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Abstract  Data Handling is an important topic in the 
Mathematics Primary Curriculum as it brings the real 
world of seeing data to students. However, the assessments 
of PISA and TIMSS indicated that the level of Malaysian 
students’ performance and Higher Order Thinking Skills 
(HOTS) in Data Handling is declining. Thus, this study 
was designed to develop active learning instructions using 
smart board (ALuSB programme) and to evaluate its 
effectiveness in enhancing HOTS among Malaysian 
students in Data Handling. The study was carried out in 
two stages; the design and development of ALuSB 
programme stage based on ADDIE model and the 
evaluation stage to see the enhancement of HOTS in Data 
Handling. The research design adopted for this study was a 
pre-test post-test quasi-experimental design using 
non-equivalent control group. Quantitative and qualitative 
data were collected for analyses. The quantitative data was 
analysed using One-way ANOVA to evaluate the mean 
differences between the treatment groups whereas a post 
hoc test was further used to determine precisely which 
mean differences were significant and visa-versa among all 
the three groups. Additionally, the qualitative data was 
analysed using thematic analysis. The findings in this study 

indicated that ALuSB programme has the potential to 
improve students’ performance and HOTS in Data 
Handling. Students also demonstrated increase in their 
ability to carry out a procedure, differentiate and organise 
data, make judgments and create a table or graph, making 
the ALuSB programme suitable to be applied in schools as 
it can effectively help students to enhance their HOTS. 

Keywords  Active Learning, Smart Board, Higher 
Order Thinking Skills (HOTS), Data Handling 

1. Introduction
Data Handling is a significant topic in Mathematics 

Curriculum in Malaysia and therefore it is introduced to 
primary school students. Data Handling involves the 
processes of organising and reducing, describing, 
analysing and interpreting as well as representing a set of 
data. It is an important subtopic of statistics which brings a 
learner out into the real-world of seeing data, reflecting 
upon it socially or individually, and make decisions from it 
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[1]. However, the assessments of PISA and TIMSS 
indicated that Malaysian students performed poorly on the 
topic of Data Handling which was below the international 
average. Results showed that Malaysian students in the 
urban and rural areas performed moderately in the PISA 
assessment [2] whereas the average score of TIMSS 
assessment fell from 505 in 2003 to 429 in 2011 [3]. 

It is crucial that any type of Data Handling should be 
given a real life context or problem solving approach to 
help build children’s understanding of the purpose of Data 
Handling, and to help them recognise when to use certain 
Data Handling approaches when faced with problems. This 
aspect must be taken into consideration in Data Handling 
lessons especially for year five primary school students as 
the Malaysian Mathematics Integrated Curriculum for 
Year Five encompasses most of the important skills of Data 
Handling. It is expected that year five primary school 
students would be able to understand and apply the 
knowledge of average, understanding the vocabulary 
relating to data organisation in graphs, as well as 
organising and interpreting data from tables and charts [4]. 
Therefore, it is important for teachers to ensure that 
students understand the concept of Data Handling during 
their primary years. 

The inculcation of HOTS in Malaysian schools is a 
challenging task since the teaching and learning process in 
Malaysia focuses on lower-level cognitive activities [5-10]. 
Preliminary report of a study highlighted in Malaysian 
Education Blueprint 2013-2025 showed that primary 
school mathematics teachers relied on the traditional 
“chalk and talk” method of teaching and learning and did 
not adequately engage students in constructive thinking. 
Most importantly, the learning focus is still on achieving 
surface-level content understanding or directed at recalling 
of facts rather than cultivating HOTS [11]. Hence, teachers 
prefer to use thinking skills such as memorising, recalling 
and understanding because in most classrooms, HOTS 
receive none or little attention from students as well as 
teachers [12].  

At present, Malaysia is undergoing a dramatic 
transformation in the local educational system. The 
UNESCO assessment noted that Malaysia was among the 
first few countries in the world to implement a strategic 
ICT plan for its education system in order to integrate the 
potential of ICT to enhance the depth of knowledge and 
increase the overall quality of education system in 
Malaysia [11]. One of the educational technology tools that 
has caught the attention of teachers in this recent year is the 
smart board [13]. Smart board was introduced by the MOE 
in Malaysia in 2004 [14]. Smart board combines all the 
functions of a computer, whiteboard and projector into a 
single system [15]. It is more than a computer, a projector 
or a screen [16] as it can be used to deliver instruction in 
visual, auditory and tactile learning [17]. 

Academic librarians found that integrating smart board 
into instruction sessions was able to facilitate active 
learning, which is an important component of 

contemporary instructions [18], as current students are 
active learners and traditional lecture may be increasingly 
out of touch with how students are learning to engage 
themselves with their world [19]. Students’ active 
involvement in the learning process is vital for the mastery 
of skills such as critical thinking as well as contributing to 
their likelihood of programme completion [20, 21]. 
Therefore, this study was conducted to help students to 
enhance their HOTS in Data Handling by integrating active 
learning with smart board. 

2. Research Objectives 
The objectives of this research were: 

i. To design and develop active learning instruction 
using smart board (ALuSB programme) to enhance 
HOTS in Data Handling among students in 
Malaysian primary schools. 

ii. To evaluate the effectiveness of the ALuSB 
programme in enhancing HOTS in Data Handling 
among students in Malaysian primary schools. 

3. Methodology 
The research design of this study was divided into two 

stages. Firstly, the activities in stage one were designed, 
developed and implemented based on ADDIE model 
(Analysis, Design, Development, Implementation, 
Evaluation). In this model, the first phase identified 
students’ learning difficulties for each level of HOTS in 
Data Handling. The second phase was the designing of 
interactive lessons for ALuSB programme whereby the 
Smart Board as a teaching and learning interactive tool was 
integrated with the active learning model [22] consisting of 
learning activities that involved dialogue with self, 
dialogue with others, experience of doing and experience 
of observing. The third phase involved the development of 
interactive lessons with the use of the Smart Board to teach 
Data Handling. Finally, in the fourth phase, ALuSB 
programme was implemented on a group of 10 students 
over five weeks in the pilot study. Interviews were used to 
collect data to investigate the use of the ALuSB 
programme. 

In the second stage, pre-test and post-test 
quasi-experimental design using non-equivalent control 
group design [23] were conducted to evaluate the 
effectiveness of the ALuSB programme in enhancing 
HOTS in Data Handling among students in a Malaysian 
primary school. Ninety students from the same population 
were split into three groups equally; two experimental 
groups (ALuSB programme and active learning instruction) 
and one control group (conventional learning method). 
This study was conducted for eight weeks where 
quantitative data were collected through pre-test and 
post-test whereas qualitative data was collected through 
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student’s interview. 
The quantitative data in this research was analysed based 

on descriptive and inferential statistics using SPSS 
statistics version 23. One-way ANOVA test was used as it 
was found to be suitable for comparing three or more 
groups for statistical significance [24]. Then, in order to 
determine which mean differences were significant or vice 
versa, post hoc test was used [25]. Additionally, thematic 
analysis was used to analyse the qualitative data [26]. 
Research questions were used to group the findings of the 
interview and then were used to support the quantitative 
results. 

3.1. Samples Selected for the Study 

In this research, 90 students comprising 45 males and 45 
females were selected from year five students in a 
Malaysian primary school to address the objectives of the 
study. The selection of the students was based on purposive 
sampling in which they are from medium performing 
groups with average academic achievement in 
mathematics. 

3.2. Research Instruments 

The following research instruments were employed in 
this study: ALuSB programme evaluation form, pretest and 
posttest, rubric, and interviews. 

3.2.1. ALuSB programme evaluation form 
The ALuSB programme evaluation form is used in this 

research for the students to evaluate the consequences of 
active learning instruction using a Smart Board. The 
ALuSB programme evaluation form uses Likert scale 
measurements which are modified according to the 
theoretical framework used in this study and from various 
reliable sources in Smart Board learning design. It is 
designed by the researchers based on the instrument for the 
Smart Board from [27], active learning from [28] and 
HOTS from [29]. The ALuSB programme evaluation form 
was validated by five experts who had experience 
designing the active learning evaluation form, had working 
experience in the field of research, as well as experience 
designing HOTS evaluation form. All the experts strongly 
agree that the questions in the ALuSB programme 
evaluation form are presented and organised in a logical 
manner, the questions have the capability to measure items 
of variables within a given time frame, instructions of the 
questions are clearly stated and the measurement scale of 
the questions is clear and suitable. 

3.2.2. Pre-test and post-test 
Pretest and posttest were used in this study to identify 

the development of students’ learning through the scores 
and level of the cognitive domain in HOTS. The pretest is 
conducted before implementing the ALuSB programme 

while the posttest was conducted after implementing the 
ALuSB programme. Posttest was conducted six weeks 
after the pretest. Both tests have the same set of questions, 
eight performance test items with different sequence and 
values. The questions are designed based on the previous 
assessment features designed by PISA and TIMSS to 
assess students’ HOTS with regards to the cognitive 
domain of Bloom’s Taxonomy. Both tests undergoes 
experts’ content validity and all the experts strongly agree 
with the items designed for the tests. They further stress 
that the design and development of HOTS items in both 
tests were suitable and based on the criteria of test content 
validity which were conformity, accuracy, clarity and 
suitability of the items. Additionally, the features of HOTS 
items were stimulus, multi-level thinking, 
non-conventional context, real situation in daily life, and 
non-repeating items as issued by the Malaysian 
Examination Board. The scores of the pre-test and post-test 
during the formative evaluation are collected and analysed 
using Statistical Package for the Social Sciences (SPSS) 
Statistics version 23 to calculate the internal consistency of 
both tests. The Cronbach’s alpha of internal consistency for 
the pre-test was 0.885 meanwhile the Cronbach’s alpha of 
internal consistency for the post-test was 0.975. Both 
results indicate a high level of internal consistency. 

3.2.3. Rubric 
A rubric is a multipurpose scoring guide for evaluating 

student performances and products [30]. It works in 
various ways to advance student learning in such a way that 
it makes the learning objectives clearer [31] and provide 
students with a tool for self-assessment as well as peer 
feedback [32]. Students are able to perform better and 
critique their performances when they know in advance the 
criteria for evaluating their performance. Rubrics also 
guide delivery and instructional design. The rubric for 
HOTS evaluation is modified based on the [33] revised 
taxonomy. Five scores represent different criteria of the 
assessment answers in the rubric for HOTS evaluation. The 
minimum score is zero, and the maximum score is four for 
each level of the cognitive domain in HOTS. The rubric for 
HOTS evaluation is validated by five experts who have 
experience in teaching HOTS in mathematics education. 
All the experts strongly agree with the items of pre-test and 
post-test and commented that the score for each criterion of 
the assessment answers in the rubric for HOTS evaluation 
is suitable to be used. 

3.2.4. Interviews 
Interviews are systematic ways of talking and listening 

to people, a way to collect data from individuals through 
conversations [34] as well as an effective method to gain 
information about the benefits of HOTS [35]. In this study, 
an in-depth one-on-one interview was conducted by the 
researchers during the stage one of the research design and 
after students’ post-test during the research design stage 
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two to support the findings from other instruments. An 
in-depth interview involves conducting intensive 
individual interviews with a small number of respondents 
to explore their perspectives on a particular idea, program 
or situation [36]. Structured interviews with ten 
open-ended questions are used in this study and five 
experts who have experience in teaching HOTS in 
mathematics education validate the questions used in the 
interview. All the experts strongly agree that the objective 
of the interview questions are stated clearly, the number of 
questions answered by the participants is suitable, the 
vocabulary level, language, structure of the interview 
questions are equivalent to the conceptual level of 
participants as well as the interview questions are capable 
of generating data that will be of value and practical use to 
the sectors concerned in the investigation. The interview 
involved ten students who use ALuSB programme and five 
students who use active learning instruction in the research 
design stage one whom were chosen randomly. Before the 
commencement of the interview, the researchers followed 
research ethics by providing a set of principles that assist 
them in conducting an ethically sounded study through 
obtaining students consent as well as assigning code to 
each participant in order to keep their identity confidential. 

4. Design and Development of ALuSB 
Programme 

In this research, the ALuSB programme was design 
using ADDIE model. ADDIE model is an instructional 
design model that is valid for any education; despite the 
fact that it comprises the components of all other design 
models, it is relatively a simple model [37, 38]. Besides, 
numerous professional instructional designers have 
employed the general ADDIE framework [39] as a 
standard model for technology-based education as it is an 
instructional systems design model that presents a 
sequence of iterative steps for designing and developing 
effective training in five phases. The first phase is analysis 
while the second phase is design phase in which a Smart 
Board as a teaching and learning interactive tool was 
integrated with a model of active learning that yielded 
ALuSB programme to enhance HOTS in Data Handling. 
The third phase is development, the fourth phase is 
implementation, and lastly, the fifth phase is evaluation. To 
achieve the objectives of this research, the first stage of this 
research combines both quantitative and qualitative 
methods. The quantitative method was employed to 
identify the students’ learning difficulties in each level of 
the cognitive domain in HOTS and also to identify the 
students’ perceptions towards ALuSB programme in 
learning Data Handling. Meanwhile, the qualitative 
method is used to identify the methods used by students to 
learn HOTS in Data Handling as well as their perceptions 
towards the learning practices used in Data Handling. 

4.1. Phase I: Analysis 

This phase aims at analysing the students’ learning 
difficulties in each level of the cognitive domain in HOTS 
in Data Handling before the design and development of the 
ALuSB programme. A study is piloted on the conventional 
learning method of Data Handling and the current students’ 
learning difficulties in each level of the cognitive domain 
in HOTS in Malaysian primary school mathematics. A 
semi-structured interview with four experienced primary 
school mathematics teachers and year five students as well 
as exercise sheets analysis of the answers from the Data 
Handling school mathematics exercise sheets are carried 
out to detect the students’ problems. The findings of the 
analysis provide an overview of the current method used in 
Data Handling and the current students’ learning 
difficulties in each level of the cognitive domain in HOTS 
in Malaysian primary school mathematics. 

4.2. Phase II: Design 

The ALuSB programme was designed based on the 
dynamic structures of learning activities so as to facilitate 
active learning using a Smart Board to enhance HOTS in 
Data Handling. A model of active learning is used to design 
active learning instruction during the teaching and learning 
process of Data Handling which consists of set induction, 
step one, step two, step three and closure. Teachers can 
implement various active learning activities effectively and 
make learning meaningful for every student actively 
involved. By using a model of active learning in the 
ADDIE model to design the ALuSB programme, the Smart 
Board as a teaching and learning interactive tool was 
integrated with active learning. The learning content is 
organised and designed from lower to higher levels of 
cognitive processing according to the task and content 
analysis, as well as the learning objectives of this research. 

4.3. Phase III: Development 

The objective in this phase is to develop an ALuSB 
programme with the usage of a Smart Board to enhance 
HOTS in Data Handling in year five primary school 
mathematics. The teaching and learning activities were 
developed based on the Malaysian integrated curriculum 
for year five primary school mathematics which 
encompasses the following procedures: i) the development 
of understanding and applying the knowledge of average; ii) 
the development of understanding vocabulary relating to 
data organisation in graphs; iii) the development of 
organising and interpreting data from tables and charts. 

4.4. Phase IV: Implementation 

In this phase, the ALuSB programme was used by 
mathematics teachers who teach Data Handling in year five 
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primary school mathematics. In order to achieve the 
research objectives, a plan for the implementation was 
prepared. The interactive lesson of the ALuSB programme 
is implemented for five weeks in the primary school. 
During the lessons in class for the first week, students and 
teachers tend to familiarise themselves with the use of the 
Smart Board. From the second week to the fifth week, the 
group implements the interactive lessons of the ALuSB 
programme during the mathematics lessons. 

4.5. Phase V: Evaluation 

This is the final phase that involves evaluating each step 
in order to make sure that the set goals are achieved [40]. 
The objective in this phase is to evaluate the effectiveness 
of the ALuSB programme in enhancing HOTS in Data 
Handling among students in a Malaysian primary school. It 
involves formative evaluation and summative evaluation. 

4.5.1. Formative Evaluation 
The formative evaluation is a series of informal and 

formal assessment events (which focuses on performance 
and the details of content) conducted by the teachers during 
students learning process in order to modify teaching and 
learning activities so as to increase student achievement. It 
also aims to see if the students understand the instruction 
before carrying out summative evaluation. The formative 
evaluation in this research involves 20 students, ten year 
five students who used the interactive lesson of the ALuSB 
programme in their learning and ten year five students who 
used the active learning instruction. The formative 
evaluation of the students focused on the usability of the 
ALuSB programme to enhance HOTS in Data Handling as 
well as the students learning experience. To test the validity 
of the respondents, responses to the open-ended questions, 
one-on-one interviews are conducted. Rubrics are used to 
determine the cognitive domain in HOTS (applying, 
analysing, evaluating, and creating) during the interview. 
All the students need to answer the pre-test and post-test as 
well as fill up the ALuSB programme evaluation form 
which uses a Likert scale measurement. 

The time required by each student to answer the 
interview questions was about 20 minutes, the pre-test or 
post-test was an hour, and the ALuSB programme 
evaluation form was about 15 minutes. This information is 
important to enable the researchers in planning the time for 
the summative evaluation. Formative evaluations took 
about six weeks to be completed. Then, a week is used to 
refine the ALuSB programme. Additionally, ten experts 
are involved in the formative evaluation to validate the 
research instruments such as the ALuSB programme, 
ALuSB programme evaluation form, interview questions, 
pre-test and post-test, as well as a rubric for HOTS 
evaluation. Results of the formative evaluation from 
students and experts were used to improve the ALuSB 

programme. 

4.5.2. Summative Evaluation 

The summative evaluation is an assessment of samples 
where the emphasis is on the result of a program. It aims to 
summarise the overall learning at the completion of a 
program [41]. The research design used in this research to 
evaluate the effectiveness of the ALuSB programme in 
enhancing HOTS in Data Handling among students in a 
Malaysian primary school was based on qualitative and 
quantitative approaches with the combination of interviews 
and pre-test and post-test quasi-experimental design using 
nonequivalent control group. To achieve the objectives of 
the research, this research took eight weeks to be 
completed. The time interval between the pre-test and 
post-test is six weeks. The maturation problem is not a 
threat as the time interval between both tests is less than a 
year. Besides, the planning of the time interval is based on 
the Data Handling syllabus of the Malaysian integrated 
curriculum for year five primary school mathematics. It 
follows the school yearly lesson plan which requires 
around four weeks for teaching and learning Data Handling 
as well as the time interval between the pre-test and 
post-test was discussed with experts who have experience 
in conducting this type of research. The summative 
evaluation was carried out after the final version of the 
instruction was implemented in order to assess the overall 
effectiveness of the ALuSB programme in enhancing 
HOTS in Data Handling among students in a Malaysian 
primary school. 

5. Analysis of Findings 
In research design stage one, a semi-structured 

one-on-one interview was conducted by the researchers 
with students who used the ALuSB programme in order to 
investigate the use of ALuSB programme. Findings from 
the interview indicated that most of the students who used 
ALuSB programme shared similar interest on the features 
in the ALuSB programme. They highlighted that ALuSB 
programme made learning of Data Handling more fun and 
effective as compared to the traditional teaching. 
Knowledge and skills acquired during class could be 
successfully retained in memory. The data showed that 
students who used ALuSB programme were able to turn 
data to understandable information, as well as involve 
themselves in various interactive activities. The activities 
managed to train and help them to understand the concept 
of Data Handling.  

In addition, the AluSB programme was validated by five 
experts in Mathematics. All the experts strongly agreed 
with the features of the ALuSB programme. The ALuSB 
programme encouraged students to participate in all the 
learning activities in the classroom. Students’ discussion 
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and presentation were promoted during lessons. Through 
the ALuSB programme, students were encouraged to 
makes efforts to complete all the learning activities in class. 
Furthermore, students were encouraged to have an internal 
dialogue in which they verbalised understanding. Besides, 
all the experts also strongly agreed that smart board played 
vital role in the ALuSB programme. Hence, a smart board 
allows students to experience a range of new learning tools 
which encourage engagement with course content, serving 
as an alternative to passively listening to a lecture or simply 
reading a text. The touch screen technology of smart board 

provides greater flexibility in the presentation of the 
materials. It provides ample workspace for hands-on 
activities with various multimedia resources, having a 
display surface huge enough to encourage high level of 
student interaction. 

Next, in the second stage, pre-test and post-test were 
used to discuss the consequences of learning using the 
ALuSB programme, active learning instruction and 
conventional learning method in enhancing each level of 
the cognitive domain in HOTS in Data Handling among 
students. Table 1 shows the result of the analysis. 

Table 1.  Comparison of the mean score of each cognitive domain in HOTS between pretest and posttest among each student group 

 Cognitive Domain Applying Analysing Evaluation Creating 

Group  Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest 

Experimental group A 4.43 7.57 3.43 7.23 2.23 6.70 1.20 6.73 

Experimental group B 4.33 6.70 3.50 5.57 2.20 4.83 1.27 4.47 

Control group 4.40 5.10 3.43 4.33 2.17 3.03 1.20 2.47 

Table 2.  One–way anova for mean scores of the posttest 

 Sum of Squares Df Mean Square F Sig. 

Between Groups 2640.156 2 1320.078 586.551 .000 

Within Groups 195.800 87 2.251   

Total 2835.956 89    

Table 3.  Post hoc tests 

Multiple Comparisons 
Dependent Variable: Posttest 

Tukey HSD 

(I) Group (J) Group Mean Difference 
(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

ALuSB 
Active learning 6.700* .387 .000 5.78 7.62 

Control 13.267* .387 .000 12.34 14.19 

Active 
learning 

ALuSB -6.700* .387 .000 -7.62 -5.78 

Control 6.567* .387 .000 5.64 7.49 

 
Control 

ALuSB -13.267* .387 .000 -14.19 -12.34 

Active learning -6.567* .387 .000 -7.49 -5.64 

*. The mean difference is significant at the 0.05 level. 
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As shown in Table 1, the mean score of each cognitive 
domain in HOTS for the post-test among each student 
group was significantly higher than the pre-test which 
indicates improvement in HOTS in Data Handling among 
each student group. Experimental group A which used the 
ALuSB programme in learning Data Handling recorded the 
largest improvement in HOTS in Data Handling as 
experimental group A also has the largest difference on 
each cognitive domain in HOTS between pre-test and 
post-test, Applying = 3.14, Analysing = 3.8 Evaluating = 
4.47, and Creating = 5.53. On the other hand, control group 
which used the conventional learning method in learning 
Data Handling recorded the smallest improvement in 
HOTS in Data Handling as also the control group had the 
smallest difference on each cognitive domain in HOTS 
between pre-test and post-test. 

ANOVA was used to evaluate mean differences between 
the treatments. Table 2 shows the analysis from one-way 
ANOVA for mean scores of post-test. The results indicates 
that there were significant differences (sig. value = < 0.000) 
between the mean scores of post-test in the 95% confidence 
interval. The significance value was < 0.000, which was 
below 0.05 and therefore, the null hypothesis was rejected 
and it could be concluded that there was a statistically 
significant treatment effect. 

To determine precisely which mean differences were 

significant and which were not, a post hoc test was 
conducted. Table 3 shows the analysis from the post hoc 
tests in the 95% confidence interval. The results indicated 
that there was a statistically significant difference between 
all the treatments as all the significance value was < 0.000, 
which was below 0.05. 

There was a statistically significant difference between 
groups as determined by one-way ANOVA (F(2,87) = 
586.551, p = < 0.000). The post hoc test revealed that there 
was a statistically significant difference between the 
ALuSB programme, active learning instruction and 
conventional learning method in enhancing HOTS in Data 
Handling among students in a Malaysian primary school 
(p=< 0.000). 

Lastly, interviews were conducted with sudents to get an 
in-depth explanation of the improvement that resulted from 
the ALuSB programme learning. Findings from the 
interview indicated that majority of the students agreed that 
the ALuSB programme had motivated them to learn, 
helped to promote learning, encouraged HOTS, supported 
learning by doing, encouraged peer sharing as well as made 
learning more fun and interesting. Therefore, the ALuSB 
programme shows various positive attributes which can 
support students in enhancing HOTS in Data Handling. 
Table 4 shows the excerpts taken from interview data of 
students who used ALuSB programme. 

Table 4.  Excerpts from students on how ALuSB programme helped them in learning data handling 

Themes Excerpts from Respondents 

Highly motivated i) Student A2: Learning activities in the ALuSB programme are highly motivating. 

Promotes learning 
i) Student A7: ALuSB programme improves my knowledge of Data Handling. 
ii) Student A9: ALuSB programme improves my learning of Data Handling. 
iii) Student A13: ALuSB programme is flexible and allows me to access all its content easily. 

Learning 
ownership i) Student A12: Design of the ALuSB program promotes the ownership of my learning. 

Encourages HOTS 

i) Student A1: ALuSB programme remind me about the use of HOTS in my learning. 
ii) Student A7: I always engage HOTS when I use ALuSB programme. 
iii) Student A8: It provides tasks that enable me to improve and practice HOTS. 
iv) Student A10: It uses appropriate tools during the learning to get me to think and reflect. 
v) Student A13: ALuSB programme provides thinking tasks and exercises that enable me to improve HOTS. 
vi) Student A16: ALuSB programme stimulates and encourages me in applying, analysing, evaluating and creating 
(HOTS). 

Supports learning 
by doing 

i) Student A2: ALuSB programme facilitates learning by doing. 
ii) Student A7: It facilitates learning by designing and doing. 
iii) Student A8: I can create my table and graph using the smart board. 
iv) Student A20: I need to do a lot of activities during ALuSB programme when I learn Data Handling 

Encourages peer 
sharing 

i) Student A23: ALuSB programme allows me to share my learning. 
ii) Student A28: It permit me to share my learning among peers. 
iii) Student A29: Learning activities and group activities used in the ALuSB programme enable better understanding 
of the concepts I learnt. 

Smart board 
enhances learning 

i) Student A12: The smart board has a huge touch screen whiteboard. Complicated data is turned into more vivid and 
easy-to-understand visual images. 
ii) Student A20: It enhances my enjoyment and enthusiasm during the Data Handling learning process. 
iii) Student A22: The use of the smart board is easy and intuitive. 
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6. Discussion 

6.1. Design and Development of the ALuSB 
Programme 

Based on the findings from the interviews with students, 
majority of the students agreed that the use of active 
learning while learning Data Handling in class was more 
effective. This finding is consistent with the findings from 
studies in [42-45], that students prefer active learning than 
traditional lectures, and that such strategies are comparable 
to lectures in promoting mastery of content and superior in 
promoting HOTS. Thus, a model of active learning [37] is 
used to design active learning instruction during the 
teaching and learning process in this research. Each of the 
four modes of learning has its own value, when the modes 
of learning are connected properly, various learning 
activities can be interactive and thereby increase the 
educational effect. As noted by [46], as little as five 
minutes of active learning activities per fifty-minute class 
session can boost learning significantly. A model of active 
learning requires students’ active participation, performing 
meaningful learning activities and think about what they 
are doing. Academically weak students get the benefit of 
being tutored by stronger classmates, at the same time 
stronger students get a deeper understanding while guiding 
weak students. Active learning is a prerequisite for 
effective and meaningful learning and achieving many 
academic and other outcomes, such as better critical 
thinking skills, openness to diversity, and growth in 
leadership and other job-related skills [47, 48].  

Nonetheless, students also mostly agreed that the use of 
the smart board while learning Data Handling in class was 
more effective. Studies that examined the use of 
technology in schools and its effectiveness found that the 
use of technology is efficient for students [49]. Technology 
has also become part of the schools instructional process. 
Teachers need to facilitate students’ understanding as 
nowadays technology plays a vital role on active learning 
in the classroom lesson [50]. This is in line with the 
findings from study of [51], that most students report that 
learning in a technological environment boosts their 
motivation and enhanced their learning experience. The 
major contribution of technology as perceived by students 
is in increasing access: to a variety of tools that contribute 
to understanding the study material, to organization of the 
information, to efficacy in carrying out assignments, and to 
development of knowledge. The use of smart boards in 
class has the potential to enhance students’ knowledge and 
skills in Data Handling. As noted by ref [51], a smart board 
affords choices on various topics, developing knowledge, 
organising information, self-efficacy in carrying out 
assignments in a friendly environment, as well as to the 
representation of products that generate a sense of success, 
pleasure, and contribute to a more creative and higher 
standard learning product. Students claimed that the smart 

board encourages motivation to learn, raises the level of 
concentration, and has a strong effect on behaviour [52]. 

Teachers use smart boards to enhance lessons so that 
students become active learners in the class. It changes the 
students from having a passive role in learning to an active 
learning role that includes critical thinking skills [53]. A 
smart board creates an active learning environment for the 
students which promote their engagement in class. Ref [54] 
indicates that students with autism were engaged for up to 
45 minutes compared to 15 minutes before the integration 
of smart boards. Similarly, ref [55] found that smart boards 
worked great in engaging kinaesthetic learners because 
students could get up and use manipulatives just by 
touching the screen than it got the students working on the 
smart board right up in front of the class. Visual learners as 
well became more motivated and engaged because of their 
use with the smart board. Students who did not understand 
a mathematics concept written as an equation better 
understood the concept when it was visually represented on 
the screen. These similar findings indicate that smart 
boards have a significant impact on students’ learning and 
supports active learning. Thus, in order to enhance HOTS 
in Data Handling among students in a Malaysian primary 
school, smart board is integrated with active learning to 
develop the ALuSB programme. 

6.2. Effectiveness of the AluSB programme in 
enhancing HOTS in Data Handling 

The mean score of each cognitive domain in HOTS 
between pre-test and post-test among each student group as 
shown in Table 1 showed that there was an improvement of 
HOTS among the students. Experimental group A which 
used the ALuSB programme in learning Data Handling 
recorded the largest improvement in HOTS in Data 
Handling. Most of the students in experimental group A 
were unable to answer the questions that were designed to 
evaluate their HOTS before the ALuSB programme was 
introduced to them. However, after the students went 
through the learning of Data Handling with the ALuSB 
programme, they were more able to solve the HOTS 
questions correctly compared with the students who learn 
Data Handling using active learning instruction and 
conventional learning methods. This is indicated by the 
improvement of the mean scores of each cognitive domain 
in HOTS in the post-test. A smart board as an interactive 
technology tool facilitates students’ learning practice and 
enhances their HOTS. Ref [56] reported a similar finding in 
which the interactivity in the classroom was influenced by 
students through the use of the smart board as the students 
role with the smart board change from viewer to active user. 
The results from the research were also consistent with 
studies in [57-59] whom stressed that students’ HOTS can 
be improved when smart board is used as an efficient tool 
for orchestrating the interaction and lesson. Furthermore, 
the findings from the interviews with students also show 
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that students are satisfied with their learning through the 
smart board. This finding is in line with the previous 
studies of [32], [60] whom pointed out that students are 
interested and enjoyed using smart board. They further 
ascertained that a smart board encourages students’ active 
participation, makes the lessons more fun, as well as uses 
time efficiently to facilitate students’ learning practices and 
enhances HOTS. 

Besides, findings from the interviews with students 
which used the ALuSB programme in learning Data 
Handling also showed that most of the students agreed that 
the ALuSB programme possessed good design attributes in 
the ALuSB activities, presentation design, student’s 
performance and student’s HOTS achievement. The 
ALuSB programme provides students with a collaborative 
and active learning environment as well as shows solutions 
of various questions clearly and encourages student 
thinking. Students can enhance the understanding of Data 
Handling concepts throughout the active learning activities 
in the ALuSB programme. The use of active learning in 
learning Data Handling appears to be successful as it is 
increasing students’ levels of satisfaction and enjoyment as 
well as reducing academic failure rates [61]. Active 
learning could promote students to engage in HOTS during 
the learning process. The finding is consistent with the 
results reported from studies in [62-65], that students’ 
achievement in HOTS was increased by using active 
learning in class. Active learning helps students to ascend 
Bloom’s Taxanomy from remembering and understanding 
to analysing and creating. Hence, it can be concluded that 
the ALuSB programme that was designed and developed 
by the researchers through integrating a smart board with 
active learning is capable of enhancing HOTS in Data 
Handling among primary school students. 

7. Conclusions
In a nutshell, most of the teaching and learning of 

mathematics in primary schools emphasise the 
development of knowledge but not HOTS. Literature and 
research showed that HOTS is important to educate people 
to cope with the rapidly changing world. Various 
researchers claim the potential of technology to provide a 
technology-rich innovative learning environment for 
students to construct their knowledge while mastering 
more advanced thinking skills [66]. A smart board is 
among the top technological tools which have become 
widely used by numerous school teachers in different 
countries. While 90% of classrooms in Japan and the 
United States of America are adorned with smart boards, 
70% of European Union classrooms have them [67, 68]. In 
Malaysia, the Ministry of Education introduced smart 
boards in 2004 and it has been widely used in primary 
schools. The integration of smart board into school lesson 
facilitates active learning, which is fundamental to the 

mastery of skills as well as enhances HOTS and students’ 
learning. In the conventional leaning methods, students 
play a passive role and do not have an opportunity of 
constructing and reflecting their learning. These actions of 
constructing and reflecting their learning are via HOTS. 
Therefore, the smart board as a teaching and learning 
interactive tool is integrated with a model of active learning 
to design and develop the ALuSB programme in enhancing 
HOTS. The learning environment of the ALuSB 
programme acts: to engage in higher order activity, to 
encourage learners to construct their learning, and to reflect 
on the consequence of their thinking. Besides, the ALuSB 
programme provides step-by-step instruction that guides 
students to learn Data Handling using smart board with 
active learning. The activities in the ALuSB programme 
are very helpful for students to visualise all data in table, 
charts or graphs and translate it into real-world as the 
learning activities and tasks that are developed in the 
ALuSB programme are based on student’s daily life. Also, 
the activities in the ALuSB programme are designed and 
developed to encourage students to think of levelling, 
understanding, conceptualising, applying, analysing, 
synthesising, and creating further evaluations in parallel 
with Anderson and Krathwohl’s Revised Taxonomy [33]. 
Lastly, referring to the findings of this study, it is hoped 
that the findings of this research would be resourceful in 
offering an alternative for educators or researchers to 
design and develop technology-supported learning 
programmes using smart boards, especially for those who 
intend to enhance students’ learning and HOTS. 
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