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Abstract 
The research aims to analyze the global mapping and content on problem-
solving in PBL, DT, and STEM. The database used 764 Scopus articles 
database from 2018-2023. This research uses quantitative methods with 
bibliometric and content analysis techniques. Bibliometrics were analyzed 
using VOSviewer and Microsoft Excel, and the stages were research mapping, 
publication map, thematic analysis, and conclusion. Content analysis was 
conducted on 40 articles specific to higher education. The research results 
obtained: 1) The United States is the country that publishes the most 
articles and influences the topics of PBL, DT, and STEM on PS. 2) research 
related to the topic of PBL developed the most in 2020 on the topic of 
STEM, DT to PS developed in 2021, and the integration of PBL, DT, and 
STEM topics continues to develop until now and is a topic that is still widely 
researched. 3) Research on the topics of PBL, DT, and STEM in universities 
continues to increase every year, with most methods being quantitative. 
4) Research on integrating the three topics of PBL, DT, and STEM has never 
been conducted simultaneously, especially in improving problem-solving. 
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engineering, mathematics (STEM), and design 
thinking learning. STEM-design thinking learning 
design can significantly improve problem-solving 
skills (Chin et al., 2019; Guaman-Quintanilla et al., 
2022; Léger et al., 2020; Phang et al., 2019; Thi-
Huyen et al., 2021; Yalçın & Erden, 2021; Zhou et 
al., 2019)Through the stages of STEM-design thinking 
learning, students are used to constructively build 
knowledge in the environment in groups by exploring 
the problem space. (Guaman-Quintanilla et al., 
2022). In addition, STEM learning, incorporating the 
design thinking process, is the most agreed context 
for enhancing effective science learning in problem-
based learning. (Aydin-Gunbatar et al., 2018).  In PBL, 
students face real, authentic problems in a social 
context for students and follow the material. Thus, 
student activities are no longer listening, recording, 
and memorizing material but instead directed to 
critical thinking, problem-solving, communication, 
collaboration, and creativity (Ratminingsih et al., 
2021). STEM Design Thinking can be applied using PBL 
syntax in its learning.  

Problem-based learning (PBL), design thinking 
(DT), and science, technology, engineering, and 
mathematics (STEM) on problem-solving (PS) skills 
are a growing research trend that supports 21st-
century skills. Problem-based learning is a learning 
model that provides real-world problems to students 
to facilitate learning about critical thinking and 
problem-solving skills to acquire essential knowledge 
and concepts (Darhim et al., 2020). PBL is a student-
centered learning model that guides students in 
group learning through activities such as problem 
analysis, goal setting, resource gathering, idea 
synthesis, and problem-solving experiences (Chueh & 
Kao, 2024); DT is learning that can enhance student 
creativity and foster design interest (He et al., 2023). 
STEM is learning that emphasizes experiential and 
interdisciplinary approaches to real-life problems 
based on knowledge (Şahin et al., 2024).

Bibliometric analysis needs to be done to see how 
far the research trend towards problem-solving needs 
to be done. Bibliometric analysis is an analysis that 
refers to the qualitative and quantitative evaluation 
of a particular research field using mathematics 
and statistical methods to understand the structure 

Introduction 
With increasing social complexity and uncertainty, 
humans face more complex problems in open social 
systems, such as environmental pollution brought 
about by using fossil fuels and safety threats posed 
by genetically modified foods. Thus, problem-solving 
skills are becoming essential to solving complex 
problems in the daily environment. The concept 
of problem-solving skills was first detailed and 
systematically studied by Charles E. Merrill in the 
1950s; Merrill developed a problem-based learning 
model that promoted problem-solving as the primary 
method of acquiring knowledge and skills  (Hung et 
al., 2008). Problem-solving skills are abilities based 
on identifying problems, finding alternative solutions, 
and applying the best solution in a relatively new 
situation (Araiza-Alba et al., 2021; Graesser et al., 
2018; Pinter & Cisar, 2018). Problem-solving skills 
involve cognitive processes such as constructing, 
representing, analyzing data, identifying, planning, 
and searching for solutions, which is an approach 
to achieving meaningful learning (Lu & Xie, 2024; 
Zhou et al., 2019). By mastering these skills, humans 
can overcome real-life problems by applying the 
knowledge they already have and as self-preparation 
in human development to face complex problems 
(Yalçın, 2022).

Researchers have explored the origin of the 
concept of problem-solving skills and discussed 
its definition classification based on their subject 
knowledge, which makes these skills have 
transdisciplinary characteristics (O’neill et al., 2019). 
The academic literature has raised several critical 
theoretical, conceptual, and empirical issues, but 
there has yet to be a consensus. As fragmented yet 
interconnected societal challenges coexist, this skill 
is of paramount importance and requires cooperation 
between different disciplines. (Hou et al., 2022). 
However, problem-solving skills still need to be 
empowered and enhanced in learning. (Machmud 
et al., 2023; Makwakwa et al., 2024). Learning that 
emphasizes problem-solving allows an individual to 
build conceptual and procedural knowledge. (Liu & 
Israel, 2022).

Problem-solving skills can be trained 
transdisciplinaryly through science, technology, 
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of knowledge and explore development trends 
(Bornmann & Leydesdorff, 2014). Bibliometric article 
reviews will be reviewed using seven keywords 
that have been determined. Previous research 
results obtained: 1) There has been research on PBL 
and Problem-solving as conducted by Abesadze & 
Nozadze, (2020), Lonergan et al., (2022), and Prahani 
et al., (2022) (Abesadze & Nozadze, 2020; Lonergan 
et al., 2022; Prahani et al., 2022) but still limited 
to examining the secondary school level, reinforced 
bibliometrics by Chomiak-Orsa et al., (2023) about 
creative problem-solving learning (Chomiak-Orsa et 
al., 2023). 2) Research related to Design Thinking 
and Problem-solving has been conducted by Bertão et 
al. (2023) and VanGronigen et al. (2023), reinforced 
by bibliometrics related to problem-solving but has 
not included design thinking (Bertão et al., 2023; 
VanGronigen et al., 2023). 3) STEM and problem-
solving have been researched by  Braun et al. (2022), 
Sarı et al., (2022), and Scholkmann et al., (2023) but 
have not been reinforced with bibliometrics (Braun et 
al., 2022; Sari et al., 2018; Scholkmann et al., 2023). 
4) Research related to PBL and DT and problem-solving 
has been investigated by Tawfik et al. (2021) but has 
not been strengthened with bibliometrics. 5) PBL 
STEM and Problem-solving have been researched by 
Leijon et al. (2020) and Nguyen (2023) (Leijon et al., 
2020; Nguyen, 2023) But have not been strengthened 
with bibliometrics. 6) Research related to DT STEM 
and problem-solving has been conducted by Ananda 
(Ananda, 2019) But has not been strengthened by 
existing bibliometrics. 7) Research related to PBL, DT, 
STEM, and problem-solving has never been done, and 
no bibliometrics exist.

This research differs from previous research, 
namely the focus on PBL DT STEM and PS, which will 
be carried out in higher education and students; after 
being analyzed bibliometrically, it will be deepened 
in content analysis. Content analysis is obtained from 
keyword reduction, abstracts, and research results 
that use PBL, DT,  STEM, and PS keywords. Bibliometric 
research and content analysis are sourced from the 
Scopus database from 2018-2023. The focus of this 
research is also different from previous research, 
which is fully stated in the following research 
questions: 
1)	 What is the distribution of publications on PBL, 

DT, STEM, and their integration on problem-
solving among countries in the world? 

2)	 What are the research trends related to PBL, DT, 
and STEM topics on Problem-solving? 

3)	 What are the most widely used research methods 
and instruments in PBL, DT, and STEM research on 
Problem Solving in higher education? 

4)	 What are the research results related to PBL, DT, 
and STEM on Problem-solving? 

Method 
The method used in the research is quantitative, 
using bibliometric and content analysis techniques. 
Bibliometric mapping investigates articles about 
Problem-Based Learning, Design Thinking, and STEM 
on problem-solving skills. The bibliometric method 
is divided into four main stages: research mapping 
stage, Problem-Based Learning, Design Thinking, STEM 
publication map stage, thematic analysis stage, and 
conclusion. The first step is data mapping. The author’s 
primary data source is the Scopus database. Scopus 

Fig. 1: Stages of the research method
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was chosen because it is one of the most extensive 
and comprehensive published document indexes, 
contains metadata from reputable journals, and 
supports bibliometric analysis. The document search 
was conducted on August 30, 2023, with the keywords 
“a) PBL+Problem Solving, b) Design Thinking+Problem 
Solving c) STEM+Problem Solving, d) PBL+Design 
Thinking+Problem Solving, e) PBL+STEM+Problem 
Solving, f) Design Thinking+STEM+Problem Solving, 
g) PBL+Design Thinking+STEM+Problem Solving.” The 
bibliometric analysis in this article used inclusion and 
exclusion criteria to select appropriate documents. 
The inclusion criteria are as follows:
1)	 Year of publication: 2018-2023 
2)	 Field area: Social Science 
3)	 Document type: article  
4) 	 Publication stage: final 
5) 	 Language: English. 
6) 	 Source type: journal

Results and Discussion mm
The study’s results obtained 764 articles from the 
scopus.com data source that met the data inclusion 
criteria. The data will be analyzed to see research 
trends for the last six years (2018-2023) using 
bibliometric analysis using VOS Viewer and Microsoft 
Excel. The results obtained include publication 
distribution, research topic trends, and authors who 
do much research related to PBL, DT, and STEM on 
Problem Solving. 

The bibliometric analysis was followed by content 
analysis by filtering articles based on keywords and 

abstracts corresponding to the seven topics described 
in Table 1. The elimination of the first article resulted 
in 94 articles matching each topic keyword. The next 
analysis stage was based on articles that used student 
subjects or higher education. This was intended to 
see learning patterns in higher education that used 
learning strategies using PBL, DT, and STEM to solve 
problems in students. The results of the second 
elimination were 40 articles, which will be analyzed 
regarding the methods, instruments, and research 
results obtained.

The following is a more complex explanation 
in paragraphs: Problem formulations 3.1 and 3.2 
describe bibliometric analysis in detail, and problem 
formulations 3.3 and 3.4 describe detailed content 
analysis.

The distribution of publications on PBL, 
DT, STEM, and their integration into 
Problem Solving among countries
This analysis of PBL, STEM, and DT publications by 
country aims to determine which countries have 
published the most influential articles on these 
topics. Figure 2 illustrates the top ten countries with 
publications on PBL, STEM, and DT topics and the 
integration of these three out of 79 countries.

Figure 2 shows that the United States has the 
most publications, with 160 articles (20.94%). This 
result is based on the bibliometric analysis conducted 
by previous studies, in which the United States has 
always been the largest contributor to publications 
on STEM education.(Gil-Doménech et al., 2020; Zhan 

Table 1: Distribution of articles in bibliometric analysis and content analysis

No Topic Total Scopus Articles

Articles analyzed 
based on keywords 

and abstracts
Articles analyzed at 

the tertiary level
1 PBL and Problem Solving 376 41 17
2 Design Thinking and Problem Solving 213 8 6

3 STEM and Problem Solving 143 32 12
4 PBL, DT, and Problem Solving 7 2 1
5 PBL, STEM, and Problem Solving 7 8 4
6 DT, STEM, and Problem Solving 19 3 0

7 PBL, DT, STEM, and Problem Solving 0 0 0

Total 764 94 40
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that country. Connected lines represent countries’ 
collaborative relationships. The collaboration map 
shows that author collaboration on PBL, STEM, and 
DT topics is active in every country, regardless of 
continent or geographic location. Author research in 
Indonesia indicates that research in Indonesia is read 
and widely developed.

The research trends related to PBL, DT, 
and STEM topics on Problem-solving
Keyword trend analysis is used to determine the 
novelty of a study. Using keyword trends, we can see 
the keywords often appearing in publications by year. 
Figure 4 keyword trends in PBL, STEM, DT, and PS 
publications. 

Fig. 4: Keywords on PBL, DT, STEM, and  
PS research topics

Based on Figure 4, the color shows the average 
number of publications per year (Donthu et al., 
2021). Bluish indicates keywords used in early years, 
while yellow indicates keywords appearing in recent 
publications. Classifying keywords can be considered 
as themes or subthemes of an article (Gunawan 
et al., 2022). Based on the bibliometric analysis, 
Problem-Based Learning is still widely used as the 
most researched topic in 2020, followed by research 
topics related to STEM, Design Thinking, and Problem-
Solving, which was widely carried out in 2021 and is 
still growing. PBL is a research that is still widely 
carried out and supported by DT, STEM, and Problem-
solving variables, which continue to show the latest 
research trends. More information about the trend of 

et al., 2022). Indonesia follows with 149 articles 
(19.50%), Turkey and Malaysia with 59 articles (7.72%), 
Australia with 42 articles (5.49%), Taiwan with 28 
articles (3.66%), China with 26 articles (3.40%), United 
Kingdom with 24 articles (3.14%), Denmark with 20 
articles (2.61%), and Germany with 18 articles (2.35%). 
Next, we analyzed the characteristics of publications 
on PBL, DT, and STEM topics based on the research 
collaboration map between countries. Figure 3 shows 
the research collaboration map between countries 
with Vosviewer software.

Fig. 3: Distribution of PBL, DT, STEM, and PS 
Publications across Countries

Based on Figure 3, only 31 countries (39.24%) met 
the criteria of at least five publications, resulting in 
8 color-coded clusters. The United States has the 
most collaborative publications. The largest sphere 
indicates this. Each sphere represents a country 
name; the larger the node, the more citations from 

Fig. 2: Distribution of PBL DT STEM to PS 
Publications across countries
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integration of PBL, STEM, and DT based on keywords 
can be seen in Figure 5.

Based on Figure 5, Author keyword analysis is 
essential to determine the scope and main research 
themes related to PBL, DT, and STEM Education. There 
were 2090 author keywords among the 764 database 
articles, but only 33 met the minimum threshold of 8 

co-occurrences. In Figure 5, the most used keyword is 
“problem-based learning.” This keyword is integrated 
with other keywords. The keywords “problem-based 
learning” can be integrated with the keywords 
“STEM” and “Design thinking.” This means combining 
PBL learning, STEM, and design thinking can be done 
because they come from the same learning theory. 
PBL learning, STEM, and Design thinking are learning 
that comes from constructivist learning (Balakrishnan, 
2022; Guaman-Quintanilla et al., 2022; Rao et al., 
2022).

Research methods and instruments used 
in PBL-DT STEM research on Problem-
Solving in higher education
The results of the bibliometric analysis, followed 
by the content analysis, obtained 40 articles, 
fully presented in Table 2. The characteristics of 
publications included in the systematic review 
include authors, year, country, educational stage, 
study design, and instrument.

Table 2. Publication characteristics of PBL, DT, STEM against PS

No Authors Year Country
Educational 

stage Study Design Instrument

1 Mosely G., Wright N., & Wrigley C 2018 Australia Student of 
University 

Qualitative Interview
Observation

2 Feehily. R 2018 England Student of 
University 

Qualitative Case Study

3 Darhim., Prabawanto. S., & Susi-
lo.B

2019 Indonesia Student of 
University 

Quantitative Test

4 Suryanti. S., Heru. H.. & Supeni S 2019 Indonesia Student of 
University 

Qualitative Test, Interview, 
Observation

5 Hong Y. C., Choi I 2019 USA Student of 
University 

Quantitative Questionnaire 

6 Alan B., Zengin F.K., Keçeci G 2019 Turkey Pre service 
teacher

Quantitative Test

7 Susbiyanto. S., et al 2019 Indonesia Student of 
University 

Quantitative Questionnaire 

8 Leijon J.,et al 2020 Sweden Student of 
University 

Quantitative Test

9 Chamidy.T., Degeng. I., Ulfa. S 2020 Indonesia Student of 
University 

Quantitative Test, Questionnaire 

10 Nahdi. D., et al 2020 Indonesia Pre service 
teacher

Quantitative Test

Fig. 5:  Keyword analysis
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No Authors Year Country
Educational 

stage Study Design Instrument

11 Henriksen. D., Gretter. S., & Rich-
ardson. C

2020 USA Student of 
University 

Qualitative Interview

12 Liso. V 2020 Denmark Student of 
University 

Qualitative Interview

13 Zimmerman R., Maker C., Alfaiz F 2020 Saudi 
Arabia

Student of 
University 

Qualitative Test, Observation

14 Alfaiz F., Pease R., Maker C 2020 Saudi 
Arabia

Student of 
University 

Quantitative Questionnaire 

15 Priemer. B., et al 2020 Germany Teacher Mix method Framework

16 Stehle S., Peters-Burton E. 2020 USA Teacher Mix method Assessment Rubric 

17 Dmitrenko N., Dolia I., & Nikolae-
va S

2020 Ukraine Student of 
University 

Quantitative Test

18 Rehmat A.P., & Hartley K 2020 Las Vegas Student of 
University 

Quantitative Test

19 Tawfik. A., et al 2021 North 
Georgia 

Teacher Qualitative Interview

20 Bistulfi G. 2021 USA Student of 
University 

Mix method Test, Questionnaire 

21 Lin. C., Tu. H 2021 Taiwan Student of 
University 

Qualitative Interview, observa-
tion

22 Salgado-Chavarría & Pala-
cios-Alquisira

2021 Mexico Student of 
University 

Qualitative Observation, litera-
tur review

23 Wang C 2021 Taiwan Pre service 
teacher

Mix method Interview, Observa-
tion, test

24 Vidad D., & Quimbo M 2021 Philippines Student of 
University 

Quantitative Test

25 Crichton. M., Crichton. H.,& 
Colville. G

2022 England Student of 
University 

Qualitative Open Questionnaire 
and Close Question-
naire 

26 Rofik. A., et al 2022 Indonesia Pre service 
teacher

Quantitative Test

27 Braun. I., Langner.A., & Graulich. 
N

2022 Germany Student of 
University 

Qualitative Observation, Inter-
view

28 Sari. U., et al 2022 Turkey Pre service 
teacher

Quantitative Test

29 Su. K 2022 Taiwan Student of 
University 

Quantitative Test

30 Yilmaz. G 2022 Turkey Student of 
University 

Qualitative Case Study

31 Wynn. C 2022 USA Student of 
University 

Qualitative Interview

32 Amanda F., et al 2022 Indonesia Student of 
University 

Quantitative Test
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Based on the year of publication, they are grouped 
as follows: 2018: 2 articles, 2019: 5 articles, 2020: 11 
articles, 2021: 6 articles, 2022: 7 articles, 2023: 9 
articles. The number of articles still being researched 
from year to year indicates that research related to 
problem-solving in PBL, DT, and STEM is still being 
carried out, and the interest related to research on 
these topics is large. The highest research interest 
was in 2020, with 11 publications; research from 
2020 to 2023 continued to increase the number of 
publications. Based on the research countries, they 
are grouped as follows: UK: 2 articles, Denmark: 3 
articles, Vietnam: 1 article, Indonesia: 7 articles, 
West Georgia: 1 article, Sweden: 1 article, America: 
6 articles, Germany: 2 articles, Turkey: 4 articles, 
Thailand: 1 article, Taiwan: 3 articles, Saudi Arabia: 
2 articles, Korea: 1 article, Australia: 1 article, 
Mexico: 1 article, Ukraine: 1 article, Las Vegas: 1 
article, Malaysia: 1 article, Philippines: 1 article. 
These results indicate that research related to PBL, 
DT, and STEM is still developing well globally and is 
still a trend widely conducted in Indonesia. Indonesia 
contributed the most articles conducting research in 
higher education from general students and student 
teachers. This indicates that PBL, DT, STEM learning, 
and their integration are widely used in education. 

Based on the research methods used, 20 articles 
(50%) used quantitative methods, 16 articles (40%) 
used qualitative methods, and four articles (10%) 
used mixed methods. The data shows that research 
in higher education focuses on the effect of applying 
PBL, DT, and STEM learning models on problem-solving 
skills. In addition, it looks at students’ perceptions 
of the model/method/approach used to empower 
students in problem-solving. Based on the instruments 
or measuring instruments, there are various 
measuring instruments to find out how to improve 
problem-solving, including tests, observations, 
interviews, questionnaires, and documentation. The 
most widely used instrument is using tests. The test 
is an instrument measured by adjusting aspects and 
indicators to the research variables to provide more 
valid and reliable results.

Research results related to PBL, DT, and 
STEM on Problem-solving
The research results obtained variable results on 
as many as three topics, namely the integration 
of PBL+DT+STEM, which has been researched in 
empowering problem-solving, multidisciplinary PBL, 
DT, STEM, and research paradigm framework. The 
complete results are described in Table 3. 

No Authors Year Country
Educational 

stage Study Design Instrument

33 Huang. X 2022 Malaysia Pre service 
teacher

Quantitative Test

34 Scholkmann. A., Stegeager.N.,& 
Miller R.K

2023 Denmark Student of 
University 

Qualitative Questionnaire 

35 Nguyen T 2023 Vietnam Teacher Quantitative Questionnaire 

36 DeWaters.J., & Kotla. B 2023 USA Student of 
University 

Quantitative Test, Questionnaire

37 Khwaengmek V., & Faikhamta C 2023 Thailand Pre service 
teacher

Quantitative Questionnaire 

38 Bertão R.A., et al 2023 Korea Employees Qualitative Documentation, 
literature review, 
observation

39 Toker S., & Akbay T 2023 Turkey Pre service 
teacher

Quantitative Survey

40 Guerra A., Nørgaard B., & Du X 2023 Denmark Student of 
University 

Qualitative Observation
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a.  PBL+DT+STEM integration on PS 
Problem Problem-based learning is a learning mod-
el that provides real-world problems to students by 
constructing their knowledge to facilitate learning 
about critical thinking skills and problem-solving to 
acquire important knowledge and concepts (Darhim 
et al., 2020; Liso, 2020; Nahdi et al., 2020). PBL is 
constructive learning that is divided based on con-
structive knowledge (cognitive) and socially con-
structive (Darhim et al., 2020; Sri Suryanti & Supeni, 
2019; Susbiyanto et al., 2019). Design Thinking (DT) is 
a design program that allows looking at solutions from 
the point of view centered on the needs of people 

from various cultural, economic, historical, and polit-
ical backgrounds. (Hong & Choi, 2019; Mosely et al., 
2018) DT is constructivist learning, where learning is 
based on experience that can develop students’ cog-
nitive ability to solve a design. Student involvement 
in learning includes activeness, asking questions, pro-
jecting, planning, and redesigning solutions in Design 
Thinking steps, which can improve students’ prob-
lem-solving skills. (Chin et al., 2019; Guaman-Quin-
tanilla et al., 2022; Léger et al., 2020; Thi-Huyen 
et al., 2021; Yalçın & Erden, 2021). Students’ in-
volvement in the creative process greatly influences 
achieving learning objectives at the Design Thinking 

Table 3: Thematic analysis coding on the research result
Variable Specific coding References Frequen-

cy 

PBL+DT+STEM 
integration on PS 

PBL and Problem Solving (Amanda et al., 2022; Chamidy et al., 2020; Crichton et al., 
2022; Darhim et al., 2020; Dmitrenko et al., 2020; Feehily, 
2018; Guerra et al., 2023; Lin & Tu, 2021; Liso, 2020; Nahdi 
et al., 2020; Rofik et al., 2022; Salgado-Chavarría & Pala-
cios-Alquisira, 2021; Sri Suryanti & Supeni, 2019; Susbiyanto 
et al., 2019; Toker & Akbay, 2022; Wang, 2021; Wynn, 2022)

17

Design Thinking and 
Problem Solving 

(Bertão et al., 2023; DeWaters & Kotla, 2023; Henriksen et 
al., 2017; Hong & Choi, 2019; Mosely et al., 2018; Yilmaz, 
2022)

6

STEM and Problem 
Solving 

(Alan et al., 2019; Alfaiz et al., 2020; Bistulfi, 2021; Braun 
et al., 2022; Huang et al., 2022; Khwaengmek & Faikhamta, 
2023; Peters-burton & Stehle, 2019; Priemer et al., 2020; Sari 
et al., 2018; Scholkmann et al., 2023; Stubbs et al., 2018; 
Vidad & Quimbo, 2021)

12

PBL, DT, and Problem 
Solving 

(Tawfik et al., 2021) 1

PBL, STEM, and 
Problem Solving 

(Leijon et al., 2020; Rehmat & Hartley, 2020; Su, 2022; 
Thi-Huyen et al., 2021)

4

Multidisciplinary of  
PBL,DT,STEM 

Interdisciplinary dan 
multidisciplinary 

(Alan et al., 2019; Alfaiz et al., 2020; Bistulfi, 2021; Braun 
et al., 2022; Chamidy et al., 2020; DeWaters & Kotla, 2023; 
Feehily, 2018; Glaze, 2018; Huang et al., 2022; Khwaengmek 
& Faikhamta, 2023; Leijon et al., 2020; Mosely et al., 2018; 
Peters-burton & Stehle, 2019; Priemer et al., 2020; Rehmat 
& Hartley, 2020; Sari et al., 2018; Scholkmann et al., 2023; 
Soysal, 2022; Su, 2022; Thi-Huyen et al., 2021; Vidad & Qui-
mbo, 2021; Zimmerman et al., 2020)

21

Framework research 
of PBL+DT+STEM+PS

Application of integrated 
PBL+DT+STEM learning 
model to improve prob-
lem-solving skills

(Alan et al., 2019; Bertão et al., 2023; Chamidy et al., 2020; 
Henriksen et al., 2017; Priemer et al., 2020; Su, 2022; Tawfik 
et al., 2021; Yilmaz, 2022)

8
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step. (Guaman-Quintanilla et al., 2022) Design Think-
ing helps students explore problems without creating 
hypotheses and theories. It allows students to gain an 
intuitive understanding by observing the situation and 
synthesizing information into different points of view 
(Balakrishnan, 2022; Chin et al., 2019; Guaman-Quin-
tanilla et al., 2022). The problems faced by students 
are usually related to issues faced by society, such 
as water quality (Léger et al., 2020), environmen-
tal problems (Balakrishnan, 2022; Rao et al., 2022; 
Thi-Huyen et al., 2021; Yalçın & Erden, 2021), ecosys-
tems, and energy (Chin et al., 2019), product packag-
ing (Yang & Hsu, 2020), construction, agriculture, and 
natural disasters (Clark et al., 2020). This is certainly 
very related to Design Thinking learning because the 
purpose of the Design Thinking learning model is to 
find solutions to problems facing society (Balakrish-
nan, 2022; Calavia et al., 2021; Guaman-Quintanilla 
et al., 2022; Kijima & Sun, 2020; Thi-Huyen et al., 
2021; Yang & Hsu, 2020). 

STEM is a learning approach to integrate the spe-
cialized knowledge and skills of one discipline with 
at least other STEM disciplines; many better products 
emerge as a result of bringing together different dis-
ciplines (Alan et al., 2019). STEM is essential learning 
for dealing with the complexities and challenges of 
the world and for solving real-world problems (Zim-
merman et al., 2020). STEM is a discipline that relies 
on external representations to understand scientific 
concepts and phenomena (Braun et al., 2022). STEM 
focuses on physical Computing, which can contrib-
ute to the development of students’ entrepreneurial 
thinking and produce the necessary tools for national 
development and industrialization in their future ca-
reers (Sari et al., 2018). STEM uses constructivist and 
cognitivist in its learning (Braun et al., 2022). 

Based on the research that has been studied, 
learning using PBL alone or purely produces three 
types of research results, namely, PBL significantly 
increases PS (Ahdhianto et al., 2020; Ahdhianto & 
Istiq’faroh, 2020; Argaw et al., 2017; Asogwa et 
al., 2021). PBL can improve PS, although it does 
not increase significantly (Chen et al., 2022). In 
addition, PBL cannot improve students’ PS (Carriger, 
2016). In this study, some previous researchers also 
combined PBL with other learning models, including 

complexity science, flipped PARSER, AMES test, 
TPACK, collaborative learning, small groups, role-
play, SMART, POE, character emphasis, contextual 
learning, local tribal tradition (handed), PjBL, 
and independent learning (Calavia et al., 2021; 
Glaze, 2018). The results showed that using PBL in 
combination improved students’ PS. The combination 
of PBL with other learning models, technologies, and 
learning approaches has proven to be able to attract 
the interest, motivation, and ability of 21st-century 
students to solve given problems (Raman et al., 2024) 
PBL combined with DT STEM in the literature review 
can train problem-solving because it is disciplined 
and departs from the same theory. PBL is a learning 
model that is already good at improving problem-
solving; integrated with DT STEM further strengthens 
practicing problem-solving.

b.  �Multidisciplinary PBL, DT, STEM on 
Problem Solving 

21 of the 40 articles selected used integration of 
multiple disciplines. Not only integration in STEM+PS 
(12 articles), PBL+STEM+PS, or those that use STEM 
integration in learning. But also on the integration of 
PBL+PS and DT+PS, this indicates that not only in the 
STEM approach, which in theory and practice uses the 
four disciplines of Science, Technology, Engineering, 
and Mathematics but PBL and DT learning also raise 
the integration of various disciplines in empowering 
problem-solving. PBL uses cross-disciplines given 
to the problem to be solved using engineering, 
technology, and mathematics to produce a product 
from the expected problem. 

In addition, specific to the learning of Natural 
Sciences is taught in an integrated manner with some 
modeling of science learning (Fogarty, 2009). Science 
is also an integration of the disciplines of physics, 
chemistry, and biology, so it is interdisciplinary. 
Multidisciplinary is inherent in the STEM approach, 
which integrates Science, Technology, Engineering, 
and Mathematics. STEM strongly embodies 
interdisciplinarity in science learning, where the 
integration of disciplines (multidisciplinary) produces 
better products that can realize real value by 
combining theoretical knowledge of physics, biology, 
chemistry, and mathematics with technological and 
engineering practices (Alan et al., 2019). Learning 
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skills in language arts, science, math, and technology 
and applying those skills and concepts in an integrated 
manner will exercise their creative problem-solving 
ability to propose innovative solutions to persistent 
problems (Zimmerman et al., 2020).

c.     Framework research of PBL+DT+STEM+PS
Based on Figure 6. the relationship between PBL, 
DT, and STEM to problem-solving is described. In 
the research of Chamidy et al. (2020) (Chamidy et 
al., 2020) Problem-based learning is divided into 
five stages, namely 1) Identification of problems: 
Identifying problems based on real life. The first 
stage relates to the problem-solving aspect, namely 
recognizing that a problem exists. 2) Organizing 
the student: Students and the group will discuss 
related experimental designs for problem-solving.  
The second stage is related to the problem-solving 
aspect of establishing an understanding of the nature 
of the situation. 3) Monitoring and investigation: 

students will be guided to collect data/information, 
look for explanations, and find solutions to solve 
problems. The third stage is related to the problem-
solving aspect of planning a solution. 4) Development 
and presentation of problem-solving results: Students 
will make reports and results from discussions with the 
group as a solution to the problem. The fourth stage 
is related to the problem-solving aspect of carrying 
out the solution. 5). Problem-solving process analysis 
and evaluation: Students will be guided to analyze 
and re-evaluate the solutions they have made. The 
fifth stage is related to the problem-solving aspect 
of monitoring and evaluating progress throughout the 
activity. 

Research by Henriksen, et al (2020), Bertão R.A., 
et al (2023), Yilmaz. G (2022) (Bertão et al., 2023; 
Henriksen et al., 2017; Yilmaz, 2022) the stages of 
design thinking are divided into five stages, namely: 
1) Empathize: at the empathize stage, there will be 

Fig. 6: Framework penelitian pada PBL, DT, STEM terhadap Problem Solving
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a deep understanding of the problem and match the 
conditions of everyday life to better understand and 
use feelings in understanding the problem. The first 
stage relates to the problem-solving aspect, namely 
recognizing that a problem exists. 2) Define: reorganize 
or redefine the problem according to scientific 
thinking. The second stage is related to the problem-
solving aspect of establishing an understanding of the 
nature of the situation. 3) Ideate: Each team member 
has their thoughts (divergent thinking); in this case, 
the team must narrow down each thought related 
to existing solutions (convergent thinking). These 
two thoughts will produce a creative solution to the 
problem. The third stage relates to the problem-
solving aspect of planning a solution. 4) Prototype: 
The solution obtained based on the results of each 
member’s ideas will be realized in the form of a 
prototype. The fourth stage is related to the problem-
solving aspect of carrying out the solution. 5). Test: 
After the prototype is made, it will be taken for 
testing. The prototype from each team will be given 
input and feedback, and then each team will refine 
and complete the prototype. The fifth stage is related 
to the problem-solving aspect of monitoring and 
evaluating progress throughout the activity. Research 
by Alan B. et al. (2019) related to STEM learning using 
disciplines: 1) Science: when prospective teachers 
are faced with a program and must explore/get to 
know the program in the field of science. In science, 
disciplines are related to problem-solving aspects, 
namely recognizing that a problem situation exists 
and establishing an understanding of the nature of 
the situation. 2) Technology: Most of them still need 
to improve their ability to operate a technological 
tool, and when problems arise, they help each other 
to find solutions. In the discipline of technology, it 
is related to the problem-solving aspect of planning 
a solution. 3) Engineering: Together with the team, 
study the program and find out the correct concept so 
that everything is clear in the future. In engineering, 
it relates to the problem-solving aspect of carrying 
out solutions 4) Mathematics: adjusting features to 
run as expected, then evaluating so that features 
run more perfectly with mathematical calculations. 
In the discipline of mathematics, it is related to the 
problem-solving aspect of monitoring and evaluating 

progress throughout the activity. Based on the 
explanation above, problem-based learning, design 
thinking, and STEM separately can empower problem-
solving skills, as evidenced in each stage as being 
sustainable with problem-solving aspects. In addition 
to research separately, research conducted jointly has 
been carried out, namely PBL+DT on Problem-solving 
(Tawfik et al., 2021). The stages used the design 
thinking method in PBL learning to improve problem-
solving skills. PBL+STEM research on problem-solving 
(Su, K, 2022) uses the stages of Analyzing, designing, 
developing, implementing, and evaluating. PBL+ DT 
and PBL+STEM research on problem-solving are all 
sustainable problem-solving (Priemer et al., 2020). In 
research in higher education, joint research between 
DT+STEM has yet to be conducted; this is supported 
in Figure 4 that the topic of DT +STEM is a new topic 
that is still being developed today. In addition, 
the simultaneous integration of PBL+DT+STEM on 
problem-solving has yet to be done simultaneously. 

Conclusion
Based on the formulation of the problem and the 
results of the discussion, it can be concluded: 1) The 
United States is the country that publishes the most 
articles and has the most influence on PBL, DT, and 
STEM research on Problem-Solving. The United States 
also has the most research collaborations. 2) Research 
related to PBL topics developed the most in 2020 on 
the topic of STEM, DT to PS developed in 2021, and 
the integration of PBL, DT, and STEM topics continues 
to develop until now and is a topic that is still widely 
researched. 3) In research on the topics of PBL, DT, 
and STEM in universities, research related to these 
topics continues to experience an increase every 
year. Indonesia has the most research articles on the 
integration of PBL, DT, STEM, and PS topics in higher 
education. The most widely used research method 
is quantitative research, which aims to improve the 
professionalism of prospective teachers from various 
disciplines. The most widely used instruments in 
research are test instruments and questionnaires. 4) 
The integration research of the three topics of PBL, DT, 
and STEM has never been researched simultaneously, 
especially for Problem-Solving empowerment. 
These topics are also constructivist and cognitivist 



Annisa Nur Khasanah, et al. : Mapping the Integration of Problem Based Learning, Design Thinking, and STEM for 
Problem-Solving Skills: A Bibliometric and Content Analysis

166 	 International Online Journal of Education and Teaching,  ISSN - 2148-225X - Apr - Jun 2026

learning, so they can improve and train problem-
solving that is packaged with multidisciplinary. The 
research framework of PBL, DT, and STEM can be 
proven to empower problem-solving skills, whether 
implemented separately or together. These findings 
will provide a better understanding of the state of 
PBL, DT, STEM research on Problem Solving and 
hopefully inform future research ideas
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