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Abstrak

Penelitian ini bertujuan untuk mengetahui efek size model problem based learning berbasis
STEM Terhadap kemampuan pemecahan masalah siswa. Jenis penelitian ini adalah meta-
analisis. Sumber data berasal 14 jurnal nasional dan internasional. Proses pencarian sumber
dalam penelitian melalui Google scholar. Eric dan ScienceDirect. Teknik pengumpulan data
adalah observasi langsung dan dokumentasi menelusuri database jurnal. Analisis data adalah
analisis statistik kuantitatif dengan bantuan aplikasi Comprehensive Meta-Analysis (CMA) veris
3.0. Hasil penelitian menunjukan bahwa nilai rata effect size sebesar 0.912 kriteria tinggi.
Temuan ini menunjukan terdapat pengaruh yang signifikan model problem based learning
berbasis STEM terhadap kemampuan pemecahan masalah pada siswa. Model problem based
learning membantu siswa berpikir tingkat tinggi dalam belajar.

Kata Kunci: Effect Size, Model Problem Based Learning, STEM, Pemecahan Masalah

Effect Size of STEM-Based Problem Based Learning Model on Problem Solving Ability in
Students

Abstract

This study aims to determine the effect size of the STEM-based problem-based learning model
on students' problem-solving skills. This type of research is a meta-analysis. Data sources come
from 14 national and international journals. The process of finding sources in research through
Google Scholar. Eric and ScienceDirect. Data collection techniques are direct observation and
documentation tracing the journal database. Data analysis is quantitative statistical analysis
with the help of the Comprehensive Meta-Analysis (CMA) veris 3.0 application. The results
showed that the average effect size value of 0.912 was high. This finding shows that there is a
significant effect of the STEM-based problem-based learning model on students' problem-
solving skills. The problem-based learning model helps students think at a higher level in
learning.
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Introduction

Problem solving is an ability that
students must have in facing the industrial
revolution 4.0 (Nurtamam et al., 2023; Kadir
et al., 2016; Rahman et al., 2023; Suryono et
al., 2023; Seyhan, 2016). Problem solving
skills help students in providing solutions in
learning (Suana & Raviany, 2019; Ichsan et
al., 2023; Oktarina et al.,, 2021). Students
better
understand the material and concepts of the
lesson (Cetin, 2023; Sari et al., 2021; Valdez
& Bungihan, 2019; Supriyadi et al., 2023;
Novilia et al., 2022). Not only that, problem

who have solving skills  will

solving abilities encourage students to
develop their abilities in learning (Payadnya
& Jayantika, 2021). Karan & Brown (2022)
students who have problem solving abilities
are more active and creative in learning so
that they are able to provide ideas in solving
a problem in learning.

The ability of problem solving in
students is still low (Hikmasari et al., 2020;
Rahmawati, 2019; Sandi, 2012; Suharyat et
al., 2022). This can be the result of the 2015
Trends in International Mathematics and
Science Study (TIMSS) research, the level of
problem-solving thinking skills of students in
Indonesia is still below international
standards of 501 (Zulyusri et al., 2023; Palera
et al., 2020). Furthermore, the results of the
2015 Program For International Student
Assessment (PISA) survey of Indonesian
students' scientific literacy in problem
solving obtained a score of 383, ranking 65th
out of 68 member countries (Kurniawati &
Hidayah, 2021). PISA results for 2018
scientific literacy of Indonesian students
obtained a score of 396 ranking 71 out of 78
countries (Elfira et al., 2023; Ichsan et al.,

2022; Sofianora et al., 2023; Putra et al.,
2023; Salsabila & Maarif, 2022). Research
result Aritonang & Safitri (2021) low level of
problem solving and students' scientific
literacy in learning influenced by 98% of
students have low learning understanding.
Students have not been able to complete the
guestions based on problem solving abilities
(Nur & Amal, 2022). Research result (Saragih
et al., 2022) shows the low ability of problem
solving in students due to the use of
inappropriate learning models and methods.

The Problem Based Learning Model is
a learning model that guides students in
solving problems in learning (Wulandari &
Suryono, 2013; Rahman & Ristiana, 2020;
Suharyat et al.,, 2022; Bagus et al., 2022;
Zamir et al.,, 2022). The problem-based
learning model is effective in improving
students' problem-solving abilities (Wahyuni
& Fauzan, 2021). The problem based
learning model makes students more active
and creative in learning so as to stimulate
their problem solving skills (Saputri &
Wardani, 2021). Widyastuti & Airlanda
(2021) Problem based learning models can
improve problem solving abilities in teaching
and learning activities. Furthermore, the
problem-based learning model based on
Science  Technology Engineering and
Mathematics (STEM) helps students master
science and technology which can help
students solve problems (Hanifah & Indarini,
2021; Arifin, 2020; Mustofa et al., 2021).
Learning based on science and technology
makes it easy for students to access
information and learning materials (Tubagus
et al, 2019; Tubagus & Muslim, 2020;
Santosa et al., 2021; Suharyat et al., 2022).
STEM learning helps students to be more
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innovative and creative in learning (Hadi,
2021; Dede, 2022; Dedk et al., 2021).

STEM learning helps students to be
more innovative and creative in learning
(Priatna et al., 2022) shows that the STEM-
based Problem Based Learning learning
model can improve students' problem-
solving skills in triogeometric material.
Research by Riyanti (2020) STEM-based
problem-based learning models have an
influence on students' creative thinking
skills. In addition, the STEM-based problem-
based learning model is very effective in
improving students' problem-solving
skills(Aini et al., 2022). In fact, there is still
little research that describes how much
influence the STEM-based Problem-Based
Learning model has on students' problem-
solving abilities. Based on these problems,
this study aims to determine the effect of
STEM-based problem-based learning model
size on students' problem-solving abilities.

Methods

This research is a kind of meta-
analysis research. Meta-analytic research is a
type of research that analyzes previous
studies that can be analyzed statistically
(Razak et al.., 2021; Musna et al., 2021;
Suharyat et al., 2022; Rahman , et al., 2023;
Suhaimi et al., 2022; Suparman et al., 2021;
Ichsan et al., 2022; Balakrishnan et al., 2021).
The data sources in this study came from 14
national and international journals. Search
for data sources through google scholar, Eric
and ScienceDirect. Data collection
techniques in the study were direct
observation and documentation through the
journal database. The meta-analysis steps in
this study are 1) problem formulation; 2)

data collection; 3) data coding; and 4) data
analysis and interpretation. (Ranggi et al.,
2021). The data analysis technique used is
guantitative statistical analysis with the help
of the Comprenhensive Meta-Analysis (CMA)
version 3.0 application. Data analysis
calculates the Effect Size value, Standard
deviation, Standard Error and the average
value of each study. The formula used to
calculate the effect size value is:

_ Xpost — Xpre

ES =
SDPre
Atau
Xp — Xg
ES = ———
SD,
Atau
Atau
ES

_ (Xpost - Xpre) E— (XPost - Xpre)C
(SDpre c SDpostE + SDPost C

3
Atau

1 1

ES=t |—+—

ng ne
Description:
ES : Effect Size
Xpost  : average posttest score
Xpre  :average pretest score
SDpre : Standard Deviation pretest
Xe : experimental group average
Xc : control group average
t :tvalue
Ne : Number of experimental class
samples
Nc : Number of control class samples
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Furthermore, the criteria for
calculating the effect size value of each data

source analyzed can be seen in Table 1.

Table 1. Effect Size Criteria

based problem-based learning model in schools
can be seen in Table 3.

Table 3. Effect Size Calculation Results
Based on Level of Education

Effect Size Kriteria Effect Size
0<ES<0.2 Low
0.2<ES<0.8 Medium
ES>0.8 High

Source: Cohen dalam Nastiti et al,,
2021;Santosa et al., 2021; Karim et al., 2023)

Restult and Discussion

Result

From the results of the analysis of 14
national and international journals on the effect
of the STEM-based problem-based learning
model on students' problem solving skills, the
effect size value is calculated, which can be seen
in Table 2.

Table 2. Effect Size of Each Data Source
Journal Year Journal Type Effect Criteria

Code Size
C1 2018 National 1.18 Medium
Cc2 2018 National 0.78 Medium

C3 2023 International  0.81 High
c4 2022 International 0.96 High

C5 2020 National 1.26 High
C6 2019 National 1.16 High
c7 2021 National 0.89 High
C8 2023 International  0.30 Small
C9 2022 National 0.77 Medium
C10 2021 National 1.65 High
C11 2019 International 0.82 High
C12 2020 National 0.76  Medium
C13 2023 National 0.60 Medium
C14 2023 National 0.84 Medium

Average Effect Size value 0.912 Hight
The average effect size value (ES = 0.912)
with high criteria. The results explain that the
STEM-based problem-based learning model has
a significant effect on students' problem solving
skills compared to conventional learning.
Furthermore, analyzing the effect size based on
the level of education that applies the STEM-

Educati Journ Effe Average/| Over Criter

on al ct evel all ia
Level Code Size mean
SD C1 1.18 0.920
Cc2 0.78
Cc3 0.81
SMP C4 0.96 1.06
C5 1.26
Cé6 1.16
Cc7 0.89
SMA c8 030 0956 0978 High
c9 0.77
C10 1.65
Cl1 0.82
C12 0.76
C13 0.60
C14 0.84

Based on Table 3. The average value of
elementary school education level is 0.920
with high criteria, junior high school
education level is 1.06 with high criteria and
high school education level is 0.956 with high
criteria. Furthermore, the overall average
value of education level is 0.978 with high
criteria. These results explain that the
application of STEM-based problem-based
learning model has a high impact on problem
solving skills at the elementary to high school
education level. So, the application of STEM-
based problem-based learning model has a
positive impact on students' learning
potential at school.

Next, conduct hypothesis testing to
see the effectiveness of the STEM-based
problem-based learning model on students'
problem solving skills by using the random
effect model. The results of the random
effect model test can be seen in Table. 4.
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Table 4. Hypothesis Test with Random
Effect Model

Estimation n P Effect Standard
Model Size Error

Random 14 0.000 0.912 0.425

Effect

Model

Based on Table 4. Showing the p-value
<0.05 with an effect size value 0of 0.912, it can
be concluded that the problem-based
learning model based on Science Technology
(STEM)
effectively encourages students' problem

Engineering and Mathamatics
solving skills. Therefore, the problem-based
learning model is highly recommended to be
implemented in schools in Indonesia.

Discussion

The application of the Science
Technology Engineering and Mathamatics
(STEM) based problem-based learning model
has a positive effect on students' problem
solving skills. This can be seen from the
average effect size value (ES = 0.912) with
high criteria. Research results Astuti et al.,
(2021) STEM-based problem-based learning
model encourages students to be more
active and innovative in learning so as to
encourage their problem-solving skills. The
problem-based learning model is able to
challenge students to solve a problem in
learning (Yusri et al., 2018; Sudarsono et al.,
2022; Sahin, 2021; Ichsan et al., 2023). Not
only that, the problem-based learning model
based on Science Technology Engineering
(STEM)
students' ability to access information that

and Mathamatics encourages
can be used as learning resources. (Putri et
al., 2019; Martaningsih et al., 2022;
Nurfitriyanti, 2016;Tubagus, 2023). Not only

that, the STEM-based problem-based

learning model affects students' educational
level in encouraging problem-solving skills.
Science Technology Engineering and
Mathamatics (STEM)-based problem-based
learning gave junior high school students
higher performance in problem solving
ability. Table 3. Explains the average value of
STEM-based problem-based learning for
junior high school students of 1.06 higher
than elementary and high school students.
The result of the research lonita (2020) The
level of education affects students' problem-
solving skills. Not only that, the level of
education greatly influences the learning
process that encourages students' problem-
solving skills (Zamir et al.,2022; Zhang et al.,
2015; Utomo et al., 2014). Furthermore,
problem-solving skills help students more
easily understand learning materials and
concepts. (Sumiantari et al., 2019). So, the
STEM-based problem-based learning model
makes it easier for students to access
knowledge that stimulates their problem-
solving skills in life. (Fradila et al., 2021;
Safithri & Huda, 2021; Yustiana el al., 2022).
Next Pekbay (2022) STEM-based
problem-based learning model increases
students' problem solving ability and
creativity in learning. STEM learning helps
students to combine science, technology,
engineering and mathematics in life that can
provide solutions in problem solving
(Muzana et al., 2021; Kartini et al., 2021).
STEM-based problem-based learning model
makes it easier for students to master
learning technology that serves to gain
knowledge for the learning process
(Adaylarinin et al.,, 2021; Rahman et al.,,
2023). Knowledge is everything that is
sources that

obtained from various

encourage students to get information
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(Ferry et al., 2019). Therefore, the STEM-
based problem-based learning model is one
of the solutions to improve the quality of
students' thinking potential in learning.

Conclusion

From this study it can be concluded
that the average effect size value of 0.912 is
high. This finding shows that there is a
significant effect of STEM-based problem-
based learning model on students' problem
solving skills. The problem-based learning
model helps students think at a higher level
in learning. Furthermore, the problem-based
learning model is effective to help the
learning process of school students in
improving students' thinking skills. STEM-
based problem-based learning model helps
teachers to be more creative in conducting
the learning process.
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