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Abstract: Education is the road to sustainability, creating the appropriate environment for learners
to socialize and acquire knowledge and skills for the 21st century. This study reviews 53 studies
on Science, Technology, Engineering, and Mathematics (STEM) learning activities from 2011 to
2020. In the past last 10 years, STEM education has gained attention, and little is known about
how researchers designed and implemented learning activities. This systematic review based on
activity theory reveals that STEM learning activities mostly involved elementary students in all
STEM disciplines, with a sample size from 1 to 50. STEM learning activities emphasize mixed tasks,
evaluating mixed learning outcomes with three STEM disciplines. Researchers mostly preferred
project-based learning and problem-based learning methods, lasting from 9 to 24 weeks under teacher
guidance with no rewards. This study revealed that most STEM activities were implemented in
the classroom. Finally, the most often-used tools were mixed hardware. The quiz is the most often
utilized in STEM activity. Major understudied areas that can be investigated by future studies are
also revealed in depth. The results and implications for future studies are also discussed in detail.

Keywords: STEM education; science; technology; engineering; mathematics; systematic review;
activity theory

1. Introduction

School is the best environment for learners to socialize and develop numerous abilities
and competencies significant for sustainable development [1]. Sustainable development
can be achieved through education as a learning domain, which is considered significant
and fundamental for achieving the sustainable development goals (SDGs) [2]. Therefore,
the United Nations Educational, Scientific, and Cultural Organization (UNESCO) rec-
ommends teaching Science, Technology, Engineering, and Mathematics (STEM)-related
subjects in the 21st century for sustainable development [3]. The goal of education is to
guarantee that students obtain the theoretical and practical knowledge for sustainable
development by 2030 [4]. The SDGs seek to address and overcome global challenges and
hence require that everyone possess the skills and competencies that can be engaged for
current transformations [3].

The skills required in the 21st century include not only knowledge in school subjects
but also all-around knowledge and skills of human development [5]. These skills include
critical thinking, communication, creativity, and collaboration [3,5]. These are required
skills to make students effective workers. Skills such as creativity, critical thinking, collab-
oration, computer thinking, and problem-solving [6] are for learning that is focused on
helping students develop their mental processes [2]. Literacy skills such as reading and
writing also include understanding of digital usage with skills such as information literacy,
technology literacy, consuming information, and life skills such as leadership, productivity,
flexibility, and social skills. These competencies and skills can be achieved by engaging
students in Science, Technology, Engineering, and Mathematics (STEM) learning activities.
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STEM education has become crucial for social, cultural, and economic development in
the 21st century. It has led to the rising interest in research, and stakeholders are interested
in incorporating STEM into education [7,8]. STEM education can be referred to as a means
to integrate all the four disciplines into learning [9]. Similarly, Sanders [10] also suggests
that STEM learning activities should include at least two of the subject domains or compare
one of the STEM subjects to other subject domains. STEM education involves student
inquiry and problem-based, and project-based learning approaches that allow instructors
to help learners improve their skills for the 21st century [11]. According to Freeman and
colleagues [12], STEM education focuses on advancing students” problem-solving skills,
knowledge, and creative abilities. The purpose of STEM education is closely related to
education for sustainable development. Both STEM education and sustainability hinge on
education that is aimed at critical thinking, problem-solving skills, and knowledge from a
local to global perspective [13,14]. The skills acquired through STEM education are referred
to as the measurement of countries’ preparedness for the future [7]. Skill development is
one of the major aims of education. Even though there are numerous studies on STEM
education, it would be valuable to have up-to-date knowledge on how researchers design
and implement STEM learning activities.

The learning materials and methods implemented in STEM activities are significant
to arouse student interests, engagement, and learning outcomes. Donmez [15] posits that
determining which learning tools or materials to employ in STEM activities is confusing for
educators, such as whether to use simple materials or robotic kits. However, it is important
but challenging to sustain students’ interest and positive emotions towards STEM learning
and career. Designing activities based on content and pedagogy can be a challenging task,
as determining the right materials to help students solve real-life problems [16], and the
activity design process is sometimes time-consuming [17]. However, this is dependent
on the availability of teaching and learning materials, student levels, and the goals of the
STEM activity.

Furthermore, there is limited literature concerning the appropriate time for STEM
activities [15]. For instance, a review on augmented reality (AR) in science, technology;,
engineering, and mathematics indicated that preparing materials created challenges for
teachers due to its time-consuming nature [18]. Due to these challenges, different frame-
works have been proposed such as botSTEM by Dufranc [7] for inquiry and engineering.
Therefore, there is a need to investigate the trends in duration used in STEM literature. In
addition, to the best of our knowledge, there is a lack of studies that adopted activity theory
as a framework to analyze STEM learning activities. Activity theory includes duration as
part of an activity design.

Activity theory (AT) is a framework based on the idea that “doing precedes think-
ing, goals, images, cognitive models, intentions, and abstract notions like definition and
determinant”, which develop as a result of practical engagement [19]. The original AT
framework is an analytical framework where the entire work of activity is broken into com-
ponents of subject, tool, object, rules, community, and division of labor by Engestrom [20].
The revised AT framework of Sung et al. [21] includes the following components: the
subject is the participant in the study, the object is the intended activity, the rule is the
standards or conditions that regulate the activity, the tool is the mediating device, the
context is the learning setting, and interaction/communication is how the subjects interact
during the activity.

Most of the existing STEM literature reviews have focused on instructional methods
or learning outcomes. Other studies report trends in several publications according to
journals, subject areas, or specific educational levels (such as K-12, college, and /or grad-
uate). However, there is no systematic review on how STEM education activities were
implemented. There is a lack of studies giving a systematic review of the current growth
rate of STEM education activities in the last 10 years. Moreover, there is no comprehensive
review of STEM activity that covers all educational levels. Our literature search found
that no STEM review study adopted activity theory as a framework. Therefore, this study
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aims to conduct a comprehensive and systematic review of the current status of STEM
learning activities based on activity theory. STEM education activities are usually focused
on solving real-life problems that are necessary for sustainable development.

Due to the lack of systematic analysis of STEM education activities in the last 10 years,
this study has the following goals: (a) to provide a systematic analysis and statistical
information about how STEM education activities from 2011 to 2020 were designed and
implemented; (b) to propose a STEM education activity framework based on activity
theory; (c) to provide comprehensive information on the main elements of activities in
STEM education based on an activity theory-based framework; (d) to identify areas in
the last 10 years research concerning STEM education disciplines and variables that are
understudied; and (e) to suggest areas of STEM education activity research and practices
for further investigation. With the above purpose, this review identified the different
elements in STEM activities based on the activity theory framework. Through the growth
rate analysis, this review discovered STEM education disciplines and areas that received
less attention from 2011 to 2020. The question is, how were STEM education activities
conducted in the last 10 years? To answer this question, six sub-questions were formed:

RQ1: Who participated in STEM activities during the last 10 years?

RQ2: What objects were investigated in STEM activities during the last 10 years?

RQ3: What kinds of rules were employed in STEM activities during the last 10 years?

RQ4: What were the major learning contexts in STEM activities during the last
10 years?

RQ5: How do learners interact in STEM activities during the last 10 years?

RQ6: What kinds of tools were mainly utilized in STEM activities during the last
10 years?

By answering the above research questions, this systematic review presents trends in
STEM learning activities to accelerate the sustainability of STEM education at all education
levels. The findings could reinforce educators in developing more learning strategies
to engage students to increase sustainable learning perceptions. Moreover, STEM pro-
cesses could be adopted in other learning subjects such as science in sports [22], language
learning [23], and business management [24], to mention a few. Consequently, learners
will become global problem solvers and agents of change as they are trained through
learning methods such as inquiry-based learning and frameworks such as Education for
Sustainability Development (ESD).

The rest of the paper is as follows. Section 2 describes the systematic process from data
collection to analysis. Section 3 reports the results of the retrieved research sample based on
the adopted activity-theory-based framework. Section 4 discusses the results of the study
by expounding the research subjects, learning domain, the activity rules, learning contexts,
mode of interaction, and the tools or materials used for the STEM learning activities.
Section 5 summarizes the main findings, contributions, limitations, and recommendations
for future studies.

2. Methods

The systematic review procedure was used for retrieving and analyzing the research
foci for this review [19]. The review process involved data collection, selecting main the
literature, quality assessment of the literature, data extraction, and synthesis.

2.1. Data Collection

To achieve the purpose of this study, a systematic review process began with a liter-
ature search by querying Scopus and Web of Science Core Collection databases [25]. We
limited our search to STEM education activities (search date: 2 to 28 January 2021). The
keywords and connectors applied to the literature searches included “STEM AND Learning
activities”, “STEM education”, and “STEM education AND Science, Technology, Engineer-
ing, and Mathematics learning activities”. The period of studies examined [26] was from
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2011 to 2020. A search result of 7546 papers in total was found, of which 4474 papers were
retrieved from Web of Science and 3072 papers were obtained from Scopus.

2.2. Inclusion and Exclusion Criteria

The next stage involved the following exclusion and selection criteria to identify
studies that engaged learners in a STEM learning activity. All three authors collaborated
to apply the criteria adopted from Yeh et al. [25]: (a) exclusion of papers not related to
STEM education (n = 4016); (b) exclusion of STEM education literature that did report
learning activities (n = 3100); (c) removal duplicate papers that were found (n = 24);
(d) removal of non-journal articles (literature review, meta-analysis, conference papers,
editorials, commentaries, and position papers, n = 88); and (e) inclusion of journal research
papers that describe a designed STEM education activity. This stage of the review process
reduced the number of papers from 7546 to 318 papers. The entire paper selection process
is presented in Figure 1.

Web of Scopus
science 3072
4474 papers papers

\ 4

7546 papers

7728 papers were discarded as not meeting the following inclusion criteria:

Dirrelevant to STEM education (n = 4016)
(@STEM education without reporting activity (n = 3100)

(@Duplicated papers (n=24)
@Non-journal papers: review, meta analysis, conference etc. (n=88)

318 papers

\ 4

265 papers did not report six components of activity theory (n=265)

53 papers

Figure 1. Diagram for the sample selection process.

2.3. Quality Criteria

The next step of the process involved examining the quality of the remaining 318 pa-
pers. Quality in this study is defined as how well the research was designed and exe-
cuted [25]. Further screening of the remaining papers resulted in discarding 265 papers.
These were STEM education papers that did not report how the learning activity was
designed and how it was executed [27]. At the end of this stage, 53 articles were retrieved.
Among the 53 research papers retrieved based on the inclusion criteria, there was no study
found for the year 2013. The distribution of the selected 53 literature studies from 2011 to
2020 is illustrated in Figure 2 and the analytical data is presented in Appendix A.
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Figure 2. The distribution of 53 retrieved literature studies from 2011 to 2020.

2.4. Data Analysis Framework

The selected 53 papers were analyzed based on the activity theory framework, which
was developed as a guide for the data analysis. The activity theory framework for this
study has been adopted in previous studies such as [19,28]. The framework was revised
further to suit the purpose of this study and can be seen in Figure 3. Table 1 shows the
coding scheme. The six elements included:

e  The research, subjects being the sample for the selected studies, include sample level
and sample size.

e  Objects, being the goal of STEM activity, include learning domains, task types (e.g., in-
quiry, simulation, and problem-solving), and learning outcomes.

e  The rules or norms that were utilized for effective facilitation of STEM learning activity
include methods, teacher involvement, duration, and reward method.
The context of the STEM activities refers to the learning setting.
The interaction includes interactive types and participant interaction.
The tools that were used include software, hardware, and functionalities.

Tools

13 Hardware
. |14 Software
|15 Functionality

Subjects Objects

1 School level 10 Learning domain
2 Sample size N |11 Task types
"\ |12 Learning outcomes

Rules

3 Method Context Interaction

4 Teacher involvement | | | | )
: | . | - |8 Interaction types
5 Duration | |7 Learning Context | | : g X .
i i | . |9 Participant interaction
6 Reward 3 i | %

Figure 3. A framework for STEM learning activity based on activity theory.
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Table 1. The coding scheme.

Elements Super-Dimensions

Sub-Dimensions

Sample level

Subjects

RGN

Kindergarten (3-6)
Elementary school (6-12)
Middle school (12-15)
High school (15-18)
College/University (18-22)
Mixed

Sample size

LI

1-50

51-100
101-300

More than 300
Not Specified

Learning domains

NGk LN

Science

Technology

Engineering

Mathematics

Two disciplines

Three disciplines

More than three disciplines

Objects Task types

PN UT W=

Inquiry

Simulation
Investigation

Issue Discussion
Problem-solving
Engineering design
Knowledge acquisition
Mixed

Learning outcomes

LS N

N @

Learning achievements

Thinking Skills

Spatial skills

Learning perceptioins (such as
satisfaction/attitudes/motivation)
Learning engagement
Self-learning ability

Mixed

Methods

AL .

Program-based learning
Project-Based Learning
Problem-based learning
Inquiry-based Learning
Research-Based Learning
Mixed

Teachers’ involvement

N o=

Guidance
Without guidance

Rules

Duration

NGk wLh =

Less than one day
1-7 day

2-4 weeks

5-8 weeks

9-24 weeks

More than 24 weeks
Not Specified

Reward methods

N o=

Individual rewards
Group rewards
No rewards
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Table 1. Cont.

Elements Super-Dimensions Sub-Dimensions

Museum/Science center/theatre
In classroom

After-school club/program

Lab

Workplace

Summer camp

Out-door place

Context Learning setting

NGk =

Face-to-face interaction
Technology-mediated interaction
Blended interaction
Exhibit-mediated interaction

Interaction types

LS.

Interaction
With teachers

With family members

With group members

With group members + With teachers
Mixed

Participant interaction

ISUE I

Electrical Materials
Recyclable Materials
Computers
Booklets/workbooks
Smart phones

Mixed

No hardware

Hardware

NG L=

Online learning platform orwebsite
Arduino
Arduino + Scratch
3D design software +Arduino
VR + AR + Arduino6. Simulation
Software software (such as PhET)
6. 3D design software (such as Tinkercad,
CAD)
7.  Game
No software
Unspecified

SUESIC

Tools

o

Collaborative creation
Scaffold
Quiz + scaffold

Quiz

Functionalities

Ll

In addition, the current review included the growth rate of the 53 research papers
retrieved from 2011 to 2020. To obtain the initial value and ending value for the growth
rate of 10 years period, we analyzed the number of studies in first five years (2011 to 2015)
and second five years (2016 to 2017) [29].

2.5. Inter-Rater Reliability

To ensure that the reliability of the data coding and results, two researchers were
involved to analyze 53 papers. The Fleiss” Kappa [30] statistics were used to calculate the
inter-rater reliability between two raters and it achieved 0.89, indicating a high reliability.
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3. Results
3.1. Who Participated in STEM Activities during the Last 10 Years?

Table 2 shows the proportions of sample level and sample size from 2011 to 2020. It
was found that the number of studies that focused on learners from the elementary level
was the greatest from 2011 to 2020. The majority of the studies that involved elementary
students were published in 2019 and 2020. Next to the elementary level were studies
that involved middle school students, forming the second largest component of the total
sample, followed by mixed participants. For instance, Jesionkowska et al. [31] involved
both elementary and middle school level students in STEM learning activities. Within the
category of studies that involved mixed student levels, most involved were elementary
and middle school students, followed by middle and high school students, and only one
study involved elementary, middle, and high school students. As shown in Table 2, it was
interesting to discover that kindergarten and college students were the least engaged in
STEM activities. In addition, most papers (51%) employed a sample size in a range of 1 to
50, followed by 101-300. Only 6 out of the 53 articles reported studies employed a number
greater than 300.

Table 2. The proportions of sample level and sample size from 2011 to 2020.

Variable Category No. of Studies Proportion of Studies
Sample level Kindergarten 1 2%
- Elementary school 20 38%
- Middle school 11 21%
- High school 8 15%
- College/University 3 6%
- Mixed 10 18%
Sample size 1-50 27 51%
- 51-100 9 17%
- 101-300 11 21%
- More than 300 6 11%

The growth rates of sample level and sample size are shown in Table 3. It was found
that studies that involved middle school students reached the highest growth rate (900%),
followed by mixed participants (300%) and elementary school students (200%). In addition,
studies that involved a sample size of 1 to 50 achieved the highest growth rate (700%),
followed by the sample size range of 101 to 300 (350%), and then studies that involved the
sample range of 51 to 100 (250%).

Table 3. The growth rate of sample level and sample size from 2011 to 2020.

Variable Category 2011-2015 20162020 Growth Rate

Sample level Kindergarten 0 1 NA

- Elementary school 5 15 200%

- Middle school 1 10 900%

- High school 3 5 66.67%

- College/University 0 3 NA

- Mixed 2 8 300.00%
Sample size 1-50 3 24 700%

- 51-100 2 7 250%

- 101-300 2 9 350%

- More than 300 3 3 0

3.2. What Objects Were Investigated in STEM Activities during the Last 10 Years?

To answer the second research question, the learning domains, task types, and learning
outcomes of STEM activities are analyzed in depth. As shown in Table 4, a popular
trend in the past 10 years was to integrate subjects from all the STEM domains (59%).
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This was followed by studies that integrated subjects from three STEM domains such
as integrating science, engineering, and technology found in [32]. Other studies also
integrated subjects from one or two STEM domains. For instance, Boeve-de Pauw and
colleagues [33] integrated technology-related subjects for elementary school students in
a study to determine their attitudes towards technology. Furthermore, Table 5 shows the
growth rate from 2011 to 2020. It was found that STEM activities with three disciplines
achieved the highest growth rate (600%), followed by more than three disciplines (420%).

Table 4. The proportions of objects in STEM education activities from 2011 to 2020.

Variable Category No. of Studies Proportion of Studies
Learning domains Science 6 11%
- Technology 1 2%
- Engineering 1 2%
- Mathematics 0 0%
- 2 Disciplines 6 11%
- 3 Disciplines 8 15%
- More than three 31 59%
Task types Inquiry 2 4%
- Simulation 8 15%
- Investigation 0 0%
- Issue discussion 0 0%
- Problem-solving 2 4%
- Engineering design 14 26%
- Knowledge acquisition 3 6%
- Mixed 24 45%
Learning outcomes Learning achievements 10 19%
- Thinking Skills 6 11%
- Spatial skills 1 2%
- Learning perceptions 8 15%
- Learning engagement 0 0%
- Self-learning ability 3 6%
- Mixed 25 47%
Table 5. The growth rate from 2011 to 2020.
. 2016-
Variable Category 2011-2015 2020 Growth Rate
Learning domains Science 3 3 0
- Technology 0 1 NA
- Engineering 0 1 NA
- Mathematics 0 0 NA
- 2 Disciplines 1 5 400%
- 3 Disciplines 1 7 600%
- More than three 5 26 420%
Task types Inquiry 1 1 0
- Simulation 1 7 600%
- Investigation 0 0 NA
- Issue Discussion 0 0 NA
- Problem-solving 0 2 NA
- Engineering design 2 12 500.00%
- Knowledge acquisition 1 2 100.00%
- Mixed 3 21 600.00%
Learning outcomes Learning achievements 2 8 300.00%
- Thinking Skills 0 6 NA
- Spatial skills 0 1 NA
- Learning perceptions 2 6 200.00%
- Learning engagement 0 0 NA
- Self-learning ability 0 3 NA
- Mixed 6 19 216.67%
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With respect to task types, the majority of studies employed mixed learning tasks
(45%), followed by engineering design (26%), then simulation (15%). Furthermore, the
results indicated that from 2011 to 2020, only a few of the studies had the primary objective
of involving learners in problem-solving and knowledge acquisition tasks. Lastly, studies
with inquiry tasks were the least common of the sample literature reviewed in this study.
Furthermore, the growth rate of simulation and mixed tasks achieved the highest (600%),
followed by engineering design (500%).

With regard to learning outcomes, the results indicated that mixed learning outcomes
accounted for the largest proportion (47%), followed by learning achievements (19%). For
instance, Kuo and colleagues [34] involved university students in mixed subjects and
investigated learning motivation, self-efficacy, joyfulness of learning, and creativity as
learning outcomes. However, no studies have been conducted to investigate learning
engagement in STEM activities. Furthermore, the growth rate of learning achievements
reached the highest (300%), followed by mixed learning outcomes (216.67%).

3.3. What Kinds of Rules Were Employed in STEM Activities during the Last 10 Years?

As shown in Table 6, the adopted learning methods included program-based learning,
project-based learning, problem-based learning, inquiry-based learning, research-based
learning, and mixed learning methods. It was found that most studies implemented
project-based learning method (49%), most of which were in the second 5 years or 10 years,
followed by problem-based learning, then inquiry-based learning. Lastly, minimal frequen-
cies of studies were found to implement research-based learning methods (4%). Table 7
shows the growth rate of rules from 2011 to 2020. It was found that the project-based
learning method achieved the highest growth rate (450%), followed by problem-based
learning (350%).

Table 6. The proportions of rules implemented in STEM educational Activities from 2011 to 2020.

Variable Category No. of Studies Proportion of Studies
Methods Program-based learning 3 5%
- Project-Based Learning 26 49%
- Problem-based learning 11 21%
- Inquiry-based Learning 8 15%
- Research-Based Learning 2 4%
- Mixed 3 6%
Teacher involvement Guidance 52 98%
- No guidance 1 2%
Durations Less than one day 9 17%
- 1-7 days 9 17%
- 2-4 weeks 4 8%
- 5-8 weeks 9 17%
- 9-24 weeks 14 26%
- More than 24 weeks 3 6%
- Not Specified 5 9%
Reward methods Individual rewards 0 0%
- Group rewards 1 2%
- No rewards 52 98%

With respect to teacher involvement, the results revealed that almost all studies
involved teacher guidance. Hence, 98% of studies were found to involve guidance, and
only 2% did not include teacher guidance. An in-depth analysis revealed that studies with
teacher guidance surged from 2016 to 2020, and the growth rate achieved was 377.78%.

Concerning durations, the majority of studies engaged students for 9 to 24 weeks,
such as [32,35,36]. Next were studies that engaged learners in STEM activities within a day
and 1 to 7 days. For example, Ozcan et al. [37] engaged 33 middle school participants in a
program-based activity for 12 lesson hours. Few studies were found to implement STEM
activities for 2 to 4 weeks or more than 24 weeks. In terms of the growth rates associated
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with different durations, the findings revealed that less than one day reached the highest
growth rate (700%), followed by 9-24 weeks (500%). Regarding the reward methods, it was
found that only one study adopted group reward.

Table 7. The growth rate of rules from 2011 to 2020.

Variable Category 20112015 2016-2020  Growth Rate
Methods Program-based learning 0 3 NA
- Project-Based Learning 4 22 450%
- Problem-based learning 2 9 350%
- Inquiry-based Learning 3 5 66.67%
- Research-Based Learning 0 2 NA
- Mixed 0 3 NA
Teacher involvement Guidance 9 43 377.78%
- No guidance 1 0 —100%
Durations Less than one day 1 8 700%
- 1-7 days 0 9 NA
- 2-4 weeks 2 2 0
- 5-8 weeks 3 6 100%
- 9-24 weeks 2 12 500%
- More than 24 weeks 0 3 NA
- Not Specified 2 3 50%
Reward methods Individual rewards 0 0 NA
- Group rewards 1 0 NA
— No rewards 10 42 320%

3.4. What Were the Major Learning Contexts in STEM Activities during the Last 10 Years?

To analyze the learning contexts employed in STEM activities, learning settings were
investigated in depth. As shown in Tables 8 and 9, the results revealed that most STEM
activities were implemented in the classroom, which was found in 69% of the literature
with a growth rate of 725%. Few studies reported out-of-school programs such as after-
school programs or clubs or summer camps or workplaces, which have gained researchers’
attention in the last 5 years, such as [38—41].

Table 8. The proportions of learning settings from 2011 to 2020.

Variable Category Sl\tIL(l)(.iioefs Proportion of Studies
Learning settings ~ Museum or Science center or theatre 2 4%
- In classroom 37 69%
- After-school club or program 7 13%
- Lab 3 6%
- Workplace 1 2%
- Summer camp 2 4%
- Outdoor place 1 2%

Table 9. The growth rate of settings implemented in STEM education activities from 2011 to 2020.

Variable Category 2011-2015  2016-2020 Glr{‘;‘:’eth
Learning setting ~ Museum or science center or theater 1 1 0
- In classroom 4 33 725%
- After-school club or program 4 3 —25%
- Lab 0 3 NA
- Workplace 0 1 NA
- Summer camp 1 1 0
- Outdoor place 0 1 NA
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3.5. How Have Learners in STEM Activities Interacted during the Last 10 Years?

Tables 10 and 11 show the proportions and the growth rates, respectively, of how par-
ticipants interacted from 2011 to 2020. With regard to interaction types, it was found that a
great number of the studies adopted face-to-face interaction (81%). For example, Li et al. [8]
engaged elementary students in a face-to-face interaction activity with a mixed task type.
Furthermore, face-to-face interaction achieved the highest growth rate (875%). In addition, a
few studies employed blended interaction in STEM activities [42—44]. Only Master et al. [45]
implemented a technology-mediated interaction with elementary-level participants.

Table 10. The proportions of how participants interact from 2011 to 2020.

. No. of Proportion of
Variable Category Studies Studies

Interaction types Face-to-face interaction 43 81%
- Technology-mediated interaction 1 2%
- Blended interaction 9 17%
Participant interaction With teachers 5 9%
- With group members 8 15%
- With group members and teachers 40 75%

Table 11. The growth rate of how participants interacted from 2011 to 2020.

Variable Category 2011-2015 2016-2020  Growth Rate
Interaction type Face-to-face interaction 4 39 875%
) Techn.ology—rpedlated 0 1 NA
interaction
- Blended interaction 6 3 —50%
Participant interaction With teachers 3 2 —33.33%
- With group members 1 7 600%
) With group members and 6 3 466.67%

teachers

According to the results, the majority of STEM activities involved both student-to-
student interaction and student-to-teacher interaction (75%). For example, a study by
Adriyawati and colleagues [46] engaged elementary-level participants in a project-based
learning activity that allowed students to interact with each other and the teacher(s) as
support. In addition, few studies involved only student-to-student interaction at a high
school level [47,48]. However, the growth rate of student-to-student interaction achieved
the highest one (600%), followed by both student-to-student interaction and student-to-
teacher interaction (466.67%). The lowest participant interaction strategy used was students
interacting with a teacher such as [35]. Most of the interactions with only teachers were
elementary level students, except in [44], which involved high school students.

3.6. What Kinds of Tools Were Mainly Ultilized in STEM Activities during the Last 10 Years?

Tables 12 and 13 show, respectively, the proportions and growth rate of tools utilized
in STEM activities from 2011 to 2020. The findings revealed that most employed mixed
hardware such as electric, recyclable tools, and natural materials (e.g., magnets, solar
panels, consumables) and electrical materials. To illustrate, [49] utilized regular textile
materials (such as fabric, thread, and markers) and conductive/computational materials
(such as LEDs, conductive thread, sewable microcontroller with sensors and sound buzzer)
in an engineering design that involved high school participants. Few studies were found to
use computers, booklets/workbooks, smartphones, or no hardware. In addition, recyclable
materials achieved the highest growth rate (1000%), followed by mixed hardware (600%).
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Table 12. The proportions of tools utilized in STEM activities from 2011 to 2020.

. No. of Proportion of
Variable Category Studies Studies
Hardware Electrical Materials 15 28%
- Recyclable Materials 12 22%
- Computers 3 6%
- Booklets/workbooks 3 6%
- Smart phones 1 2%
- Mixed 16 30%
- No hardware 3 6%
Software Online learning platform or website 6 11%
- Arduino 2 4%
- Arduino + Scratch 1 2%
- 3D design software +Arduino 1 2%
- VR + AR + Arduino 1 2%
- Simulation software (such as PhET) 5 9%
- 3D design software (such as CAD) 7 13%
- Game 1 2%
- No software 27 51%
- Not specified 2 4%
Functionality Collaborative creation 1 2%
- Scaffold 7 13%
- Quiz + scaffold 1 2%
- Quiz 43 81%
- Not specified 1 2%

Table 13. The growth rate of tools utilized in STEM activities from 2011 to 2020.

Variable Category 2011-2015 2016-2020 Growth Rate
Hardware Electrical Materials 3 12 300%
- Recyclable Materials 1 11 1000%
- Computers 2 1 —50%
- Booklets/workbooks 1 2 100%
- Smart phones 0 1 NA
- Mixed 2 14 600%
- No hardware 0 3 NA
Software Online learning platform /website 4 2 —50%
- Arduino 0 2 NA
Arduino + Scratch 0 1 NA
- 3D design software +Arduino 0 1 NA
- VR + AR + Arduino 0 1 NA
- Simulation software (such as PhET) 1 4 300%
- 3D design software (such as CAD) 0 7 NA
- Game 1 0 —100.00%
- No software 2 25 1150.00%
- Not specified 2 0 —100%
Functionality Collaborative creation 0 1 NA
- Scaffold 1 6 500.00%
- Quiz + scaffold 0 1 NA
- Quiz 8 35 337.50%
- Not specified 0 1 NA

As shown in Table 12, the majority of the studies did not utilize any software. It
should be noted that most studies that did not employ software were found in the last
5 years, such as [42,50]. Next was 3D design software (such as Tinkercad, CAD), then
online learning platform/website, and simulation software (such as PhET). Studies such as
Ridlo, Dafik, and Nugroho [51] utilized an online learning platform to implement STEM
activities. Lastly, it was discovered that only a few studies utilized software such as CAD,
Arduino, augmented reality, and 3D design software in the last 5 years (2016 to 2020).
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Studies that did not engage students with software increased tremendously in the last
5 years at a growth rate of 1150%.

Concerning functionalities of the tools, it was found that a significant number of
studies employed a quiz, especially in the last 5 years. The second highest was studies
that employed tools for scaffolding purposes, which obtained the highest growth rate in
the last 5 years (500%). Scaffolding was a key element for motivating students’ interest
in STEM education activity [52]. The functionality least employed by researchers was
collaboration creation as well as quiz and scaffolding, which were published in the year
2020. For example, collaborative creation was used in [53] to identify different roles and
distinctive ways of participation in group activities.

4. Discussion

This review addresses the status and trend of the activity design and implementation
in the STEM education field in the last 10 years from a sample of 53 research papers. The
design of STEM education activities that engage learners increased towards the end of
the study period compared to the beginning. This section discusses the findings and their
implications.

4.1. Discussion of Main Findings

It is significant to note that most studies involved students from the elementary level.
This indicated the rise in interest in introducing STEM education at a younger age to
prevent elementary students from losing interest in STEM-related subjects [54,55]. The
findings in this study is consistent with [56], which indicated that elementary students
were capable of engineering design. For instance, some researchers [57] posited that the
engineering behavior of elementary school learners could be increased through engineering
design. Science and engineering eduation activities are paramount to preparing students
for the 21st-century industrial revolution termed Industry 4.0. STEM education and training
plays a significant role for well-trained engineers and in the successful implementation
of Industry 4.0 [58]. The small number of middle school and high school participants
indicated that teachers focused on preparing students for the national exam, which is
required before enrolling into a tertiary institution in most countries [53,59]. On the
other hand, STEM at the university level received minimal attention. This indicated a
reduction in interest and a low number of students enrolled in STEM undergraduate
programs in the last 10 years [60]. Furthermore, another reason could be a lack of funds
for interdisciplinary research [61]. The findings confirm that universities need to invest
more efforts in training and exposing students to the benefits of Industry 4.0 [62]. On the
other hand, there was been a rise in studies that involved middle school and high school
participants in the last 5 years. This might be because middle school level is a crucial stage
leading to higher education level. For sample size, the majority of the studies used 1 to
50 students. A possible explanation is that a small sample will be easy to manage and
supervise. Learning outcomes as part of the STEM activity goals were in line with the
aims of STEM sustainability education, which seeks to make everyone an agent of change
through methods that develop skills for the 21st century. From the sample literature, the
activities were aimed at mixed or multiple skills and competencies, learning attitudes,
and behaviors towards STEM, learning achievement, critical thinking, creative skills, self-
learning ability, and spatial skills. This confirms the UNESCO (2015) argument that these
skills are obtained through STEM learning domains and that other forms of education are
necessary for sustainable development [63]. Through the findings from this review, we
confirm that the main goals of STEM activities were achieved through frameworks such as
project-based learning, inquiry-based learning, and problem-based learning, which engage
learners through scientific processes. Consequently, these practices help develop students’
skills for the 21st century and create a sustainability mindset.

In the present study, it was found that there is a lack of studies on problem discussion
and investigation tasks. Studies that employed mixed tasks mostly included investigation
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and discussion with other tasks such as investigation, discussion, simulation, and projects.
This reveals that when integrating learning domains, it is significant to incorporate different
tasks. Most studies reported mixed learning outcomes [31,64]. The more that STEM activity
designers integrate the disciplines, the more likely they are to adopt different tasks and
investigate different learning outcomes. Integrated STEM disciplinary activities are deemed
promising and therefore have been promoted by the UN for “sustainable development
education” [65]. The findings revealed that researchers in the last 10 years did not focus on
integrating STEM-related concepts in other disciplines.

The most often used learning methods include project-based and problem-based learn-
ing methods. This indicated that STEM activities in the last 10 years were more practical
and directed towards creativity and solving real-world problems. Most STEM education
researchers preferred project-based learning, problem-based learning, and inquiry-based
methods, which were highly practical for improving behavior, attitude, interest, and
skills [66,67]. It should be noted that a trend in program-based, research-based, and mixed
methods in 2020 gained researchers’ attention. Almost all these methods were administered
under teacher guidance except for one study in 2011. This finding indicated that effective
teacher guidance was critical for students’ engagement [68] since STEM activities usually
are complex and difficult. Furthermore, most studies lasted for 9-24 weeks, indicating
that recent STEM activities were designed for a long duration [69]. The more demanding
a project or problem-designed activity, the more duration will be needed. Finally, it was
surprising to discover that almost all of the studies provided any reward to learners. Ac-
cording to the findings, most of the studies engaged students in a school setting, while
out-of-school settings such as the museum, workplace, outdoor place, and summer camp
were understudied. In addition, there was also a lack of STEM studies with learners and
their families, which confirmed the claim by [70,71] that families in the domain of STEM
education remained unexploited.

Most researchers preferred face-to-face interaction due to the practicality of STEM
studies and students’ characteristics [72]. Consequently, the interest increased in the last
two to three years while blended interaction decreased. This denoted a gradual decline in
preference for blended interaction among STEM activity designers. Students were allowed
to interact with other students and teachers in most of the studies. This was related to the
high level of guidance given to students in the classroom setting. On the other hand, few
studies either engaged students with only teachers or students only. More so, there is a
lack of studies on interaction with family, human—computer interaction, or mixed.

Most studies engaged students with mixed hardware, which included recyclable
materials, natural or perishable materials, and computers. Furthermore, from 2016 to
2020, most studies utilized electrical materials such as 3D printers, recyclable materials
such as Lego, rubber bands, and wood. However, studies that administered computers,
smartphones, booklets, or no hardware were minimal. Regarding software, a total of
40% of studies adopted online learning platforms, Arduino, CAD and Arduino, VR, AR,
simulation software (such as PhET), 3D design software (such as Tinkercad, CAD), or
games. Arduino is an open-source electronic hardware and software prototyping platform
that is inexpensive, making it highly useful for education purposes. However, the use
of VR or AR is understudied, but it is expected to increase in the years ahead due to its
ability to boost interest in STEM [73]. The results confirmed previous findings that blended
learning in STEM increases performance and reduces dropout [74]. Advanced learning
technologies have a major role to play in STEM education. Therefore, teachers need to be
trained and motivated for the use of advanced technologies to improve students’ skills for
the 21st-century necessary for sustainable development. Sustainability-related problems
such as climate change require global skills not limited to one discipline [23,24]. STEM
learning activities that are designed for learners to generate innovative solutions enable
the integration of STEM disciplines and multidisciplinary learning. Engaging learners in
well-designed STEM activities and creating sustainability awareness among learners could
promote development that meet the needs of current and future challenges.
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4.2. Implications

This study revealed some prospects for future studies. It sheds more light on the
understudied areas that need to be explored. With regards to participants in the last ten
years, a suggestion is to involve more college or university students into multidisciplinary
STEM subjects. Science and engineering activities should be increased to equip students
with the necessary skills for Industry 4.0. Knowledge acquisition, problem-solving, inquiry,
and simulation tasks need to be explored further from the different learning environ-
ments. There is a requisite to explore metacognitive processes, knowledge elaboration, and
knowledge-building processes in STEM education activities, especially in informal learning
settings. Furthermore, researchers should note that previous studies have well-explored
methods such as project-based and problem-based learning. However, other methods such
as research-based, program-based, and group investigation methods are recently gaining
researchers’ attention. Future STEM studies should explore learning settings and learning
methods that would be more effective to sustain learners’ interest at all education levels.
Furthermore, the sustainability of both students” and educators’ interest in the area of
STEM and the knowledge gained through STEM learning activities is significant. Educators
need to create awareness of how students can apply their knowledge to solve real-world
environmental, social, economic, and psychological problems through STEM learning ac-
tivities. Moreover, it is necessary to explore opportunities and the role of machine learning
and artificial intelligence tools. For instance, future studies could explore machine learning
tools for personalized STEM learning activities. In addition, it is recommended that future
studies can adopt the proposed STEM activity design framework in this paper as a guide
to design and implement STEM learning activities. Longitudinal studies to determine why
students lose interest along the education ladder will add to the knowledge base.

Future studies should focus on training more teachers in the area of STEM disciplines
and STEM sustainability curriculums. The sustainability of teacher’s emotions and moti-
vation should be explored, since it is important for training more learners for the social,
cultural, environmental, and economic development of every nation. This contributes to
STEM education for sustainability by revealing understudied methods, which researchers
and educators could utilize in future studies. STEM activities should not only aim at learn-
ing achievements but towards sustainability awareness, mindset, and development. Lastly,
science, technology, engineering, and mathematics learning activities designed were aimed
at solving problems through different methods related to the sustainable development
goals of the United Nations.

5. Conclusions

This systematic review of STEM activity from 2011 to 2020 accumulates evidence
of the subjects, objectives, rules, interaction, setting, and tools utilized in such activities.
This study contributes to displaying the current status, trends, and directions in the STEM
field. A significant contribution is to shed light on the design and implementation of STEM
activities for future studies to investigate. The findings of this review reveal how integrated
STEM disciplinary activities were designed and implemented to train learners of different
education levels to solve problems relating to sustainability. It also proposes a significant
framework to serve as a guide for designing STEM activities.

However, this study was constrained by several limitations. First, only 53 studies met
the criteria in this study. Future studies will expand the data sources to conduct a more
comprehensive analysis. Second, this study reviewed the literature based on six elements
of activity theory. Future studies will examine the effects of STEM activities on higher-order
thinking skills.
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Appendix A

. Sample Learning Learning Teachers’ . Reward Learning Interaction Participant . .
Paper Title Sample Level Size Domaing Task Types Outcomes Methods Involvement Duration Methods Setting Types Interaction Hardware Software Functionalities
1 Evaluating the effect of
differentiated
inquiry-based science Elementary N . . Self- Inquiry- . - . In Face-to- . . ) .
lesson modules on school 1-50 Science Inquiry learningability basedlearning Guidance 9-24 weeks No rewards classroom faceinteraction With teachers No hardware No software Quiz
gifted students’
scientific process skills
2. An interdisciplinary
approach to investigate With group
preschool children’s . R B : Engineering Self- Program- : K In Face-to- . ™
implicit inferential Kindergarten 1-50 Engineering design learningability basedlearning Guidance 1-7 day No rewards classroom faceinteraction metmb;rsand Recyclablematerials No software Not Specified
reasoning in scientific cachers
activities
3. Building engineering
awareness: Element. More th Probl 1 Face-t With group
problem-based learning ementary 51-100 ore than Mixed Mixed L roplem- Guidance 9-24 weeks No rewards - Lacetor, membersand Mixed No software Quiz
approach for STEM school three basedlearning classroom faceinteraction teachers
Integration
4. Promoting college
student’s learning
motivation and
creativity through a . With group
STEM interdisciplinary College/University  1-50 Mz;er than Pr(;ki!em Mixed b Péi)]ed-. Guidance 9-24 weeks Grous 1 In £ Ifa:e-to;. membersand Mixed sz 3 AR + Quiz
PBL human-computer ee solving asedlearning rewards classroom aceinteraction teachers rduino
interaction system
design and
development course
5. HOTS profile of physics .
! A . With grou,
education students in L . . . L . Inquiry- . In Face-to- sroup . . .
STEM-based classes College/University 1-50 Science Simulation Thinking skills basedlearning Guidance 9-24 weeks No rewards classroom faceinteraction metmbirsand Computers Simulationsoftware Quiz
using PhET media cachers
6. A case study exploring After
non-dominant youths” . . . 5 With group : .
attitudes toward science Elerx;\entlary 1-50 M(g]e than Encgllngfrlr\g Learningperceptions b. Pcli?]ed-. o Guidance 9-24 weeks No rewards thg ol £ Eafe-to;_ membersand Eeftn_czld Schtieslgn Quiz
through making and school ree esign asedlearning clubor aceinteraction teachers aterials software
scientific argumentation program
7. Exploring changes in
primary students”
attitudes towards With group
zgleﬁ‘cee e,rtienc hl;ﬁ}fgy ! Eli?ﬁ;‘;?ry 101-300 Mtg‘crge\an 1?;;2 gg- Learningperceptions Mixed Guidance 9-24 weeks No rewards classf:‘oom faceli:?\tcecr-at\g;ion membersand Mixed No software Quiz
mzﬁhemati%s (stem) teachers
across genders and
grade levels
8. Teachers co-designing .
. " . With grou,
and implementing . . . ) . Project- . Less than . In Face-to- group X . .
career-related Middle school 1-50 Science Mixed Mixed basedlearning Guidance one day No rewards classroom faceinteraction mteerzcbheerrrd Mixed no software Quiz

instruction
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Paper Title Sample Level Size Domains Task Types Outcomes Methods Involvement Duration Methods Setting Types Interaction Hardware Software Functionalities
9. The dream
performance—case
study of young girls’ .
fieve]op ment of interest Elementar: More than Project- g/glefzg?eﬁr- Face-to- With group 3D design
in STEM and 21st Y 1-50 Mixed Mixed ject, Guidance 9-24 weeks No rewards : . membersand Mixed 18 Quiz
e school three basedlearning ter or faceinteraction software
century skills, when theatre teachers
activities in a
makerspace were
combined with drama
10. STEM Integration in With group
sixth grade: designing Elementary 5 . Project- . In Face-to- . Scaffold
la)r\d constructing paper school 101-300 Disciplines Mixed Mixed basedlearning Guidance 1-7 day No rewards classroom faceinteraction metgl;ir:énd Mixed No software supported
ridges.
11. STEM learning through After-
f&%;&eéﬁ]rgnfgsilgm Middle school 51100 Morethan  Engineering | non chi ¢ Droblem- Guid. 1-7d. N d school Face-to- o roby Mixed No soft Qui
iddle schoo = o earningachievement . X suidance -7 day o rewards . . membersan ixe o software uiz
secondary students’ three design basedlearning clubor faceinteraction teachers
interest towards STEM program
12. Integration of media
design processes in After- With group
Scxepce, "l_'echnology/ Middle school 1-50 Lo Mixed Mixed Pro]ect-l;ased Guidance 9-24 weeks No rewards school }?ace-to-v membersand Computers Not Specified Quiz
p P
Engineering, and Disciplines learning clubor faceinteraction teach
Mathematics (STEM) program eachers
education
13. The effect of hands-on
‘energy-saving house’
learning activities on
elementary school El " Proiect-based Not I Face-to-f
students’ knowledge, e‘mhen iary 101-300 Science Mixed Mixed r(])]ec -base Guidance Qf. No rewards las V" race-to-lace With teachers Mixed No software Quiz
attitudes, and behavior school earning Specified classroom interaction
regarding energy saving
and carbon-emissions
reduction
14. An elective course to
engage student A Online
pharmacists in Elerrlnfntiary thMogeOO Science Inquiry Mixed Inqlulry based Guidance 5-8 weeks No rewards 1 In B Btlendtgd With teachers Computers learning plat- Quiz
elementary school school an earning classroom interaction form /website
science education
15. Assessing the
effectiveness of using Problem With group
fab lab-based learning - More than X - B - In Face-to-face Electrical 3D design :
in schools on k-12 Mixed 1-50 three Mixed Mixed based Guidance 1-7 day No rewards classroom interaction members and Materials software Quiz
students’ attitude learning teachers
toward STEAM
16. How creativity in
STEAM modules With group .
intervenes with Mixed More More than Mixed Mixed Mixed Guidance More than No rewards In I-jace-('o-f_ace members and Elecmlcal No software Quiz
self-effi than 300 three 24 weeks classroom interaction Materials
self-efficacy and teachers

motivation
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Paper Title Sample Level SaS[;\zlzle ]Ise:;gli[:lgs Task Types éi?zg;‘gs Methods Inzf)?\c/lel;r:nl Duration ﬁzm:rgs L;:g;:;g Int;}r];?;on f:{:;:lgx‘; Hardware Software Functionalities
17. Investigating the
effectiveness of STEAM With group
education on students’ . More than ) s e Project-based . In Face-to-face .
conceptual Middle school 51-100 three Mixed Thinking skills learning Guidance 9-24 weeks No rewards classroom interaction me;:i&;r;:md No hardware No software Quiz
understanding of force °
and energy topics
18. STEAM teaching
professional .
development works: Elementary More More than Knowledge Mixed Inquiry-based Guidance More than No rewards In Face-to-face m"zﬂg::}f d Mixed No software Quiz
effects on students’ school than 300 three acquisition learning 24 weeks classroom interaction teachers
creativity and “
motivation
19. Short and long term
impact of a high-tech . . . 3 With group
STEM intervention on Ele}'nl’\ent?ry thMm;OO Technology Mixed Learr\:}'\ 8 . Pr(f]ectfl_)aaed Guidance Less éhan No rewards 1 jr\ Ifaieftoftface members and Mixed No software Quiz
pupils” attitudes school an perceptions earning one day classroom interaction teachers
towards technology
20. “Ijust do what the boys
tell me”: Exploring . . Problem- . . .
small group student Elerrln’\entlary 1-50 iscipli Encgimgermg Mixed based Guidance 2-4 weeks No rewards 1 In Face-to-face With gbroup Electnvc?l No software Collaborative
interactions in an school Disciplines esign learning classroom interaction members Materials creation
integrated STEM unit
21. Active learning With group
augmented reality for - 3 Engineering - Project-based - Face-to-face Electrical 3D design :
steim education—a case Mixed 1-50 Disciplines design Mixed learning Guidance 1-7 day No rewards Workplace interaction metr:abciresrznd Materials software Quiz
study
22. Developing students’ With group
critical thinking: A . More than 5 1 e Project-based : In Face-to-face 8 .
steam project for High school 1-50 three Mixed Thinking skills learning Guidance 5-8 weeks No rewards classroom interaction members and Mixed No software Quiz
chemistry learning teachers
23. Report and
recommendation of
implementation
research-based learning Research: With group Online
in improving arch _ More than Engineering Learning yoal . Not In Face-to-face Recyclable . _ Quiz +
combinatorial thinking College/University 51-100 three design achievement based Guidance Specified No rewards classroom interaction members and materials learning plat scaffold
skills embedded in learning teachers form/website
STEM parachute design
activities assisted by
CCR (cloud classroom)
24. STEAM maker
education:
conceal /reveal of . . . . .
Py Lo Engineering Learning Project-based . In Face-to-face With group . . .
personal, artistic and High school 1-50 Disciplines design achievement learning Guidance 9-24 weeks No rewards classroom interaction members Mixed Arduino Quiz

computational
dimensions in high
school student projects
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. Sample Learning Learning Teachers’ . Reward Learning Interaction Participant . ses
Paper Title Sample Level Size Domains Task Types Outcomes Methods Involvement Duration Methods Setting Types Interaction Hardware Software Functionalities
25. STEAM-project-based
learning integration to
;m;‘;etsggte; o Elementary 1-50 More than Mixed Learning Project-based Guidance 5-8 weeks No rewards In Face-to-face m‘/:zlll';}l;grr: :r]?d Mixed No software Quiz
scientific literacy on school three achievement learning N : classroom interaction teachers °
alternative energy
learning
26. Teachers and STEM
education: collaboration Not
across disciplines and 3 . Engineering Learning Project-based : Not In Face-to-face With group :
implementation of Middle school Sf}.) eél- Disciplines design perceptions learning Guidance Specified No rewards classroom interaction members Booklets/workbooksNo software Quiz
lessons in two subject 1e
areas
27. From STEM to STEAM:
cracking the code? How . . N With group
creativity & motivation Elemhe ntiary 101-300 M(qu than Mixed Mixed Inqluu'y—_babed Guidance Less éhan No rewards 1 ‘In Ifaie—to—tface members and No hardware No software Quiz
interacts with schoo ree earning one day classroom interaction teachers
inquiry-based learning
28. Exploring the
effectiveness of STEAM . . . With group
design processes on Middle school 51-100 ng\e than En;gimgermg Thinking skills Pr(f]ect-pased Guidance 9-24 weeks No rewards 1 In Ifaie-to-tface members and Mixed No software Scaffoid d
middle school students’ ree esign earning classroom interaction ‘teachers supporte
creativity
29. Investigating the
affordances of a CAD With group
enabled learning . More 3 . . . Project-based . . . In face-to-face . . 3D Design Scaffold
environment for Mixed than 300 Disciplines Simulation Mixed learning Guidance 2-4 weeks No rewards classroom interaction mimbfl’ a‘nd Mixed software supported
promoting integrated cachers
STEM learning
30. Learning as Making:
Using 3D .
: . Research- With group : .
computer-aided design . More than 5 . . : In Face-to-face & Electrical 3D Design Scaffold
to enhance the learning Mixed 101-300 three Mixed Spatial skills 1 based Guidance 1-7 day No rewards classroom interaction metm behrs and Materials software supported
of shape and space in earning eachers
STEM-integrated ways
31. The effect of
project-based Arduino
educational robot .
P ’ . With group .
applications on students’ Elementary More than . . s Project-based s . In Blended Recyclable Arduino + :
computational thinking school 1-50 three Simulation Mixed learning Guidance 9-24 weeks No rewards classroom interaction metmbirs and materials Scratch Quiz
skills and their cachers
perception of basic stem
skill levels
32. The effect of
STEM-based activities
on 7th grade students’ . . . Program- With group . .
A : . More than Engineering Learning 8 : In Blended Recyclable Simulation .
;’a:afgfcr: l:nadc 2‘:;2;2& ¢ Middle school 51-100 three design achievement lebaii\eﬁg Guidance 5-8 weeks No rewards classroom interaction metr: abf}\r;:nd materials software Quiz

and students’ opinions
about these activities
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Paper Title

Sample Level

Sample
Size

Learning
Domains

Task Types

Learning
Outcomes

Methods

Teachers’
Involvement

Duration

Reward
Methods

Learning
Setting

Interaction
Types

Participant
Interaction

Hardware

Software

Functionalities

33.

The impact of teaching
the subject “pressure”
with STEM approach on
the academic
achievements of the
secondary school 7th
grade students and their
attitudes towards STEM

Middle school

1-50

More than
three

Simulation

Mixed

Program-
based
learning

Guidance

Less than
one day

No rewards

In
classroom

Face-to-face
interaction

With group
members

Recyclable
materials

No software

Quiz

34.

Enhancing spatial
ability and mechanical
reasoning through a
STEM course

Mixed

1-50

More than
three

Mixed

Mixed

Problem-
based
learning

Guidance

More than
24 weeks

No rewards

Lab

Face-to-face
interaction

With group
members and
teachers

Electrical
Materials

Simulation
software

Quiz

35.

Robotics and STEM
learning: Students’
achievements in
assignments according
to the P3 Task
Taxonomy—practice,
problem solving, and
projects

Middle school

1-50

3
Disciplines

Simulation

Learning
perceptions

Project-based
learning

Guidance

9-24 weeks

No rewards

Lab

Face-to-face
interaction

With group
members and
teachers

Electrical
Materials

Simulation
software

Quiz

36.

Analysis of students’
critical thinking skill of
middle school through
stem education
project-based learning

Middle school

101-300

More than
three

Engineering
design

Thinking skills

Project-based
learning

Guidance

Not
Specified

No rewards

In
classroom

Face-to-face
interaction

With group
members and
teachers

Recyclable
materials

No software

Quiz

37.

Impacts of the Project
Based (PBL) Science,
Technology, Engineering
and Mathematics
(STEM) education on
academic achievement
and career interests of
vocational high school
students

High School

More than
three

Simulation

Mixed

Project-based
learning

Guidance

5-8 weeks

No rewards

In
classroom

Face-to-face
interaction

With group
members and
teachers

Recyclable
materials

No software

Quiz

38.

Co-robotics hands-on
activities: A gateway to
engineering design and
STEM learning

Mixed

101-300

Disciplines

Mixed

Learning
perceptions

Project-based
learning

Guidance

1-7 day

No rewards

Summer
camp

Face-to-face
interaction

With group
members and
teachers

Electrical
Materials

3D design
software
+Arduino

Scaffold
supported

39.

Advancing integrated
STEM learning through
engineering design:
Sixth-grade students’
design and construction
of earthquake resistant
buildings

Elementary
school

101-300

3
Disciplines

Engineering
design

Learning
achievement

Problem-
based

learning

Guidance

Less than
one day

No rewards

In
classroom

Face-to-face
interaction

With group

members

Booklets /workbooksNo software

Quiz

40.

Programming
experience promotes
higher STEM
motivation among
first-grade girls

Elementary
school

51-100

Disciplines

Mixed

Learning
perceptions

Problem-
based
learning

Guidance

Less than
one day

No rewards

Lab

Technology-
mediated
interaction

With teachers

Smart phones

Not Specified

Quiz
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Paper Title Sample Level Size Domains Task Types Outcomes Methods Involvement Duration Methods Setting Types Interaction Hardware Software Functionalities
41. The effects of an
afterschool STEM N . Problem- After- With group
program on students’ Mixed 101-300 M(z;e than Knovylg:l;,e Learn;ng based Guidance 5-8 weeks No rewards school club I-jaie-to-tf_ace members and Reci'd?blle No software Quiz
motivation and ree acquisition perceptions learning or program interaction teachers materials
engagement
42. STEM learning through
engineering design: . . . Problem- With group Online
fourth-grade students’ Elcnifntiiry 51-100 Discipli Engmgcrmg hgarnmg ¢ based Guidance Less ‘tjhan No rewards 1 In l?a:c-to-tfacc members and Boilgdsk/ learning plat- Quiz
investigations in school isciplines esign achievement learning one day classroom interaction teachers workbooks form /website
aerospace
43. Effects of implementing
STEM-I project-based . . . § After- With group Online
learning activities for High school 51-100 M‘Z]rfr than Englr{gerlng Mixed pr(l)]ecrt:\b:ted Guidance 5-8 weeks No rewards school club _nBtlerndte_dn members and Mixed learning plat- \Scaffzid d
female high school ee esign earning or program Interactio teachers form/website supporte
students
44. Meteorology meets
engineering: an With group
interdisciplinary STEM . Knowledge Learning Inquiry-based : Summer Face-to-face Recyclable .
module for middle and Mixed 101-300 Disciplines acquisition achievement learning Guidance 24 weeks No rewards camp interaction metm behrs and materials No software Quiz
early secondary school eachers
students
45. The impact of
problem-based learning
strategies on STEM
knowledge integration Problem- After- s . Online
and attitudes: An High school 1-50 More than Mixed Mixed based Guidance 5-8 weeks No rewards school club _Blended With group Electrical learning plat- Quiz
three . interaction members Materials -
exploratory study learning or program form/website
among female
Taiwanese senior high
school students
46. Mars mission program
for primary students: Problem- Museum or With ¢
Building student and Elementary More 2 Simulation Mixed f)oaseeén No guidance Not No rewards Science Blended mell'nbg’;::rr: d Electrical Game Scaffold
teacher skills in science, school than 300 Disciplines 1 , 8 Specified center or interaction teach Materials supported
technology, engineering earning theatre cachers
and mathematics
47. Reflections on iCODE:
Using web technology .
i : After- With grou . . .
and hands-on projects to - More than X - Project-based . Blended group Electrical Simulation :
engage urban youth in Mixed 101-300 three Mixed Mixed Jearning Guidance 2-4 weeks No rewards school club interaction metmbirs and Materials software Quiz
computer science and Or program cachers
engineering
48. A science, technology,
engineering and
mathematics course Online
with computer-assisted . . . . Inquiry-based : In Blended . Electrical : .
remedial {Je arning High school 1-50 Science Mixed Mixed qlear};\ing Guidance 9-24 weeks No rewards dlassroom interaction With teachers Ma(’er‘ials flsirr;‘/u‘:\i g:tté Quiz

system support for
vocational high school
students




Sustainability 2021, 13, 8828

24 of 27

. Sample Learning Learning Teachers’ . Reward Learning Interaction Participant . ses
Paper Title Sample Level Size Domains Task Types Outcomes Methods Involvement Duration Methods Setting Types Interaction Hardware Software Functionalities
49. The effect on pupils
science performance
and problem-solving . With group
ability through Lego: Elemlfntary 1-50 More than Mixed Mixed Inquiry-based Guidance 5-8 weeks No rewards 1 In Face-to-face members and Recyclable No software Quiz
An engineerin school three learning classroom interaction teache materials
g eachers
design-based modeling
approach
50. Fostering students’
scientific imagination in . With group
stem through an High school 1-50 Mtg‘e than Mixed Thinking skills Pr(f]ect-based Guidance Less éhan No rewards 1 In }?a:e—to-tface members and Rec}tlclgblle No software Quiz
engineering design ree earning one day classroom interaction teachers materials
process
51. A design-oriented
STEM activity for
students’ using and . . N 5 . .
improving their Middle school 1-50 M(qu than Simulation Self—]l)e_?‘mmg Pr(;]ect—l_)ased Guidance Less éhan No rewards Outl—door Face-to-face With ggoup II::/}ecm_czlll 3!) fDeblgn Quiz
engineering skills: the ree ability learning one day place interaction members aterials software
balance model with 3D
printer
52. Stop bridge collapse: a With group
STEM activity about . More than 5 Learning Project-based : In Face-to-face " .
preventing corrosion of High school 1-50 three s achievement learning Guidance 1-7 day No rewards classroom interaction meg;ehresrznd Mixed No software Quiz
metals
53. Curriculum analysis
and design,
implementation, and . . .
validation of a STEAM Ele‘mhent;ary 1-50 MT}T than Mixed tharymng ¢ Mixed Guidance 1-7 day No rewards 1 ‘!n . Btlendte_d With g];UU_P I]::/}efm.c?]_ Arduino Quiz
project through schoo ree achievemen classroom interaction members aterials

educational robotics in
primary education




Sustainability 2021, 13, 8828 25 of 27

References

1.

10.
11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

Amran, A.; Perkasa, M.; Satriawan, M.; Jasin, I.; Irwansyah, M. Assessing Students 21st Century Attitude and Environmental
Awareness: Promoting Education for Sustainable Development through Science Education. J. Phys. Conf. Ser. 2019, 1157, 022025.
[CrossRef]

Seema, S.; Gupta, M.; Sharma, R K. Century Skills and Sustainability. Int. |. Adv. Sci. Technol. 2020, 28, 507-513.
Gonzalez-salamanca, ].C.; Agudelo, O.L.; Salinas, ]. Key Competences, Education for Sustainable Development and Strategies for
the Development of 21st Century Skills. A Systematic Literature Review. Sustainability 2020, 12, 10366. [CrossRef]
Garcia-Gonzalez, E.; Jiménez-Fontana, R.; Azcarate, P. Education for Sustainability and the Sustainable Development Goals:
Pre-Service Teachers’ Perceptions and Knowledge. Sustainability 2020, 12, 7741. [CrossRef]

Spadaro, G.S.; Curiel, M.G.T.; Rodriguez Melchor, V.Z. Education as a Strategy for Sustainability in the 21st Century: Teachers as
Creators of Educational Change. Eur. J. Educ. Sci. 2017, 4, 57-68. [CrossRef]

Lambrechts, W. 215t Century Skills, Individual Competences, Personal Capabilities and Mind-Sets Related To Sustainability: A
Management and Education Perspective. Cent. Eur. Rev. Econ. Manag. 2019, 3, 7-17. [CrossRef]

Dufranc, I.M.; Tercefio, E.M.; Fridberg, M.; Cronquist, B.; Redfors, A. Robotics and Early-years STEM Education: The botSTEM
Framework and Activities. Eur. J. Stem Educ. 2020, 5, 1-13. [CrossRef]

Li, Y,; Huang, Z.; Jiang, M.; Chang, T.-W. The Effect on Pupils’ Science Performance and Problem-Solving Ability through Lego:
An Engineering Design-based Modeling Approach. Educ. Technol. Soc. 2016, 19, 143-156.

Lamberg, T.; Trzynadlowski, N. How STEM Academy Teachers Conceptualize and Implement STEM Education. J. Res. STEM
Educ. 2015, 1, 45-58. [CrossRef]

Sanders, M. STEM, STEM education, STEMmania. Technol. Teach. 2009, 68, 20-26.

LaForce, M.; Noble, E.; Blackwell, C. Problem-Based Learning (PBL) and Student Interest in STEM Careers: The Roles of
Motivation and Ability Beliefs. Educ. Sci. 2017, 7, 92. [CrossRef]

Freeman, S.; Eddy, S.L.; McDonough, M.; Smith, M.K.; Okoroafor, N.; Jordt, H.; Wenderoth, M.P. Active learning increases student
performance in science, engineering, and mathematics. Proc. Natl. Acad. Sci. USA 2014, 111, 1-6. [CrossRef] [PubMed]
Chattaraj, S.K. Education for Sustainable Development. Int. J. Trend Sci. Res. Dev. 2017, 2, 131-134. [CrossRef]

Zhang, T.; Shaikh, Z.A.; Yumashev, A.V,; Chtad, M. Applied Model of E-Learning in the Framework of Education for Sustainable
Development. Sustainability 2020, 12, 6420. [CrossRef]

Donmez, I. STEM Education Dimensions: From STEM Literacy to STEM Assessment. In Research Highlights in Education and
Science Idin S; ISRES Publishing: Istanbul, Turkey, 2020; pp. 154-170.

Dare, E.A.; Ring-Whalen, E.A.; Roehrig, G.H. Creating a continuum of STEM models: Exploring how K-12 science teachers
conceptualize STEM education. Int. |. Sci. Educ. 2019, 41, 1701-1720. [CrossRef]

Laine, E.; Veermans, M.; Gegenfurtner, A.; Veermans, K. Individual interest and learning in secondary school STEM education.
Frontline Learn. Res. 2020, 8, 90-108. [CrossRef]

Sirakaya, M.; Sirakaya, A.D. Augmented reality in STEM education: A systematic review. Interact. Learn. Environ. 2020, 1-14.
[CrossRef]

Sung, Y.T.; Yang, ].M.; Lee, H.Y. The effects of mobile-computer-supported collaborative learning: Meta-analysis and critical
synthesis. Rev. Educ. Res. 2017, 87, 768-805. [CrossRef]

Engestrom, Y. Learning by Expanding: An Activity-Theoretical Approach to Developmental Research; Prienta-Konsultit Oy: Helsinki,
Finland, 1987.

Kitchenham, B. Procedures for Performing Systematic Reviews; Keele University: Keele, UK, 2004.

Ali, R.; Bhadra, J.; Siby, N.; Ahmad, Z.; Al-Thani, N.J. A STEM Model to Engage Students in Sustainable Science Education
through Sports: A Case Study in Qatar. Sustainability 2021, 13, 3483. [CrossRef]

Hasani, A.; Juansah, D.E.; Sari, L].; El Islami, R.A.Z. Conceptual Frameworks on How to Teach STEM Concepts in Bahasa
Indonesia Subject as Integrated Learning in Grades 1-3 at Elementary School in the Curriculum 2013 to Contribute to Sustainability
Education. Sustainability 2021, 13, 173. [CrossRef]

Sayers, E.L.P.; Craig, C.A.; Skonicki, E.; Gahlon, G.; Gilbertz, S. Evaluating STEM-Based Sustainability Understanding: A
Cognitive Mapping Approach. Sustainability 2021, 13, 8074. [CrossRef]

Yeh, Y.-F,; Chan, KK.H.; Hsu, Y.-S. Toward a Framework That Connects Individual TPACK and Collective TPACK: A Systematic
Review of TPACK Studies Investigating Teacher Collaborative Discourse in the Learning by Design Process. Comput. Educ. 2021,
17,1-27. [CrossRef]

Papavlasopoulou, S.; Giannakos, M.N.; Jaccheri, L. Empirical studies on the Maker Movement, a promising approach to learning:
A literature review. Entertain. Comput. 2017, 18, 57-78. [CrossRef]

Ryan, R.; Hill, S.; Prictor, M.; McKenzie, ]. Cochrane Consumers and Communication Review Group; La Trobe University: Melbourne,
VIC, Australia, 2013; pp. 1-48. Available online: http:/ /cccrg.cochrane.org/author-resources (accessed on 5 August 2021).
Zheng, L.; Zhang, X.; Gyasi, ].E. A literature review of features and trends of technology-supported collaborative learning in
informal learning settings from 2007 to 2018. J. Comput. Educ. 2019, 6, 529-561. [CrossRef]

Wu, Y.T.; Hou, H.T,; Hwang, EK.; Lee, M.H.; Lai, C.H.; Chiou, G.L.; Lee, SW.Y;; Hsu, Y.C; Liang, ].C.; Chen, N.S; et al. A Review
of Intervention Studies on Technology-Assisted Instruction from 2005-2010. Educ. Technol. Soc. 2013, 16, 191-203.


http://doi.org/10.1088/1742-6596/1157/2/022025
http://doi.org/10.3390/su122410366
http://doi.org/10.3390/su12187741
http://doi.org/10.19044/ejes.v4no4a5
http://doi.org/10.29015/cerem.855
http://doi.org/10.20897/ejsteme/7948
http://doi.org/10.51355/jstem.2015.8
http://doi.org/10.3390/educsci7040092
http://doi.org/10.1073/pnas.1319030111
http://www.ncbi.nlm.nih.gov/pubmed/24821756
http://doi.org/10.31142/ijtsrd5889
http://doi.org/10.3390/su12166420
http://doi.org/10.1080/09500693.2019.1638531
http://doi.org/10.14786/flr.v8i2.461
http://doi.org/10.1080/10494820.2020.1722713
http://doi.org/10.3102/0034654317704307
http://doi.org/10.3390/su13063483
http://doi.org/10.3390/su13010173
http://doi.org/10.3390/su13148074
http://doi.org/10.1016/j.compedu.2021.104238
http://doi.org/10.1016/j.entcom.2016.09.002
http://cccrg.cochrane.org/author-resources
http://doi.org/10.1007/s40692-019-00148-2

Sustainability 2021, 13, 8828 26 of 27

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

Ho, G.Y,; Leonhard, M.; Volk, G.F,; Foerster, G.; Pototschnig, C.; Klinge, K.; Granitzka, T.; Zienau, A.K.; Schneider-Stickler, B.
Inter-Rater Reliability of Seven Neurolaryngologists in Laryngeal EMG Signal Interpretation. Eur. Arch. Oto Rhino Laryngol. 2019,
276, 2849-2856. [CrossRef] [PubMed]

Jesionkowska, J.; Wild, F.; Deval, Y. Active Learning Augmented Reality for STEAM Education: A Case Study. Educ. Sci. 2020,
8, 198. [CrossRef]

Barak, M.; Assal, M. Robotics and STEM learning: Students” achievements in assignments according to the P3 Task Taxonomy—
practice, problem solving, and projects. Int. . Tech. Des. Educ. 2016, 1, 121-144. [CrossRef]

Boeve-de Pauw, |.; Ardies, J.; Hens, K.; Wullemen, A.; Van de Vyver, Y.; Rydant, T.; Verbraeken, H. Short and long-term impact of
a high-tech STEM intervention on pupils” attitudes towards technology. Int. J. Tech. Des. Educ. 2020. [CrossRef]

Kuo, H.-C.; Tseng, Y.-C.; Yang, Y.-T.C. Promoting college student’s learning motivation and creativity through a STEM in-
terdisciplinary PBL human-computer interaction system design and development course. Think. Ski. Creat. 2019, 31, 1-10.
[CrossRef]

Ulger, B.B.; Cepni, S. Evaluating the effect of differentiated inquiry-based science lesson modules on gifted students’ scientific
process skills. Pegem Egit. Ve Ogretim Dergisi. 2020, 10, 1289-1324. [CrossRef]

Conradty, C.; Bogner, EX. STEAM teaching professional development works: Effects on students’ creativity and motivation.
Smart Learn. Environ. 2020, 7, 1-20. [CrossRef]

Ozcan, H.; Koca, E. The impact of teaching the subject pressure with STEM approach on the academic achievements of the
secondary school 7th grade students and their attitudes towards STEM. Educ. Sci. 2019, 44, 201-227.

Shahali, E.H.; Halim, L.; Sattar, R.; Osman, K.; Zulkifeli, M.A. STEM Learning through Engineering Design: Impact on Middle
Secondary Students’ Interest towards STEM. Eurasia |. Math. Sci. Technol. Educ. 2017, 13, 1189-1211. [CrossRef]

Karahan, E.; Canbazoglu, B.S.; Unal, A. Integration of Media Design Processes in Science, Technology, Engineering, and
Mathematics (STEM) Education. Eurasian |. Educ. Res. 2015, 15, 221-240. [CrossRef]

Walan, S. The dream performance—A case study of young girls” development of interest in STEM and 21st century skills, when
activities in a makerspace were combined with drama. Res. Sci. Technol. Educ. 2019, 39, 23-43. [CrossRef]

Mathers, N.; Pakakis, M.; Christie, I. Mars mission program for primary students: Building student and teacher skills in science,
technology, engineering and mathematics. Acta Astronaut. 2011, 69, 722-729. [CrossRef]

Vicente, ER.; Zapatera Llinares, A.; Montes Sanchez, N. Curriculum analysis and design, implementation, and validation of a
STEAM project through educational robotics in primary education. Comput. Appl. Eng. Educ. 2020, 29, 160-174. [CrossRef]
Karaahmetoglu, K.; Korkmaz, O. The effect of project-based arduino educational robot applications on students’ computational
thinking skills and their perception of basic stem skill levels. Particip. Educ. Res. 2019, 6, 1-14. [CrossRef]

Chang, S.-H.; Ku, A.-C,; Yu, L.-C.; Wu, T.-C.; Kuo, B.-C. A Science, Technology, Engineering and Mathematics Course with
Computer-Assisted Remedial Learning System Support for Vocational High School Students. J. Balt. Sci. Educ. 2015, 4, 541-654.
Master, A.; Cheryan, S.; Moscatelli, A.; Meltzoff, A.N. Programming experience promotes higher STEM motivation among
first-grade girls. J. Exp. Child. Psychol. 2017, 160, 92-106. [CrossRef]

Adriyawati, U.E.; Rahmawati, Y.; Mardiah, A. STEAM-Project-Based learning integration to improve elementary school students’
scientific literacy on alternative energy learning. Univers. J.Educ. Res. 2020, 8, 1863-1873. [CrossRef]

English, L.D.; King, D.; Smeed, J. Advancing Integrated STEM learning through engineering design: Sixth-grade students” design
and construction of earthquake resident buildings. J. Educ. Res. 2016, 110, 255-271. [CrossRef]

Lou, S.J.; Tsai, H.Y.; Tseng, K.H.; Shih, R.C. Effects of implementing STEM-I project-based learning activities for female high
school students. I[DET 2014, 12, 52-73. [CrossRef]

Lindberg, L.; Fields, D.A.; Kafai, Y.B. STEAM Maker Education: Conceal/Reveal of Personal, Artistic and Computational
Dimensions in High School Student Projects. Front. Educ. 2020, 5, 51. [CrossRef]

Ozkan, G.; Topsakal, U.U. Investigating the effectiveness of STEAM education on students’” conceptual understanding of force
and energy topics. Res. Sci. Technol. Educ. 2020. [CrossRef]

Ridlo, Z.R.; Dafik, D.; Nugroho, C.I. Report and recommendation of implementation research-based learning in improving
combinatorial thinking skills embedded in STEM parachute design activities assisted by CCR (cloud classroom). Univers. ]. Educ.
Res. 2020, 8, 1413-1429. [CrossRef]

Ziaeefard, S.; Miller, M.H.; Rastgaar, M.; Mahmoudian, N. Co-robotics hands-on activities: A gateway to engineering design and
STEM learning. Robot. Auton. Syst. 2017, 97, 40-50. [CrossRef]

Wieselmann, J.R.; Dare, E.A.; Ring-Whalen, E.A.; Roehrig, G.H. Ijust do what the boys tell me: Exploring small group student
interactions in an integrated STEM unit. J. Res. Sci. Teach. 2019, 1, 112-144. [CrossRef]

Daugherty, M.K,; Carter, V.; Swagerty, L. Elementary STEM Education: The Future for Technology and Engineering Education? J.
STEM Teach. Educ. 2014, 49, 7. [CrossRef]

Ejiwale, J. Barriers to successful implementation of STEM education. J. Educ. Learn. 2013, 7, 63-74. [CrossRef]

Chiu, A.; Price, C.A.; Ovrahim, E. Supporting Elementary and Middle Schools STEM Education at the Whole School level: A
Review of the Literature. In Proceedings of the NARST 2015 Annual Conference, Chicago, IL, USA, 11 April 2015; pp. 1-21.
Firdaus, A.R.; Rahayu, G.D. Engineering design behavior elementary student’s through the STEM approach. J. Phys. Conf. Ser.
2020, 1-10. [CrossRef]


http://doi.org/10.1007/s00405-019-05553-y
http://www.ncbi.nlm.nih.gov/pubmed/31312924
http://doi.org/10.3390/educsci10080198
http://doi.org/10.1007/s10798-016-9385-9
http://doi.org/10.1007/s10798-020-09627-5
http://doi.org/10.1016/j.tsc.2018.09.001
http://doi.org/10.14527/pegegog.2020.039
http://doi.org/10.1186/s40561-020-00132-9
http://doi.org/10.12973/eurasia.2017.00667a
http://doi.org/10.14689/ejer.2015.60.15
http://doi.org/10.1080/02635143.2019.1647157
http://doi.org/10.1016/j.actaastro.2011.05.029
http://doi.org/10.1002/cae.22373
http://doi.org/10.17275/per.19.8.6.2
http://doi.org/10.1016/j.jecp.2017.03.013
http://doi.org/10.13189/ujer.2020.080523
http://doi.org/10.1080/00220671.2016.1264053
http://doi.org/10.4018/ijdet.2014010104
http://doi.org/10.3389/feduc.2020.00051
http://doi.org/10.1080/02635143.2020.1769586
http://doi.org/10.13189/ujer.2020.080434
http://doi.org/10.1016/j.robot.2017.07.013
http://doi.org/10.1002/tea.21587
http://doi.org/10.30707/JSTE49.1Daugherty
http://doi.org/10.11591/edulearn.v7i2.220
http://doi.org/10.1088/1742-6596/1511/1/012089

Sustainability 2021, 13, 8828 27 of 27

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Gonzalez, I.; Calderén, A.]. Development of Final Projects in Engineering Degrees around an Industry 4.0-Oriented Flexible
Manufacturing System: Preliminary Outcomes and Some Initial Considerations. Educ. Sci. 2018, 8, 214. [CrossRef]

Musoleno, R.R.; White, G.P. Influences of High-Stakes Testing on Middle School Mission and Practice. RMLE Online 2010, 34,
1-10. [CrossRef]

Fairweather, J. Linking evidence and promising practices in science, technology, engineering, and mathematics (STEM) un-
dergraduate education: A status report for the National Academies National Research Council Board on Science Education.
In Commissioned Paper for the National Academies Workshop: Evidence on Promising Practices in Undergraduate Science, Technology,
Engineering, and Mathematics (STEM) Education; Michigan State University: East Lansing, MI, USA, 2008. Available online:
http:/ /www.nsf.gov/attachments /117803 / public / Xc--Linking_Evidence--Fairweather.pdf (accessed on 21 May 2021).

De, S.; Arguello, G. STEM Education in College: An Analysis of Stakeholders” Recent Challenges and Potential Solutions. FDLA ].
2020, 5, 9.

Mian, S.H.; Salah, B.; Ameen, W.; Moiduddin, K.; Alkhalefah, H. Adapting Universities for Sustainability Education in Industry
4.0: Channel of Challenges and Opportunities. Sustainability 2020, 12, 6100. [CrossRef]

UNESCO. Rethinking Education. In Towards a Global Common Good? UNESCO: Paris, France, 2015. Available online: http:
/ /unesdoc.unesco.org/images/0023/002325/232555e.pdf (accessed on 23 July 2021).

Togou, M.A_; Lorenzo, C.; Cornetta, G.; Muntean, G.M. Assessing the Effectiveness of Using Fab Lab-Based Learning in Schools
on K-12 Students’” Attitude Toward STEAM. IEEE Trans. Educ. 2020, 63, 56—62. [CrossRef]

Nguyen, T.PL.; Nguyen, T.H.; Tran, T.K. STEM Education in Secondary Schools: Teachers’ Perspective towards Sustainable
Development. Sustainability 2020, 12, 8865. [CrossRef]

Khalaf, B.K.; Zin, Z.B.M. Traditional and Inquiry-Based Learning Pedagogy: A Systematic Critical Review. Int. ]. Instr. 2018, 11,
545-564. [CrossRef]

Lee, L.-S.; Lin, K.-Y,; Guu, Y.-H.; Chang, L.-T.; Lai, C.-C. The effect of hands-on energy-saving house learning activities on
elementary school students’knowledge, attitudes, and behavior regarding energy saving and carbon-emissions reduction. Environ.
Educ. Res. 2013, 19, 620-638. [CrossRef]

Chase, C.C.; Marks, J.; Malkiewich, L.J.; Connolly, H. How teacher talk guidance during Invention activities shapes students’
cognitive engagement and transfer. Int. |. STEM Educ. 2019, 6, 14. [CrossRef]

Sari, U.; Duygu, E.; Sen, O.F; Kirinds, T. The Effects of STEM Education on Scientific Process Skills and STEM Awareness in
Simulation Based Inquiry Learning Environment. J. Turkish. Sci. Educ. 2020, 17, 387—405.

Simunovi¢, M.; Babarovi¢, T. The Role of Parents’ Beliefs in Students’ Motivation, Achievement, and Choices in the STEM Domain:
A Review and Directions for Future Research. Soc. Psychol. Educ. 2020, 23, 701-719. [CrossRef]

Hill, N.E.; Tyson, D.E. Parental Involvement in Middle School: A Meta-Analytic Assessment of the Strategies That Promote
Achievement. Dev. Psychol. 2009, 45, 740-763. [CrossRef] [PubMed]

Kintu, M.J.; Zhu, C.; Kagambe, E. Blended Learning Effectiveness: The Relationship between Student Characteristics, Design
Features and Outcomes. Int. J. Educ. Technol. High. Educ. 2017, 14, 1-20. [CrossRef]

Hsu, Y.-S.; Lin, Y.-H.; Yang, B. Impact of augmented reality lessons on students’ STEM interest. RPTEL 2017, 12, 1-14. [CrossRef]
[PubMed]

Owston, R.; York, D.N.; Malhotra, T.; Sitthiworachart, J. Blended Learning in Stem and Non-Stem Courses: How Do Student
Performance and Perceptions Compare? Online Learn. J. 2020, 24, 203-221. [CrossRef]


http://doi.org/10.3390/educsci8040214
http://doi.org/10.1080/19404476.2010.11462076
http://www.nsf.gov/attachments/117803/public/Xc--Linking_Evidence--Fairweather.pdf
http://doi.org/10.3390/su12156100
http://unesdoc.unesco.org/images/0023/002325/232555e.pdf
http://unesdoc.unesco.org/images/0023/002325/232555e.pdf
http://doi.org/10.1109/TE.2019.2957711
http://doi.org/10.3390/su12218865
http://doi.org/10.12973/iji.2018.11434a
http://doi.org/10.1080/13504622.2012.727781
http://doi.org/10.1186/s40594-019-0170-7
http://doi.org/10.1007/s11218-020-09555-1
http://doi.org/10.1037/a0015362
http://www.ncbi.nlm.nih.gov/pubmed/19413429
http://doi.org/10.1186/s41239-017-0043-4
http://doi.org/10.1186/s41039-016-0039-z
http://www.ncbi.nlm.nih.gov/pubmed/30613251
http://doi.org/10.24059/olj.v24i3.2151

	Introduction 
	Methods 
	Data Collection 
	Inclusion and Exclusion Criteria 
	Quality Criteria 
	Data Analysis Framework 
	Inter-Rater Reliability 

	Results 
	Who Participated in STEM Activities during the Last 10 Years? 
	What Objects Were Investigated in STEM Activities during the Last 10 Years? 
	What Kinds of Rules Were Employed in STEM Activities during the Last 10 Years? 
	What Were the Major Learning Contexts in STEM Activities during the Last 10 Years? 
	How Have Learners in STEM Activities Interacted during the Last 10 Years? 
	What Kinds of Tools Were Mainly Utilized in STEM Activities during the Last 10 Years? 

	Discussion 
	Discussion of Main Findings 
	Implications 

	Conclusions 
	
	References

