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Abstract (12-point, bold)

Studies on mathematics education research methodologies should advise future researchers on
best practices. Unfortunately, this study is scarce. This study examined the diversity of research
types, research subject, mathematics topics, research variable, data collection tools, test design,
data analysis method, and learning media in articles published in Scopus, ERIC, and Garuda
databases of mathematics educational journals in 2018. 22 articles were evaluated in this
content analysis study. The results showed that the most type, quantitative, research subject,
topic chosen in mathematics, research variable, data collecting tools, type of design, data
analysis techniques, and learning media were quasi-experimental design, VIII junior high
school students, three-dimensional shape, problem-solving, test sheet, pretest-posttest, t-test,
video. In conclusion, flipped classroom mathematics research papers have grown, with the
maximum number in 2022. Based on this study's results, several suggestions have been made
for further research on flipped classrooms of creative, critical, and problem-solving abilities.
These include diversifying study types and using more accurate data analysis methods.
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Introduction

Technology had grown rapidly in recent years (Duan et al., 2019; Garrido, 2012; Paschenet al.,
2019; Prakash et al., 2013; Soc et al., 2020). Technology allows computers to learn from
experience and perform tasks which previously only humans could do that (Riedl, 2019;
Zanzotto, 2019). In many industries, technology had brought higher efficiency and productivity,
as well as improved service quality for customers (Li et al., 2022; Ostrom et al., 2019; Xu et
al.,2020). As a human being, we need the ability to survive in technology era (Ormerod, 2021).
Individuals with strong psychosocial competence are more likely to enhance their chances of
survival (Bhat & Aminabhavi, 2011, Sukenti et al., 2021). According to WHO in (Joynes et al.,
2019), creative thinking, critical thinking, and problem-solving were skills needed to have
psychosocial competence. The United Kingdom's teacher and elsewhere are being urged to
encourage student's creativity in all course material subjects, including mathematics, because
creativity is that personal activity aim on producing a new thing and unpredictable, thus
fostering creativity with guidance could help to raise the learner's character growth
(Sriwongchai, 2015). The innate ability to think critically is not inherent in students, and their
previous educational encounters may not have necessitated such thinking, so it means that
educators who aim to incorporate this skill into their instructional practices must first exemplify
the behaviour thus students must acquire the ability to think critically before they can effectively
employ it in various content scenarios (Ebiendele Ebosele Peter, 2012). Colombia University
students may arrange multi-assignment projects in computer design, business networking, and
mathematical function systems using critical thinking (Facione, 2011). Students may use their
multi-disciplinary skills to problem-solving in these multi-projects (Y anuarto & Hapsari, 2022).
Individuals must master mathematics creative thinking(MCeT), critical thinking(MCiT), and
problem-solving(MPS) skills to compete in the worldwide competition of the twenty-first
century (Setiana et al_, 2021).

Improving in creative thinking (Alkhatib, 2019; Maharani, 2014; Sari et al., 2018;
Yayuk et al.,2020), critical thinking (Aizikovitsh-Udi & Amit,2011; Alkhatib, 2019; Ebiendele
Ebosele Peter, 2012), and problem-solving (Alkhatib, 2019) skills in mathematics was needed
effective learning models (Sanders, 2016; Simanjuntak et al., 2021). One of effective learning
models is flipped classroom because it can improve MCeT, MCIT, and MPS skills in
mathematics (Al-Zoubi & Suleiman, 2021; Atwa et al., 2022; Azizah et al., 2022; Puspitasari
etal.,2020; Ramadhani et al., 2020; Wei et al., 2020). The learning sessions are broken up into
two different types under the flipped classroom model: individual learning sessions and face-
to-face sessions with the teacher (Bergmann, J., & Sams, 2012). Students have a greater degree
of flexibility in terms of the rate at which they study and how they use their time when they
participate in independent learning sessions, which provide them the ability to make their own
use of learning materials (Horn & Staker, 2012; Vogelsang et al.,2019).

In international and national research, several studies on flipped classroom of MCeT, MCiT,
and MPS skills are founded, notably in the context of mathematical education. Studies that
examine the effects of media learning (Ariani et al., 2022; Tabieh & Hamzeh, 2022), another
study discuss about learning challenges in flipped classroom to improve critical thinking
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(Yuliana et al., 2022). The correlation between flipped classroom of MCeT, MCiT, and MPS
and other measures of academic success has also been investigated (Chang et al., 2020; Widya
Pratama, 2019). However, none of the studies reviewed the research information that has been
conducted.

The use of content analysis on many scientific journals data in Scopus, The Education
Resources Information Centre (ERIC), and Garba Rujukan Digital (Garuda) databases which
was published from 2018 to 2023, the purpose of the present research was to gather data on
several papers that discussed flipped classroom of MCeT, MCiT, and MPS skills. The following
topics were specifically addressed by this study: (1) How was the trend of the number of
research on flipped classroom of creative thinking, critical thinking, and problem- solving skills
from year to year? (2) How were the various study methods used to examine flipped classroom
of MCeT, MCiT, and MPS skills? (3) What was the utilization of diverse research designs in
quantitative research to explore flipped classroom of MCeT, MCiT, and MPS skills? (4) Who
was the most frequent to be subject in the research flipped classroom of MCeT, MCiT, and
MPS skills? (5) What was the subject matter employed to examine the academic performance
of students on flipped classroom of MCeT, MCiT, and MPS skills? (6) What were the data
collecting tools used by the researchers to measure flipped classroom of MCeT, MCiT, and
MPS skills? (7) What was the most frequent type of test design and learning media used to
investigate flipped classroom of MCeT, MCiT, and MPS skills? (8) What were types of test
design usually used on flipped classroom of MCeT, MCiT, and MPS skills? (9) What data
analysis techniques did the researchers employ to analyze the flipped classroom of MCeT,
MCiT, and MPS skills? (10) What was the most frequently learning media that used on flipped
classroom of MCeT, MCiT, and MPS skills? (11) What is the accuracy of researchers in using
good data analysis methods and techniques on flipped classroom of MCeT, MCiT, and MPS
skills?

This study differs from previous ones that focused on the skills of MCeT, MCiT, and
MPS in mathematics due to the utilization of the flipped classroom treatment in certain
components. The present investigation centered on comprehensive articles that were published
between 2018 and 2023, inclusive of Scopus, ERIC, and Garuda databases. The present study
was dedicated to examining several articles that centered on the implementation of the flipped
classroom approach in the context of developing MCeT, MCiT, and MPS skills. Thirdly,
diverse parameters were employed as the basis for conducting content analysis.

Methods

The study utilized content analysis as its primary methodology, with a specific focus on
analysing findings from various scientific journals that were indexed in Scopus, ERIC, and
Garuda. The research method employed was comparable to the ones utilized by Fauzi &
Pradipta, 2018; Susetyarini & Fauzi, 2020; Turmuzi et al., 2023.

Data Sources
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The data was collected through a content analysis of articles related to mathematics education,
utilizing a specific keyword: (1) flipped classroom; and (2) mathematics critical thinking skill
or mathematics creative thinking skill or mathematics problem-solving skill in Scopus, ERIC,
and Garuda databases on April 2023 which was published from 2018 to 2023. Scopus is one of
credible database in the world. ERIC is an internet-based repository of educational research and
information, supported by the Institute of Education Sciences (IES) within the United States
Department of Education. Garuda is the database that created by Indonesian Central
Government.

Inclusion & Exclusion

All the literature acquired during the identification phase was reviewed and chosen as the main
research using two criteria, namely inclusion and exclusion. The inclusion criteria in this review
are: (1) journal or academic proceeding; (2) related to flipped classroom and mathematics
critical thinking or creative thinking or problem-solving skills; (3) published in January 2018
to April 2023; (4) in mathematics education scope. The exclusion criteria in this review are: (1)
not journal and academic proceeding; (2) not related to flipped classroom and mathematics
critical thinking or creative thinking or problem-solving skills; (3) not published from January
2018 to April 2023; (5) not mathematics education scope.

Study Selection Process

By using keyword TITLE-ABS-KEY("flipped classroom") AND TITLE-ABS-
KEY ("mathematics" or "mathematical) AND TITLE-ABS-KEY("critical thinking" or
"creative thinking" or "problem-solving") in Scopus, there was 44 papers. Then, by using
keyword "flipped classroom" AND (mathematics OR mathematical) AND ("creative thinking"
OR 'critical thinking" or "problem-solving") in ERIC, there was 70 papers. By using keyword
related to flipped classroom and mathematics critical thinking skill or mathematics creative
thinking skill or mathematics problem-solving skill in English term and Indonesian term, in
Garuda, there was 15 papers. After removing duplicate articles, unavailable articles, and papers
that did not match the inclusion criteria, twenty-two papers were acquired for content analysis.

Research Instruments

The research employed a content analysis guide to examine relevant features (refer to Table 1).
This study involved the assessment of up to nine distinct elements for the purpose of conducting
content analysis. The aforementioned factors encompassed various aspects such as the annual
publication count, research types, quantitative research types, research subjects, mathematical
topics chosen for the studies, research variables, data collection instruments, test design types,
data analysis methods, and learning media. The categories for components (1), (5), and (10)
were not selected initially due to the absence of prior studies that could have served as a
reference point for determining the constituents of these categories. Additionally, there was a
possibility of the emergence of excessively broad categories following the content analysis of
certain articles. Furthermore, the establishment of component categories (2), (3). (4), (6), (7),
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(8), and (9) preceded the process of data collection. Table 1 displays the categories, which have

been derived from previous studies by Fauzi and Pradipta (2018), Susetyarini and Fauzi (2020),

and Turmuzi et al. (2023), with certain alterations. Data Analysis

Each data from the articles that have been collected will be included in the analysis component.

Abstract, methods, and discussion parts will be the main considerations in this selection. Then,

the results will be entered in the form of a bar chart.

Table 1. The Components and Categories used for Content Analysis in the Study

Component Categories
Type of Al-Quantitative A4-Class Action Research (CAR)
research A2-Qualitative AS5-Mixed Method
A3-Research and Development A6-Literature Study
(R&D)
Type of B 1-Observation studies (OS) B5-True experimental designs (TED)
Quantitative  B2-Correlational research (CR) B6-Quasi-experimental designs (QED)
Research ~ B3-Survey research (SR) B7-Ex post facto designs (EPFD)
B4-Pre-experimental designs
(PED)
Research ~ C1-VII grade junior high school ~ C5-XI grade SHS students (XI)
subject (JHS) students (VII) Co6-XII grade SHS students (XII)
C2-VIII grade JHS students C7-Undergraduate/pre-service teacher
(VIID (C8-Others
C3-1IX grade JHS students (IX)
C4-X grade senior high school
(SHS) students (X)
Research ~ D1-Creative thinking skill D3-Problem-sol ving skill
Variable D2-Critical thinking skill
Data E1-Questionnaire sheet E4-Interview sheet
Collection  E2-Observation sheet E5-Unidentified
Instruments  E3-Test sheet
Type of Test F1-Pretest-posttest
Design F2-Posttest Only
Data G1-Mean/SD G8-MANOVA
Analysis  G2-Frequency/Percentage G9-MANCOVA
Techniques  G3-Gain score/N-Gain G10-Correlation

G4-T-test
G6-ANOVA
G7-ANCOVA

Gl1-Regression
G12-Factor analysis
GI13-Non-parametric tests
G14-Others
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Results

Trend of Publications

The trend of publications that were published throughout a certain time period provided an
indication of the amount of relevant research that was carried out during that time. Based on
the graphical representation in Figure 1, it can be inferred that scholarly articles pertaining to
the evaluation of flipped classroom with MCeT, MCiT, and MPS research have been accessible
since 2018.

Mumber of Papers

[

2018 2019 2020 2021 2022 2023

‘fear of Publication

Figure 1. Flipped Classroom Trend in the Quantity of Educational Studies in MCeT, MCiT,
and MPS Skills

There was a certain shift pattern that occurs in the number of annual publications, which
continues to increase from 2019 to 2022. The observed trend of a rising number of publications
on flipped classrooms that incorporate creative thinking skills, critical thinking, and problem-
solving skills indicates a notable increase in the number of researchers who are actively
exploring higher-order flipped classrooms with these skills. However, the research of flipped
classrooms with these skills was decreasing in 2023 inferred that researchers are not yet of
flipped classrooms with these skills have been published in scientific journals before April
2023.

Types of Research

The various approaches that might be used in the research are referred to as "types of research.".
Based on the chart in Figure 2, most of the types of research used were quantitative with 16
articles, followed by literature study and mixed method with two articles, and one research and
development article. No one has done qualitative research and classroom action research on this
topic.
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20

Total

1]
— B K
Quantitative  Qualitative R&D CAR Mixed Literature
Methaod Study

Types of Research

Figure 2. The Distribution of Research Types that Used on Articles of Flipped Classroom of
Mathematics MCeT, MCiT, and MPS Skills.

Types of Quantitative Research

Quantitative research involves the systematic collection and analysis of numerical data in order
to test a hypothesis or identify patterns and correlations within the data. Quantitative Research
is most of the types of research used on this topic. There are several types of quantitative
research. Figure 3 shown that a quasi-experimental design is the most widely used type of
quantitative research, as many as 15 times. Followed by pre-experimental design three times
and true-experimental design once. While other types of research do not yet exist.

Research Subjects

The empowerment of flipped classroom in MCeT, MCiT, and MPS skills was students to be
target from junior high school to highest educational levels.

Figure 4 depicts the variety of study subjects in the research articles that were analyzed for this
study. According to the graph in Figure 4, the research subjects most commonly utilized in the
22 publications evaluated were VIII junior high school students (27.27%). After VIII junior
high school students, the second most common study subjects were VII junior high school
students (18.18%). The third most common study subject, there were three study subjects as
follows: X senior high school students, XI senior high school students, and undergraduate
(13.64%).
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Types of Quantitative Research

Figure 3. The Distribution of Quantitative Research Types that Used on Articles of Flipped
Classroom of Mathematics MCeT, MCiT, and MPS Skills.

30.00% 27.27%

20.00%

10.00%

Percentage

0.00%

Research Subject

Figure 4. Research Subject in Select Educational Studies with A Primary Focus on Flipped
Classroom of MCeT, MCiT, and MPS Skills.

Research Discussion Material

Mathematics is one of scientific disciplines with various subjects. Some topics are deemed
simple while others remain challenging for students. Several publications deviated from the
analysis by focusing on a single topic, whereas other sources highlighted multiple topics.
Based on Figure 5, multiple topics in mathematics were chosen to pilot the researcher in
the school with the superior topics in mathematics was three-dimensional shape (21.43%) to
know the effectiveness flipped classroom of MCeT, MCiT, and MPS skills. By researcher, to
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pilot the research based on Figure 5 can use to be reference in research study. The frequent
mathematics topics were Three-dimensional shape (21.43%), Algebra (14.29%), and Integral
(14.29%) to assess students in flipped classroom of MCeT, MCiT, and MPS skills.

25.00%

20.00%

14.29% 14.29%

15.00%

10.00%

Percentage

5.00%

0.00%

Mathematics Topics

Figure 5. Mathematics Topics in Educational Researches in Flipped Classroom of MCeT,
MCiT, and MPS Skills

50.00%

40.00%

30.00%

Percentage

20.00%

20.83%

10.00%

0.00%
Creative thinking skill Critical thinking skill Problem-solving skill
Research Variable

Figure 6. Rescarch Variables of Flipped Classroom as Main Concern

Research Variables
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A number of studies, each of which was used a different set of factors in researcher
investigations. The diversity research variables are presented in Figure 6. According to the trend
in Figure 6, studies that investigated problem-solving skill (50%) in flipped classroom were the
most prevalent. The second and the third skills to be the research variables are critical thinking
skill (29.17%) and creative thinking skill (20.83%), respectively.

Data Collection Instruments

Data collection instruments mean tool to gather information on substantially identical items.
Because there are only 2 literature studies, then test sheet is the most chosen tool on this topic,
as many as 19 times. Questionnaire sheet and observation sheet was used once. Also, interview
sheet was used 2 times and there were 2 articles that wasn’t tell what instrument to use. This
information shown in Figure 7.

20

Total

Questionnaire Observation Test sheet Interview sheet  Unidentified
sheet sheet

Data Collection Instruments

Figure 7. The Distribution of Data Collection Instrument that Used Articles of on Flipped
Classroom of Mathematics MCeT, MCiT, and MPS Skills

Type of Test Design

Based on Figure 8, there were only 2 types of test designs used, namely pretest-posttest (15)
and posttest only (4). It was indicate that pretest-posttest was commonly used in the research of
articles reviewed.

Data Analysis Techniques

Data analysis techniques is the process of extracting useful information by analysing data. In
Figure 9, data analysis techniques that used on article of flipped classroom of mathematics
MCeT, MCiT, and MPS skills was shown. The most utilized data analysis techniques were t-
test (8), N-gain (4), ANOVA (4), and MANCOVA (4). Besides that, percentage, correlation,
regression, and factor analysis were not found in any articles.

10
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Total

Pretest-posttest Posttest only

Type of Test Design

Figure 8. The Distribution of Test Design Type that Used on Articles of Flipped Classroom
of Mathematics MCeT, MCiT, and MPS Skills

8

Total

AL S @fﬁ 6@\@0@

<

Data Analysis Techniques

Figure 9. The Distribution of Data Analysis Techniques that Used on Articles of Flipped
Classroom of Mathematics MCeT, MCiT, and MPS Skills.
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60.00%

% 40.00%
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T
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20.00%
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Videos Android Apps ChatApps Learning Augmented
Management Reality
Systems
Media
Figure 10. Learning Media Used
Learning Media

Learning media to assess students’ MCeT, MCiT, and MPS in flipped classroom shown in
Figure 10. Based on Figure 10, the most frequent used to be learning media was videos
(63.16%). The second learning media of this focus study is Android Apps (10.53%), Chat Apps
(10.53%), and Learning Management Systems (10.53%). In addition, Augmented Reality
(5.26%) is the most rarely founded in research study throughout 2018.

Discussion

Data Analysis Techniques

This study showed positive results in the selection of test designs conducted by the researchers
because quasi-experiments using the post-test only design were not recommended. According
to Krishnan (2019), quasi-experiments using a post-test only design have low inference power,
easily threatened internal validity, and uncontrollable external variables. Unfortunately, in the
selection of data analysis techniques, it shows negative things. According to Susetyarini &
Fauzi (2020), ANCOVA is strongly recommended than t-test for quasi-experiments using the
pretest-posttest design. In this study, it shows that the t-test is the one that is widely used than
ANCOVA or MANCOVA. ANCOVA is very useful in eliminating uncontrolled external
variables. Based on this study, the recommendation for the next researcher is using ANCOVA
if using quasi-experimental design in a pretest-posttest .

Media — Type of Research

Flipped classroom of mathematics MCeT, MCiT,and MPS really needs media, especially video
because it is used the most for media learning (see Figure 10), but it was contrary with type
research used rarely (see Figure 2) is Research and Development (R and D). Making video to
use in flipped classroom of mathematics MCeT, MCiT, and MPS is very challenging (Voogt et

12
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al., 2013) such as the content quality, easier to understand, etc. In other hand, to make video
learning firstly researchers have to do R and D. According to Fatahillah et al., 2020 R and D is
needed in effective and valid learning media. In this study, the recommendation for the next
research uses R and D on the type of research in the flipped classroom of creative, critical
thinking, and problem-solving skills.

Conclusion (14-point, bold)

Research articles in the subject of mathematical education that were published in Scopus, ERIC,
and Garuda were used for the content analysis research in this study. The publications trend in
tlipped classroom of creative thinking, critical thinking, and problem solving skills since 2018
has the highest number appeared in 2022. There was a diversity of research types, research
subject, topics in mathematics, research variable, data collecting tools, type of test design, data
analysis method, learning media used in the various articles. The quantitative method of
research was the one that appeared in published publications the most often. Quasi-
experimental design, VIII junior high school students, three-dimensional shape, problem-
solving, test sheet, pretest-posttest, t-test, video were the most research in quantitative, research
subject, topic chosen in mathematics, research variable, data collecting tools, type of design,
data analysis techniques, learning media respectively that often be chosen.
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