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Abstract

Background: Academic performance among university students is shaped by multiple
factors, especially during examinations. This study aimed to explore the relationship
between sleep quality, executive attention, and anxiety to identify potential predictors
of academic performance across different academic fields. Method: Fifty-one students,
between 19 and 25 years (M = 20.04, SD = 1.11), enrolled in the second year in Medicine
(27.5%), Law (39.2%), and Economics (33.3%) programs at a university in Lisbon. The
sample has mostly full-time students (98.04%), and female (68.6%). Data collection took
place during examination periods and included: Pittsburgh Sleep Quality Index (PSQI),
Epworth Sleepiness Scale (ESE), State-Trait Anxiety Inventory (STAI), Beck Depression
Inventory-II (BDI-II), Stroop Test and Go/No-Go task. Results: Our findings revealed sig-
nificant differences across academic fields: medical students reported poorer sleep quality,
law students demonstrated reduced executive attention, and economics students exhibited
better sleep but weaker inhibitory control. Sleep quality and state anxiety significantly
predicted academic performance, whereas executive attention did not. Conclusions: These
results underscore the importance of addressing sleep hygiene and anxiety management
among university students, regardless of academic discipline. Institutional initiatives, in-
cluding structured stress-reduction programs and educational support services, may equip
students with the tools to manage academic pressures and enhance cognitive functioning
and overall psychological well-being.

Keywords: sleep quality; anxiety; executive attention; academic performance; higher
education students

1. Introduction

The transition to university represents a critical period marked by significant lifestyle
adjustments, academic demands, and emotional challenges [1,2]. Academic performance, a
central indicator of student success and future career opportunities, is shaped by a complex
interplay of psychological, behavioral, and cognitive factors [3]. During examination
periods, students often face increased workloads, tight deadlines, and evaluative pressure,
which can escalate into chronic stress and anxiety [4-7].

The impact of these stressors extends beyond emotional well-being, influencing stu-

dents ability to regulate emotions and sustain cognitive performance under pressure. These
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stressors affect academic outcomes, students emotional regulation, and cognitive function-
ing [6,8,9]. Anxiety, when poorly regulated, may disrupt sleep quality, reinforcing a cycle
of cognitive overload and emotional dysregulation [10-12]. Sleep deprivation has been
consistently associated with impairments in attention, memory, and executive functions,
especially under cognitively demanding conditions. These deficits are well-documented
across age groups, including in young adults and university students [13], as well as in late
adolescents [14], highlighting the robust and generalized impact of poor sleep on cognitive
performance.

The bidirectional relationship between poor sleep quality and elevated anxiety es-
tablishes a cyclical vulnerability that undermines students’ cognitive performance and
academic potential [10]. These effects are particularly salient during exams, when demands
on executive attention and emotional resilience are heightened [7,13].

During late adolescence and early adulthood—typical ages of university students—the
prefrontal cortex continues to mature, particularly in regions associated with executive
control, inhibitory regulation, and decision-making [15,16]. Although these studies focus
on adolescents, their findings are widely recognized as applicable to individuals in the
early stages of adulthood, such as university students. This ongoing neurodevelopment
may limit students’ ability to self-regulate under academic stress and sleep deprivation—
conditions frequently experienced during examination periods. When sleep is restricted,
prefrontal functioning is further impaired, increasing impulsivity and diminishing cognitive
control [13]. These impairments may manifest in maladaptive behaviors and reduced
executive efficiency, particularly in demanding academic settings [17]. Taken together, these
findings highlight how neurodevelopmental and behavioral vulnerabilities may converge
in university contexts, exacerbating academic and emotional difficulties in students under
pressure.

Although the role of sleep and anxiety has been studied within specific student
populations such as medical students [17-19], it remains unclear how these factors interact
across academic disciplines with distinct demands. Also, whether course-specific demands
contribute to distinct stress profiles among students in different academic paths remains
to be explored. For instance, medicine students often face rigorous practical schedules
and early-morning clinical duties; law students deal with verbal overload, complex legal
analysis, and oral assessments; and economics students typically engage in quantitative
reasoning and data interpretation under pressure. These unique academic stressors may
influence students’ sleep patterns, anxiety levels, and cognitive performance differently.

Although these characterizations are commonly acknowledged in academic and insti-
tutional contexts, there is no data that directly compares attendance patterns or absenteeism
rates across different academic fields, reinforcing the need for further research that exam-
ines how discipline-specific demands may influence students” behavioral engagement,
including class attendance and self-regulatory habits.

To better understand the cognitive and emotional components influencing perfor-
mance under pressure, three psychological domains have emerged as particularly relevant.
Academic performance during high-stakes examinations relies not only on prior learning
but also on students’ cognitive and emotional readiness. In this context, three psycho-
logical domains have shown strong empirical links to academic outcomes: sleep quality,
anxiety, and executive attention. Poor sleep can impair memory, attention, and execu-
tive functioning, especially under academic stress [20,21]. Anxiety, particularly trait and
test-related anxiety, has been associated with diminished cognitive efficiency and lower
academic achievement [22,23]. Finally, executive attention—including inhibitory control
and interference resolution—is essential for sustaining focus, managing time, and adapt-
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ing to demanding academic tasks [24,25]. These variables were therefore selected as key
predictors of academic performance during exams.

Therefore, the present study seeks to explore the relationship between sleep quality,
anxiety, and executive attention, and to assess their predictive value in academic per-
formance. By comparing students from three distinct academic programs—Medicine,
Law, and Economics, this research aims to offer a contextualized and interdisciplinary
perspective on the cognitive and emotional challenges university students face.

Specifically, the study seeks to answer the following questions: (1) To what extent
do sleep quality, anxiety, and executive attention predict academic performance during
examination periods? (2) Are medical students better positioned in terms of sleep, anxiety,
and executive attention? (3) Do these predictors vary across academic programs with
distinct cognitive and emotional demands?

2. Materials and Methods
2.1. Participants

This study involved a non-probabilistic convenience sample of 51 second-year under-
graduate students from a private university in Lisbon, Portugal. The final sample included
14 students from Medicine (27.5%), 17 from Economics (33.3%), and 20 from Law (39.2%).
Participants were aged between 19 and 25 years (M = 20.04; SD = 1.11), with the majority
being female (1 = 35; 68.6%) and full-time students (98.04%).

Inclusion criteria required students to be enrolled in the second year of one of the three
selected programs, be aged 18 years or older, and have fluency in Portuguese. Exclusion
criteria included repeating the academic year, having a prior diagnosis of anxiety or sleep
disorders before university enrolment, or inability to complete the assessment protocol.

Due to the non-probabilistic convenience sampling method and the recruitment from
a single private university, the sample is not representative of the wider university student
population, which limits the generalizability of the findings.

Recruitment took place during the official summer examination period (June-July
2024). Students were approached in person the day before or on the day of final exams in
high-credit curricular units: Thinking and Doing II (Medicine), Obligations Law (Law),
and Finance II (Economics). Written informed consent was obtained from all participants,
ensuring anonymity and data confidentiality.

Due to differences in course assessment structure, Law students were required to
take the final exam regardless of prior performance, reflecting full cohort participation. In
contrast, Medicine and Economics students only sat the final exam if they failed continuous
assessment or voluntarily opted to improve their grades. As such, the exam-taking samples
in these programs represent selective subgroups, which may introduce selection bias while
maintaining ecological validity by reflecting real academic decision-making patterns.

To further contextualize the representativeness of the sample, the collaborating de-
partments reported that the corresponding second-year cohorts included approximately
30-40 students in Economics, around 200 students in Law, and approximately 50 students
in Medicine during the academic year of data collection. However, final-exam attendance
does not mirror full cohort size in all programs: Medicine and Economics students only
sit the final exam under specific academic circumstances, whereas Law students attend
universally. Consequently, the exam-taking sample represents only a subset of the full
cohort and reflects participation patterns outside the researchers’ control.

2.2. Instruments

Seven tools were used to collect sociodemographic data and to assess emotional and
cognitive domains:
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Sociodemographic and Academic Questionnaire: Developed for this purpose to collect
participants’ age, gender, degree program, year of enrolment, employment status, first-
year final grade, and exam-related information (exam name, retake/improvement
status, and final grade reported post-exam via email).

Pittsburgh Sleep Quality Index (PSQI)—The PSQI [26] is a self-report instrument
designed to assess sleep quality and patterns over the previous month. It comprises
19 items grouped into seven components: subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication,
and daytime dysfunction. Each component is scored from 0 to 3, with a global score
ranging from 0 to 21. Scores between 0 and 4 indicate good sleep quality, scores
from 5 to 10 suggest poor sleep quality, and scores above 10 may be indicative of
a sleep disorder. The Portuguese version used was the adaptation developed by
the Mapi Research Institute [27], validated for the Portuguese population by Gomes
etal. [28]. This version presented a Cronbach’s alpha of 0.75, indicating a good internal
consistency.

Epworth Sleepiness Scale (ESS)—The ESS [29] evaluates the propensity to fall asleep
in eight everyday situations, with each item rated from 0 to 3. Total scores range
from 0 to 24, with higher scores indicating greater daytime sleepiness. According
to established clinical guidelines, scores are interpreted as follows: 0-5 (low normal
daytime sleepiness), 6-10 (higher normal daytime sleepiness), 11-12 (mild excessive
daytime sleepiness), 13—-15 (moderate excessive daytime sleepiness), and 16-24 (severe
excessive daytime sleepiness). We used the Portuguese adaptation by Santos [30],
wich reported a Cronbach’s alpha of 0.83.

State-Trait Anxiety Inventory (STAI)—The STAI [31] consists of 40 items measuring
two dimensions of anxiety: state anxiety (transient emotional status) and trait anxiety
(general predisposition). Each subscale includes 20 items rated on a 4-point Likert
scale. The Portuguese version used was the adaptation by Silva and Spielberger [32],
which preserves the structure and theoretical basis of the original instrument. Internal
consistency values for the Portuguese version were excellent, with Cronbach’s alpha
of 0.91 for state anxiety and 0.89 for trait anxiety. No clinical cutoff score is universally
established for this tool, and interpretation is typically based on relative comparisons
within the sample.

Beck Depression Inventory-II (BDI-II)—The BDI-II [33] is a 21-item self-report in-
ventory designed to assess the presence and severity of depressive symptoms in
adolescents and adults aged 13 years and older. Each item consists of 4 to 6 statements
scored from 0 to 3, with higher scores reflecting greater symptom severity. According
to Martins [34], the Portuguese adaptation retains the psychometric properties of
the original version and presented a Cronbach’s alpha of 0.89. Interpretation of total
scores follows four categories: 0-13 indicates minimal or no depression, 14-19 corre-
sponds to mild depression, 20-28 suggests moderate depression, and 29-63 reflects
severe depressive symptomatology.

Stroop Color and Word Test—This neuropsychological task [35] assesses interference
control, a core component of executive attention. The version used was adapted
from the Golden and Freshwater [36] model by Fernandes [37] for the Portuguese
population. It comprises three conditions: reading color names (W), naming the
color of colored rectangles (C), and naming the ink color of incongruent color words
(CW), requiring the suppression of automatic reading responses. The Portuguese
version reported Cronbach’s alpha values ranging from 0.53 to 0.87, depending on the
condition. There are no predefined cutoff scores; performance is typically analyzed
based on reaction times and interference effects between conditions.
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O  Go/No-Go Task—Part of the Frontal Assessment Battery (FAB) developed by Dubois
et al. [38], this task assesses inhibitory control and cognitive flexibility. Participants are
instructed to respond to “Go” stimuli and inhibit responses to “No-Go” stimuli. The
version used was the Portuguese adaptation by Lima et al. [39], wich demonstrated
an internal consistency (Cronbach’s alpha) of 0.69. As with other executive function
tasks, this instrument does not have established cutoff scores; interpretation relies on
the number of commission errors and the individual’s inhibitory performance across
trials.

The Stroop Color and Word Test and the Go/No-Go Task were selected for their
validated use in assessing executive attention and inhibitory control, as well as their brevity,
accessibility, and feasibility for implementation in university settings. While the Stroop test
targets interference resolution (i.e., the ability to suppress automatic responses to attend to
task-relevant stimuli), the Go/No-Go task assesses motor impulse inhibition and sustained
attention. These instruments, although limited in ecological scope, offer robust indicators of
core executive functions relevant to academic contexts and were appropriate for application
during the constrained period of final exams.

2.3. Procedures

This study received ethical approval from the Ethics Committee of Universidade
Catolica Portuguesa (CES-UCP), under reference number 40/2024. Participants were
recruited during the official examination period through a direct approach at three faculties
of a private university in Lisbon. After confirming eligibility and obtaining informed
consent, data collection sessions were held in classrooms and auditoriums to ensure a
familiar and low-distraction environment.

Participants first completed a battery of five self-report questionnaires in group set-
tings: the Sociodemographic Questionnaire, Pittsburgh Sleep Quality Index (PSQI), Ep-
worth Sleepiness Scale (ESS), State-Trait Anxiety Inventory (STAI), and Beck Depression
Inventory-II (BDI-II). Instructions were provided both orally and in writing to ensure
consistent understanding.

Following the questionnaires, each participant completed two neuropsychological
tasks—the Stroop Color and Word Test and the Go/No-Go Task—in a one-on-one setting.
These tasks were conducted individually to minimize distractions and optimize cognitive
focus. The data collection session lasted approximately 25 min. After final grades were
published, students reported their exam scores via e-mail.

2.4. Data Analysis

All data were anonymised, coded, and stored in a secure, password-protected database.
IBM SPSS Statistics (Version 29) was used for all statistical analyses, with a significance
threshold set at p < 0.05.

Preliminary screening assessed the accuracy of data entry, missing values, and assump-
tions of normality and homogeneity using Shapiro-Wilk and Levene’s tests, respectively.

Depending on assumption testing, the following procedures were applied:

O  Group comparisons: One-way ANOVAs were used for normally distributed data,
and Kruskal-Wallis tests were used for non-normally distributed variables. Post hoc
analyses were conducted using Tukey’s HSD.

Specifically, group comparisons aimed to examine whether students from Medicine,
Law, and Economics differed significantly in sleep quality (PSQI), anxiety (state and trait),
and executive attention performance (Stroop Interference and Go/No-Go tasks), thereby
addressing the first research question. One-way ANOVAs were conducted for variables
that met the assumptions of normality and homogeneity, including sleep quality (PSQI),
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state anxiety, trait anxiety, and Stroop Interference scores. In contrast, the Go/No-Go
task violated these assumptions and was therefore analyzed using the non-parametric
Kruskal-Wallis test. This methodological choice ensured the appropriateness of statistical
procedures according to the distributional characteristics of each measure.

O  Regression modeling: Multiple linear regressions assessed the predictive value of
sleep quality, anxiety, and executive attention on academic performance.

This approach ensured methodological rigor and reliability, aligning the analyses with
the research aims and theoretical model.

3. Results

The results are presented in alignment with the three research questions guiding this
study. Specifically, the analysis explores: (1) whether sleep quality, executive attention,
and anxiety differ across academic programs; (2) whether medical students demonstrate
superior cognitive and emotional functioning compared to their peers; and (3) whether
these psychological variables predict academic performance under evaluative conditions.

3.1. Do Sleep Quality, Executive Attention, and Anxiety Differ Between Students from Different
Academic Programs?

Descriptive statistics for all key variables by academic field are presented in Table 1.

Table 1. Descriptive Statistics by Academic Field for all domains (N = 51).

Domain Medicine (Mean =+ SD, Economics (Mean & SD, Law (Mean + SD,
Min-Max) Min-Max) Min-Max)

Sleep quality (PSQI) 9.64 + 2.37 (6-16) 7.06 =+ 3.09 (3-12) 7.29 + 3.25 (3-14)

Daytime sleepiness (ESS) 9.43 + 1.28 (7-12) 9.47 + 4.99 (0-18) 11.06 + 4.58 (3-21)
State Anxiety (STAI-S) 48.64 & 2.95 (42-53) 48.24 + 5.34 (41-62) 47.06 + 6.06 (38-61)
Trait Anxiety (STAI-T) 48.71 =+ 3.15 (43-56) 46.94 + 4.68 (40-56) 47.24 + 5.84 (37-58)
Depres?g’[e)slyf)“ptoms 13.29 + 8.58 (1-39) 13.71 + 8.67 (0-30) 17.06 + 11.91 (0-42)

Stroop—Word Reading 98.21 + 7.74 (82-117) 102.12 + 4.74 (92-111) 105.90 + 11.61 (85-131)
Stroop—Color Naming 60.86 + 10.29 (42-73) 66.29 + 11.70 (50-88) 76.88 + 12.90 (51-94)
Stroop—Color-Word 49.07 + 7.70 (35-70) 46.24 + 8.01 (32-70) 46.30 % 9.58 (30-66)
(Incongruent)

Stroop—Interference 13.04 4+ 9.93 (-12-29) 20.06 = 9.95 (2-40) 30.88 + 12.82 (2-51)

Go/No-Go 2.93 £ 0.27 (2-3) 2.00 = 1.27 (0-3) 2.82 £ 0.49 (1-3)

Final exam grade

11.68 + 1.25 (10.00-14.60) 12.91 + 3.22 (7.00-18.39) 13.55 + 2.74 (9.00-18.00)

3.1.1. Sleep Quality
A group difference in sleep quality approached conventional significance levels, F
(2, 48) =3.110, p = 0.054, n? = 0.115. Given that this effect does not meet the threshold for
statistical significance, post hoc comparisons should be interpreted cautiously.
Descriptive patterns suggest that medical students reported slightly poorer sleep
quality than economics students (p = 0.052), whereas no meaningful differences were
observed between law students and the other groups (p < 0.005).

3.1.2. Executive Attention

Executive attention was assessed using two tasks. In the Stroop Interference Task, a
significant group difference was found, F (2, 48) = 12.385, p < 0.001, n? = 0.340. Law students
exhibited significantly lower performance than both medical (p < 0.001) and economics
students (p = 0.014), suggesting lower interference control.
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In the Go/No-Go Task, a non-parametric test revealed significant differences across
groups, H (2) = 10.455, p = 0.005. Economics students demonstrated the weakest inhibitory
control, with significantly lower accuracy compared to Law (p = 0.005) and Medicine
(p =0.016).

3.1.3. Anxiety

No statistically significant differences were observed across academic programs for
either state anxiety, (F (2, 48) = 0.963, p < 0.389) or trait anxiety, F (2, 48) = 0.553, p < 0.579).

3.2. Are Medical Students Better Positioned in Terms of Sleep, Anxiety, and Executive Attention?

Although not all differences reached statistical significance, the results partially sup-
port the hypothesis that medical students are better positioned cognitively and emotionally
(Table 1). Despite reporting poorer sleep quality, they demonstrated stronger executive
functioning in both cognitive tasks (Stroop and Go/No-Go) compared to their peers in Law
and Economics. No advantage was observed in anxiety levels, which remained similar
across all groups (p > 0.389).

3.3. Do Sleep Quality, Executive Attention, and Anxiety Predict Academic Performance?

Multiple linear regression analysis was conducted to examine whether sleep quality,
executive attention, and anxiety predicted academic performance, measured by final exam
grade. The initial model with five predictors (PSQI, STAI-E, STAI-T, Stroop Interference,
Go/No-Go) was not statistically significant overall, F(5, 45) = 1.997, p = 0.097, R?adj = 0.133.
However, individual coefficients for PSQI ($ = —0.392, p = 0.013) and STAI-E ($ = —0.317,
p = 0.038) were significant, suggesting that poorer sleep quality and higher state anxiety
were associated with lower final exam scores.

A refined regression model including only PSQI and STAI-E as predictors was then
tested. This model was statistically significant, F(2, 48) = 4.833, p = 0.012, with an adjusted
R? of 0.168. Both predictors remained significant: PSQI ( = —0.359, p = 0.010) and STAI-
E (p = —0.286, p = 0.039), indicating that lower sleep quality and higher anxiety levels
independently contributed to poorer academic performance.

In contrast, executive attention—as assessed by the Stroop and Go/No-Go tasks—did
not significantly predict final exam grades. This aligns with previous findings suggesting
that such tasks, while useful in controlled settings, may have limited ecological validity in
capturing complex academic performance under evaluative pressure.

Notably, students from Economics exhibited greater variability in final grades
(range = 7.0 to 18.39), compared to Law (9.0 to 18.0) and Medicine (10.0 to 14.6). This
broader distribution may reflect more pronounced individual differences in academic
self-regulation or stress responsiveness within this group.

4. Discussion

This study examined whether sleep quality, executive attention, and anxiety differ
between university students from different academic fields and whether these variables
predict academic performance under evaluative pressure. The results partially supported
our hypotheses, revealing distinct cognitive and emotional profiles among students from
Medicine, Law, and Economics.

4.1. Do Sleep Quality, Executive Attention, and Anxiety Differ Across Academic Programs?

When comparing cognitive and emotional dimensions across academic programs,
some relevant contrasts emerged. While significant group differences were found for sleep
quality and executive attention, anxiety did not manifest differently between students
by curriculum field. Medical students reported the poorest sleep quality, consistent with
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prior research linking medical education to irregular routines, high workloads, and limited

rest [7,17,18]. Although they often possess more theoretical knowledge about health-
promoting behaviors, this awareness did not seem to translate into healthier sleep practices—
a paradox also discussed in the literature [7,10,40].

Conversely, Economics students reported the best sleep quality, potentially due to
more flexible schedules and autonomous learning demands. However, they exhibited
weaker inhibitory control in the Go/No-Go task, suggesting that better sleep does not
necessarily translate into enhanced executive functioning. This dissociation reinforces that
sleep quality alone may not fully explain cognitive control outcomes, especially in contexts
involving emotional or attentional interference.

Beyond sleep-related differences, specific patterns of executive performance were also
observed. Law students, in turn, performed significantly worse on the Stroop test, which
may reflect difficulties in interference control, consistent with the analytical and verbal
demands typical of legal education [2,3]. While Law students obtained the highest exam
grades, these results must be interpreted with caution due to differences in assessment
participation criteria across programs, which affect the representativeness of the exam-
taking samples. Specifically, the exam-taking sample in Law includes the entire student
cohort, whereas the Medicine and Economics samples include only students who either
failed continuous assessment or opted for grade improvement. Consequently, variations
in sample representativeness may also contribute to observed differences in exam perfor-
mance. Nevertheless, compensatory strategies, such as academic resilience, structured
learning environments, or greater verbal fluency under evaluative conditions—may also
help explain the strong outcomes observed among Law students.

Taken Together, these findings may offer preliminary insights into how emotional and
cognitive patterns vary across academic contexts, potentially shaped by intersecting factors
such as learning demands, stress exposure, and self-regulation habits. However, given that
the curricular structures were not directly assessed, future research should explore whether
and how academic environments contribute to differentiated psychological functioning
among students.

Such preliminary insights have practical implications, particularly insights for tailor-
ing support strategies to the specific cognitive and emotional challenges faced by students
in each academic discipline. Medical students, who reported higher anxiety and poorer
sleep quality, may benefit from interventions focused on sleep hygiene, time management,
and emotion regulation to mitigate the effects of academic overload [5,20]. Law students,
who exhibited strong academic outcomes but weaker inhibitory control, could benefit from
executive attention training and techniques to strengthen sustained focus under verbal and
time-pressured conditions [24]. For Economics students, whose performance suggested
more stable emotional profiles but lower inhibitory control, promoting self-regulatory
strategies and consistent study routines [3] may enhance academic consistency. These
differentiated approaches highlight the importance of designing field-sensitive academic
support programs that address the interplay between cognitive demands, emotional readi-
ness, and performance.

4.2. Do Medical Students Differ from Law and Economics Students in Sleep, Anxiety, and
Executive Attention?

Focusing more specifically on medical students, additional findings emerged. Al-
though medical students reported the worst sleep quality, they demonstrated superior
performance on both executive attention tasks. This suggests a potential form of short-
term cognitive compensation, perhaps facilitated by higher baseline cognitive resources or
academic preparation. Nonetheless, such compensation may be unsustainable over time,
especially under chronic stress and persistent sleep deprivation, as recent findings in medi-
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cal students suggest [17]. This raises concerns about the long-term well-being of medical
students and emphasizes the need to balance academic excellence with self-regulatory
capacity, as highlighted in studies addressing medical student burnout and sleep-related
health risks [7,10].

No significant differences were found in state or trait anxiety across groups, which
is consistent with the idea that anxiety in academic settings is widespread regardless of
discipline [5]. However, this does not diminish its functional impact on performance—
which is explored in the following section

4.3. Do Sleep Quality, Executive Attention, and Anxiety Predict Academic Performance?

Regression models revealed that sleep quality and state anxiety significantly predicted
final exam grades, while executive attention did not. These results align with literature
suggesting that emotional and physiological regulation may be more influential than
cognitive control in high-pressure academic contexts [10,23].

The non-significant contribution of executive attention tasks could be attributed to
their limited ecological validity—a well-documented concern in neuropsychological test-
ing [40]. These tasks may overlook real-world compensatory mechanisms utilized by
students, including organizational strategies, collaborative learning, and emotion regula-
tion. Therefore, academic success may depend more on a student’s ability to manage stress
and sustain adaptive behaviors under pressure than on isolated cognitive performance in
tasks like those used.

The high variability in exam grades among Economics students also points to the
relevance of individual differences in self-regulation and learning strategies. This group’s
more autonomous structure may intensify the role of internal motivation, discipline, and
study habits in shaping academic success [3].

Limitations and future directions

Given its exploratory and observational design, the present study provides hypothesis-
generating, context-specific insights rather than definitive or generalizable conclusions.
This study has several important limitations.

First, the use of a small, non-random sample drawn from a one private Portuguese
university restricts the generalizability of the findings. Second, variations in exam atten-
dance policies across academic programs may have introduced selection bias: Medicine
and Economics students took the final exam only to improve their grades or upon failing
the continuous assessment, likely representing a more academically vulnerable subgroup.
In contrast, all Law students were required to take the exam.

Related to this, the mandatory nature of final exams for Law students, compared to
the optional or compensatory nature of exam participation in Medicine and Economics,
may have led to selection effects that differentially shaped the cognitive and emotional
profiles of each group. Specifically, Medicine and Economics subgroups may include a
disproportionate number of academically vulnerable or high-achieving students seeking
grade improvement, whereas the Law sample represents a broader academic spectrum.
These differences should be taken into account when interpreting comparative outcomes
and underscore the importance of contextualizing group comparisons within program-
specific assessment frameworks.

Third, limitations were also found at the level of instrumentation. Three of the instru-
ments used (STAI, Stroop Test, and Go/No-Go) do not have established clinical cut-off
scores, which limits the interpretation of individual scores in clinical terms. As such, results
should be viewed as relative comparisons within the sample, not diagnostic indicators.
Moreover, the use of self-reported final exam grades may introduce bias due to memory
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inaccuracies or social desirability, which should be considered when interpreting academic
performance outcomes.

Moreover, the small sample size, conditioned by participant availability and the
number of enrolled students in each academic program, also constituted a limitation. In
particular, the reduced number of medical students reflects the low registration rate for final
exams in this course, as most students passed through continuous assessment. Moreover,
the small size and disciplinary separation of the three groups limits the generalizability of
between-group comparisons. Future studies should therefore aim to include broader and
more balanced samples to ensure statistical robustness and external validity.

Regarding the cognitive measures, it is also important to consider that, despite their
robust psychometric properties, the Stroop and Go/No-Go tasks may fall short in captur-
ing the multidimensional nature of executive demands in real academic contexts. Exam
situations often require prolonged attentional control, planning, decision-making under
stress, and adaptive flexibility—functions that extend beyond the inhibitory and interfer-
ence resolution processes measured by these tools. As such, the null findings may reflect
instrument limitations rather than the absence of an executive attention effect.

Furthermore, although the Stroop and Go/No-Go tasks are well-validated and widely
used in both research and clinical settings, their direct relevance to academic functioning re-
mains limited. Future research should incorporate more ecologically valid instruments and
explore variables such as coping strategies, academic self-efficacy, and emotion regulation,
which may act as mediators between sleep, anxiety, and performance.

Finally, longitudinal and mixed-method designs would provide a more comprehensive
picture of how these processes interact over time. Understanding the examination of course-
specific dynamics is essential to inform tailored, evidence-based interventions that reflect
the realities of students’ academic experiences.

Taken together, these methodological constraints indicate that the present findings
should be interpreted as preliminary and context-bound, offering a foundation for future,
more robust research rather than firm conclusions.

5. Conclusions

This study offers a nuanced understanding of how sleep quality and state anxiety
contribute to academic performance under evaluative pressure, highlighting the interplay
between emotional regulation, cognitive control, and contextual academic factors. While
executive attention did not emerge as a direct predictor of exam outcomes, its patterns
across disciplines revealed meaningful insights into course-specific cognitive demands and
student functioning.

By comparing students from Medicine, Law, and Economics, this research underscores
the multidimensional nature of academic performance, shaped not only by cognitive ability
but also by emotional and behavioral adaptation to stress. Medical students demonstrated
stronger executive performance yet poorer sleep quality, suggesting short-term cognitive
compensation under pressure that may be unsustainable over time. Law students exhibited
lower interference control but higher exam achievement, likely reflecting adaptive verbal
reasoning and task-specific skills. Economics students, meanwhile, reported better sleep
but greater variability in performance, pointing to the influence of motivational and self-
regulatory factors.

Together, these findings reinforce the need to interpret academic outcomes within each
program’s cognitive and emotional ecology, emphasizing that success in higher education
extends beyond intellectual capability to include psychological resilience and behavioral
consistency.
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From an applied perspective, institutions should invest in discipline-sensitive support
programs tailored to students’ distinctive challenges—including sleep hygiene promotion,
stress management, time optimization, and executive attention training, to foster both
academic success and mental well-being.

Ultimately, this study contributes to the growing body of evidence that academic
performance cannot be decoupled from emotional and behavioral health. It calls for
policies that bridge theoretical understanding and lived student experience, especially in
demanding academic contexts such as medical education, where performance pressures
often override health-promoting intentions.
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