
Vol.:(0123456789)1 3

Psychological Research (2023) 87:1439–1453 
https://doi.org/10.1007/s00426-022-01763-y

ORIGINAL ARTICLE

Cognitive flexibility assessment with a new Reversal learning task 
paradigm compared with the Wisconsin card sorting test exploring 
the moderating effect of gender and stress

Alessandra Monni1,2   · Michele Scandola3 · Sébastien Hélie4 · L. Francesca Scalas2

Received: 7 May 2022 / Accepted: 29 October 2022 / Published online: 11 November 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Cognitive flexibility plays a crucial role in psychological health and this research aimed to investigate its assessment. We 
developed a novel Reversal learning task (RLT) paradigm adding pure reward (+ 100 points, 0) and punishment (− 100 
points, 0) conditions to the classic reward–punishment condition (+ 100, − 100); we also analyzed the RLT convergent 
validity with approach-avoidance questionnaires (BIS-BAS and Approach-Avoidance Temperament questionnaire) and the 
Wisconsin card sorting test (WCST) scores through a Principal component analysis. In a sample of 374 participants, we 
found that these three conditions differently assess flexibility and that high RLT reward sensitivity in the punishment condi-
tion (0; − 100) is related with high BAS reward responsiveness. Moreover, we found that RLT and WCST flexibility scores, 
although associated, detect different facets of cognitive flexibility. Finally, in a second sample (N = 172), we explored the 
impact of stress, moderated by gender, on RLT and WCST. Whereas, WCST was not impacted by these variables, in RLT 
stressed women showed increased perseverative errors in punishment condition (− 100, 0) and reduced punishment sensi-
tivity in reward condition (+ 100, 0).
Overall, our newly developed RLT paradigm and the WCST seem to provide different ways to assess cognitive flexibility 
and to be differently affected by moderators, such as gender and stress.

Introduction

Cognitive flexibility is a component of human executive 
function that allows the individual to mentally shift between 
tasks, strategies, and rules (Knauft et al., 2021), it is devoted 
to adaptation: the individuals flexibly change strategies to 
adapt to the changing environment. Therefore, it is crucial 
to adopt an ecological perspective when studying cogni-
tive flexibility by assessing this ability using tasks that are 

relevant to everyday life to consider possible moderating 
variables.

Toward this aim, in this work, we focused on the study 
of a specific task: The Reversal Learning Task, a neuropsy-
chological task employed to define the ability of set-shift-
ing through a neuropsychological assessment. This task 
also allows to explore the sensitivity to reward and punish-
ment, two aspects that affect the ability to learn and adapt 
to reward contingencies. Our goal was to compare this task 
with one of the most widely recognized neuropsychological 
tests of cognitive flexibility, the Wisconsin Card Sorting Test 
(WCST; Grant & Berg, 1948; Heaton, Chelune, Talley, Kay, 
& Curtiss, 1993). Further, we explored construct validity 
and examined stress and gender as possible mediators that 
might influence this cognitive process.

Cognitive flexibility assessment: the WCST 
and the RLT

One of the most popular neuropsychological instruments 
of cognitive flexibility is the Wisconsin card sorting 
test–WCST (Lange et al., 2017), which assesses executive 
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function (Miles et  al., 2021; Sherman, Tan & Hrabok, 
2020). The WCST measures a sub-component of the execu-
tive function, the ability of set-shifting (Kopp et al., 2020; 
Lange et al., 2017). In this task, participants are asked to 
pair the cards in a deck (response cards) with four target 
cards according to an unknown classification rule. The rule 
is learned by receiving a “correct” or “wrong” feedback 
after each card pairing. During the test, the classification 
rule changes several times without warning, requiring the 
development of a new classification strategy. Despite its 
popularity, the literature shows important shortcomings 
(Kopp et al., 2020). Critically, several scoring systems exist 
(Figueroa & Youmans, 2013) and the scoring systems are 
complex (Greve, 1993), which makes this measurement tool 
difficult to use. Thus, the WCST should be administered 
and interpreted with caution (Miyake & Friedman, 2012). 
Among the dependent variables obtained from the WCST, 
number of perseverative responses and perseverative errors 
are the most commonly used (Baker et al., 2018; Wollen-
haupt et al., 2019), but their scoring is problematic since 
researchers apply different scoring rules and this results in 
discrepancies when comparing results across studies (Miles 
et al., 2021). To overcome this issue, recent studies recom-
mend Heaton et al. (1993) method to score perseverative 
response (Miles et al., 2021).

Another widely used measure of cognitive flexibility is the 
Reversal learning task—RLT (Cools et al., 2001; Izquierdo 
et al., 2017; Kehagia et al., 2010). This assessment proposes 
a paradigm that is more similar to daily life tasks in com-
parison to the WCST task. Individuals are asked to learn the 
association between a given stimulus and reward (Learning 
phase), and abandon this association when the reinforcement 
contingencies change (Reversal phase). The reversal phase 
occurs several times during the task and the individual is 
required to respond accordingly (Raio et al., 2017). RLT also 
studies all the aspects that adapting to a changing environ-
ment comprises: it tests the ability to learn from the rewards 
received (as well as absence of reward, or reward omission) 
upon choosing different stimuli (Stalnaker et al., 2015), it 
estimates the likelihood or prior probability that reversals 
can occur (Costa et al., 2015), and it generates an under-
standing of task or option space (Wilson et al., 2014, Saez 
et al., 2015).

To fully explore the cognitive flexibility in ecologic 
environments, many variants of the RLT paradigm have 
been developed, with several details (e.g., nature of stimuli, 
nature of reward/punishment feedbacks, timing, etc.) chang-
ing from one study to another. One RLT variant concerns 
the association between feedbacks and stimuli that could 
be deterministic (one stimulus is always associated with 
reward and the other with punishment) or probabilistic (one 
stimulus is mostly associated with reward—e.g., 80% true 
reward feedbacks; 20% false punishment feedbacks—while 

the other is mostly associated with punishment) (Bari et al., 
2010; Dalton et al., 2014; Ineichen et al., 2012; Rygula et al., 
2014). In the present study, we were interested in studying 
this latter since it reproduces the ambiguity of real-life set-
tings. In fact, during reversal phases, the individual cannot 
be 100% sure that the association has changed (Cools et al., 
2002). As a result, punishment feedback could be interpreted 
as a true punishment feedback (the stimulus–outcome has 
changed—reversal phase), which leads to changing the 
response accordingly, or as a false punishment feedback 
(the stimulus–outcome is not changed—still learning phase), 
which leads to continue selecting the same stimulus. This 
uncertainty makes the task more difficult and reduces the 
individual’s ability to anticipate the reversal phase and 
promptly select the stimulus associated with reward.

A peculiarity of the RLT: the reward and punishment 
sensitivity

A peculiarity of the RLT is that this task assesses cognitive 
flexibility influenced by motivation. Specifically, the RLT 
stresses the importance of the final goal and measures the 
ability to shift from one solution to another to attain the goal 
of avoiding punishments and approaching rewards. In light 
of this, the RLT measures reward and punishment sensitivity 
(Friedel et al., 2015), two individual traits that determine the 
motivation to approach reward and avoid punishment. The 
sensitivity to reward–punishment is the individual's respon-
siveness to such feedback and it measures the extent to 
which the individual perseverates in choosing the rewarding 
stimulus (reward sensitivity) or avoiding the punishing stim-
ulus (punishment sensitivity) (Schlagenhauf et al., 2014). 
Researchers recently evidenced that approach–avoidance 
sensitivity is significantly related with cognitive flexibility, 
such that approach sensitivity is related with an enhanced 
cognitive flexibility and avoidance sensitivity is related with 
a reduced cognitive flexibility (Baas et al., 2020). Thus, 
these personality differences are important in understand-
ing cognitive flexibility in individuals.

The reward and punishment sensitivities are usually 
assessed in the approach–avoidance literature with self-
report measures that explore different facets of approach-
ing reward and avoiding punishment (Monni et al., 2020), 
such as the BIS-BAS scale (Carver & White, 1994) and the 
Approach-Avoidance Temperament Questionnaire (Elliot & 
Thrash, 2010). The BIS-BAS scale explores the Behavioral 
Inhibition Sensitivity (BIS) and the Behavioral Activation 
Sensitivity (BAS) as stable and innate neurobiological sen-
sitivity to attractors (BAS) and threatening stimuli (BIS) 
(Gray & McNaughton, 2000). The Approach-Avoidance 
Temperament Questionnaire investigates the individual’s 
predisposition to be extroverted, emotionally positive and 
more sensitive to rewarding stimuli (Approach temperament) 
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and to be neurotic, emotionally negative and more sensitive 
to punishment stimuli (Avoidance temperament) (Elliot & 
Thrash, 2010). These constructs reflect basic, rudimentary 
aspects of psychological functioning. BAS and BIS sensi-
tivity differs from approach and avoidance temperament, in 
that the former constructs are linked to a highly constrained 
set of eliciting stimuli, neuroanatomical structures, and neu-
rophysiological processes, whereas the latter are presumed 
to be elicited by a broader range of stimuli and to emerge 
from a broader network of interacting but partially inde-
pendent neuroanatomical structures and neurophysiological 
processes operative across the neuraxis (including, but not 
limited to, those detailed in the BIS and BAS literature). 
Exploring variables that could affect cognitive flexibility is 
important to better study this cognitive ability. The sensi-
tivity to reward–punishment seems to influence cognitive 
flexibility. Thus, we were interested in exploring those sen-
sitivities through a behavioral measure such the RLT and 
compared them with the self-reported reward–punishment 
sensitivities measured with BIS BAS and approach–avoid-
ance temperaments.

Assessing cognitive flexibility in RLT and WCST: 
a comparison

The RLT and WCST both assess cognitive flexibility accord-
ing to different perspectives, sharing some aspects and dif-
fering in some other. Both RLT and WCST explore the abil-
ity to learn an association and abandon this association when 
the reinforcement contingencies change. However, different 
details in each task allow researchers to explore specific 
aspects of cognitive flexibility. The RLT can also measure 
the specific structure of learning obtained from trial-by-trial 
responses to feedbacks (Klanker et al., 2015; Stolyarova 
et al., 2014). In fact, it permits to estimate the learning rate 
(Rizvi et al., 2016), that is the ability to quickly update the 
new response–outcome associations (Izquierdo et al., 2017).

The WCST explores the individual differences in learn-
ing when the environment is fully predictive, whereas the 
probabilistic RLT focuses on ambiguous environments. With 
respect to feedback, in RLT, participants receive a positive 
or negative affective feedback (a smiling or a sad emoticon), 
whereas in WCST, they receive a correct or wrong neutral 
feedback (Dias et al., 1997).

Finally, the WCST explores Intra-dimensional shifting, 
which requires to maintain a reinforced categorization 
rule when it is presented with other forms (i.e., sorting 
stimuli by “color” and shifting from sorting blue items 
to red items). WCST and RLT both examine the Extra-
dimensional shifting, that is shifting from a reinforced 
categorization rule to another rule (i.e., for WCST sorting 
stimuli by “shape” to sorting stimuli by “color”; for RLT 
choosing the deck of heart associated with + 100 points 

and shifting to choose the deck of diamonds subsequently 
associated with + 100 points) (Watson et al., 2006). To bet-
ter clarify their difference, the Intra-dimensional shifting 
can be explored only when the task requires participants 
to shift between (Extra-dimensional) and within (Intra-
dimensional shifting) categories. When the task requires 
participant to shift according to only one rule (i.e., the 
described RLT), it is not possible to explore both types of 
shifting. Despite their differences, both instruments allow 
researchers to assess the ability of reverse learning (e.g., 
Dias et al., 1997) and to estimate similar cognitive flex-
ibility scores (Murphy et al., 2003).

In sum, the WCST and RLT are characterized by differ-
ences that should be taken into account when choosing the 
appropriate assessment instrument for research. However, 
both tasks focus on measuring the same construct of cogni-
tive flexibility. Since RLT and WCST share some character-
istics and differ in some other, to better explore the cogni-
tive flexibility according to different facets of each task, we 
analyzed, as an exploratory aim, if and to what extent they 
converge.

Effect of stress and gender on cognitive flexibility

Recent studies in rodent behavioral models have evidenced 
two moderating variables that influence cognitive flexibil-
ity: sex and stress (Chowdhury et al., 2019; Gargiulo et al., 
2020; Goodwill et al., 2018; Grafe et al., 2017; Hupalo et al., 
2019). In particular, performance in a probabilistic RLT is 
differently influenced by sex and stress in rat models (Bryce 
& Floresco, 2020), but this aspect has been less explored 
in humans. Researchers confirmed the different impact of 
stress in men and women on cognitive flexibility (for reviews 
Lupien et al., 2009; Shields & Slavich, 2017). However, 
among studies that specifically measure cognitive flexibil-
ity with the WCST and RLT in humans, only a few also 
analyzed the effect of stress and gender. The sole impact of 
gender does not influence the WCST (Cinciute et al., 2018; 
Eling et al., 2008; Nyhus & Barceló, 2009) but has an impact 
on the probabilistic RLT. Only women exhibit a preferred 
punishment-based reversal learning after dopamine deple-
tion (Robinson et al., 2010) and during reversal phase, and 
men make fewer errors than women (Evans & Hampson, 
2015). According to these results, women are more sensitive 
to punishment in RLT learning and men show a better RLT 
performance. However, only two studies do not suffice to 
come to this definitive conclusion.

Stress has been examined through a larger variety of 
studies on WCST and RLT, but they mainly studied the 
effect of acute stress on cognitive flexibility. Acute stress 
(Hendrawan et al., 2012) or high stress symptoms measured 
with the Depression and Anxiety Stress Scale (a 42-item 
self-report instrument designed to measure depression, 
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anxiety and tension/stress) (Ajilchi & Nejati, 2017) do not 
influence WCST performance. With respect to RLT, some 
found that acute stress impaired RLT performance (Raio 
et al., 2017), while others found enhanced RLT performance 
(Friedel et al., 2015; Robinson et al., 2013). Studies on the 
joint effect of stress and gender on RLT and WCST are 
scarce and explore only acute stress. For example, in two 
studies that employed, a computerized version of the WCST 
researchers demonstrated that acute stress induction wors-
ens WCST performance in men (Kalia et al., 2018; Shields 
et al., 2016).

Studies on acute stress reported mixed results, prob-
ably due to different operationalization and intensity of 
acute stress. Conversely, studies on chronic stress showed 
more consistent results. In animal models, negative conse-
quences of chronic stress are much more pronounced than 
acute stress (Wolf, 2003), but in general, negative impact of 
chronic stress on cognitive flexibility has been more sup-
ported in humans. Chronic stress impaired attention shift 
(Liston et al., 2009), set-shifting performance (Orem et al., 
2008), and cognitive flexibility measured as the ability to 
find alternative solutions and to be in control when facing 
difficult situations (Kalia & Knauft, 2020). However, very 
few studies explored the impact of chronic stress on cogni-
tive flexibility measured through WCST and RLT. Chronic 
stress negatively impacts reversal learning performance 
since it reduces blood flow and brain activity in brain regions 
related to the goal-directed actions (Ohira et al., 2011). 
A more recent study on WCST explored the interaction 
between acute and perceived chronic stress on perseverative 
errors, such that only individuals who were experiencing low 
and medium levels of perceived chronic stress exhibited a 
significant increase in the number of perseverative errors due 
to high acute stress condition. In contrast, those experienc-
ing high levels of perceived chronic stress did not see any 
change in flexibility due to high or low acute stress condi-
tions. Results were not influenced by gender (Knauft et al., 
2021). To our knowledge, no study explored the moderation 
effect of gender in the stress impact with respect to RLT, but 
some researchers encouraged future studies to investigate 
this aspect (Friedel et al., 2015).

These limited results on this topic require further empiri-
cal studies. For this reason, since cognitive flexibility is an 
important ability for adaptation, we decided to explore stress 
and gender as factors that might affect it.

The present study

Cognitive flexibility performance changes according to situ-
ations and individual characteristics. Although it is impor-
tant to explore this aspect using a laboratory approach, to 
reduce variables and simplify the process, it is also neces-
sary to adopt a more ecological perspective that allows for 

identifying conditions in which cognitive flexibility could 
change. In this study, we assessed this cognitive process by 
employing a novel RLT, which allows for more exploration 
of flexibility through a task that is more similar to everyday 
life tasks, thus connecting the RLT with the WCST that ana-
lyzes similar construct and adding moderating variables that 
influence this process, such as stress and gender.

In light of the evidence described above, the RLT permits 
to evaluate not only cognitive flexibility but also individual 
characteristics that might affect sensitivity to reward and 
punishment.

The classic RLT paradigm includes only one condi-
tion in which the individual receives both reward and 
punishment feedback (one stimulus =  + 100; other stim-
ulus = − 100). From this condition, the authors derive 
either the individual’s sensitivity to reward or sensitivity 
to punishment (Schlagenhauf et al., 2014). To specifically 
explore the individual performance in a solely reward or 
punishment environment and calculate the specific reward 
or punishment sensitivity, the first aim of our study is to 
add two new conditions to Schlagenhauf and colleagues’ 
(2014) paradigm: A reward condition, in which the indi-
vidual receives a reward versus a neutral feedback (+ 100; 
0); and a punishment condition, in which the individual 
receives a punishment versus a neutral feedback (− 100; 0). 
The first aim of this study is to compare these conditions 
to the classic condition, in which the individual receives 
a reward versus a punishment feedback. We suppose that 
each condition might allow researchers to assess a purer 
reward sensitivity, in the reward condition, and a purer 
punishment sensitivity in the punishment condition. We 
hypothesize that the three conditions would provide differ-
ent scores of reward and punishment sensitivity.

As we described in the previous paragraph, the reward 
and punishment sensitivities are usually assessed in 
the approach–avoidance literature with two self-report 
measures which explore different facets of approaching 
reward and avoiding punishment (Monni et al., 2020): the 
BIS-BAS scale (Carver & White, 1994) and Approach-
Avoidance Temperament questionnaire (Elliot & Thrash, 
2010). To analyze the construct validity, our second aim 
is to investigate if the reward–punishment sensitivity 
scores obtained with the RLT could converge with the 
approach–avoidance measures.

The WCST is the most used task to explore the cognitive 
flexibility but, despite its effectiveness, it simplifies the study 
of this cognitive process. We argue that an individual might 
be more committed to try to earn/not lose points (RLT) than 
to sorting card according to a rule (WCST), since the former 
task is more akin to everyday life tasks. Thus, taking the 
WCST as a landmark for its widely supported validity, we 
were interested in understanding whether these tasks shared 
some components or were simply correlated. Therefore, to 
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complete the construct validity analysis, we aimed to explore 
RLT and WCST and analyze how they measured the differ-
ent facets of cognitive flexibility. We conducted a principal 
component analysis and hypothesized that the RLT and the 
WCST, although measuring cognitive flexibility according 
to different perspectives, would share some components. In 
addition, the punishment–reward sensitivity measured with 
RLT and the punishment–reward sensitivity measured with 
BIS BAS and Approach-Avoidance Temperament Question-
naires would be part of another component.

The third aim is to explore the moderating vari-
ables that should be taken into account in the cogni-
tive flexibility analysis: gender and stress. In our study, 
we wanted to analyze the impact of stress moderated 
by gender on RLT in comparison to WCST. As we 
described above, the literature on cognitive flexibility 
mostly studied the acute stressors exposure. However, 
literature evidenced that psychological functioning is 
more influenced by the individual stress response com-
pared to the mere exposure to the stressors (Roth et al., 
2015). In addition, chronic stress has been demonstrated 
to have a stronger impact on cognitive and psychological 
health since it is a proved risk factor for several neu-
ropsychiatric disorders (Caspi et al., 2003), it impairs 
flexible problem solving (Beversdorf et al., 1999) and 
it is associated with general cognitive decline (Wilson 
et al., 2005). For these reasons, in our study, we assessed 
the chronic stress response measured by one of the most 
commonly used measures of chronic stress response, the 
Perceived Stress Scale (PSS; Cohen, 1988; Cohen et al., 
1983; Taylor, 2015).

We expect to confirm previous results: stress will nega-
tively influence RLT performance (Ohira et al., 2011) and 
WCST performance but only in men (Kalia et al., 2018; 
Shields et al., 2016). Moreover, given that women exhibit a 
significant improvement in punishment processing (Robin-
son et al., 2010), we expect to better highlight this difference 
through the separated RLT reward (100, 0) and punishment 
conditions (− 100, 0). Moreover, since no relevant litera-
ture exists, we pose an exploratory research question about 
a possible stress–gender interaction. Finally, we include age 
and education as covariates to control their effect that could 
bias the independent variables effects, which are stress and 
gender.

In sum, our purpose is to highlight different facets of 
cognitive flexibility such as flexibility measures (correct 
responses, failures, perseverative errors) but also sensitivity 
measures (sensitivity to reward or punishment), explore their 
construct validity and evidence how they differ in men and 
women and chronic stress response.

Methods

Participants and procedures

All participants were recruited through internet ads, leaflets 
and face-to-face recruitment in public places. We included 
all participants from 18 to 65 years old and excluded those 
with a concurrent diagnosis of psychiatric disorder (i.e., 
Major Depression, Generalized Anxious disorder etc.) or 
substance abuse, as well as those with neurological or gen-
eral medical disorders likely to affect cognition. Behavioral 
tasks and self-report measures were administered face-to-
face in three sessions in a random order, one session for 
behavioral tasks, one session for approach–avoidance meas-
ures, another session for PSS and other self-report measures 
not included in this study. The sample was composed of 374 
healthy volunteers (164 women), age 18–65 (mean = 34.91, 
SD = 13.41), 7–26  years of education (mean = 14.63, 
SD = 2.87). Fourteen participants were excluded because 
they abandoned the study before completing the approach-
avoidance questionnaires. Stress measure (PSS) was col-
lected in a subset of the whole sample,1 172 participants, (57 
women), age 18–64 (mean = 37.63, SD = 13.39), 7–26 years 
of education (mean = 15.22, SD = 2.98).

A priori sample size was computed by means of the pwr 
package (Champely, 2018) within the R statistical software 
(R Core team, 2019). We chose a power = 80% with an 
alpha = 0.05. We used a small effect size (Cohen’s f = 0.1) for 
the repeated measures ANOVA with 3 conditions, a moder-
ate effect size (Pearson's r = 0.3) for the correlation analysis, 
and a small effect size (Cohenis f = 0.14) for the moderated 
regression analysis. We obtained a desired sample size of 
322, 84 and 140 participants respectively. We collected a 
higher number of participants taking into account possible 
outliers.

The study has been conducted in accordance with the 
Declaration of Helsinki and it was approved by the Ethics 
Committees of the La Sapienza University of Rome and the 
University of Cagliari. Data have been anonymized and were 
collected after obtaining written informed consent.

Behavioral Tasks

Participants performed a variation of Schlagenhauf and col-
leagues’ (2014) RLT paradigm (Fig. 1). They received these 
instructions: “In this task, you have to choose between two 
decks of cards, hearts and diamonds. One deck makes you 
win most of the time and the other one makes you lose most 
of the time. During the task, you are requested to try to 
understand which deck makes you win more and choose 

1  During the data collection, COVID-19 lockdown has occurred.
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that one because the goal is to earn as many points as pos-
sible. After a series of choices, the rule changes so that the 
deck associated with reward no longer makes you win”. To 
incentivize participants to earn as many points as possible, 
the investigator stimulated their tendency to compete with 
others.

The paradigm is composed of three condition, 
reward–punishment condition, reward condition and pun-
ishment condition (for their descriptions see Fig. 1). Partici-
pants perform 50 trials in each condition and the order of 
the blocks was randomized for each individual. To make the 
task more complex, the individual received for the reward-
deck 80% true reward feedbacks and 20% false punishment 
feedbacks. As a result, the punishment-deck gets 80% true 
punishment feedbacks and 20% false reward feedbacks. The 
deck-feedback association was reversed several times during 
the block, always after 16 trials or after 10 trials if the sub-
ject correctly chooses the reward object 70% of the time. The 
experiment was preceded by a training phase of 10 trials.

We calculated 5 flexibility scores, learning rates and 
reward/punishment sensitivities for each reward, punish-
ment and reward–punishment condition. Following Mur-
phy and colleagues’ study (2003), we calculated the total 
number of correct responses: the number of correct sets, 
which occurs when participants made a consecutive series of 
7 correct matches, the number of errors to criterion, which is 
the number of incorrect responses before the correct match 
when the criterion is reversed; the failure to maintain set, 
which indicates incorrect responses after a consecutive 
series of 5 correct matches and perseverative errors, which 
quantifies the number of perseverative incorrect responses. 
The described scores correspond to those calculated in the 
WCST and this allowed us to explore the convergence of 

these two instruments. In particular, total number of cor-
rect sets is similar to the number of categories completed 
of the WCST, total number of correct responses, failure to 
maintain sets and perseverative errors was calculated both 
in WCST and RLT.

The novel RLT paradigm is composed of 3 blocks: block 
1 with reward feedback (+ 100, smiley face) and punishment 
(− 100, sad face), block 2 with reward (+ 100, smiley face) 
and zero pints, block 3 with punishment (− 100, sad face) 
and zero points.

To calculate the individual’s learning rates and reward 
and punishment sensitivities, we employed the Res-
corla–Wagner model (Deserno et al., 2015; Friedel et al., 
2015; Schlagenhauf et al., 2014). This model states that the 
individual’s choice is guided by the feedback that the indi-
vidual expects to obtain. The individual’s choice on each 
trial is proportional to the desirability of each option and 
obtained using a softmax equation: 

The desirability of each option [Qt (a)] is learned using 
the Rescorla–Wagner equation:

Here, α is the individual learning rate, which is calcu-
lated on the basis of the reward obtained on the trial (Rt) 
and the expected result (Qt-1 (a)). So, if the actual reward 
increases (Rt), then the probability of choosing the deck 
associated with reward increases (Qt (a)). This variable takes 
the value Rt = βrew if a reward has been obtained, namely 

formula ∶ p
(
a|Qt

)
= exp

[
Qt(a)

]
∕

{
∑

a�

exp
[
Qt

(
a�
)]
}

Qt(a) = Qt−1(a) + �

[
Rt−Qt−1(a)

]

Fig. 1   Novel RLT paradigm. Note. Two decks of cards are presented 
for a maximum of 2 s, or until the participant responds. The partici-
pant is requested to choose the deck positioned on the right or left 
side of the screen respectively pressing the “L” key or the “A” key 
of the keyboard. After individual’s response, the chosen deck is high-

lighted by a blue square and the feedback appears in the center of the 
screen for 1 s. Participants are required to choose a deck as quickly as 
possible and the trials are separated by a jittered interval that varies 
between 1 and 3.5 s to prevent habituation to the appearance time of 
the stimulus
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sensitivity to reward, and βpun if a punishment has been 
obtained, namely sensitivity to punishment. Through an 
algorithm that uses the maximum a posteriori (MAP) like-
lihood method, the learning rate (α), sensitivity to reward 
(βrew), and sensitivity to punishment (βpun) were estimated 
for each individual. We refer to the article by Friedel et al. 
(2015) for the detailed description of the calculation method. 
Since our paradigm is composed of three conditions (reward, 
punishment and reward–punishment), we calculated learn-
ing rates and reward–punishment sensitivities separately in 
each condition.

In this study, we employed the WCST developed by Hea-
ton and colleagues (1993), manual version (Italian version 
edited by Hardoy et al., 2000). The WCST consists of 4 
stimulus cards and 128 response cards (2 decks of 64 cards). 
The represented figures are characterized by number (from 
1 to 4 per card); shape (circles, triangles, crosses or stars); 
and color (red, blue, yellow and green). The individual is 
requested to match the cards of the response deck with the 
target cards according to a category and adjust the asso-
ciations based on the examiner’s feedbacks. The individu-
als should correctly match 10 cards per category, after 10 
consecutive correct sorts the category changes. The WCST 
continues until participant correctly sorted six categories or 
until all 128 cards have been exhausted. The WCST perfor-
mance is analyzed through 6 scores: the number of catego-
ries completed, the number of total errors, the number of 
perseverative responses and perseverative errors,2 the num-
ber of non-perseverative errors, which are random errors, 
and the number of failures to maintain sets, which occur 
when the individual changes response strategies despite 
the category remaining the same (Kopp et al., 2020). We 
included all six scores for the convergence analysis, but only 
Perseverative errors score was employed to assess cognitive 
flexibility in the moderation analysis.

Self‑report instruments

The BIS-BAS scale (Carver & White, 1994; Campbell-Sills 
et al., 2004; Italian version Leone et al., 2002) The BIS-BAS 
scale is composed of 20 items with a 6-point Likert scale 
and measures 4 factors: Behavioral inhibition sensitivity 

(BIS) and Behavioral activation through BAS Drive, BAS 
Reward Responsiveness and BAS Fun Seeking. The aver-
age of the items per scale indicates the BAS Drive, BAS 
Reward Responsiveness, BAS Fun Seeking and BIS scores 
which range from 1 to 6. Higher scores indicate the predomi-
nant sensitivity. We obtained acceptable Cronbach’s alphas 
(BASd = 0.64, BASfs = 0.63, BASrr = 0.71, BIS = 0.79).

The Approach-Avoidance Temperament Questionnaire, 
ATQ (Elliot & Thrash, 2010; Italian validation Monni & 
Scalas, 2020) is composed of 12 items with a 7-point Lik-
ert scale response format and investigates with 6 items per 
scale, the Approach Temperament and the Avoidance Tem-
perament. Approach and avoidance temperaments range 
from 6 to 42 each, higher scores indicate the predominant 
temperament. The instrument showed an acceptable internal 
reliability, confirmed in this study (Cronbach’s alphas are 
Approach Temp. = 0.75, Avoidance Temp. = 0.81).

The Perceived Stress Scale (PSS; Cohen, 1988; Cohen 
et al., 1983; Taylor, 2015; Italian translation by Cavallo 
et al., 2016) measures the perceived chronic stress, that is the 
degree to which situations in individual’s life are appraised 
as stressful and how respondents find their lives unpredict-
able, uncontrollable, and overloaded, how much individu-
als perceived their demands exceed their ability to cope 
over the previous 4 weeks on a 5-point Likert scale from 
0 to 4. Scores range from 0 to 40, with 0–13 indicates low 
stress, 14–26 moderate stress, 27–40 high stress. The PSS 
is a valid and reliable measure and this study confirmed its 
good validity (Cronbach’s alpha is PSS = 0.87). In this sam-
ple, PSS scores are normally distributed (PSS mean = 15.14 
SD = 7.07).

Results

Repeated measures ANOVA for the three RLT 
conditions

We conducted the analyses with SPSS software (version 
n. 24, Inc., Chicago, IL, USA). We performed a repeated 
measures ANOVA to verify whether the reward, punishment 
and classic reward–punishment conditions were statistically 
different from each other. We compared the average scores 
of learning rate, reward and punishment sensitivity, number 
of correct responses, correct sets, error to criterion, failure, 
and perseverative errors. To conduct the repeated measure 
ANOVA, we followed Girden’s recommendations in meeting 
three assumptions: independent observations, normality and 
sphericity (Girden, 1992). We met the first two assumption 
and we corrected data with Huyn–Feldt correction (1976) 
when the sphericity assumption has been violated.

2  “A perseverative response was counted as a response that was 
incorrect according to the current rule but would have been correct 
using the rule valid for the previous set. However, a response could 
also be classified as an ambiguous response if it matched the stimu-
lus card on more than one dimension. If an ambiguous response was 
correct but occurred within a series of unambiguous perseverative 
responses and matched the principle on which these unambiguous 
perseverations were made, it was counted as a perseverative response. 
Thus, strictly speaking, not all perseverative responses are incorrect. 
A perseverative error was counted as a perseverative response that 
was also incorrect” (Raz et al., 1998, page 101).
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The results (Table 1) show that, except for Failure, all 
RLT scores are statistically different, although this difference 
reflects a small effect.

Among the comparisons, we registered the larger dif-
ference between condition in sensitivity to punishment 
scores (F (2, 746) = 9.959, p < 0.001; RewCond = 0.904; Pun-
Cond = 0.934; RewPunCond = 0.932). Specifically, a Fish-
er’s post hoc test evidenced that, across comparisons, reward 
and punishment conditions significantly differ in almost all 
condition. In addition, the punishment condition appears 
as the condition in which individuals have reached a better 
performance in comparison to reward and reward–punish-
ment conditions. Participants in the punishment condition 
obtained greater learning rates, correct sets and lower errors 
to criterion, failures and perseverative errors than the other 
two conditions.

RewCond = Reward condition; PunCond = Punishment 
condition; RewPunCond = Reward-Punishment condition. 
*p < 0.05; **p < 0.001. N = 374.

Convergence validity with Approach‑Avoidance 
self‑report measures and WCST

To explore the convergence between RLT and 
approach–avoidance measures and WCST, we performed a 
principal component analysis. Preliminarily, we confirmed 
the assumptions required for PCA (Watkins, 2021): adequate 
linearity, sampling adequacy with Kayser–Meyer–Olkin 
and Bartlett’s test and no significant outlier. We conducted 
a PCA, oblimin-rotated correlation matrix with unrestricted 
factor extraction. We decided to restrict the PCA at three 
components after observing the eigenvalue (components 
1–3 = range 9.1–2.6; over 4 < 2.5) and variance explained 
(42.23%).

Table 2 reports the results of the PCA. The results show 
that RLT and WCST were included in two separated compo-
nents, whereas the third factor Error to Criterion converged 
with BAS reward responsiveness and reward sensitivity in 
the punishment condition. Neither BIS nor approach–avoid-
ance temperaments converged with any factors. Analyzing 
the correlation between the components, we observed that 
RLT and WCST negatively correlated (r = -0.232; p < 0.05). 
This negative correlation is motivated by the nature of 

Table 1   Repeated measures ANOVA between the three RLT conditions and post hoc tests

The sphericity assumption is tested with the Mauchly’s test, when the test is not significant (> 0.05) the sphericity is assumed. Conversely, when 
the sphericity assumption is violated, SPSS provides two corrections that could be applied: Greenhouse–Geisser correction (Greenhouse & Geis-
ser,  1959), Huyn–Feldt correction (1976). The extent to which sphericity has been violated is estimated by the index “epsilon” and Girden 
(1992) recommended to apply Huyn–Feldt correction when epsilon is > .75, the Greenhouse–Geisser correction when epsilon is < .75 in report-
ing results

Descriptive statistics: Mean (SD) Repeated measures ANOVA

RewCond SD PunCond SD RewPunCond SD Results F df

Learning rate .965 .05 .970 .04 .963 .04 Sphericity assumed 3.121* 2; 746
Sensitivity to rew 1.04 .15 1.01 .15 1.03 .14 Huyn-Feldt 7.469* 2; 746
Sensitivity to pun .904 .15 .934 .14 .932 .13 Huyn-Feldt 9.959** 2; 746
Correct responses 32.36 5.74 33.05 5.09 33.17 5.25 Huyn-Feldt 4.638* 2; 746
Correct sets 3.33 .94 3.50 .91 3.49 .88 Sphericity assumed 7.100* 2; 746
Error to criterion 6.75 3.97 5.83 3.09 6.24 3.11 Huyn-Feldt 9.407* 2; 746
Failure .45 .92 .41 .94 .46 .90 Sphericity assumed .348 2; 746
Perseverative error 5.66 3.53 4.99 3.15 5.09 3.04 Huyn-Feldt 6.445* 2; 746

Fisher’s post hoc tests

PunCond—RewCond RewCond—RewPunCond PunCond—RewPunCond

Learning rate 0.005 (0.003) 0.002 (0.003) 0.007 (0.003)*
Sensitivity to rew − 0.028 (0.008)* 0.006 (0.007) − 0.022 (0.007)*
Sensitivity to pun 0.031 (0.008)** − 0.028(0.008)** 0.003 (0.007)
Correct responses 0.682 (0.303)* − 0.810(0.289)* – 0.128(0.264)
Correct sets 0.176(0.054)* − 0.160(0.050)* 0.016(0.051)
Error to criterion − 0.925(0.214)** 0.513(0.231)* − 0.412 (0.195)*
Failure − 0.04 (0.146)* 0.010 (0.152) 0.05(0.137)*
Perseverative error − 0.671 (0.207)* 0.572 (0.209) − 0.099 (0.189)
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flexibility scores: WCST measures the inflexibility (errors, 
perseveration etc.), conversely RLT measures the flexibility 
(correct responses, correct sets).

Impact of stress, moderated by gender, on cognitive 
flexibility

To explore the impact of stress moderated by gender on 
cognitive flexibility, we performed a moderated regres-
sion analysis using the software Process for SPSS (Hayes, 
2012). We took into account age and level of education 
as covariates. We analyzed the number of perseverative 
errors as the most representative score of cognitive flex-
ibility for both RLT and WCST in line with previous 
meta-analyses (Gamboz et al., 2009; Li, 2004; Rhodes, 
2004; Westwood et al., 2016). In addition, we explored 
individual’s learning rate and reward-punishment sensi-
tivities, which are specific scores of RLT paradigm. We 
checked data for four assumptions: normality, linearity 
and homoscedasticity and we controlled for the presence 
of outliers with the Mahalanobis, Cooks and Leverage test. 
We excluded all data that presented at least two scores out 
of the cut-off (see Table 3 for the number of individuals 
excluded for each cognitive flexibility variable). All data 
met the assumptions.

Results (Table 3) show that the WCST is unaffected by 
stress and gender and is only influenced by the increase of 
perseverative errors with respect to age. Conversely, sig-
nificant results emerged with the RLT. The interaction of 
stress and gender affects perseverative error and punishment 
sensitivity. Specifically, reporting only statistically signifi-
cant results between men and women groups (Fig. 2), we 
observed a positive association between chronic self-per-
ceived stress and perseverative errors in the punishment con-
dition (0, -100) and a negative association between chronic 
self-perceived stress and punishment sensitivity in reward 
conditions (100, 0) only in the women group. Therefore, 
stressed women commit more errors in the riskiest condi-
tion, when they might lose 100 points, and are less sensitive 
to punishment in the less risky condition, when they might, 
in the worst case, have zero point. Conversely, stress was not 
associated with flexibility behaviors in men.

Table 2   Principal component analysis of RLT, WCST, BIS-BAS and 
approach-avoidance temperaments scores

*Indicates statistical significance at p < .05; ** indicates statistical 
significance at p < .001
We reported only factor loading > .300
RLT Reversal learning task, WCST Wisconsin card sorting test, ETC-
R error to criterion and reward sensitivity. WCST scores: Werr Total 
errors, Wpersresp Perseverative responses, Wperserr Perseverative 
errors, Wnonperser Non-perseverative error, Wca Categories achieved, 
Wf Failures to maintain set. Self-report measures scores: BASd Behavio-
ral approach system drive, BASfs BAS fun seeking, BASrr BAS reward 

Components

RLT WCST ETC-R

Werr − 0.596 0.764
Wpersresp − 0.524 0.714
Wperser − 0.536 0.733
Wnonperser − 0.529 0.630
Wca 0.586 − 0.686
Wfail − 0.387 0.314
BASd
BASfs
BASrr 0.301
BIS
ATQap
ATQav
PunishSensR 0.666
RewSensR 0.668
PunishSensP 0.720
RewSensP 0.698 0.391
PunishSensRP 0.741
RewSensRP 0.733
LrateR
LrateP
LrateRP
CorrespR 0.688 − 0.313
CorrespP 0.746
CorrespRP 0.759
CorsetsR 0.615 0.319
CorsetsP 0.690
CorsetsRP 0.684
ErrorcritR 0.722
ErrorcritP 0.576
ErrorcritRP 0.502
FailureR − 0.380
FailureP − 0.312 − 0.384
FailureRP − 0.350
PerserrorR − 0.509 0.533
PerserrorP − 0.607
PerserrorRP − 0.575
Components correlations
 RLT 1 − 0.232 0.112*
 WCST − 0.232* 1 − 0.030
 ETC-R 0.112 − 0.030 1
 %Variance 42.23
 KMO 0.819
 Bartlett’s test 10,849.15**(630)

responsiveness, BIS Behavioral inhibition system, ATQap Approach 
temperament, ATQav Avoidance temperament. RLT scores: R reward 
condition, P punishment condition, RP reward–punishment condi-
tion, PunishSens punishment sensitivity, RewSens Reward sensitivity, 
Lrate Learning Rate, Corresp Correct responses, Corsets correct sets, 
Errorcrit Error to criterion, Failure Number of failures, Perserror Perse-
verative error

Table 2   (continued)
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Table 3   Moderated regression. Stress moderated by gender predicts WCST and RLT scores with age and education as covariates

WCST scores: Wperserr Perseverative errors, RLT scores: R reward condition, P punishment condition, RP reward–punishment condition, Perser-
ror Perseverative error, Lrate Learning Rate, RewSens reward sensitivity, PunSens punishment sensitivity, *p < .05; **p < .001

PREDICTORS COVARIATES

N F df1/df2 R2 β STRESS β GENDER β ST X G β AGE β EDU

WCST Wperser 163 1.808 5;157 0.054 0.077 − 0.0402 0.0209 0.238* − 0.0292
RLT PerserrorR 166 2.494* 5;160 0.072 − 0.075 − 0.271 0.137 0.176* 0.135

PerserrorP 164 3.036* 5;158 0.088 0.002 − 0.149 0.353* 0.154* − 0.104
PerserrorRP 168 2.572* 5;162 0.074 0.086 0.024 0.235 0.181 − 0.064
LrateR 166 .595 5;160 0.018 − 0.060 0.007 0.217 0.067 − 0.055
LrateP 167 1.127 5;161 0.034 0.123 0.137 − 0.086 − 0.014 0.118
LrateRP 164 2.145 5;158 0.064 0.134 0.399* − 0.155 0.049 0.031
RewSensR 166 1.315 5;160 0.040 0.027 0.175 − 0.276 − 0.087 0.089
RewSensP 164 2.401* 5;158 0.071 0.033 − 0.006 − 0.191 − 0.197* 0.123
RewSensRP 166 1.403 5;160 0.042 0.111 0.117 − 0.264 − 0.142 0.036
PunSensR 165 3.516* 5;159 0.100 0.103 0.120 0.423* − 0.182* − 0.125
PunSensP 166 5.074** 5;160 0.137 0.097 − 0.059 − 0.324* − 0.242** 0.192*
PunSensRP 167 2.470* 5;161 0.071 0.136 0.155 − 0.393* − 0.163* 0.061

R change considering interaction between stress and gender

F df1/df2 R change β Men β Women

RLT PerserrorP 6.298* 1;158 0.036 0.0021 0.355*
PunSensR 7.942* 1;159 0.045 0.103 − 0.320*
PunSensP 4.588 1;160 0.025 0.097 − 0.227
PunSensRP 5.965* 1;161 0.034 0.136 − 0.256

Fig. 2   Stress increases Perseverative Errors in Punishment condition and reduced Punishment sensitivity in Reward condition only in women 
group (Z-scores). Note. Solid line and black dots represent women, dashed line and white dots represent men
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Discussion

In studying cognitive flexibility, it is crucial to adopt an 
ecological perspective by assessing this ability using a task 
similar to everyday life tasks that allows considering pos-
sible moderating variables. Toward this aim, this research 
analyzed cognitive flexibility in a novel RLT paradigm, 
explored the RLT convergent validity with WCST and 
approach-avoidance tendencies, and studied the effects of 
gender and stress.

To address the first aim, we included in the classic RLT 
paradigm a pure reward and a pure punishment condition 
and found that these conditions differently assessed cog-
nitive flexibility and reward–punishment sensitivity in 
comparison to the classic RLT condition. This new RLT 
paradigm, taking into account the pure effect of reward and 
punishment, could be a promising way of studying flexibility 
and reward–punishment sensitivity in specific conditions of 
punishment (0, -100) and reward environment (+ 100, 0). 
One aspect that emerged in this comparison is a better per-
formance achieved by participants in the punishment condi-
tion (0, -100). The riskiest condition, in which the individu-
als could only lose points, seemed to determine a greater 
commitment in the task, and subsequently a better learning 
rate, correct responses and fewer perseverative errors. This 
behavior could be considered a defensive reaction adopted 
by the individual to avoid failure, and this result is in line 
with the literature in which researchers found that motivation 
to avoid punishment enhances cognitive control and perfor-
mance (Lindström et al., 2013).

With respect to the second aim, we explored the RLT con-
vergent validity through PCA to strengthen the instrument 
validity. To our knowledge, only one study documented its 
test–retest reliability (Freyer et al., 2009), but since the RLT 
allows to explore aspects of cognitive flexibility precluded 
to other instruments, we considered it important to analyze 
its psychometric characteristics. In the PCA, we observed 
that RLT and WCST scores resulted in two separate compo-
nents, but they were also significantly related. This result is 
in line with other studies showing that the RLT and WCST 
explore cognitive flexibility through different perspectives 
(Dias et al., 1997; Nagahama et al., 2001). Specifically, both 
tasks are designed to measure the Extra-dimensional shift-
ing, which is shifting from a reinforced categorization rule 
to another rule (i.e., sorting stimuli by color or shape; choos-
ing the deck of diamond or heart), but only the WCST also 
measures Intra-dimensional shifting, which requires main-
taining a reinforced categorization rule when it is presented 
with other forms (i.e., sorting stimuli by “color” and shifting 
from sorting blue items to red items) (Dias et al., 1997). 
While the WCST analyzes higher level cognitive set-shifting 
(Nagahama et al., 2005), in a deterministic environment, the 

RLT explores the ability of set-shifting of lower-level stimu-
lus reward–punishment associations. In addition, in a proba-
bilistic environment, RLT studies the specific structure of 
learning derived from trial-by-trial responses (Klanker et al., 
2015; Stolyarova et al., 2014) and it permits to assess differ-
ent sub-processes that could be compared with other cogni-
tive flexibility tasks. This result underlines that the RLT and 
WCST are not interchangeable but gives the opportunity to 
explore cognitive flexibility through different levels of analy-
sis. Cognitive flexibility should be studied through several 
perspectives and these assessments can explore different 
facets of this complex phenomenon. To our knowledge, this 
is the first study that explicitly explored the convergence of 
these measures in a principal component analysis.

In the third PCA component, sensitivity to reward meas-
ured with BAS reward responsiveness converged with sensi-
tivity to reward in the punishment condition (0; -100; choos-
ing the zero deck). This also converged with the Number of 
Errors before reaching a Criterion, such that high sensitiv-
ity to reward seems to be associated with a high number 
of errors. Therefore, individuals that make more errors are 
characterized by a high reward sensitivity, such that this 
sensitivity seems to lead individuals more prone to risk 
and make more mistakes. However, this result should be 
considered with caution since RLT reward sensitivity score 
loads more on the first component (the RLT component). 
Despite this, we wanted to highlight this result given that 
for the first time a convergence has been found between a 
behavioral score, measured with RLT, and a widely used 
approach–avoidance self-report measures (BAS reward 
responsiveness), thus strengthening the RLT validity. The 
RLT has the advantage of assessing cognitive flexibility 
considering also the individual motivation to approaching 
a reward or avoiding a punishment. We are convinced that 
doing a task in which the individual receives a reward or 
a punishment (gain or lose point in the RLT) determines 
a different response in comparison to a task in which the 
individual simply receives correct/wrong feedback (WCST). 
Therefore, the RLT, differently from WCST, allows to 
explore also the personality characteristics that influence 
the flexibility performance. This extra measure could be 
advantageous since recent findings evidenced the influence 
of approach–avoidance sensitivity in cognitive flexibility 
performance (Baas et al., 2020).

In relation to the third aim of our study, the moderated 
regression analysis showed a complex picture, whereas the 
WCST was only affected by age, the RLT was influenced 
by the interaction of gender and stress; particularly stressed 
women showed increased perseverative errors in the punish-
ment condition (0, -100) and reduced punishment sensitiv-
ity in the reward conditions (100, 0). Although normative 
WCST data reported age and education as normative factors, 
it is possible that education effects did not emerge in our 
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analysis because levels of education were not equally distrib-
uted in our sample (the majority of participants—65.5%—
had university level education). Null results of stress on 
WCST are in line with previous findings (Ajilchi & Nejati, 
2017; Hendrawan et al., 2012) but considering the moderat-
ing effect of gender, previous studies reported an impaired 
cognitive flexibility on men participants (Kalia et al., 2018; 
Shields et al., 2016) that we did not observe. However, con-
trary to the perceived chronic stress assessed in our study, 
the studies mentioned above explored high stress symptoms 
measured with DASS (Ajilchi & Nejati, 2017) and acute 
stress induction (Hendrawan et al., 2012; Kalia et al., 2018; 
Shields et al., 2016). Knauft and colleagues (2021) explored 
the effect of chronic and acute stress reactivity on WCST 
performance and our results could be explained in light of 
their findings. They observed that the difference in perse-
verative response is mainly determined by the presence of 
acute stress. Specifically, acute stress does not influence 
WCST perseverative response in individuals that reported 
high levels of perceived chronic stress. Conversely acute 
stress influences WCST perseverative response in individu-
als that reported low and medium levels of perceived chronic 
stress. Thus, the perceived chronic stress could modulate the 
effect of acute stress exposure and the individual response to 
this trigger (Epel et al., 2018). Since in our study, we only 
explored the perceived chronic stress, we were not able to 
detect this difference on WCST. We argue that the perceived 
chronic stress leads to a stabilization of the WCST flexibility 
performance, at least in the short term.

With respect to the RLT, results are to our knowledge 
novel in the cognitive flexibility literature. In line with Raio 
and colleagues’ (2017) results, we found that in the RLT 
reward–punishment condition (i.e., the classic RLT), stress 
impairs performance. It is important to underline that Raio 
and colleagues (2017) studied the physiological acute stress 
reactivity. Thus, this is the first study that explored the per-
ceived chronic stress and reported these results. In addition, 
for the first time, we evidenced that this impairing effect is 
only present in the women group. Stressed women make 
more perseverative errors in the riskiest condition (0, -100) 
and are less able to avoid the non-reward in the safer con-
dition (+ 100, 0). In everyday life, the ability to avoid the 
non-reward could make individuals less exposed to possible 
stressors. It could be hypothesized that this impairing effect 
on cognitive flexibility might be considered, in the long run, 
a vulnerability factor for the psychiatric disorder occurrence. 
Since women population has a greater incidence of psychi-
atric disorder (Kuehner, 2017), future studies might extend 
this research and clarify whether this gender difference can 
be generalized in the general population.

Overall, these findings highlight the importance of study-
ing cognitive flexibility in an ecological perspective, consid-
ering the variables that affect this cognitive process and the 

situations in which this cognitive process should function. 
The situation in which the individual would likely receive a 
punishment, activates more commitment in the task to avoid 
the negative outcome, as a defense mechanism. On the con-
trary, the rewarding situations determine a more relaxed pre-
disposition. For this reason, cognitive flexibility should not be 
explored considering few variables in isolation but it should 
be analyzed considering variables that affect the individual 
performance. As we mentioned above, cognitive flexibility is 
devoted to adaptation and different life condition or individual 
differences can boost or reduce the intentionality to adapt. In 
addition, since cognitive flexibility plays an important role in 
psychological health and disease prevention (Izquierdo et al., 
2017), our findings might be useful to highlight what vari-
ables or situation could promote or suppress flexibility and, 
in the long run, might be resilience or vulnerability factors for 
psychopathology occurrence.

Although this research reported novel results and take a 
different perspective in studying cognitive flexibility, some 
important limitations should be mentioned. The RLT paradigm 
was composed of only 50 trials per condition compared with 
previous RLT paradigms of 200 trials; in addressing the third 
aim, men and women were not equally represented (115 men, 
57 women); and, although we reported significant results, all 
were small-sized effects. We hypothesize that these modest 
effect sizes are explained by the reduced number of RLT trials, 
which are below the average of 200 trials usually employed in 
research paradigms (Deserno et al., 2015; Friedel et al., 2015; 
Schlagenhauf et al., 2014). These limits should be kept in mind 
in interpreting our results and could be considered the next 
starting points for RLT research.

Future studies are called to deepen the investigation 
of gender and stress on cognitive flexibility employing a 
larger and equally represented sample and explore the cog-
nitive flexibility in a pure reward and punishment condi-
tion employing a higher number of trials per condition. We 
encourage further analyses of this topic since the under-
standing of cognitive function has a crucial role in psycho-
logical science.
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