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A Thinking-Based Learning Module for
Enhancing 21* Century Skills
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Abstract—This study aims to develop the Thinking-Based
Learning (TBL) module for learning secondary school Algebra.
This study uses the developmental model design and the TBL
module is designed using the combination of ADDIE Model and
Kemp Model. It is conducted in five phases: (1) Analysis (2)
Design of TBL Module, (3) Development of TBL Module (4)
Implementation, and (5) Assessment of TBL Module. The
research instruments are the Content Validity Form and Module
Reliability Survey. The validity of the module is validated by three
experts in the field of mathematics education. Sample of the
study in the evaluation phase consisted of the pre-service
secondary school mathematics teachers which are selected using
random sampling technique.The findings showed that the content
validity and the reliability indices for the TBL module are at a
satisfactory level.Significantly, the TBL module is able to provide
guidance to all secondary school mathematics teachers in
customary teaching practices for the inculcation of higher level
thinking, thus generating knowledgeable generation and a good
problem solver for the present and future challenges.

Index Terms— Thinking-based learning, ADDIE Model,
Kemp Model, 21st century skills

I INTRODUCTION

The trend of TIMSS and PISA results shows that the
achievement of Malaysian students is low in mathematics,
especially in answering questions requiring higher order
thinking skills (HOTS) [1]. The Malaysian Education
Blueprint 2013-2025 suggests a transition in mathematical
education rather than emphasizing cognitive algorithmic
skills to HOTS in the implementation of mathematics
teaching and learning [1]. Teachers are implementers and
are very important in determining the success of education
aspirations in Malaysian Education Blueprint 2013-2025 [1].
Many past studies have shown that the quality of teaching
has had a major impact on student participation and
achievement in the classroom [2]-[10]. In fact, teachers'
understanding in mathematics, curriculum and high-level
thinking skills also contributes to classroom practice,
professional development and student achievement [11].

HOTS among mathematics teachers in Malaysia are still
very low and mathematics teaching and learning is still a
procedural that emphasizes the algorithm processes [1],
[12]. This is further supported by the findings of the AKEPT
study which shows that 50% of the teachers are fail to
deliver teaching effectively, especially to foster HOTS [1].
Some studies have also proven that the main problem faced
by teachers is their inability to implement the agenda, lack
of knowledge of HOTS, lack of pedagogical skills and
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attitude towards teaching and learning [12]-[14], all the
mathematical facts and concepts need to taught to students
before they can be encouraged to think [15].In fact, until
now, very few modules have been specifically documented
to guide mathematics teachers on how to conduct teaching
activities that can nurture high-level thinking skills [16],
[17]. Hence, this research is aimed to develop a Thinking—
Based Learning module (TBL) as a guide to teachers to
implement appropriate activities in the classroom in order
toinfusethethinking skills throughout their teaching and
learning processes.

1. THINKING-BASED LEARNING

Thinking-based learning (TBL) is a method of teaching
and learning where the teaching of a specific thinking skill
is infused into the teaching of content or subject matter [18].
The infusion method is highly effective in not only
facilitating the process of acquiring new knowledge but at
the same time fostering the development or enhancement of
thinking skills [19]. TBL provides step-by-step procedures
or routines, and guiding rules by which a type of thinking
can be carried out with a high degree of efficiency and
effectiveness. Since thinking does not happen in vacuum,
TBL also provides the acquisition of information on what
we are thinking about, and/or where to find it. Here are four
important steps to implement a TBL method: (a). Make
contact with specific thinking skills in the context of
everyday life. (b). Promote the use of one or more mind
habits (c). Provide guidance to students in thinking
efficiently by engaging content learning. (d). Encourage
students to think about their thinking, then they are aware
and enable them to think efficiently. Notice that besides the
selected thinking skill and the content, there are two more
aspects of learning that TBL explicitly develops, namely
habits of mind (HOM) and meta-cognition. HOM are mental
habits or disposition that enhances thinking thus making it
more effective and therefore more skilful [20].

There is a key strategy in TBL that can encourage HOTS
in teaching and learning and can be classified into categories
that are student-centered strategies, resource-based
strategies or material and task-based strategies or activities
(21Mok Soon Sang, 2010). To produce a high-thinking
student, Reference [22] suggested that 21st-century students
need to master the skills that are also based on TBL: (a)
Critical thinking and problem solving (b) Creativity and
Innovation (c) Collaboration, teamwork and leadership (d)
Communication skills, information, media and technologies.
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TBL is based on the infusion model which is more of a
student-centered constructivism approach [18], [23]. This
model, which is known as IERT model contains four phases
namely the Introduction, Engagement, Reflection and
Transfer phases. This model proposes four basic
components that need to be designed in TBL where learners
are able to clearly define their thinking process or aware of
the thinking skills, engage in a thought-provoking process,
providing an important opportunity for students to know the
type of thinking involved and to relate the existing
knowledge and experience with the knowledge gained from
exploration.

I1. OBJECTIVE AND RESEARCH QUESTION

The objective of this research is to develop a TBL
Module for the Algebraic Expression topic for form one
students (13- year-old students).The research questions are:
(1) Does the developed TBL module for the Algebraic
Expression topic have satisfactory validity?

(2) Does the developed TBL module for the Algebraic
Expression topic have satisfactory reliability?

In this study, we had chosen the Algebraic Expression
topic which is in the Relationship and Algebra learning area
in the Curriculum and Assessment Standard Document for
Malaysian Mathematics Curriculum Standards for secondary
school [24]. This is based on the need analysis results which
were conducted before the development of the TBL module.

V. METHODOLOGY

A. The Design of the study

The employment of design and development research
(DDR) methodology as the selected approach is justified in
this study by its pragmatism in testing the theory and
validating the practicality. Besides, it is described as a way
to establish new procedures, techniques and tools based on
specific needs analysis [25]. In this case, a new teaching
module was developed.

B.The Development of the Module

This study adapted MohdAfifi’s model [26] based on the
ADDIE Model [27] and Kemp, Morrison, and Ross
Model[28]. There are five main phases in developing
modules, namely the analysis, the design the development,
the implementation, and the evaluation phases.

The analysis phase is the foundation of all phases. The
following are determined before the module is developed:
identifying problems, identifying the cause of the problem
and determining the solution, identifying module targets,
course content, assignments and teaching context. For the
purpose of this analysis, a questionnaire is constructed to
identify: (1) Problems, causes, and ways of solving the
problem in the Relationship and Algebra learning area. (2)
The suitability of the topic for teaching using the TBL
module.Document analysis is also carried out on the
Curriculum and Assessment Standards Document in the
Relationship and Algebra learning area to determine the
content and the suitability of the TBL method.

The design phase is the second phase of the TBL Module
development. Reference [28] stated that the basis for the
process of designing a teaching module involving four main
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elements;- students, objectives, methods and assessments.
Therefore, in this phase, the following elements are
determined; determining learning outcomes or learning
objectives, approaches, strategies, tasks, activities and
appropriate teaching resources.

The next phase is to develop the TBL module. In this
phase, lesson plans, course content, assignments, training
and teaching aids are developed. The completed TBL
module is validated by three mathematics and mathematics
education experts..The next phase is the implementation and
finally the assessment phase where the teaching and learning
activities using the TBL module is carried out to investigate
the feasibility and the reliability of the module being
developed. The process involved the guidance to selected
mathematics teacher on teaching and learning based on the
TBL Module. Based on these two phases, the developed
TBL module also confirms that it can be implemented and
followed.

C. Sample of the study

There are two types of samples in this study; the sample
to validate the modules and the sample to determine the
reliability of the TBL module. Three mathematics education
experts are selected using the purposive sampling technique.
A sample of 34 randomly selected mathematics teacher
trainer participated in the assessment phase.

D. Instruments

The instruments used in this study are the Content
Validity Form (CVF) and the Module Reliability Survey
(MRS).The CVF comprised of two sections; the face
validity statement (seven items) and the content validity
statement (eight items).The MRS comprised of eight
statements about the ability to follow the TBL module. Both
instruments allows the sample to rate items on 4-point Likert
scale (1= strongly disagree, 2=disagree, 3= agree, 4=
strongly agree). These instruments were validated by two
mathematics education experts. The result of the pilot test
revealed that the MRS has high reliability indices of 0.80.
This indicated that both instruments are appropriate to be
used in this study.

E. Data Analysis

In this study, to achieve the first objective, the Content
Validity Index (CVI) was calculated as an empirical
measurement analysis to validate the validity of the
instrument [29].The suggested formula and procedures to
determine the CVI1 is illustrated in Table 1.
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Table 1
Determining the Content Validity Index

No. Matter

1 Scale
2 Formula

Ordinal

cvi==

Divide the ordinal scale into

two groups for example for

scales 1, 2, 3, 4:

1 and 2: a group for “not

agreed”, 3 and 4: a group for

“agreed” and vice versa.n —

numbers of evaluator agreed
>um of evaluator

Mean CVI is a mean of all

CVI each item.

3 Range N Value
accepted 2-4 1.00

5 >0.83

6 > 0.86

7-10 >0.78

Upon completion of validity measure, the reliability of the
TBL module was established to achieve the second
objective if the study. Cronbach’s Alpha coefficient is
widely used to measure the reliability of Likert data that
forms the psychometric instrument [30]. The value of
Cronbach’s Alpha coefficient varies from 0.00 to 1.00 and
the alpha value of .65 to 95 is satisfactory, showing that the
module has appropriate levels of reliability.

V. RESULTS AND DISCUSSION

The results will be presented according to the research
question (RQ) of the study.

RQ1: Does the developed TBL module for the Algebraic
Expression topic have satisfactory validity?

As mentioned above, the face and content validity of the
TBL module are analyzed using the CV1.The CVI values for
all three experts were presented in Table 2 (face validity)
and Table4 (content validity).Number 1 indicated a
favorable rating (experts’ rated as 3 or 4), whereas 0 means
unfavorable rating (experts’ rated as 1 or 2). In addition, the
experts were also requested to give comments and additional
suggestion to improve the TBL module. Using the CVI
method, the acceptable standard for index of average
congruity recommended by [29] is 0.10 for 2 to 4
evaluators. In this case, both indices of CVI for face validity
and content validity is 1.00. Therefore, the developed TBL
module could be considered as having good face and content
validity, indicating that the TBL module for the Algebraic
Expression topic have satisfactory validity.
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Table 2
CVI for Face Validity

Ttem Criteria Likatt Favourable Likart
Scale Unfavourable Scale
sating sating sating o1
Expert 1 Expert 2 Expert 3

1 The formatis 4 1 3 1 4 1 1
acceptable.

2 The instructions are 4 1 3 1 4 1 1
clear.

3 The Words used are 4 1 3 1 4 1 1
appropriate.

4 The font sizeis 4 1 3 1 4 1 1
appropriate.

5 The words spelling are 3 1 3 1 k 1 1
correct.

6 The grammar used is 3 1 3 1 k 1 1
correct.

7 The terms used are 3 1 3 1 3 1 1
appropriate.

CVI | 1.00
Table 3
CVI for Content Validity
Ttem Criteria Likart Favoursble/ Likat Favourable/
Scale Lo & Scale 0 &
rating reting oV
Expert 1 Expert 2

1 Related to the learning 4 1 3 1 1
standard.

2 Can achieve the 4 1 3 1 4 1 1
leamning standard.

3 Suitable for Form 1 4 1 3 1 4 1 1
students.

4 Appropriate for Form 1 4 1 3 1 4 1 1
students’ experience

5 Align with Curriculum 4 1 3 1 3 1 1
Standard.

6 Suitable with thinking 3 1 E] 1 3 1 1
activities.

7 Can improve students’ 3 1 3 1 3 1 1
thinking skills.

8 Appropriate to the ime 3 1 3 1 3 1 1
allocated.

CVI| 1.00

RQ2: Does the developed TBL module for the Algebraic
Expression topic have satisfactory reliability?

To answer the RQ2 of the study, a survey was conducted
to establish the reliability of the TBL Module [31]. The
alpha Cronbach’s value will indicate the degree of
consistency among the users of the module in terms how
they think or feel that they can achieve the learning
objectives and can follow the activities in the module. The
result of the internal consistency tests for the survey was
reported to be 0.83.Hence, the developed TBL module for
the Algebraic Expression topic has satisfactory reliability.

The developed TBL module for Algebraic Expression
topic for Form one (13 —year old) Malaysian secondary
school level in this study has satisfactory validity and
reliability presents the theory that skillful thinking is
uniquely tied to the disciplinary content being thought
about.This developed TBL module comprised of activities
which is in line with thinking-basedlearningsuggested by
[32] where learning requires “specific and appropriate
mental procedures for the kind of thinking engaged in by the
thinker” (pg. 1).

Reference [33] stated that thinking dispositions approach
seems as the most suitable approach and enculturation of
thinking is the most appropriate method for teaching
thinking especially in elementary schools. They stressed that
in infusion approach, thinking is included in the usual
curriculum content; moreover, understanding and thinking
about a topic can be happened
simultaneously. Meanwhile,
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[34] asserted that infusion is a good strategy for intelligent
students where they could easily identify common thinking
patterns, hence could deepen their understanding. Taking
long time to change the patterns is the main limitation for
this approach [35]. Major changes in the existing curriculum
content and teaching methods are needed to achieve the goal
of permeating thinking skills in all aspects of student’s
academic life. In addition, a series of uncompromising TBL
professional development trainings for teachers on how to
apply TBL techniques in their teaching should be conducted.
Thus the developed TBL module could be further
investigated in terms of its effectiveness on students’
cognitive, affective and psychomotor domains.

VI. CONCLUSION

This study has successfully developed a TBL module for
Algebraic Expression topic for Form one (13 —year old)
Malaysian secondary school level with a satisfactory
validity and reliability indices. This study could be
contributed to assertions [19], [20], [32], and [34] that to
meet the challenges of the twenty-first century, current
classroom pedagogy should infuse TBL. Theinstructors
nowadays are not only teaching students’ critical and
creative thinking but also teaching them strategically and
visually how to use the forms of skillful thinking techniques
in the content of learning. Hence, the developed TBL
module could be able to provide guidance to all secondary
school mathematics teachers in customary teaching practices
because TBL highly emphasizes on the types of thinking
techniques that directly lead students to obtain higher order
thinking skills, thus generating knowledgeable generation
and a good problem solver for the present and future
challenges.
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