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analyze the relationship between friendship networks and students' GPA using a
graph theory approach, offering an alternative perspective to conventional
perception-based analyses of peer influence. The study involved 93 students from
the Mathematics Study Program at the University of Mataram. Friendship data

Ié:ﬂlo;}?:éry‘. were collected through a structured sociometric questionnaire administered via
Node Degree; Google Forms, while GPA data were obtained from the official academic records of
Friendship; the study program with formal authorization. Students were represented as
GPA; vertices and friendship relationships as weighted edges based on the level of
Linear Regression. closeness. The friendship network was analyzed using graph theory, and the

relationship between node degree and GPA was examined through simple linear
regression. The results revealed a weak and statistically insignificant relationship
between friendship networks and students' GPA. These findings suggest that the
structural characteristics of friendship networks alone are insufficient to explain
academic performance, which is likely influenced by multiple academic and social
factors. This study demonstrates the potential of graph theory as an alternative
approach for modeling friendship networks and provides a foundation for future
research incorporating more comprehensive network metrics and additional

explanatory variables.
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A. INTRODUCTION

Education is one of the key aspects in enhancing human resource quality and serves as the
primary means of developing an individual’s intellectual abilities, skills, and character (Tyas et
al, 2020). Through education, individuals not only acquire academic knowledge but also
develop critical thinking, communication, collaboration, and problem-solving skills to address
challenges in daily life (Dilekci & Karatay, 2023) . In the context of higher education, students
are expected to develop both their academic and social potential so they can adapt to the rapid
advancements in science and technology (Aithal et al., 2024).
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Student success in the educational process is generally measured through the cumulative
grade point average (CGPA), which reflects the level of academic achievement during their
studies (Kumar et al., 2021). The level of a student’s GPA is influenced not only by intellectual
ability but also by various other factors, one of which is the social environment (Suryawan &
Putra, 2016). The social environment in higher education is formed through interactions among
students, whether in learning activities, discussions, organizations, or daily activities on
campus(Sa, 2023).

In college life, students tend to build social relationships in the form of friendships with
other students (McCabe, 2019). These friendships indirectly shape students’ social status on
campus (Read et al,, 2020). Students with extensive social networks tend to more easily access
academic information, form study groups, exchange knowledge, and receive emotional support
and motivation throughout the learning process (Eid & Al-Jabri, 2016). Conversely, students
with poor social relationships may face obstacles in their academic journey due to a lack of
interaction and support from their surroundings (Pavin Ivanec, 2022).

Peer relationships among students have the potential to influence students’ academic
achievement (Schmidt, 2020). A positive peer environment that supports the learning process
can enhance motivation, enthusiasm for learning, and students’ ability to understand course
material (Dalimunthe et al., 2024). Therefore, students’ social relationships are an interesting
factor to analyze in relation to their GPA achievement, particularly among mathematics
students, whose learning is characterized by analysis, discussion, and problem-solving (Zhou
etal., 2020).

Numerous studies have investigated the relationship between friendship and students'
Cumulative Grade Point Average (CGPA) using various statistical approaches. One such study
was conducted by Utami et al. (2025), who examined the influence of social factors, including
friendship, on students' academic performance using multiple linear regression. This approach
is capable of identifying the statistical influence of each social factor on students' CGPA based
on relationships among variables. However, multiple linear regression treats friendship as an
independent variable and therefore cannot adequately represent the structure of friendship
networks or capture each student's level of connectedness within the social network.
Therefore, an alternative approach is required to explicitly model interpersonal relationships
as a network.

One mathematical approach that can be used to model students’ social relationships is
graph theory (Safetra et al, 2026). Graph theory is a branch of mathematics that studies
relationships between objects through the representation of vertices and edges (Zhao, 2023).
Graph theory has been widely applied to various fields. In operations research, it is used to find
optimal routes for goods distribution (Ardhyani, 2017). In chemistry, it is used to predict the
physical properties of chemical compounds by modelling molecular structures into graph form
(Ardana et al., 2025). These successful applications demonstrate that graph theory also has
strong potential for modelling friendship networks among students. In this study, each student
is represented as a node, while the friendships between students are represented as edges
(Nadeak, 2025). By using a graph model, patterns of students’ social relationships can be
analyzed systematically and mathematically. One important concept in graph theory is the
degree of a node, which refers to the number of edges connected to a node (Asmarani et al.,
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2022). Therefore, the degree of a node represents the number of friendship relationships
possessed by each student and serves as an indicator of students' social connectedness.
Subsequently, the relationship between students' node degree and their cumulative grade point
average is examined.

Based on the above, this study was conducted to analyze the influence of friendship
relationships on the cumulative grade point average of mathematics students using a graph
theory approach. This study is expected to provide insights into the relationship between
students’ social status, represented in the form of a graph, and their academic achievement.
Additionally, the research findings are expected to contribute to understanding the importance
of a supportive social environment for students’ learning processes in higher education.

B. METHODS

This study is quantitative in nature. Its objective is to analyze the influence of friendships
among mathematics students on their Grade Point Average (GPA) through a graphical
representation of their social networks. This study involved 93 mathematics students from the
same cohort who were interviewed directly via Google Forms. The following are the steps taken
in this study.

1. The first stage of this study involved collecting data on students’ friendships and their
GPAs. Friendship data were collected using a structured sociometric questionnaire
administered through Google Forms. Respondents first provided their names for
identification purposes and were subsequently asked to identify their classmates based
on four categories of social relationships: not friends, casual friend, close friends, and
best friends. These responses were used to construct the friendship network, in which
each student was represented as a vertex and each reported friendship relationship as
an edge. GPA data were obtained from the official academic records of the Mathematics
Study Program after formal authorization had been granted by the program
administration. In this study, each student is represented as a vertex labeled using their
Student Identification Number (NIM). Relationships between students are represented
as edges with weights corresponding to the level of friendship closeness, namely (Hall,
2019):

Not friends: no edge,
Casual friend: has 1 edge,
Close friend: has 2 edges,
Best friend: has 3 edges.

B0 T

The number of edges was determined based on the assumption that stronger friendship
relationships represent more frequent interactions and stronger social influence than
weaker friendships. Therefore, casual friends were represented by one edge, close
friends by two edges, and best friends by three edges. This representation enables the
vertex degree to reflect not only the number of friendship relationships but also their
relative intensity. In addition to friendship relationship data, each student’s GPA was
also collected as an academic variable to be analyzed.
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2. The friendship relationship data obtained was then modeled into a simple graph.
Suppose the graph is represented as G = (V, E)) where (Ghebleh et al., 2026):
a. Visthe set of vertices representing students.
b. E isthe set of edges representing friendship relationships among students.

Each node in the graph is labeled according to the student’s ID number. The edge weight
indicates the level of social closeness between students. Next, the degree of each vertex
is calculated. The degree of a vertex indicates the number of connections a student has
with other students in the friendship network.

3. The final step is to analyze the relationship between the degree of each node and the
student’s GPA using regression analysis. In this study, node degree is used as the
independent variable, while the student’s GPA is used as the dependent variable. The
simple linear regression model used can be written as (Kurniawan, 2016):

Y =a+bX (D)
Where:
Y = Student GPA
X = student node degree
a = constant
b =regression coefficient

The results of the analysis were then interpreted to draw conclusions regarding the
influence of friendship social networks on students’ Grade Point Average (GPA). For a
clearer understanding of the research methodology, the overall research process is
presented in Figure 1 below.
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Figure 1. Research Flowchart

C. RESULT AND DISCUSSION

This study aims to analyze the relationship between student friendships and the cumulative
grade point average (GPA) using a graph theory approach, based on the degree of each node
representing each student. Therefore, this study will collect all friendship data from each
student, specifically within the Mathematics Study Program, Faculty of Mathematics and
Natural Sciences, Mataram University, which will then be modelled as a graph. The following is
a graphical representation of the friendship relationships among the students, as shown in
Figure 2.
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Figure 2. graph representation of student friendships

The graph represents the friendship status of each student in the Mathematics Study
Program, Faculty of Mathematics and Natural Sciences, Mataram University, with a case study
of Mathematics students from the Class of 2025. Each node represents a student labeled with
their respective student ID, and the edges represent the friendship status of each student. To
determine the influence of friendships on students’ cumulative grade point averages, the degree
of each node in the created graph representation will be calculated. The following is the
definition of degree in a graph.

Definition 1. The degree of a vertex in an undirected graph is the number of edges connected
to a single vertex, denoted asdeg(a) for aa member of the vertex set of a graph (Asmarani et al.,
2022).

The degree of each node is calculated by examining the Overleaf syntax used to create the
graph. The degree of each node represents the number of friendships each student has. Next,
the GPA of each student was obtained through the program administration via a formal request
with permission from the program coordinator. In this study, the degree of each node is used
as the independent variable, and the GPA of each student is used as the dependent variable.
Subsequently, an analysis will be conducted to examine the influence of friendships on the
cumulative GPA of mathematics students in the Class of 2025.

First, we examine the basic assumptions of regression, specifically the linearity test, to
determine whether there is a linear relationship between the independent and dependent
variables. The linear relationship between the degree of the graph and the GPA of the 2025
Mathematics program students is visualized using the following scatter plot.
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Figure. 1 Scatter plot graph (Source: Software IBM SPSS Statistic)

Based on Figure 2, the data points show a pattern that tends to scatter and deviate from a
straight line, so it can be concluded that the relationship between the degree of the graph and
the GPA of mathematics students in the class of 2025 is weakly linear.

Second, classical assumption tests were conducted, consisting of a residual normality test
and a heteroscedasticity test. The following are the results of the residual normality test using
the one-sample Kolmogorov-Smirnov test.

H, : the data are normally distributed.
H; : The data are not normally distributed.

Table 1.Residuals for the normality test

One-Sample Kolmogorov-Smirnov Test
Unstandardized Residual

N 86
Normal Parameters ab Mean 0.0000000
Standard Deviation 0.48616802
Most Extreme Differences Absolute 0.112
Positive 0.069
Negative -0.112
Test Statistic 0.112
Asympt. Sig. (2-tailed) 0.009¢

Source: IBM SPSS Software (2026)

Based on the results of the one-sample Kolmogorov-Smirnov test, a significance value of
0.009 was obtained, which in this case is smaller than 0.05, resulting in a failure to accept the
null hypothesis (H, ), meaning the data are not normally distributed. Although the normality
test indicated that the residuals were not normally distributed, simple linear regression was
retained because the primary objective of this study was to examine the existence and direction
of the linear relationship between vertex degree and students' GPA. Linear regression is
generally considered robust to moderate violations of the normality assumption, particularly
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when the sample size is sufficiently large. In this study, the sample consisted of 93 students,
which is adequate for estimating the regression parameters (Demir, 2022). The next classical
assumption test is the heteroscedasticity test. The heteroscedasticity test is conducted to
determine whether the residuals of the regression model have constant variance or vary across
all values of the independent variable. The following are the results of the heteroscedasticity
test using the Glejser method, as shown in Table 2.

Table 2. Test for Heteroscedasticity Using the Glejser Method

Coefficientsa
Model Unstandardized Coefficients Standardized Coefficients t Sig.
B Std. Error Beta
1 (Constant) 0.483 0.091 5.285 0.000
degrees -0.002 0.001 -0.172 -1.604 0.113

Source: IBM SPSS Software (2026)

The Glejser test results showed a significance value of 0.113 (> 0.05), indicating that there
was no evidence of heteroscedasticity in the regression model, suggesting that the regression
model remained appropriate for exploratory analysis. Therefore, the regression results were
interpreted with caution and were intended to describe the linear association rather than to
establish a causal relationship (N. K. Kumar, 2023).

Third, a parameter significance test was conducted to assess whether the parameters
estimated in a model have a statistically significant effect on the dependent variable, so that it
can be determined whether the relationship established by the model is truly meaningful or
merely the result of random variation in the data (Yu et al., 2022). The parameter significance
test consists of a partial test (t-test); the t-test is used to determine whether the regression
model of the independent variables has a significant partial effect on the dependent variable,
with the following hypotheses:

Hy: There is no partial effect of degree on students’ GPA.
H;: There is a partial effect of degree on students’ GPA.

Table 3. Partial test coefficients (t-test)

Coefficients?2
Model Unstandardized Coefficients Standardized Coefficients t Sig.
B Std. Error Beta
1 (Constant) 2.752 0.134 20,543 0.000
degrees 0.003 0.002 0.152 1.410 0.162

Source: IBM SPSS Software (2026)

Based on Table 3, it can be seen that the partial t-test shows a significance value of 0.162.
This indicates that there is no significant effect of the degree variable on the GPA, as shown by
the significance level of 0.162 (> 0.05), which indicates that friendship status has no significant
effect on the GPA of mathematics students in the class of 2025.

Fourth, a coefficient of determination analysis was conducted to show the extent of the
influence of the degree of vertex on the grade point avarage of student. The following are the
results of the coefficient of determination analysis.
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Table 4 Model Summary
Model Summary
Model R R Square Adjusted R-Square Standard Error of the Estimate
1 0.152a  0.023 0.011 0.48905

Source: IBM SPSS Software (2025)

Based on Table 4, the R value is 0.152 or 15.2%. This indicates that the relationship between
the degree variable and the GPA variable is very weak. In other words, the degree variable has
a correlation level of only 15.2% with GPA, so the influence or relationship between student
friendships and the GPA of mathematics students in the class of 2025 tends to be weak.
Furthermore, the standard error of the estimate, which represents the total error obtained in
the study, is 0.48905.

The findings of this study differ from those reported by previous research, which found a
very strong relationship between social factors and academic performance (R = 0.971) (Utami
et al.,, 2025). The discrepancy may be explained by differences in the research variables and
analytical approaches. Previous studies examined multiple social factors, including family
environment, friendship environment, and economic conditions, using perception-based
questionnaire scores analyzed through multiple linear regression. In contrast, the present
study focused exclusively on the structural characteristics of friendship networks using a graph
theory approach. Rather than measuring students' perceptions of their friendships, this study
analyzed actual friendship connections represented as a graph. Consequently, the resulting
correlation (R = 0.152) indicates that the structural pattern of friendship alone has only a very
weak relationship with students' GPA. These findings suggest that academic performance is
influenced not only by the existence of friendship networks but also by other social and
personal factors that were beyond the scope of this study.

D. CONCLUSION AND SUGGESTIONS

Based on the results of this study, it can be concluded that friendship relationships modelled
using a graph theory approach have a weak and statistically insignificant relationship with the
Grade Point Average (GPA) of students in the 2025 cohort of the Mathematics Study Program
at the University of Mataram. These findings indicate that the structural characteristics of
students' friendship networks alone are insufficient to explain variations in academic
performance. Although friendship networks may facilitate social interaction and access to
learning support, academic achievement is likely influenced by a combination of other factors,
such as learning motivation, family support, study habits, and socioeconomic conditions. This
study demonstrates that graph theory provides an alternative approach for modelling
friendship networks and contributes to understanding the relationship between social network
structures and academic performance.

RECOMENDATIONS

Future studies are encouraged to involve a larger and more diverse sample, incorporate
additional academic and social variables, and explore more comprehensive graph-theoretical
to provide a deeper understanding of how friendship network structures relate to students'
academic performance.
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