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Abstract: The purpose of this study was to determine the effect of the problem-
based learning model on students' high order thinking skills. The topic of this
essay is meta-analysis. Meta analysis is a study conducted by collecting,
analyzing, and comparing data from several previously completed studies.
Research samples were made from 27 nationally and internationally
accredited journals with criteria according to the problem formulation. The
data analysis method used in this study is a method that minimizes the effect
size of each article. Based on the results of the research, it has been determined
that the effect of the problem-based learning model on students' high order
thinking skills. First, the problem based learning model has a significant
influence on improving students' high order thinking skills. Second, the
problem based learning model based on educational level states that there is
a significant influence on students' higher level thinking abilities. Third, the
problem based learning model based on science and physics subjects does not
have a significant difference in students' high order thinking skills.
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Introduction

Education in the 21st century should be able to
develop students' competencies in a holistic and
balanced manner. This competency is needed by
students to achieve success in learning, daily life, and in
the future (Asrizal et al, 2020). The 21st century
competency framework includes a broad definition that
emphasizes the skills, attitudes, and knowledge
students need in school, in the world of work, and in
their lives (Chen et al, 2017). In order for these
expectations to be fulfilled, people must have creative
and critical thinking and the ability to work together
effectively. The ability to think critically and creatively is
one aspect of higher order thinking skills (Djamilah et
al., 2019).

How to Cite:

HOTS is the ability or skill to connect, manipulate,
and transform knowledge and experience (Imamah et
al., 2020). Higher Order Thinking Skills (HOTS) aims to
improve students' thinking skills and make decisions in
complex situations (Saputra, 2016). HOTS which means
educators must involve students directly in learning
(Yen et al., 2015). HOTS includes thinking skills that
require more than just remembering or memorizing
information (Ivie, 1998). The role of educators as
facilitators in learning is expected to improve students'
abilities and encourage students to think broadly and
deeply so that they can improve students' high order
thinking skills (Nurhayani et al., 2018).

However, the problem that often occurs in the
learning process is the use of learning models that are
not optimal. The use of learning models that are not in
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accordance with the abilities of students makes the
learning atmosphere monotonous and even boring. This
limits the ability of students to find and try new things
and solve a problem they face. Educators often equate
learning models for all basic competencies, even though
each demand for basic competencies is different. So that
students lack the ability of students' high order thinking
skills.

Based on these problems, a learning model is
needed that can improve students' high order thinking
skills.One learning model that can be used is Problem
Based Learning. Problem Based Learning is a model that
requires full student activity and involvement. PBL is
also often referred to as problem-based learning
(Imamah et al., 2020). According to Riyanto (2014) that
problem-based learning is a model designed and
developed to develop students' ability to solve
problems. Problem solving is done in a collaborative
pattern and using higher-order thinking skills, namely
analysis-synthesis and evaluation abilities.

Problem Based Learning is learning that can cause
students' thinking abilities to be truly optimized through
a systematic group or team work process, so that
students can empower, hone, test, and develop their
thinking skills on an ongoing basis (Wijayanti et al.,
2022). Meanwhile according to Tumanggor et al. (2020)
that the focus of learning on the Problem Based Learning
model is on the selected problem so that students not
only learn concepts related to problems but scientific
methods to solve these problems so that they can
cultivate higher-order thinking patterns.

Many previous studies have conducted studies on
the influence of problem based learning models on
students' high order thinking skills. However, previous
research has limitations. These limitations include, 1) the
results obtained do not explain the influence of the
problem based learning model on students' High Order
Thinking Skills, 2) only applying the problem based
learning model at one level of education, 3) only using
one subject. Based on these limitations, this research
wants to integrate all existing similar research to
determine the effect of applying the problem based
learning model in science and physics learning on
students' High Order Thinking Skills using the meta-
analysis method.

Meta-analysis research was chosen as a research
method for several reasons. First, many articles discuss
the influence of applying the problem based learning
model on High Order Thinking Skills. Second, meta-
analysis research does not depend on school conditions,
thereby reducing the risk of research delays. Third, the
impact of using the problem based learning model on
students' high order thinking skills has not been studied.
Fourth, it is not yet known the effect of using the
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problem based learning model on students' High Order
Thinking Skills abilities, which has a significant effect
based on the level of education and subjects used.

High Order Thinking Skills abilities can be
developed by incorporating problem based learning
models into teaching materials or by direct learning
processes. Many previous studies have proven this, but
they have produced different conclusions. Considering
this, it is important to conduct a meta-analysis study on
how problem based learning models influence students'
High Order Thinking Skills abilities. The aim of this
research is to determine the extent of the influence of the
use of the problem based learning model on students'
High Order Thinking Skills abilities in terms of
education level and subjects used.

Method

This research is a meta-analytic research by
presenting quantitative data in the form of effect sizes
from each study. The studies used in the meta-analysis
were sourced from national and international journals.
The search was carried out through Google Scholar
using the keywords problem-based learning model for
students' high order thinking skills. Title search
restrictions and not included in the article section that
uses these keywords. All search results are examined
and measured for use in meta-analysis with the criteria,
namely using publication years ranging from 2014 to
2022, the research measures the impact of the problem-
based learning model on higher order thinking skills, the
learning provides sufficient data information to
calculate Effect Size (sample size, mean, standard
deviation and t value), and problem-based learning
models applied to science and physics learning.

Records identified from google
scholars

Database (n=1.600)

(oo )

Did not evaluate
students achievement
(n=230)

= Not science and physic
materals (n=170)

After delete the same article
(n = 550)

|

—~
Z Reports assessad for ibilit
i port ("_150)“9 4 — - Not quasi ekspermental
(n=55)
«  Did not provide
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Figure 1. Meta-analysis flowchart
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In finding the studies used, a systematic review and
meta-analysis (PRISMA) werecarried out to obtain
systematic results. The flow chart of the systematic
review follows the PRISMA rules as shown in Figure 1.

The effect size is a measure of the magnitude of the
effect of a variable on other variables. In estimating the
effect size, excel and JASP applications are used as a tool.
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The excel application was used to process the data until
an effect size was found, while the JASP application was
used in a meta-analysis study to analyze heterogeneity
and forest plots. To determine the size of the effect can
beusing statistical parameters according to table 1 and
table 2 categorize the following results:

Table 1. Method of Determining Effect Size (Becker et al., 2011)
Statistics Formula
The effect size formula for the two-sample comparison test
relates to the .pre.rtest—posttest mean and pretest-posttest ES (d) = Xpost — Xpre
standard deviation S N
within
SD _ \/SDPretestz — SDposttest?
within —
2
The effect size formula for a comparison test of two . Xg — X
independent samples. Used if it is kno'w1.1 only the posttest ES (d) = SDuwithin
data from the mean and standard deviation of the two
1 .
samp’e groups .. — |(e=DSDg: + (ne— DSDe:
within — Ng + Ne—:
The effect size formulas for the two independent sample (Xpost — Xpre)E — Xpost — Xpre)c
groups for tht.? plosttest pretest mean scores and the pretest ES = SDwithin
standard deviation for the experimental class are known,
the pretest posttest mean scores, the pretest standard hine (15—1SD, o5z + (N~ DSD, ocz+ (g—1)SD o gz + (= 1)SD, o rc2
deviations and the control group posttest are known SD within= 2(ng+ no—2)
t Count ES=t’ni+ni
E C

To obtain the d variance for the two groups d?

Variance value d for one group data

Standard error of d

The correction factor is J

Effect size value
Variance value

standard error

_nE+nC +
" nEnC 2(nE +nC)

1 d?

SEd = VVd
3

=l

The df values for the two independent groups viz

df=nE+nc-2.

df value for one group ie

df =n-1.

g=Jxd

Vg =]?xVd

SEg = |/Vg

Table 2. Category Effect Size (Becker et al., 2011)

Effect Size (ES) Category
0<ES<02 Low
0.2<ES<0.8 Currently
ES>0.8 Tall

Result and Discussion

This research was conducted to see the effect of
applying the learning model to students' high order
thinking skills. Data were obtained from relevant
journals from 2014-2022 with this research and support
the calculation of the effect size of each journal.
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Researchers collect data from various sources such as
Google Scholar, crossref, and others.

A total of 27 journals were selected based on certain
standards. The first is a study of the effect of the Problem
Based Learning (PBL) learning model on students' High
Order Thinking Skills (HOTS). Both are implemented in
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learning. Third, the types of journals come from national
and international journals. The results of the effect size
calculation on 27 journals are divided into three
categories. First, based on students' high order thinking
skills. Second, based on education level. Third, based on
subjects. Article codification can be seen in Table 3.

Table 3. Journal Coding, Sources, Effect Sizes, and Formulas Used

Code Journal Source Scale Effect Size Category
J1 (Hasyim et al., 2019) International 0.20 Currently
J2 (Gultom et al., 2021) Indonesia 0.02 Low
J3 (Utomo et al., 2019) Indonesia 0.30 Currently
J4 (Suastra et al., 2019) International 0.80 Tall
J5 (Widiatsih et al., 2020) International 0.21 Currently
Jo (Amalia et al., 2017) Indonesia 0.84 Tall
J7 (Puspitasari et al., 2020) Indonesia 0.53 Currently
J8 (Khoiri et al., 2021) Indonesia 0.94 Tall
J9 (Sugianti et al., 2018) Indonesia 1.83 Tall
J10 (Jayanti et al., 2016) Indonesia 0.60 Currently
J11 (Widyaningsih et al., 2019) Indonesia 0.24 Currently
J12 (Astikawati et al., 2020) Indonesia 0.87 Tall
J13 (Wahyuni et al., 2019) Indonesia 1.17 Tall
J14 (Yulita et al., 2018) Indonesia 0.29 Currently
J15 (Yuliawan, 2021) Indonesia 0.96 Tall
J16 (Chandpra et al., 2017) Indonesia 1.05 Tall
J17 (Putri et al., 2022) Indonesia 1.30 Tall
J18 (Mairani et al., 2018) Indonesia 0.24 Currently
J19 (Wijayanti et al., 2022) Indonesia 0.41 Currently
J20 (Flamboyant et al., 2018) Indonesia 0.51 Currently
J21 (Londa et al., 2020) Indonesia 0.49 Currently
J22 (Imamah et al., 2020) Indonesia 1.52 Tall
J23 (Siregar, 2022) Indonesia 0.40 Currently
J24 (Tumanggor et al., 2020) International 0.87 Tall
J25 (Alpindo et al., 2014) Indonesia 0.41 Currently
J26 (Syarifah et al., 2020) Indonesia 1.53 Tall
J27 (Fitri et al., 2018) Indonesia 0.20 Tall
Average Effect Size 0.67 Currently

Based on table 3, it shows that the average effect
size of the influence of the problem-based learning
model on students' High Order Thinking Skills is 0.67 in
the medium category. This shows that the effect of
applying the problem-based learning model can
improve students' High Order Thinking Skills.

High Order Thinking Skillsvery much needed in
the current era of globalization and very much needed
in the learning process becauseHigh Order Thinking
Skillsisthinking process that is not just memorizing and
relaying information. Students are able to solve
problems by maximizing their thinking skills, so they
can practice problem solving skills in new situations
with critical and creative thinking skills (Azzahra et al.,
2020; Daryanti et al., 2019; Imamah et al., 2020; Rasmuin
et al, 2021). Such thinking requires students to be
directed from remembering, understanding, to even
solving complex problems. So it can be concluded that

an important aspect in learning and teaching is the
ability of High Order Thinking Skills (HOTS).

One strategy that can be used to improve students'
High Order Thinking Skills is to apply a learning model
that makes students active. According to Joyce in 1992
the application of learning models will direct students to
obtain information, ideas, skills, and values through the
process of thinking and expressing themselves (Azzahra
et al., 2020).

To encourage students to obtain information, ideas,
skills and values through the process of thinking and
expressing themselves, it is highly recommended to use
the Problem Based Learning (PBL) learning model.
Because the Problem Based Learning (PBL) learning
model requires the process of solving problems as a
focus in learning. Students are trained to analyze
problems further students are guided to compile
questions. Students are trained forreveal temporary
allegations,  collect information and conduct
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investigations, convey results, to evaluate these results.
These activities will train and mature students' ability to
solve high-level problems (Sugianti et al., 2018).

Influence Problem Based Learning Learning Model for High
Order Thinking Skills (HOTS)

The results of the effect size data are used to test the
meta-analysis research hypothesis. The null hypothesis
proposed is that there is no effect of the problem based
learning model on students' high order thinking skills.
The data presented were obtained from the
heterogeneity test. In the heterogeneity test, data were
obtained in the form of Q, p and I values. Q and I values
were heterogeneous values. However, the value of I
indicates the true heterogeneity of the data distribution.
The null hypothesis will be accepted if the p value <0.05.
The results of the heterogeneity calculation are shown in
Table 4.

Table 4. Heterogeneity Test of High Order Thinking
Skills of Students

95% Confidence

Variable Overalls

Lower Upper
Number of Samples (K) 27
Heterogeneity test (Q) 82.54
probability value (p) <0.001 0.50 0.84
Score standard (z) 7.63
Heterogeneity test (1?) 0.13 0.056 0.33
Heterogeneity test (7) 0.36 0.24 0.57
Heterogeneity test (I %) 68.02 4753  84.11
Heterogeneity test (H?) 3.13 1.91 6.29

The results of the analysis showed that the effect
sizes of the 27 studies analyzed were heterogeneous
with a value of Q = 82.54, p <0.001 for a 95% degree of
confidence. Thus, the random effect model is suitable for
measuring the average effect size of the research being
analyzed. The results of the random effect analysis show
that there is a positive correlation between the influence
of the use of problem-based learning models and high
order thinking skills with a value of 0.67 in the medium
category (Becker et al., 2011). In addition, the z score
with a score of 7.63 provides information that there is an
increase in the significance of the use of problem based
learning models for students' high order thinking skills.
The use of problem based learning learning models can
improve students' higher order thinking (Imamah et al.,
2020). The attractiveness of student learning through the
problem-based learning model increases in
understanding the material presented (Gultom et al.,
2021). The results of heterogeneity indicate the influence
of moderator variables on problem-based learning
models in improving students' high order thinking
skills. In addition, based on point estimates and
confidence intervals are shown in Figure 2. The 95%
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confidence level for the lowest and highest values is 0.50
and 0.84. While the average effect size is 0.67 in the
medium category.

J1 } - { 0.20 [-0.29, 0.60)
a2 - 0.02 [-0.26, 0.20)
13 o 0,20 [-0.7, D.TT7)
Ja | - 080 0535, 107)
J —a— 0.27 [-0.248, D88)
! C - 4 0.84 [0.31, 1.37)
17 + - J 0.53 [0.02, 1.04)
15 ¢ - 094 (041, 1.47)
J —G— 1.83 [1.22, 2.44)
ST booo- 0.80 [0.07, 1.13)
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Figure 2. Forest plots

The Effect of Application of Learning Models on High Order
Thinking Skills of Students Based on Education Level

To evaluate the effect of the problem based learning
model on high order thinking skills based on
educational level, calculations were performed on
Combined heterogeneity (Qw) and intermediary
heterogeneity (Qb) Table 5 displays the value of the
moderator variable which measures the effect of the
problem based learning model on high order thinking
skills at the educational level.

The use of problem based learning learning models
for high order thinking skills is found at the elementary,
middle and high school education levels.From the
calculation of the effect size of the influence of the
application of the learning model on the High Order
Thinking Skill of students based on educational level, for
the Elementary School (SD) education level, the effect
size is obtained: 1.10 in the high category; for the
education level of Junior High School the effect size is
obtained: 0.60 in the medium category; and for the level
of senior high school education the effect size is
obtained: 0.55 in the medium category.

Mark p.sobtained is 0.0003 <0.05. These results
indicate that the modellearning problem based learning
on high order thinking skillshas a significant difference
in the average effect size when applied to elementary

410



Jurnal Penelitian Pendidikan IPA (JPPIPA)

school, junior high school and senior high school.
According to Maslakhatunni'mah et al. (2022) generally
the Problem Based Learning learning model can be
implemented starting from the elementary level to the
tertiary level.this is possible because the implementation
aspect of the learning model does not depend on age so
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that it makes it easier for teachers to carry out learning
in the classroom (Rohana, 2020). So it can be concluded
that the application of the Problem Based Learning
learning model to students' High Order Thinking Skills
is not based on their level of education.

Table 5. Effect of Application of Problem Based Learning Learning Model Based on Education Level

Variable Elementary School Junior High School Senior High School
Number of Samples (K) 6 6 15
Heterogeneity test (Q) 14.32 25.62 25.50
probability value (p) 5.32 2.98 5.88
Effect Size (d) 1.10 0.60 0.55
Heterogeneity test (1?) 0.16 0.19 0.06
Heterogeneity test (7) 0.40 0.43 0.24
Heterogeneity test (I %) 67.26 78.46 45.70
Heterogeneity test (H?) 3.05 4.64 1.84
95% Lower 0.69 0.20 0.37
95% Upper 151 0.99 0.73
Qw 66.34
Qb 16.20
P-value 0.0003

The Influence of Application of Learning Models on Students'
High Order Thinking Skills Based on Subjects

Furthermore, to evaluate the effect of the problem-
based learning model on high order thinking skills based
on educational level, calculations are performed on
combined heterogeneity (Qw) and intermediate
heterogeneity (Qb). Table 6 displays the value of the
moderator variable which measures the effect of the
problem based learning model on high order thinking
skills in subjects.

Table 6. Effect of Application of Problem Based
Learning Learning Model Based on Subjects
Variable IPA  Physics

Number of Samples (K) 10 11
Heterogeneity test (Q) 52.46 20.70
probability value (p) 5.02 4.88
Effect Size (d) 0.88 0.58
Heterogeneity test (1?) 0.24 0.08
Heterogeneity test (7) 0.49 0.28
Heterogeneity test (I %) 81.96 52.58
Heterogeneity test (H?) 5.54 211
95% Lower 0.54 0.35
95% Upper 1.23 0.82
Qw 73.16
Qb 0.94
P-value 0.33

The results of the effect size analysis of the effect of
applying the learning model on students' High Order
Thinking Skills based on subjects, the highest average
effect size is 0.88 in science subjects, which is in the high
category. While the average effect size in physics
subjects is 0.58 in the medium category.

Mark p. sobtained is 0.33> 0.05. These results
indicate that the modellearning problem based learning
on high order thinking skills does not have a significant
difference in the average effect size in science and
physics material. In line with research Ulhagq et al. (2024)
Educators play a role in conveying material to foster
knowledge and activeness of students and it is very
important for students to develop thinking skills at a
higher level by activating reasoning power in
understanding concepts related to subject matter and the
realities of life. Also supported by research Azmi et al.
(2021) that the Problem Based Learning model for High
Order Thinking Skills is effectively used in science and
Physics learning because through the problem based
learning (PBL) model students are required to be skilled
at asking questions and expressing opinions, finding
relevant information, looking for various alternative
ways to get solutions, and determine the most effective
way to solve the problem. In other words, students
themselves are responsible for building knowledge in
their minds through scientific activities, the teacher is
only a facilitator. The teacher's role as a facilitator in the
problem-based learning (PBL) model is reflected in the
delivery of problems related to subject matter at the
beginning of learning and students must look for
answers in groups.

Conclusion

Based on data from meta-analysis research results,
several conclusions can be drawn. First, the problem
based learning model has a significant influence on
improving students' high order thinking skills. Second,
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the problem based learning model based on educational
level states that there is a significant influence on
students' higher level thinking abilities. Third, the
problem based learning model based on science and
physics subjects does not have a significant difference in
students' high order thinking skills. This research can be
a reference in using the problem based learning model
as research relevant to students' high order thinking
skills.
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