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Abstract 
Integration of educational technology program has become an essential element of education 
in Malaysia due to its positive impact. Despite its implementation, students are unable to 
fully realize its potential benefits. This study investigated the effect of an educational 
technology program approach on students’ attitude towards problem solving. The educational 
technology program approach that has been used in this study was robotics program. 
Quantitative research with the quasi-experimental model (pre-test & post-test) was used in 
the study to outline the research design and questionnaire test technique was administered for 
data collecting from experiment and control group. The samples were 10 years old (Year 4) 
primary schools’ students from West Coast of Peninsular Malaysia (Selangor & Malacca 
state) with a total sample of 500 students. Inferential statistical test, Multivariate Analysis of 
Variance (MANOVA) with significance value 0.05 was performed using SPSS 25 to analyze 
the data. Based on data and discussion that have been accomplished, it can be concluded 
there is a significant difference on students’ attitude towards problem solving in experimental 
group after attending robotics program over control group who participated in traditional 
learning method only. The robotic program is suggested as one of the innovative STEAM 
program, based on constructivism which is advised for enhancing problem solving skills. 
Excellent problem solving skill will assist students in resolving contextual and complex 
problems. 
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Introduction 
 
One of the most frequent challenges faced by teachers is encouraging active participation 
from all students in class activities to improve their attitude towards 21st century skills, as 
learning is scrutinized closely. According to Lowry-Brock (2016), students who were 
previously perceived as more capable by their peers tended to dominate the class, while those 
with weaker academic histories often opted out of participation. Previous research suggests 
that enhancing student engagement through educational technology program can lead to 
improved behaviour among students (Hirtz, 2020). Nevertheless, the shift towards online 
learning in response to the COVID-19 pandemic has presented a challenge in terms of 
student engagement, as recognized by Farooq et al. (2020), Nickerson & Shea (2020), and 
Perets et al. (2020). Kukard (2020) has noted that during the global pandemic, one of the 
most difficult aspects of teaching has been to sustain collaboration and engagement, which 
has resulted in students being unable to acquire 21st century skills. 
 
In Malaysia due to its favourable outcomes, the assimilation of educational technology 
programs has become a vital aspect of education. Malaysia has been taking many initiatives 
to enhance students’ attitude towards 21st century skills such as problem solving. The 
Malaysian government launched several programs and initiatives, mainly through the Science 
to Action (S2A) strategy in 2012, to encourage students' interest in 21st century skills and 
achieve a 60:40 sciences to arts ratio. However, despite these efforts, it has been unattainable 
in reality. As per the Organisation for Economic Co-operation and Development (OECD) 
2019 report, more than 60% of Malaysian students fail to meet the minimum standard in 
mathematics required to actively and effectively participate in life. Moreover, according to 
Dato' Professor Dr. Noraini, the chairman of the National STEM Movement, stated that just 
19% of students participate in STEM-related courses in middle schools and higher education 
institutions in 2020, and that children should be encouraged to take these courses beginning 
in primary school (Chonghui, 2020). This exemplifies the lack of enthusiasm and attitude 
among Malaysian students toward 21st century competences like problem-solving and other 
areas. Moreover, in the upcoming years, many professional and industrial occupations will 
require workers with expertise in the fields of Science, Technology, Engineering, and 
Mathematics (STEM) (Sima et al., 2020; Marsili, 2005). 
 
As a result, the researcher is suggested in order for students of the 21st century to be 
employable in the future, they must be equipped with STEM knowledge. Programs that use 
educational technology, like those offered in schools such as robotics, are one of the greatest 
ways to achieve this. Robotics is a modest, hands-on subject that prepares students with 
problem solving skills and for careers in STEM field. In 2014, the Malaysian Ministry of 
Education implemented integrated science and problem-solving lessons, namely Reka Bentuk 
dan Teknologi (RBT) and Teknologi Maklumat dan Komunikasi (TMK), with the aim of 
stimulating students' interest and changing their attitudes towards 21st century skills. RBT 
pertains to the skills of planning and organizing materials using mathematical and scientific 
principles, and the RBT Standard Curriculum combines technical, agricultural, and scientific 
knowledge and skills to develop technological competencies. Meanwhile, TMK consists of 
five modules, namely the world of computers, multimedia exploration, network systems and 
the world of the internet, the world of databases, and programming. The subject aims to 
provide national school students with early exposure to Information and Communications 
Technology (ICT) before they proceed to secondary school, and the curriculum is designed to 
align with the students' capacity level. These changes were introduced as part of the 
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Malaysian Ministry of Education's efforts to foster a positive attitude among students towards 
21st century skills. 
 
Despite the implementation of these initiatives, research conducted by Muniandy et al. 
(2022), Sahaat et al. (2020), and Mohd Zukilan Zakaria (2015) indicates that the majority of 
students do not believe that the subjects covered in these programs will be beneficial in their 
future lives. Furthermore, since these subjects are not included in primary school 
examinations, they have not had a significant impact on students' attitudes towards 21st-
century skills. Additionally, Professor Dato' Dr. Noraini, the head of the National STEM 
Movement, noted in 2020 that the enthusiasm of students towards science and mathematics 
was already waning in elementary school due to a lack of participation in classroom 
instruction and learning. Compared to secondary and tertiary education, elementary schools 
provide fewer hands-on activities and opportunities to incorporate educational technology 
tools and programs that emphasize 21st-century skills, such as problem-solving and critical 
thinking (Chonghui, 2020). Hence, the aim of the study is to determine the effects of robotics 
program on students’ attitude towards problem solving. Therefore, in order to gain a deeper 
understanding, the present study was guided by the following research questions: 
 

1. Is there a difference in the mean score of student’s attitude towards problem solving 
in pre-test, post-test 1 and post-test 2 for the experimental group? 
 

2. Is there a difference in the mean score of student’s attitude towards problem solving 
in pre-test, post-test 1 and post-test 2 periods for the control group? 

 
Many previous studies have focused on effectiveness of educational technology program on 
students’ academic achievements. However, far too little attention has been paid to evaluate 
changes in students’ attitude after attending educational technology program such as robotics. 
For example, researcher Muhamad Shakir Bin Saad (2018) studied effectiveness of robotics 
program Matriculation students’ achievement in Biology subject topic Respiratory Cell. 
Thus, taking into consideration there are dearth study related to students’ attitude, researcher 
has studied on the effect of educational technology program on students’ attitude towards 
problem solving. The starting point of this paper is a review of the relevant literature 
pertaining to the study. Subsequently, the methodology employed in the research is outlined, 
followed by the presentation of the results. The findings are then analysed and discussed, 
leading to the final section of the paper which presents the conclusions. 
 
Theoretical Discussion 
 
In the design of an educational technology program for robotics, numerous learning and 
behavioral theories were taken into account. These included Piaget and Vygotsky's 
constructivism theories, the Constructionism theory, the Operant Conditioning theory, and 
Ajzen's Theory of Planned Behaviour. The robotics program utilizes a combination of 
educational philosophy derived from Piaget's theory, known as constructionism. This 
approach is based on constructivism, which emphasizes the importance of personal 
interaction with objects and events in the development of understanding and problem-solving 
abilities. Furthermore, the challenges presented by the program encourage students to 
repeatedly engage in tasks, facilitating the assimilation of information and knowledge. This 
repetitive behavior is believed to enhance the learning process, as suggested by Kalyuga and 
Plass (2009).  
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Educational Technology Program 
 
Integrating educational technology into the classroom environment can enhance students' 
access to instruction and alleviate feelings of social and academic isolation. This approach 
also facilitates participation in a diverse range of academic activities and settings (Lynch et 
al., 2022). An example of such a program is the robotics program, which teaches students 
about robotics development, design, and construction, as demonstrated by Belmonte et al 
(2021). This engaging and educational science toy provides an opportunity for children to 
develop their imagination and problem-solving skills while engaging with realistic scenarios, 
as highlighted by Shih et al (2013). 
 
In recent years, teachers in many countries have been exploring the incorporation of 
educational technology programs that utilize robotic activities to facilitate learning in the 
areas of mathematics, science, and engineering. (Hallak et al., 2019; Bratzel, 2005). 
Moreover, the integration of games into classroom activities has become increasingly 
common in educational technology programs (Mee et al., 2020; Challinger, 2005; Arkin, 
1998). By utilizing the mechanical and dynamic principles inherent in gaming processes, the 
educational system can motivate students and develop their 21st century abilities while 
promoting information discovery, as noted by Losup and Epema (2014). Rogers and 
Portsmore (2004) and Yang and Baldwin (2020) suggest that educational technology 
programs can improve students' scientific and mathematical abilities, as well as their 
behavior and 21st century skills. Programs like robotics that incorporate problem-solving, 
experimentation, and inquiry skills can help students learn scientific and mathematical 
principles. 
 
Moreover, the use of educational technology in the classroom not only enhances students' 
ability to learn math problems but also reduces their academic and social isolation, while 
providing access to a complete academic curriculum and various educational programs 
(Lynch et al., 2022). One such program that aims to teach problem-solving concepts, hands-
on development, design, and construction to students is the robotics program (Belmonte et 
al., 2021). By using this entertaining and informative scientific toy, students can improve 
their creativity and problem-solving skills by recreating real-world scenarios (Shih et al., 
2013). Therefore, in this particular study, researchers utilized the RoboBuilder RQ+110 
robotic set, developed by a South Korean research group, to conduct a robotics program. The 
program included practical exercises such as assembling and disassembling robots, 
troubleshooting, and learning how to create robots using scientific principles. This program 
was held for one hour after school, in groups of three to four children. 
 
Attitude Towards Problem Solving 
 
Ocak et al. (2021) defined problem-solving as a process that involves creative thinking and 
going beyond the application of previously taught concepts or principles to resolve an issue. 
Similarly, Roslina et al. (2010) emphasized that addressing problems is a crucial skill that 
students acquire as they are trained to become social human capital (Rahman, 2017). 
Problem-solving is a crucial and integral component of any study of mathematics. To retain 
knowledge, it is essential to apply techniques, tools, and the ability to assess one's own 
performance (Sturm, 2019; Adams, 2015; Charles et al., 1997). In Malaysia, the Ministry of 
Education mandated in 2003 that schools incorporate more problem-solving strategies such 
as generating charts and diagrams, forecasting, simplifying problems, modeling issues, and 
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drawing conclusions. Developing sequencing processes that go beyond sequence execution is 
essential for effective problem-solving (Cambaya, 2022 & Hammouri, 2003). 
 
The Ministry of Education Malaysia has taken the initiative to equip students with 21st 
century skills and foster their problem-solving attitudes by introducing reformed syllabus 
through Kurikulum Standard Sekolah Rendah (KSSR) for primary schools and Kurikulum 
Standard Sekolah Menengah (KSSM) for secondary schools. The Malaysia Education 
Blueprint 2013-2025 encourages teachers to engage in self-improvement activities and 
enhance their teaching abilities to meet the demands of the 21st century (Mahanani et al., 
2022; Ministry of Education, 2013). Incorporating technology into classroom instruction has 
also become a mandatory task for educators (Rusdin, 2018; Amran & Rosli, 2017; 
Langworthy, 2013). Rahim and Abdullah (2017) suggest that using Information and 
Communication Technology (ICT) in pedagogy and teaching techniques can motivate and 
assist students in improving their problem-solving skills and excel in 21st-century learning. 
Instructors' teaching techniques in the classroom significantly influence 21st century learning 
outcomes and students' attitudes (Langworthy, 2013; Amran & Rosli, 2017). 
 
Research Design 
 
In this research, a quantitative approach was utilized through a quasi-experimental study to 
enhance the ecological validity of the research (Roger, 2019; Gill & Johnson, 2010; Mohd 
Majid, 2005). The data were collected through questionnaire techniques, where a set of 
instruments were given to the respondents, as the final data obtained in this study was 
numerical and analyzed statistically. This method is consistent with the explanations of 
Borgstede and Scholz (2021), Noyes et al. (2019), and Sugiyono (2017), who stated that 
quantitative research methodologies are utilized to resolve research problems using data in 
the form of values and statistical methods. Furthermore, a questionnaire was utilized to 
evaluate the type of activity that has developed into a communal practice. According to 
Adiyanta (2019) and Gürbüz (2017), a questionnaire can measure multiple desirable variables 
using numerous questions in an instrument. 
 
Research Onion Model 
 
The design of this research was guided by the theoretical model of "Research Onion," as 
suggested by Saunders in Figure 1 (Saunders et al., 2018). The research onion provides a 
comprehensive description of the necessary layers or stages that must be accomplished to 
develop a successful methodology (Mardiana, 2020; Raithatha, 2017). The first layer of the 
research onion is the research approach, which outlines the circumstances and realities 
(ontology), origins, sources of evidence or facts (epistemology), and values, beliefs, and 
research ethics (axiology). For this study, the researcher opted for positivism as a philosophy 
because it involves testing hypotheses, collecting data, and utilizing numerical analysis to 
produce systematic and generalizable findings. (Junjie, 2022 & Ary et al., 2010). 
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Figure 1: Research Onion Model 
 

The second layer of the research onion pertains to the study approach, which includes the 
Inductive Approach for qualitative research and the Deductive Approach for quantitative 
methods (Saunders et al., 2009). Therefore, this study has adopted the Deductive Approach. 
The third layer of the research onion is the research strategy, which is a comprehensive 
approach that assists the researcher in selecting the primary data collection technique or 
group of procedures to address the research question and achieve the research objectives 
(Wimalaratne, 2022; Saunders et al., 2018). Consequently, this study has employed the 
survey (questionnaire) technique to gather data from participants. The fourth layer of the 
research onion is the methodological selection, which refers to the use of mixed methods 
(quantitative and qualitative research techniques), multi-methods (a combination of both in a 
simple or sophisticated manner), or mono-methods (either quantitative or qualitative 
methods) (Saunders et al., 2018). As the data collected from the participants is quantitative in 
nature, this study has utilized the quantitative technique. Specifically, the mono-method was 
applied in this study, utilizing an experimental study methodology involving quasi-
experiment nonequivalent groups and pre- and post-tests. 
 
The fifth layer of the research onion focuses on the time horizon, which includes the cross-
sectional time horizon and the longitudinal time horizon. In this research, the longitudinal 
research technique was employed because the researcher collected data periodically over an 
extended period, including pre-test, post-test 1, and post-test 2. Finally, the sixth layer of the 
research onion pertains to data collection and analysis. For this study, the Solving Problem 
Survey questionnaire, developed by Susan Barkman and Krisanna Machtmes at Purdue 
University in 2002 (Barkman S. & Machtmes, K., 2002), was administered to participants to 
gather data on the effects of an educational technology program (robotics) on the attitude of 
Malaysian students towards problem-solving skills. Additionally, the collected data were 
analyzed using the SPSS 25 software, involving descriptive analysis and inferential statistical 
tests, including the Multivariate Analysis of Variance (MANOVA) test. 
 
Participants & Sampling Method 
 
For this study, a purposive sampling method was utilized to select the sample, which is 
commonly used to investigate the effectiveness of an intervention or program (Bernard, 
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2002). This sampling method is advantageous as it enables the researchers to choose 
participants who can provide useful information, knowledge, or experience (Sharma, 2017). 
The sample comprised 500 government school students in year 4, aged 10, with 300 students 
in the treatment group receiving a robotics program and 200 students in the control group 
receiving conventional learning methods. The selection criteria required students to possess 
moderately or good reading and understanding skills to answer questionnaires and have a 
good attendance record to ensure their participation in the researcher's program without 
absenteeism. All students were provided with a consent form to participate in the study, and 
they were briefed on the research project during the initial briefing, given the option to 
transfer to other classes if they did not wish to participate. This was to ensure that the 
students were aware that their involvement was completely voluntary, and there were no 
consequences if they did not wish to participate. 
 
Implementation of Educational Technology Program (Robotics Program) 
 
The study lasted for a total of 12 weeks, with the intervention being implemented over 9 
weeks, spanning from the 2nd to the 5th week and from the 7th to the 11th week. Before the 
program began, the researcher held a meeting with the trainer, headmaster of the school, 
curriculum head teacher, co-curriculum head teacher, as well as the RBT and Mathematics 
teachers who were designated as facilitators for each class. The purpose of the meeting was 
to inform and discuss the class groups involved in the program. The trainer and facilitators 
received clear instructions and guidance on the procedure to conduct the program one week 
prior to its start. The researcher utilized the ROBOBUILDER RQ+110 robotics set, along 
with the instruction manual and module provided by the manufacturer. Additionally, a list of 
topics from year 4 subjects, such as Mathematics and RBT, were provided by the researcher 
to be incorporated into the robotics program. The selection of topics was carried out by the 
school subject class teachers and verified by the respective head teachers. 
 
The experimental and control groups will receive a normal classroom learning process 
simultaneously during the predetermined week. Prior to the program, all students will take a 
pre-test using the Solving Problem Survey questionnaire, which will be used to ensure that 
the sample is homogeneous. Subsequently, the experimental group will receive robotic 
program treatment after school, while the control group will attend traditional revision classes 
after school on the selected topics. Both groups will participate in after-school programs for 
12 weeks, with each session lasting for one hour. The experimental group will be engaged in 
hands-on activities such as robot assembly, algorithm and pseudocode learning, as well as 
coding to solve assigned problems. The trainer and facilitators will also explain the 
underlying theory of mathematics problems at the end of each class task. Meanwhile, for the 
control group, the trainers will conduct traditional teaching revisions on science and 
mathematics problems without incorporating robotics programs every week for 12 weeks. 
Table 1 shows study procedure and intervention of the study carried out: 
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Table 1: Study Procedure and Intervention 
Week Activity 
1 • Introduction to Robotics Program & Components of Robot. 

• Pre-Test (Solving Problem Survey) 
2 • Treatment 1: - Creating Robots Utilizing Reusable Materials & Revision on 

the scientific skills and elements of design topics 
3 • Treatment 2: - Assemble Punching Bot Robot Base & Revision on Length 

topic 
4 • Treatment 3: - Assemble Punching Bot Robot and it’s sensors & Revision on 

Mass 
5 • Treatment 4: - Connect the wires to the battery and use the controller to guide 

the robot to the finish line as per the instructions, which include making the 
robot turn clockwise, move forward towards the final line, turn 360 degrees 
counterclockwise, and finally stop. - Revision on Time topic 

6 • Post – Test 1 (Solving Problem Survey) 
 

7 • Treatment 5: - Get introduced to algorithms, pseudocode, flowcharts, 
SCRATCH coding, and learn to move your robot based on written 
pseudocode, with instruction turning on the robot, moving it forward by 10 
steps, and stopping it. Revision Coding 

8 • Treatment 6: - Compose algorithms, pseudocode, flowcharts, and create a 4-
line SCRATCH code to guide your robot's movement in a given coordinate 
set. The robot should turn on, move 5 steps along the x-axis, then 10 steps 
along the y-axis, and finally stop. - Revision on Coordinate topic. 
 

9 • Treatment 7: - Create algorithms, pseudocode, flowcharts, and use 5 lines of 
SCRATCH code to move the robot and turn on the LED light. The robot 
should be turned on, moved forward for 10 steps, wait for 3 seconds, turn on 
the LED for 5 seconds, and then stop. - Revision on Coding topic. 

 
10 • Treatment 8: - Create algorithms, pseudocode, flowchart, and implement a 6-

line SCRATCH code to move your robot, activate the LED light, and sound 
the buzzer. The robot should turn on, move forward for 10 steps, wait for 3 
seconds, turn the LED on for 5 seconds, activate the buzzer for 3 seconds, and 
finally stop.- Revision Coding 

 
11 • Treatment 9: - Create algorithms, pseudocode, and flowchart to program your 

robot using SCRATCH to execute instructions for specific problems. These 
instructions include turning on the robot, turning on the LED and buzzer for 5 
seconds, moving forward for 10 steps, rotating clockwise 360 degrees, waiting 
for 2 seconds, activating the buzzer for 3 seconds, moving forward for 5 steps, 
moving backward for 3 steps, rotating anticlockwise 360 degrees, and finally 
stopping the robot.- Revision on Time & Angle topic. 

 
12 • Post – Test 2 (Solving Problem Survey) 
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Instrument - Solving Problem Survey 
 
Participants were given the Solving Problem Survey questionnaire, developed by Susan 
Barkman and Krisanna Machtmes at Purdue University in 2002 (Barkman S. & Machtmes, 
K., 2002), to gather data on the impact of an educational technology program (robotics) on 
students’ attitude towards problem-solving. The questionnaire consists of 24 items with a 5-
point scale ranging from always, often, sometimes, rarely, and never. Prior to use, the 
questionnaire underwent a pilot test with the study population, achieving a Cronbach’s alpha 
reliability coefficient of 0.88. The researcher also conducted a Confirmatory Factor Analysis 
(CFA), specifically Bartlett's Test, to confirm that the Kaiser-Meyer-Okin (KMO) value of 
the Solving Problem Survey instrument was above 0.50, as required for validity (Husain, 
2022; Hair et al., 2018). In this pilot study, the KMO value obtained was 0.808, which 
indicates that the instrument is valid and suitable for use in this study. 
 
Data Collection Procedure 
 
Once the researcher had obtained approval from the schools, they arranged a meeting with 
the headmasters and appointed teachers (facilitators) of each respective school to discuss the 
classes involved in the control and experimental groups. The program was conducted over a 
12-week period, beginning with two briefing sessions in the first week for trainers, 
facilitators, and students (sample) to introduce the program before administering a pre-test 
using the Solving Problem Survey for 15 minutes. The intervention activities involving 
robotics for the experimental group and posttest 1 for both control and experiment groups 
took place in weeks 2 to 5. From weeks 7 to 11, the robotics program continued for the 
experimental group, and on the 12th week, the Solving Problem Survey was distributed to 
both groups for post-test 2 to evaluate students' attitudes. 
 
Data Analysis 
 
The study employed Descriptive & Inferential statistical testing for data analysis. The data 
from the questionnaires were processed using the Statistical Packages for the Social Sciences 
(SPSS Version 25.0 for Windows) software. The researcher conducted a Multivariate 
Analysis of Variance (MANOVA) with a significance value of 0.05 to compare the mean 
scores of the post-test 1 and post-test 2 between the control and experimental groups. 
 
Results 
 
This research adopts a quantitative methodology and employs questionnaires as the primary 
data collection tool. A total of 500 students participated in the study, with 300 in the 
experimental group and 200 in the control group. Each participant received a similar 
instrument to evaluate the effect of educational technology program used (robotics program) 
on students’ attitude towards problem-solving. The descriptive analysis indicates that the pre-
test mean scores for the control and experimental groups were 3.2807 and 3.0228, 
respectively. The experimental group had a higher mean score in post-test 2 at 3.7684, 
reflecting a gain of 0.3828, while the control group exhibited a lower mean score in post-test 
2, indicating a drop of 0.2651. These descriptive findings suggest a significant improvement 
in the mean score of the experimental group students across the three-time test intervals, 
while a decline was observed for the control group from pre-test to post-test 2. Table 2 below 
shows complete descriptive analysis: 
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Table 2: Descriptive Statistics Score of Attitude Towards Problem Solving by Study Sample 

Parameter 
Control Group Experimental Group 

Pre Post 1 Post 2 Pre Post 1 Post 2 

N 200 200 200 300 300 300 
Mean 3.2807 3.1222 3.0156 3.0228 3.7509 3.7684 
Standard Deviation .7233 .7228 .7209 .8430 .5577 .5576 

 
Prior to analyzing the hypotheses regarding the dependent variable of the mean score of 
attitude toward problem solving, the researcher conducted several tests to confirm that the 
Multivariate analysis of variance (MANOVA) criteria were met. To determine the normality 
of the data from the pre-test, post-test 1, and post-test 2 of attitude toward problem solving, 
the Kolmogorov-Smirnov Test was employed. The results of the test showed that the three 
sets of data were normally distributed, as all scores had a significance level of p > 0.05. A 
significance level below 0.05 would indicate that the data is not normally distributed 
(Graveter and Wallnau, 2004). Additionally, the researcher conducted Levene's Test of 
Homogeneity of Variance to determine if the samples in both groups were homogeneous. 
This test examines whether the variances of two samples are similar. 
  
If the value obtained from this test is not significant, it indicates that the variances of the 
samples are not different and are equal, as per Abdullah and Muda (2022). Since the sample 
size was large, the researcher set the significance level at 0.01. The results of Levene's Test 
indicated that F (1, 372) = .642, p = .363, and the non-significant value suggests that equal 
variances exist between both sample groups. Once all the criteria were met, the MANOVA 
test was conducted to address the research question and test the null hypotheses 1 and 2, 
which assert that there is no significant difference in the mean score of student's attitude 
towards problem solving in three time periods for both the experimental and control groups. 
The significance level used for the MANOVA test was 𝛼 = .05. The results of the MANOVA 
test for the experimental and control groups are presented in Tables 3 and 4, respectively. 
 

Table 3: Multivariate Test for Experiment Group 

Effect Value F Hypothesis 
df Error df Sig. 

Attitude 
Towards 
Problem 
Solving 

Pillai’s Trace .406 127.28 2.00 205.00 0.00 
Wilks’ Lambda .594 127.28 2.00 205.00 0.00 
Hotelling’s Trace .684 127.28 2.00 205.00 0.00 
Roy’s Largest 
Root .684 127.28 2.00 205.00 0.00 

X 

Pillai’s Trace 0.48 10.15 2.00 205.00 0.00 
Wilks’ Lambda 0.53 10.15 2.00 205.00 0.00 
Hotelling’s Trace 0.90 10.15 2.00 205.00 0.00 
Roy’s Largest 
Root 0.90 10.15 2.00 205.00 0.00 
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Table 4: Multivariate Test for Control Group 

 
The results of the MANOVA analysis indicate that the experimental group has a significant 
value of .00 (as seen in Table 3), which is lower than the set significance level of .05. This 
finding suggests that the educational technology program, specifically the robotics program, 
has caused significant changes in the students' attitude towards problem solving. Therefore, 
the null hypothesis 1 can be rejected. In contrast, the MANOVA test conducted on the control 
group produced a significant value of .08 (shown in Table 4), which is higher than the set 
value of 0.05. This result implies that the control group did not exhibit any improvement in 
their attitude towards problem solving when subjected to the conventional revision method 
without the robotics program as an after-school activity. 
 
Discussion 
 
The results of this study align with those of Gratani et al. (2021), who found that educational 
technology programs such as robotics can have a significant impact on students' 
computational thinking and problem-solving abilities. In this study, the experimental group 
students collaborated to understand the challenge and apply mathematical and reasoning 
skills to build a robot that moves accurately. The use of robots in education can increase 
student engagement and improve their attitudes towards problem-solving (Gorakhnath et al., 
2017 & Cielniak et al., 2013). The implementation of an educational technology program, 
such as robotics, can encourage students to engage in critical thinking and take an active role 
in their learning. Compared to traditional learning methods, the use of robotics in teaching 
can make the learning experience more enjoyable for students. This enjoyable learning 
experience can help students feel more comfortable with studying, ultimately increasing their 
motivation and passion for learning (Schwinger & Otterpohl, 2017; Kryshko et al., 2022). As 
a result, students are more likely to be motivated to recall previously learned concepts in 
order to complete assignments (Zheng & Zhang, 2020; Tsai et al., 2020; Van Alten et al., 
2020). Increased student motivation can facilitate the flow of instructional methods, leading 
to the achievement of learning objectives and the acquisition of 21st-century skills such as 
problem-solving. The study concludes that the robotics program has a significant impact on 
learning outcomes. 
 
In contrast to traditional learning, teaching with educational technology allows students to 
actively participate, use creativity, and engage in the learning process. This approach 
integrates problem-solving skills with other 21st-century skills. Students need to have the 
confidence and ability to analyze what they have learned, which enhances their motivation 

Effect Value F Hypothesis 
df Error df Sig. 

Attitude 
Towards 
Problem 
Solving 

Pillai’s Trace .171 5.67 2.00 60.00 0.08 
Wilks’ Lambda .809 5.67 2.00 60.00 0.08 
Hotelling’s Trace .230 5.67 2.00 60.00 0.08 
Roy’s Largest 
Root .230 5.67 2.00 60.00 0.08 

X 

Pillai’s Trace 0.40 3.28 2.00 60.00 0.08 
Wilks’ Lambda 0.51 3.28 2.00 60.00 0.08 
Hotelling’s Trace 0.72 3.28 2.00 60.00 0.08 
Roy’s Largest 
Root 0.72 3.28 2.00 60.00 0.08 
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and learning outcomes while developing their problem-solving skills (Tsai et al., 2020; Van 
Alten et al., 2020; Carpenter et al., 2020). Educational technology programs that are effective 
create a positive classroom environment, which is more dynamic and encourages students to 
be more independent and responsible for their tasks (Marzuki & Basariah, 2017; Safaruddin 
et al., 2020). In addition, the incorporation of educational technology programs such as 
robotics allows students to explore and learn in a genuine and intriguing manner, which can 
enhance their involvement in the learning process and enhance their knowledge and problem-
solving abilities. The educational technology program has facilitated students' learning, 
leading to an impact on their motivation to learn and the development of 21st-century skills 
(Tsai et al., 2020; Van Alten et al., 2020) and learning (Andujar & Nadif, 2020; Zheng & 
Zhang, 2020; El Sadik & Al Abdulmonem, 2021). 
 
Conclusion 
 
The results of this study have significant implications and advantages for various 
stakeholders, including the Ministry, teachers, and students. The impact is reflected in the 
areas of study, practical applications, and models. From a theoretical perspective, this study 
contributes to the literature on the use of robotics programs as research models to enhance 
students' problem-solving attitudes. Furthermore, this research supports the 21st century 
learning model and the concept of technology-assisted learning, which, when implemented 
effectively, can enhance students' attitudes towards learning. The findings also demonstrate 
that the robotics program can positively impact students' attitudes. Che Noh et al. (2021) 
revealed that teachers in Malaysia still predominantly employ traditional teacher-centered 
teaching methods, and therefore need to develop a thinking mentality to improve education 
competitiveness. The results of this study have made a significant contribution to the 
literature by demonstrating that the robotics programme can improve students' attitudes 
towards problem solving. Students' attitudes toward problem-solving were influenced by 
several factors, including teacher recognition for introducing innovative activities, active 
participation in the robotics programme, the usefulness of the knowledge gained. These 
factors encouraged students to become enthusiastic about the subject, motivating them to 
study in advance and prepare. The small sample size of this study limits the generalizability 
of the findings. Nevertheless, the study's results are significant in informing the application of 
educational technology programs as a pedagogical approach, especially in addressing 
problem-solving attitudes. 
 

The IAFOR Conference on Educational Research & Innovation 2023 Official Conference Proceedings

ISSN: 2435-1202 156



 

References 
 
Abdullah, N.F., Muda, N. (2022). An Overview of Homogeneity of Variance Tests On 

Various Conditions Based On Type 1 Error Rate and Power of a Test. Journal of 
Quality Measurement and Analysis. 18(3), 111-130. 
http://journalarticle.ukm.my/20971/1/QT%209.pdf 

 
Adams, N. E. (2015). Bloom’s Taxonomy of Cognitive Learning Objectives. Journal of the 

Medical Library Association, 103:152-3. DOI: 10.3163/1536-5050.103.3.010 
 
Adiyanta, F. S. (2019). Hukum dan studi penelitian empiris: Penggunaan metode survey 

sebagai instrumen penelitian hukum empiris. Administrative Law and Governance 
Journal, 2(4), 697-709. DOI: 10.14710/alj.v2i4.697-709 

 
Amran, N., & Rosli, R. (2017). Teachers‟ Understanding in 21st Century Skills. Prosiding 

Persidangan Antarabangsa Sains Sosial & Kemanusiaan. 
https://www.researchgate.net/publication/318942876_Teachers_Understanding_in_21
st_Century_Skills 

 
Andujar, A., & Nadif, F. Z. (2022). Evaluating an inclusive blended learning environment in 

EFL: a flipped approach. Computer Assisted Language Learning, 35(5-6), 1138-1167. 
https://doi.org/10.1080/09588221.2020.1774613 

 
Arkin, R.C. (1998). Behavior-based robotics. Massachusets: The MIT Press, Cambridge. 
 
Ary, D., Jacobs. L. C., & Sorensen, C. (2010). Introduction to Research in Education (8th 

ed). California: Wadsworth. 
 
Bahagian Pembangunan Kurikulum, Kementerian Pendidikan Malaysia (BPK KPM). (2016). 

Dokumen Standard Kurikulum Dan Pentaksiran Reka Bentuk Dan Teknologi Tahun 
Enam. https://www.moe.gov.my/menumedia/media-cetak/penerbitan/dskp-kssr/1273-
dskp-kssr-reka-bentuk-teknologi-tahun-6/file 

 
Barkman, S., & Machtmes, K. (2002). Solving Problems Survey. Youth Life Skills 

Evaluation project at Penn State. CYFAR Life Skills Project at Texas A&M University 
Journal. https://jyd.pitt.edu/ojs/jyd/article/viewFile/155/141 

 
Belmonte, J. L., Robles, A. S., Guerrero, A. M. J., & González, M. P.E. (2021). Robotics in 

Education: A Scientific Mapping of the Literature in Web of Science. Electronics.10, 
291. https://doi.org/10.3390/electronics10030291 

 
Bernard, H.R. (2002). Research methods in anthropology: qualitative and quantitative 

methods. 4th edition. California: AltaMira Press. 
 
Borgstede, M., & Scholz, M. (2021). Quantitative and Qualitative Approaches to 

Generalization and Replication–A Representationalist View. Frontiers in psychology, 
12, 605191. doi: 10.3389/fpsyg.2021.605191 

 
Bratzel, B. (2005). Physics by design. Knoxville, TN: College House Enterprises. 
 

The IAFOR Conference on Educational Research & Innovation 2023 Official Conference Proceedings

ISSN: 2435-1202 157



 

Cambaya, J. (2022). Enhancing Students' Problem-Solving Skills And Engagement In 
Mathematics Learning Through Contextualized Instruction. Science International. 34. 
101-109. http://www.sci-int.com/pdf/637837170468018431.edited.pdf 

 
Can, B., Yıldız-Demirtaş, V., & Altun, E. (2017). The effect of project-based science 

education programme on scientific process skills and conceptions of Kindergarten 
students. Journal of Baltic Science Education, 16(3): 395-413. 
https://www.proquest.com/openview/0c82121af08049adb1ae4cdc58dc1962/1?pq-
origsite=gscholar&cbl=4477238 

 
Challinger, J. (2005). Efficient use of robots in the undergraduate curriculum. ACM SIGCSE 

Bulletin. 37(1): 436-440. https://dl.acm.org/doi/abs/10.1145/1047124.1047486 
 
Charles, R. I., Lester, F. K., & O'Daffer, P. G. (1987). How to evaluate progress in problem 

solving? Reston, VA: National Council of Teachers of Mathematics. 
https://eric.ed.gov/?id=ED283678 

 
Che Noh, S., & Abdul Karim, A. M. (2021). Design thinking mindset to enhance education 

4.0 competitiveness in Malaysia. International Journal of Evaluation and Research in 
Education, 10(2), 494. https://ijere.iaescore.com/index.php/IJERE/article/view/20988 

 
Chonghui, L. (2020, August 23). Don’t kill interest in the sciences. The Star. 

https://www.thestar.com.my/news/education/2020/08/23/dont-kill-interest-in-the-
sciences 

 
Christy, K. R., & Fox, J. (2014). Leaderboards in a virtual classroom: A test of stereotype 

threat and social comparison explanations for women’s math performance. Computers 
& Education, 78, 66-77. https://doi.org/10.1016/j.compedu.2014.05.005 

 
Cielniak, G., Bellotto, N., & Duckett, T. (2013). Integrating mobile robotics and vision with 

undergraduate computer science. IEEE Transactions on Education, 56(1), 48-53. doi: 
10.1109/TE.2012.2213822 

 
Danelid, F., & Fältman, E. (2021). Increasing physical activity with gamification: Exploring 

competitiveness as a moderator for leaderboard effectiveness. (Bachelor's 
dissertation). Umeå University. https://umu.diva-
portal.org/smash/get/diva2:1565544/FULLTEXT01.pdf 

 
El Sadik, A., & Al Abdulmonem, W. (2021). Improvement in student performance and 

perceptions through a flipped anatomy classroom: Shifting from passive traditional to 
active blended learning. Anatomical Sciences Education, 14(4), 482-490. 
https://doi.org/10.1002/ase.2015 

 
Farooq F, Rathore F. A, Mansoor S. N. (2020). Challenges of online medical education in 

Pakistan during COVID-19 pandemic. J Coll Physicians Surg Pak 2020; 30 (Supp1): 
S67–S69. DOI: 10.29271/jcpsp.2020.Supp1.S67 

 
Gill, J., & Johnson, P. (2010). Research methods for managers (4th ed.). London: Sage. 

https://www.scirp.org/(S(lz5mqp453edsnp55rrgjct55.))/reference/referencespapers.as
px?referenceid=2614393 

The IAFOR Conference on Educational Research & Innovation 2023 Official Conference Proceedings

ISSN: 2435-1202 158



 

Gorakhnath, I., & Padmanabhan, J. (2017). Educational Robotics: A New Arena In 
Classroom Teaching. Electronic Interdisciplinary International Research Journal, 
6(6), 216-236. 
https://www.researchgate.net/publication/325284480_EDUCATIONAL_ROBOTICS
_A_NEW_ARENA_IN_CLASSROOM_TEACHING 

 
Gratani, F., Giannandrea, L., Renieri, A., & Annessi, M. (2021). Fostering students’ problem-

solving skills through educational robotics in primary school. In Educational Robotics 
International Conference (pp. 3-14). Springer, Cham. DOI:10.1007/978-3-030-77022-
8_1 

 
Graveter, L., & Wallnau, B. (2004). Statistics for the behavioral sciences (6th ed.). Brockport 

Bookshelf. 
 
Gürbüz, S. (2017). Survey as a quantitative research method. Research Methods and 

Techniques in Public Relations and Advertising, 2017, 141-162. 
https://www.researchgate.net/profile/Salih-
Guerbuez/publication/321874371_Survey_as_a_Quantitative_Research_Method/links
/5b1533890f7e9b4981099e38/Survey-as-a-Quantitative-Research-Method.pdf 

 
Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2018). Multivariate data analysis 

(8th ed.). Upper Saddle River, NJ: Pearson Education International. 
 
Hairida, H., & Junanto, T. (2018). The effectiveness of performance assessment in project-

based learning by utilizing local potential to increase science literacy. International 
Journal of Pedagogy and Teacher Education, 2, 17-159. 
DOI:10.20961/ijpte.v2i0.25722 

 
Hallak, F. K., Armoni, M., & Ari, M. B. (2019). The effect of robotics activities on learning 

the engineering design process. Informatics in Education, 18(1), 105–129. DOI: 
10.15388/infedu.2019.05 

 
Hammouri, H. (2003). An investigation of undergraduates’ transformational problem-solving 

strategies: Cognitive/metacognitive processes as predictors of holistic/analytic 
strategies. Assessment & Evaluation in Higher Education, 28, 571-586. DOI: 
https://doi.org/10.1080/0260293032000130225 

 
Hirtz, J. A. (2020). Does the interactive push-presentation system Nearpod effect student 

engagement in high school anatomy? Doctoral Dissertations and Projects, 2422. 
https://digitalcommons.liberty.edu/doctoral/2422 

 
Höllig, C. E, Tumasjan, A., & Welpe, I. M. (2020). Individualizing gamified systems: The 

role of trait competitiveness and leaderboard design. Journal of Business Research, 
106, 288-303. https://doi.org/10.1016/j.jbusres.2018.10.046 

 
Husain, H. (2022). Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) 

to measure the validity and reliability constructs of historical thinking skills, Tpack, 
and application of historical thinking skills. International Journal of Education, 
Psychology, and Counseling, 7(46), 608-623. DOI: 10.35631/IJEPC.746046 

The IAFOR Conference on Educational Research & Innovation 2023 Official Conference Proceedings

ISSN: 2435-1202 159



 

Junjie, M. (2022). The discussions of positivism and interpretivism. Global Academic 
Journal of Humanities and Social Sciences, 4(1), 10-14. DOI: 10.36348/gajhss. 
2022.v04i01.002 

 
Kalyuga, S., & Plass, J. L. (2009). Evaluating and managing cognitive load in games. 

Handbook of research on effective electronic gaming in education. Hershey, PA: 
Information Science Reference. DOI:10.4018/9781599048086.ch041 

 
Kukard, K. (2020). Creating a collaborative learning environment online and in a blended 

history environment during Covid-19. http://hdl.handle.net/2263/80567 
 
Langworthy, M. (2013). 21st Century Learning Design: Learning that matters. 

https://www.internationalpublishers.org/images/pressreleases/EducationalPublishing/
m_langworthy.pdf 

 
Losup, A., & Epema, D. (2014). An experience report on using gamification in technical 

higher education. Proceedings of the 45th ACM Technical Symposium on Computer 
Science Education. New York, NY, USA. DOI:10.1145/2538862.2538899 

 
Lowry-Brock, M. R. (2016). The effect of using Nearpod as a tool of active learning in the 

high school science classroom. 
https://scholarworks.montana.edu/xmlui/handle/1/10072  

 
Lynch, P., Singal, N., & Francis, G. A. (2022). Educational technology for learners in 

primary school settings in low- and middle-income countries: a systematic literature 
review, Educational Review. https://doi.org/10.1080/00131911.2022.2035685 

 
MacLeod, M., & van der Veen, J. T. (2020). Scaffolding interdisciplinary project-based 

learning: a case study. European Journal of Engineering Education, 45(3), 363-377. 
DOI:10.1080/03043797.2019.1646210 

 
Mahanani, P., Akbar, S., Kamaruddin, A., & Hussin, Z. (2022). Educational Analysis to 

Develop Character in Malaysia and Indonesia. International Journal of Instruction, 
15, 377-392. https://doi.org/10.29333/iji.2022.15321a 

 
Mardiana, S. (2020). Modifying Research Onion for Information Systems Research. Solid 

State Technology, 63, 1202-1210. 
https://www.researchgate.net/publication/359542575_Modifying_Research_Onion_fo
r_Information_Systems_Research 

 
Marsili, O. (2005). Technology and the size distribution of firms: Evidence from Dutch 

manufacturing. Review of Industrial Organization, 27(3), 303–328. 
https://doi.org/10.1007/s11151-005-5053-z 

 
Marzuki, M., & Basariah, B. (2017). The influence of problem-based learning and project 

citizen model in the civic education learning on student’s critical thinking ability and 
self-discipline. Jurnal Cakrawala Pendidikan, 36(3), 382-400. DOI: 
10.21831/cp.v36i3.14675 

 

The IAFOR Conference on Educational Research & Innovation 2023 Official Conference Proceedings

ISSN: 2435-1202 160



 

Mee, W., Shahdan, T., Ismail, R., Ghani, G., Pek, L., & Rao, S. (2020). Role of gamification 
in classroom teaching: Pre-service teachers’ view. International Journal of 
Evaluation and Research in Education (IJERE), 9(3), 684-690. DOI: 
http://doi.org/10.11591/ijere.v9i3.20622 

 
Ministry of Education Malaysia (MOE). (2013). Malaysia Education Blueprint 2013-2025. 

Putrajaya: MOE. https://www.moe.gov.my/menumedia/media-
cetak/penerbitan/dasar/1207-malaysia-education-blueprint-2013-2025/file 

 
Mohd Majid Konting. (2005). Kaedah penyelidikan pendidikan. 7th ed. Kuala Lumpur: 

Dewan Bahasa Dan Pustaka. 
 
Mohd Zukilan Zakaria. (2015). Keberkesanan program mentor-menti terhadap pencapaian 

pelajar kolej matrikulasi kedah sesi 2014/2015. Kolej Matrikulasi Kedah. Changlun. 
 
Muhamad Shakir Bin Saad, Sabariah Binti Sharif. (2018). Effectiveness of Game Robot 

Learning to Students Achievement for Respiration Topic. World Journal of 
Management and Behavioral Studies. 6 (2): 15-22 2018. 
https://idosi.org/wjmbs/6(2)18/2.pdf 

 
Muniandy, T., Sharif, S., & Mariappan, M. (2022). The Effect of Robotics Program on 

Students Attitude Towards Problem Solving. In Proceedings of 5th International 
Conference on Multi-Disciplinary Research Studies and Education (ICMDRSE-
2022), India (Vol. 16, No. 47, pp. 234–244). 

 
Nickerson, L. A., & Shea, K. M. (2020). First-Semester organic chemistry during COVID- 

19: prioritizing group work, flexibility, and student engagement. J. Chem. Educ., 97, 
3201–3205. https://doi.org/10.1021/acs.jchemed.0c00674  

 
Noyes, J., Booth, A., Moore, G., Flemming, K., Tunçalp, Ö., & Shakibazadeh, E. (2019). 

Synthesising quantitative and qualitative evidence to inform guidelines on complex 
interventions: clarifying the purposes, designs and outlining some methods. BMJ 
global health, 4(Suppl 1), e000893. doi: 10.1136/bmjgh-2018-000893 

 
Ocak, G., Doğruel, A. B., & Tepe, M. E. (2021). An Analysis of the Relationship between 

Problem Solving Skills and Scientific Attitudes of Secondary School Students. 
International Journal of Contemporary Educational Research, 8(1), 72-83. DOI: 
https://doi.org/10.33200/ijcer.780710 

 
Organisation for Economic Co-operation and Development (OECD). (2019). PISA 2018 

Results: Combined Executive Summaries Volume I, II, III. Secretary-General of the 
OECD. https://www.oecd.org/pisa/Combined_Executive_Summaries_PISA_2018.pdf 

 
Palazón-Herrera, J., & Soria-Vílchez, A. (2021). Students’ perception and academic 

performance in an educational technology model within Early Childhood Education 
Degree. Heliyon, 7(4), 06702. DOI:10.1016/j.heliyon.2021.e06702 

 
 
 

The IAFOR Conference on Educational Research & Innovation 2023 Official Conference Proceedings

ISSN: 2435-1202 161



 

Perets, E. A., Chabeda, D., Gong, A. Z., Huang, X., Fung, T. S., Ng, K. Y., & Yan, E. C. 
(2020). Impact of the emergency transition to remote teaching on student engagement 
in a non-STEM undergraduate chemistry course in the time of COVID-19. Journal of 
Chemical Education, 97(9), 2439–2447. https://doi.org/10.1021/acs.jchemed.0c00879 

 
Purba, R. A. (2021). The effectiveness combination of blended learning and flipped 

classroom with Edmodo as a digital media innovation for learning from home. 
Journal of Education Technology, 5(3), 434–442. DOI: 
https://doi.org/10.23887/jet.v5i3.36210 

 
Rahim, N. A., & Abdullah, A. H. (2017). Kesediaan Guru Matematik Sekolah Menengah 

Dalam Melaksanakan Proses Pembelajaran dan Pengajaran Abad Ke-21. Isu-isu 
Pendidikan Kontemporari. UTM, Skudai. ISBN 978-967-0194-68-4. 
http://eprints.utm.my/id/eprint/84712/ 

 
Rahman, S. (2017). Problem Solving Skills, Metacognitive Awareness, and Mathematics 

Achievement: A Mediation Model. The New Educational Review, 49(3), 201–212. 
DOI: 10.15804/tner.2017.49.3.16 

 
Raithatha, Y. (2017). Understanding the Economic Impact Terrorism has on the Destination 

Decision Making: Northern Irish Tourists. Doctoral dissertation. Dublin Business 
School. 
https://esource.dbs.ie/bitstream/handle/10788/3340/mba_raithatha_y_2017.pdf?seque
nce=1 

 
Rogers, C., & Portsmore, M. (2004). Bringing engineering to elementary school. 

http://greenframingham.org/stem/research/item1_bring_engr_elem021505.pdf 
 
Rogers, J. (2019). Experimental and quasi-experimental designs. The Routledge Handbook of 

Research Methods in Applied Linguistics. 
https://www.taylorfrancis.com/chapters/edit/10.4324/9780367824471-
12/experimental-quasi-experimental-designs-john-rogers-andrea-
r%C3%A9v%C3%A9sz 

 
Roslina Radzali, T. Subahan Mohd Meerah, & Effandi Zakaria. (2010). Hubungan antara 

kepercayaan matematik, metakognisi dan perwakilan masalah dengan kejayaan 
penyelesaian masalah matematik. Jurnal Pendidikan Malaysia, 35(2), 1–7. 
http://journalarticle.ukm.my/1443/1/Bab_1.pdf 

 
Rusdin, N. M. (2018). Teachers’ readiness in implementing 21st-century learning. 

International Journal of Academic Research in Business and Social Sciences, 8(4), 
1271–1284. DOI: 10.6007/IJARBSS/v8-i4/4270 

 
Safaruddin, S., Ibrahim, N., Juhaeni, J., Harmilawati, H., & Qadrianti, L. (2020). The effect 

of project-based learning assisted by electronic media on learning motivation and 
science process skills. Journal of Innovation in Educational and Cultural Research, 
1(1), 22-29. DOI:10.46843/jiecr.v1i1.5 

 

The IAFOR Conference on Educational Research & Innovation 2023 Official Conference Proceedings

ISSN: 2435-1202 162



 

Sahaat, Z., & Nasri, N. M. (2020). Cabaran Pelaksanaan Mata Pelajaran Reka Bentuk 
Teknologi dan Teknologi Maklumat. Jurnal Pendidikan Malaysia, 45(1), Isu Khas 
(2020), 51-59. DOI: http://dx.doi.org/10.17576/JPEN-2020-45.01SI-07 

 
Saunders, M., Lewis, P. and Thornhill, A. (2009). Research Methods for Business Students. 

New York: Pearson Education Limited. https://gibsoncollege.edu.et/wp-
content/uploads/2022/01/Research-Methods-for-Business-Students-by-Mark-
Saunders-Philip-Lewis-Adrian-Thornhill-z-lib.org-1.pdf 

 
Saunders, M., Thornhill, A. & Lewis, P. (2018). Research Methods for Business Students (8th 

Edition). United Kingdom: Pearson Education Limited. 
https://www.researchgate.net/publication/330760964_Research_Methods_for_Busine
ss_Students_Chapter_4_Understanding_research_philosophy_and_approaches_to_the
ory_development 

 
Sharma, G. (2017). Pros And Cons Of Different Sampling Techniques. International Journal 

of Applied Research, 3(7): 749-752. 
https://www.allresearchjournal.com/archives/2017/vol3issue7/PartK/3-7-69-542.pdf 

 
Shih, B., Chen, T., Wang, S., & Chen, C. (2013). The exploration of applying lego nxt in the 

situated science and technology learning. Journal of Baltic Science Education, 12(1), 
73-91. http://www.scientiasocialis.lt/jbse/?q=node/280 

 
Sima, V., Gheorghe, I. G., Subi, J., & Nancu, D. (2020). Influences of the Industry 4.0 

Revolution on the Human Capital Development and Consumer Behavior. 
Multidisciplinary Digital Publishing Instituten (MDPI). 
https://doi.org/10.3390/su12104035 

 
Sturm, N. (2019). “Self-generated representations as heuristic tools for solving word 

problems,” in Implementation research on problem solving in school settings. 
Proceedings of the 2018 joint conference of ProMath and the GDM working group on 
problem solving. Editors A. Kuzle, I. Gebel, and B. Rott (Münster, Germany: WTM-
Verlag), 173–192.  

 
Sugiyono. (2017). Penelitian Kuantitatif. Pemaparan Metodenpenelitian Kuantitatif. 
 
Tsai, M. N., Liao, Y. F., Chang, Y. L., & Chen, H. C. (2020). A brainstorming flipped 

classroom approach for improving students’ learning performance, motivation, 
teacher-student interaction and creativity in a civics education class. Thinking Skills 
and Creativity, 38, 100747. https://doi.org/10.1016/j.tsc.2020.100747 

 
Van Alten, D. C., Phielix, C., Janssen, J., & Kester, L. (2020). Self-regulated learning support 

in flipped learning videos enhances learning outcomes. Computers & Education, 158, 
104000. https://doi.org/10.1016/j.compedu.2020.104000 

 
Walser, N. (2008). Teaching 21st Century Skills. Harvard Education Publishing Group. 

http://hepg.org/hel/article/184 
 

The IAFOR Conference on Educational Research & Innovation 2023 Official Conference Proceedings

ISSN: 2435-1202 163



 

Wimalaratne, P.L.I. (2022). A Methodology to Study The Complexity of Buildability in 
Construction Projects: Phenomenological Research Perspective. Proceedings of the 
10th World Construction Symposium, 14-26. http://dl.lib.uom.lk/handle/123/19939 

 
Yang, D. & Baldwin, S.J. (2020). Using technology to support student learning in an 

integrated STEM learning environment. International Journal of Technology in 
Education and Science (IJTES), 4(1), 1-11. 
https://files.eric.ed.gov/fulltext/EJ1230543.pdf 

 
Zheng, B., & Zhang, Y. (2020). Self-regulated learning: the effect on medical student 

learning outcomes in a flipped classroom environment. BMC Medical Education, 
20(1), 1-7. https://doi.org/10.1186/s12909-020-02023-6 

 
 
Contact email: thiwagarsmc@gmail.com 

The IAFOR Conference on Educational Research & Innovation 2023 Official Conference Proceedings

ISSN: 2435-1202 164




