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TEACHERS’ READINESS IN TEACHING STEM EDUCATION

Aini Aziziah Ramli!, Nor Hasniza Ibrahim?, Johari Surif?,
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Science, Technology, Engineering and Mathematics education (STEM) is a curriculum that aims
to educate students in four specific disciplines using an interdisciplinary and applied approach.
Instead of teaching the four disciplines as separate subjects; STEM education integrates them
into a cohesive learning based on real-world applications. The objective of this study was to
examine teacher readiness towards teaching Science, Technology, Engineering and Mathematics
education (STEM). This study is carried out through a case study based on open-ended question
survey done by ten participants. This study also used content analysis as its data analysis. As a
result, three out of ten participants agreed that they are ready to implement STEM education and
seven out of ten participants agreed that they are not ready to implement STEM education because
of few reasons: lack of confidence to teach subjects that are other than their expertise, lack of
related teaching materials and poor condition of laboratory facilities to support STEM activities.
Implication for science educators based on these results is discussed.
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1. INTRODUCTION

Transformation of the education system is an urgent need to provide world-class
education system for the next generation who is capable to compete globally and
to generate economic sustainability of the country. Thus, the Malaysian Education
Blueprint (2013-2025) was developed in order to produce intended workforce
through the Science, Technology, Engineering and Mathematics education (STEM).
STEM education is defined as an interdisciplinary approach that applies the concepts
of science, technology, engineering and mathematics (White, 2014). STEM
education began in the United States ever since the early 1990s (Ghaziah Mohd
Ghazali et al., 2013). Introduction of STEM education is important for overcoming
high-tech industry economic challenges. Through STEM education, the integration
of the four branches of knowledge to form a new knowledge can actually be
implemented4. This integration is also known as a meta-discipline, or means the
establishment of knowledge based on integration between other disciplines
(Hernandez et al., 2014).
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STEM brought a new approach from teaching science, technology, engineering
and mathematics as a separate and discrete subject. STEM education integrates
this four branches of knowledge into integrated learning based on real-world
applications (Stohlmann et al., 2012). Integration approach in education allows
students to explore, collect and process information required without constraints
of distinction disciplines (Robert and Cantu, 2013). Integration of learning
encourages students to build the relationship between disciplines. The integrated
approach in STEM education aims to remove the constraints between each discipline
contained in STEM education and then teach them as a subject. Integrating science,
technology, engineering and mathematics curriculum in STEM learning across
the curriculum is an example that is fundamental to the curriculum of the 21*
century (El-Deghaidy and Mansour, 2015). Skills needed by students in order to
successfully meet the 21* century challenges can be applied effectively through
this integrated curriculum of STEM education.

To develop a competitive scientific community through the implementation
of STEM education, every teacher plays a very significant role in achieving the
educational goals. The teacher’s role is not only to transmit the knowledge to
students but also to determine the success of the transformation of education.

The changing landscape of education in Malaysia is not limited to the
adjustment of the syllabus or different pedagogical integration, but teachers’
readiness’s also need to be investigated so that the desired changes can be
implemented better. Teachers are responsible in choosing the relevant knowledge
required for their students. It shows that teachers are a medium of instruction that
connects students with the knowledge. An effective teaching is contributed by
teachers’ abilities in processing and translating the selected knowledge to facilitate
students’ understanding (Sadler, 2013; Nor Hasniza et al., 2015). To achieve
effective teaching, teachers must have a broad knowledge and deeper understanding
about what knowledge (Knoell, 2012). In order to promote STEM education, this
study seeks to identify teachers’ readiness in teaching STEM education and the
factors that influence their readiness in teaching STEM. The research questions
are shown below:

*  Are science teacher ready to implement STEM education?

*  What are the factors that hinder science teachers’ readiness to practice
STEM education?

2. METHODOLOGY

This study employed a qualitative instrument. The instrument was used
consecutively to identify science teacher readiness to implement STEM education
and factors that hinder science teacher readiness to practices STEM education.
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The study used a focus group to discuss science teacher’s readiness in teaching
STEM education. The ten teachers were involved in the focus group.

2.1 Sample

Participants in this study were ten secondary school science teachers in local
educational districts in Johor Bahru. They are voluntary science secondary school
teachers with 1- 10 years of teaching experience.

2.2 Data Collection

This study employed open-ended question surveys where all the participants were
being asked the same question. An open-ended question was used because it
encouraged meaningful answers based on participants’ knowledge and feelings as
they were free from restrictions (Stohlmann, 2012). Furthermore, the questions of
the survey tend to be more objective and less leading (Mizzi, 2013). Through
analysing the data descriptively, it enables the researcher to gain additional
information to identify problems effectively with the current generalist practice of
teaching and to assess what teachers feel should be done to improve the situation.

2.3 Data Analysis

In this study, data were analysed using content analysis method. This analysis
method could help researchers to explain the data and information obtained from
the study in more details (Bleuel, 2015). The analysis of qualitative data is divided
into three parts, namely, the provision of data, data organization and data coding.
The first part of the data analysis process is the provision of data. All of the data
obtained during the data collection process will be transcript to text.

After the transcription, data were sorted and then be reused. Compilation of
data was done by giving the numbers in each code and contextual data was collected
through dividing the field notes to certain parts of the date. A nickname or a code
number of participants was given as a reference to keep participants’ real name
confidential for the safety purpose (Haigh et al., 2013).

Next, the main ideas generated from participant’s answer were categorized.
Researchers will shrink the size of the data gradually to smaller units according to
similarities with the formation of several categories, sub-themes and themes. The
coding process was implemented in three stages; open coding, axial coding and
selective coding.

3. RESULT AND DISCUSSION

The analysis focused on understanding teachers’ opinions on their readiness to
teach STEM and their perceived barriers in teaching STEM. In this study, results
showed that only 3 out of 10 participants were ready to teach STEM to their students
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and 7 out of 10 participants were interested in STEM but they were not ready to
teach. The main reason for participants who were ready to implement STEM
education was because they thought that students needed to have STEM skills to
deal with globalisation, challenges and changes.

STEM education can provide exposure to the real world and not just the students learn to
answer exams. (T8)

STEM project are very helpful in developing cognitive skills of the student to facing real
world problems nowadays. (T9)

STEM education should be implemented as soon as possible because students not only
compete with their classmates, but they (students) now compete student all over a world.
Anyone who not skilled will be miss. (T10)

From those responses, researcher found that teachers are aware of the
importance of STEM education in enabling their students to compete globally as
stated in the introductory STEM education by Ministry of Education Malaysia in
Malaysian Education Blueprint (2013-2025). The participants who responded that
they were ready to implement STEM education also gave the reason that they
could save teaching and learning time when implementing STEM education.

STEM education is the integration of science, technology, mathematics and engineering.
Therefore, STEM education can saves time that allocated for a study session. (T8)

STEM is integrated subject where we teachers could combine/connect all subject and shorten
learning time. The extra time that we have, we can do another learning activities. (T9)

This study also indicated that 7 out of 10 participants were interested in STEM
but they were not ready to implement it. The results showed that those teachers
who are interested in STEM would like to teach it, but they are not ready because
they lack of confidence to teach subjects that are other than their expertise.
Meanwhile, they lack of teaching materials and proper condition of laboratory
facilities that support STEM application activities.

3.1 They Lack of Confidence to Teach Other Subject than their Expertise

Qualitative data analysis showed that seven participants had negatively responded
on readiness in teaching STEM education. The teachers did not intend to teach
STEM education because of lack confidence in STEM subjects as they are not
familiar with STEM education. This result may be due to the teachers have limited
knowledge on subjects that are not their expertise. STEM education does not focus
on a subject but four different subjects. Most teachers only have knowledge and
basic skills in teaching their own field only (Avery, 2013; Lee et al., 2013).
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I’'m still not able to teach student all subjects like mathematics, science, technology and
engineering due to lack of knowledge on a particular subject. (T1)

STEM education actually require teacher who expertise in four fields, but we (teacher) only
have expertise in one field only. (T4)

I'm still not ready to teach STEM because STEM have very broad scope and requires
knowledge and skills in various fields, not science field only. (T6)

Based on the participants’ responses, science teachers did not have any problem
with teaching science subjects in different levels at secondary schools. However,
they faced the challenge to teach other than science subjects. It is because these
teachers are usually specialised in particular field at University level. Teaching
other than their expertise is considered a challenge to them. They expressed their
concern when dealing this situation. The teacher participants showed lacking of
confidence when preparing lesson plans, selecting learning activities, answering
questions from students and running experiments in the laboratory (Mizzi, 2013).

Teachers who teach other than their specialism are facing challenges in
preparing their lessons. They need to understand the structure and learn that
unfamiliar content knowledge. Then they need to transform and adapt the content
knowledge into the suitable activities in order to help the student to learn. Inadequate
background in subject knowledge is one of the main factors causes the teacher
lack of self-confidence when teaching topics that are other than their expertise
(Haigh et al., 2013).

3.2 Lack of Reference Materials for Teachers

This study showed insufficient STEM reference materials influence teachers’
readiness in implementing STEM education.

I still not understand the things that need to be done to integrate all STEM subjects in one
teaching session due to the lack of information and reference on STEM. (T3)

...there is no expert / reference that we (teachers) can refer if there are issues to implement
STEM. (T4)

...teachers do not have a guide to implement STEM education and if there is no curriculum
to implement, STEM objectives will not be achieved. (T5)

Most teachers are only expert in one or two subjects. It depends on their
specialism in their tertiary levels, for example, if their major is Chemistry and their
minor is Mathematics, they will not have much problems to teach chemistry and
mathematics. However, they may face difficulties if they are being asked to teach
engineering and technology which is one of STEM components. In such situation,
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teachers need more and extra reference modules to help them in implementing
STEM education. Unfortunately, there are insufficient references materials on
STEM education (Amadio, 2015). As a result, teachers who teach STEM subjects
also cannot teach and guide the students to apply the concept of integration of
STEM education. Students cannot integrate the concept of science, technology,
engineering and mathematics to solve serious problems (Lee et al., 2013). The
absence of complete reference on STEM could dampen the efforts of STEM
education (Carlu et al., 2014). Also, it makes teachers to implement the STEM
knowledge based on their own understanding and yet reach the supposed level
(Howard-Brown and Martinez, 2012).

3.3 Poor Condition of Laboratory Facilities

Based on this study, four out of seven participants who were not ready to teach
STEM had mentioned that the poor condition of laboratory facilities caused them
felt reluctant to implement STEM education.

Lacks of infrastructure facilities such as science laboratories are poorly maintained and this
becomes obstacles to teacher in implementing STEM education in schools. (T2)

I was not ready because I find the schools’ laboratory is still incomplete and inadequate to
support me to teach STEM. (T3)

Science laboratory facilities are incomplete and do not support the implementation of STEM
education that requires science and technology tools. (T5)

...science laboratories in my schools are still not able to support STEM education for all
student. (T7)

Based from participants’ responses, science teachers emphasized the use of
laboratories for practical training to enhance students’ understanding of scientific
concepts and theories learned. Laboratory is the most important area within STEM
activities because STEM education involves a lot of hands-on activities that require
aconvenient space and many laboratory tools (Ejiwale, 2013; Valesco et al., 2016).
Therefore, a conducive laboratory should be made to support STEM learning.

4. CONCLUSION

From this study, we can conclude that teachers’ readiness in implementing STEM
education is still at a low level. There are an internal constraint such as teachers’
self-confidence and few external constraints such as insufficient reference materials
and poor infrastructure facilities. In order to achieve STEM education objectives,
the addressing constraints to implement STEM education should be fixing as soon
as possible. From this study, there is a need for professional development to increase
teacher’s confidence to teach STEM education. Teacher preparation programs must
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also be considered for helping teachers to solve any challenge when implementing
STEM education. This professional development is needed to train the teachers
with new knowledge and the modern teaching trend so that the teachers can apply
STEM education effectively to the students. Besides, this STEM education focuses
on active learning that involves a lot of hands-on activities to effective problem
solving. Due to this respect, laboratory and classroom need to be upgraded to
support the STEM education needs. With all the support, it will foster teachers’
readiness to teach STEM education.
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