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Abstract:

There have been many studies on the factors that affect students” academic performance, but scholars have reached
different conclusions, and many studies and analyses are still needed. The purpose of this essay is to identify the
variables influencing high school students’ academic achievement. Using the method of multiple linear regression, 12
variables related to academic performance were selected, and a significant analysis of 2,392 high school students was
carried out in 2024. In order to check the effectiveness of the operation, the residual test was conducted in this study.
The results indicate that high school students’ academic achievement is positively correlated with the weekly study time,
whether to participate in tutoring, whether to participate in extracurricular activities, whether to participate in sports,
and the degree of parental support, and negatively correlated with the number of absenteeism. The students’ age, gender,
ethnicity, parents’ education level and whether they participate in volunteer activities did not pass the significance test.

Keywords: Academic performance; high school students; multiple linear regression.

1. Introduction

Nowadays, education has become a major force to pro-
mote the progress of human civilization. Education plays
an important role not only for individuals, but also for the
development of society and a country. Education instills
in the individual the acquisition of basic skills and knowl-
edge and promotes the individual’s material and spiritual
pursuits [1]. For society and country, education provides
human resources guarantee for national construction and
promotes the overall growth of society [2]. How well
students master knowledge is usually judged by their
academic performance. Academic achievement affects
students’ future development to some extent. There are
numerous factors that influence the students’ academic
achievement. In order to assist relevant instructors in rais-
ing students’ academic accomplishment, the purpose of
this study is to investigate the elements that influence high
school students’ academic achievement.

On the one hand, a variety of internal characteristics, such
as gender and involvement, influence students’ academ-
ic achievement. The effect of gender on the academic
achievement of secondary school pupils is a complicated
topic. It is generally believed that male and female stu-
dents perform differently in different subjects. Girls excel
in the humanities, whereas boys excel in science [3].
However, a survey reveals that male and female students’
performance in the humanities and STEM fields-science,

technology, engineering, and mathematics—does not sig-
nificantly differ from one another [4]. In many developed
countries, far fewer men than women receive higher edu-
cation. The reason for the difference in college enrollment
rates between men and women may be the result of boys’
poor reading ability and negative social attitudes towards
girls’ education [5]. In addition, there is a close relation-
ship between high school students” academic performance
and their investment in learning. An analysis of students’
behavioral, emotional, and cognitive engagement areas
showed that there was a positive correlation with academ-
ic performance in almost all students [6]. Students tend
to do better academically the more time they devote to
studying each week. Even if students spend a lot of time
studying each week, if the learning method is incorrect or
inefficient, it may lead to poor learning results.

On the other hand, a variety of outside variables have an
impact on how well high students achieve academically.
Children will perform better academically when their
parents have greater education. Parental education often
affects occupation and income, which provides children
with cognitive stimulation inside and outside the family
environment, indirectly supporting children’s academic
success [7]. More educated parents mean they are more
knowledgeable and can provide more guidance and help
to their children. Children’s academic achievement is
positively impacted by parental education [8]. Parents
with higher education usually pay more attention to their
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children’s education, and they provide better learning
resources. Nevertheless, it is not that poorly educated par-
ents are unable to provide support to their children, and
their children are unable to achieve well. Furthermore, the
study demonstrates a strong positive correlation between
student test results and private tutoring [9]. Students may
not be able to fully master all the knowledge points in
school, and tutoring can help students check for and fill in
the gaps in a targeted manner. Conversely, a study found
only weak evidence that private tutoring is effective [10].
Students’ performance and their involvement in extracur-
ricular interest classes are somewhat correlated. Students
that participate in extracurricular activities develop their
character and do better academically [11]. Participating in
extracurricular interest classes can help students broaden
their horizons, cultivate students’ comprehensive abilities,
and help improve their academic performance. Despite
that, excessive participation in extracurricular interest
classes may lead to students’ academic burden being over-
loaded and have a negative impact on academic perfor-
mance [12].

In summary, this paper will use a multiple linear regres-

sion model to analyze the internal and external factors
that affect the academic achievement of high school pu-
pils, compare the degree of influence of each factor on
academic performance, and thus provide references and
suggestions for relevant educators to improve high school
students’ academic achievement.

2. Methods

2.1 Data Source

The data used in this article is from the Kaggle website,
which was released in 2024. This dataset presents ele-
ments that impact students” academic success and includes
detailed information on high school students between the
ages of 15 and 18.

2.2 Variable Selection

The data counts a total of 2,392 high school students, and
the data contains 12 variables (Age, Gender, Ethnicity,
ParentalEducation, StudyTimeWeekly, Absences, Tutor-
ing, ParentalSupport, Extracurricular, Sports, Music and
\olunteering). The specific description of this dataset is
shown in Table 1:

Table 1. List of variables

Variable Logogram Meaning
Age x1 The students’ ages range from 15 to 18 years old
Gender X2 Male (0) and female (1)
Ethnicity x3 Caucasian (0), African American (1), Asian(2) and other 3)
ParentalEducation x4 None (0), high school (1), some college (2), bachelor’s (3) and higher (4)
StudyTimeWeekly x5 Hours spent studying per week, ranging from 0 to 20
Absences X6 Total number of absences from 0 to 30 in a school year
Tutoring X7 No (0) and yes 1)
ParentalSupport x8 None (0), low (1), moderate (2), high (3) and very high 4)
Extracurricular X9 No (0) and yes 1)
Sports x10 No (0) and yes Q)
Music x11 No (0) and yes 1)
\Volunteering x12 No (0) and yes 1)
GPA y Grade Point Average (GPA) on a 2.0-4.0 scale

2.3 Method Introduction

Multiple linear regression can quantitatively explain how
several independent variables relate to dependent vari-
ables through regression functions. This regression func-
tion is called a linear regression model. The regression
equation estimated using sample data is as follows:

Y =Byt BXt BoXo+e+ BX te 1)

In the above formula: g, is the regression constant, 5,

By, .., B is the regression coefficient, and ¢ is the ran-

dom error term. This paper will use SPSS to analyze the
impact of x on y, that is, the impact of the 12 factors on
the academic performance of high school students. After
taking GPA (y) as the dependent variable, and the 12 fac-
tors (Xq, Xy Xa, X4y X5, Xgy X7, Xgy Xo, X10, X3; @NA Xy,) @S the
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independent variables, the formula can be established as
follows:

Y =B+ BX+ BoXo oo+ PoX, +e 2

3. Results and Discussion

3.1 Correlation Analysis

This article’s investigation demonstrates the variety of
factors influencing high school pupils’ academic achieve-
ment. As shown in Table 2:

Table 2. Relevance analysis between dependent and independent variables

y
x1 0.000
X2 -0.013
x3 0.028
x4 -0.036
x5 0.179**
X6 -0.919**
X7 0.145**
x8 0.191**
X9 0.094**
x10 0.058**
x11 0.073**
x12 0.003
* p<0.05 ** p<0.01

The Pearson correlation coefficient between these 12 pa-
rameters and high school pupils’ academic achievement
is displayed in the table above. The correlation coefficient
values between y and x;, X,, X;, X, and X,, are all close to
0, and the p value is greater than 0.05, which shows that
these five variables have no bearing on how well high
school pupils succeed academically. Research data shows
that there is no significant correlation between high school
students’ academic performance and their age, gender,
ethnicity, parents’ education level, and whether they par-
ticipate in volunteer activities. This finding suggests that
students’ academic performance is not directly affected by
these factors, which may be different from previous per-
ceptions of factors affecting academic performance. Stu-
dents’ academic success is not solely determined by their
background information such as age, gender, ethnicity, or
parents’ education level, but may be more dependent on
students’ personality and learning style.

The correlation coefficient values between y and Xg, X, Xg,
Xq, X;0 @nd Xy, are all greater than 0, and show significance
at the 0.01 level, which shows that high school students’
academic achievement is positively correlated with their
weekly study time, whether to participate tutoring, degree
of parental support, whether to participate in extracurric-

ular activities and sports. This means that students’ active
participation in these aspects may have a positive impact
on their academic performance. Devoting more study
time per week generally promotes the accumulation of
knowledge and depth of understanding, thereby improv-
ing academic performance. Participating in tutoring and
extracurricular activities can broaden students’ knowledge
and provide them with more support in their studies. In
addition, participating in sports helps to maintain physical
health and energy, and has a positive impact on learn-
ing status and performance. Finally, parental support is
a crucial factor in students’ learning process, which can
motivate students to better engage in learning and achieve
better results.

There is a negative link between high school students’
academic performance and absences, as indicated by the
correlation coefficient value of -0.919 between y and X,
which is significant at the 0.01 level. This means that
students’ academic performance tends to decline as their
absences increase. Increased absences may cause students
to miss important learning content and classroom inter-
actions, which affects their mastery and understanding
of knowledge. In addition, absences also affect students’
communication and interaction with teachers and class-
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mates, reducing the effectiveness and enthusiasm of learn-
ing. Therefore, reducing absences is crucial to improving
students’ academic performance.

3.2 Model Results

According to the results in Table 3, the relevant multiple
linear regression equation can be obtained:

y = 2597 +(~0.006) X, +0.015, +---+(-0.009)x,  (3)

Table 3. Regression coefficient table

B S.E. Beta T significance VIF
Constant 2.597 0.061 - 42.407 0.000** -
x1 -0.006 0.004 -0.007 -1.542 0.123 1.008
X2 0.015 0.008 0.008 1.854 0.064 1.004
X3 0.003 0.004 0.003 0.669 0.503 1.005
x4 0.002 0.004 0.002 0.432 0.666 1.006
x5 0.029 0.001 0.179 40.571 0.000** 1.003
X6 -0.100 0.000 -0.923 -209.572 0.000** 1.005
X7 0.250 0.009 0.125 28.473 0.000** 1.005
x8 0.151 0.004 0.186 42.188 0.000** 1.005
X9 0.191 0.008 0.101 23.042 0.000** 1.002
x10 0.194 0.009 0.098 22.138 0.000** 1.005
x11 0.143 0.010 0.062 14.121 0.000** 1.004
x12
-0.009 0.011 -0.003 -0.771 0.441 1.004
R2 0.954
Adj R? 0.954
F F (12,2379) =4117.844, p=0.000
D-wW 1.984

With an R-squared of 0.954, the model can account for
95.4% of the variation in y that can be explained by the
independent variables. Upon doing the F test on the mod-
el, it is discovered that the model passes (F=4117.844,
p=0.000<0.05), suggesting that y would be impacted by
at least one of the 12 components. The model’s multicol-
linearity test revealed that all of the VIF values are less
than 5, indicating the absence of a collinearity issue. Fur-
thermore, the D-W value is in proximity to 2, indicating
the absence of both autocorrelation in the model and cor-
relation among the sample data. The model has a good fit.
The results of the study remind that education should be
fair, and students should not be judged unfairly because

of their personal backgrounds. In addition, academic
achievement can be positively impacted by parental sup-
port and students’ active participation in learning. Educa-
tors and parents should work together to provide students
with a better learning environment and support system
to promote their all-round development and learning
achievement. At the same time, schools need to take cor-
responding measures, such as providing make-up opportu-
nities for classroom content or online learning resources,
to help students who are absent due to special reasons to
resume their learning progress as soon as possible, so as
to attract students’ attention to attendance and learning
outcomes (Figure 1).
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3.3 Residual Analysis

The figure 2 below is a normality test of the residuals. The
residual histogram can be used to determine whether the
residuals conform to normality.

Fig. 1 Model results

Fig. 2 Residual normality testing
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The expected value was used as the x-axis and the resid-
ual value as the y-axis in the residual equivariance test.
The figure below is a scatter plot of the linear regression
predicted value and the regression residual value. All the
points in Figure 3 are evenly distributed on both sides of

the straight line y =0, which shows that the residuals of

the linear regression model established this time meet the
homogeneity of variance.

Fig. 3 Residual equal variances testing

The QQ diagram in Figure 4 is a straight line, indicating

that the residual can be considered as white noise.

Regression_Residual
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Fig. 4 Normalized Q-Q plots of regression standardized residuals

4. Conclusion

The study selected data from 2024, including 2,392 sam-
ples and 12 variables. The conclusion is that the academic
performance of high school students may not be related to
the students’ age, gender, race, parents’ education level,

and whether they participate in volunteer activities. It may
be positively correlated with weekly study time, whether
they participate in tutoring, whether they participate in
extracurricular activities, whether they participate in phys-
ical exercise, and the degree of parental support, and may
be negatively correlated with the number of absences. The
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multivariate linear regression analysis method used in this
study is accurate, effective, and comprehensive, because
it performed multivariate analysis and then obtained the
Pearson correlation coefficient for each variable.
Although the findings of this study may contradict pre-
conceived notions about what influences the academic
achievement of high school students, the results also
provide more inspiration for educators to cogitate. The
data shows that there is no obvious correlation between
high school students’ academic performance and their
background, which means that educators need to ensure
that every student has equal learning opportunities. In ad-
dition to the students’ own efforts, educators and parents
should work together to create a better support system for
students to promote their academic achievement. Howev-
er, due to the limited amount of data, the sample did not
cover all high school student groups, so the accuracy of
the results may be affected. To address this issue, more
research into new data sources and the use of control
variable techniques are required in order to ascertain any
potential causal relationships between various factors and
the academic achievement of high school pupils. Such
a research method will help to have a more thorough
knowledge of the influencing factors behind academic
performance, thereby providing more effective guidance
for education policies and practices.
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