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Abstract

This case-study aimed at examining whether training programme for teaching and learning in
fostering Higher Order Thinking Skills (HOTS) enhances science teachers’ knowledge. Within
a 36-hour, six-month pre-post experimental design, nine science teachers were undergone a
series of HOTS training programme. By using an Inventory of Teaching and Learning in
Fostering HOTS instrument, and comparing the scores in pre-post tests we have found that
the all science teachers in the study showed a significant improvement on their knowledge in
teaching and learning to foster HOTS. Our findings suggest that if science teachers purposely
and persistently practice higher order thinking strategies there is a good chance for them to
be competent in implementing active learning methods with a focus on teaching thinking.
Keywords: Higher Order Thinking Skills, Training Programme, Science Teacher, Secondary
School

Introduction

In an attempt to gauge the quality of education using international benchmarking, an
unfavourable score by Malaysian students as reflected in the recent TIMSS and PISA
recognized a dire need for improved teacher science training namely, pedagogical content
knowledge in fostering Higher Order Thinking Skills (HOTS). In 2013, collaboration between
Ministry of Education, Teacher Training Division and SEAMEO RECSAM resulted in a national
level professional development training for science, mathematics and history teachers which
recognizes the transmission of information about HOTS rather than promoting teachers’
ability to foster HOTS in their teaching (Ministry of Education, 2013). Improved cascade
training model was implemented in stages for this purpose. As of current practice, there is no
evident of individual teachers’ perceived training needs taken into consideration in
determining the training objectives or the contents specifically in fostering HOTS in science
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teaching. Since teachers are directly involved in the core education process that is, student
learning, teachers involvement in planning process of the training is integral.

A deliberate intervention in the form of improved in-service teacher training is needed
to raise Malaysian students’ HOTS science-testing outcome and further reduce the gap with
high achieving countries. Internationally, 43 percent of 15-year- old, failed to meet the OECD
average in science in PISA 2009 (Malaysia Education Blueprint, 2013). According to Keeley,
(2009) ensuring a strong foundation in science learning at lower secondary is imperative in
meeting the demand of the future workforce (cited in Carver, 2012). Therefore, building the
capacity for teachers to deliver highly effective science lessons at lower secondary level is
important.

High competency in science content knowledge as well as HOTS is one of the
determinant factors in Malaysia’s journey to educational excellence. Teachers are held
accountable and responsible in shaping students’ competencies. A collaborative and
constructivist learning environment which are conducive in fostering HOTS calls for assistance
of facilitator or manager instead of instructors (Gabrscek & Roeders, 2013). Transformation
of the role of teachers demands for the updating, upskilling and upgrading to improve on the
quality of the teachers. The need for preparation to foster HOTS in aspiring teachers is
addressed by teacher education program in teacher training colleges and universities.
However to prepare in-service teachers to meet the new demand, a provision for efficient,
effective and relevant training program is necessary. In-service training is recognized as
central to the development of quality of the in-service teachers (Gabrscek & Roeders, 2013),
as it is strongly related to change process (Roger, 1993). Harris (1980) asserts that, in-service
training should take the shape as determined by its participant in order the most learning of
the most suitable type takes place (Roger, 1993).

The latest 2015 PISA results show that Malaysia is still at the one-third bottom range
among 76 participating countries worldwide despite an all-out effort by the ministry to train
science teachers on how to teach students to think at the higher level several months before
the test. Regular in-service training on student-centered pedagogy has also been provided by
the ministry, but a study by AKEPT in 2011 shows that more than 50% of the teachers
observed fail to deliver their lessons effectively, particularly in inculcating higher order
thinking. To ensure a training programme delivers the desired results, it has to be designed
based on an empirically tested framework of good design that takes into account all aspects
of the training programme. Developing a training programme without a solid basis will almost
always result in a waste of valuable resources.

Therefore, the main purpose of this research is to develop a framework for designing
an effective in-service teacher training program with a focus on the training of how to teach
thinking and investigate the impact of the training program at the individual level for
secondary science in-service teachers in selected schools in Perak, Malaysia. The results of
the study contribute to our understanding of the process of training transfer and
effectiveness and the framework itself may also be useful for any Human Resource
Development (HRD) in planning, implementing and evaluating intervention programs that will
bring about the desired outcomes at the individual and organisational level such as economic
benefits, human good or to focus more specifically on return on investment. The
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development of the framework to design the training program can be referred to Nurulhuda
et al. (2018). Specifically in this article, we will be only focusing on the impact of fostering
HOTS training program on science teachers’ knowledge. We would like to investigate whether
the HOTS training given to the secondary science in-service teachers have a positive impact
on their knowledge on fostering HOTS in the teaching and learning of Science.

Literature Review
Malaysian Students’ Performance in TIMSS and PISA

One area of interest in education is comparative studies in educational achievement, in
particular, in science, mathematics, and reading. There are two such international studies
involving science, namely, Trends in International Mathematics and Science Study (TIMSS).
and Programme for International Student Assessment (PISA). Each study of TIMSS or PISA
involves approximately 50 countries and thousands of students in each participating country.
The impact of both TIMSS and PISA paved a new direction for science and mathematics
education in Malaysia (Sumintono, 2015, Nor’ain & Chinnapan, 2016, Nor’ain, Marzita &
Mazlini, 2017).

Malaysia participated in TIMSS since 1999 and has been joining four cycles of
assessment. The results showed the most drastic decline compared to other countries.
Malaysian students’ science achievement increased slightly between 1999 and 2003, but after
that it declined in terms of rank and score, to below the international average in 2011. As for
PISA, Malaysia had participated in the years 2009 and 2012, and the results obtained for
science placed Malaysia’s students in rank 53 among the 74 countries that participated. These
results were below the international average. Further analysis from Ministry of Education
(2013, p. 3-12) stated that for science, Malaysian students “have very limited scientific
knowledge that can only be applied to a few familiar situations. They can present scientific
explanation that follows explicitly from the given evidence but will struggle to draw
conclusions or make interpretations from simple investigations.” This was a wake-up call for
the Malaysian government to do something with regards to improving the quality of science
and mathematics teaching in the country. However, the results achieved for PISA 2015
showed that Malaysia has moving towards hitting the global average score of 493 for science.
60% of the students who participated grasped the basic knowledge and skills. The improved
results of PISA 2015 may attributes to the implementation of HOTS since 2012.

The Malaysian Ministry of Education has taken drastic action to address this condition.
Since improving the current science curriculum has been stated in the Education Blueprint
(Ministry of Education, 2013), the revisions are targeted for completion in 2017 where one of
the content of the new science curriculum will be to incorporate more problem-based and
project-based subjects, formative assessments and an accelerated learning pathway for high
performing students to complete their secondary education in four rather than five years.

Another emphasis recommended by the Education Blueprint is that Malaysian students
have to cultivate HOTS. Again, the expectation is for students to be globally competitive and
remain relevant with the expectations of the industry and current market, and be able to face
the increasing international challenges and competitions, benchmarked by international
measurements, TIMSS and PISA.
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Further, the Ministry of Education has taken strategic initiatives to set up a special task
force in 2012 (Ministry of Education, 2013), for the purpose of enhancing HOTS among
students and also for the continuous professional development of teachers. A well designed
literacy programme is being developed to improve HOTS among students, as well as to
provide teachers the teaching support needed for their ‘diagnostic assessment’ and for
monitoring students’ academic achievements. The task force consists of experts and
university lecturers working together with RECSAM (The Regional Centre for Education in
Science and Mathematics), where they discussed and designed a pattern of teaching for
teachers to be more challenging to students by applying higher order thinking skills

Currently, Malaysia also participated in PISA 2015. The results achieved for PISA 2015
showed that Malaysia has moving towards hitting the global average score of 493 for science.
60% of the students who participated grasped the basic knowledge and skills. The improved
results of PISA 2015 may attributes to the implementation of HOTS since 2012 as well as
science offered in public examinations was upgraded by increasing its level of difficulty to
make it fit in with HOTS (Sumitomo, 2015). Malaysian Ministry of Education aimed to achieve
above the global average and be in the top one-third of countries participating in PISA and
TIMSS by 2025, which is in line with the Malaysian Education Blueprint 2013-2025 (Ministry
of Education, 2013).

Training Evaluation and Effectiveness

Training is a process which endeavours to impart knowledge, skills and attitudes
necessary to perform job-related tasks. It aims to improve job performance in a direct way
(Abella, 1990). Goldsmith (1993) defines training as a systematic approach to helping
individuals to improve their performance. In general there is a need to train employees when
new challenges in the work environment demand employees to keep up with the latest
changes. Thus training is always a means to an end, not an end in itself. Unless the training
improves the performance of work in an organisation, it inevitably incurs a waste of valuable
resources (Goldsmith, 1993). This is the concept of training transfer and its sustainability. It is
the application of learned knowledge, skills and attitudes to the job and subsequent
maintenance over time for the purposes of improving the job performance (Cornelia & Laura,
2016, Ng & Rusli, 2018).

Defining training effectiveness is complex which has implications for the development
of strategies to measure training effectiveness. The term “training evaluation” and “training
effectiveness” had been distinguished by Alvarez, Salas and Garofano (2004). The former is
described as a measurement technique to find out if training goals have been met. The latter
is a theoretical approach used to investigate the individual, training and organisational
variables that are likely to influence training outcomes.

Previous training “evaluation” studies have been criticised for the lack of information
provided on the impact of the training intervention at both the individual (level three) and
the organisational levels (level four) (Cheng & Ho 2001), for the failure to identify sub-
categories of learning (Alliger et al. 1997) or, to measure the “horizontal” impact of training
at individual level (Kearns 2005) such as the impact on the team or the unit. Wang and Sun
(2009) suggest that the purpose of investing in employees is to enhance their current and
future productivity for the organisation. For example, Mayo (2000) suggests that HRD can
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contribute to employee added value through increased motivation, commitment, efficiency
and competence.

Evaluation of interventions (in this research it is training) is among the most critical
issues faced by the field of Human Resource Development (HRD).There is an intense pressure
for HRD to demonstrate that an intervention contribute directly to the organization's 'bottom
line' (Holton, 1996). The dominant evaluation model, the four-level Kirkpatrick model
(Kirkpatrick, 1976) is acknowledged by many practitioners as the standard in the field but is
seldom fully implemented in organisations (Kimmerling, 1993). The four-level evaluation
model consists of reactions, learning, behaviour and results. The reaction level measures how
the trainees reacted to the training. Measuring reaction helps the organiser to understand
how well the training was received by the audience. It also helps the organiser to improve the
training for future trainees, including identifying important areas or topics that are missing
from the training.

The learning level measures what the trainees have learned. It is important to measure
this, because knowing what the trainees are learning and what they are not will help the
organiser improve future training. The behaviour level evaluates how far the trainees have
changed their behavior, based on the training they received. Specifically, this looks at how
trainees apply the information (individual level). It is important to realise that behavior can
only change if conditions are favorable. Hence there are many factors be it internal and/or
external to the trainees that can affect behaviour change such as motivation, environmental
and ability elements (Holton, 1996). Finally the results level analyses the final results of the
training. This includes outcomes that the organisation have determined to be good for
business, good for the employees, or good for the bottom line (organisational level). This
article focuses only on the learning level in which the specific objective is to determine the
impact of fostering higher order thinking skills training programme on science teachers’
knowledge.

Methodology
Method

A one short experimental design was used to gather data in this research. A quantitative
methods of inquiry were utilised which involved the use of an Inventory of Fostering HOTS in
teaching and learning instrument. Finally, data was gathered from participants who took part
in the research, where the pre-test and post-test were administered before and after the
intervention.

Training Intervention under Investigation

The intervention utilised for the purposes of the study was a 36-hour and six-month
Face-to-Face Training Programme for Enhancing Teaching and Learning designed specifically
to foster HOTS. The activity in the training programme provides course participants with the
knowledge and skills to develop higher order thinking skills. Table 1 showed the specific
programme component and curriculum structure in the training programmes.
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Table 1
Programme Component and Curriculum Structure in the Training Programmes
Code Cluster Code Topic/Activity Face-To-Face
(hour)
A Higher Order Al Introduction To Higher Order 2
Thinking Skills Thinking Skills
Content Knowledge
Total 2
B Teaching And B1 Inquiry learning 8
Learning To Foster B2 Thinking-Based Learning 8
Higher Order B3 Thinking Tools (Concept Map) 2
Thinking Skills B4 Techniques To Foster Higher 4
Order Thinking Skills (Questioning
Techniques, 5W1H, ialogic
Teaching, Predict-Observe-
Explain, Discrepant Event, Know-
What-Learn, Plus-Minus-
Interesting, Think- Pair- Share)
Total 22
C Assessment C1 Developing Higher Order Thinking 6
Skills Items
Total 6
D Professional D1 Micro-Teaching 6
Practice
Total 6

Overall Total 36

The training is divided into four clusters namely (A) Higher Order Thinking Skills Content
Knowledge, (B) Teaching and Learning to Foster Higher Order Thinking Skills, (C) Assessment
and (D) Professional Practice. Cluster A, C and D comprised of a topic or an activity such as
Introduction to Higher Order Thinking Skills topic, Developing Higher Order Thinking Skills
Iltems topic and Micro-Teaching activity, respectively. Cluster B comprised of four
components; Inquiry learning; Thinking-Based Learning Thinking Tools (Concept Map);
Techniques To Foster Higher Order Thinking Skills (Questioning Techniques, 5W1H, Dialogic
Teaching, Predict-Observe-Explain, Discrepant Event, Know-What-Learn, Plus-Minus-
Interesting, Think- Pair- Share).

Sample and Procedure

The sample used for this research was nine science teachers who completed the training
intervention across seven topics or activities. They were selected using the purposive
sampling technique which was according to the need of the research; teachers that are
teaching science lower secondary school and were voluntary participants. At the early stage,
there were 17 science teachers recruited before the training, however only nine of them were
fully completed all sessions in the training intervention.
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Instrument and Data Analysis

The instrument used in this research is the Teaching and Learning in Fostering HOTS
Understanding Inventory. It was designed to measure the science teachers’ information and
facts about HOTS and methods/activities/techniques to foster HOTS that a participant
possesses. This instrument consisted of 13 multiple choice questions and six subjective
qguestions that cover all topics and activities covered in the training intervention. The
instrument was validated by education experts and had a high content validity index value of
0.96. The index value of the Cronbach alpha was 0.78, indicated that the instrument was
suitable to be used in the research. Analysis of data was done using descriptive statistics,
namely the mean and the standard deviation.

Findings and Discussion

Two sets of data were obtained immediately after intervention; the pre-test and post-
test. Both data were to assess teachers’ performance in the learning of information and facts
about HOTS and methods/activities/techniques to foster HOTS. Teachers’ performance was
measured by the overall test performance in the Teaching and Learning in Fostering HOTS
Understanding Inventory. Table 2 showed the results of the analysis. The overall total test
performance was 40 marks, comprised of a total of 13 marks for multiple choice questions
and 27 marks for subjective questions.

Table 2
Teachers’ Performance in the Teaching and Learning in Fostering HOTS Understanding
Inventory

Partipant Pre-Test Pre-Test Total Post-Test  Post-Test Total
(Objective) (Subjective) Marks (Objective) (Subjective) Marks
(Pre-Test) (Post
test)
1 10 13 23 11 13 24
2 7 13 20 9 13 22
3 7 4 11 7 15 22
4 6 12 18 7 10 17
5 6 6 12 10 15 25
6 8 3 11 9 15 24
7 8 11 19 8 13 21
8 9 11 20 9 11 20
9 7 10 17 8 16 24
Mean 7.56 9.20 16.78 8.67 15.11 22.11

The overall mean performance for the pre-test and post-test were 16.78 and 22.11,
respectively. Specifically, for the multiple choice questions, the mean for the pre-test was
7.56, while the post-test was 8.67. Furthermore, for the subjective questions, the mean for
the pre-test was 9.20, while the post-test was 15.11. The results showed that the teachers’
performance was better after the intervention; their score increased by 5.33 points in overall
mean performance, 5.91 points in the subjective questions, and 1.11 point in the multiple
choice questions.
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Looking closely into each question in the instrument, it was noted that, a subjective
qguestion related to thinking-based learning had been answered well by almost of the
participants in the post-test. Barak and Shakhman (2008) emphasised that introducing
elements of constructivist pedagogy combined with specific steps aimed at fostering higher-
order thinking into class could be a realistic aim for teachers. One example of a systematic
approach of fostering thinking in teaching a specific content is the IERT model (Swartz &
McGuinness, 2014), namely the thinking-based learning that was done in the training
intervention in this research.

Based on Table 2, it is found that participant 4 had less marks for subjective questions
in the post-test as compared to the pre-test. The participant’s score had decreased by 2
points. By examining and comparing both pre-test and post-test, it was noted that the
participant had missed one subjective question related to giving examples of HOTS in the
post-test. This might be due to carelessness. However, working carelessly and making errors
do not reflect ones knowledge (Hershkovitz et al. 2011). In addition, participant 8 had equal
score for subjective questions in both post-test and pre-test. By comparing both tests
revealed that this participant too had missed the same subjective question that was missed
by participant 4 which was related to giving examples of HOTS in the post-test.

With regards to measuring the impact of the training intervention, the primary concern
relates more to demonstrating a link between the training intervention and the results
observed, especially in the case of science teachers’ information and facts about HOTS and
methods/activities/techniques to foster HOTS which, according to Spitzer (2005), Hamtini
(2008), Rith & Kaspar (2017) most evaluation models fail to accommodate. Results
demonstrated an improvement of participants’ understanding of information and facts about
HOTS and methods/activities/techniques to foster HOTS. This study confirmed the
recommendations suggested by Saedah and Omed (2015) and Gullistin et al. (2017), such that
HOT skills acquisition can also be enhanced through science teacher in-service professional
development programs on how to use the curriculum to impart understanding of scientific
concepts and their applications in daily life. Another study by Weinberger and Zohar (2000)
in preparing prospective teachers to integrate instruction of higher order thinking skills into
science topics found that there was a developmental positive trend in several different
aspects, on both a cognitive and an affective level which aligned with this research. In
addition, this study also support Balakrishnan et al. (2016) recommendation’s that a well-
designed and planned approach which are related to specific learning content that are
challenging would promote higher order thinking skills. These are core principles of good
teaching and have a powerful relationship.

Conclusion and Implications

This study adopted a one shot experimental design to measure the impact of a face-to-
face training intervention on teaching and learning in fostering HOTS to lower secondary
school science teachers. The result revealed that there is a positive impact on science
teachers’ knowledge based on the performance score achieved in the Teaching and Learning
in Fostering HOTS Understanding Inventory. The HOTS training that was design based on the
developed framework showed a significant impact on science teachers’ knowledge; the
participating science teachers were competent in implementing active learning methods with
a focus on teaching thinking. In addition, competent science teachers who participated in the
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research would impact on their students’ capability to think and in the long run produce
citizen who are thinkers, not only as consumers of knowledge but also producers of
knowledge, hence improved the TIMSS and PISA results for Malaysia.
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