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Abstract

This research work was designed to know academic performance of students with
and without STEM education. It was a quasi-experimental research and non-
equivalent control group design was used. Self-developed achievement test in the
subject of General Science were used as research tool. Grade eight textbook was used
as the instrument of the study. The sample was selected using a simple random
sampling technique. Two sample classes and their students were randomly selected
from public sector girls’ schools of District Jhang. Selected classes were randomly
assigned as control group and experimental group. Academic achievement of
students was checked before the treatment using pretest and after the treatment
using posttest. Collected data was analyzed using statistical techniques (i.e., Mean, SD
and t-test) using Statistical Package for Social Sciences. The objectives of the study
were; (a) to find out academic performance of students in grade 8. (b) to find out
effectiveness of STEM education in improving academic performance of students of
grade 8. It was concluded that the academic performance of students was almost
same before the treatment while, after the treatment, the academic performance of
students of experimental group was higher than the academic performance of control
group. It was found that equal ability students when taught through STEM education
performed better after the treatment. Hence STEM education method proved as
better alternative as compared to the traditional method for teaching science.

[941]


http://www.irjmss.com/
mailto:tabijan71@gmail.com
mailto:tahirasadiqi491@gmail.com
mailto:zeshan.umar1122@gmail.com
mailto:tahirasadiqi491@gmail.com

International Research Journal of Management and Social Sciences, Vol. V, Issue 1, January - March 2024
ISSN (ONLINE):2710-0308 Www.irjmss.com ISSN (PRINT):2710-0316

Academic Performance of Students with and without Stem Education

Keywords: STEM education; Academic performance; critical thinking skills; Problem solving skills.

Introduction

The academic performance of students with STEM (science, technology, engineering, and
math) education is an important topic of study, as STEM education has become increasingly
important in the modern economy. STEM education refers to the teaching and learning of
science, technology, engineering, and mathematics subjects in an integrated and
interdisciplinary approach. With the rapid advancements in technology and science, STEM
education is seen as a critical pathway to develop a skilled workforce, drive innovation, and
promote economic growth. STEM was developed to answer challenges in the 21st century.
The goal of STEM education is to prepare students for competition and job readiness in their
chosen fields. Students' critical thinking abilities will develop as a result of using STEM
education, and they will also become more inventive, rational, productive, and directly
related to actual conditions (Widya et al., 2019).

Many nations view STEM method as significant, and they have initiatives to incorporate it
into their curricula (Tunc and Bagceci 2021). STEM education has grown in importance as a
strategy and method for the development of scientific and technical innovation skills and the
reform of education and teaching in numerous nations throughout the world due to the rapid
development of the global economy, science, and technology (Hali et al; 2021). For middle
school students to develop their critical thinking abilities and STEM vision, STEM education
is essential in the twenty-first century (Hacioglu and Gulhan 2021). Overall academic
performance of students of District Jhang, Pakistan is not so good as compared to the world.
The academic performance of students in Pakistan varies depending on a number of factors
including socioeconomic status, gender, location, and access to quality education. While there
are many talented and high-achieving students in Pakistan, the country faces a number of
challenges that can make it difficult for students to perform to their full potential. Recently,
numerous programs have been started throughout Pakistan to increase students' interest in
STEM fields of study (Aslam et al 2022).

One of the biggest challenges which students face in Pakistan is access to quality education.
Many schools in Pakistan are under-resourced and understaffed, with inadequate facilities
and shortage of qualified teachers. This can make it difficult for students to receive high-
quality education that prepares them for higher education and professional careers. For
students to be motivated to learn and to be better prepared for real-world difficulties,
teachers must use an integrated strategy of STEM education with realistic scenarios (Costa et
al; 2022). There can be several reasons for weak academic performance among students. It is
important to note that each student is unique, and the factors influencing their academic
performance can vary. When students lack motivation, they may struggle to engage in their
studies and perform poorly. Motivation can be influenced by various factors, such as a lack of
interest in the subject matter, low self-confidence, or a lack of clear goals (Vallerand 2007).
STEM education can improve academic performance of students in both natural sciences and
social sciences, but the impact may vary depending on the specific subject and the teaching
approach used. In natural sciences, STEM education provides students with a strong
foundation in scientific principles and concepts, as well as practical skills such as observation,
experimentation, and data analysis. This can help students understand and apply the
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scientific method to various real-world problems, and ultimately improve their academic
performance in subjects such as biology, chemistry, and physics. STEM education can aid in
the development of students' analytical, problem-solving, and critical thinking abilities in the
social sciences. Students can build the skills necessary to do research and evaluate data by
integrating technology and data analysis tools into the study of subjects like economics,
psychology, and sociology. This helps students better grasp complicated social phenomena.
This may ultimately help them perform better in school (Yunus 2018).

As researchers have been working in education department for more than 10 years, so
according to their personal experiences, academic performance of students is not satisfactory
especially in public schools. So, researchers wish to enhance academic performance of
students by teaching STEM education. Overall, while there is still much work to be done to
enhance the academic performance of Pakistani students, particularly in subjects of STEM,
the initiatives of the government are beginning to have an impact. With continued focus on
STEM education, and with sustained investment in resources and facilities, it is possible that
we will see even greater improvements in academic performance in the years to come.

Statement of the Problem

The purpose of the study was to examine the connection between eighth-grade students’
academic performance and STEM education. It is important to understand the effects of STEM
education on academic performance of students and its possible advantages. Significance of
STEM education is increasing in the modern economy. While some research studies have
suggested that STEM education can enhance academic achievement, other research studies
have revealed no conclusive link between STEM education and academic performance.
Therefore, further research study was required to understand the connection between STEM
education and academic achievement as well as to pinpoint the elements that influence
academic success in both groups, one taught through STEM education and other taught
without STEM education. It is important to comprehend the potential benefits of STEM
education for students who may not have access to such opportunities and to identify
strategies that can promote academic success among all students. Therefore, there was a
need to assess the academic performance of students. This study also aimed to compare the
academic performance of students with and without STEM education to determine if there
were significant differences between the two groups.

Justification of the Study

Teachers are expected to have a deep understanding of their subject matter, but they also
need to be equipped with the necessary pedagogical and technical skills to engage and
motivate their students to improve their academic performance. However, many teachers
lack this knowledge and may be using outdated teaching methods. This not only affects the
quality of education provided to students but also hinders their ability to apply their
knowledge and skills in real-world scenarios. As the job market becomes more competitive
and globalized, it is becoming increasingly important for teachers to implement STEM
education to prepare students for the workforce. Therefore, there was need to conduct an
experimental study to check the academic performance of students with and without STEM
education to identify areas of improvement and develop strategies to implement STEM
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education effectively and enhance academic performance of students. The findings of this
research can be used to inform teachers, department, policy makers and other stake holders
to implement STEM education and improve academic performance of students.

Objectives of the Research Study

The objectives of the study were following;

1. To find baseline academic performance of students of grades 8 of district Jhang in science
subject.

2. To find out difference in academic performance of students of grade 8 in District Jhang
when treated with and without STEM education.

Hypothesis of the Research Study

HO: There is no significant difference in academic performance of students when treated with
and without STEM education.

H1: There is significant difference in academic performance of students when treated with
and without STEM education.

Research Questions

The research questions of the study were following;

1. What was the baseline academic performance of students of grade 8 in general science in
district Jhang?

2. Was there any significant difference in academic performance of students of grade 8 in
District Jhang when treated with and without STEM education?

Variables of the Research Study
1. Independent Variables: STEM Education
2. Dependent Variables: Academic Performance (measured by test scores)

Limitation of the Research Study

The study was delimited to;

1. Only District Jhang schools.

2. Only girls’ schools were the population of the study.

3. Data collected from two schools within the district Jhang.

Research Methodology

The research study approach examined how STEM education affects students' academic
performance. Quasi-experimental design was considered for this study. The approach was
chosen because it mitigated a disproportionately greater number of internal and external
threats to the research's validity (Fraenkel et al., 2012). The pre-test/post-test control group
design was used. The distinction was that it included assigning groups at random to
treatment rather than assigning individuals at random (Gay and Castano 2010). The
population of this study consisted of female grade 8 students attending elementary and
secondary schools in the district of Jhang in the academic year 2023-2024. Eighth-grade
students from two public girls' high schools in district Jhang were chosen at random to make
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up the sample of the research study. The schools were assigned as experimental group and a
control group at random. The 8th graders from only female high schools were chosen. There
were 25 students in the control group and 23 students in the experimental group. Students
in the experimental group were taught by the researcher herself. A teacher with a similar
background to the researcher taught the control group in a normal setting. The teacher in the
control group and the teacher in the experimental group were both employed by the
government, work in a remarkably comparable setting, and have similar backgrounds in
education. Additional factors were taken into account to ensure the experiment's
generalizability, including the fact that the chosen schools were typical government schools
in terms of their facilities, school climate, socioeconomic status of the students, their family
backgrounds, the qualifications of the teachers, the procedures for hiring and promoting
them, the availability of AV aids, etc.

Research Tool

A self-developed achievement test for grade 8 general science was the tool employed in the
study. The multiple-choice question (MCQ) format was used in the development of the
questions. The test's questions were made to assess the students' factual knowledge, their
ability to apply what they learned to problems outside of the text, their ability to make
connections between what they learned and their daily lives, and their problem-solving skills.

Process of Developing Research Tool

The eighth-grade general science textbook's "Force and Pressure" and "Cell Division" units
led to the creation of an achievement tests. Both pretests and posttests were made for the
units. For the students' evaluation, 25 questions from each unit were selected.

Pilot Testing

Pilot testing involved selecting a small group of students from the population and treating
them with and without STEM education and administering the selected instruments to them.
The pilot test helped in identifying issues with the instruments and data collection
procedures, such as unclear instructions, difficult questions, or technical problems. Before
beginning the main study, the study design, data collection technique and instruments was
adjusted in light of the pilot test's findings.

Validity and Reliability

The validity and reliability of the research tool (self-made achievement tests) was checked
by subject experts and by the pilot testing. The researcher made lesson plans from the chosen
unitss of the general science text book for the eighth grade before beginning the treatment.
Before a learned committee of three faculty members, the researcher presented a lesson. The
researcher improved the lecture and re-delivered. The committee proposed some additional
adjustments. The researcher went through the procedure once more, taking into
consideration the committee's recommendations. The committee then gave the researcher
permission to use the lesson plans for STEM education.
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Procedure of the Study

First of all, pre-tests were conducted from unit 1 “Force and Pressure” and unit 2 “Cell
Division” of general science of grade 8 from control as well as experimental group. Then
control group was taught according to routine teaching while experimental group was taught
according to STEM education by the researcher. This teaching time span was for 2 weeks.
After that, post tests were conducted for unit 1 “Force and Pressure” and unit 2 “Cell Division”
of general science of grade 8 from control as well as experimental group. Data on the students’
test results and academic performance was gathered. Each correct response received one
point, while errors received 0 points. In order to identify the current level of academic
performance of students, pretest was taken. Data was gathered by giving out pretests and
posttests. Students with and without STEM education were compared academically using
statistical approaches. The data from the research study was analyzed using the statistical
approaches like central tendency measures such as the mean, variability measures such as
Standard Deviation, significance tests such as the independent sample t-test. The statistical
package for the social sciences (SPSS) was used to analyze the quantitative data. Data was
described using tables.

Table 1: Comparing experimental and control groups on pretest

Unit Total  Group N Mean SD T Df P
Scores
1 25 Control 25 3.40 1.190 .025 46 .29
Experimental 23 3.39 1.234

Pretest results for unit 1 "Force and Pressure” are compared in Table 1 between the
experimental and control groups. Levene's Test for Equality of Variances for Unit 1 "Force
and Pressure" yielded a value of significance equal t0.923, which was greater than.05, hence
equal variance was assumed. p value was.29, [N = 25, Mean = 3.40, SD = 1.19 for the control
group and N = 23, Mean = 3.39, SD = 1.234 for the experimental group] at p >.05 so there was
no statistically significant difference in the academic performance of the students between
the groups before treatment because the p value was greater than .05.

Table 2: Comparing experimental and control groups on the Unit 2 "Cell Division"
pretest

The mean scores on a pretest for unit 2 "Cell Division" for the control and experimental

Unit  Total Group N Mean D T Df P
Scores
2 25 Control 25 1.80 913 -1.069 46 290
Experimental 23 2.13 1.217

groups are compared in Table 2. Levene's Test for Equality of Variances resulted in a
significance value of.477 which was greater than.05, leading to the assumption of equal
variance. N = 25, Mean = 1.80, SD =.91 for the control group and N = 23, Mean = 2.13, SD =
2.13 for the experimental group; p value for both groups was.29; t (46) = - 1.06 at p >.05.
There was no statistically significant difference in the academic performance of the students
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in the unit "Cell Division" between the groups prior to treatment, as the p value was greater
than.05.

Table 3: Comparing the experimental and control groups on the posttest for Unit 1
"Force and Pressure"

Unit Total Group N Mean D t Df P Eta2
Scores
1 25 Control 25 17.60 1.936 -12 40.506 .000 .77
Experimental 23 23.43 1.199

A comparison of the mean scores on the posttest for unit 1 "Force and Pressure" for the
control and experimental groups is shown in Table 3. Levene's Test for Equality of Variances
results in a value of significance for unit 1 "Force and Pressure" of.039, which is less than.05,
hence equal variance was not assumed. N = 25, Mean = 17.60, SD = 1.936 for the control group,
and N = 23, Mean = 23.43, SD = 1.199 for the experimental group, yielding a p value of.000 for
both groups. T (46) = - 12 at p< .05. After treatment, there was a statistically significant
difference in the academic performance of the students in the "Force and Pressure" unit
between the groups, as the p value was less than.05.

Both groups were statistically distinct from one another after the treatment since the p value
was less than .05. The effect's strength (Eta2) was .77. This was a fairly significant result,
indicating that students in the experimental group performed better academically than the
control group.

Table 4: Comparison of the experimental and control groups on the Unit 2 "Cell
Division" posttest

Unit  Total  Group N Mean SD T df p Etaz
Scores
2 25 Control 25 18.68 2.155  -9.051 42.134 .000 .63

Experiment 23  23.43 1.441

al
Table 4 shows the comparison of the mean results of the experimental and control groups on
a posttest for unit 2. Levene's Test for Equality of Variances results in a significance value for
unit 2 "Cell Division" of .025, which is less than .05, indicating that equal variance was not
assumed. N = 25, Mean = 18.68, SD = 2.155 for the control group, and N = 23, Mean = 23.43,
SD = 1.44, for the experimental group, yielded a p value of.000; t (46) = - 9 at p<.05. After
treatment, there was a statistically significant difference between the groups as the p value
was less than .05.
Both groups were statistically distinct from one another after the treatment since the p value
was less than .05. The effect's strength (Eta?) was .63. This was a very significant result that
demonstrates the experimental group students' superior academic performance than the
control group students’ academic performance.
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Findings

The key outcomes of the study conducted prior to the treatment are described here. In the
units "Force and Pressure" and "Cell Division" of the eighth-grade general science curriculum,
it was discovered that there was no statistically significant difference between the mean
achievement scores of the control and experimental groups prior to the treatment which
showed that students had almost equal academic performance. Following the application of
the "Force and Pressure" and "Cell Division" treatments, the mean achievement score of the
experimental group was discovered to be statistically greater than the mean accomplishment
score of the control group.

Conclusions

According on the study's findings, the following conclusions were made:

Before the treatment, the performance of the students in the "Force and Pressure" and "Cell
Division" components of the eighth-class general science was comparable between the
control and experimental groups. After receiving treatment, pupils of equal ability in the
experimental group showed better academic performance. After treatment, their
performance in the eighth-grade general science subjects "Force and Pressure" and "Cell
Division" was higher than that of the students in the control group. Students in the
experimental group discovered new ways of thinking or different approaches to problems
while responding to questions. Additionally, the experimental group outperformed the
control group on tests of critical thinking abilities.

High test scores in the experimental groups showed that STEM education helped students
use what they had learned about general science in their daily lives. Additionally, it improved
students' capacity for critical analysis and material evaluation. They performed better on
topics requiring analysis, synthesis, and evaluation because of this. This shows that STEM
education was more effective way to foster higher-order learning skills.

Discussion

To facilitate education and strengthen the link between the science learning process and
technology, engineering, and mathematics, instruction used inquiry-based learning. After the
treatment, the experimental group's students' achievement was significantly greater than the
control group's students' achievement, with a larger effect size. The experimental group's
students had high academic accomplishment because of the STEM-focused instruction they
received. Additionally, this had pushed numerous governments to expand the use of STEM
education-based instruction (Zhao et al.,, 2022).

Students used their everyday experiences as they engaged in STEM-related activities. They
were motivated and showed a lot of interest. It enhanced their capacity for critical thought.
This made general science an engaging topic and significantly increased the high achievement
of the experimental group's students. The experimental group's high mean achievement
made this clear. Students improved group interaction throughout instruction using STEM
activities. The level of interaction between students, teachers, and learning materials was at
its highest. Before the treatment, there were no appreciable differences in the academic
performance of the students between the control and experimental groups. Prior to
treatment, both groups performed essentially the same. Reading, listening, and group
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discussion were the traditional group's methods of teaching (Hasanah 2020).

Recommendations

It is recommended for policy makers to develop evidence-based policies and initiatives.
Students are recommended to make well-informed judgments regarding their career
pathways, improve their academic performance, and acquire STEM-related skills and
knowledge. Teachers are encouraged to help pupils develop their critical thinking, problem-
solving, collaboration, and teamwork abilities while also promoting lifelong learning,
creativity, and innovation. The institutions' staff may receive training in STEM-related
teaching techniques. It is suggested that the education department give STEM education
programs top priority and funding. By evaluating the availability of STEM resources and
opportunities and their impact on academic performance, the study can also guide resource
allocation in schools. Additionally, it can assist schools in figuring out where their STEM
programs need work. It is recommended that other interested parties use the availability of
STEM resources and opportunities and their effects on academic performance to inform
resource allocation in schools. It is also advised to assist schools in determining where their
STEM programs need to be improved.
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