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PREFACE  

iTAC or International Teaching Aid Competition 2023 was a venue for academicians, 

researchers, industries, junior and young inventors to showcase their innovative ideas not only 

in the teaching and learning sphere but also in other numerous disciplines of study. This 

competition was organised by the Special Interest Group, Public Interest Centre of Excellence 

(SIG PICE) UiTM Kedah Branch, Malaysia. Its main aim was to promote the production of 

innovative ideas among academicians, students and also the public at large.  

In accordance with the theme "Reconnoitering Innovative Ideas in Post-normal Times", the 

development of novel ideas from the perspectives of interdisciplinary innovations is more 

compelling today, especially in the post-covid 19 times.  Post-pandemic initiatives are the most 

relevant in the current world to adapt to new ways of doing things and all these surely require 

networking and collaboration. Rising to the occasion, iTAC 2023 has managed to attract more 

than 267 participations for all categories. The staggering number of submissions has proven 

the relevance of this competition to the academic world and beyond in urging the culture of 

innovating ideas. 

iTAC 2023 committee would like to thank all creative participants for showcasing their 

innovative ideas with us. As expected in any competition, there will be those who win and 

those who lose. Congratulations to all the award recipients (Diamond, Gold, Silver and Bronze) 

for their winning entries. Those who did not make the cut this year can always improve and 

join us again later.  

It is hoped that iTAC 2023 has been a worthy platform for all participating innovators who 

have shown ingenious efforts in their products and ideas. This compilation of extended 

abstracts published as iTAC 2023 E-Proceedings contains insights into what current researchers, 

both experienced and novice, find important and relevant in the post-normal times.  

 

Best regards, 

iTAC 2023 Committee 

Special Interest Group, Public Interest Centre of Excellence (SIG PICE) 

UiTM Kedah Branch 

Malaysia 
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PV2P: PROGRAM VISUALIZATION AND PAIR PROGRAMMING TO 
IMPROVE STUDENTS UNDERSTANDING OF PYTHON 

PROGRAMMING 
 
 

Syahrul Affendi Bin Abdul Rahman 
MRSM Kuala Klawang 

Syahrul.affendi@mara.gov.my 
 
 

ABSTRACT 

The objective of this research was to enhance the understanding of Python programming among 

students. The research involved 71 students from two form 2 classes at MRSM Tun Ghazali Shafie who 

were studying Basics of Computer Science (ASK) subject. The data collection is conducted through 

observation, pre- and post-tests, and questionnaires. Previously, students encountered difficulties in 

creating accurate computer program flowcharts and generating program code from the given flowchart. 

The students also could not solve the complex computer programming problems on their own. The pre-

test analysis revealed a mean score of 67.9 percent. Researchers evaluated the students' learning and 

introduced Program Visualization and Pair Programming (PV2P) method to enhance their 

understanding of Python programming. As a result, the post-test scores showed an increase to 85.3 

percent, and the students responded positively to the questionnaires. Thus, PV2P was successful in 

improving the students' understanding of Python programming. 

 
Keywords: Program Visualization, Pair Programming; Algorithms, Collaborative, Python Programming 

 

 

INTRODUCTION 
 

Over the years, studies have shown that programming has proven to be a challenging task for 

many people (Stephen et al., 2011). Programming is a difficult subject to learn, even for novice 

students (Bennedsen & Caspersen, 2007). This causes students to be less motivated to learn it. 

The subject requires high problem-solving skills. In addition, it requires students to have the 

ability to think visually to interpret the abstract structure of the program (Ahmad Rizal et al., 

2011). Furthermore, students often make mistakes in completing their programming, especially 

if they do it alone (Laurie & Richard, 2001). Program visualization (PV) is one of the various 

methods developed over the years to aid novices with their difficulties in learning to program. 

PV tool does improve students' experience of learning programming by helping them to tackle 

the abstractness of programming structure (Stephen et al., 2011) and program execution (Rajala 

et al., 2008). As a result, program visualization helps students to design programs, in addition 

to helping them to strategize solutions to problem solving in programming (Agno-balabat & 

Rojo, 2012). However, the usage of learning aid tools alone, such as PV could not have an 

effective impact on student programming performance. Hence, an active learning strategy 

should be used, in complement to PV tools to make the learning experience more encouraging 

(Derus, 2014; Mikko-Jussi et. Al., 2009). Hence, there have been several attempts to integrate 

visualization techniques and active learning into programming courses. Research has found 
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that integration of active learning and visual/verbal techniques may enforce may enhance 

cognitive knowledge and promote logical thinking skills with respect to programming 

performance (Hui, 2011). As there is little initiative on implementing PV tools and pair 

programming in teaching and learning programming subjects, especially in secondary 

education, this research intents to fill that gap. Hence, this research will investigate the effect 

of PV tools and pair programming on student performance and motivation of learning 

programming in ASK subject.  

 

 

Program visualization (PV) can be defined as visual representation of program or algorithm 

execution in the form of graphical components (Rosminah, 2013). PV main goal is to visualize 

program execution which includes variable values, line-by-line statements implementation and 

program status. There are two main categories of PV which include dynamic PV or static PV. 

Dynamic PV can visualize program flow control by highlighting programming runtime 

execution. On the other hand, static PV focuses on visualizing code structure using pictures or 

diagrams such as flowchart (Rajala et al., 2008). Examples of dynamic program visualization 

tools are Jeliot3 & ViLLE ((Rajala et al., 2008). Examples of static program visualization tools 

are BlueJ (Kölling, 2003) and Flowgorithm (Cook, 2015). PV is more beneficial in learning 

programming because they display information in a manner that is familiar to users' mental 

representations of matters and allow data to be handled in a format that is closer to how things 

are managed in the real world; they are also simpler to comprehend for programming beginners 

(Basigie, 2022). PV able to solve some of the problems in learning computer programming, 

such as difficulty developing program algorithms, transferring algorithms to programming 

language and understanding program structures (Kadar et al., 2021). Researchers and 

practitioners have started to integrate collaborative components into programming activities 

because of their benefits, especially for students (Zakaria et el., 2021). The example of a 

collaboration activity that can be integrated into programming class is pair programming 

(Echeverria, 2019). Pair programming is one of the Extreme Programming (XP) agile software 

methodologies used in the industry with the main goal of improving interaction between two 

programmers to improve software quality (Vinod, 2014). Pair programming involves two 

programmers working collaboratively on one computer, one as a driver who operates the 

keyboard, concentrates on the lower-level details of the task, and another as a navigator who 

observes the driver. (Radhakrishnan, 2017). Through the process, the pairs swap 

responsibilities so that both partners become involved in the brainstorming process (Albayrak, 

2022). Pair Programming enables the students to work together to solve complex programming 

problems, improve computational thinking, and develop real-world problem-solving skills 

(Weiqi et al, 2023). Pair programming indeed gives benefits to students' attitude, learning and 

academic performance (Faja, 2014).  

 

 

MATERIALS AND METHODS 
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Material and Development 

 

The development of learning aid (BBM) for unplugged PV2P using several materials such as 

magnetized white board, laminate plastic, magnet strip and paper. On the other hand, 

Flowgorithm software was used for plugged PV2P where 2 students share a computer 

installed with the mentioned software for pair programming. 

 

 

 

 
 

Figure 1. Unplugged PV2P (left) and plugged PV2P (right) 

 

 

Methodology 

 

This study involved a total of 71 students from two form 2 classes at MRSM Tun Ghazali 

Shafie who took the subject of Basic of Computer Science. Firstly, the students sat for a pre-

test where they needed to answer about 6 questions about flow charts and Python programming.  

 

After that, the students' scores were recorded for later analysis. Then the students underwent 

unplugged and plugged PV2P about a month each in sequence. After that, the students sat for 

post-test for comparison with the earlier test. Finally, the students were given questionnaires to 

measure their responses to the new teaching method of PV2P. 

  

 

 

RESULTS AND DISCUSSION 

 

The results of the data collected through pre-test, post-test, and questionnaires. 

 

Pre and Post-Test 

Table 1. Pre-Test and Post-Test Result Analysis 

         Paired Sample Statistics              Paired Sample Statistics 

 Mean N 
Std. 

Deviation 
Std. Error 

Mean 
  N Correlation Sig. 
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Pair 1 Pre-Test 67.6901 71 6.98466 .82895  Pair 
Pre-Test & 

Post-Test 
71 .191 .110 

 Post-Test 85.2958 71 4.38307 .52017       

 

 

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 

Deviation 

Std. 

Error 
Mean 

95% Confidence Interval 
of the Difference 

Lower Upper 

Pair 1 Pre-Test Post-Test -17.60563 6.98466 .82895 -19.38163 -15.82963 -19.771 70 .000 

 

The value of t is 19.771 and the value of p is < .00001. The result is significant at p < .05. 

Questionnaires - Closed Ended 
 

 

 

 

 

 

 

 

 
 

Figure 2. Pie Chart of Students’ Understanding about Flowchart by Using PV2P 
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Figure 3. Pie Chart of Students’ Understanding about Python Programming by Using PV2P 

 

 
Figure 4. Pie Chart of Students’ Confidence about Solving Python Programming Questions by Using 

PV2P 

 

Questionnaires – Open Ended 

 

The summary of students' opinions about PV2P is shown below: 

It's easier to understand flowcharts & Python programming by using PV2P. 

It is easier to understand the concept of Python programming (unplugged) before switching to 

using a computer (plugged). 

The use of PV2P in the classroom is fun. 

The use of PV2P in the classroom should continue. 

PV2P helps reduces answer errors. 

PV2P promotes trust and cooperation in groups. 

 

 

Discussion 

 

This study introduces a Teaching and Facilitation Session (PdPc) method by combining 

program visualization (PV) and pair programming known as PV2P. The results show that PV2P 

allows the students to obtain higher scores on tests due to better understanding and confidence 

in learning Python programming. The PV helps the student to grasp the essential concepts of 

algorithms before moving on to advanced concepts of programming such as syntax and 

program structure. This helps flatten the learning curve for the students to become familiar with 

Python programming. The cooperation introduced in pair programming enables the students to 

be more confident because they get help from their peers to solve problems together. This can 

promote the students to be 21st learners, which includes communicators, and collaborators. 

 

 

CONCLUSION 
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In conclusion, PV2P has improved students' understanding of Python programming. 

Unplugged PV2P was developed by using a magnetized whiteboard where the student can 

arrange flowchart shapes and Python programming snippets cut out on top of it. Plugged PV2P 

was developed with the use of Flowgorithm software installed on a computer shared by a pair 

of students. The effectiveness of PV2P was measured from pre-test, post-test, and 

questionnaires. It has been proven that PV2P was able to increase student performance during 

the tests. In addition, the students became more confident in tackling questions about 

algorithms and Python programming. As a result of the experience of implementing this action 

research, it can be concluded that PdPc has been able to help students, especially in the subject 

of ASK. This creative and innovative PdPc approach can bring a big change in student 

achievement. Therefore, teachers need to diversify PdPc techniques and software to produce a 

positive impact on students. Students' acceptance of knowledge and skills is varied, not to 

mention involving technology. Improvements in PdPc must always be made to improve the 

quality of teaching and learning. Therefore, teachers need to explore new knowledge, skills, 

and technology constantly to dignify the professionalism of educators. 
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