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Abstract
Background Academic Burnout (ABO) is prevalent among medical students and is characterized by mental and 
physical exhaustion, cynicism, and a sense of inadequacy. Informal Peer-Assisted Learning (IPAL) is recognized as an 
effective strategy to enhance student wellness and mitigate ABO by fostering collaborative learning and support 
without direct faculty oversight. This study evaluates the effectiveness of IPAL in reducing ABO, focusing on the 
mediation of the observed variables and its impact on student well-being.

Methods This study extends previous research using Structural Equation Modeling (SEM) to include mediation 
analysis of the observed variables within the latent constructs of Cynicism (CY) and Inadequacy (IN) that are thought 
to influence the relationship between IPAL and ABO. Data were sourced from a validated Student Burnout Inventory 
(SBI-8) across a sample of medical students with varied IPAL engagement levels. Our approach used General Linear 
Model (GLM) mediation models to explore both direct and indirect effects of IPAL on ABO.

Results The indirect effect of IPAL on ABO is mediated through specific observed variables, including CY2 “loss of 
interest in academic work” (β = -0.092, CI, -0.174/-0.011, p = 0.027), IN1 “feeling of inadequacy” (β = -0.062, CI, -0.12/-
0.005, p = 0.035), and IN2 “reduced academic expectations” (β = -0.042, CI, -0.079/-0.007, p = 0.025). The total effect of 
IPAL on ABO was significant (β = 0.170 CI, -0.326/-0.010, p = 0.034), the total indirect effect was significant (β = -0.197, 
CI, -0.338/-0.055, p = 0.006).

Conclusions IPAL effectively addresses critical aspects of burnout, specifically through reducing feelings of cynicism 
and inadequacy among medical students. These results provide a valuable framework in designing targeted 
interventions to reduce ABO.
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Background
Academic burnout (ABO) is a critical issue among medi-
cal students, characterized by overwhelming mental and 
physical exhaustion, cynicism, and a sense of inadequacy 
[1, 2]. This phenomenon not only affects students’ mental 
and physical health but also impacts their academic per-
formance, leading to adverse outcomes such as poor aca-
demic performance and increased dropout rates [3–5]. 
The substantial academic and emotional pressures expe-
rienced by medical students often result in heightened 
stress and burnout, with adverse effects that can persist 
into their professional lives, potentially contributing to 
suicidal ideation [6]. Therefore, identifying and imple-
menting effective strategies to alleviate these effects is 
crucial for promoting a healthier and more sustainable 
educational environment.

In recent years, the role of peer-assisted learning (PAL), 
and more specifically informal peer-assisted learning 
(IPAL), has been recognized as an effective method for 
enhancing student wellness and mitigating ABO [7–12]. 
IPAL emerges organically through social networks and 
study groups, providing students with opportunities for 
collaborative learning and knowledge exchange without 
direct faculty oversight. This interaction not only facili-
tates knowledge acquisition and provides a safe space for 
students to share their experiences and challenges, which 
can be therapeutic and empowering, but also fosters the 
development of crucial interpersonal, social and team-
work skills, essential for success in the medical profession 
[7, 13–16].

Moreover, by integrating naturally into daily routines, 
IPAL complements formal student wellness interven-
tions, offering a less stigmatizing and more accessible 
support system. Students may feel more comfortable 
seeking and providing support within their peer groups, 
leading to more sustained and effective participation. 
Through these informal interactions, students may expe-
rience a reduction in negative self-evaluations and a 
recalibration of their academic expectations, which are 
critical factors in the development of burnout [17–20]. 
The current research builds on these insights by delving 
deeper into the mechanisms associated with the observed 
variables that make educational interventions successful.

Recent studies have highlighted the influence of causal 
antecedent variables on outcomes of interest [21, 22]. 
These works emphasize the critical role of mediation 
mechanisms in educational interventions [23]. They 
demonstrate that mediating factors, such as student 
engagement and social support, significantly impact the 
success of strategies aimed at reducing symptoms of 
burnout, including emotional exhaustion, insomnia, and 
more critically, suicidal behavior among professionals [6].

This study posits that it is the participation in IPAL 
that mitigates ABO in medical students, rather than 

a reduction in ABO driving students to participate in 
IPAL. Our prior work [7] established that IPAL signifi-
cantly reduces ABO by primarily influencing the com-
bined latent variables of cynicism (CY) and inadequacy 
(IN), without affecting exhaustion (EX). These findings, 
derived from statistical analysis using one-way ANOVA, 
lay the groundwork for this current investigation. Build-
ing on this, we hypothesize that IPAL’s effectiveness in 
reducing ABO is mediated by specific observed variables 
within the latent variable’s CY and IN. Thus, this study 
aims to identify and quantify the mediation produced by 
the observed variables composing these latent variables 
and consequently define how IPAL mitigates ABO levels.

This study examines how IPAL impacts ABO, focus-
ing on the mediating roles of CY and IN. Cynicism is a 
key aspect of burnout, reflecting emotional detachment 
from academic work. Through IPAL, students experience 
social support and engagement, which may help reduce 
cynicism by providing a collaborative academic environ-
ment [13]. Inadequacy, another component of burnout, 
refers to feelings of incompetence in academic perfor-
mance. Participation in IPAL may help mitigate these 
feelings by reinforcing students’ sense of competence, 
as peers provide guidance and validation [9]. Therefore, 
we hypothesize that IPAL reduces ABO through the 
mediation of cynicism and inadequacy, following the 
assumptions proposed by the causal steps approach [24]. 
According to this approach: H1: the independent vari-
able (IPAL) must have a total significant effect on the 
dependent variable (ABO). H2: the independent variable 
(IPAL) must have a significant effect on the mediating 
variable (Observed variables). H3: the mediating variable 
(Observed variables) must have a significant effect on the 
dependent variable (ABO) and H4: the independent vari-
able (IPAL) must have an indirect effect on the depen-
dent variable across the mediating variables (Observed 
variables) (Figure 1).

The principal focus is to answer which specific 
observed variables mediate the relationship between 
IPAL and ABO in our medical student’s population? We 
will conduct a detailed examination of the direct and 
indirect impacts of IPAL on ABO, utilizing Structural 
Equation Modeling (SEM) to delineate the mechanisms 
through which IPAL exerts its effects. SEM is ideal for 
this research as it allows for a detailed examination of 
both measurement and structural models [25].

By examining these mediating relationships, we aim 
to uncover the underlying mechanisms fostered by a 
socially supportive learning environment stimulated by 
IPAL. This analysis will model the complex interactions 
between IPAL and ABO, highlighting the observed vari-
ables that mediate this relationship. Identifying these 
mediators will also provide a framework for practical 
interventions targeting behavioral and social factors to 
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reduce ABO. As students engage more with their peers in 
informal learning settings, they may experience a reduc-
tion in negative self-evaluations and a recalibration of 
their academic expectations, which are critical factors 
in the development and exacerbation of burnout [17–20, 
26]. Our study seeks to contribute to the body of knowl-
edge on effective strategies for mitigating ABO in medi-
cal students, guiding the development of educational 
conditions that leverage peer support to enhance student 
well-being and academic success.

Methods
Study design, data collection and reporting
This study extends our previous cross-sectional study 
on ABO among medical students at Universidad Cen-
tral del Caribe in Puerto Rico, utilizing the same par-
ticipant dataset. The sample comprised 151 participants, 
representing 49.19% of the medical student population 
(n = 307), indicating a confidence level greater than 90% 
and an error of 5%. Comprehensive details regarding 
the participant sample, study design, and data collection 
methodologies are available in our earlier publication [7].

The study employed the nine-item School Burnout 
Inventory (SBI-9), which was administered online to 
assess levels of ABO among medical students. The SBI-9 
questionnaire, available in both its original English form 
[2] and a Spanish-adapted version [27] (refer to Supple-
mentary Material 1 in Campillo et al. 2024 [7]) included 
subscales for: Exhaustion (EX) with four items, Cynicism 
(CY) with three items, and Inadequacy (IN) with two 
items. These sub-scales enable a nuanced examination of 
the several factors of ABO, assisting in the identification 
and reduction of potential confounding factors that con-
tribute to student burnout. Participation was voluntary, 
with students self-reporting their gender, age range, and 
academic standing. The Institutional Review Board (IRB) 
of the UCC (Universidad Central Del Caribe) approved 
the method and corresponding protocols (054–2022-25–
06-IRB). Overall, the information presented in this report 
follows recommendations presented in “A Guideline for 
Reporting Mediation Analysis, AGReMA” [28].

Validation of measurement tools
The original structure of the Student Burnout Inventory 
(SBI-9) [2, 27] was validated and refined to SBI-8 using 
Gaussian Graphical Model (GGM) analysis, Exploratory 
Factor Analysis (EFA), and Confirmatory Factor Analysis 
(CFA). These analyses were essential in confirming the 
psychometric properties of the SBI-8. Initial correlation 
analyses revealed a weak correlation with one observed 
variable from the EX-subscale (named EX3), resulting in 
its exclusion and the subsequent adoption of the SBI-8 
inventory for use in further analysis. Two CFA were car-
ried out, one-factor and two-factor, using AMOS Graph-
ics software 29. The fit indices of the two-factor CFA 
were better than those of the one-factor model. Two-
factor CFA of the SBI-8 Confirmatory Factor Analysis of 
SBI-8, showed goodness-of-fit indices suggesting a well-
fit model: χ2/df 1.59, CFI (Comparative Fit Index) 0.98, 
GFI (Goodness Fit Index) 0.96, TLI (Tucker-Lewis Index) 
0.96, RMSEA (Root Mean Square Error of Approxima-
tion) 0.063 (0.001–0.291), SRMR (Standardized Root 
Mean Square Residual) 0.058. Standardized regression 
weights varied between 0.50 and 0.83, affirming the mod-
el’s stability and relevance, evidenced by a Cronbach’s 
alpha coefficient of 0.83. The composite reliability was 
tested for each dimension, obtaining a value of 0.86 for 
CY-IN factor and 0.75 for EX factor, with values above 
0.70 (minimum considered acceptable) (Table  1) [29]. 
The AVE value was calculated to test convergent validity. 
For CY-IN, an AVE of 0.55 was obtained, and for EX, an 
AVE of 0.41 was obtained (Table  1). Although the AVE 
value for EX was less than 0.50, according to [30], as the 
composite reliability value is greater than 0.70, AVE val-
ues greater than 0.40 are acceptable. Finally, divergent 
validity was tested by calculating the square root of the 
AVE value, which must be greater than the correlation 
value between the two factors.

As seen in Table  2, the square root of the AVE value 
of the dimensions is higher than the correlation value 
between them, indicating discriminant validity.

Fig. 1 Research model. Model for the Relationship between Informal Peer-assisted Learning (IPAL), Observed Variables, and Academic Burnout (ABO). The 
model summarizes the hypotheses formulated in this study. This model hypothesizes that Informal Peer-assisted Learning (IPAL) directly affects Academic 
Burnout (ABO) (H1). Additionally, it suggests that IPAL impacts various Observed Variables (H2), which in turn influence ABO (H3). Furthermore, these 
Observed Variables mediate the relationship between IPAL and ABO (H4)
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Independent and observed variables
The validated SBI-8 is central to this analysis, measur-
ing three key dimensions of ABO: cynicism, inadequacy, 
and exhaustion, each captured by distinct observed vari-
ables. Cynicism is assessed through CY1, ‘I feel a lack of 
motivation in my university activities, and often, I think 
about leaving it’; CY2, ‘I feel that I am losing interest in 
my academic work’; and CY3, ‘I constantly wonder if my 
academic work has any meaning’.

Inadequacy is measured through two distinct variables: 
IN1, ‘I often have a feeling of inadequacy in my university 
activities’, and IN2, ‘I used to have higher expectations for 
my academic work than I do now’.

Exhaustion is assessed by EX1, ‘I feel overwhelmed by 
academic work’; EX2 ‘I often find it hard to sleep because 
of topics related to my studies’; and EX4, ‘The pressure of 
my university work causes me problems in my personal 
relationships with others’.

The questionnaire’s responses were collected using a 
five-point Likert scale, ranging from 1 (total disagree) 
and 5 (total agree). Additionally, the independent variable 
assessing IPAL participation is: ‘Although I study alone, 
I usually explain the concepts to my colleagues,’ with 
response options: Frequently (F), Occasionally (O) and 
Never (NE). For the analysis, Frequently and Occasion-
ally were combined into one category (O/F) to classify 
participants in IPAL, as this categorization did not allow 
for distinction based on frequency, intensity, or other 
dimensions of engagement.

Academic burnout calculations
The overall ABO was calculated using responses to the 
SBI-8 [31], with high ABO defined as averages above 50% 
per item. For graphical analyses, Likert scale values of 
each responder were converted into percentages. These 
percentages were then averaged for each item and statis-
tically analyzed across the entire sample population.

Data Analysis
The analysis for this study was conducted using JASP 
0.19.1 (Sep 09, 2024) and Jamovi 2.5.5 software [32–34]. 
Using General Linear Model (GLM) mediation mod-
els [35], we assessed the total impact of IPAL on ABO, 
thereby establishing the influence of mediation. We 
investigated the roles of observed variables comprising 
latent variables CY and IN and examined them as media-
tors in the relationship between IPAL and ABO. The 
analysis was structured to be developed to describe spe-
cific details using the observed variables [35].

To evaluate the mediation of the observed variables 
between IPAL and ABO, we ensured that all the assump-
tions proposed by Baron and Kenny (1986) [24] were 
fulfilled to guarantee the existence of mediation. This 
involved demonstrating the significance of the following: 
(a) the total effect of IPAL on ABO, (b) the effect of IPAL 
on the mediating variables, (c) the direct effect of each 
mediating variable on ABO, and (d) the indirect effect 
of IPAL on ABO through the mediating variables. Only 
mediating variables that met these assumptions were 
included in the final mediation analysis.

Statistical analysis
Once the normality of the variables under study has 
been verified, only ABO follows a normal distribution. 
However, as the absolute values of asymmetry and kur-
tosis are below 2 and 7, respectively, it can be concluded 
that none of the variables grossly violates normality 
(Table 3) [36, 37]. Because of this, path coefficients were 
calculated using the Standard Delta method standard 
errors, normal theory bootstrap under 2000 replications, 

Table 1 Summary of the results of CFA, Construct reliability and AVE. factor weights of each item (λ), their individual reliability (λ 
2), construct reliability (CR), convergent validity (AVE value), and fit indices obtained in the confirmatory factor analysis: χ2/df, CFI 
(comparative fit index), GFI (Goodness Fit Index), TLI (Tucker-Lewis Index), RMSEA (Root Mean Square Error of Approximation), SRMR 
(standardized Root Mean Square residual. The CFA was carried out using AMOS Graphics 29 software
Dimension Item λ λ 2 CR AVE χ²/gl GFI CFI TLI RMSEA MRSR
Cynicism CY1 0.788 0.622 0.856 0.550 1.59 0.96 0.98 0.96 0.063 0.058

CY2 0.824 0.679
CY3 0.827 0.684
IN1 0.718 0.516
IN2 0.501 0.251

Exhaustion EX1 0.676 0.457 0.750 0.410
EX2 0.612 0.375
Ex4 0.632 0.457

Table 2 Discriminant validity of the dimensions. Correlation 
between the two factors and square root of the AVE values for 
each factor

1 2
1. Exhaustion 0.640
2. Cynicism-Inadequacy 0.479** 0.741
Note The square root values of the AVE are shown in bold

** p < 0.01
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confidence interval, ML estimator, allowing to determine 
the strength and direction of the relationships between 
IPAL, the observed variables, and ABO. This method was 
employed to ensure precise estimations that are less sen-
sitive to normality assumptions, enabling the generation 
of reliable confidence intervals and the assessment of the 
significance of mediation effects. Furthermore, sensitivity 
analyses were conducted to verify the robustness of our 
findings, testing various model configurations and under-
lying assumptions about the data.

Assumption Testing and Reporting
Critical assumptions such as the absence of multicol-
linearity, linearity of relationships, and homoscedastic-
ity were rigorously tested. The results were documented 
in line with APA guidelines, standardized estimates (β), 
standard deviations (SD), z-values, p-values (less than 
0.05), and 95% confidence intervals (CI) to enable a com-
prehensive interpretation of the significance and practi-
cal implications of the findings.

Results
Summary of Mediation Assumption conditions
Before reporting the results of the mediation hypotheses, 
we evaluated which observed variables met the necessary 
conditions for testing mediation as proposed by Baron 
and Kenny [24]. These conditions are as follows: (a) The 
independent variable must have a significant effect on the 
dependent variable; (b) The independent variable must 
have a significant effect on the mediating variable; (c) The 
mediating variable must have a significant effect on the 
dependent variable.

Upon evaluation, it was determined that not all 
observed variables satisfied the necessary conditions 
for mediation. Specifically, CY1 (IPAL ◊ CY1, β = 0.016, 
p = 0.521) and CY3 (IPAL ◊ CY3, β = 0.033, p = 0.127) did 
not meet condition (b), which requires a significant effect 
from the independent variable (IPAL) on the mediating 
variable. Therefore, CY1 and CY3 were excluded from 
further mediation analysis. In contrast, CY2 (loss of 
interest in academic work), IN1 (feelings of inadequacy), 
and IN2 (diminished academic expectations) satisfied 
all three assumptions [24] for mediation. Consequently, 
the following mediation analysis will be focused on these 
three observed variables.

Conceptual model
The figure below shows the conceptual model used in this 
analysis. As an example, only CY2 was used, however, the 
same model applies to observed variables IN1 and IN2, 
which are also current mediators.

Testing the Hypotheses, the Assumption of Mediation 
Analysis.

Hypothesis 1 The independent variable (IPAL) must 
have a total significant effect on the dependent variable 
(ABO).
The total effect analysis confirmed that IPAL had a signif-
icant negative effect on ABO (β = −0.170, p = 0.034, 95% 
CI [− 0.326, -0.010]). This indicates that increased par-
ticipation in IPAL is associated with a reduction in ABO 
among medical students (Table 4).

Hypothesis 2 The independent variable (IPAL) must have 
a significant effect on the mediating variable (Observed 
variables).
The impact of IPAL on the mediating variables Cynicism 
(CY2), Inadequacy (IN1), and Reduced Expectations 
(IN2) are shown in Table  5. The results demonstrated 
that IPAL significantly influenced all three mediators: 
IPAL negatively affected CY2 (β = −0.181, p = 0.024, 95% 
CI [− 0.338, − 0.023]), IN1 (β = − 0.177, p = 0.028, 95% CI 
[− 0.332, − 0.017]), and IN2 (β =−0.203, p = 0.011, 95% 
CI [− 0.361, − 0.047]). This confirms that participation 
in IPAL activities negatively affects CY2, IN1, and IN2, 

Table 3 Results of the normality test for the variables under 
study. Kolmogorov-Smirnov test statistics, degrees of freedom, 
significance level, asymmetry and kurtosis values for each 
variable
Variable KS df p Skewness Kurtosis
EX 0.100*** 151 < 0.001 -0.005 -0.647
CY 0.140*** 151 < 0.001 0.645 -0.592
IN 0.126*** 151 < 0.001 -0.212 − 0.0.912
CYIN 0.091** 151 0.004 0.310 -0.728
ABO 0.054 151 0.200 0.163 -0.396
Note ** p < 0.01; *** p < 0.001

Table 4 Hypothesis 1. Total effects of Informal peer-assisted learning (IPAL) on academic burnout (ABO). . Summary of the total 
effects of Informal Peer-assisted Learning (IPAL) on Academic Burnout (ABO), including the 95% confidence intervals. The estimates 
are calculated using the Delta method standard errors, with a percentile bootstrap confidence interval and maximum likelihood (ML) 
estimator
Total effects

95% Confidence Interval

β Std. Error z-value p Lower Upper
IPAL → ABO -0.170 0.080 -2.116 0.034 -0.326 -0.010
Note Delta method standard errors, normal theory bootstrap confidence intervals, ML estimator
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suggesting a reduction in negative feelings related to 
these mediators.

Hypothesis 3 The mediating variable (Observed vari-
ables) must have a significant effect on the dependent 
variable (ABO).
The direct effect of the observed variables acting as 
mediators on ABO indicate that all three mediators 
showed significant positive effects on ABO (Table 6) CY2 
(β = 0.508, p < 0.001, 95% CI [0.419, 0.602]), IN1 (β = 0.354, 
p < 0.001, 95% CI [0.264, 0.446]), and IN2 (β = 0.208, 
p < 0.001, 95% CI [0.120, 0.294]). These results suggest 
that higher levels of CY2, IN1, and IN2 contribute to 
increased ABO.

Hypothesis 4 The independent variable (IPAL) must 
have an indirect effect on the dependent variable across 
the mediating variables (Observed variables).
The total indirect effects analysis showed that the medi-
ators (Table  7) collectively had a significant indirect 
effect on the relationship between IPAL and ABO (β = 
−0.197, p = 0.006, 95% CI [− 0.338, − 0.055]). Specific indi-
rect effects were as follows: IPAL → CY2 → ABO (β = 
−0.092, p = 0.027, 95% CI [− 0.174, − 0.011]), IPAL → IN1 
→ ABO (β = −0.062, p = 0.035, 95% CI [− 0.120, − 0.005]), 
and IPAL → IN2 → ABO (β = −0.042, p = 0.025, 95% CI 
[− 0.079, − 0.007]).

Structural equation Model results
The path plot depicted in Fig.  2 illustrates the relation-
ships between the independent variable (IPAL), the medi-
ating variables (CY2, IN1, and IN2), and the dependent 

variable (ABO). The model presents the standardized 
path coefficients and their significance, highlighting the 
direct and indirect effects within the mediation analy-
sis. The path coefficients show the following relation-
ships: IPAL has a significant negative effect on (Fig.  2; 
Table 5), CY2 (β = -0.181), IN1 (β = -0.177), and IN2 (β 
= -0.203). The observed variables have a significant posi-
tive effect on ABO (Fig. 2; Table 6), being CY2 (β = 0.508), 
IN1 (β = 0.354), and IN2 (β = 0.208) and the indirect paths 
from IPAL to ABO through (Fig.  2; Table  7) CY2 (β = 
-0.092), IN1 (β = -0.062), and IN2 (β = -0.042).

Impact of IPAL Engagement on ABO
Figure  3 offers a visual representation of the calculated 
percent of ABO and contextualizes the practical impli-
cations of our findings by examining the differences in 
perceptions of CY and IN among medical students based 
on their engagement in IPAL. The data distinctly illus-
trates that students who occasionally or frequently (O/F) 
engage in IPAL exhibit significantly lower levels of CY 
and IN, compared to those who never (NE) do so.

Figure  3 reveals a marked disproportion in observa-
tions: the percentage of the observed variable CY2 is 
notably higher among students who never (NE) engage 
in IPAL, displaying a statistically significant increase in 
CY2 (p = 0.0070) compared to their O/F engaging peers. 
Similarly, IN2 shows a significant percent increase among 
students who never (NE) engage in IPAL (p = 0.0434) 
compared to those O/F, suggesting that lack of engage-
ment in IPAL correlates with increased feelings of inad-
equacy. Although IN1 also indicates a trend towards 
significance, it did not reach the threshold (p < 0.05) in 

Table 5 Hypothesis 2. Path coefficients of Informal peer-assisted learning (IPAL) on observed variables. . This table presents the path 
coefficients of Informal Peer-assisted Learning (IPAL) on various observed variables (CY2, IN1 and IN2) with their corresponding 95% 
confidence intervals
Path coefficients

95% Confidence Interval

β Std. Error z-value p Lower Upper
IPAL → CY2 -0.181 0.080 -2.260 0.024 -0.338 -0.023
IPAL → IN1 -0.177 0.080 -2.198 0.028 -0.332 -0.017
IPAL → IN2 -0.203 0.080 -2.554 0.011 -0.361 -0.047
Note Delta method standard errors, normal theory bootstrap confidence interval, ML estimator

Table 6 Hypothesis 3. Path coefficients of observed variables (CY2, IN1, IN2) on academic burnout (ABO). . This table presents the path 
coefficients of various observed variables (CY2, IN1, IN2) on Academic Burnout (ABO), along with their corresponding 95% confidence 
intervals
Path coefficients

95% Confidence Interval
β Std. Error z-value p Lower Upper

CY2 → ABO 0.508 0.047 10.900 < 0.001 0.419 0.602
IN1 → ABO 0.354 0.046 7.632 < 0.001 0.264 0.446
IN2 → ABO 0.208 0.044 4.693 < 0.001 0.120 0.294
Note Delta method standard errors, normal theory bootstrap confidence interval, ML estimator
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this analysis, with a p-value of 0.054, indicating a less 
pronounced but still noteworthy difference in engage-
ment levels.

Discussion
Academic burnout (ABO) is a critical issue among 
medical students, marked by severe mental and physi-
cal exhaustion, cynicism, and a sense of inadequacy [1, 
2]. This condition adversely affects students’ mental 
and physical health and academic performance, leading 
to poor outcomes and higher dropout rates [3–5]. The 
substantial academic and emotional demands placed on 
medical students can elevate stress and burnout levels. 
Therefore, identifying and implementing effective strat-
egies to mitigate these effects is essential for fostering a 
healthier and more sustainable educational environment.

Building upon our previous findings [7], which dem-
onstrated through ordinary one-way ANOVA that the 
latent variable CYIN produced a reduction in ABO 
among students participating in IPAL, this study employs 
mediation analysis to explore the underlying mechanisms 
of this relationship more deeply. Specifically, we aimed 
to examine the individual observed variables within the 
CYIN construct to pinpoint which specific aspects are 
most relevant to peer intervention. The detailed break-
down of CYIN into its observed variables (CY1, CY2, 
CY3, IN1, and IN2) offers targeted insights into these 
mechanisms.

The combined analysis of path coefficients, total and 
indirect effects, and percentage distributions provides a 
comprehensive understanding of how IPAL impacts ABO 
through observed variables. The significant negative indi-
rect effects suggest that IPAL serves as a protective factor 
against ABO by reducing the levels of CY2, IN1, and IN2.

Our findings align with previous studies that high-
light the importance of social and collaborative learn-
ing environments in mitigating burnout [10–12]. The 
mediation analysis demonstrates that IPAL’s impact on 
ABO is mediated through indirect pathways involving 
the observed variables CY2 (loss of interest in academic 
work), IN1 (feelings of inadequacy), and IN2 (diminished 
academic expectations). These results provide evidence 
that IPAL influences ABO primarily through these medi-
ating variables.

Although CY1 (lack of motivations and thoughts of 
leaving them) and CY3 (questioning the meaning of 
academic work) did not meet the mediation assump-
tions proposed by Baron and Kenny (1986) [24] because 
a significant effect from the independent variable was 
not found, the mediation analysis demonstrates that 
CY2 (loss of interest in academic work), IN1 (feelings 
of inadequacy), and IN2 (diminished academic expec-
tations) significantly mediate the relationship between 
IPAL and ABO. This suggests that the reduction in ABO Ta
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is mediated through specific behavioral changes within 
these observed variables, rather than through direct 
interactions with ABO, clearly indicating that it is IPAL 
that acts by reducing the ABO (Fig. 2).

The present analysis reveals that the total effect of IPAL 
on ABO is significant and negative (Table  4), and that 
IPAL’s influence is exerted through indirect pathways 
facilitated by CY2, IN1 and IN2 (Fig. 2). The significant 
indirect and negative effect of IPAL on ABO aligns with 
theoretical propositions advocating for the enhancement 
of peer informal interactions to prevent or reduce ABO, 
emphasizing the mediated nature of IPAL’s impact [17, 
18].

Notably, our findings highlight the role CY2, as a sig-
nificant mediator in the reduction of ABO influenced by 
IPAL. The negative correlation between IPAL and CY2 
(Table  5), coupled with a significant positive correla-
tion between CY2 and ABO (Table  6), suggests that an 
increase in IPAL activities lead to a reduction in CY2, 
thus decreasing ABO (Table 7; Fig. 2). This indicates that 
engagement in IPAL activities importantly helps stu-
dents reduce their disinterest in academic work, thereby 
enhancing their engagement [38], which in turn reduces 
their level of ABO.

Fig. 3 Comparison of Observed Variables (CY2, IN1, IN2) under Occasion-
al/Frequent (O/F) and Never (NE) Conditions. This figure shows the calcu-
lated percent and their 95% CI, of CY2, IN1 and IN2. Students who often 
or frequently (O/F) engage in IPAL (O/F) exhibit significantly lower levels of 
the observed variables CY2 and IN2, compared to those who never (NE) do 
so. The observed variable IN1’s p-value = 0.054. The percent and standard 
deviation, for CY2 O/F and NE respectively are, 31.0% (SD 30.1); 50% (SD 
38.9), for IN1 O/F and NE respectively are, 51.8% (SD 29.9); 65.0 (SD 34.6); 
for IN2 O/F and NE respectively are, 54.8% (SD 33.1) and 69% (SD 37.7). The 
N value for O/F is 126 and for NE 25

 

Fig. 2 Structural Equation Model of Informal Peer-assisted Learning (IPAL) and Academic Burnout (ABO). Path plot. The path diagram in this figure shows 
the mediating action of the observed variables CY1, CY2, CY3. For statistical details see Table 4. All estimated values (β) and p-value were similar in the 
two analysis applications used (JASP 0.19.1). The covariance values and variance errors are shown. Delta method standard errors, percentile bootstrap 
confidence intervals, ML estimator
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Furthermore, the observed variables within inad-
equacy, IN1 and IN2, emerge as significant mediators 
(Tables 5, 6 and 7; Fig. 2) in the reduction of ABO. IN1’s 
and IN2’s diminished expectations about academic work 
both highlights how peer interactions, particularly those 
involving teaching and support among peers, can effec-
tively lessen feelings of inadequacy and adjust academic 
perceptions, reducing overall ABO.

These findings emphasize the importance of under-
standing and targeting specific observed variables within 
broader constructs to develop effective interventions. 
The role of peer interactions within a social context are 
crucial for enhancing academic collaboration and provid-
ing essential emotional and motivational support. Such 
interactions can help address aspects of burnout related 
to disinterest and detachment from academic tasks [38, 
39]. Moreover, these results indicate that IPAL appears 
particularly effective in re-engaging students with their 
studies, potentially by fostering a supportive community 
that alleviates feelings of disengagement and reinvigo-
rates academic enthusiasm [40].

Importantly, while the direct effect of IPAL on ABO 
was found to be insignificant (Fig. 2), its indirect effects 
through the observed variables CY2, IN1, and IN2 were 
statistically significant. This suggests that the reduction 
in ABO is mediated through specific behavioral changes 
encapsulated within these observed variables, rather 
than through direct interactions with ABO. The sig-
nificant mediation obtained suggests that through these 
observed variables, IPAL could be particularly effective 
in addressing the cognitive and emotional components 
of burnout associated with academic self-perception. As 
students engage more with their peers in informal learn-
ing settings, they may experience a reduction in negative 
self-evaluations and a recalibration of their academic 
expectations, which are critical factors in the develop-
ment and exacerbation of burnout [17–20, 26].

Limitations
Our study has several limitations. First, due to its cross-
sectional design, it lacks a control group, limiting our 
ability to make temporal comparisons concerning ABO 
rates and other aspects of medical students’ well-being 
throughout their careers. Future studies should consider 
longitudinal designs to enable more effective compari-
sons over time.

Second, our study encountered limited medical stu-
dent participation, with only 49.19% (151 out of 307 
medical students) of medical students responding. This 
introduces the potential for response rate bias, which 
may affect the results if, for example, students experi-
encing higher levels of distress were either less likely or 
more likely to participate, due to the subject matter’s 

pertinence. However, such patterns were not evident in 
our analysis.

Third, our research was conducted at a single medical 
school, restricting the generalizability of our findings to 
the broader medical student population in Puerto Rico. 
Future studies should include multiple institutions to 
enhance generalizability.

Lastly, this mediation analysis did not account for con-
founding factors or measurement errors that could be 
addressed by introducing a more detailed inventory of 
observed variables conforming related factors not con-
sidered in this research.

Lastly, this mediation analysis did not account for con-
founding factors that could influence the observed rela-
tionships. The nature of our questionnaire limited our 
ability to collect comprehensive psychological and per-
sonal data from the students, thus narrowing the study’s 
overall depth. Future studies should consider exploring 
a broader array of factors, such as studying conditions 
and personal circumstances, to provide a more holistic 
understanding of the ABO experiences among medical 
students.

Conclusions
This study conducted a detailed analysis of the School 
Burnout Inventory (SBI-8) to understand how its 
observed variables are influenced by IPAL in mitigating 
ABO among medical students. Our findings reveal that 
out of the eight observed variables, only three—CY2 
(loss of interest in academic work), IN1 (feelings of inad-
equacy), and IN2 (diminished academic expectations)— 
significantly mediate the reduction of ABO through 
IPAL.

These findings underscore the importance of expand-
ing IPAL initiatives, highlighting their dual benefits in 
academic support and psychological well-being, thus 
enhancing student satisfaction and academic resilience. 
The specific roles of CY2, IN1, and IN2 as key media-
tors illustrate how cynicism and feelings of inadequacy 
contribute to the reduction of ABO in medical students. 
Consequently, interventions aimed at reducing burnout 
through IPAL should prioritize these elements to maxi-
mize their effectiveness.

By engaging in peer-assisted learning activities, stu-
dents can lower levels of variables associated with burn-
out, thereby enhancing their academic well-being. The 
observed variables CY2, IN1, and IN2 play crucial roles 
in the mediation process, with CY2 and IN1 and IN2 
showing significant differences between O/F and NE 
conditions.

Overall, the integration of structural equation model-
ing, path coefficients, and percentage analysis provides a 
solid framework for understanding the impact of IPAL on 
ABO. This study highlights IPAL’s potential as a valuable 
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tool in educational settings. Future research should 
explore the specific mechanisms through which IPAL 
influences these observed variables and identify addi-
tional factors that may help ameliorate ABO in medical 
students.
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