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Abstract

Miyake et al., (2000) categorized executive functions into set shifting, updating and responses inhibition. The Wisconsin Card
Sorting Test is understood as a “gold-standard” of executive function tasks, but however, it does not provide information on the
different executive processes and treats it as a unifactorial construct. It has been established that set shifting best predict
performance in the WCST, but little is known about inhibitory control. We aimed to see if there is any predictive relationship
between the assessment of inhibitory control abilities through a Go/Nogo Task and the measurement of executive functions through
WCST. Data from the participants (n=30) was collected through a purposive sampling design and was scored manually. Statistical
analyses were conducted and the obtained findings were discussed in the light of the existing literature. Our findings reveal that
the Nogo Errors had a significant effect in predicting almost 30% of variation in the number of incorrect responses, 24% of
variation in the perseverative responses, 22% of variation in the perseverative errors, 20% of variation in the non-perseverative
errors, 22% of variation in the conceptual level responses and 15% of variation in the number of categories completed but not
number of trials needed to complete the first category; and Go Reaction Time had a significant effect in predicting 30% of variation
in the probability of failure to maintain set.
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1. Introduction

Wisconsin Card Sorting Test and Executive Functions had in common. Goldstein later reported in 1920 that individ-
Ach created a sorting task in 1900 as part of a tradition of  uals with brain injury were tested for concrete and abstract at-
measuring cognitive abilities or mental sets. Participants were titudes using sorting exercises [26]. The WCST was devel-
required to arrange cards containing nonsensical words ac- oped in 1948 by Grant and Berg as a measure of abstract rea-
cording to characteristics that the things the words represented soning, concept development, and response techniques to
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shifting contextual contexts, after the work of Ach and Gold-
stein [9]. After some time, Milner developed the WCST to
evaluate patients with brain injuries for prefrontal lobe dys-
function [24].

Today, the Wisconsin Card Sorting Test is primarily a con-
cept identification task and is popularly known as the “gold
standard of executive function tests” [2, 7]. Through trial and
error and examiner feedback, subjects must determine the
right sorting principle for the task. Once the subject selects the
appropriate rule, they must ignore the other, now-irrelevant
stimulus dimensions and stick to this sorting principle (called
a set) under different stimulus situations. The categorization
concept abruptly changes after ten successive correct matches,
necessitating a flexible shift in the set. The WCST does not
have a time limit; sorting proceeds until all cards are sorted or
until six accurate sorting requirements are met [26].

Current Conceptualization of Executive Functions

There seems to be a general consensus about the multidi-
mensional nature of EF. However, in a review by Baggetta and
Alexander (2016), the authors report that, 79% of the studies
identified executive function as multidimensional, consisting
of multiple unique components or processes. The remaining

21% presented executive function as a unitary or single-di-
mensional entity, or did not debate its unitary or non-unitary
nature. Some researchers take a neurodevelopmental stand-
point and claim that executive function begins as a unified
process in new-borns and pre-schoolers and eventually be-
comes more complex and multidimensional as people age [23,
391.

Disagreements in Findings

When we look into the components of this “multidimen-
sionality” mentioned before, we find differences of opinion in
researchers. That is, there seems to be a lack of consensus on
the models of EF. Among the large review conducted by Bag-
getta and Alexander (2016), they could excavate at least 48
different models of EF, but with 34 occurrences, the model by
Miyake et al., (2000) was the most often cited one (more than
20,000 as on April 2024) and hence the most widely accepted
one.

Miyake et al., (2000)’s Model: The researchers' proposed
model is an integrative framework that includes three distinct
but linked components (i.e., inhibition, set shifting, and updat-
ing) with an underlying common mechanism, as well as a uni-
tary construct of executive function. Miyake et al., (2000) pro-
posed the following three-factor structural model [25]:
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Figure 1. Three-factor Model (Miyake et al., 2000).

Gap in Literature

Through latent variable analyses such as confirmatory fac-
tor analysis and structural equation modeling, Miyake et al.
(2000) determined that in their sample of younger adults, the
three functions—set shifting, inhibitory control, and updating
of working memory—while moderately correlated, were dis-
tinct and played varying roles in complex executive and
frontal lobe tasks (Figure 1). Specifically, they found that set
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shifting was the most influential factor in predicting perfor-
mance on the Wisconsin Card Sorting Test (WCST). This sug-
gests that among normal younger individuals, differences in
WCST performance primarily stem from variations in set
shifting abilities [11]. In light of this, the question arises:

What is the significance of inhibitory control in Wisconsin
Card Sorting Test (WCST) performance?

This inquiry was further explored by Gamboz et al., (2009),
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who utilized the Stop Signal Task (SST) [22] as a measure of
the speed of inhibitory processes involved in stopping a re-
sponse. In this task, participants are required to respond
quickly to stimuli, but occasionally encounter a stop signal in-

structing them to withhold their response after a variable delay.

It is generally acknowledged by researchers that the ability to
suppress a pre-planned response is a well-defined aspect of
inhibitory control and is crucial for adapting one's actions dy-

namically when unexpected changes occur in the environment.

But in the present literature, we have a many other tasks that
claim to measure inhibitory control. One such most frequently
used task is the Go/Nogo task. This brings us to the next ques-
tion:

Is the “inhibition” measured by the SST, same as the one
measured by the Go/Nogo Task?

In both paradigms, the primary task involves either a simple
or a choice reaction task. In the Go/No-Go Task, a subset of
stimuli is intermixed with a no-go stimulus, while in the Stop
Signal Task, the go stimulus is consistently presented first,
followed by a stop stimulus after a brief Stop Signal Delay
(SSD). Both the no-go and stop stimuli prompt the participant
to withhold their response, despite having prepared or poten-
tially initiated a go response.

There is ongoing debate regarding whether the Go/No-Go
Task (GNGT) and the Stop Signal Task (SST) engage similar
or distinct inhibitory mechanisms. One proposed differentia-
tion suggests that the GNGT primarily involves action re-
straint, while the SST relies on action cancellation [33]. Ac-
tion restraint in the GNGT pertains to the decision of whether
to respond, whereas in the SST, there is no such decision as
the default is to respond, thus action cancellation refers to sup-
pressing this already initiated response.

Behavioral evidence supports the separation of these mech-
anisms, as performance in one task can deteriorate without ob-
servable deficits in the other [20, 21]. Pharmacological studies
suggest that action restraint relies on serotonergic signaling,
whereas action cancellation depends on noradrenergic neuro-
transmitter signaling [8] and imply separate mechanisms for
the two tasks, accompanied by distinct brain activations for
each task in addition to shared activations.

Raud et al., (2020) addressed this discrepancy in findings
and, by analyzing behavioral performance along with electro-
myography (EMG) and electroencephalography (EEG)-de-
rived independent component activity, they concluded that the
Go/No-Go Task (GNGT) and Stop Signal Task (SST), com-
monly employed for assessing response inhibition, engage dis-
tinct brain mechanisms with different temporal dynamics. In
both tasks, early signal detection plays a role in successful re-
sponse suppression [29].

In the GNGT, there is an initial activation of the fronto-pa-
rietal attentional system followed by engagement of motor
control components, resulting in relatively delayed inhibition
at the peripheral level around 316 milliseconds.

Conversely, in the SST, frontal control components appear
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to contribute significantly prior to stimulus detection, accom-
panied by early alterations in motor control components.

Therefore, proactive biasing of the sensory-motor system
prior to the stop signal and a quick reflexive inhibitory process
within the motor system upon the detection of the stop stimu-
lus are how inhibition in the SST is accomplished. These find-
ings by Raud et al., (2020) explain the discrepancies in behav-
ioural and pharmacological studies mentioned before. Since
the changes in both the tasks are in the temporal domain, and
are not spatial in nature, and since behavioural tasks are less
sensitive to temporal dynamics than pharmacokinetics, only
the latter showed the temporal differences in both the para-
digms.

Thus, we aim at trying to understand how much of “inhibi-
tion” can predict “execution” in the Wisconsin Card Sorting
Test. We are particularly interested in focusing on the type of
action restrain mechanism as measured by the Go/NoGo task
to measure the inhibitory processes.

2. Methods

Objectives: The primary goal of this study is to see if there
is any predictive relationship between the assessment of in-
hibitory control abilities through the classical Go/NoGo Task
and the measurement of executive functions (particularly in-
hibitory control) through different parameters of the Wiscon-
sin Card Sorting Test (WCST), namely:

1) Number of Incorrect Responses

2) Number of Perseverative Responses

3) Number of Perseverative Errors

4) Number of Non-Perseverative Errors

5) Number of Conceptual Level Responses

6) Number of Categories Completed

7) Number of Trials Required to Complete the First Cate-
gory

8) Probability of Failure to Maintain Set

Hypotheses. -

1) Hoay: The Go/NoGo task (Go Accuracy, Go RT, Nogo
Errors) does not significantly predict the number of in-
correct responses in the WCST.

2) Ho): The Go/NoGo task (Go Accuracy, Go RT, Nogo
Errors) does not significantly predict the number of per-
severative responses in the WCST.

3) Hos): The Go/NoGo task (Go Accuracy, Go RT, Nogo
Errors) does not significantly predict the number of per-
severative errors in the WCST.

4) Ho@): The Go/NoGo task (Go Accuracy, Go RT, Nogo
Errors) does not significantly predict the number of non-
perseverative errors in the WCST.

5) Hogs): The Go/NoGo task (Go Accuracy, Go RT, Nogo
Errors) does not significantly predict the number of con-
ceptual level responses in the WCST.

6) Hoe): The Go/NoGo task (Go Accuracy, Go RT, Nogo
Errors) does not significantly predict the number of cat-
egories completed in the WCST.
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7) Hon): The Go/NoGo task (Go Accuracy, Go RT, Nogo
Errors) does not significantly predict the number of trials
required to complete the first category in the WCST.

8) How): The Go/NoGo task (Go Accuracy, Go RT, Nogo
Errors) does not significantly predict the probability of
failure to maintain set in the WCST.

Participants: The study involved 30 young adult partici-

pants who were recruited through a purposive sampling design,

with a mean age of 22.6 (0.8) years, from Kolkata, India and
its surrounding areas, all of whom were pursuing undergradu-
ate or postgraduate education. No participants had any history
of psychiatric and/or neurological illness and had normal or
corrected-to-normal vision.

Design: The study was conducted following a predictive
design [38]:

Stepwise Multiple Regression

Logistic Regression

h

Criterion Variable VIII

y

(Failure to Maintain Set)

\

Go/NoGo Task WCST
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Figure 2. Research Design and Statistics.

Tools: The participants were screened for handedness using
the Edinburgh Handedness Inventory [27] and for general
cognitive functioning using the Raven’s Standard Progressive
Matrices [31]. Based on the results the only right-handed par-
ticipants and the ones with < Grade III ("intellectually aver-
age”) were considered for the study.

They had to perform two major neuro-cognitive tasks —
Go/NoGo task and the Wisconsin Card Sorting Test.

The former was designed on PsychoPy based on the inte-
grated neuropsychological test battery of attentional perfor-
mances (TAP; [41]). The nature of the Go and NoGo stimuli
remain constant throughout the test, making it a comparatively
simple task for the participants to follow. The Go stimulus was
a cross symbol (x), while the NoGo stimulus was a plus sign
(+). The participants were initially shown a welcome screen
that included basic details such as the names and designations
of the authors, along with the purpose of the study. Following
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the welcome page, the participants were shown the instruc-
tions. It was made sure that the instructions were properly un-
derstood. Further, after reading the instructions, the partici-
pants had to perform the task in a practice block to make them
familiar with the stimuli and the task in general. A fixation
point (a dot) was presented on the screen for 150 milliseconds,
followed by the stimulus for 200 milliseconds, during which
the participants had to respond (for go stimuli) and remain
passive (for nogo stimuli). The practice block consisted of 10
trials (5 go, 5 nogo), and the stimulus onset asynchrony varied
between 2150 milliseconds and 3350 milliseconds. After com-
pleting the practice block, the participants were allowed to re-
lax and begin the experimental block with the same task spec-
ifications (fixation time, stimulus presentation time, SOA,
Go/NoGo ratio, etc.) The only difference was that the number
of trials was increased to 40 trials (20 go, 20 nogo). Figure 3
provides a schematic framework of the task build using Psy-
choPy.
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Figure 3. Go/NoGo Task Design.

The Wisconsin Card Sorting Test (WCST) is one of the
most widely utilized assessments for evaluating frontal lobe
function in both clinical and research settings [35]. The sub-
ject receives a set of 64 response cards, which can be catego-
rized by color, shape, and number. The task is to match each
response card to one of the four stimulus cards and receive
feedback on the correctness of the match. This task requires
establishing cognitive sets, such as sorting by color, which
measures abstraction ability. Once a set is established, the sub-
ject must maintain it in response to positive feedback and shift
to a new set following negative feedback. The WCST thus
provides insights into various aspects of executive function
beyond mere task success or failure. Key performance indices
include the number of categories achieved (sequences of con-
secutive correct sorts), the number of perseverative errors
(failures to shift sets in response to negative feedback), and
the number of set-loss errors (failures to maintain sets in re-
sponse to positive feedback). Several abbreviated versions of
the WCST have been introduced, each with its own merits for
specific situations. However, the 64-card version (WCST-64)
stands out as the most logical and practical short form [13].

Procedure

The data was collected from the participants at the Depart-
ment of Psychology, University of Calcutta, by scheduling la-
boratory sessions at their convenience from 15" March to 15"
May 2024. Before scheduling their session, the electronic ver-
sion of an informed consent form (ICF) was sent to the partic-
ipants, including details about the study, what they would
need to do, and their time commitments along with their socio-
demographic details. Upon arrival, the participants needed to
undergo screening for “general cognitive ability” [30] through
the Raven’s (Standard) Progressive Matrices and “handedness”
using the Edinburgh Handedness Inventory. The EHI and
RSPM response sheets were saved to calculate the Laterality
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Quotient (LQ) and RSPM scores (Number of Correct Re-
sponses) for general cognitive ability, respectively. After
screening, they had to complete the Go/Nogo task and WCST.
The order of administration of the Go/Nogo task and WCST
was randomized across participants to reduce the order effect.
The WCST sheets were retained to calculate different WCST
parameters. The Go/Nogo task performance was auto-rec-
orded by PsychoPy in comma-separated-values (.csv) format.
The participants were allowed to rest in between tasks. The
total duration of all the tasks involved was approximately 45-
75 minutes per participant. After completing the tasks, the par-
ticipants were thanked for participating in the study. Scoring
for the different tasks (Edinburgh Handedness Inventory, Ra-
ven’s Standard Progressive Matrices and the Wisconsin Card
Sorting Test) were done manually and the Go/Nogo task
scores were calculated from the dot-csv files saved.

Data Analysis

There were a total of 12 variables (3 from Go/Nogo as pre-
dictors; rest from WCST) considered for the study. The de-
scriptive analyses were conducted in IBM SPSS Statistics 25
and tabulated (Table 1) which included the N (number of ob-
servations), Minimum, Maximum, Mean and Standard Devi-
ation for each observation.

A pairplot was created using the matplotlib (a comprehen-
sive library for creating static, animated, and interactive visu-
alizations in Python) (Figure 4) for all the 11 variables
(ftms_wecst was excluded as it is scored as a dichotomous var-
iable). A total of eight regression models were computed in
IBM SPSS Statistics 25 to answer the concerned research
questions. They differed in terms of their criteria. The predic-
tors were same (three Go/Nogo Task variables — Go Accuracy,
Go Reaction Time, Nogo Errors) for all the WCST criteria.
The following points are important to be noted: -
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1) According to the scoring manual of WCST, both cor-
rect_wcst and incorrect_wcst are scored, but only the in-

correct west was considered for analyses, since both
these variables have a perfect negative correlation (r= -

1.00, p <0.01).

3. Results

2) The first seven criteria are scored as continuous meas-
urement variables, hence stepwise multiple regression
analyses were performed on them. On the other hand, the
last criterion was scored as a dichotomous categorical
variable (success or failure in maintaining a set), which
necessitated the usage of a logistic regression.

Table 1. Descriptive Statistics.

Continuous Measurement Variables

Variables N Minimum
ga 30 17.00

grt 30 350.00
nge 30 .00
correct_west 30 33.00
incorrect_west 30 6.00
pr_west 30 2.00
pe_wecst 30 2.00
npe_west 30 3.00

clr west 30 28.00
nocc_west 30 1.00
trials_wcst 30 10.00
Categorical Variables

Variables N Frequency of Success
ftms_west* 30 7

Maximum Mean Std. Dev
20.00 19.2333 .89763
520.00 418.7333 43.68140
6.00 1.1667 1.46413
58.00 51.4667 5.74596
31.00 12.5333 5.74596
23.00 6.8667 431304
19.00 6.2667 3.48329
14.00 6.2667 3.20488
58.00 48.5667 8.39410
5.00 4.2333 1.00630
40.00 13.3667 6.25043

Frequency of Failure

23

Please note that “Success” does not refer to a success in maintaining the set. It refers to success in occurrence of a failure to maintain set, since

it is the failure to maintain set, which is scored in WCST.

Further, quite a number of pairs of variables have statisti-
cally significant positive correlation coefficients. These in-
clude nge and pr_wecst, nge and pe_wecst, nge and npe_wecst,
correct west and clr_west, correct west and nocc west,
pr_west and pe_wecst, pe_wcst and npe wcst, npe_wcest and
trials_west, clr_ west and nocc_west (significant at a=0.01) ga
and correct_west, grt and nocc_wcst, pr_wcst and npe_wcest
(significant at 0=0.05). Other pairs of variables have statisti-
cally significant negative correlation coefficients. These in-
clude ga and nge wcst, nge and correct wcst, nge and
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clr_wecst, correct_wcest and pr_wcst, correct west and pe_wecst,
correct_ west and npe_west, correct west and trials_west,
pr_west and clr_west, pr_west and nocc_wcst, pe_wcest and
clr_west, pe_wcest and nocc_wcest, npe_wcst and clr_wecst,
npe_west and nocc_west, clr west and trials_ west, nocc_west
and trials_wecst (significant at =0.01); and ga and pr_wcst, ga
and pe_wcst, grt and nge, nge and nocc_wecst (significant at
0=0.05).

The remaining bivariate correlation coefficients were found
not to be statistically significant.
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Figure 4. Matrix Pair Plot (11 x 11).

Regression Analysis: Eight regression models were com-  criteria, for each of which, a regression model was constructed
puted to address research questions - stepwise multiple regres- following the stepwise method — with ga, grt and nge and pre-
sion for continuous variables and binary logistic regression for ~ dictors. The seven criteria were incorrect wcst, pr wcst,
a categorical criterion. pe_wecst, npe_wecst, clr_wcest, nocc_west and trials_wecst.

Stepwise Multiple Regression: We had seven continuous
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Table 2. Summary table of Stepwise Regression Models for all Continuous Criteria.

Predictor
Criterion

Included Beta (B)
incorrect west nge 0.567
pr_west nge 0.517
pe_wecst nge 0.498
npe_west nge 0.475
clr_west nge -0.471
nocc_west nge -0.425
trials_west none N/A

#* < 0.01
*p<0.05

Table 2 presents a detailed summary of the stepwise regres-
sion models for all continuous criteria. For each criterion, the
table provides the B coefficient, t-value, F-value, and adjusted
R-squared value, illustrating the strength and significance of
the predictor. In Stepwise Multiple Regression, the "Variables
Included" refers to the predictors selected by the automated
procedure based on their statistical contribution to predicting
the dependent variable, typically through addition or removal

Model

t F Adjusted R Square
3.642%* 13.267** 0.297

3.195%* 10.211%* 0.241

3.039%* 9.238** 0.221

2.858** 8.168** 0.198

-2.825%%* 7.978%%* 0.222

-2.486* 6.179* 0.152

N/A N/A N/A

based on predetermined criteria like p-values. Based on the
results presented in Table 2, we can make decisions regarding
the hypotheses Ho(i) through Ho7) as follows:

Hyqis rejected.

'nge' significantly predicts the number of incorrect re-
sponses in the WCST (B = 0.567, t = 3.642, F = 13.267, Ad-
justed R-squared = 0.297, p <0.01).

<]

incorrect_wcst

@

Fitted values

16

18

Figure 5. Regression plot for incorrect_wcst.

Hy) is rejected.

'nge' significantly predicts the number of perseverative responses in the WCST (3 =0.517,t=3.195, F =10.211, Adjusted R-

squared = 0.241, p <0.01).
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8 10

Fitted values

Hys) is rejected.

Figure 6. Regression plot for pr_wcst.

'nge' significantly predicts the number of perseverative errors in the WCST (B = 0.498, t = 3.039, F = 9.238, Adjusted R-

squared = 0.221, p < 0.01).

175

15.0

125

110.0

pe_west

75

50

25

6 7 8 9 10
Fitted values

Hoyy is rejected.

Figure 7. Regression plot for pe_wcst.

'nge' significantly predicts the number of non-perseverative errors in the WCST (B = 0.475, t =2.858, F = 8.168, Adjusted R-

squared = 0.198, p <0.01).

Fitted values

Figure 8. Regression plot for npe_wcst.
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Hos) is rejected.

'nge' significantly predicts the number of conceptual level responses in the WCST (B =-0.471, t =-2.825, F = 7.978, Adjusted

R-squared = 0.222, p < 0.01).

375

425

45.0

Fitted values

475

Figure 9. Regression plot for clr_wcst.

Hoy) is rejected.

'nge' significantly predicts the number of categories completed in the WCST (B = -0.425, t = -2.486, F = 6.179, Adjusted R-

squared = 0.152, p <0.05).

nocc_wcst

3.0

35

4.0

Fitted values

45 5.0

Figure 10. Regression plot for nocc_wecst.

Hy) is retained.

No significant predictors were found for the number of tri-
als required to complete the first category in the WCST, as
indicated by the model being non-applicable (N/A).

The results highlight the predictive power of 'nge' across
multiple criteria, with varying degrees of explained variance
as indicated by the adjusted R-squared values.

Binary Logistic Regression: Binary logistic regression was
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conducted for the categorical criterion variable, ftms_wcst us-
ing the Forward method (Wald) — with ga, grt and nge and
predictors.

Starting with an empty model, variables are iteratively in-
cluded if their Wald statistic meets a predefined criterion
(such as a significance level of p < 0.05), indicating they con-
tribute significantly to the model's predictive power. This au-
tomated approach continues until no additional variables meet
the inclusion criterion.
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Table 3. Logistic Regression Model for “Failure to Maintain Set” (ftms_wcst).

Model Summary
Step -2 Log likelihood

1 26.029* 197

Cox & Snell R Square

Nagelkerke R Square

297

a. Estimation terminated at iteration number 6 because parameter estimates changed by less than .001.

Hosmer and Lemeshow Test

Step Chi-square df Sig.
1 3.343 911
Classification Table?
Predicted
Observed ftms_west
Percentage Correct
0.00 1.00
0.00 21 2 91.3
ftms_wecst
Step 1 1.00 5 2 28.6
Overall Percentage 76.7
a. The cut value is .500
Variables in the Equation
B S.E. Wald df Sig. Exp(B)
grt -.034 .016 4.435 1 .035 .966
Step 12
Constant 12.743 6.468 3.881 1 .049 342017.571

a. Variable(s) entered on step 1: grt.

The model revealed that Go RT (grt) emerged as a statisti-
cally significant predictor (Wald = 4.435, df = 1, p < 0.05,
Exp(B) =0.966) of failure to maintain set, while Go Accuracy
(ga) and Nogo Errors (nge) were not included in the final
model.

The Nagelkerke R Square for the model was 0.297 - the
predictors collectively explain a moderate amount (about 30%)
of variance in the likelihood of failure to maintain set.

The Hosmer-Lemeshow goodness-of-fit test yielded a chi-
square value of 3.343 with 8 degrees of freedom and a non-
significant p-value (p=0.911), suggesting good model fit.

The classification table shows the performance of the model
in predicting failure to maintain set. Overall, the model cor-
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rectly classified 76.7% of cases, with 91.3% accuracy for pre-
dicting success in maintaining set (Specificity) and 28.6% ac-
curacy for predicting failure to maintain set (Sensitivity). This
is a decent level of accuracy overall. However, the low sensi-
tivity suggests that the model may not be reliable in identify-
ing positive cases.

Therefore, based on these results, we reject Hog). The
Go/NoGo task, particularly Go RT (grt), significantly predicts
the probability of failure to maintain set during the WCST, as
evidenced by its statistically significant coefficient in the lo-
gistic regression model.
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4. Discussion

The overarching objective of the present study was to see
how much of executive functions in the Wisconsin Card Sort-
ing Test (WCST) could be accounted for by inhibitory cogni-
tive control mechanisms, assessed through a typical Go/Nogo
task. In doing so, we considered different criterion variables
of the WCST, and three predictors, or indices from the
Go/Nogo task —

1) Go Accuracy, or how accurately participants identified
and responded correctly to all the “Go” trials. This index
is the complement of omission error i.e., number of “Go”
trials, missed by the participants. As per the Signal De-

tection Framework, the “Go Accuracy” refers to the “Hit”

and omission errors refer to the “Miss” (Figure 11).

2) Go Reaction Time, or the average reaction time across
all the “Hit” trials. Reaction time is considered as an in-
dex of processing speed, or the speed of performing
mental (and hence, neural) operations [4]. It is different
from reflex actions, so to say, in terms of the complexity
of conscious higher order neural processing associated
with the former.

3) Nogo Errors, or what is commonly known as commis-
sion errors (or, “False Alarms” according to the Signal
Detection system) (Figure 11), is the primary index for
behavioural inhibition [1].

Target Present Non-Target Present

[
g Nogo Error or
2 Go Accuracy or “Hit"
ﬁ' o “False Alarm"”
o
o
I}
5

Omission Error or
oy nne 1 Correct Rejection
L Miss
°
=

Figure 11. Go/Nogo Indices in the Signal Detection Framework.

Number of Incorrect Responses (incorrect wcst): The total
number of incorrect responses is a summation of the two ma-
jor kinds of errors in WCST — perseverative and non-persev-
erative. Our findings reveal that Nogo errors (nge) is posi-
tively associated with this, and in fact, explains almost 30%
(Adjusted R square = 0.297) of variation in the total number
of errors/incorrect responses. This significant proportion of
explained variance highlights the strong relationship between
inhibitory control, as assessed by the Nogo task, and overall
error rates in the WCST. Nogo errors reflect failures in inhib-
itory control [1], and suggest that individuals who struggle
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with inhibition are more likely to make both perseverative and
non-perseverative (random) errors, on the WCST.

Perseverative Errors (pe_wcst): Perseverative errors are re-
garded as the main metric of frontal dysfunction [3] and our
findings revealed that nge predicted about 22% of variations
of perseverative errors (Adjusted R square = 0.221) with a
moderately positive association, hence, nge has a significant
capability to predict frontal dysfunction. Neurocognitive mod-
els of working memory offer a valuable conceptual framework
for interpreting WCST errors associated with frontal dysfunc-
tion [18, 19]. Working memory enables individuals to fluidly
shift their mental set backward and forward in time to plan and
execute subsequent actions. Ideally, a subject would maintain
recent information online while discarding now-irrelevant cat-
egories, selecting one of the two remaining categories in the
context of the WCST. If a previously established set rigidly
determines the response in the early trials of a new series de-
spite disconfirming feedback (i.e., exhibiting a "stuck-in-set"
tendency, [3]), this may indicate an inability to shift sets. This
difficulty in set-shifting arises from a failure to inhibit the pre-
viously formed set and initiate a new one by incorporating up-
dated feedback into the cognitive system. This process in-
volves the utilization of all three executive functions identified
by Miyake et al., (2000): shifting, updating, and inhibition.

Non-perseverative Errors (npe_wcst): It is really thought
that a certain amount of npe_wecst is desirable, where partici-
pants are forced to make non-perseverative mistakes in order
to figure out what the next correct sorting rule is. For normal
subjects, this is a very effective process of trial and error since
they can quickly learn the new correct rule by remembering
the previous incorrect ones. In addition to this, there are other
types of non-perseverative errors (Figure 12), which entail a
change in set in addition to an ineffective utilization of previ-
ous contextual knowledge. One instance might be if the sort-
ing rule is consistently ignored, or if there is only one single
mistake in an otherwise coherent sequence like in case of a
distraction error [3] which are more likely associated with er-
rors of commission. Computational models of prefrontal func-
tion consider non-perseverative errors to be a significant def-
icit in patients with prefrontal damage, alongside persevera-
tive response tendencies. Generally, the cognitive deficits be-
lieved to contribute to non-perseverative errors are linked to
the strength and management of working memory representa-
tions [18]. Disruptions in cognitive components such as inhi-
bition, task management, and monitoring [34] may all contrib-
ute to the occurrence of non-perseverative errors, thus con-
firming our findings.

While acknowledging the significance of perseverative er-
rors, Barceld and Knight (2002) proposed that nonpersevera-
tive errors that happen randomly could also be a factor in PFC
patients' deficiencies. Disinhibition is seen in the majority of
their patients' difficulties keeping their attention on the newly
relevant category when presented with distracting stimulus
features.
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Types of Responses in WCST

Indicative of Frontal Dysfunction

\

Normal process of trial and error

Figure 12. Different types of responses in WCST.

Conceptual Level Responses (clr_wcst): According to the
WCST-64 professional manual, conceptual level responses
are named so, because there is a presumption that, to produce
consecutive correct responses in runs of three or more, an in-
dividual would require some insight into the correct sorting
category. Identifying the correct sorting category requires a
significant degree of abstract intellectual functioning [28] and
the PFC has been associated with the maintenance of infor-
mation at different levels of abstraction: from highly abstract
task contexts, like the WCST, to concrete information, like
specific objects and perceptual features (e.g., [12]). Our find-
ings reveal that inhibitory control, which is also a PFC func-
tion, explains around 23% of variation in clr_wcst (Adjusted
R-square = 0.222), which can be explained by the common
neuroanatomical substrate of both constructs and is aligned to
research by Chen et al. (2019) - cognitive control was more
strongly associated with fluid intelligence—which is related
to the capacity for problem-solving through abstraction, as in
producing conceptual level responses—than with crystallized
intelligence, which is related to learning from past experiences
and knowledge [5].

Number of Categories Completed (nocc_west): Also con-
sidered as an indicator of frontal lobe pathology like persev-
erative errors [3], the nocc_wcst has a moderate negative as-
sociation with nge according to our findings, meaning, as the
number of nogo errors increase, participants are found to com-
plete lesser number of categories. Additionally, the regression
model explains about 15% of variations in the nocc_wecst (Ad-
justed R-square = 0.152). Hence, problems related to inhibi-
tory control lead to higher error rates in WCST performance,
which automatically reduce the number of attempts left (out
of 64 attempts for WCST-64) to complete a series of 10 con-
secutive correct responses, and thus leading to a situation of
inability to complete higher number of categories.

Failure to Maintain Set (ftms_wcst): Numerous researchers
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have advocated for the use of FTMS as a valid gauge of cog-
nitive function, although its interpretation may vary [10].
Some contend that FTMS serves as an indicator of distracti-
bility, indicating an individual's struggle to sustain concentra-
tion on a given task [3, 6]. Conversely, others propose that the
factors assessed within the WCST are not entirely independ-
ent, suggesting that FTMS might be closely linked to cogni-
tive flexibility. This refers to the ability to adeptly switch strat-
egies when confronted with changing environmental stimuli
[14, 15, 40]. Figueroa and Youmans (2013) investigated this
issue and concluded that FTMS evaluates distractibility rather
than cognitive flexibility.

Our results show that almost 30% (Nagelkerke R-square =
0.297) of variance in FTMS, was explained by grt, which is
an index of processing speed that is parallel with is some very
recent literature especially on clinical cases (e.g., in patients
recovering from stroke), that link processing speed with cog-
nitive flexibility (e.g., [37]). Post-stroke cognitive impairment
often involves deficits in processing speed, attention, and cog-
nitive flexibility [17, 32]. Frontal lesions, common in stroke,
frequently lead to executive dysfunction, exacerbating cogni-
tive deficits [16]. Reduced processing speed is a primary con-
tributor to post-stroke cognitive dysfunction, while executive
dysfunction, a facet of cognitive flexibility, significantly im-
pacts patients' quality of life [36].

5. Conclusion

Our study examined the predictive relationship between in-
hibitory control abilities, as assessed by the Go/Nogo Task,
and executive functions, particularly inhibitory control, as
measured by the Wisconsin Card Sorting Test-64 (WCST-64).
Contrary to the null hypotheses, significant associations were
found between Go/Nogo performance and key executive func-
tion metrics in the WCST-64. This proves that a Go/Nogo task
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can significantly predict WCST performance. The WCST fac-
tor structure is clarified in part by this study. We shed light on
how multiple facets of cognitive control interact within the
WCST framework by analyzing the predicted link between
executive functioning measures in the WCST-64 and inhibi-

tory control abilities measured by the Go/NoGo Task (GNGT).

6. Future Directions and Implications

The Go/Nogo Task has potential as a quicker and less time-
consuming frontal pathology assessment tool than the Wis-
consin Card Sorting Test (WCST). Although the WCST-64 is
a neuropsychological test that is frequently used to evaluate
executive functioning, administering it might require a lot of
time and resources. We provide empirical support for the use-
fulness of the Go/NoGo task as a proxy measure for evaluating
inhibitory control and related cognitive processes by indicat-
ing substantial relationships between performance on the task
and different indices of executive functioning in the WCST-
64. However, the version of the Go/Nogo task that we have
used, although is a standardized task from a battery of cogni-
tive performances that had been validated, is just one of the
various possible types of Go/Nogo that are used in research.
The findings may or may not be similar across other variations
in the Go/Nogo paradigm because there are differences in the
processing of information in the nervous system in different
variations. Future research could enhance the current study by
employing advanced statistical techniques such as latent-var-
iable analyses, confirmatory factor analyses, and structural
equation modeling to uncover the nuances of inhibitory con-
trol in Wisconsin Card Sorting Test (WCST) performance and
to elucidate the overall factor structure of the WCST.

Additionally, electrophysiological comparisons, such as
quantitative electroencephalography (QEEG) or event-related
potentials (ERP), between tasks like Go/No-Go and Stop-Sig-
nal could be valuable. These methods offer high temporal res-
olution and could improve our understanding of the predictive
relationship between these tasks and WCST performance. Ex-
tending this research into functional imaging studies using
modalities such as functional magnetic resonance imaging
(fMRI) or positron emission tomography (PET) could provide
insights into the spatial metabolic aspects of response inhibi-
tion in WCST and highlight differences among various inhib-
itory control tasks.

Abbreviations

correct rspm  Number of Correct Responses (RSPM)

ga Go Accuracy
grt Go Reaction Time (ms)
nge NoGo Error

correct_wcst
incorrect west
pr_wecst

Number of Correct Responses (WCST)
Number of Incorrect Responses (WCST)
Perseverative Responses (WCST)
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pe_west Perseverative Errors (WCST)
npe wecst Non-Perseverative Errors (WCST)
clr_west Conceptual Level Responses
nocc_wecst Number of Categories Completed

trials_ west Number of Trials to complete First
Category

ftms_wcst Failure to Maintain Set
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