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Abstract - This study explores the integration of visual 

programming language in science experiments. The study 

employs a quasi-experimental design with a one-group pretest-

posttest-only design. It examines the perceptions of the students 

before and after the integration. The experiment also 

investigates whether visual programming language can be 

integrated into science experiments or how it can be better 

integrated into the curriculum. The results indicate that 

teaching tools, learning outcomes, module design, and teaching 

approaches as factors that influence the acceptance and 

implementation of visual programming language in science 

experiments. Further refinement identified teaching tools, 

module design and teaching approaches as the core factors of an 

integrated framework that will help teachers to design the 

lessons in different levels and conditions. Teachers can use this 

framework to design their own modules and teaching practices. 

The framework can also be used in developing teacher 

preparation programs, as well as STEM education. 

Keywords: Visual Programming Languages, Perceptions, 

Science Experiment, Integrated Framework  

I. INTRODUCTION 

A debate has taken place in recent years regarding how 

science experiments can stimulate problem-solving as 

students are taught how to replicate a procedure or answer 

questions based on examination situations (Gericke et al., 

2023; Osborne, 2015; Shamsiah, 2014). Experiments are not 

intended for these practices. An experiment, by definition, 

involves hands-on activities such as designing a procedure, 

conducting experiments, and determining the answers to 

questions arising from the results. The opportunity should be 

provided for students to plan, analyse, evaluate, and develop 

strategies to solve science-related problems (Gericke et al., 

2023; Millar, 2010; Osborne, 2015; Shamsiah, 2014; 

Wahyudiati, 2021).  New approaches are being introduced to 

develop problem-solving skills through science experiments. 

As an example, visual programming language in science 

experiments have gained importance to enhance problem-

solving abilities (Chongo et al., 2021; Iyamuremye & 

Nsabayezu, 2022; Jancheski, 2017) while, at the same time, 

reinforcing STEM education design (Loganathan et al., 2019; 

Talib et al., 2022).  Most science teachers have been 

demanding more empirical and evidence-based studies to 

gain a deeper understanding of what is needed during 

implementation and how it can be effectively taught (Chongo 

et al., 2021) while some researchers call for further study, 

large sample size and long-term research (Chongo et al., 2021; 

Iyamuremye & Nsabayezu, 2022; Loganathan et al., 2019; 

Meerbaum-Salant et al., 2010; Talan, 2020).  

Besides that, a number of concerns were raised. One of the 

main concerns was student and teacher engagement 

(Jancheski, 2017; Salleh et al., 2013). Several factors 

contribute to the concern, including, the features of the visual 

programming language and module design (Jancheski, 2017; 

Kalogiannakis & Papadakis, 2019; Kurihara et al., 2015; 

Salleh et al., 2013) while many teachers consistently and 

continuously reported the challenges they faced which 

include limited support, professional development, 
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guidelines, training, time constraints and resources 

(Kalogiannakis & Papadakis, 2019; Rose et al., 2020; Salam, 

2022; Talib et al., 2022). Overall, a school should not use 

sophisticated language features. The features of the language 

should be clear, evident, and logically structured, with fast 

feedback mechanisms. Additionally, it should be easy-to-

access help and references with carefully-designed exercise 

(Kurihara et al., 2015). In this light, Scratch was chosen as 

the visual programming language of choice (Chongo et al., 

2021; Iyamuremye & Nsabayezu, 2022; Kalogiannakis & 

Papadakis, 2019; Loganathan et al., 2019; Rose et al., 2020; 

Talan, 2020; Talib et al., 2022). The features of this program 

are easy to manage and master. The user will only need to 

drag and drop instructions to create a graphical environment 

or content-based presentation. The techniques were easy to 

grasp even for novice teachers and students, and the software 

could be used offline as well (Theisen, 2019).  As for the 

design of the modules, the activities should be aligned with 

the curriculum which is to provide students with the 

knowledge and skills of science and technology and enable 

them to solve problems and making decisions in daily life 

(Chongo et al., 2021; Malaysia, 2018; Ministry of Education, 

2002). Under the context of science experiments, the 

activities should consider a wide range of methods and 

procedures for solving a problem as well as ways to plan, 

monitor and reflect on the problem-solving processes. This 

includes activities and applications that demonstrate 

problem-solving skills. For example, students should be 

given the opportunity to understand, predict, design, and 

evaluate problem statements. Through the activity, an 

individual understands that a problem exists, represents it by 

identifying the gap that needs to be closed, selects a method 

for addressing it, evaluates those solutions, and consolidates 

gains in order to understand how the experience and learning 

(Ronald et al., 2024) can be applied. 

Designing such activities may require further study and long-

term research due to the fact that such integration is just 

emerging (Chongo et al., 2021). To design such activities, 

there is a need to gather the perceptions of the students and 

teachers. Such findings could be used to form an integrated 

framework that includes ways to integrate visual 

programming language and factors influencing 

implementation and acceptance. At the same time, it should 

allow teachers to develop competencies in problem-solving 

at a fine-grained level, construct assessment tools and to 

investigate how learning (Arasu et al., 2024) progression 

happens under different conditions. This is because teachers 

struggle to understand, design, and integrate a lesson 

whenever a new approach is introduced. Meanwhile, students 

lose the interest to apply the approach, resulting many 

teachers call for more proper course, module, instructional 

guidelines, teachers training and practices (Kalogiannakis & 

Papadakis, 2019; Muhaimin et al., 2019; Al Muhtasib, 2019; 

Priemer et al., 2020; Smutny, 1992; Llopiz-Guerra et al., 

2024).  Therefore, this study also aims to create a framework 

in clarifying educational practices, (Mathur et al., 2024) 

developing teaching programs, and structuring the 

curriculum specification for STEM syllabus relating to visual 

programming languages and science investigations. 

II. RESEARCH OBJECTIVES 

The objectives of this study are:  

(i) To identify factors that influence the acceptance 

and rejection of visual programming languages 

in science experiments, 

(ii) To integrate visual programming languages into 

science experiments. 

III. RESEARCH QUESTIONS 

The research questions of this study are: 

(i) What are the factors that influence the 

acceptance and rejections of visual 

programming languages in science experiments? 

(ii) How to incorporate visual programming 

language into science experiments?  

IV. RESEARCH METHODOLOGY  

This study employs the questionnaire type of descriptive 

research, and it uses quasi-experimental one-group pretest-

posttest-only design as its research design. Quasi-

experimental one-group pretest-posttest-only design is used 

because this study only involves students who use the 

intervention. Hence, only the experimental group is included. 

The population consists of all science students and science 

teachers in all public secondary schools in Malaysia. Among 

the populations in the study are the secondary school students 

from Malaysia who are studying science. A pilot study is 

conducted as a preliminary step and 78 science students from 

three schools have participated, making a total of 78 samples. 

Samples are subjected to integrated science experiments 

through a module. Prior to and after the intervention, a 

questionnaire about their experiences in visual programming 

language and science experiments is administered. The 

questionnaire serves as the only instrument to generate data 

for the study. The difference between the results is analyzed 

through descriptive and content analysis. The objective of the 

analysis is to examine the influence of independent variable 

on dependent variable as well as the degree to which 

intervention affects the outcomes. In this light, independent 

variable refers to the use of visual programming language 

while dependent variable refers to students' perceptions 

towards the integration.  

V. RESULTS  

Descriptive analysis is conducted on the items in the closed-

ended questions of the questionnaire while the content 

analysis is used to analyze the items from the open-ended 

questionnaires. In the study, Figure 1 shows the bar graph 

with percentage of students' acceptance of visual 

programming language for science experiments. 96.2% of 

students agreed that visual programming languages can be 
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used for science experiments, while 3.8% rejected it. The 

idea of integrating visual programming language into science 

experiments was rejected for three reasons. Students found it 

difficult to understand the technical aspects of adding the 

blocks to commands. Understanding such concepts requires 

more time than is normally taught in a classroom. Prior 

knowledge is necessary to support the approach, which is no 

different from laboratory skills.  

 

Fig. 1 Student Acceptance of the Use of Visual Programming Language for 

Science Experiments 

Meanwhile there are many reasons that students shared on 

their acceptance towards the integration. Four students 

commented that the integration made learning easier. The 

final products in the form of animation also helped another 

group of 14 students understand the information better. 

Seeing the connection in curriculum (3 students) and 

enhancing scientific investigation skills (13 students) could 

be two of the possible factors. A total of 19 students 

commented on the skills they acquired during the integrated 

science experiments. The students pointed the problem-

solving skills and scientific investigation skills as factors in 

accepting integration. Students commented that this 

integration is acceptable as long as the experiments discussed 

in the integration are not difficult to comprehend, as many 

students enjoyed the new learning experiences (13 students), 

in which they learned new skills such as computational 

thinking (7 students). Moreover, a student commented that 

such an approach allows students to take control of their 

learning since they can learn on their own from home.  Table 

I displays a summary on why students accept and reject the 

integration of visual programming language in chemistry 

experiments.  

TABLE I REASONS WHY STUDENTS ACCEPT AND REJECT THE INTEGRATION OF VISUAL PROGRAMMING LANGUAGE IN SCIENCE 

EXPERIMENTS 

Attitude Reason(s) Participant Frequency 

Accept (Positive) make learning easier  1,4,29,57 4 

easy to understand / to be used/ gives illustration  2,6,9,21,37,43,45,46,47,53,60,62,67,73 14 

help students to increase the computational thinking  4,10,15,26,40,60,64 7 

if the experiments are not difficult  12,23,43 3 

support the scientific skills in investigation  15,47,48,49,50,56,58,60,65,69,77,78 13 

supports problem-solving  16,34,39,40,54,77 6 

New experience/learning 18,28,32,33,38,39,42,52,66,67,68,69,71 13 

easy and fast  22,24,27 3 

connection with the curriculum  31,45,76 3 

self-learning  70 1 

Reject (Negative) difficult to construct the procedure into the program  41 1 

takes longer time  44 1 

prior knowledge needed  72 1 

Irrelevant comment 
 

2,5,7,8,11,13,14,19,20,30, 35,36,51,61,74,75 16 

 

The content analysis is then used to study the feedback 

written by the samples in the open-ended questions of the 

questionnaires. The feedback is categorized into main 

categories based on statements that appear frequently in the 

answers. For each statement, positive and negative 

statements are distinguished. Analyzing these statements 

could identify the factors influencing the acceptance and 

implementation of visual programming languages in 

chemistry experiments and how they can be incorporated into 

classroom learning. As a result, a framework will be 

developed. 

VI. DISCUSSION  

The discussion is generated based on the content analysis 

from the descriptive data. It is arranged based on the research 

questions raised in this study.  

To Identify the Factors that Influence the Acceptance and 

Implementation of Visual Programming Language in 

Science Experiments 

The introduction of visual programming language to science 

practical is method of incorporating computational thinking 

into science practical (Chongo et al., 2021; Loganathan et al., 

2019; Talib et al., 2022) It is evident from the definition of 

each element in computational thinking skills and problem-

solving process of scientific method that the concepts are 

similar. As a result of comparisons and contrasts, Table 

illustrates the relationships between computational thinking 

skills and problem-solving processes.  

Teaching tools, learning outcomes, module design, and 

teaching approaches are identified as the factors that 

influence the acceptance and implementation of visual 

programming languages in science experiments.  
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• Teaching tools: The ability to use electronic 

devices and visual programming language were 

two of the factors that led students to accept visual 

programming as an experiment tool, whereas 

internet access and availability of electronic 

devices were identified as the reasons for rejecting 

the integration. There is a misconception about the 

need for internet access, which needs to be 

addressed. An offline version of Scratch 2.0 is 

available. Meanwhile, the need for an electronic 

device in this integration is true but Scratch 2.0 is 

limited to laptop usage at the moment. It needs to 

be explored how it can be used in tablets.  

• Learning outcomes: Students accepted the visual 

programming language because it was perceived as 

new knowledge and experience, and they believed 

they developed computational thinking and 

problem-solving skills at the same time. It 

introduces students to different methods of solving 

a scientific problem while offering an alternative 

approach to learning science experiments.  

However, a few students commented on the skills 

set required to understand the visual programming 

language. The implementation was rejected by 

some students because of this factor. Because the 

language feature was uncommon, students 

perceived it as complex, which hindered their 

learning and took longer to complete. Some 

students preferred the hands-on approach as it gave 

them a more thorough understanding.   

• Module design: Module design has been identified 

as an important factor in acceptance and 

implementation in three aspects. This includes 

guidelines, duration of the workshop, and 

assessment. The pilot studies were conducted three 

times for three different schools on different 

timelines, and the module was constantly improved 

after each pilot study. As a result, the new module 

is structured in the form of developmental stages 

with four tasks each, as discussed in Table II.   

TABLE II TASKS IN EACH PHASE OF THE MODULE 

Phase Task Activity Objective 

One 1 Unplugged and 

plugged in activity 
(Sudoku and 

Origami) 

To introduce the concepts of 

visual programming language 

Two 2 Create an interactive 

video as illustration 
for science concept 

To understand how Scratch 

can be integrated into science 

Three 3 Following the 

guidelines to 
conduct a science 

experiment with 

Scratch 

To understand how Scratch 

can be integrated into science 
experiment 

Four 4 Design your own 
experiment with 

Scratch to solve 

real-life problems 

To develop student’s 
problem-solving skills and 

allow them to take control 

over the learning during 
science experiment 

• Guidelines: In the first pilot study, students 

struggled to complete the task, and they did not 

believe that visual programming language could be 

incorporated into the science experiment. This is 

because there were no guidelines given to complete 

the tasks. Hence, the module was modified with 

more guidelines to support the integration. Results 

show that students were more confident to integrate 

the visual programming into the science 

experiments. As the module was improvised with 

guidelines in different developmental stages, 

students accepted visual programming language 

integration in science experiments. Through the 

module, students could make visual representations, 

such as animations, at different developmental 

stages, which enhances their understanding and 

learning. A minority of students, however, 

commented on the medium of instruction in the 

guideline. As their medium of instruction in science 

was Malay, students preferred to complete the 

module in that language.   

• Duration of the integration: A difference existed 

during the pilot test between a two-day workshop 

and a three-day workshop. The three-day workshop 

generally received more positive feedback than the 

two-day workshop. Furthermore, students believed 

they would need many rounds of training to master 

the features of the visual programming language 

before they could design their own chemistry 

experiments. 

• Assessment: Before moving on to questions with 

complicated experimental designs, students 

stressed the importance of simplifying the 

questions in the module. This was because it 

required time for students to understand the 

implementation of the features in the visual 

programming language before they could be 

integrated.  

• Teaching Approaches: The teaching approaches 

were identified as another important factor in 

acceptance and implementation in three aspects. 

This includes the design, learning activities, and 

facilitators.  

• Design: A few proposals were made by the samples 

regarding the design of the teaching approach. In 

the pilot study, the module is designed from the 

concept of problem-based learning. Students are 

required to use Scratch 2.0 to explain how to solve 

a real-life problem together with the expected 

results. In the questionnaire, group-work, 

competition, and game-based learning were 

suggested as alternatives.  

Group work was emphasized as an important factor 

of acceptance by many students. In this way, they 

shared ideas, divided tasks, and completed the 
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workshop. They believed the group-work concept 

would allow them to complete the task more 

quickly. A consideration needs to be taken if the 

integration should be conducted as an individual 

task or group based.  

Games and competition were proposed in order to 

excite the implementations as well as to increase 

their interest in learning the integration. By using 

the game or competition approach, students could 

also assess their understanding of the concept and 

assess their error. There is a possibility of exploring 

on the suggestions provided by the samples.  

• Learning activities: Some students perceived this 

learning approach as STEM learning. It was 

suggested that the hands-on experiment be 

conducted first, then the integration of the visual 

programming language as the end-of-term project. 

Several students believe that visual programming 

languages should be taught in technology classes as 

plugged-in activities so that the students can focus 

on mastering the features of the language while in 

science classes, they can apply what they have 

learned. Having such a connection helped them 

remember the concept better and made them feel 

connected. However, how can this learning activity 

be integrated? Similar workshop will be conducted 

among the science teachers in the next phase and 

an interview would be conducted to discuss about 

teacher’s perceptions of successful integration.  

• Facilitators: Students emphasized the need for 

detailed explanations and guidance to complete the 

assignment by the facilitator. In one comment, it 

was suggested that there should be more than one 

facilitator to ensure adequate support was provided. 

To Develop an Integrated Framework Explaining how 

Visual Programming Languages can be Integrated Into 

Science Experiments 

This framework will provide the foundation for exploring 

how visual programming languages can be integrated into 

science experiments through the factors that influence the 

acceptance and implementation. The next phase of the study 

is to expand the framework in relation to effects of the 

integration towards the development of scientific problem-

solving skills. Figure 2 shows the initial phase of the 

integrated framework to support the integration of visual 

programming language into science experiments.  

 

Fig. 2 Integrated Framework to Support the Integration of Visual Programming Language into Chemistry Experiments 
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VII. CONCLUSION 

Three emerging themes are recognized as the elements of the 

integrated framework for visual programming languages in 

science experiments. They are teaching tool, approaches and 

module designs. Each of the elements are bonded with the 

specific constructs. Through the factors influencing the 

acceptance and implementations, the study proposes an 

integrated framework that will help teachers to design the 

lessons in different levels and conditions. Teachers can use 

this framework to design their own module and teaching 

practices. 

VIII. SIGNIFICANCE OF THE STUDY 

The findings of this study are relevant to people involved in 

technology and science education. They are educational 

researchers and science teachers. The integrated framework 

offers a basic outline for designing lessons related to science 

experiments and visual programming languages. Science 

teachers can use the framework to plan and organize the 

activities of the lesson. They will have an idea of what 

facilities are to be used, how to modify the lessons, and how 

to improve the teaching strategies. Educational researchers 

on the other hand, could use this framework to sort out 

differing assumptions and explore connections between 

theory and practice. Besides that, this framework could also 

be used to develop teacher preparation programs, teaching 

practices, and curriculum concerning STEM syllabus, visual 

programming languages, and science experiments.  

IX. LIMITATIONS OF THE STUDY 

This study has some limitations that need to be addressed in 

future research. The limitations relate mainly to the sample, 

instruments, and research design.  

The samples only involved secondary students who have 

exposure to science content and experience in conducting 

science experiments. Most of the students have little or no 

experience in using visual programming language. It may 

disrupt their perceptions of the effectiveness of the integrated 

curriculum as they need time to learn the features of the 

language before they learn the integrated curriculum. Future 

studies should allow students to master visual programming 

languages in IT courses first before conducting the 

integration so that students would not be affected in the 

process.  

Further limitations could be the questionnaire instrument. 

This instrument is based on self-reported knowledge and 

perceptions of the samples, and it is unclear how reliably the 

samples are able to report their own perceptions and 

knowledge. Future research should triangulate self-

declaration with other measures, such as lesson observations 

or performance assessment, to overcome potential biases. 

Thus, computational thinking and problem-solving skills will 

have to be tested through computational thinking tests and 

problem-solving tests, respectively, to show the effects of 

visual programming language on its development. 

Furthermore, more in-depth studies on the relationship 

between visual programming languages and science 

experiments should be examined as it is important for 

discriminant validity. Understanding how these aspects 

interact could be critical to improving technology integration 

effectively.  

Regarding research design, this study only involves the 

experimental group, and it is conducted by the facilitators 

who designed the modules. There is a possibility that the 

outcomes could be biased. Thus, a larger sample size is 

required for the data to be more reliable. The samples should 

be divided into control and experimental groups respectively 

while the assigned facilitators should be teachers who are 

blind to the hypothesis.  

X. RECOMMENDATION FOR FUTURE STUDY 

The result of the study shows that the integrated approach, 

which involves visual programming languages and science 

experiments, has the potential to enforce STEM education. 

At the same time, it enhanced students’ problem-solving 

skills. Future in-depth studies are recommended to use this 

framework so that it can be widely used by all teachers across 

different syllabi and levels of education. The 

recommendations for future studies are listed below: 

• Since this study only focuses on descriptive study, 

more in-depth studies are required such as inferential, 

correlation and phenomenological research, in order to 

increase the accuracy of the framework. 

• In determining the effectiveness of this framework, 

future research should be expanded to more schools 

from all over the world so that the reliability and 

validity of the final framework can be increased. 

Longitudinal studies are necessary to investigate the 

interplay and reciprocal effects of the integration over 

time.  

• A variety of approaches could be used towards the 

integration of visual programming in science 

experiments, as proposed by the students. A problem-

based learning, individual work and group work 

approach were used in the pilot test, while some 

students suggested a game-based and competition 

approach to increase their interest. The difference 

between such approaches could be explored.  

• The module design could also be explored, as many 

students stressed the need to provide guidelines and 

assessments in accordance with developmental stages. 
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