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Abstract: Whilst much attention has focused on project-based approaches to teaching Science, Technology,
Engineering and Mathematics (STEM) subjects, little has been reported on the views of South-East Asian
science teachers on project-based STEM approaches. Such knowledge could provide relevant information for
education training institutions on how to influence innovative teaching of STEM subjects in schools. This article
reports on a study that investigated the perceptions of 25 pre-service and 21 in-service Malaysian science
teachers in adopting an interdisciplinary project-based STEM approach to teaching science. The teachers
undertook an eight hour workshop which exposed them to different science-based STEM projects suitable for
presenting science content in the Malaysian high school science syllabus. Data on teachers’ perceptions were
captured through interviews, open-ended questions and classroom discussion before and at the end of the
workshop. Study findings showed that STEM professional development workshops can provide insights into the
support required for teachers to adopt innovative, effective, project-based STEM approaches to teaching science
in their schools.
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Introduction

The Malaysian educational system is currently undergoing transformation, one emphasis of which is to create a
generation who can think creatively, innovatively and critically (Ministry of Education 2012a). As part of the
reform efforts, the Malaysian Ministry of Education (MOE) has created initiatives that aim to increase teachers’
and students’ competencies in Science, Technology, Engineering and Mathematics (STEM) subjects and create
learning experiences that will prepare students for the considerable array of STEM career fields.

In spite of the emphasis on STEM, science and mathematics are not subjects of first choice for a majority of
Malaysian high school students, whose interest in science subjects has been steadily falling (Phang et al. 2012).
During the mid-1980s, the ratio of students taking science to arts subjects was 31:69. By 2012, this had fallen to
27:78 (Ministry of Education 2012b). The number of science stream students has dropped up to 29% since 2007
(Ayob 2012). One reported reason for falling enrolment in many science programs is that students are turned off
by the way these subjects are taught, as Phang et al. (2012) reported that students find studying science to be
difficult, boring and not worth the effort. These findings reflect broader concerns that declining interest of
students in science and mathematics may stunt the efforts to improve technological innovations to make
Malaysia a high income country by 2020.

Equally alarming, recent international comparisons of 15-year-old students’ performance in the 2012 Program
for International Student Assessment (PISA) examination, indicate that Malaysian students scored below the
international average, ranking 52 out of the 65 countries in mathematics, science and reading (OECD 2014).
Further analysis shows that Malaysian students ranked 39 out of the 44 countries with a mean score of 422 on
creative problem-solving, designed to assess students’ abilities to apply scientific and mathematical concepts to
real-world problems (OECD 2014). The mean score for all countries was 500. Malaysia had more than half the
share of low achievers, revealing students’ lack of the kind of skills needed to tackle real life problems that are
increasingly needed in today’s workplace.
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Malaysia plans to develop creative and innovative human capital to meet the nation’s need in the 21* century.
However, if current trends persist, the Science and Technology Human Capital Direction Plan 2020’s
requirement of 60% STEM workforce may not be achieved. These trends raise the question “What can science
educators do to enhance and promote interest in science and other disciplines in STEM?’

It follows that in order to attract more students into STEM careers, students should be provided with meaningful
learning experiences that motivate and excite them, and that relate to their own context. To this end, science
educators should be capable of offering learning experiences that engage students in realistic, thought-provoking
problems, working with others, and applying their knowledge, skills and creativity in finding solutions to real-
world problems. However, teachers may face significant challenges fostering an interest in STEM subjects. One
of the biggest challenges for Malaysian primary and secondary science education is that few guidelines or
models exist regarding how to teach using STEM approaches in the classroom. In view of these points, this
study generated and examined a range of ideas on how to enhance awareness among teachers on science
teaching through STEM approaches, and how these could motivate and excite students, as well as themselves, in
teaching and learning science in schools.

Literature Review
STEM-project-based learning (STEM-PjBL) as pedagogy in the teaching and learning of science

Many scholars argue that for students to be fully prepared for careers in STEM, they should engage in
pedagogical practices that reflect the interdisciplinary, ill-defined problems that scientists face (Anderson 2007;
Clark and Ernst 2007; Marshall et al. 2007; Paige et al. 2008; Park-Rogers et al. 2007). In response, many
countries have developed reforms and initiatives to shape teaching and learning across STEM disciplines. A
number of these are interdisciplinary and integrative in nature, with blurred boundaries among the four
disciplines (Wang et al. 2011). Linking STEM subjects offers considerable advantages, notably getting students
to make sense of learning content across the four subjects, while promoting critical thinking and problem-
solving skills (Beane 1997; Drake 1991; Drake 1998; Jacobs 1989; Miller 1995; Nielsen 1989).

To mirror scientists’ problem-based work, a carefully crafted interdisciplinary approach to STEM teaching
allows students to experience ill-defined problems, and provide them with avenues to solve these through a
variety of answers, as opposed to single answer solutions more typical of didactic teaching approaches. Very
little research has explicitly examined project-based learning (PjBL) as a pedagogical framework for teaching
interdisciplinary STEM subjects. Actually, many of the learning experiences advocated in STEM teaching
approaches are similar to the underlying principles of PjBL. Hence, PjBL in STEM (or STEM-PjBL approach)
has promise as a framework for STEM initiatives.

In a STEM-PjBL learning environment, important concepts in STEM subjects can be gained in solving complex
problems (Hickey 2014). Teachers in this environment could guide students in small groups to develop a variety
of solutions for a given problem, encouraging collaborative learning and strengthening critical thinking and
communication skills (Hickey 2014). Moreover, as students engage with the STEM-PjBL approach, they are in
essence mirroring the processes used by scientists and engineers to solve real-world issues through the active
construction of new knowledge and the development of problem-solving skills (Flores et al. 2002; Gutstein
2003; Rogers and Portsmore 2004).

Design-Based Science (DBS) is one example of a STEM-PjBL approach. In DBS, students actively engage with
problem solving through designing and building artefacts (Fortus et al. 2005). The DBS process provides
students with opportunities to carry out series of experiments, with hands-on activities that relate to STEM
subjects content (Satchwell and Loepp 2002). Research has also shown that project-based learning that
integrates concepts in STEM subjects has enabled students to transfer their knowledge and skills to solve real-
world problems (Fortus et al. 2005), which has in many occasions led to improved scores in higher-level
mathematical problem solving and scientific process skills (Satchwell and Loepp 2002).

Motivating students through a STEM-PjBL approach

Educators have shown that the use of a STEM-PjBL approach has been useful in getting students to make sense
of learning science content that is within the science syllabus students study in school. This approach has
particularly worked well for the academically less-inclined students. Amir (2014) argues that while the
prescribed science experiments in the secondary school activity books for these students allow teachers to
engage them in learning through a hands-on approach, a large number of these experiments provide little room

12



International Conference on Education in Mathematics, Science and Technology (ICEMST), April 28-May1, 2018, Marmaris/Turkey

to foster and reward these students for being able to showcase their creativity through knowledge from science.
Students, in doing these experiments, are seen to be going through a routine of steps as instructed by their
teachers with hardly much opportunity for them to put their imaginative and inventive skills to good use
(Abrahams and Millar 2008; and Abrahams and Millar 2008). Amir and Subramaniam (2014) mentioned that
these students have been observed to ask questions about the relevance of learning some of the skills and
concepts taught in the experiment books. Amir and Subramaniam (2014) cited an example of their observation
of students asking questions on how learning the skills in using the vernier caliper to measure the internal and
external diameter of a test tube and compact disc (as described in their activity books) would be useful for them
in their daily lives. The use of a STEM-PjBL could address some of these concerns in motivating students to
learn science (Elkind 1999). However, the choice of the project to be presented to students does matter. Ideas
from educators have shown that the use of projects that kindles interest in students does make a difference in
motivating them to be interested in doing the projects (Amir 2014; Kangas 2010; Lan 2011; Meyer 2012;
Resnick et al. 2000).

A way for science teachers to get students excited in learning science through projects is to infuse play into
lessons. ‘Play’ is a critical issue to consider when introducing science concepts as a means to make learning
science fun (Stables 1997). Play also promotes innovation and stretches students’ imagination to foster
creativity (Parker-Rees 1997). Play factors can be infused into lessons that present both elementary and complex
science concepts. An example of a complex physics concept that has the play factor embedded is shown by
Sabin et al. (2008). In the example, the authors described how they made use of a context of superheroes
belonging to different groups to present complex concepts in quantum physics. Merging elements of ‘play’ to
physics, as shown through such a move, managed to generate interest in students to solve problems in physics.
Another way to infuse elements of ‘play’ is through the use of toys. Using toys excites students and builds up
their enthusiasm to learn science concepts (Giiémez et al. 2009; Featonby 2005; Phillips et al. 2002; McGartland
1998; and Parker-Rees 1997). Toys are also not limited by a certain language and are thus suitable for use across
all ages and cultures (Yau and Wong 2004). Books have been published to show how teachers can inject fun
into their lessons by teaching science through the use of toys (McCullough and McCullough 2000; Sills 1999;
Sarquis et al. 1995; Sarquis et al. 1997; Sumners, 1997; Taylor et al. 1995). Examples of how elements of
‘play’, such as the use of toys, have been incorporated in the crafting of teaching strategies through STEM-PjBL
projects have been described in the literature. These toys can be made from low-cost everyday objects and
materials (McGervey 1995). For example, Amir and Subramaniam (2009) described how students get excited
about learning physics when they were guided to design and make a low cost candy floss kit gadget through the
use of Aluminium foil and objects which are commonly available in the kitchen and a typical physics
laboratory. Featonby (2010) and Thompson & Mathieson (2001) showed how ‘playful’ hands-on activities can
generate students’ understanding in concepts related to optics through making a ‘magic mirror coin box’ toy that
can be easily made using simple paper box and a plastic mirror. Oliver and Ng (1999) described how students
were made to understand the concept of forces and elasticity by designing and making rubber-band driven toy
aeroplanes. Subramaniam and Ning (2004) described how students were made to understand the concept of
resonance by making a simple toy that is made with a wooden rod, strings and pendulum bobs. Zubrowski
(2002) carried out a study with students using simple materials to make model windmills in getting them
understand several science concepts related to forces and motion. Amir and Subramaniam (2006; 2007; 2014)
have also described that students were able to not only able to acquire physics content through designing and
making toy projects but also in being able to express their creativity through science knowledge in coming up
with their own versions of toy designs.

Theoretical Framework and Purpose of Study

Since 2004, Malaysian universities have started research on project-based teaching and learning approaches in
the engineering fields (Khair et al. 2011). However, STEM-PjBL approaches have yet to be developed for
schools, indicating research needs about teachers’ understanding and implementation of STEM-PjBL
approaches in science teaching. The literature suggests that a STEM-PjBL approach through designing and
making science-based toys can be a useful pedagogy to teach science and create students’ excitement and
motivation toward learning science. The researchers believe that when teachers are enabled to engage with such
an approach, they would develop STEM-PjBL teaching and learning activities that could set a positive STEM
culture in schools. On a bigger scale, implementing a STEM-PjBL approach in science teaching could be a
catalyst towards achieving the Malaysian transformation agenda in sparking student interest in STEM subjects.
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A professional development workshop approach for pre-service and in-service teachers is one way of creating
teachers’ awareness of science teaching through a STEM-PjBL approach (Laboy-Rush 2007). Knowledge of
these teachers’ views on STEM-PjBL approaches could inform innovative ways of teaching STEM subjects.
The purpose of this study therefore was to investigate the perceptions of Malaysian science teachers in adopting
a STEM-PjBL approach in teaching science. A professional development workshop would provide the platform
to engage science teachers in STEM-PjBL approaches to science teaching through designing and making
science-based toys.

In formulating research questions, the researchers focused on:

» Examining teachers’ initial perceptions of a STEM-PjBL approach in teaching science,

» Exploring their responses to the professional development experience in using the STEM-PjBL approach
(namely the benefits and challenges they faced in the workshop), and

» Exploring the factors that would motivate them to implement the STEM-PjBL approach in the teaching of
science in their schools.

The research questions guiding this study are:

1. How would teachers’ perceptions of PjBL in STEM approach evolve as a result of their participation in this
STEM-PjBL workshop?

2. What benefits are gained by teachers through engaging with the workshop?
3. What challenges do teachers face as they engage with the workshop?

4. What challenges would teachers potentially face in implementing a STEM-PjBL approach in their
classrooms? What suggestions would they offer to overcome these challenges?

5. What would motivate teachers in applying a STEM-PjBL approach in teaching science in their own classes?

Methodology
Research design

A two-day professional development workshop was carried out to expose teachers to a STEM-PjBL approach in
teaching science. Qualitative methods were used to address research questions and how teachers could put into
practice what they learned in the workshop.

Time frame and sample

Two weekend days were allocated for workshop. The eight-hour workshop design was the same each day. On
the Saturday, 25 pre-service science teachers were involved. The five male and 20 female pre-service science
teachers were aged between 20 and 23, were training in Physics and Mathematics and had no teaching
experience in schools. In contrast, the 21 in-service science teachers involved on day two were six males and 15
females from the Teacher Graduate Program (PPG) across Sabah. They were aged between 32 and 40 years and
had between 8 and 14 years teaching experience in primary schools. Eighty-one per cent of in-service science
teachers had no former experience with PjBL, whereas 19% sometimes incorporated project-based teaching
approaches in their science lessons.

Collaboration with the workshop facilitator

The facilitator was a Senior Teacher from Singapore with a doctorate in science education, who has adopted a
STEM-PjBL teaching approach with his science and Design & Technology (D&T) students for over nine years.
Collaboration between the university and the facilitator started six months prior to the workshop. The agreed
main approach was to take participants through the classroom teaching practices he adopts which mainly
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involves students learning science through designing and making toys. The necessary workshop materials were
then made ready.

Data Collection

Research instruments included interviews (qualitative data). This approach aimed to provide a holistic view on
tracking participants’ perceptions of and reaction to the STEM-PjBL approach. An open-ended question “What
is your overall impression of the workshop?” was stated in view of obtaining written feedback on the
participants through the workshop. The instruments were reviewed by a Science lecturer and Science teacher.
Since English was not the common language used by the participants, the researchers translated the instruments
into Malay; these were reviewed by a Malay language teacher.

Qualitative data were gathered through (a) individual interviews (20—30 minutes), (b) workshop feedback (open
questions), and (c) open discussions at the end of the workshop (60 minutes). The qualitative tools sought
participants’ ideas about the benefits and potential challenges they might face carrying out a STEM-PjBL
approach and the likely recommendation of STEM-PjBL approach to other teachers in secondary and primary
school classrooms. Structured interview protocols were employed with further probing questions following each
interview question. Interviews were audio taped and transcribed.

Table 1 shows the tools that are being used to address the corresponding research questions. A group of 15
undergraduate science students were asked to comment on the readability of the items in the data capturing
tools. The students agreed that all items were relevant and they should remain in the study.

Table 1. Tools being used to address the research questions

Research Data Capturing Tools
Question

1 i. Interview question administered at the end of the workshop:
‘Reflecting on your own experience as a learner and as a teacher, what is your overall reaction to
the approach shared in this workshop as compared to existing instructional methods?’
iii. Open question:
‘What is your overall impression of the workshop?’
2 i. Interview question administered at the end of the workshop:
‘What particular benefits do you get while engaging in this workshop?’
ii. Open question:
‘What is your overall impression of the workshop?’
3 i. Interview question administered at the end of the workshop, and
ii. Open discussion in class
‘What particular challenges do you face while engaging in this workshop?’
4 i. Interview question administered at the end of the workshop, and
ii. Open discussion in class

‘In your opinion, what kind of challenges will you potentially face in implementing a STEM-PjBL
approach in classroom? Please give your suggestion in order to overcome these challenges’.

S5 i. Interview question administered at the end of the workshop

‘Would you like to recommend other teachers to apply a STEM-PjBL approach in teaching
science in their own classes? Please give your reasons why you like to do so’.

Method of Analysis
For written and verbal qualitative data, the researchers used interpretive methods (Erickson 1986) to explore

common themes that emerged out of 46 participants’ statements and words. An iterative process of coding,
memo writing, focused coding, and integrative memo writing (Emerson et al. 1995) was followed.
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Findings
The qualitative results from participants’ responses are summarized in Table 4.

Table 4. Summary of participants’ qualitative responses

Research Participants’ response Frequency Percentage
Question (N=46)

1 What were participants’ reflection on STEM-PjBL approach?
A fun, interesting, enjoyable and exciting approach 28 61.9
Attract students’ interest and attention 23 50.0
Offers opportunities to be creative 15 33.6
Positive applicability and suitability of STEM-PjBL in learning Science 12 26.1
Increased motivation to learn 8 174
Supports learning about environmental values 7 15.2
Developing problem solving skills 3 6.5

2 What benefits were gained by teachers through engaging with the workshop?
Acquired new experience for making Science classrooms more effective 19 41.3
Recognizing the interdisciplinary nature of STEM-PjBL approach 15 32.6
Opening up one’s mind to designing and making science-based toys 10 21.7
Fostering creativity and thinking skills 6 13.0
Inspired to teach in an innovative way 5 10.9

3 What challenges did teachers face as they engage with the workshop?
Insufficient time to complete tasks 20 43.5
Lack of subject matter knowledge in a STEM-related field 12 26.1
Unexpected conditions that contributed to unsuccessful outcomes 10 21.7
Language as a communication barrier 7 15.2

4 What challenges [C] would teachers potentially face in implementing a

STEM-PjBL approach in their classrooms? What suggestions [S] would
they offer to overcome these challenges?

[C] Inadequate materials and facilities

Difficulty in obtaining experimental materials 44 95.7
Rural school laboratories lack equipment provision 23 50.0
[S] Using readily available recycled or easier accessed materials 44 95.7
[C] A large amount of experimental materials to cope with large class 17 36.9
[S] Conducting activities in smaller groups 17 36.9
Students and school stakeholders take their own initiatives to obtain 42 91.3
relevant materials.
[C] Classroom time constraints 40 86.9
[S] Carrying out STEM-PjBL lessons after school hours 40 86.9
[C] Lack of expertise/knowledge in STEM-PjBL related projects 30 65.2
[S] Exposing teachers to STEM-PjBL training 30 65.2
[C] Teaching preparation for less interested students 8 17.4
[S] Planning in advance the activities, materials and apparatus 8 17.4
[C] Cost constraints 43 93.4
[S] Doing group activities 23 50.0
Getting financial support from Ministry of Education 20 43.4
5 What would motivate teachers in applying a STEM-PjBL approach in
teaching science in their own classes?
Able to enhance the understanding of science content 20 43.5
Learning by doing 14 30.4
Exposure to real life problems 10 21.7
Able to foster learners’ multiple intelligences 10 21.7
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Discussion and Conclusion

Findings from this study reveal that the professional development workshop has helped science teachers to
expand their insights and build positive perceptions on the use of a STEM-PjBL approach to teach science. The
teachers found that the workshop has exposed them to new teaching strategies that offer enjoyable hands-on
lessons, such as getting students to design and make science-based toys, in the teaching and learning of science.
The teachers believe that this approach could lead to students learning science in ways that excite them, which
in turn could promote their interest, motivation and attention in learning science.

In recording the learning of science content through a STEM-PjBL approach, teachers are in favour of the idea
of getting students to sketch their toy designs and provide annotations and comments alongside their sketches in
describing how knowledge and skills from science contribute to their toy designs. Teachers believed that this
approach would not only allow students to gain science content but also in providing an avenue for them to
express their creative ideas. Furthermore, teachers felt that this approach caters to the various multiple
intelligences in students’ learning as described by Howard Gardner (1983), namely in tapping on the students’
visual-spatial, logical-mathematics, and bodily-kinaesthetic and not just visual-linguistics modes. This could
help students who may not usually motivated to learn science through the books to be more interested in
learning science. Moreover, as teachers go through the STEM-PjBL approach in the workshop, they felt
motivated to learn science themselves, which led to a considerable number of them indicating that they will
recommend this approach to other science teachers.

There is no clear evidence in this study to measure how a teacher may improve his or her own creative teaching
practices. Nevertheless, 46% of the teachers indicated that the creative learning environment setting in a STEM-
PjBL approach could provide a way for science teachers to sharpen their critical and creative thinking skills.
Several teachers described that the approach has inspired them to teach in an innovative way despite the limited
resources. In other words, they believe that the approach will not only promote students’ creativity but will also
give teachers a chance to come up with creative lesson plans, such as using a toy car to teach concepts in
mechanics and energy conversion, and using a Cartesian diver toy in teaching the concept of density.

The teachers were also made aware that environment values could also be developed through STEM projects.
For example, in the toy solar car project, teachers themselves looked for recycled materials to make the chassis
of their toy cars. Positive comments from teachers are suggestive of how their students can be taught to value
the environment and promote recycling. Another aspect of the findings is that teachers value the
interdisciplinary nature within STEM projects. Such responses highlight the possibility of implementing STEM-
PjBL activities in schools so that students can learn across disciplinary boundaries within the STEM subjects.

Despite the many positive views of teachers on the STEM-PjBL approach in teaching science, there are however
some challenges that have been raised. One challenge highlighted is the amount of time that teachers need to
carry out their projects. This challenge has also been described in the works of Straw et al. (2012), Johari et al.
(2013). In addressing this challenge, findings from the views of the teachers suggest that it could be possible for
the STEM-PjBL lessons to be carried out after school hours to ensure that teachers have enough time to
complete teaching the science syllabus, and students have enough time to complete their projects. Another
challenge highlighted by teachers in this study was on the limitation of resources and cost allocated for the
projects. For example, in the toy solar car project, apart from using recycled materials, for the chassis of the
cars, there is also a need to purchase the motor and solar panels. This is especially obvious when a large amount
of materials are needed to cope with 40 to 50 students in a class. This challenge has also been described in the
works of Wang et al. (2011), Straw et al. (2012) and Weber et al. (2013). In addressing this challenge, science
teachers recommended that students and other stakeholders should take their own initiative in getting the
necessary material for science projects, and conducting activities are in smaller groups.

The study also highlighted that the lack of STEM training could be a challenge for a teacher adopting a STEM-
PiBL in his or her lessons. The work of Honey et al. (2014) highlights that ‘STEM’ is an integration of
disciplines, and that knowing only the science or mathematics discipline alone may not be sufficient to execute a
STEM-based lesson in the classroom. In order to adopt STEM-PjBL in science teaching, a teacher needs to be
well equipped with not only the content knowledge in science or mathematics, but also the instructional skills in
delivering science content through a STEM-PjBL (Ferry et al. 2005, and Walker et al. 2011). Wan et al. (2013)
has brought up the idea of getting more support for STEM training for Malaysian teachers. The involvement of
pre-service and in-service teacher participants in this workshop highlighted that it could be possible for them to
be engaged in acquiring pedagogical content knowledge in teaching science through a STEM-PjBL approach.
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Because the STEM-PjBL approach offers a different approach to conventional teaching approaches (such as
didactic or stepped-through science experiments), training in STEM such as the one conducted in this study has
allowed teachers to realize the need to plan STEM-PjBL lessons differently (in advance) especially for students
who are not interested in Science. Also, because the STEM-PjBL approach is its interdisciplinary nature, it
provides opportunities for teachers to plan on how students can learn across disciplinary boundaries in
Mathematics, Physics, Science, Technology, Design and Engineering. Teachers can support students to bridge
the gaps between separate learning areas through a single project. The positive views of teachers in this study
mirrors those reported in earlier studies (Turgut 2008; Berry et al. 2012), which highlighted that a STEM-PjBL
approach would enable students to gain experience in meeting up to problems that exist in the real world which
are ill-defined, and ones that require students to draw knowledge from the STEM disciplines. Their views are
also similar to the ones highlighted by Weber et al. (2013), in which teachers found that STEM projects act as
catalysts to help students think critically and creatively in the STEM subject areas. These attributes such as
being able to see links across subjects and being able to think critically and creatively in the STEM domains
could contributes to a Malaysian student’s employability skills and marketability not just locally but also
globally.

Implications and Recommendations

Findings from this study indicate that while considerable effort is necessary to put STEM-PjBL approaches into
place, STEM-PjBL would provide practical, innovative curriculum development to support the Malaysian
Educational Blueprint goals for 2013-2025. Findings from this study also revealed a number of gaps that would
be needed to address in terms of training and support for teachers. This study has shown that several teachers
have honestly expressed their lack of expertise in conducting STEM-PjBL approaches in their school science
classes, one of the reasons being a possible reluctance to move away from conventional modes of teaching. This
implies the need for educational institutions to develop more STEM-based training programs for classroom
practitioners, particularly in the areas of lesson planning, instruction, STEM content, assessment techniques and
fostering creative thinking skills. This could be achieved through on-going in-service STEM professional
development programs. Findings also indicated that introducing five STEM-based activities at one time may
overwhelm teachers. Introducing STEM-based approaches that use the latest effective teaching styles (such as
the STEM-PjBL) a little bit at a time would be one way to address this challenge.

The research suggests the need to revise and re-structure the science and mathematics curriculum to produce
students who are capable to think of Science, Technology, Engineering, and Mathematics in the broader terms,
and not just as subjects they study in schools or just to pass examinations. There is a need to reform the
Malaysian national curriculum to offer ways for students to link STEM subjects to solve real life/world
problems. The STEM-PjBL approach as shown through this study can be a way to achieve this goal. Indeed,
aspects of the STEM-PjBL approach could relatively easily be infused into the Malaysian national science and
mathematics curriculum.

While this may be desirable, the researchers acknowledge that it is not that simple to design a multi-disciplinary
project with wide coverage of STEM subjects. The researchers recommend that experts and STEM education
researchers plan several multi-disciplinary projects that could present content across subjects such as
Mathematics, General Science, Physics, Chemistry, Biology, Design, and Technology to students in schools.
Students can then be offered one or two such projects each year, as they work towards meeting a certain
curriculum requirement. This may be a practical way to prepare students to be capable of dealing with
industrial-related problems when they enter the world of work.

A potential challenge that teachers raised is the amount of time needed to complete STEM projects in their
science classes. The researchers found that it is important to provide sufficient time within or outside the
curriculum so that the students can carry out their projects well. Also grades should be awarded for these
projects based on the work and hours spent on planning and carrying them out. Credits could also be awarded
for students who carry out some form of research in how content gained from their STEM projects subjects are
applied in the real world.

Findings from this research also highlight an issue about infrastructure constraints. The study suggests that
government should allocate sufficient budget to improve facilities and provide necessary equipment to furnish
science laboratories to ensure that STEM-PjBL can be effectively achieved. Apart from the education ministry,
funds could be contributed by private, STEM-related companies. Other stakeholders in education such as school
staff, parents and universities could invite participation and collaboration from STEM-related companies, in
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view of building a future nation of STEM-trained students. This could not only develop the possibility of STEM
experts and professionals to contribute to the Malaysian and global economy but could also place Malaysia’s
science teaching at a higher level. The researchers believe that when this happens, there would be a positive
reflection in Malaysian students’ performance in TIMSS and PISA results.

Finally, the study highlights a need for scholars to focus more strongly on raising teachers’ awareness of the
interdisciplinary nature of STEM practices and to support the integration of STEM approaches in teaching
practices. The Malaysian national curriculum may need to be re-vamped to enable this. Further studies should
be carried out in the near future to gain more insights on constructing suitable models for Malaysian STEM
education and monitoring these. Potential further research could usefully address our understanding of the
obstacles faced by teachers in implementing STEM-PjBL approaches in classrooms perceptions of students
toward the STEM projects, and teachers’ unbiased views of implementing STEM in their classrooms.
Researchers will be required to set the standards for STEM education, produce instruments to assess the
suitability of STEM-PjBL plans, and produce assessment tools in order to assess student’s competency in
STEM.

Study findings further suggest that involvement of the various education stakeholders, namely teachers, the
ministry, STEM-related agencies, institutes of higher learning such as universities, experts and scholars will all
be required and valued on the journey to produce STEM-competent students.
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