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Abstract  
Stress has been shown to influence executive functions, although previous findings remain 
inconsistent. The present study examined the relationship between perceived stress and 
executive functions in undergraduate students and explored whether this relationship varied 
across a simulated evaluative context. Seventy-two undergraduate students completed the 
Perceived Stress Questionnaire (PSQ) and were randomly assigned to either an evaluative 
condition involving webcam observation or a control condition. Executive functions were 
assessed through measures of inhibition (Stroop Test), working memory (Digit Span), and verbal 
fluency (Controlled Oral Word Association Test; COWAT). Heart rate was recorded during the 
experimental session. Perceived stress was positively associated with verbal fluency 
performance. No significant differences in executive functions were observed between 
experimental conditions. Regression analyses revealed a significant interaction between 
perceived stress and evaluative condition, indicating that participants reporting higher levels 
of perceived stress achieved better verbal fluency scores in the evaluative condition than 
participants reporting lower levels of perceived stress. No differences in heart rate were 
observed between conditions. The findings suggest that perceived stress may be associated 
with enhanced performance in complex executive tasks involving verbal fluency. Furthermore, 
the relationship between perceived stress and executive performance may vary according to 
contextual demands. These results highlight the importance of cognitive appraisal processes in 
understanding the effects of stress on executive functions. Future research using larger samples 
and multimodal stress assessment is needed to clarify these relationships. 
 
Keywords: education; executive functions; inhibition; stress; verbal fluency; working memory. 
 
 
Resumen  
Se ha reportado que el estrés influye en las funciones ejecutivas, aunque la evidencia 
disponible es inconsistente. El presente estudio examinó la relación entre el estrés percibido y 
las funciones ejecutivas en estudiantes universitarios y exploró si dicha relación variaba en un 
contexto evaluativo simulado. En el estudio participaron 72 estudiantes universitarios que 
completaron el Cuestionario de Estrés Percibido (PSQ) y fueron asignados aleatoriamente a una 
condición evaluativa con observación mediante cámara web o a una condición de control. Las 
funciones ejecutivas se evaluaron mediante pruebas de inhibición (Stroop Test), memoria de 
trabajo (Digit Span) y fluidez verbal (COWAT). También se registró la frecuencia cardíaca durante 
la sesión experimental. El estrés percibido se asoció positivamente con el rendimiento en la 
fluidez verbal. No se encontraron diferencias significativas en las funciones ejecutivas entre las 
condiciones experimentales. Sin embargo, los análisis de regresión mostraron una interacción 
significativa entre el estrés percibido y la condición evaluativa: los participantes con mayor 
estrés percibido obtuvieron mejores puntuaciones en fluidez verbal bajo la condición 
evaluativa. No se observaron diferencias en la frecuencia cardíaca entre las condiciones. El 
estrés percibido podría favorecer el rendimiento en tareas ejecutivas complejas de fluidez 
verbal y esta relación parece depender del contexto. Estos hallazgos destacan la importancia 
de los procesos de valoración cognitiva para comprender los efectos del estrés sobre las 
funciones ejecutivas. Se requieren estudios con muestras más amplias y una evaluación 
multimodal del estrés para esclarecer estas relaciones. 
 
Palabras clave: educación; funciones ejecutivas; inhibición; estrés; fluidez verbal; memoria de trabajo. 
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1. Introduction  
Stress is commonly conceptualized as the 
psychophysiological reaction of organisms 
when facing any threat or event that could 
affect their resources to cope with that 
situation. It is also well established in 
scientific literature that stress can impact 
the physical, cognitive, and emotional health 
of individuals.1 This matter is particularly 
relevant in academic contexts, where stress 
may impact academic performance and 
executive functions.2,3 However, in relation to 
cognition, results have been contradictory 
until now.4 It is evident in certain situations 
that stress can impair cognitive 
performance, yet it has also been observed 
that stress can enhance cognitive processes 
under certain conditions.5 This is especially 
true for executive functions. Thus, these 
contradictory results demand further 
exploration, especially considering the 
possible interaction between different types 
of stress. 
 
1.1. Stress 
Stress is a multifaceted phenomenon that 
encompasses physiological, psychological, 
and cognitive dimensions. Its 
conceptualization has evolved significantly 
from its original physiological definition to a 
broader framework involving emotion 
regulation, neuroendocrine responses, and 
brain function. The definition of stress, 
originally introduced by Cannon, was initially 
conceived as a strictly physiological 
mechanism aimed at maintaining internal 
homeostasis in animal organisms. However, 
with the advancement of research in 
neuroscience and psychology, the term was 
progressively integrated into the 
psychological domain.6 Within this new 
framework, various studies have 
demonstrated that the hypothalamic-
pituitary-adrenal (HPA) axis responds 
particularly strongly to emotionally salient 
stimuli, at times exhibiting greater sensitivity 

to such stimuli than to purely physiological 
challenges.7 Consequently, stress has been 
categorized as physiological and 
psychological. Although physiological stress 
is essential for survival, it is also closely 
associated with several brain functions and 
their optimal operation, as it can alter 
various neural pathways and brain systems, 
manifesting differently depending on the 
timing and context.8 Stress can be divided 
into two types: intrinsic and extrinsic. 
Intrinsic stress (also referred to as 
subjective) arises from spontaneous mental 
activity, whereas extrinsic stress (also 
referred to as induced) is mainly generated 
by outside stimuli.9 

Additionally, stress can interact with 
cognition and brain function through the 
neuroendocrine and immune systems. In the 
context of prolonged stress exposure, a 
significant interaction between the 
neuroendocrine and immune systems has 
been identified. This interaction is shown, 
among other mechanisms, by an increased 
release of proinflammatory cytokines. These 
signaling molecules, central to the immune 
response, not only participate in peripheral 
processes but also directly influence 
neuronal activity, thereby modulating a 
range of brain functions.10 

Alterations in prefrontal cortex function 
emerge as soon as the initial phase of stress 
is initiated.11 For instance, Lazarus and 
Folkma12 posited, through their 
Transactional model of stress and coping, 
that a potentially stressful event is subject to 
cognitive appraisal to evaluate its perceived 
threat relative to individual well-being. This 
model, therefore, emphasizes the critical 
role of subjective and cognitive processes in 
determining the impact of stressful events. 
Whereas threats to physical integrity are 
more likely to elicit autonomic stress 
responses, uncontrollable and socially 
evaluative psychological stressors, such as 
public speaking, elicit both physiological and 
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cognitive stress responses.13 These stressors 
activate not only limbic circuits but also the 
prefrontal cortex, amygdala, and 
hippocampus,14,15 thereby disrupting the 
regulatory processes mediated by these 
structures, such as memory, attention, and 
executive functions—including working 
memory, inhibitory control, and cognitive 
flexibility.4,16 
 
1.2. Executive functions 
Executive function encompasses a core set 
of cognitive processes concerning self-
regulation, planning, and anticipation of 
consequences;17 thus, it is conceived as an 
umbrella term.18 There is no agreement on 
the number and nature of the executive 
subcomponents, which usually include 
inhibition, working memory, planning, 
cognitive flexibility, decision-making, 
supervision, self-regulation, sequencing, 
anticipation, abstract reasoning, branching, 
and even dual-task management. However, a 
seminal factorial analysis19 reduced all the 
executive processes to a simple set of three 
principal domains: inhibition, updating-
monitoring, and shifting. Inhibition refers to 
the cognitive ability to suppress dominant, 
automatic, or prepotent responses when 
appropriate. In this model, the Stroop task20 
is proposed as the prototypical inhibition 
task, although others, such as Go/No-Go 
paradigms or the Stop-Signal task,21 also 
exist. Updating-monitoring is closely related 
to the concept of working memory22 and 
involves monitoring, coding, and 
manipulating incoming information for 
relevant tasks that require temporal 
sequencing in the present moment. Tasks 
such as the N-back, letter memory, and digit 
span tasks are typical for measuring working 
memory.23 Finally, shifting concerns involves 
switching between tasks, operations, or 
mental sets, which in turn reflects one’s 
ability to change from one operation to 
another in the face of proactive interference, 

attachment to certain rules, updating and 
assessing past information, and focusing on 
the immediate response to subsequent 
requirements.24 Typical shifting tasks are the 
plus–minus task, the number–letter task, 
and the local–global task.24 However, other 
executive tasks, such as verbal fluency tasks, 
may also be used to assess shifting. Verbal 
fluency tasks have been found to load on 
three latent executive factors—working 
memory, fluid reasoning, and 
shifting/updating—highlighting their core 
executive nature.25 Furthermore, measures 
of verbal fluency may be suitable candidates 
for evaluating global executive functions 
because they capture variance across 
multiple executive processes.26 Therefore, 
the present study assessed the main 
domains of executive functions using a brief, 
comprehensive battery of tests based on a 
well-established model of executive 
functions.19 
 
1.3. Stress and executive functions 
The relationship between stress and 
executive functions remains unclear. 
Although some scientific evidence suggests 
that stress impairs executive functions,27,28 
other research shows that it has no impact 
on them,29 and some studies suggest that 
stress can even improve them.30 More 
recently, it was observed that evidence for 
stress negatively affecting executive 
functions is inconsistent across studies, 
which may leave the door open to more 
integrative explanations. These conflicting 
results demand further clarification and 
novel approaches.31  

Overall, the major body of evidence 
suggests that stress impairs executive 
functions. For example, social stress caused 
a significant impairment in working memory, 
as measured by the N-back task.32 This 
stress-induced impairment in working 
memory has also been linked to poor 
academic performance.3 Moreover, cognitive 
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flexibility appears to be impaired by 
stressful situations,33 although this effect 
was moderated by sex and was more 
prominent in males in this study. Similar 
results have been obtained after applying 
acute laboratory stress, while also 
measuring cortisol and psychophysiological 
variables such as heart rate.34 More recently, 
psychosocial stress has also been associated 
with poorer performance in cognitive 
flexibility, working memory, and verbal 
fluency in young adults.35 Ultimately, recent 
reviews on this topic conclude that stress 
impairs executive functions.4,36 

However, enhanced executive function 
performance has also been reported under 
conditions of social stress, such as academic 
examinations.37 Furthermore, inhibition can 
be improved by induced stress. Acute 
psychosocial stress induced by the Trier 
Social Stress Test (TSST) has been shown to 
increase hypervigilance, resulting in better 
inhibitory performance on the Go/No-Go 
task.38 In addition, exposure to disruptive 
noise reduced attention to task-irrelevant 
information during a Stroop task, making 
distractors less effective.39 These results can 
be extended to other controlled inhibition 
processes measured with Go/No-Go tasks.38 
Similarly, attentional control, assessed using 
a flanker task designed to measure 
resistance to distractors, improved following 
acute stress induction.40  

To date, research examining the 
interaction between subjective and 
experimentally induced stress on executive 
functions remains scarce. To the best of our 
knowledge, only one previous study has 
specifically addressed this issue. In that 
study, acute stress induced by the Cold 
Pressor Test was associated with a higher 
rate of perseverative errors on the Wisconsin 
Card Sorting Test (WCST) among participants 
reporting higher levels of perceived stress, 
as measured by the Perceived Stress Scale 
(PSS).41 

In essence, evidence of a negative impact 
of stress on executive functions is 
inconsistent across studies, necessitating 
alternative explanations. One possible 
explanation for these contradictory results 
could be the nature of the stressor: lower 
stress may enhance executive functions, 
whereas higher stress may have the opposite 
effect. In this sense, the Yerkes-Dodson 
law,42 which states that there is a 
relationship between activation and task 
performance, such that there is an optimal 
level of arousal that promotes optimal task 
performance; over- or under-arousal far 
from this optimal point reduces task 
performance, may still apply. That means 
that different stressful situations may 
produce different levels of activation, 
affecting task performance differently. An 
alternative explanation for the inconsistent 
effects of stress on executive functions is 
provided by the Biopsychosocial Model of 
Challenge and Threat (BPSM).43 According to 
this framework, individuals evaluate 
stressful situations by comparing perceived 
situational demands with their available 
coping resources. When resources are 
perceived as sufficient to meet situational 
demands, the situation is appraised as a 
challenge, which is typically associated with 
adaptive physiological responses, greater 
task engagement, and improved 
performance. In contrast, when perceived 
demands exceed available resources, the 
situation is appraised as a threat, resulting 
in less adaptive physiological responses and 
poorer performance outcomes. Therefore, 
the effects of stress on executive functions 
may depend not only on the intensity of the 
stressor itself, but also on how individuals 
cognitively appraise the stressful situation. 
This perspective may help explain why some 
studies report impairments in executive 
functions under stress, whereas others 
report neutral or even beneficial effects. 
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1.4. The current study 
Although previous literature has 
investigated the effects of stress on 
executive functions in undergraduate 
students, the findings regarding this 
question are still conflicting. In line with 
previous research, some studies have 
reported negative effects of stress on 
academic performance,3 whereas others 
have found improvements in executive 
functions during stressful examination 
periods.37 Furthermore, several studies have 
examined the differential effects of 
subjective and induced stress on cognition in 
general and on executive functions in 
particular, but only one, to the best of our 
knowledge, has explored the interaction 
between the two types of stress and its 
effects on executive functions. Therefore, the 
aim of the present study was twofold: 1) to 
investigate the differential effects of 
perceived and evaluative stress on executive 
functions in undergraduate students, and 2) 
to explore the interplay between both types 
of stress (perceived and evaluative) and 
their impact on executive functions. It was 
hypothesized that all measures of executive 
functions would be affected by the 
evaluative condition (hypothesis 1) and high 
subjective stress (hypothesis 2). In addition, 
the examination of the moderating role of 
perceived stress on simulated evaluative 
stress (hypothesis 3) was mainly exploratory 
due to the scarcity of previous studies 
addressing this research question; therefore, 
no specific hypothesis was formulated. 
 
2. Materials and Methods  
2.1. Participants and procedure 
A total of 72 undergraduate Spanish students 
participated in the experiment. The mean 
age of participants was 20.9 years (SD = 2.4), 
and 66.7% were women. Only legally aged 
participants were included in the study. The 
study protocol (Ref. 2024-10) was approved 
by the Ethics Committee of (Concealed 

University). An a priori power analysis was 
conducted using G*Power.44 Assuming a 
medium effect size (f² = 0.25) and a statistical 
power of 0.80, the analysis indicated that a 
minimum sample of 128 participants would 
be required. Subjects were recruited through 
advertisements and social media groups at 
the University between February and April 
2024. Participants were informed that they 
would not be rewarded for their 
participation in the study. After informed 
consent was obtained, subjects completed 
the online questionnaire (Google Forms) that 
included sociodemographic information and 
the Perceived Stress Questionnaire (PSQ). 
Afterward, they were randomly assigned to 
each condition (control or evaluative 
condition) and performed the executive 
functions test battery while connected to the 
psychophysiological BIOPAC system. 
Participants were fully debriefed 
immediately after the experiment, informed 
that the evaluative manipulation was 
fictitious, and given the opportunity to ask 
questions or withdraw their data if desired. 
 
2.2. Experimental stimuli 
The simulated evaluative condition (induced 
stress) was generated by the presence of a 
functioning webcam. Participants in the 
evaluative condition were told before they 
performed the executive functions tasks that 
they would be observed and assessed by a 
group of professors in another part of the 
laboratory. The webcam was placed right in 
front of the participants, with a white light 
blinking throughout the whole evaluation. 
The experimental procedure was designed to 
simulate a mild evaluative context 
comparable to common academic situations 
and was considered to involve minimal risk 
for participants. 
 

2.3 Measures 
Subjective stress. To assess subjective stress, 
we used the Spanish version of the Perceived 
Stress Questionnaire (PSQ),45 obtained from 
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the original.46 The PSQ consists of 30 items 
with responses on a 4-point Likert scale (1 = 
“almost never” and 4 = “almost always”) (α = 
0.75). The PSQ items assess the frequency of 
relevant, stressful events that could impair 
the subject's general health. The responses 
were averaged (M = 66.3, SD = 15.1). Higher 
scores indicated higher subjective stress. 
The skewness coefficient was close to zero (A 
= 0.531), indicating a normal, symmetrical 
distribution for this variable. 

Inhibition. Inhibition was assessed using 
the Spanish standardized version of the 
Stroop Color–Word Test, which has 
demonstrated adequate validity and 
reliability for assessing inhibitory control in 
Spanish-speaking adults.47 The test consists 
of three types of stimuli: the names of colors 
(red, blue and green) printed in black ink; 
meaningless signs printed in different colors 
(red, blue and green); and, finally, the 
incongruent page, with color words printed 
in different colored ink (i.e., the word ‘red’ 
printed in blue ink). On the incongruent 
stimuli page, the subject is required to name 
the color (‘blue’ in our example) and 
suppress the meaning of the printed word. 
The interference that the automatic reading 
process produces when identifying printed 
color is known as the Stroop effect and is 
quantified by an increase in the subject’s 
reaction time. Each stimulus page must be 
read in 45 seconds, and the number of items 
correctly named is recorded as the direct 
score. Stroop interference score was 
calculated following the formula:48 

 
IC = PC – PC’ 

Where PC’: 
PC’ = WxC /W+C 

  
The Stroop interference scores were 
averaged (M = 8.77, SD = 7.9), with higher 
scores indicating a higher inhibition ability. 

Working memory. Working memory was 
assessed using the Digit Span subtest of the 
Spanish adaptation of the Wechsler Adult 

Intelligence Scale (WAIS-IV),49 a standardized 
instrument with well-established validity 
and reliability for assessing working memory 
in the Spanish adult population. Digit span 
consists of forward digit span (subjects must 
repeat as many digits in direct order of 
presentation as they can manage), backward 
digit span (the digits must be repeated in the 
reverse order), and, finally, digit span total 
score, which is the sum of both forward and 
backward digit span. We averaged the scores 
for forward digits (M = 5.42, SD = 1.06), 
backward digits (M = 3.93, SD = 0.81), and 
total digits (M = 9.34, SD = 1.55). Higher scores 
indicated a greater span of working memory.  

General executive function. Verbal fluency 
was assessed using the Controlled Oral Word 
Association Test (COWAT; FAS), a 
standardized neuropsychological 
instrument with well-established validity 
and reliability for assessing phonological 
verbal fluency and executive processes in 
adult populations.50 Recently published 
normative data for the Spanish population 
were used to support score interpretation.51 
Although the primary outcome of the COWAT 
is verbal fluency, successful performance 
requires the coordinated involvement of 
several executive processes, including 
inhibitory control, cognitive flexibility 
(shifting), strategic lexical search, and 
working memory updating.26 Subjects must 
produce as many words as possible, 
beginning with the indicated letter, within a 
minute, while following the specified rules: 
they cannot repeat words already produced, 
they cannot provide derivatives, and they 
must say only common words. A total score 
for COWAT was calculated by combining the 
direct score for each letter (M = 35.7, SD = 
8.66). 

Heart rate. To measure heart rate, we 
used the BIOPAC Student Lab 4 system (Inc.) 
installed on an Intel Core i5 7400 CPU (3 GHz) 
with 2 cores and 8 GB of RAM (Windows 11). 
Graphics were supported by a graphics card 
NVIDIA GeForce GT 710, 1 GB VRAM, on a BenQ 
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screen G922 HDL 18,5” computer. Data 
collection and basic analysis of cardiac 
activity were obtained via electrodes 
attached to the participants’ wrists, ankles 
and index fingers. 
 
2.4 Statistical Analyses 
All statistical analyses were conducted using 
IBM SPSS Statistics version 24.0.0.0. 
Descriptive statistics (means, standard 
deviations, skewness, and correlations) were 
calculated for all study variables. Pearson 
correlation coefficients were used to 
examine bivariate associations between 
perceived stress, executive-function 
measures, and physiological activation. 

To evaluate the effectiveness of the 
experimental manipulation, a one-way 
analysis of variance (ANOVA) was conducted 
comparing heart-rate scores between the 
evaluative and control conditions. To 
examine the relationship between perceived 
stress and executive functions, a series of 
simple linear regression analyses was 
performed, with perceived stress (PSQ score) 
as the predictor and each executive function 
measure as the dependent variable. 
Unstandardized regression coefficients (B), 
standardized coefficients (β), standard 
errors (SE), 95% confidence intervals (CI), 
coefficients of determination (R²), and 
Cohen’s f² effect sizes were reported. 
Because multiple regression analyses were 
conducted across the executive-function 
outcomes, a Bonferroni correction was 
applied to control the family-wise Type I 
error rate. 

To explore whether the relationship 
between perceived stress and executive 
functions varied according to the evaluative 
condition, moderation analyses were 
conducted using Model 1 of the PROCESS 
macro for SPSS (Hayes, 2018) with 5,000 
bootstrap samples. Experimental condition 
(control vs. evaluative condition) was 
entered as the predictor variable, perceived 
stress (PSQ score) as the moderator, and 
verbal fluency (COWAT score) as the outcome 
variable. Unstandardized regression 
coefficients (B), standard errors, t-values, p-
values, and bias-corrected 95% confidence 
intervals (CI) were reported. Model fit was 
assessed using the coefficient of 
determination (R²). Statistical significance 
was inferred when the 95% confidence 
interval did not include zero. 
 

3. Results 
Bivariate correlations were calculated to 
explore the relationship between the main 
variables under study (Table 1). Overall, no 
significant relationships were found 
between the variables, except for the 
positive relationship between perceived 
stress and verbal fluency (r = 0.255, p = 0.031). 
The manipulation checks revealed non-
significant differences in heartbeat rate 
between experimental groups (F(1,70) = 0.212, 
p = 0.647, ηp2 = 0.003), although mean heart 
rate was slightly higher in the evaluative 
condition (M = 95.1, SD = 15.4) than in the 
control condition (M = 93.5, SD = 12.7).  

 

 
Table 1. Correlation matrix for the main variables in the present study. 

 1 2 3 4 5 

1. Perceived stress -     

2. Stroop 0.025 -    

3. Digit span 0.023 0.114 -   

https://doi.org/10.25009/eb.v17i42.2670
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4. COWAT 0.255* 0.005 0.206 -  

5. Heart rate -0.084 -0.025 0.008 0.019 - 

Note. Pearson correlation coefficients are reported. N = 72. *p < 0.05, **p< 0.01, ***p< 0.001 (two-
tailed). 
 
3.1. Effects of the evaluative condition on 
executive function performance 

To test hypothesis 1, a simple one-way 
ANOVA was conducted to analyze the scores 
in the three cognitive tasks, comparing the 
participants in each group (control vs. 

evaluative condition). No significant 
differences were found between the groups 
in their executive performance, and all 
confidence intervals for the mean 
differences included zero (Table 2). Thus, 
our first hypothesis was not supported.  

 
 
Table 2. Mean scores in executive functions for the experimental condition. 

 Control 
(N = 36) 

Evaluative 
(N = 36) 

    

 Mean 
(SD) 

Mean  
(SD) 

Mean 
difference 

(95% CI) 

F(1,70) p ηp2 

Stroop int 10.25 
(8.28) 

7.28  
(7.31) 

- 0.707, 6.641 2.59 0.112 0.036 

Digit span forward 5.38 
(1.07) 

5.44  
(1.05) 

- 0.556, 0.445 0.49 0.826 0.001 

Digit span backward 3.97 
(0.73) 

3.89  
(0.89) 

- 0.300, 0.467 0.188 0.666 0.003 

Total digit span 9.36 
(1.57) 

9.33  
(1.55) 

- 0.705, 0.761 0.006 0.940 < 0.001 

COWAT 36.44 
(8.49) 

35.08 
(8.89) 

- 2.726, 5.448 0.44 0.509 0.006 

Note. * p < 0.05; ** p < 0.01; *** p < 0.001. Evaluative = evaluative condition; Stroop int = Stroop 
interference score. 

 
3.2. Relationship between perceived 
stress and executive function 
performance 
To examine whether perceived stress was 
associated with executive functions, a series 
of simple linear regression analyses was 
conducted, using the total score of the 
Perceived Stress Questionnaire (PSQ) as the 
predictor and the scores on each executive 
function test as the dependent variables. 

The regression model predicting 
phonological verbal fluency (FAS total 
score) was statistically significant, F(1,70) = 

4.86, p = 0.031, explaining 6.5% of the 
variance in performance (R² = 0.065, 
adjusted R² = 0.052; Cohen's f² = 0.07). Higher 
perceived stress significantly predicted 
higher verbal fluency scores (B = 0.146, SE = 
0.066, β = 0.255, t = 2.21, p = 0.031, 95% CI 
[0.014, 0.278]), indicating a small positive 
association between perceived stress and 
phonological verbal fluency. 

In contrast, perceived stress did not 
significantly predict performance on the 
Stroop interference score, F(1,70) = 0.08, p = 
0.772 (R² = 0.001), Digit Span Forward, F(1,70) 
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= 0.01, p = 0.921 (R² < 0.001), Digit Span 
Backward, F(1,70) = 0.06, p = 0.808 (R² = 
0.001), or Total Digit Span, F(1,70) = 0.04, p = 
0.846 (R² = 0.001). In all four analyses, 
regression coefficients were close to zero, 
and their 95% confidence intervals included 
zero, indicating no evidence of a linear 
association between perceived stress and 
these executive function measures (Table 3). 

To control for multiple comparisons across 
the five executive-function outcomes, a 
Bonferroni-adjusted alpha level of 0.01 was 
applied. Under this criterion, none of the 
univariate effects remained statistically 
significant. Thus, our second hypothesis was 
partially supported for verbal fluency 
ability.   

 
 

Table 3. Simple linear regression analyses predicting executive function performance from 
perceived stress (PSQ scores). 
 B SE β 95% CI for 

B 
t p R2 Cohen's 

f² 
Stroop int 0.018 0.063 0.035 - 0.107, 

0.143 
0.29 0.772 0.001 0.001 

Digit span 
forward 

0.001 0.008 0.012 - 0.016, 
0.018 

0.10 0.921 < 0.001 0.001 

Digit span 
backward 

0.002 0.006 0.029 - 0.011, 
0.014 

0.24 0.808 0.001 0.001 

Total digit 
span 

0.002 0.012 0.023 - 0.022, 
0.027 

0.20 0.846 0.001 0.001 

COWAT 0.146 0.066 0.255 0.014,  
0.278 

2.21 0.031 0.065 0.070 

Note. B = unstandardized regression coefficient; β = standardized regression coefficient; CI = 
confidence interval; f² = Cohen's effect size; Stroop int = Stroop interference score. 

 
3.3. Moderation effect of perceived 
stress and evaluative condition on 
executive functions 
To explore whether the relationship 
between perceived stress and verbal 
fluency varied according to the evaluative 
condition, a moderation analysis was 
conducted using Model 1 of the PROCESS 
macro for SPSS (Hayes, 2018) with 5,000 
bootstrap samples. Experimental condition 
(control vs. evaluative condition) was 
entered as the predictor (X), perceived 
stress (PSQ score) as the moderator (M), and 
verbal fluency (COWAT total score) as the 
outcome variable (Y).  

The overall moderation model was 
statistically significant, F(3,68) = 3.16, p = 
0.030, explaining 12.2% of the variance in 
verbal fluency performance (R² = 0.122). A 

significant interaction was observed 
between evaluative condition and 
perceived stress (B = 0.274, SE = 0.133, t(68) = 
2.07, p = 0.042, 95% CI [0.010, 0.539]). The 
interaction term accounted for an 
additional 5.5% of the explained variance 
(ΔR² = 0.055, F(1,68) = 4.28, p = 0.042). Simple 
slopes analyses showed that perceived 
stress positively predicted verbal fluency in 
the evaluative condition (B = 0.274, t(68) = 
2.07, p = 0.042, 95% CI [0.010, 0.539]), whereas 
no significant association was observed in 
the control condition (B = −0.798, t(68) = 
−0.40, p = .694, 95% CI [−4.823, 3.227]). 

Finally, conditional effects of the 
evaluative condition were examined at low 
(−1 SD), mean, and high (+1 SD) levels of 
perceived stress. Although the effect of the 
evaluative condition increased with 
perceived stress, the conditional effects did 
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not reach statistical significance at any level 
(all ps > 0.05; Figure 1). 

 
Figure 1. Predicted COWAT scores as a function of perceived stress and evaluative condition. 
Values represent predicted COWAT scores estimated from the moderation model (PROCESS 
Model 1). Low and high perceived stress correspond to one standard deviation below and above 
the mean PSQ score. 

 
4. Discussion 

Despite the growing concern in relation to 
the effects of stress on executive functions 
in academic contexts, the available evidence 
regarding this topic is conflicting. While 
some evidence points to a negative effect of 
stress on executive functions, other studies 
have found no effect or even positive effects 
of stress on cognitive performance. 
Furthermore, the role of the two different 
kinds of stress, perceived and evaluative, 
has not been extensively explored. Based on 
these fundamentals, this study aimed to 
explore, for the first time, the potential 
interaction between these two types of 
stress among undergraduate students. Our 
results suggest that perceived stress was 
more consistently associated with executive 
performance than the evaluative condition 
employed in the present study. Moreover, 
the association between perceived stress 
and executive performance appeared to vary 

according to the evaluative condition. To our 
knowledge, this is one of the few empirical 
studies exploring the interaction between 
perceived stress and a simulated evaluative 
context when examining executive-function 
performance in university students. 

No differences were observed between 
evaluative conditions. This result was not in 
line with previous studies, which found that 
stress impairs executive functions.32,33,36,52 
Although no differences in heart rate were 
observed between conditions, this finding 
should be interpreted cautiously. First, heart 
rate alone may not capture the full 
complexity of acute psychosocial stress 
responses. Second, the physiological 
recording system employed was limited to a 
single autonomic measure and may have 
lacked sensitivity to detect subtle stress-
related changes. Future studies should 
incorporate multimodal stress assessment, 
including heart-rate variability, 
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electrodermal activity, cortisol, and 
subjective stress ratings immediately after 
the manipulation.53 Another possible 
explanation for this result is that the 
procedure employed in our study was not 
effective enough to induce stress among the 
participants. Furthermore, it is possible that 
the set of cognitive tests used to evaluate 
executive performance was not sensitive 
enough to be influenced by this kind of 
stressful situation. Thus, future studies must 
consider including different external 
conditions that could produce a more 
pronounced stress response. 

A second factor that may have 
contributed to the absence of significant 
effects is the limited statistical power of the 
study. The final sample size was 
substantially lower than the sample 
estimated in the a priori power analysis, 
increasing the likelihood of Type II errors. 
Consequently, the absence of significant 
differences between conditions should not 
be interpreted as evidence that stress has no 
effect on executive functions, but rather as 
an indication that such effects may not have 
been detectable under the present 
methodological conditions. 

Regarding perceived stress, higher 
subjective stress was associated with better 
performance on the verbal fluency task. This 
finding is consistent with previous research 
showing enhanced executive function 
performance during periods of increased 
subjective stress, such as the two weeks 
preceding academic examinations.37 More 
recently, verbal fluency tasks have also been 
shown to elicit both cortisol and subjective 
stress responses, further supporting the 
close relationship between perceived stress 
and verbal fluency performance.54 These 
results highlight the importance of 
subjective perceptions of stress in line with 
the Transactional model of stress.12 

However, the most interesting result was 
related to the interaction found between the 

two types of stress and their joint effects on 
general executive functions. Particularly, 
participants reporting higher levels of 
perceived stress obtained higher COWAT 
scores in the evaluative condition than 
participants reporting lower levels of 
perceived stress. On the contrary, subjects in 
the control group showed no changes in 
their performance, regardless of the 
subjective stress reported. This finding 
suggests a potential interplay between 
perceived stress and the evaluative context, 
in agreement with the interaction between 
subjective and induced stress previously 
found.41 However, because the evaluative 
manipulation was not validated by 
physiological or subjective measures, this 
interaction should be interpreted with 
caution. Moreover, this interaction was only 
observed for the COWAT. Because verbal 
fluency tasks involve multiple executive and 
language processes, they may be particularly 
sensitive to contextual influences associated 
with perceived stress. In support of this 
interpretation, the COWAT task showed the 
highest correlations with the other executive 
functions tasks (working memory and 
inhibition) selected for this study (Table 1). 
However, COWAT performance also depends 
on lexical access, vocabulary, language 
production, and processing speed,55 
highlighting that verbal fluency reflects the 
interaction of multiple cognitive processes 
rather than executive functions alone. 
Accordingly, the present findings should be 
interpreted with appropriate caution. 
According to the Yerkes-Dodson law (1908), 
variations in the degree of stress and its 
interaction with the current subjective stress 
of the selected sample, in addition to other 
psychological variables, could explain the 
disparity in results found to date. The 
present findings may also be interpreted 
within the framework of the Challenge-
Threat model. According to this model, 
performance under stress depends not only 
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on the objective characteristics of the 
stressor but also on the individual’s 
appraisal of the situation. Participants 
reporting higher levels of perceived stress 
may have interpreted the evaluative context 
as a challenge rather than a threat, thereby 
mobilizing cognitive resources that 
facilitated performance on the verbal 
fluency task. Because verbal fluency requires 
the coordinated involvement of multiple 
executive processes, including inhibition, 
working memory, and cognitive flexibility, 
challenge appraisals may have promoted 
greater engagement and more efficient 
executive control. This interpretation is 
consistent with evidence showing that 
challenge states are generally associated 
with superior cognitive and performance 
outcomes compared with threat states.56 
However, because cognitive appraisals (e.g., 
challenge, threat, perceived demands, or 
coping resources) were not directly assessed 
in the present study, this interpretation 
remains speculative. Thus, further studies 
should manipulate the intensity of stress, 
measure cognitive appraisal, and analyze its 
interaction with participants’ subjective 
stress to test whether the optimal point of 
activation may change due to these 
experimental manipulations.  

The importance of cognitive factors in the 
effects of stress and their relation to 
cognitive function, with a focus on executive 
functions in our study, emphasizes the need 
to design more effective coping strategies to 
manage stress in academic contexts. Our 
findings suggest that higher levels of 
perceived stress were not necessarily 
associated with poorer executive 
performance. In fact, a proactive control 
strategy under stress was found to be more 
effective in maintaining performance on the 
AX-Continuous Performance Test.57 
Additionally, mindfulness training has been 
observed to improve early psychological 
stress management skills in young people, 

which may promote executive functions such 
as self-regulation.58,59 Thus, the training in 
coping strategies to manage stress in 
academic contexts may be relevant to 
efficiently lead stress to optimal academic 
and executive performance of students. 

However, the study presents some other 
limitations that must be considered. The 
sample was solely composed of Psychology 
undergraduate students, which may cause 
representation problems. Although the aim 
of the study was to focus on this population 
in particular, future studies should broaden 
the sample. In addition, the final sample size 
was substantially smaller than the sample 
required according to the a priori power 
analysis. Therefore, the study should be 
considered exploratory, and both null and 
significant findings should be interpreted 
with caution until replicated in larger 
samples. The range of executive function 
tests was limited. It would be interesting to 
increase the number of tests to explore 
potential additional effects of stress on 
different executive functions, such as 
planning, decision-making, or monitoring. 
Additionally, incorporating multimodal 
stress assessment (e.g., heart-rate 
variability, electrodermal activity, and 
cortisol measures) may provide a more 
comprehensive evaluation of physiological 
responses to experimentally induced stress. 
Finally, the inclusion of a post-evaluation 
subjective measure of perceived stress 
would help validate the effectiveness of the 
experimental manipulation and should be 
considered in future research. 
 

5. Conclusions and implications 
Increasing our knowledge of the effects of 
stress on executive functions is relevant for 
the science of neuropsychology in an 
educational context. Stress can impair 
academic and executive performance in 
students. Currently, the relationship 
between stress and executive functions 
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remains unclear. Thus, it is advisable to 
increase the empirical body of research to 
clarify these relationships. The present 
findings suggest that, under certain 
circumstances, perceived stress may be 
associated with enhanced performance on 
verbal fluency tasks. These findings highlight 
the potential importance of cognitive 
appraisals of stress; however, further 
research using more robust stress-induction 
procedures is required before drawing 
conclusions about the relative contribution 
of perceived and simulated evaluative 
contexts. In addition, not every executive 
function task may be equally sensitive to the 
effects of subjective stress. Verbal fluency 
tasks, which involve multiple executive 
processes, may be particularly sensitive to 
stressful situations because of their 
complexity and their reliance on cognitive 
flexibility. Thus, perceived stress was 
positively associated with verbal fluency 
performance, supporting the idea of a 
beneficial effect of stress on executive 
functions. A better understanding of the 
main variables and personal factors 
implicated in the relationship between 
perceived evaluative stress and executive 
functions will allow educational 
establishments to design more efficient 
academic and occupational tasks that 
promote more efficient deployment of 
executive functions in an educational 
context. 
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