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Difficulty in understanding problem solving is due to the absence of critical
thinking. Students lack knowledge in assessing critical thinking during
problem solving. Hence, there is a need to study critical thinking infused
through a learning strategy to enhance problem solving. Critical thinking
(CThink) is a learning strategy designed which combines critical thinking
and Integral Calculus. The development process of CThink combines the
critical thinking process and questioning for critical thinking using the
analysis, design, development, implementation, and evaluation (ADDIE)
model. In the learning strategy, questions were applied based on CThink
processes which consist of interpretation, analysis, inference, evaluation,
explanation, and self-regulation. Besides, different questioning for CThink is
presented based on the critical thinking process. CThink has achieved a
content validity of 94.12% with a coefficient value of 0.94, and the value is
above 70% or 0.70. Based on the result, the contents in the CThink are
considered of good validity. From the calculation of the percentage from the
expert given score, CThink has achieved the validity measurement for the
language of 97.50% with a coefficient value of validity is 0.975, which is
above 70 or 0.70. Based on the result, the activities and syllabus used in
CThink achieved good validity measurements. The experts concluded that
this CThink meets the content of Integral Calculus, in line with the level of
polytechnic students, allowing students to think critically to solve problems
as well as activities in CThink help to enhance student problem solving.

This is an open access article under the CC BY-SA license.

©00

Corresponding Author:
Abdul Halim Abdullah

School of Education, Faculty of Social Sciences and Humanities, Universiti Teknologi Malaysia

Johor Bahru, Johor, Malaysia
Email: p-halim@utm.my

1. INTRODUCTION

Student solving seems to be lacking among Malaysian students including problem solving in
Integral Calculus. The circumstance worsened after it was found that the difficulties are due to their
inadequate problem-solving abilities such as a lack of using a suitable problem-solving framework and
weakness in recalling previous knowledge [1]. Students’ difficulties were due to the passive activities in the
class [2] that does not stimulate learning and neglected the thinking skills and problem-solving abilities.
Besides, difficulty in understanding problem solving is due to the absence of critical thinking. Students lack
knowledge in accessing critical thinking during problem solving. Hence, there is a need to study critical
thinking infused through a learning strategy to enhance problem solving. In problem solving, students
employ critical thinking skills in the analyses of problems and applications of previously learned concepts.
As problem solving complements critical thinking, it is important to embed this skill.
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Critical thinking (CThink) skills are important because they enable students to deal usefully with
social, scientific, and practical problems [3]. Confidence and aptitude in critical thinking and problem solving
will assist students to achieve higher grades across all subjects [4]. Thus, critical thinking by Facione which is
interpretation, analysis, inference, evaluation, explanation, and self-regulation is used to integrate with the
questioning for critical thinking. The design phase involves the establishment of the critical thinking process in
Integral Calculus. When CThink was designed, it needed some suitable methods to be developed and to be used
in teaching and learning activities. Developing critical thinking skills in a student allows the student to be able
to solve problems [5]. The objectives of the development of CThink will determine the selection of activities
and resources appropriate to the teaching. Activities in this learning strategy use questioning for critical thinking
for stimulating and supporting critical thinking. In CThink, each activity consists of questions in the form of
problem solving which are non-routine and real-life application problems. CThink with questioning for critical
thinking aims to improve students solving problems.

Social constructivism theory is used to support the design and development that will afford students
meaning making in the learning process. For this study, the learning strategy was designed based on Social
Constructivism by Vygotsky which implements individual questioning or by peer questioning to teach Integral
Calculus. This shows that problem solving can be developed through social constructivism learning that
emphasizes active learning and thus encourages students to explore the skills they have. This study involves
integral calculus since it has the highest number of failures based on topics in the engineering mathematics 2
course at the polytechnic. Besides, students will also learn the application of integral calculus in life such as in
engineering, science, medicine, and business. The discussion in this paper addresses the question of the study: i)
What are the components needed to develop a learning strategy with critical thinking for teaching integral
calculus among polytechnic students?; ii) Which critical skill is suitable to use in the learning strategy for
teaching Integral Calculus among polytechnic students?

The application of thinking skills in teaching and learning mathematics is fundamental in line with the
demands of the national philosophy of education. Critical thinking in learning mathematics is a cognitive
process in an attempt to gain knowledge [6], think critically, become mathematically proficient [7], uncover
problems solved [8], and can increase grades [9]. This is supported by previous study [10] that the mathematics
performance of the students is positively correlated to the level of critical thinking skills and problem solving
skills, which Li [11] mentions is related to applying prior knowledge, logical thinking, and reflective thinking.
By improving the critical thinking skills of students, they will be able to understand things more easily and ask
in-depth questions [12], and justify answers in writing when solving mathematics problems [13]. Thereby, in
line with the objective, this study was designed to explore the effectiveness of critical thinking learning strategy
developed towards enhancement of problem solving. Therefore, it is necessary to develop learning material that
infuses critical thinking to enhance problem solving in the classroom. The goal of mathematics education should
be to develop critical thinking and mathematical understanding among all students and is also vital in the
teaching and learning of engineering mathematics [14]. Recent evidence suggests that critical thinking can be
incorporated into mathematics instruction. It can be promoted by learning strategies that consist of concept
mapping, prompts, question and answer, and real-life case studies. These elements have led to developments of
learning strategy that equip critical thinking.

2. RESEARCH METHOD
2.1. Research design

For the research purpose that aims to develop the learning strategy, an instructional design strategy
has been chosen by adopting the design and development research (DDR) using analysis, design,
development, implementation, evaluation (ADDIE). The evaluation was conducted using a quantitative
research method of quasi-experimental group pre-test and post-test and qualitative interviews. The pre-test
was collected before the intervention started and the post-test data was collected six weeks which was
immediately after the intervention.

2.2. Sample and population

The location of the study was based on the selection was due to research purposes. In this study, the
location is at a polytechnic in Johor State which includes the preliminary investigation, pilot, and actual
study. For the pilot study, 35 students enrolled in the engineering mathematics 2 courses from the polytechnic
were selected. The number of 30 students is sufficient to determine the reliability of an instrument [15] and
pilot sample sizes do not need to be large but sufficient to meet the purpose of competent early discussion of
the test. The selection of polytechnic students is carried out on the participants of the study which is
equivalent to the actual study covering the aspects of the location, and the profile of the study participants. It
provides an excellent opportunity to uncover such problems ahead of time, minimizing the need to adopt
procedures or to develop contingency plans on short notice when a larger study is being conducted [16]. For
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pilot study, students are engaged in the CThink learning activities, pre-test, post-test, and preliminary
investigation. There were three lecturers selected in order to assist in the development of CThink, to identify
the problems and obstacles encountered when teaching integral calculus to polytechnic students. The
interviews with the lecturers were vital in the analysis phase for the design and development of the CThink
learning strategy. The criteria to choose the lecturers are experienced in teaching integral calculus, an expert
in the topic of engineering mathematics, and having a bachelor’s qualification or above. To validate the
CThink, the researcher asked for expert validation. The expert is the professional who has acquired mastery
of different dimensions of knowledge. An expert review is a process of asking the opinions, suggestions,
feedback, or comments from experts. Content validation for CThink was performed by six experts.

2.3. CThink learning strategy development

CThink was developed using design and development by the ADDIE model, which is the analysis,
designing, developing, implementing, and evaluating phases. This section subsequently discusses the
procedures of the development, as well as establishing the reliability and validity of the learning strategy.
ADDIE model is very systematic [16] and a flexible guide for constructing an active training and
instructional design [17] and is both useful and practical for course development [18]. In the mapping of
CThink, all tasks and activities were designed by emphasizing the critical thinking process in the learning
strategy. Learning strategy helps to strengthen metacognitive abilities and improve student learning [19]. It
contributes to optimizing the strategy used by students and increases their control of learning beliefs [20].
The use of a learning strategy has been repeatedly demonstrated to correlate positively with academic
performance [21].

In this study, the postures of using questioning for critical thinking have been shown based on critical
thinking. Appropriate questioning has been introduced for integral calculus in each critical thinking process.
The learning strategy highlights how questioning can be blended to design CThink. According to Misrom et al.
[22], the use of questioning can be helpful to develop a learning strategy based on critical thinking. Promoting
critical thinking is asking appropriate questions framed at the right cognitive level in the teaching and learning
of mathematics [23]. Moreover, question prompts to assist students to provide meaningful feedback to their
peers and developing critical thinking skills [3]. Prompts are a specific strategy that can help facilitate critical
thinking. Question prompts afforded opportunities for engaging in critical thinking such as evaluating resources
and making justifications [24]. It encourages students to ask questions, predict, and explain during activities that
could encourage deep approaches [25]. Moreover, prompts or questions support responses, contribute new
perspectives about topics to the group, and demonstrate critical inquiry in their responses [26]. The ADDIE
model was used to develop the proposed learning strategy, CThink. It is a design model that involves basic
stages which are simple and easy to learn. The researcher adopted the ADDIE model because this model is very
useful as it has clearly defined stages that implement instructions practical, save time and money, and is easy to
fix [26]. The overview of the five phases in ADDIE is outlined in sub-section.

2.3.1. Analysis phase

The objective of the analysis phase was to identify problems, gap identification needs identification,
and analysis of the detailed tasks based on the needs [27] for the integral calculus topic under the engineering
mathematics 2 syllabus. To find the call for developing the learning strategy, an interview was conducted with
three engineering mathematics lecturers. The selection of lecturers was based on their years of experience and
their vast knowledge in the field of teaching and learning integral calculus in polytechnic. Three broad themes
emerged from the analysis transcripts which are the importance of learning integration, difficulties in teaching
and learning integral calculus, and improvements in teaching integral calculus.

2.3.2. Design phase

This phase is carried out after analyzing the findings of the first phase. The design can begin after the
difficulties are identified and the capabilities of critical thinking are identified and obtained to enhance student
problem solving in Integral Calculus. The learning strategy developed in this study refers to critical thinking
[28], namely interpretation, analysis, inference, evaluation, explanation, and self-regulation. It is in line with the
objectives stated in the research [29] which require critical thinking that can enhance creative problem solving.
Belecina and Ocampo [30] stated critical thinking encourages seeking new strategies and solving mathematical
problems. Therefore, it is rigorously designed to foster critical thinking to reach the intended student outcome.
In the design phase, there are several important aspects to be considered based on the needs analysis that has
been implemented. Learning strategy design refers to an important aspect of learning theory and this phase
involves several steps such as determining the learning objectives, learning outcomes, and learning activities.
Based on the information obtained from the analysis phase, the learning objectives are set to achieve the
learning outcomes. Once the objectives are determined, then specific activities are developed. The development
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of this learning strategy is transformed in the form of activities according to the learning objectives developed
by the curriculum development division of the polytechnic.

The contents of the designed learning strategy based on questioning covered the critical thinking
process. Integral calculus was adopted with CThink in the preparation for questioning. These concepts were
presented through interpretation, analysis, inference, evaluation, explanation, and self-regulation as the
components of the critical thinking process. Question prompts are used to guide, and facilitate learning, offering
both cognitive and metacognitive guidance. It helps in important cognitive functions, such as focusing attention,
stimulating prior knowledge, enhancing comprehension, and facilitating problem-solving processes [31].
Questions have long been used as a teaching tool by teachers and preceptors to assess students’ knowledge,
promote comprehension, and stimulate critical thinking. Thus, questioning has the potential to promote critical
thinking and to foster reflection, deep thinking, and the construction of conceptual knowledge [20]. Teachers’
questions and responses may constitute support for students’ reflection [18]. CThink was asked to present the
interpretation, analysis, inference, evaluation, explanation, and self-regulation in front of the class, individually,
with the peer, or with the lecturer to see if there was an agreement of understanding in the process of problem
solving by questions for all students.

Designing questioning for critical thinking is modified from the questions to ignite critical thinking
skills and adapted in integral calculus. For this study, the questions for critical thinking skills have been adapted
in integral calculus. The appropriate questions for each step of the critical thinking process have been developed
and these questions are general in developing a learning strategy for integral calculus.

The development of this flowchart is designed to illustrate the flow of the course which will be
experienced by the students in this learning strategy. Each activity is implemented by the six critical thinking
skills and mapping into each phase of problem solving, starting with the understanding phase and followed by
combining with a device a plan, carrying out the plan, and looking back.

2.3.3. Development phase

After the design phase has been completed, the development of CThink learning activities begins. The
development phase in the ADDIE model addresses the tools and processes used to create instructional material.
The content is created according to the decisions taken in the design phase, and the validated learning resources.
The guidelines used to prepare the learning strategy are presented in this section. The method for developing
integral calculus based on CThink is questioning critical thinking with face-to-face learning in the class
individually or with a peer. Questioning to promote critical thinking has been widely used [5], [32]-[35]. In this
study, students were encouraged to use verbal and written questioning for critical thinking as the guide.
Questions are being used to initiate mathematical communication between the students and the lecturer [36].
Teacher questioning plays a critical role in mathematics classes for cultivating critical thinking skills and
fostering deeper learning [37]. Moreover, questioning helps in reviewing prior knowledge, creating new
knowledge, developing understanding, developing thinking skills, and motivating them to higher thinking.

Students are guided to questions for critical thinking in the activities to solve the non-routine problems.
Interpretation questioning guide students to be able to interpret the hidden meaning in the statements.
Furthermore, the analysis questioning is formulated to bring out the essential elements in the statements. The
students are asked to identify the intended and actual inferential relationship among statements. Immediately
after that, students are navigated by inference questioning to reason based on relevant criteria and standards.
After reasoning out, the students are regulated by evaluation questioning to critically look at the method,
procedures used, and whether it is logical. The students were recommended then by evaluation questioning to
justify the reasons and lastly by self-regulated questioning to reassess work by cross-checking the procedures
and the answers. The CThink booklet also stated the learning objectives for the subtopic and learning
outcomes that should be achieved by students. Stating the objectives and outcomes is important for students
to perform and focus on achieving the expected learning outcomes. The questions used in the booklet were
extracted from the textbook with modifications to fit the activities’ needs. The activities developed were
based on the findings in the analysis phase which are creating questioning, peer questioning, providing the
solution, and demonstrating their solution. The problem solving takes place in demonstration and solutions
from the students by following each phase in problem solving determined.

2.4. Validity and reliability

In addition, content validation and face validation were also conducted. The content validation was
carried out to determine the validity of the CThink contents, the suitability of the session, and the activities in
CThink. The questionnaires for expert validation were adapted and modified to suit the need of the CThink
validation processes. Scale rating was used to evaluate the validity and the recommendations by the experts.
The calculated value of the rating would describe the level of validity of the developed learning strategy. The
results were then calculated using the percentage calculation method (PCM) [37], and the content validity is
considered acceptable if the value exceeds 70%.
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Intercoder reliability which is also referred to as a member check was conducted where another
coder is requested to code the transcripts based on the lists of themes and coding. Each interview transcript
was reviewed by the interview participants if further clarification is needed. Three inter-rater who has a
research background in the field of mathematics education were involved in the interview data analysis
process. Taking the findings back to the subjects being studied, where these people verify the findings helps
the researcher to be more confident of the data validity (respondent validation). The transcribed qualitative
data from the focus group discussions and one-to-one interviews were analyzed using NVivo 10. The texts
were read word for word to gather themes related to the research questions. Inter-rater reliability and inter-
rater agreement were calculated to determine the degree of agreement between the three raters.

2.5. Inter-rater agreement of interview data

The transcribed interviews were inter-coded to determine inter-rater reliability and inter-rater
agreement. Both measures were used because the inter-rater agreement does not take into account agreements
that may occur by chance. Inter-rater agreement is an agreement that might be based on whether two or more
raters agree on codes used for the same passages in the text. To establish an inter-rater agreement, one of the
transcribed interviews was coded by three different researchers. The inter-rater agreement was 58.3%. Expert
reviews using the Fleiss Kappa inter-rater reliability technique were employed to complete and ensure the
validity of the interview. The finding of the overall Kappa coefficient value is 0.55 which indicates moderate
agreement.

3. RESULTS AND DISCUSSION

A learning strategy that has been assessed by an expert should be calculated the PCM method [37].
The good content validation percentage was set at 70% [37]. Critical thinking has achieved the content
validity of 94.12% with a coefficient value of 0.94, and the value is above 70% or 0.70. Based on the result,
the contents in the CThink are considered of good validity. From the calculation of the percentage from the
expert given score, CThink has achieved the validity measurement for the language of 97.50% with a
coefficient value of validity is 0.975, which is above 70 or 0.70. Based on the result, the activities and
syllabus used in CThink achieved good validity measurements. The experts concluded that this CThink meets
the content of Integral Calculus, in line with the level of polytechnic students, allowing students to think
critically to solve problems as well as activities in CThink help to enhance student problem solving. Next,
comments and suggestions for the improvement of the CThink provided by experts from the validation form.
A few comments for improvements to the CThink have been resolved as described in the improvement space.

3.1. Implementation phase

CThink was conducted for a pilot study with 12 meetings from September until October 2018. This
pilot study was conducted for six weeks with a total of 24 hours of learning time. Within CThink
development, a pilot test is conducted to identify usability issues in the learning strategy. The data collected,
and issues identified during the pilot study are used to revise the learning strategy before it is released.
Moreover, the purpose is to test the CThink developed in the previous steps with the targeted audience and to
ensure that everything functions properly. Pilot studies provide opportunities for the researcher to evaluate
student reactions to the procedures, the suitability of the questions used in each activity, the use of the critical
thinking process used, and the situation to be carried out in the real situation. Moreover, the aim is also to
make estimates of the time required for each learning session. From the pilot study of the learning strategy
used, feedback and comments, and suggestions were obtained from the students involved in the form of
open-ended interviews. Once the CThink was revised and completed, the implementation phase of the
research study began. The data collection that occurred during this phase was used for the improvement of
CThink. The deliverables for the implementation phase are all the learning activities in the CThink which
consist of ten activity units. The rationale of ten activities is developed because the polytechnic syllabus has
ten subtopics in integral calculus and each subtopic affords an opportunity to address the student’s difficulties
in problem solving. Activities are conducted for 45 minutes and the rest is for lectures. The experimenter was
able to meet with students for six weeks for four hours per week.

CThink refers to three learning objectives and ten activities. Data is taken through a pre-test which is
given before the students pursue the intervention. After the intervention, the group of students was given a
post-test to assess whether CThink can improve problem solving difficulties within integral calculus. A post-
test was taken at the end of the teaching period. The test required to answers all questions which only involve
calculation and problem solving. This instrument was assumed fit to measure the problem solving of
students. The students were given two hours to answer all the questions. Each problem should be solved with
the complete solution to determine the effectiveness of CThink to enhance problem solving.
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3.2. Evaluation phase

Evaluation is an ongoing process and may take place at any time during course development and
delivery. It is the process to see whether the learning strategy developed succeeds, in line with the
expectation of the study. A developed learning strategy is appropriate when passing through certain
credentials. In this regard, this assessment is focused on identifying CThink that has been developed with
good validity and high-reliability coefficients before testing their efficiency in mathematical learning.
CThink which has been through improvement in terms of content also tested its reliability. Evaluation for
CThink is measured using the questionnaire developed. After completing the implementation phase, students
are given a questionnaire to evaluate the CThink learning strategy. In the aspect of student evaluation of
CThink, it can say that students are of the view that they are interested in resolving the problem in CThink.
Moreover, using CThink with questioning for critical thinking helps to solve problems. Thereby, the student's
critical thinking in Integral Calculus was taught.

4. CONCLUSION

This paper describes in detail the learning activities which have been broken down into three
learning objectives based on critical thinking skills. Based on the phases of the ADDIE desigh model, the
procedure of designing a learning strategy through CThink can be more organized and systematic. In
summary, CThink contains three objectives and involves 10 learning activities. CThink is implemented to
illustrate the application of critical thinking process and critical thinking questioning in learning strategy. The
critical thinking process needs to be implemented in each phase of solve problem solving. The effectiveness
of CThink in improving problem solving is through problem solving tests where the use of critical thinking
process is identified through the coding that has been built. In addition, interviews and rubrics are also used
as an advanced extension of CThink.

CThink is allow students to use their ideas and strategy as well as to encourage discussions during
their learning process. Likewise, an analysis of the student assessment in pilot studies shows that CThink is
appropriate for use in the classroom. They argue that page layout, text size, picture, charts, tables, and
content texts, as well as easy-to-understand sentence instructions and step-by-step questioning for critical
thinking, are also easy to follow. Consequently, referring to the validity assessment results of experts and
students indicates that CThink can be applied in the classroom and tested on other topics in Engineering
Mathematics subjects. The students’ view towards CThink, as demonstrated by their general comments, was
also positive. Overall responses to the perception questionnaire indicated that CThink was endorsed as a
more exciting and fruitful teaching and learning method. The CThink group decided that they could readily
understand the Integral Calculus taught to them through CThink which made it much easier for them to make
sense of the problem solving. In this situation, problem solving is regarded as intelligible for CThink learners
when they can explain the solution in their own step. The results of the questionnaire helped to explain the
students’ perceptions toward learning by CThink respectively.
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