criteria [6-8]. To
identify the most predictive indexes for the WOCST
performance, we first divided all participants into two groups
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according to whether they had completed 6 classifications.

Their differences in these indexes are shown in Table 2.

Table 2. The differences between complete and incomplete groups in the WCST indexes.

Index 6 classification complete group (n=106) 6 classification incomplete group (n=54) t V4 Cohen’s d
T 97.24(15.70) 128.00(.000) 20.17 .000 -2.77
TE 22.61(9.21) 57.19(14.92) 15.58 .000 -2.79
TC 74.62(8.90) 70.81(14.92) -1.73 .089 31
PE 8.14(2.79) 7.24(5.11) -1.21 231 22
PE% 8.47(2.79) 5.66(3.99) -4.64 .000 .82
PR 11.87(4.40) 10.56(7.32) -1.21 .230 22
PR% 12.30(4.18) 8.25(5.72) -5.11 .000 .81
FMS 0.74(0.96) 1.28(1.46) 247 .016 -.44
TCF 13.42(5.58) 32.35(32.78) 422 .000 -.81
NPE 14.47(8.99) 49.94(16.71) 14.57 .000 -2.64
CR% .72(.09) 40(.15) -14.66 .000 2.59

TT; total trial responses; TE; total error responses; TC; total correct responses; PE; perseverative errors; PE%; the percentage of perseverative errors; PR;
perseverative responses; PR%; the percentage of perseverative responses; CC; classifications completed; FMS; failure to maintain the set; TCF; trials to
complete the first classification; NPE; non-perseverative errors; CR%; the percentage of conceptual response.

As shown in Table 2, the two groups showed significant
differences in 8 of the indexes and marginal differences in the
TC. Since many indexes were not independent, we used the
method of linear regression analysis to check the collinearity
between all 9 indexes. We took these 9 indexes as
independent variables and the “complete 6 classification or
not” as the dependent variable. According to VIF<10, 3
indexes were kept: TCF (trials to complete the first
classification), PR% (the percentage of perseverative
response), and FMS (failure to maintain the set). Next, 100
participants were chosen randomly into the further logistic
regression analysis. To further compare the magnitude of the
regression effect, we used the Z scores of three independent
variables for logistic regression analysis. The dependent
variable was also “complete 6 classification or not”.
According to the regression result (shown in Table 3), the
regression equation was as follows:

Logit(P) = .531 — 1.773Zrcr + .743Zpros

Table 3. The results of logistic regression analysis based on the Z scores of 3
variables.

Table 4. The predicted results of the remaining 60 participants based on the
regression equation.

predicted
observed 3
complete incomplete  percentage correct
complete 36 4 90%
incomplete 12 8 40%
overall percentage 73%

Exp _95%CI

index B SE. Wald p B) O e
Zrcr -1.773 719  6.085 .014 .170 .042 .695
Zpry 743 350 4504 034 2.102 1.058  4.173
Zims .080 314 .065 798 1.084 585 2.007
constant  .531 299 3.158  .076  1.700

Based on this equation, we predict the completion of the
remaining 60 participants (as shown in Table 4). In detail, 40
of 60 participants completed 6 classification of the WCST, and
the equation predicted that 36 of the 40 participants could
finish the task. According to the theory of signal detection,
Pui=36/40=90, and Pgie  alam=12/20=.60. Therefore,
D’=Z" 4 Zuise atarm=1.28-0.25=1.03.

1 Z value is acquired on the POZ form.

3.3. The Feedback Processing Characteristics of the High
and Low Cognitive Flexibility on the WCST

Back to the processing of WCST, two stages were included:
rule-search and rule-application. During rule searching,
learners needed to infer the relationship between the stimulus
and reaction cards. A variety of processes were involved,
such as suppressing previous rules, checking alternative rules,
and updating the information according to the feedback
information. The present study focused on rule-search stages
to explore the possible cause of the performance differences.
At the very beginning, learners did not have sufficient
awareness of the rules to classify the cards. During the task,
the feedback on the last trial was the only information could
be used. Previous studies have shown that the efficiency of
reasoning controlled the performance of WCST and the low
reasoning efficiency was related to lower attention to
feedback and integration of the prior and present feedback
information [14].

To analyze the feedback processing characteristics of
different WCST scores and further explore whether the
different feedback processing abilities affect the performance
on the WCST, we divided all trials of the rule-search phase
into one of the following four feedback combination types:
coCO, coER, erER, or erCO. This division was based on the
relationship between the previous feedback and the present
response. For example, after the correct feedback, a
participant made an ERROR choice. This would be classified
as coER. Similarly, coCO refers to a CORRECT response
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just after the previous correct feedback, erCO refers to a
CORRECT response after the previous error feedback, and
erER refers to an ERROR response after the last error
feedback. Based on the regression equation [Logit(P) =
.531 — 1.773Zrcp + .743ZpRry,], cach participant had a new
value for the task. Sorted by this value, the first 27% of the
participants (160*0.27 =~ 43) were divided into the high
flexibility group, and the last 27% (160*0.27~43) were
divided into the low group.

The average of the total trials for the low CF (cognitive
flexibility) group was 122.98, and 97.28 for the high CF
group. The T-test demonstrated a significant difference
between them [#(84) = 7.882, p <.000, Cohen's d =1.70].

We further compared the feedback processing
characteristics of the high and low cognitive flexibility
groups. A mixed-design ANOVA was performed on the ratio
of the number of times needed in each feedback combination
type to the total trials of the rule-search. The feedback
combination type was a within-subject variable, while the
group (high vs. low) was a between-subject variable. There
were significant effects of feedback combination type
[F(3,252) = 38.560, p <.000, *=.315] and group [F(1,84) =
18.276, p <.000, 5* =.179] on the ratio. In addition to the
main effects, there was also significant interaction between
the feedback combination type and the group [F(3,252) =
5.582, p =.001, #* =.062]. An LSD post hoc test showed the
two groups had significant differences in coER [F(1,84) =
36.065, p <.000, > =.300] and erCO [F(1,84) = 19.261, p
<.000, *=.187]. In detail, during the rule-search phase, the
high CF group has a significantly higher percentage of
response times in the coER and a lower percentage of
response times in the erCO than the low group.

0.407 .
1
$ 0.307
E
-
@
»
s
2 0.207
@
@
1
X
0.107
-I- low cognitive flexibility group
-F high cognitive flexibility group
0.00

T T T T
coCO coER erER erCO

Figure 3. The ratio of response times under four feedback combination types
between high and low CF groups.

4. Discussion
4.1. The Predicting Power of Indexes in the WCST

WCST is a classical rule switch task that is widely used to

estimate cognitive flexibility [15-16]. As one of the
components of executive function (EF), cognitive flexibility
is a composite concept, including many cognitive
components [5, 17]. And, cognitive flexibility may be a key
factor for improving other dimensions of EF [18]. Before
using WCST to group participants for further studies, it is
necessary to analyze the effectiveness of WCST indexes in
college participants.

Although many indexes are given, they are not completely
independent. The study of factor analysis classified the
indexes into 1 to 3 factors [19-21]. Our regression analysis
showed that TCF and PR% are powerful predictors of one’s
performance on the WCST. Why are these two indexes so
useful? TCF may be easier to understand. If a participant
needs fewer trials to complete the first classification, it is
likely that he or she has quickly found the key character
(color/form/number) or simply had good luck. That is, the
TCF itself is not enough to predict the overall performance.
PR% =PR/TT*100%, if one has a high value of PR%, he
may also have a large PR and/or a small TT. Based on the
regression analysis results, the PR and TT values alone are
not predictive variables. The TT was removed for the
collinearity with other indexes. Since there was no significant
difference in PR between the complete and incomplete
groups (as shown in Table 2) and PR%=PR/TT*100%, TT
played a great role for the significant difference of PR%. A
high PR% may mean that one can find the key character as
soon as possible after a certain amount of perseverative
responses. It reflects the ability to integrate comprehensive
information. It is worth considering why the PE% is not
predictive. First, the PE% was removed for the collinearity
with the other indexes. Second, the PE is different from the PR
in terms of the amount of information available. Take Figure 1
for example. Here, the key character was the number or form
after trial 3 in the PR condition. Additionally, if the participant
had integrated the information from the previous trial, he or
she already knew the form should be the correct character for
the next trial. In contrast, in the PE condition, the participant
only knew that the selected number was not correct and
therefore still did not know the correct key character. Thus,
efficient learners may prefer more PRs than PEs.

Of course, there are significant differences in the selection
of indexes for different kinds of participants and different
research concerns. For example, in schizophrenic patients,
the PE had better sensitivity and diversity [22-23]. From the
point of the stability of the WCST, PE and TCF were better
in the normal and the disecase population [24]. Our study
focused on determining which indexes could be used for
predicting college participant performances in the WCST.
Based on the regression analysis, TCF and PR% are powerful
predictive factors. If one has a good ability to build an initial
concept and integrate comprehensive information, he or she
will perform well on the WCST.

4.2. Feedback Processing Characteristics on the WCST

For the WCST, feedback after a response is useful
information to guide the next choice. We wanted to know
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whether high and low cognitive flexibility participants have
differences in their feedback processing. Participants who do
well on the WCST can be referred to as high cognitive
flexibility individuals [6-8]. Based on our previous analysis,
TCF and PR% are powerful indexes to describe one’s
performance on the WCST. After substituting participants’
original TCF and PR% into the regression equation, everyone
had a new value for the WCST. Sorted by this value, the first
27% participants were divided into the high cognitive
flexibility group, and last 27% ones were regarded as the low
cognitive flexibility group.

The high CF group had a greater proportion of response
times in the coER condition. Even if the previous feedback
was correct, the high CF group made more wrong choices.
This initially sounds counterintuitive; however, what needs to
be stressed is that we focus on the rule-search phase. In this
phase, participants have no idea about the correct rule. They
need to keep trying until they are sure of a classification rule.
The high CF group transfers more frequently and has more
exploration than the low group. At the same time, although
participants of this group generate a higher proportion of
mistakes, most of them have successfully entered the stage of
rule-application and accomplished the task successfully (for
high CF group, 37 to 43 participants accomplished the 6
classifications, while for the low CF group, 11 to 43
participants completed the 6 classifications. Chi-square
results showed a significant difference between these two
groups [X* = 31.873, p <.000]. The number of participants in
the high CF group who successfully completed the WCST
was significantly higher than that in the low CF group.).
Furthermore, they completed 6 classifications with relatively
few trials (For the high CF group, the mean total trials they
needed were 97.28; the number was 122.98 for the low CF
group. A T-test showed a significant difference between the
two groups). All of people in the high CF group were more
capable of learning from the wrong feedback. Participants in
the low CF group are more likely to follow the last reaction
rule after correct feedback. Although the proportion of wrong
response times after correct feedback was lower than that in
the high group, this fails to help them successfully complete
the 6 classifications. This result is similar to the findings of a
previous study [13]. In their study, avoiding being stuck to
the response rule was given because participants could not
ignore the previous reward feedback, so researchers analyzed
the first four trials in the WCST. During the first four trials,
the correct feedback had not been given to the participants,
and their choice might purely due to the feedback
information. These results revealed that most of the patients
could make a win-stay choice after the correct feedback,
while many of them could not make a lose-shift choice after
the error feedback. The impairment of this basic ability to use
feedback information to guide behavior could explain the
poor performance of patients on the WCST. When negative
feedback was removed from WCST, the performance of
individuals with Asperger’s syndrome was enhanced, while
was no difference for the control group [25]. In our study,
even the participants were all college students, the

differences in the learning ability of the feedback information
could also lead to differential performances on the WCST
tasks. This inconsistent result may partly due to the different
learning phase been referred [11, 26]. Furthermore, the data
showed that the low group had a higher proportion of
reaction times in the erCO condition. Even if the previous
feedback was wrong, the low group made more correct
choices than the high CF group in the rule-search phase. It
seemed that they had touched the correct rule many times.
However, why did not they make more successive correct
choices by using the right rule? Actually, many cycles of
error-correct feedback types were seen in the data. One
possible reason for this observation was that even though
they had correct reaction times after the wrong feedback, this
reaction was not based on the application of the correct rules
after the integration of the error feedback information. In
other words, they did not form a stable rule dimension
concept according to the previous error feedback. The error
feedback information might not be fully integrated and
utilized to guide their choice. Just as mentioned in former
researches, informative value and valence value were both
included in feedback [11, 26-27]. Participants who failed to
extract the information value of feedback would receive a
lower score in the rule learning task [27].

5. Conclusion

In summary, this study is concerned with the predicting
power of indexes in WCST, and the differences of feedback
processing characteristics between the different WCST
performance levels. Based on the analysis of college students,
we found that the TCF (trials to complete the first
classification) and the PR% (percentage of the perseverative
response) are powerful tools for predicting one’s
performance on the WCST. By focusing on the feedback
processing characteristics of the rule-search phase, we also
found that learners with high cognitive flexibility are better
able to learn from feedback. The difference in the feedback
processing ability may be one of the reasons for the
differential performance of college students on the WCST
task.
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