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Purpose: Academic performance in medical education reflects interactions among student background, academic engagement, and
assessment context, particularly during the transition into medical training. This study examined associations among sociodemographic
factors, academic engagement, and academic performance in first-year medical students.

Methods: A cross-sectional study was conducted among first-year medical students at the University of Buenos Aires. Academic
engagement was assessed using the Utrecht Work Engagement Scale (UWES-9S), focusing on vigor. Sociodemographic variables included
age, gender, nationality, living arrangements, and parental education. Performance was evaluated using partial and final examination scores
and pass/fail outcomes across oral, written multiple-choice, and written open-ended examinations. Students contributed repeated subject-
level performance observations across partial examinations; therefore, mixed-effects models with random intercepts for students were used,
alongside linear and logistic regression models.

Results: Among 257 students, partial examination data were available for 227. Final examination data were available for a selectively
progressed subset of 124 students and were analyzed secondarily. Higher vigor was associated with a greater probability of passing partial
examinations (OR = 1.15, 95% CI 1.01 to 1.32), although it was not clearly associated with continuous examination scores. In the main mixed-
effects model, cross-border/international students obtained modestly lower partial examination scores than Argentine students (§ =—0.74, 95%
CI —1.45 to —0.04), and students living with a partner and/or own children scored lower than those living alone (8 = —1.06, 95% CI —1.97 to
—0.15). An exploratory interaction suggested that performance differences between cross-border/international and Argentine students varied
across assessment contexts; however, assessment context was structurally confounded with subject content and curricular timing.
Conclusion: Academic vigor and contextual factors, including nationality and living arrangements, were associated with early
academic progression. Exploratory assessment-context findings require confirmation in longitudinal studies with controlled assessment
designs before informing institutional policy.

Plain Language Summary: The first year of medical school is often demanding and stressful. Many students struggle to adapt to
new academic expectations, social environments, and evaluation systems. Understanding the factors linked to academic performance
may help universities provide better support during this critical stage of training.

In this study, we explored how academic engagement and personal circumstances were related to academic performance among
first-year medical students at the University of Buenos Aires. Academic engagement refers to the energy, motivation, and persistence
students bring to their studies. We also examined whether performance patterns differed across oral and written examinations.

Vigor refers to the energetic component of academic engagement, including students’ sense of energy, persistence, and resilience in
their studies. Students with higher vigor were more likely to pass examinations. Living arrangements were also associated with
performance and engagement. Students living with a partner or children tended to obtain lower academic scores, while students living
with friends showed lower levels of vigor. In addition, differences between Argentine students and students from other countries were

more apparent in oral examinations than in written assessments.
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These findings suggest that academic performance is related not only to individual effort, but also to contextual and social factors.
Better understanding these influences may help medical schools design support strategies that improve student adaptation and
academic progression during the first year of training.
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Introduction

Academic performance in medical education is driven by a complex interplay of individual, contextual, and educational
factors. The early identification of variables associated with academic success is critical during the first year of medical
training, a transitional period characterized by rigorous academic demands and an elevated risk of attrition.'

Among the factors that may help students navigate these demands, student engagement has gained considerable
attention. Academic engagement is conceptualized as a multidimensional construct comprising vigor, dedication, and
absorption. Vigor denotes the energetic-behavioral dimension of engagement, characterized by energy, mental resilience,
persistence, and sustained effort while studying. Within the Study Demands-Resources (SD-R) framework, this dimen-
sion is theoretically relevant to how students respond to demanding academic environments. On this basis, vigor was
selected a priori as the engagement dimension theoretically most relevant to early academic progression, rather than
dedication, which reflects affective identification, or absorption, which reflects cognitive immersion.* 3

Student background characteristics may shape academic outcomes by influencing how students experience and
respond to academic demands. Variables such as living arrangements, country of origin, cultural background, and
linguistic background may function as contextual demands or resources within the learning process. The internationa-
lization of medical education has increased the heterogeneity of student populations, raising questions about how these
background characteristics interact with academic engagement and performance.'* ' This issue is particularly relevant in
settings that receive regional or cross-border/international students. In Argentina, regional student mobility to large
public universities is shaped by tuition-free education, an open-access admission tradition, the prestige and international
visibility of medical training, and geographic and cultural proximity within Latin America.’*?' Recent work on
international medical students in Argentina has also emphasized differences between the Argentine university system
and those of students’ countries of origin, as well as the role of student advisory agencies that often highlight university
quality, including QS rankings, together with tuition-free education and open admission.**

In this context, the University of Buenos Aires is a highly visible public university in the region, ranked 71st
worldwide in the 2025 QS World University Rankings and 8th in South America in the QS regional ranking.?** At the
national level, international students represent approximately 25.7% of enrollment in public medical schools.”> Within
the specific first-year basic-science subjects examined in this study, international students accounted for 46.6% of total
enrollment in 2025 (Institutional Enrollment Records, Faculty of Medicine, University of Buenos Aires, 2025). In the
present sample, cross-border/international students represented 51.8% of participants.

Assessment practices may also function as structural demands that influence observed academic performance. Oral and
written examinations impose distinct cognitive and communicative demands, which may be relevant when considering
student background characteristics such as country of origin or linguistic background.?®>° Oral examinations, in particular,
require students to formulate responses spontaneously, communicate under time pressure, and interact directly with exam-
iners, demands that differ from those of written formats.?*>° In the present study, whether performance differences according
to student background varied across assessment contexts was examined only as a secondary exploratory question.

Despite the growing literature on academic engagement, integrative studies combining engagement dimensions, socio-
demographic background, institutional academic records, and assessment context remain scarce, particularly in the early years
of medical training and in large public Latin American universities with high sociodemographic heterogeneity.>' This gap is
particularly relevant from the perspective of the Study Demands-Resources (SD-R) framework, which emphasizes the
interplay between academic demands, personal resources, and contextual factors."?
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The present study examined the associations among academic engagement, sociodemographic characteristics, and
academic performance in first-year medical students. In addition, potential variation in performance differences across
assessment contexts was explored as a secondary exploratory analysis.

Methods
Study Design and Participants

This cross-sectional observational study was conducted in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.

The study population comprised first-year medical students at the University of Buenos Aires, Argentina.
Participation was voluntary. The survey was available between April and August 2025. The survey was administered
online using Google Forms and was distributed through the institutional virtual campus to enrolled first-year medical
students. Access was restricted to students using their institutional student-domain accounts. The questionnaire com-
prised three sections: (i) informed consent and identifying information required for linkage with institutional academic
records; (ii) sociodemographic and educational background items; and (iii) the 9-item UWES-9S academic engagement
scale. The questionnaire was self-administered asynchronously through an institutional Google Forms link and required
less than 10 minutes to complete. No teachers, investigators, or proctors were present during completion. Survey timing
relative to examinations varied according to the subject and semester in which each student was enrolled. As participa-
tion was contingent upon student attendance and availability during the survey period, the resulting self-selected sample
may not fully represent the entire first-year cohort.

A total of 257 students were included in the study. Academic performance data from partial examinations were
available for 227 students, whereas final examination data were available for a subset of 124 students. This subset
represents a selectively progressed group, because final examination records were available only for students who
reached and/or sat for this later assessment stage, either after meeting regular course requirements or, less frequently,
by taking the examination as free students under institutional rules. Consequently, analyses involving final examination
scores were considered secondary and were not interpreted as representative of the full surveyed cohort.

Measures
Detailed operational definitions for all variables are provided in Supplementary Table S1.

Academic Engagement
Academic engagement was assessed using the Spanish version of the 9-item Utrecht Work Engagement Scale for
Students (UWES-9S), which measures three dimensions: vigor, dedication, and absorption. The instrument has shown
adequate psychometric properties in Latin American university populations.>*>* Internal consistency within the current
sample was acceptable across all subscales (Cronbach’s a = 0.82 for vigor, 0.82 for dedication, and 0.78 for absorption).
Vigor was selected a priori as the primary engagement variable for multivariable analyses. This decision was
grounded in the Study Demands-Resources (SD-R) framework, in which vigor represents the energetic component of
academic engagement and is conceptually linked to persistence and sustained effort in demanding academic contexts.
The associations of dedication and absorption with academic outcomes are reported in supplementary descriptive
analyses (Supplementary Table S2).

Sociodemographic Variables
Sociodemographic data included age, gender, nationality, living arrangements, and parental education. Nationality was
categorized as Argentine or cross-border/international according to self-reported country of origin. The cross-border
/international category included students whose country of origin was not Argentina, including students from neighboring
Latin American countries and other international backgrounds.

Living arrangements were classified according to cohabitation status: living alone, living with friends, living with
a partner and/or own children, or living with family of origin. The category “living with friends” corresponds to the
original Spanish questionnaire response “vivo con amigos”.
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Parental education was evaluated for both parents and dichotomized into higher education versus no higher education.
Maternal and paternal education were moderately correlated. To reduce redundancy and preserve model parsimony,
maternal education was retained for multivariable modeling, while paternal education was reported descriptively.

A country-of-origin-based linguistic proxy was also derived from self-reported country of origin and classified
students according to whether the country was Spanish-speaking or non-Spanish-speaking. This variable was used
only as an exploratory proxy and should not be interpreted as a direct measure of Spanish language proficiency.

Academic Performance

Academic performance was determined using partial examination scores, aggregated final examination scores across
subjects (F_mean_total), and definitive pass/fail outcomes. Partial examination performance was summarized using
PR _mean, an aggregate score that incorporated regular partial examinations and retake examinations when applicable.
Retake examinations were included because they form part of the institutional progression pathway and determine
students’ course status; therefore, PR_mean was interpreted as a progression-related performance indicator rather than as
a measure of first-attempt performance alone.

Assessment context for partial examinations was coded according to the actual subject-specific examination format.
Embryology and Histology partial examinations were administered as oral examinations, whereas the Molecular Biology
and Genetics partial examination was administered as a written multiple-choice examination. Final examinations were
described separately because they consisted of written open-ended responses and were not included in the nationality-by-
assessment-context mixed-effects model. Because assessment format was structurally linked to subject, it was interpreted
as part of the broader assessment context rather than as an independently assigned examination modality.

Data Linkage and Anonymization

To enable linkage between survey responses and academic records, participants provided identifying information at the time of
survey completion, including name, institutional Email address, national identification number, and university record number.
Linkage was performed by an authorized administrative member of the research team with access to the institutional academic
database. National identification number and university record number were used as the primary matching variables, with
name and institutional Email used to verify uncertain or ambiguous matches. Linked records were checked for duplicate
identifiers, unmatched cases, and inconsistencies between identifiers. After linkage, each participant was assigned a unique
numerical code, and all direct identifiers were removed before statistical analysis.

Statistical Analysis

Academic performance was recorded across three specific subjects (Embryology, Histology, and Molecular Biology and
Genetics), yielding repeated measures for each student. Data were consequently reshaped into a long format to facilitate
multi-subject analyses.

Descriptive statistics were computed for all study variables. Associations between sociodemographic characteristics
and academic engagement were evaluated using linear regression models. Academic performance outcomes were
analyzed via linear regression for continuous variables and logistic regression for pass/fail outcomes.

To account for the repeated measures structure of academic performance, linear mixed-effects models were fitted with
a random intercept for each student. The dependent variable was the examination score per subject. The primary model
incorporated academic vigor, subject, nationality, and living arrangements as fixed effects. Reference categories were
established as Argentine nationality, living alone, and Embryology. Subject was modeled as a fixed effect because the
three subjects represented specific curricular units with systematic differences in content, difficulty, timing, and assess-
ment context, rather than a random sample of subjects.

Analyses involving final examination outcomes were considered secondary and hypothesis-generating because final
examination data were available only for students who reached and/or sat for this later stage of assessment. These
analyses were not interpreted as representative of the full surveyed cohort.

To explore whether the association between nationality and performance varied across evaluation contexts, a secondary
mixed-effects model introduced an interaction term between nationality and assessment context (oral vs written multiple-
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choice partial examinations). Because assessment context was structurally linked to subject, this analysis was considered
exploratory. Oral partial examinations corresponded to Embryology and Histology, whereas the written multiple-choice partial
examination corresponded to Molecular Biology and Genetics. Therefore, assessment context could not be disentangled from
subject content, timing, grading practices, or evaluative conditions. Models including both subject and assessment context
were rank deficient, indicating that these factors could not be independently estimated in the present dataset.

Missing data were handled using model-specific complete-case analysis. This approach was used because missingness in
the main sociodemographic and engagement variables was minimal. Academic outcome data were not imputed because
missing examination records primarily reflected academic progression, eligibility, or whether students reached and/or sat for
the corresponding examination stage rather than item non-response. For the mixed-effects analyses, the dataset was reshaped
into subject-level observations, with up to three observations per student, one for each subject. Partial examination scores were
available for 555 subject-level observations from 227 students; after excluding observations with missing data in modeled
covariates, the analytic sample comprised 552 observations nested within 226 students.

Two sensitivity analyses were conducted. First, to address the timing of survey completion relative to examinations,
each subject-level observation was classified according to whether the survey response occurred before or during/after
the corresponding partial examination period, taking into account the semester in which the student took each subject.
The main mixed-effects model was then refitted after restricting the dataset to observations in which the survey preceded
the relevant partial examination. Second, to assess the robustness of the findings to retake examinations, the main mixed-
effects model was refitted after excluding students who completed at least one retake examination.

All p-values were two-sided and were not adjusted for multiple comparisons. Therefore, the interpretation of results
prioritized the magnitude and direction of estimates, the precision of confidence intervals, and the exploratory nature of
secondary analyses, rather than relying strictly on dichotomous p-value thresholds.

All statistical procedures were executed in R software version 4.5.2 (R Foundation for Statistical Computing) using
RStudio version 2026.01.0. Linear mixed-effects models were constructed using the Ime4 package, with p-values
approximated via the ImerTest package based on Satterthwaite’s method for degrees of freedom. Additional data
manipulation and output formatting were conducted using the dplyr and tidyr packages.

Ethics Approval and Consent to Participate

The study adhered to the principles of the Declaration of Helsinki and received ethical approval from the Human Ethics
Committee of the School of Medicine, University of Buenos Aires (Approval No: RESCD-2024-1655-E-UBA-
DCT#FMED). Participants accessed a downloadable informed consent document through the first page of the online
form and indicated consent electronically before completing the questionnaire. The consent document included contact
information for the research team and the institutional ethics committee.

Participants were informed that identifying information would be used only to link survey responses with institutional
academic records. Participants were informed of, and provided consent for, the use and dissemination of aggregated and
anonymized demographic and academic data in scientific publications. All data were stored on password-protected
institutional servers and were accessible only to the research team.

Use of Artificial Intelligence

A large language model (ChatGPT, OpenAl) was used to assist with language editing and manuscript preparation. No
artificial intelligence tools were used for data analysis, statistical computation, or interpretation of results. All analytical
decisions and conclusions were performed by the authors, who reviewed and approved the final manuscript and assume
full responsibility for its content.

Results

Participant Characteristics
A total of 257 first-year medical students were included in the study. Academic performance data from partial
examinations were available for 227 students, whereas final examination data were available for a selectively progressed
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subset of 124 students who reached and/or sat for this later assessment stage. The analytic dataset for mixed-effects
modeling comprised 552 observations nested within 226 students, following the exclusion of observations with missing
data in the modeled variables. The participant flow, including availability of academic performance data and analytic
samples for the main and secondary analyses, is shown in Figure 1. The sociodemographic and academic characteristics
of the study population are detailed in Table 1.

Missing data in sociodemographic and engagement variables were limited. Maternal education was missing for 2
students (0.8%), paternal education for 5 students (1.9%), and age, gender, and living arrangements for 1 student each
(0.4%). Nationality and engagement variables had no missing values. In contrast, missing academic performance data
reflected availability of examination records and academic progression: partial examination averages were unavailable
for 30 students (11.7%), and final examination averages were unavailable for 133 students (51.8%). Missing data patterns
are shown in Supplementary Table S3.

Retake examinations were frequent: 150 students (58.4%) completed at least one retake across the three first-year
subjects.

Academic Engagement

Mean scores for the three dimensions of academic engagement (vigor, dedication, and absorption) were calculated. In
unadjusted analyses, comparable patterns of association with academic outcomes were observed across all three
dimensions, characterized by modest associations with continuous grades and more pronounced associations with passing
outcomes (Supplementary Table S2).

Sociodemographic Factors Associated with Academic Engagement

In multivariable analyses, academic vigor was associated with living arrangements; specifically, lower vigor scores were
observed among students living with friends compared to those living alone. No consistent associations were identified
between vigor and age, gender, or parental education.

Survey respondents included in study
N = 257

30 without partial
examination data

y 103 without final [Students with final examination data available
Students with at least one partial examination record] examination data N =124
N =227 J 'L Secondary analysis: selectively
progressed subset

\ 4
[ Subject-level observations ]

N =555

3 observations excluded due to
missing modeled covariate data

Mixed-effects analytic sample
N = 552 observations / 226 students

Figure | STROBE participant flow diagram showing survey respondents, availability of academic performance records, missing outcome data, exclusions due to missing
modeled covariates, and analytic samples. Final examination analyses were secondary because final examination data were available only for students who reached and/or sat
for this later assessment stage.
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Table | Sociodemographic Characteristics, Academic Engagement, and Academic
Performance of First-Year Medical Students (N = 257)

Variable Category/Mean (SD) n (%)
Age (years) Mean (SD) 24.1 (6.9)
Gender Female 183 (71.2%)
Male 73 (28.4%)
Missing I (0.4%)
Nationality Argentine 124 (48.2%)
Cross-border/international 133 (51.8%)
Living arrangements Living alone 73 (28.4%)
Living with friends 58 (22.6%)
Living with partner and/or own children | 34 (13.2%)
Living with family of origin 91 (35.4%)
Missing | (0.4%)
Maternal education No higher education 110 (42.8%)
Higher education 145 (56.4%)
Missing 2 (0.8%)
Paternal education No higher education 134 (52.1%)
Higher education 118 (45.9%)
Missing 5 (1.9%)
Academic engagement
Vigor Mean (SD) 3.58 (1.41)
Dedication Mean (SD) 5.05 (1.15)
Absorption Mean (SD) 4.24 (1.31)
Academic performance
Partial examinations (PR_mean) Mean (SD) 3.87 (2.05)
Final examinations (F_mean_total) | Mean (SD) 4.00 (2.14)
Partial examination data available n (%) 227 (88.3%)
Main mixed-effects analytic sample | n (%) 226 (87.9%)
Final examination data available n (%) 124 (48.2%)
Final examination data unavailable | n (%) 133 (51.8%)

Notes: Table | describes the full sample of survey respondents (N = 257). Values are mean (SD) for continuous
variables and n (%) for categorical variables. Partial examination data were available for 227 students; therefore,
PR_mean was calculated among students with available partial examination records. Final examination data
were available for 124 students; therefore, F_mean_total was calculated only among students with available final
examination records. After excluding observations with missing data in modeled covariates, the main mixed-
effects analytic sample comprised 552 subject-level observations nested within 226 students. Final examination
analyses were conducted only as secondary analyses in a selected subset.

Abbreviation: SD, standard deviation.
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Partial Examination Outcomes

Continuous Performance Outcomes

Results from the multivariable linear mixed-effects model are presented in Table 2. In this model, lower academic
performance was observed among cross-border/international students compared to Argentine students (B = —0.74, 95%
CI —1.45, —0.04, p = 0.040). Cohabiting with a partner and/or own children was associated with lower performance (p =
—1.06, 95% CI —1.97, —0.15, p = 0.023), whereas other living arrangements yielded no significant associations. Vigor was
not significantly associated with continuous partial examination scores in the adjusted mixed-effects model (f = 0.13,
95% CI —0.06, 0.33, p = 0.183).

Regarding subject-specific differences, performance in Histology and Molecular Biology and Genetics was lower
than in Embryology (Table 2).

Because PR_mean incorporated retake scores when applicable, the contribution of retake examinations was examined
descriptively. Students who completed at least one retake had lower initial partial examination averages than those
without retakes (P_mean: 2.98 vs 5.15). Incorporating retake scores modestly increased the aggregate partial/retake
average among students with retakes (mean increase = 0.28 points). Because of the potential influence of retake
examinations on PR_mean, a sensitivity analysis excluding students who completed at least one retake examination
was conducted and is reported in the Results subsection titled “Additional Analyses”.

Interaction with Assessment Context

In the exploratory mixed-effects model, the interaction between nationality and assessment context was statistically
significant (f = 0.96, 95% CI 0.42, 1.50), indicating that the association between nationality and academic performance
varied across the observed assessment contexts. The estimated performance difference between cross-border/international
and Argentine students was more apparent in the oral assessment context (f = —1.10, 95% CI —1.67, —0.52) and was
attenuated in the written multiple-choice context. Because assessment context was structurally linked to subject content
and curricular timing, this pattern should not be interpreted as an independent effect of assessment modality. Predicted
marginal means from the exploratory interaction model are shown in Supplementary Figure S1 to aid interpretation of the

nationality-by-assessment-context pattern. Full model estimates are reported in the Results subsection titled “Additional

Analyses”.

Table 2 Multivariable Linear Mixed-Effects Model of Academic Performance in Partial
Examinations

Predictor Estimate (95% Cl) | p-Value
Vigor (per unit increase) 0.13 (—0.06 to 0.33) 0.183
Cross-border/international vs Argentine —0.74 (—1.45 to —0.04) 0.040

Living arrangements

Living with friends vs living alone —0.27 (—1.02 to 0.49) 0.487
Living with partner and/or own children vs living alone | —1.06 (—1.97 to —0.15) 0.023
Living with family of origin vs living alone —0.27 (—1.04 to 0.50) 0.495
Subject

Histology vs Embryology —0.69 (—1.02 to —0.36) | <0.001
Molecular Biology and Genetics vs Embryology —0.69 (1.0l to —0.38) | <0.001

Notes: Linear mixed-effects model with random intercept for student. The model included 552 subject-level
observations nested within 226 students. Estimates represent adjusted differences in examination scores on
a 010 scale. Reference categories were Argentine nationality, living alone, and Embryology. Subject coefficients
represent adjusted differences relative to Embryology and should be interpreted as subject-specific differences
rather than as direct measures of difficulty or grading standards. All p-values were two-sided and were not
adjusted for multiple comparisons.
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Approval Outcomes

In the long-format logistic regression model for subject-level partial examination passing, academic vigor was associated
with an increased probability of passing partial examinations (OR = 1.15, 95% CI 1.01 to 1.32, p = 0.031). Passing odds
were lower in Histology (OR = 0.53, 95% CI 0.34 to 0.83, p = 0.006) and Molecular Biology and Genetics (OR = 0.61,
95% CI 0.40 to 0.93, p = 0.023) than in Embryology. Students living with a partner and/or own children had lower odds
of passing than those living alone (OR = 0.46, 95% CI 0.24 to 0.86, p = 0.017). Cross-border/international status showed
lower estimated odds of passing, although this association did not reach conventional statistical significance (OR = 0.63,
95% CI1 0.40 to 1.00, p = 0.052). The remaining living-arrangement categories, living with friends and living with family

of origin, were not clearly associated with passing.

Final Examination Outcomes

In the selected subset of students with final examination data, the main associations observed in partial examinations
were not clearly replicated for aggregated final examination scores. Vigor was not associated with final examination
scores (B = 0.02, 95% CI —0.31 to 0.34), and the estimated difference between cross-border/international and Argentine
students was close to zero (B = 0.06, 95% CI —0.96 to 1.08). Students living with a partner and/or own children showed
lower estimated final examination scores than those living alone, although the estimate was imprecise and the confidence
interval included zero (B = —1.54, 95% CI —3.30 to 0.23).

A descriptive comparison between students with and without final examination data showed that the subset with final
examination records differed from the rest of the surveyed cohort. Students with final examination data had lower mean age,
higher mean partial examination averages, higher mean engagement scores, a higher proportion of maternal higher education,
and lower proportions of cross-border/international students and students living with a partner and/or own children than
students without final examination data (Supplementary Table S4). Final-examination analyses were therefore considered

secondary and hypothesis-generating, and were not interpreted as representative of the full surveyed cohort.

Additional Analyses
The potential impact of further sociodemographic variables was evaluated. In unadjusted analyses, age, maternal

education, and linguistic background demonstrated associations with academic outcomes (Supplementary Table S5).

Specifically, older age and a non-Spanish linguistic background were linked to lower performance, whereas higher
maternal education was associated with improved outcomes. These associations were attenuated in multivariable models,
reflecting structural overlap with other included covariates.

Maternal and paternal education were moderately correlated both as ordinal variables (Spearman’s p = 0.505, p < 0.001)
and when dichotomized as higher versus no higher education (phi coefficient = 0.395, 95% CI 0.285, 0.494, p < 0.001).

The exploratory nationality-by-assessment-context model included 555 observations nested within 227 students. In
this model, the interaction between cross-border/international status and written multiple-choice assessment context was
statistically significant; however, because assessment context was structurally linked to subject, this finding should be
interpreted as exploratory rather than as evidence of an independent assessment-format effect. Full coefficients for this
model are shown in Supplementary Table S6.

In the sensitivity analysis restricted to observations in which the survey preceded the corresponding partial examination,
the model included 483 observations nested within 216 students. Estimates were directionally consistent with the main
analysis, although the coefficients for cross-border/international status and living with a partner and/or children were
attenuated and did not reach conventional statistical significance. Full results are provided in Supplementary Table S7.

In the sensitivity analysis excluding students who completed at least one retake examination, the model included 177
observations nested within 77 students. Estimates for vigor remained positive but non-significant, whereas cross-border
/international status and living with a partner and/or children remained negatively associated with partial examination
performance. However, confidence intervals were wider because of the substantially reduced sample size. Full results are
provided in Supplementary Table S8.
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An alternative mixed-effects model additionally adjusted for age, gender, and maternal higher education included 545
observations nested within 223 students. The main findings were broadly consistent with the primary model: cross-border
/international status and subject-specific differences remained associated with examination performance, whereas vigor
remained positive but non-significant and the living-arrangement coefficients were attenuated. Full results are provided in
Supplementary Table S9.

Finally, as an additional model comparison, we tested whether the association between vigor and partial examination
scores varied by subject by adding a vigor-by-subject interaction term to the main mixed-effects model. This interaction
model did not significantly improve model fit compared with the main model, likelihood ratio test: chi-square = 4.82,
df =2, p = 0.090. Therefore, the more parsimonious main model was retained.

Discussion

Principal Findings

In the present study, associations among academic engagement, sociodemographic characteristics, and academic perfor-
mance were examined in first-year medical students. The findings showed that the vigor dimension of academic
engagement was modestly associated with academic progression, most notably with the probability of passing examina-
tions, but was not clearly associated with continuous examination scores. Previous studies have generally linked
academic engagement with better academic outcomes, but the evidence is not uniform: meta-analytic work indicates
modest associations that vary across populations and by engagement dimension, with some dimensions more closely tied
to achievement than others.>*>® Studies in health sciences students have similarly reported associations that vary across
subgroups rather than uniform overall effects,® a pattern also reported in Latin American health sciences cohorts.>” This
mixed evidence is consistent with the present findings, in which vigor was modestly associated with passing outcomes
but not clearly associated with continuous examination scores. Furthermore, living arrangements were associated with
both engagement and performance, although the direction and robustness of these associations varied across specific
outcomes. Other sociodemographic variables showed associations with academic outcomes in unadjusted analyses, but
these associations were attenuated in multivariable models. In addition, exploratory analyses suggested that performance
differences between cross-border/international and Argentine students varied across assessment contexts; however, this
finding should be interpreted cautiously because assessment context was structurally linked to subject.

Interpretation of Findings

The observation that vigor was associated with passing outcomes, but not clearly with continuous grade variation, suggests
that the energetic component of academic engagement may be more closely related to academic progression than to fine-
grained differences in examination scores. This pattern should be interpreted cautiously and examined in longitudinal studies,
rather than as evidence of a defined performance threshold. This interpretation is consistent with theoretical conceptualizations
of vigor as a dimension related to persistence and effort regulation, rather than necessarily as a predictor of incremental
differences in examination scores.”'**** The magnitude of these associations should also be interpreted cautiously. The
association between vigor and continuous examination scores was small and not statistically significant, indicating limited
explanatory value for fine-grained differences in grades. Similarly, associations between engagement dimensions and passing
outcomes reflected modest effect sizes. The adjusted coefficient for cross-border/international status in the main mixed-effects
model was B =—0.74 on a 0—10 examination scale, corresponding to approximately 7% of the total scale range. Although such
a difference may be relevant for students close to a passing threshold, it represents a modest absolute difference and may not
necessarily be educationally meaningful in all contexts. These findings should therefore not be interpreted as evidence that
engagement or contextual characteristics alone have a large educational impact, but rather as preliminary evidence that they
may form part of broader academic progression processes.

Contextually, living arrangements emerged as a relevant factor associated with academic engagement and performance.
The lower levels of vigor observed among students living with friends are consistent with literature on peer effects in higher
education, which suggests that study habits, time allocation, and effort regulation may be influenced by immediate social
environments.*** Conversely, the lower academic performance observed among students cohabiting with a partner and/or
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children may reflect competing demands related to partnership or caregiving responsibilities. Taken together, these patterns are
consistent with recent evidence suggesting that the broader social and structural characteristics of student living environments
are associated with academic adaptation and well-being. *****

The attenuation of variables such as age, linguistic background, and maternal education in multivariable models
suggests that these distal background factors may partly reflect or overlap with more proximal academic and contextual
demands, including current living arrangements, language-related demands, prior educational experiences, and the
specific communicative and evaluative demands of different assessment contexts. However, these pathways were not
directly measured, and mediation mechanisms cannot be inferred from the present cross-sectional design. Future long-
itudinal studies should examine how background characteristics, academic language, living arrangements, and assess-

ment demands jointly shape early academic adaptation.

Assessment Context

The exploratory assessment-context analysis suggested that performance differences between cross-border/international
and Argentine students varied across the observed evaluation contexts. Specifically, these differences were more apparent
in oral partial examination contexts and attenuated in the written multiple-choice partial examination context. Similar
context-dependent variations have been documented in studies comparing evaluation modalities.”®° Potential mechan-

15:19:26 a5 well as variability

isms may include the heightened linguistic and communicative demands of oral evaluations,
in examiner interaction and grading conditions.”” However, this interpretation must be cautious because assessment
context was structurally linked to subject content, curricular timing, and assessment stage. Oral partial examinations
corresponded to Embryology and Histology, the written multiple-choice partial examination corresponded to Molecular
Biology and Genetics. Therefore, the present data do not allow assessment-format effects to be separated from subject
effects, subject-specific conceptual difficulty, timing within the academic year, grading practices, assessment conditions,
model instability, or residual confounding. Future studies using controlled or within-subject assessment designs are
needed to determine whether observed differences are attributable to assessment modality, subject content, grading

practices, or other contextual factors.

Methodological Considerations
The interpretation of these findings must be contextualized within several methodological limitations.

First, the cross-sectional design precludes the establishment of causal relationships and reverse causality remains an
important consideration. Higher-performing students may report greater engagement because of prior academic success,
rather than engagement leading to improved performance. Therefore, the observed associations should be interpreted as
non-causal and hypothesis-generating. Although a subject-level sensitivity analysis restricted to observations in which
the survey preceded the corresponding partial examination yielded directionally consistent estimates, temporal ordering
between engagement and performance could not be fully assured for all observations. In addition, the reliance on a self-
selected sample, contingent upon student availability and voluntary participation, restricts the generalizability of the
findings to the broader first-year cohort. Students who were more engaged, more available, or performing better
academically may have been more likely to complete the survey, whereas students experiencing disengagement,
academic difficulties, or early withdrawal may have been underrepresented. This selection process may have led to an
overestimation of engagement levels and of the association between engagement and academic outcomes. Although the
April-August 2025 data collection window captured the initial adaptation phase and early outcomes in core first-year
subjects, it was not sufficient to assess long-term attrition, sustained academic trajectories, or the predictive validity of
engagement for later preclinical or clinical years.

Analytical constraints must also be acknowledged. No a priori sample size or power calculation was performed, as the
study was based on voluntary participation and linkage with available academic records. The main mixed-effects model
included 552 subject-level observations nested within 226 students; however, because repeated observations within
students are not statistically independent, precision should be interpreted in relation to both the number of observations
and the number of students. As a descriptive post hoc approximation based on the observed standard error of the vigor
coefficient, assuming a two-sided o = 0.05 and 80% power, the approximate minimum detectable effect was 0.28 points
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on the 0—10 examination score scale per one-unit increase in vigor. Therefore, the study may have been underpowered to
detect smaller associations, and non-significant findings should not be interpreted as evidence of absence of association.

The subset of students with final examination data represents a selectively progressed cohort, because final examina-
tions were available only for students who reached and/or sat for this later stage of assessment. These analyses are
therefore vulnerable to survivorship and selection bias, may show reduced score variability, and should be interpreted as
secondary and hypothesis-generating only, rather than as representative of the full surveyed cohort.

Assessment context was structurally linked to subject, timing, content scope, and grading conditions; therefore, observed
differences across assessment contexts cannot be attributed to examination modality alone. This structural confounding
represents a major limitation for causal interpretation of the nationality-by-assessment-context interaction and was supported
analytically by the rank deficiency observed when attempting to include both subject and assessment context in the same
mixed-effects model. Given the modest analytic sample and the exploratory nature of the interaction model, model instability
or overfitting cannot be excluded. A more rigorous assessment of format effects would require comparing different assessment
formats within the same subject or using a controlled within-subject design, which was not possible in the present dataset.

In addition, multiple statistical tests were conducted and formal correction for multiple comparisons was not applied;
therefore, secondary analyses, particularly the exploratory nationality-by-assessment-context interaction, should be
interpreted cautiously.

Although internal consistency was acceptable for all UWES-9S subscales, the absorption subscale showed
a Cronbach’s alpha of 0.78, slightly below 0.80; therefore, findings involving absorption were treated as supplementary
and should be interpreted cautiously.

Finally, the country-of-origin-based linguistic proxy is an important measurement limitation. Country of origin does
not directly measure Spanish proficiency, communicative fluency, academic language competence, or prior educational
experience in Spanish. This proxy may therefore misclassify students, particularly those from multilingual contexts or
students whose language proficiency does not correspond closely to country of origin. Findings involving this proxy
should be interpreted as exploratory and require confirmation using direct self-rated or test-based measures of Spanish
language proficiency and academic language competence. Taken together, these limitations reinforce the exploratory and
hypothesis-generating nature of the subgroup, assessment-context, and linguistic-background analyses.

Implications

These findings suggest potential directions for future research and early academic monitoring in medical education. First,
academic vigor may represent a psychological dimension associated with academic progression, particularly with passing
examinations, but the present study does not establish whether vigor is modifiable or whether interventions targeting it
would improve performance. If these associations are confirmed in longitudinal studies, institutions could evaluate
structured transition supports, such as peer mentoring, early formative feedback, or workshops addressing study
organization and adaptation to medical training. Second, contextual factors such as living arrangements may help
institutions recognize that students differ in the adaptation demands they face during the transition to medical training,
without treating these characteristics as deterministic indicators of academic risk. Third, the exploratory assessment-
context findings suggest that student background and evaluation conditions may interact in ways that require further
study. Future longitudinal and controlled or within-subject assessment studies are needed to determine whether observed
differences are attributable to assessment modality, subject content, grading practices, or other contextual factors, and
whether incorporating more than one early assessment point improves the timing and targeting of academic support.

Conclusion

In first-year medical students at the University of Buenos Aires, higher academic vigor was associated with a greater
probability of passing partial examinations, although it was not clearly associated with continuous examination scores.
Cross-border/international students obtained modestly lower partial examination scores than Argentine students after
adjustment, and specific living-arrangement patterns were associated with academic engagement and academic perfor-
mance. A secondary exploratory analysis suggested that performance differences between cross-border/international and
Argentine students varied across assessment contexts; however, assessment modality could not be disentangled from
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subject content, curricular timing, and evaluative conditions, and this finding requires confirmation in controlled or
within-subject designs. Given the cross-sectional design, these associations should not be interpreted as causal. By
linking a validated engagement measure with institutional academic records in a heterogeneous Latin American public
medical education context, this study provides evidence on early academic progression and generates hypotheses for
future longitudinal studies with prespecified designs and analytical strategies.
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