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INTRODUCTION

ABSTRACT

Background: Emotional intelligence (EI) is a key determinant of students’ academ-
ic achievement, interpersonal relationships, and professional adaptability. Despite
its recognized importance, limited research has examined the latent group-based
structures of EI among students in sports education using probabilistic modeling
techniques.

Objective: This cross-sectional exploratory study aimed to assess emotional intelli-
gence levels among students from the National Sports Academy “Vassil Levski” and
to identify underlying subgroups.

Methods: The study involved 156 participants (79 males and 77 females) from the
Faculties of Pedagogy and Sport. Emotional intelligence was measured with the Bul-
garian adaptation of the Schutte Self-Report Emotional Intelligence Test (SSEIT).
Descriptive statistics, the Mann-Whitney U-test, and clustering via Gaussian Mix-
ture Models (GMM) were applied. Model selection criteria included the Akaike
Information Criterion (AIC), the Bayesian Information Criterion (BIC), and the
sample average negative log-likelihood.

Results: Both male and female students demonstrated moderate to high levels of EI
with mean scores of 131.99 and 132.47 and no statistically significant gender differ-
ences (p=0.901). However, probabilistic clustering revealed three latent subgroups
among male students and four among females, corresponding to low, medium, and
high EI profiles. Transitional overlap zones between clusters illustrated the interre-
lated nature of EL

Conclusion: The integration of Gaussian Mixture Models and density estimation
methods offers a more refined understanding of emotional intelligence variability
compared to traditional descriptive statistics and hypothesis tests. These findings
underscore the potential of data-driven approaches to support educational training
that fosters emotional competences among particular student cohorts in higher ed-
ucation and sports contexts.

Keywords: psychological assessment, higher education, Gaussian mixture
models, probabilistic clustering

a framework of character strengths - wisdom,

Emotional intelligence (EI) is one of the key
global factors determining the quality of life in
modern society. Emotional intelligence (EI) evol-
ved from the broader study of cognitive and so-
cial intelligence, first conceptualized by Galton
(1869), Cattell (1906), and Thorndike (1920), who
emphasized the cognitive, affective, and social
dimensions of human adaptability. Building on
these foundations, Salovey and Mayer (1990) in-
troduced EI as the ability to perceive, understand,
and manage emotions, while Goleman (1998,
2011) expanded the model to include its role in
personal and professional effectiveness. Later,
Peterson and Seligman (2004) further integrated
the cognitive and emotional domains through

courage, humanity, justice, temperance, and tran-
scendence, underscoring their joint contribution
to self-regulation and moral growth.

In Bulgaria, Stoyanova (2008) validated tools
for assessing perceived EI, while Iancheva and
Prodanov (2022) adapted the Schutte Self-Report
Emotional Intelligence Test (SSEIT) for sports
contexts. Research shows that EI enhances coach-
ing effectiveness (Tasheva, 2021), athletic perfor-
mance (Iancheva & Prodanov, 2018), and profes-
sional fulfillment in sport management (Ilieva &
Marinov, 2023).

Overall, the concept of emotional intelligence con-
tinues to evolve through extensive cross-cultural
and interdisciplinary studies. The predominance
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of multidimensional models highlights the com-
plex, layered structure of emotional intelligence
(Dzhalev, 2024). Advanced analytical approaches,
primarily dimensionality reduction methods (e.g.,
Factor analysis), are applied to uncover its latent
structure (Dzhalev, 2024). However, an equal-
ly broad range of unsupervised machine learn-
ing methods, designed to uncover latent classes
among surveyed participants, remains largely un-
derutilized in research on emotional intelligence.

Aim and objectives

This study aims to explore the structure and gender

differences in emotional intelligence among stu-

dents from the Faculty of Pedagogy and the Faculty
of Sports at the National Sports Academy “Vassil

Levski,” with the intention of improving teaching

methods and educational outcomes.

1. To assess the overall level of emotional intel-
ligence among a cohort of students using the
Bulgarian adaptation of the Schutte Self-Re-
port Emotional Intelligence Test (SSEIT).

. To examine potential gender differences in
EI scores between male and female students
using non-parametric statistical analysis.

. To identify latent subgroups with different
EI profiles through Gaussian Mixture Model
(GMM) clustering.

. To interpret the derived clusters in terms of
psychological meaning and their potential
implications for the pedagogical development
of educational practices.

METHODS

A total of 156 students from the National Sports
Academy “Vassil Levski” were studied, compris-
ing 79 males and 77 females from the Faculties of
Pedagogy and the Faculty of Sport. Participation
was voluntary and anonymous. All participants
provided their consent after being informed that
their results would be used for research purpos-
es and published in a scientific report. Emotion-
al intelligence was measured using the Schutte
Self-Report Emotional Intelligence Test (SSEIT),
adapted for use in Bulgaria (Stoyanova, 2008).
The test consists of 33 items, and responses are
rated using a 5-point Likert scale, ranging from 1
(“Strongly Disagree”) to 5 (“Strongly Agree”). Ex-

NLL = — =31, i log log p(x;|6) (1)AIC =

(3)log log L = -n.NLL (4)where p(6) — model’s pre-
dicted probability (density) for each data point;
n — sample size; k — number of model parameters

ploratory data analysis on the estimated students’
scores was performed based on descriptive statis-
tics (mean and standard deviation). In addition,
the Mann-Whitney U test was applied to compare
male and female scores, testing the following null
hypothesis:

H: There is no significant difference between male
and female students in their median values for the
EI score.

For grouping students based on similarities in
their emotional intelligence scores, cluster anal-
ysis was performed using the Gaussian Mixture
Model (GMM), which is a probabilistic clustering
technique that assumes the data arise from a mix-
ture of Gaussian distributions, each representing
a distinct latent subgroup within the population.
(Dempster et al., 1977; Bishop, 2006). Unlike par-
titioning methods such as K-Means, which assign
each observation to a single cluster, GMM esti-
mates the probability of membership in multiple
clusters, allowing a more flexible representation
of psychological constructs like emotional intelli-
gence. This approach enables the identification of
latent EI profiles and a nuanced understanding of
individual differences across gender groups. Al-
though the SSEIT scale produces discrete values,
its broad scoring range allows for an approximate
Gaussian distribution, which is suitable for em-
pirical modeling.

Mathematically, the GMM parameters are estima-
ted using the Expectation-Maximization (EM)
algorithm. This iterative procedure alternates be-
tween computing the posterior probabilities of
cluster memberships (E-step) and updating the
Gaussian parameters to maximize the likelihood
of the observed data (M-step) (Bishop, 2006). A
significant advantage of GMM is that it captures
both cluster shapes and variances, enabling clus-
ters to differ in size and density. The optimal num-
ber of clusters (k) was determined by comparing
different models based on their goodness-of-fit
and model complexity. The sample average neg-
ative log-likelihood (NNLL), Bayesian Information
Criterion (BIC), Akaike Information Criterion
(AIC) were used as performance metrics. Each
of the three criteria is estimated in the following
manner:

2k - 2loglogL (2)BIC = kn — 2 log log L

(depends on number of sample features and num-
ber of predefined clusters); 0 — model parameters
(means, variances, mixture weights in GMM);
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log log L - maximized log-likelihood of the model.
Essentially, the lower the value for the NLL, the
better the goodness-of-fit. At the same time,
lower values for BIC and AIC indicate a bet-
ter balance between goodness-of-fit and model
complexity. Hence, the proposed methodology
follows a deductive approach, aiming to iden-
tify the specific subgroups (clusters) within the
studied student cohort and to reveal the struc-
tural characteristics that differentiate them. Ker-
nel Density Estimation (KDE) with a Gaussian
kernel was applied to visualize the distribution
of emotional intelligence scores, providing a
smooth, continuous approximation of the under-
lying data solely for illustrating the overlapping
areas between the defined subgroups (Bishop,
2006). All computations required for applying
the described methods were conducted in Py-
thon 3.12.3 (Python Software Foundation, n.d.)
and standard statistical and data science libraries

(Pandas, n.d.; Scikit-learn, n.d.; Scipy, n.d.). All
illustrations were generated via Matplotlib (Mat-
plotlib, n.d.) and Seaborn (Seaborn, n.d.).

RESULTS

The internal consistency of SSEIT was evaluated
using Cronbach’s alpha. The reliability coefficient
was estimated to be a=.73, which is considered
acceptable for exploratory analyses. Results from
the descriptive analysis showed that all students
demonstrate a moderate-to-high level of emotion-
al intelligence (Table 1). While female participants
are generally expected to have a higher EI score,
the level of emotional intelligence of the studied
male students can be considered above average.
Hence, the observed difference in the values of the
individual emotional intelligence factors between
male and female students was not statistically sig-
nificant after applying the Mann-Whitney U-test

to the sample medians (p =.901).

Table 1. Emotional intelligence level of the surveyed students (Male and Female)

Emotional intelligence Male - 79 Female - 77 Mean M-W U-test
(EI) Mean SD Mean SD difference  p-value
Total SSEIT Score 131.99 11.50 132.47 9.56 0.48 901

Figure 1 illustrates the KDEs for male and female
students’ scores, highlighting the similarities in
the central tendency between the two groups.
Moreover, the derived male and female mean
scores (The Schutte Self-Report Emotional Intelli-
gence Test, n.d.) were provided for reference. It is

noticeable that for both groups, there are individ-
ual male and female students with lower scores on
the emotional intelligence factor; however, these
outliers do not significantly influence the overall
assessment.

Figure 1. Emotional intelligence levels of the studied male and female students

Both distributions indicate an inherent bimodali-
ty of the studied groups. Hence, GMM served as

a tool to identify the latent subgroups within each
gender group.
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Figure 2. Model selection criteria (AIC, BIC, and sample average negative log-likelihood) for determining

the optimal number of male and female GMM clusters

The results shown in Figure 2 were obtained by
experimenting with different cluster numbers (k),
ranging from 1 (baseline model) to 5. It was de-
termined that the male students should be divided
into three clusters (latent groups), based on the lo-
cal minimum values of , BIC and AIC. However, a

total of four clusters were adopted for the female
students, despite the increased BIC and AIC val-
ues (resulting from the increased model complex-
ity, given the smaller female sample size). The key
characteristics of the male and female clusters are
outlined in Table 2.

Table 2. Emotional intelligence level of the surveyed student subgroups (clusters)

Emotional intelligence Male Students Female Students
clusters Mean SD N Mean SD N
Cluster 1 143.30 5.08 30 144.43 3.92 21
Cluster 2 127.11 4.80 45 131.86 3.02 35
Cluster 3 102.00 3.83 4 123.56 3.16 19
Cluster 4 - 105.00 2.83 2

Note: All cluster labels represent different subgroups for male and female students and should not be interpreted as

equivalent across gendets.

The standard deviations of all clusters are relatively
low, indicating a high degree of homogeneity within
the identified subgroups. As discussed, two outlier
clusters with notably low EI scores were identified
(male cluster 1 and female cluster 1). Hence, these
clusters represent students with considerably low-

er emotional intelligence levels compared to their
peers and may benefit from additional support.
Figure 3 presents the characteristics of the derived
male clusters in comparison with the SSEIT mean
score and reference lines that separate emotional
intelligence levels (low, medium, high).

Figure 3. Emotional intelligence levels of the identified subgroups of male students

It can be observed that all three male clusters
strongly correspond to the intervals derived from

the SSEIT, indicating that the clustering effective-
ly reflects distinct levels of emotional intelligence
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among male students with low, medium, and high
EI profiles. Moreover, the overlapping areas be-
tween the KDEs of the empirical EI data illustrate
the shared cluster membership derived from GMM
for Ellevels between 130 and 140. This suggests that

some male individuals exhibit traits corresponding
to both high and low EI levels.

A similar approach was applied to the surve-
yed females, who were divided into four clusters
(Figure 4).

Figure 4. Emotional intelligence levels of the identified subgroups of female students

Similarly, the transition areas between the outward
and middle clusters align with the SSEIT scores’
boundary zones between EI levels. In addition,
among female students, the medium EI group
shows internal variation and could be further di-
vided into two subgroups with slightly different
emotional intelligence levels, suggesting greater
emotional diversity in females.

DISCUSSION AND FUTURE WORK

The Gaussian Mixture Model (GMM) revealed
distinct latent subgroups representing low, medi-
um, and high EI levels, as well as transitional pro-
files, emphasizing that EI is a dynamic construct
shaped by experience, training, and individual
predispositions. The findings confirm that students
from the National Sports Academy “Vassil Levski”
demonstrate moderate to high levels of emotional
intelligence (EI), consistent with previous studies
that link physical and social activity to emotion-
al awareness, self-regulation, and interpersonal
competence (Iancheva & Prodanov, 2018; Ilieva &
Marinov, 2023). However, this methodological ap-
proach highlights how probabilistic clustering can
uncover subtle intra-group differences that conven-
tional statistical tests often overlook. From a peda-
gogical perspective, the identified clusters can be
used to enhance emotional awareness, regulation,
and communication skills among targeted groups
of students who are lagging behind their peers.
Additionally, students with higher EI levels could
be engaged as peer mentors or group facilitators,
thereby fostering emotionally supportive learning
environments. Such initiatives would strengthen
both personal and collective development, rein-
forcing the pedagogical value of emotional intelli-
gence in higher education and sports training.

A limitation of the study lies in its modest sample
size, which affected the precision of model selec-
tion, particularly for the female cohort. Hence, a
crucial consideration before applying GMM is the
aimed practical results — generalizability and infer-
ential reasoning, or partitioning the students’ co-
hort into semi-homogeneous groups for practical
reasons and the provision of adapted support.
Future research should integrate clustering with
dimensionality reduction methods and adopt
longitudinal designs to explore the stability and
development of emotional intelligence over time,
providing deeper insight into its structural and
functional determinants.

CONCLUSIONS

The application of the Gaussian Mixture Model
(GMM) provided a deeper and more precise un-
derstanding of the variability and internal struc-
ture of emotional intelligence (EI) among students
from the National Sports Academy “Vassil Levski”
Beyond confirming that both male and female stu-
dents generally possess moderate to high EI levels,
the probabilistic nature of GMM revealed distinct
latent subgroups and transitional profiles that tra-
ditional statistical approaches could not capture.
These results suggest that emotional intelligence
is not a static psychological trait. Gender-specific
nuances were also not initially evident. Despite the
lack of statistically significant gender differences
based on the Mann-Whitney U-test, the greater
internal variability within the medium EI range
among female students indicates a more diversified
emotional intelligence structure.

Finally, the findings underscore the potential for
curricular integration of emotional development
programs, focused on the particular level of the
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students. Thus, the integration of machine learning
models, such as GMM, into emotional intelligence
research not only enhances scientific precision but
also opens new possibilities for developing adap-
tive, data-driven educational programs tailored
to the specific study cohort, thereby fostering im-
proved emotional and social competencies among
future professionals.
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