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ABSTRACT

STEM teaching approach has attracted the attention of science educators as a panacea in addressing the deterio-
rating interest in STEM learning. However, the impact of STEM teaching approach on students’ achievement is
scarcely discussed. Thus, this study aimed to explore the impact of integrating Science and Engineering teaching
approach on the achievement of students. This meta-analysis was conducted systematically on articles published
between January 2000 to January 2020 which were retrieved from five databases (EBSCOhost, Emerald, Scopus,
Web of Science, and ERIC). Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
were applied to ensure a rigorous selection of the desired research articles. The data were then assessed using
two online statistical effect size calculators. A total of 14 effect sizes were calculated. The overall mean effect size
obtained was of high effect (es=2.61). The Engineering Design Process (EDP) (es=3.26, high effect) was the
most effective teaching approach in enhancing students’ understanding, as opposed to design-based learning. An
implication of the study is that EDP should be the basis for other teaching approaches in SE. Solving and creating

tasks encourage application of concepts that then lead to enhancement of achievement.

© 2021 Science Education Study Program FMIPA UNNES Semarang

Keywords: integrated STEM; teaching approach; meta-analysis

INTRODUCTION

A curriculum consisting of science, techno-
logy, engineering, and mathematics, or generally
mentioned as STEM, was first conceptualized
by educators in the United States almost three
decades ago. This came about because of the
scarcity of college graduates in relevant technical
occupations following the rapid growth of scien-
tific advances in the late 1990s (Vasquez et al.,
2013; Chesky & Wolfmeyer, 2015; Martin Paez
et al., 2019). Later, academics globally realized
the need to improve STEM education to equip
students with the necessary STEM skills and kno-
wledge for future job requirements.

White (2014) explained that STEM educa-
tion was an initiative created by the National
Science Foundation (NSF) and was originally
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and was originally called Science, Mathematics,
Engineering and Technology (SMET). However,
current research suggests that STEM education
can be branched off into another perspective, na-
mely integrated STEM education (Martin Paez
et al., 2019). While the classic STEM educati-
on focused on the silo approach of four STEM
components mentioned previously (Kelly & Kno-
wles, 2016; Permanasari et al., 2021), integrated
STEM education emphasizes the different levels
of integration and interconnections between the
subject areas as well as the rich contextualization
of content through real-world applications (Na-
tional Research Council, 2014).

In general, integrated STEM education
need not include all four STEM disciplines. Pre-
vious literature suggested that it can be described
as: (i) an approach that integrates more than two
STEM subjects; (ii) an integration of engineering
design; and (iii) an attempt to incorporate all



160

four STEM components into a real-world prob-
lem where teaching is performed in an authentic
context (Moore et al., 2014; Kelly & Knowles,
2016). As indicated in previous studies, integra-
ted STEM education carries various definitions
without any consensus among scholars. There
were three important points about its integration.
Firstly, integration does not mean abandoning
standards but describing the skills and concepts
within the disciplinary areas. Secondly, the power
of STEM lies in students realizing that solving
problems can be informed by various disciplines.
Thirdly, the integrated STEM curriculum enables
students to learn to apply STEM concepts and
skills in their daily lives.

An ‘Integration Continuum’ curriculum
presented in Vasquez et al.’s work (2013) defined
STEM integration as a continuum of accumula-
ting stages of integration in which progression
across the boundary involves extensive intercon-
nectedness and interdependence between the
disciplines. To summarize, the progression starts
with a disciplinary approach whereby students
learn concepts from separate disciplines before
learning them within a mutual theme at a multi-
disciplinary stage. Afterwards, in order to deepen
knowledge and skills, interdisciplinary learning
is organized across disciplines. Finally, during
transdisciplinary approaches, students get to app-
ly their skills and knowledge through projects or
problem-based learning (PBL) in real-world app-
lications.

In this study, the integration of Science
and Engineering (SE) is located in the third level
(interdisciplinary integration). Once the discip-
lines are interconnected and interdependent, it
allows the mastery of concepts and skills to be
accomplished without neglecting the fundamen-
tal knowledge of STEM disciplines. In addition,
it also helps one, particularly students, to under-
stand that different disciplines can be combined
for problem-solving and application in everyday
life. In this regard, researchers discovered the
PBL approach to be a dominant teaching appro-
ach for integrated STEM implementation (Mus-
tafa et al., 2016; Kang, 2019). However, PBL in
science education is different from PBL of integ-
rated STEM education (Puente et al., 2013). PBL
in science education usually involves scientific
practices. Meanwhile, for integrated STEM edu-
cation, PBL activities include both scientific and
engineering practices, namely the Engineering
Design (ED) process. ED is a teaching approa-
ch that constitutes a learning process that draws
upon the sciences, mathematics, and engineering
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knowledge to meet the desired engineering out-
come (Baker & Galanti, 2017). In addition, Sha-
hali et al. (2016) noted that ED is not only limited
to solving engineering problems but is also bene-
ficial for creating new technologies and products.

Furthermore, for the last decade, studies
have also shown that the ED process in learning
science or mathematics can generate a mea-
ningful outcome through the implementation of
scientific and mathematical principles to solve
complex and real-world problems (Bryan et al.,
2016). Additionally, ED enables students to en-
hance their cognitive abilities, namely problem
solving, creative thinking, formulating solutions,
and decision-making skills. As a result, students
would be able to learn mathematical or science
concepts through a more authentic process by re-
lating them to real-life situations (Moore et al.,
2013; Banks & Barlex, 2020).

The different concepts of ED can be divi-
ded into three main perspectives, namely peda-
gogy, disciplinary practice, and-core idea. Purzer
(2017) even mixed these three perspectives. These
variations are influenced by three different rese-
arch movements in the United States over the
past 30 years. In the late 1990s (first research mo-
vement), learning design was perceived as a pe-
dagogical approach focusing on the disciplinary
core ideas in physics and biology subjects. These
pedagogical approaches are also called as follow:
(1) learning by design; (ii) design-based learning;
and (iii) design-based science. Meanwhile, the
second research movement was led by educators
in the engineering field using two influential pub-
lications, namely: (i) a consensus study report tit-
led “Engineering in K-12 Education: Understan-
ding the Status and Improving the Prospects”;
(ii) a report on the status of engineering educati-
on in the US (National Research Council, 2009).
Consequently, engineering was then framed as a
core content while the design was promoted as
a disciplinary practice. Now, integrated STEM
emphasizes this effort as a pedagogical approach
and the design as a practice. The current research
movement focuses on ED as a mixture of the
three perspectives, consisting of instruction, dis-
ciplinary practice, and fundamental ideas.

ED as a pedagogy can be further divided
into three approaches, namely Learning by De-
sign (LBD), Design-based Learning (DBL) and
Design-based Science (DBS). The three approa-
ches vary in terms of the learning process, kno-
wledge acquisition and learning outcomes. LBD
focuses more on problem-based and case-based
learning, making it easier for students to experi-
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ence meaningful learning of science and design
practice. In contrast, DBL accentuates compre-
hension of abstract concepts by integrating ED
and science inquiry (Apedoe et al., 2008). As
for DBS, it is more of an inquiry-based approa-
ch where the focus is on engaging students’ me-
tacognition to enable them to present ideas in
multiple ways and improve their problem-solving
skills, resulting in learning outcomes in the form
of engineering products (Fortus et al., 2005).

ED as a pedagogy does not represent the
epistemological underpinnings of each field. The-
refore, another framework is used to overcome
these dilemmas, namely ED as a Disciplinary
Practice. In this practice, design-based learning
is implemented. For instance, the novel enginee-
ring approach is implemented at the elementary
level (Purzer, 2017). This innovative approach
integrates characters from books and novels for
students’ understanding to engage them with the
Engineering Design Processes (EDP). STEM
unit’s integration is another approach which en-
gages students in authentic disciplinary practices
(Mathis et al., 2016). According to Goldstein et
al. (2017), in implementing STEM unit’s integ-
ration, the collaboration between educators and
stakeholders is considered the best approach at
the secondary level because it enhances students’
interest in establishing a career in STEM.

Meanwhile, ED as a core disciplinary idea
is defined as a framework which outlines two
disciplinary core ideas that associate engineering
with technology, such as the implementation of
the Engineering, Technology and Application of
Science (ETS) framework for K-12 Science Edu-
cation. ETS 1 emphasizes on “How do engineers
solve a problem?”, while ETS 2 is about “How
are engineering, technology, science and society
interconnected?”. This approach is introduced in
primary education and is implemented throug-
hout high school (NGSS, 2013).

Previous literature has indicated that two
factors affect the implementation of integrated
STEM teaching approach, namely teachers’ be-
liefs and students’ beliefs (Dong et al., 2020; Valle-
ra & Bodzin 2020; Arshad et al., 2021). Teachers’
belief in their students’ learning ability is impor-
tant for effective SE integration in the teaching
style and it also influences students’ achievement
in school (Margot & Kettler, 2019; Christian et
al., 2021). According to Wang et al. (2011), besi-
des emphasizing on educational problems, curri-
culum, and techniques to bring the topic alive for
students, teaching also requires pedagogical con-
tent knowledge. Each teacher possesses a specific
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skill set in forming the material and pedagogical
methods which he or she plans to implement in
a classroom.

Moreover, the expertise in integrating
STEM into instructions is related to the teachers’
ability, teaching background, content knowledge,
time, curricular aims, assessment, and classroom
management skills (Gresnigt et al., 2014; Christi-
an et al., 2021). In addition, teachers’ beliefs and
views about teaching and learning, which might
entail resistance or lack of motivation to change
their practices, are some of the factors that may
impede the implementation of integrated STEM
education (Ashgar et al., 2012). Thus, in this stu-
dy, we conceptualized teachers’ beliefs as their ca-
pabilities in integrating SE to produce the desired
effect on student learning. However, the inclusi-
on of engineering knowledge in science classes
has led to problems such as a lack of confidence
amongst teachers as they are not equipped with
the requisite engineering knowledge to teach stu-
dents (Kim et al., 2019). Nevertheless, despite
teachers’ lack of teaching knowledge, teachers
frequently use their own pedagogical content
knowledge and practice to integrate SE.

The second factor affecting the implemen-
tation of integrated STEM teaching approach is
students’ beliefs. Currently, not much educational
research has been carried out on students’ belief
in the learning process (Halim et al., 2014). Whi-
le every teacher or student has their own perspec-
tive in conceptualizing integrated STEM educa-
tion, the majority of students believe that their
learning experiences have an effect on their mo-
tivation and learning strategies. The effect could
vary - either positively or negatively -and could
be felt either consciously or unconsciously (Sakiz,
2017). In relation to this study, we conceptuali-
zed students’ belief as their attitude toward chal-
lenging learning strategies, especially in PBL. In
general, students’ behavioral response to project-
based instructions can be classified into two cate-
gories, namely ‘challenge seekers’ and ‘challenge
avoiders’ (Meyer et al., 1997). For students who
are challenge seekers, their learning goal as well
as their threshold level for failure is high. Meanw-
hile, students who are challenge avoiders practice
surface learning strategies, are focused on per-
formance achievement and respond to failure
negatively. Accordingly, it appears that students’
beliefs will influence SE implementation. As a re-
sult, teachers must be aware of and be sensitive to
the appropriateness of SE integration by conside-
ring factors such as students’ educational level or
grade level.
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In terms of the implementation of integra-
ted STEM, there are arguments regarding when
and how integrated STEM should be taught to
students. Some scholars argued whether students
need to master the concepts of the disciplines
before integrated STEM education can be imple-
mented or if they can learn the concepts through
integrated STEM teaching and learning (NAP,
2014; English & Kirshner, 2015; Thibaut et al.,
2018). Since STEM is a combination of multiple
disciplines, others questioned how mastery of the
different disciplines are being carried out (NAP
2014). Apart from these issues, it is also imperati-
ve to know the effectiveness of integrated STEM
toward student achievement as emphasized by
English and Kirshner (2015) in his study. There-
fore, this meta-analysis study was conducted to
examine students’ achievement in science subject
through SE integration.

Becker and Park (2011) and Mustafa et al.
(2016) investigated the effect of integrated STEM
on students’ achievement. Becker and Park (2011)
examined the effects of an integrative approach
based on subject integration where their prelimi-
nary meta-analysis data revealed that the 28 stu-
dies from 1989 to 2009 involving elementary, high
school and college students indicated high effect
(es=0.63). In other words, integrative approaches
were found to have positive effects on the achieve-
ment of the students. The results showed that the
integration of four STEM subjects exhibited the
highest effect size (es=1.76). Meanwhile, Musta-
fa et al.’s (2016) study which focused on effecti-
ve strategies for integrated STEM education re-
vealed that project-based learning approach was
deemed a dominant strategy in STEM education
implementation. Even though meta-analysis stu-
dy on STEM integration and its impact on achie-
vement has been conducted, there is still a need
to perform further review based on two reasons:
(1) previous meta-analysis only covered studies
from 2000 to 2009; and (2) effect size was not cal-
culated. Thus, readers were unable to understand
the magnitude of the differences in the previous
study because the impact of the study’s outcome
was not determined. However, to our knowledge,
up to the point of conducting this study, no meta-
analysis study has ever focused on the impact of
integrating science and engineering teaching ap-
proach on students’ achievement.

In this meta-analysis study, we conceptu-
alized students’ achievement as understanding
of a science subject. Tran and Nathan (2010)
revealed that the limited integration of science
into engineering courses has resulted in reduced
achievement gains in science. To attain a better
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focus in this meta-analysis study, the integration
of SE highlighted in this study was based on four
(4) objectives. The first was embedding enginee-
ring practice into science subjects that influence
student’s achievement to understand the science
concepts and enhancing scientific process skills.
The second was to understand the most effective
science subject in the SE integration. The third
was to investigate the appropriate teaching stra-
tegies to enhance teachers’ skills. Fourth and last
objective was to identify the appropriate grade le-
vel to implement SE integration.

METHODS

This meta-analysis study was based on
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guideline
by Moher et al. (2009). This guideline provides
a series of stages as outlined in Figure 1, which
starts with the process of identification, scree-
ning, eligibility, and inclusion. These are then fol-
lowed by the coding process, extraction of effect
size and interpretation of effect size
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Figure 1. PRISMA Flow Diagram (Moher et al.,
2009)

For the process of identification, the elec-
tronic databases used to search relevant articles
(including unpublished work) for this study in-
cluded EBSCOhost, Emerald, Scopus, Web of
Science and ERIC. Therefore, during the identi-
fication process, we practiced several steps such
as: (1) used Boolean search “+, -, AND, NOT”;
(i1) used specific keyword terms and their variants
including integrated STEM, STEM education,
student achievement, student outcomes, enginee-
ring design, Learning by Design, Design Based
Science, Design Based Learning, problem-based
learning, project-based learning, project-oriented
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problem-based learning, inquiry and problem
solving, school; (iii) used alternative keywords
for achievement such as ‘‘performance, success,
outcomes’’; (iv) combined keywords on achieve-
ment with science disciplines such as “Biology,
Chemistry, Physics, Science”; and (v) used refe-
rences to track other suitable articles. After the
initial identification process, the results yielded
a total of 671 articles from Web of Science, 173
from Scopus, 266 from Emerald, 712 from EBS-
COhost and 566 from ERIC. In the meantime,
an additional 15 studies were identified following
manual searches using the reference lists of the
recovered articles to locate other related articles
that might have been omitted during the database
search. Hence, a total of 2403 articles were retrie-
ved. However, after careful identification process,
77 duplicate studies were removed.

After the screening process, 2263 studies
were excluded and only 63 studies were eligible.
The 63 studies that went through the screening
process were then filtered using a set of criteria.
At this stage, we prioritized the articles that were:
(1) quantitative research studies; (2) completed
after the year 2000; (3) published in the English
or the Malay language; and (4) comprised school
samples. In addition, we also excluded studies
which: (i) did not measure the relationship bet-
ween integrated STEM (science and engineering)
and students’ achievement; and (ii) did not have
enough data or basic statistics to calculate the ef-
fect size. The main rationale for these inclusion
criteria was made based on the previous coverage
of integrated STEM meta-analysis and because
of other substantive reasons. At the end of the
process, the number of studies qualified for inclu-
sion was only 14.

The related articles were coded to describe
the final analytic sample based on the context of
the analysis. However, there were inherent chal-
lenges in categorizing the range of measurement
approaches across the studies. Therefore, several
steps were taken to maximize coding accuracy.
First, before moving onto the included articles, a
calibration exercise was conducted on the previo-
us excluded articles which included reconciling
differences and refining the current codebook.
The codebook included all relevant information
by adopting the MUTOS framework (Cronbach
& Shapiro, 1982), namely U (grade level), T (te-
aching approach, teaching strategy, types of sub-
ject integration) and O (student achievement).
Next, the effects of integrated STEM between the
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combinations of SE focusing on student achieve-
ment in all 4 science subjects (S-science, P-phy-
sics, C-chemistry, B-biology) were measured.

The effect size in this study was calculated
using statistical tools from credible online sour-
ces (www.psychometrica.de/effect_size. html and
www.campbellcollaboration.org/escalc/html/
EffectSizeCalculator-SMD1.php). Hattie’s Con-
tinuum Effect (2009) was used to evaluate and
explain the calculation of effect size (Cohen’s d).
This interpretation was chosen because it applies
to specific educational contexts. Based on Hattie
(2009), 0.2 is considered a small effect, while 0.4
is a medium effect and 0.6 a large effect. Thus,
0.4 was considered as a hinge point which was
interpreted as a ‘greater than average influence’
on achievement. Additionally, based on Hattie et
al. (2014), the factors on the left of the scale were
those with decreased achievement while those on
the right of the scale referred to increased achie-
vement. Effect size below zero would not affect
the results of the test.

RESULTS AND DISCUSSION

The impact of integrating SE teaching ap-
proach that focused on student achievement was
measured. A total of 26 calculated effect sizes were
obtained from 14 studies based on a sample size of
33,791 (Table 1). Positive effect was obtained with
the overall mean effect size of (d=2.61, high effect).
This suggests that SE integration has a major effect on
students’ achievement. This outcome is aligned with
the findings of previous studies which stated that the
integration of SE enhanced students’ achievement
in science subjects (Brown, 2017; Foster et al., 2013;
Starr et al., 2020).

SE is required to solve many problems and to
deepen students’ understanding by applying scientific
knowledge to solve engineering problems (Cunning-
ham et al., 2020). The integration of SE indirectly re-
sults in students mastering math concepts and linking
scientific concepts with technology (Asghar et al.,
2012); it also enhances student’s metacognition in-
cluding creativity, critical thinking, problem-solving,
and knowledge application (Goodpaster et al., 2012).
Furthermore, it is also believed that student’s interest
toward science can also be improved through STEM
integration (Dare et al., 2014; Bagiati & Evangelou,
2015; El-Deghaidy et al., 2017). In addition, integra-
ting engineering design processes into science teach-
ing through solving real world problems increases stu-
dents’ interest in STEM subjects and careers (Barth,
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2013). Hattie et al. (2014) explained that even though
meta-analysis is powerful because of the placement
of all the effect size on a common continuum, the

Therefore, two moderator variables, namely T (teach-
ing approach, teaching strategy, types of subject
integration), and U (grade level) were also explored

potential multidimensionality of the findings from (refer to Table 1).
the moderator variables needs to be considered too.
Table 1. Summary of Effect Size Value
Researchers Sample Teaching Approach Type of Grade Level Strategy of Integration Effect Size (d)
Size (k) Subject
Yaki et al. 100 Integrated STEM- SE High School ISTEMA C1:0.53
(2019) based
Ozcan & Koca, 33 STEM Education- PE Middle School ~ STEM Education- C2:0.80
(2019) based Curriculum based Teaching Module
Guzey et al. 4450 Engineering Design SE Elementary Engineering Design- C3: 6.02
(2016) Process School based STEM Integra- C4:9.45
tion Curricula Unit C5: 9.63
Middle School C6:5.43
C7: 4.12
C8: 4.52
C9: 7.34
Mehalik et al. 587 Systems Design SE Middle Alarm System Module C10: 0.89
(2008) School
Riskowski et 126 Engineering Design SE Middle Interdisciplinary Water Cl11: 0.44
al. (2009) Process School Resources
Engineering Module
Apedoe et al. 1,400  Engineering Design CE High School Heating/Cooling Sys- C12:0.25
(2008) Process tem Unit C13:0.18
C14:0.23
Rethwisch 26030  Engineering Design SE High School Project Lead The Way C15:0.44
(2014) Process (PLTW)
Engineering Curricu-
lum
Cross Francis 12 Engineering Design PE High School Workplace Cl6:1.33
et al. (2019) Process Simulation Project
(WSP)
Doppelt et al. 38 Design Based SE Middle School  Electrical Alarm Sys- Cl17:2.24
(2008) Learning tem Module C28:1.49
Standish et al. 40 Engineering Design SE Middle School  Engineering Design C19:1.38
(2016) Process Module C20: 0.99
Fortus et al. 92 Design Based Sci- SE Middle School  Design-based Science C21:2.10
(2004) ence Unit C22:1.90
C23:2.70
Alemdar et al. 543 Engineering Design SE Middle Engineering Curricu- C24:1.53
(2018) Process School lum
Korur et al. 65 Engineering Design SE Middle Scaffolded Design C25:2.09
(2016) Process School Based
Learning (SDBL)
Guzey et al. 275 Design Based Sci- SE Middle School  Engineering Design C26: 0.07
(2016) ence Based

Science Unit
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Six teaching approaches were utilized to
implement the integrated STEM lesson: (i) Integ-
rated STEM-based (1, d=0.53); (i1) STEM Edu-
cation-based Curriculum (1, d=0.80); (iii) Engin-
eering Design Process (17, d=55.37); (iv) System

Effect Size
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Based on the overall mean effect size results
presented in Figure 2, the highest calculated effect size
was obtained from the Engineering Design Process
(d=3.26, high effect) while the lowest was from the
Integrated STEM-based (d=0.53, medium effect). SE
based approach in this study can be interpreted as in-
tegrating engineering concepts and applications into
various content areas in the curriculum (Cunning-
ham & Carlsen, 2014). Based on the results, EDP
yielded the highest calculated effect size, indicating
that it is the most appropriate approach to integrate
SE into the curriculum. In general, ED is used in mul-
tiple means in practice and the framework serves as
a pedagogy, disciplinary practice, and a disciplinary
core idea (Purzer, 2017). Therefore, ED serves as a
structure in SE-based approach since they both have

Effect Size
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Design (1, d=0.89); (v) Design-based Learning
(2, d=3.73); and (vi) Design-based Science (4,
d=6.77). The overall mean effect size results for
the teaching approaches are shown in Figure 2.

=—=Teaching Approach

Figure 2. Overall Mean Effect Size for Teaching Approach

parallel processes and similar problem-solving charac-
teristics while also assisting teachers in teaching scien-
tific inquiry (Cunningham & Carlsen, 2014). Mo-
reover, SE based approach allows the implementation
of PBL such as hands-on activities (Cunningham et
al., 2020) and the application of scientific knowledge
during problem-solving, which promotes new deve-
lopment of understanding among students (Barth,
2013). Dynamic learning approaches need to be tai-
lored to a new curriculum in line with the students’
specific capabilities, interests, and motivation toward
STEM (Bagiati & Evangelouu, 2015; LaForce et al.,
2016). Table 1 also describes teaching strategies
that demonstrated positive effects on students’
achievement. The overall mean effect size results
for teaching strategies are shown in Figure 3.

=—Teaching Strategy

Overall Mean Effect Size for Teaching Strategy



166

Based on Figure 3, the overall mean effect
size for teaching strategy on student achievement
estimated a large effect (d=7.83). There were se-
ven types of strategies used to implement the in-
tegrated STEM (SE) lesson, namely: (i) Enginee-
ring Design Module (7, d=5.03); (ii) Engineering
Curriculum (2, d=1.97); (iii) Engineering System
Based Unit (3, d=0.66); (iv) Scaffolding Design
Based Learning (1, d=2.09); (v) Design System
Based Unit (3, d=0.66); (v) Engineering Design
Based Science Unit (4, d=6.77); (vi) Pre-Engin-
eering Project-Collaboration with Industry (1,
d=1.33); and (vii) Engineering System Module
(2, d=1.49). The effect size varied depending on
the strategy used. The results indicated that the
highest calculated effect size was obtained from
the Engineering Design Science Unit.

Teaching strategy is a technique or met-
hod that is used to meet the learning objectives.
A successful teaching approach would have an
influence on students’ academic achievements.
Teachers therefore need to identify instructional
goals and choose appropriate tasks by gauging

Effect Size
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students’ capabilities (Householder & Hailey,
2012). Hence, the tasks must fit students’ ability
to increase their understanding and interest in
STEM education (Honey et al., 2014; Han et al.,
2015; Yaki et al., 2019); otherwise, the students
may get discouraged and lose interest in learning
(Householder & Hailey, 2012). Teachers’ conven-
tional perception that engineering integration is
only suitable for high-level or talented students
has been dismissed in a number of studies where
it was demonstrated that regardless of the stu-
dents’ achievements, students performed relative-
ly well when engineering concepts were incorpo-
rated in the lessons (Ozcan & Koya, 2019; Yaki et
al., 2019). Thus, Engineering Design Unit strate-
gy was identified as the most effective strategy to
integrate with SE, with a mean effect size of 4.20
(high effect).

Meanwhile, Table 1 also revealed that
students demonstrated positive response toward
integration of SE in lessons. The overall mean ef-
fect size results for types of science subject in SE
integration are shown in Figure 4.

0.07
0

Figure 4. Overall Mean Effect Size for Type of Subjects Integration

Based on Figure 4, effect size for types of
subject integration was estimated to be a large
effect (overall mean d=22.70). Meanwhile, for
types of subject integration, all 4 science sub-
jects (S, P, C, B) which were integrated with En-
gineering (E) were examined. However, none of
the articles was suitable for calculating the effect
size with regard to integration of Biology and
Engineering (BE) subjects. Based on the graph in
Figure 4, Science and Engineering (SE) indica-
ted the highest value of effect size (21, d=65.3)
and overall mean effect of 3.11 which indicated
high effect, followed by Physics and Engineering
(PE) (2, d=2.13), and Chemistry and Engineering
(CE) (1, d=0.66).

SE also yielded the highest value of effect
size in Science subject (S) compared to P and C.
The mean effect size of SE indicated a large effect.
This finding concurs with Honey et al. (2014) and
Walkington et al. (2011) who pointed out that
engineering-based problems are oriented toward
science practices. Moreover, Lachapelle and
Cunningham (2014) mentioned that engineering
education is science-oriented rather than mathe-
matics oriented. Science is perceived as a real-life
explanation, while engineering is accepted as a
solution by humans (Bertoni, 2019). Therefore,
integrating SE through EDP allows teachers to
use inquiry learning and scientific reasoning to
help bridge discipline boundaries between these
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two subjects (Barth, 2013). However, STEM in-
tegration will only succeed with qualified scien-
ce teachers. The overall mean effect size results
for grade level are shown in Figure 5. Based on
Figure 5, all grade levels indicated a high effect.
The overall mean effect size for all 3 grade le-

Effect Size
9
8

7

0.42

High School Middle School

Figure 5. Overall Mean Effect Size for Grade Level

It appears that among all three school levels,
the elementary school children gained a better im-
pact. One possible reason is that the middle and high
school students are more geared to preparing themsel-
ves for examination. Meanwhile, elementary school
students are free to explore and demonstrate their
curiosity. Thus, there is a feasible need to start integ-
rating STEM education at an early age (Ong et al.,
2016; Soylu, 2016).

Wyss et al. (2012) claimed that middle
school is a critical time to enhance students’ mo-
tivation and interest in STEM education. This
statement is coherent with our findings which
revealed that middle school demonstrated a large
effect (mean effect size= 2.35). Therefore, adding
EDP into the middle school curriculum would
be an effective approach even for exam-oriented
countries like Malaysia. The justification behind
this is because STEM learning through ED inc-
reases middle school students’ interest in STEM
subjects and careers (Shahali et al., 2019). During
middle school, students can master mathematic
concepts through hands-on EDP activities. As
for the high school setting, engineering elements
in a design should reflect professional practice in
engineering. Householder and Hailey (2012) pro-
vided some guidelines for implementing EDP at
the high school level. Although EDP is new at the
elementary school level, more effort is needed to
successfully infuse EDP into their curricula (Eng-
lish & Kirshner, 2015; Cunningham et al., 2020).
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vels exhibited a large effect (d=22.70). However,
compared to middle or high school, elementary
school scored the highest effect size. The overall
mean effect size for middle school was estimated
at 2.22, while for elementary school, it was 8.37
and for high school, the effect size was 0.42.

8.37

Elementary School

CONCLUSION

Based on our findings, it is implicitly un-
derstood that not many studies have demonstra-
ted statistically significant results for considerati-
on in this meta-analysis study. In other words, the
studies that investigated the effects of integration
of SE on achievement may not exhibit the inten-
ded contribution. Thus, this meta-analysis study
is timely as it can help to identify the forms of
integration of SE that could provide significant
effects on achievement. The findings demonstra-
ted that integrating SE into the curriculum has
a large effect on student achievement. Therefore,
integrating SE will: (i) effectively improve know-
ledge in science; (ii) increase students’ enrolment
in science; and (iii) inspire and interest students
to try engineering career paths. This study, ho-
wever, did not review studies on students’ diverse
abilities. Students need different methodologies
to help them become independent and strategic
learners. More research is thus necessary to deter-
mine how science teachers could incorporate ED
to suit the various abilities of students. The selec-
tion of teaching strategy is crucial where teachers
must pay attention to choosing the most suitable
approach for the betterment of the students’ per-
formance. Hence, future research could look into
the most effective strategies in implementing in-
tegrated SE approach based on students’ varied
abilities.
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