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[bookmark: _Toc220027891]ABSTRACT
The teaching and learning of chemistry at the Ordinary Level often face challenges related to limited laboratory facilities, inadequate equipment, safety concerns, and insufficient practical exposure. Acid–base titration, which is a fundamental practical topic in chemistry, requires both conceptual understanding and hands-on experience. However, many secondary schools struggle to effectively conduct titration experiments due to these limitations.
This project proposes the development and implementation of a computer simulation based on acid–base titration experiments for Ordinary Level chemistry. The simulation will provide learners with an interactive virtual laboratory environment where they can perform titration procedures, observe color changes, monitor pH variations, and interpret titration curves. The study will employ an empirical research approach to evaluate the effectiveness of the simulation in enhancing students’ conceptual understanding, practical skills, and motivation.
The findings of this study are expected to contribute to improved chemistry teaching and learning by providing a cost-effective, safe, and curriculum-aligned instructional tool suitable for resource-limited secondary schools.
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CHAPTER ONE
[bookmark: _Toc220027896]1.0 Introduction
Chemistry is one of the important science subjects taught at Ordinary Level, and it helps students to understand how different substances react with each other in everyday life. The subject involves both theory and practical experiments so that students can clearly understand the concepts being taught in class. One of the key practical topics in Ordinary Level Chemistry is acid–base titration. Through titration experiments, students learn how to measure concentration of solutions, calculate volume used, identify end points, and understand the use of indicators.
In a real chemistry laboratory, acid–base titration experiments require different apparatus such as burettes, pipettes, conical flasks, indicators, and standard solutions. Students are expected to follow correct laboratory procedures in order to get accurate results. However, in many secondary schools, especially in developing countries, access to well-equipped chemistry laboratories is still a big challenge. Some schools lack enough laboratory equipment, chemicals are expensive, and in some cases, students are not allowed to perform experiments due to safety issues or limited time.
Because of these challenges, most students learn acid–base titration theoretically without enough practical exposure. This makes it difficult for them to understand how titration is actually performed, how readings are taken from the burette, and how calculations are done using real experimental data. As a result, many students find titration questions difficult in examinations and fail to relate theory with practical work.
With the rapid growth of information and communication technology, computer-based simulations have become an effective way of supporting teaching and learning. Simulation systems can create a virtual laboratory environment where students can perform experiments without using real chemicals or physical equipment. Such systems allow students to practice


experiments many times, make mistakes, and learn without fear of accidents or damage to laboratory apparatus.
This project therefore focuses on the design and implementation of a computer-based simulation system for acid–base titration experiments for Ordinary Level Chemistry. The proposed system will provide a realistic virtual laboratory environment where students can interact with titration apparatus, observe the flow of liquids, hear simple laboratory sounds, and perform all necessary titration calculations. The system will also allow students to select different acids, bases, and indicators so as to understand their effects during titration.
By using this simulation system, students are expected to gain better understanding of acid–base titration procedures and improve their practical skills even in schools where laboratory resources are limited. The system is intended to support both students and teachers by making the teaching and learning of titration experiments more effective, simple, and practical.
[bookmark: _Toc220027897]1.1 Background of the Study
Chemistry is a subject that requires both theory and practical work for students to understand it well. One of the key practical activities in Ordinary Level Chemistry is acid–base titration, where students learn how to measure the concentration of a solution, use laboratory apparatus like burettes and pipettes, and calculate important values. In real school laboratories, students are expected to follow proper steps, observe color change with indicators, and record volumes carefully[1]. However, many secondary schools, especially in developing countries, face challenges in giving all students enough chance to do real practical due to a lack of laboratory space, chemicals, and equipment[2].
Because of this, many students only learn titration in theory. They memorize steps from the teacher or book without practicing real experiments. This makes it hard for them to understand how to read burette values correctly, how the end point looks, or how to do calculations based on actual experiments. In this kind of situation, students may perform poorly in exams and lose interest in Chemistry practical[3].
To support practical learning where real laboratories are limited, educators have started using virtual or computer‑based laboratory tools[4]. These systems mimic the real laboratory experience on a computer or mobile screen, allowing students to simulate experiments anytime. Research from recent years shows that virtual laboratories help students understand practical topics better and improve their performance[5].
For example, one study in 2021 found that students who used a virtual lab to learn acid–base titration had higher critical thinking scores than those who learned using the usual classroom method, showing that virtual labs can improve learners’ thinking and understanding. Another study showed that a virtual lab programmer significantly improved academic performance for Grade 11 learners in acid–base reactions compared to traditional teaching[6].
In 2023, researchers developed a virtual laboratory for acid–base titration and showed it was valid, reliable, and useful as a learning material[7]. The tool was able to guide students in learning steps and checking mistakes before real labs. In another recent 2024 study, a web‑based virtual laboratory helped students learn acid–base titration more actively; students who used the virtual lab scored higher in assignments and post‑tests than those who only had traditional teaching.
Studies also show that using virtual systems increases student motivation and helps them remember practical procedures longer than usual methods. Students in experimental groups often score higher in post‑tests, and their learning outcomes tend to improve over control groups.
In addition, other research works have shown that virtual labs lead to better retention of practical chemistry concepts, meaning students are likely to remember what they learned for longer after using virtual tools compared with traditional practical work. A study in 2025 also found that students using virtual laboratory experiments had better retention and understanding of chemistry topics in Nigerian secondary schools[8].
Furthermore, research has shown that innovative virtual approaches like augmented reality‑based virtual labs make learning more interactive and visually appealing, which increases student engagement and understanding. Another study worked on integrating e‑modules with virtual labs to improve students’ critical thinking in titration topics, and results showed improved learning outcomes and thinking skills.
Other researchers have also shown that guided inquiry methods using virtual laboratories improve student outcomes in acid–base materials, making students more active in their learning process compared with lecture‑only methods. There are also mobile‑based and game‑style virtual lab applications designed to make titration easier for high school students, which increased student interest and helped them learn difficult parts of the experiment step by step[9].
 All of these studies from 2021 to 2025 show that virtual laboratory tools can play an important role in helping students learn practical chemistry when physical labs are limited, and they help students improve skills, understanding, and test performance. These findings show that there is a real need to develop a simple and realistic web‑based acid–base titration simulation system that Ordinary Level Chemistry students can use to practice experiments, see results, and do calculations in a virtual environment.
[bookmark: _Toc220027898]1.2 Problem Statement 
Chemistry is a subject that needs both theory and practical learning. One of the most important practical topics for Ordinary Level students is acid–base titration, which helps students understand how acids and bases react, how to measure solution concentrations, and how to use indicators to see chemical changes. In schools with proper laboratories, students can perform experiments directly, measure solution volumes, observe color changes, and calculate concentrations. This hands-on experience is important for building practical skills and understanding.
However, in many secondary schools, especially in developing countries, students face several challenges in performing acid–base titration. Most schools do not have enough laboratory equipment such as burettes, pipettes, conical flasks, and indicators. Chemicals are expensive and laboratories are sometimes shared by too many students. Some schools have laboratories that are too small or unsafe, while others do not have laboratories at all. Because of these challenges, students often cannot perform the experiment themselves and can only watch demonstrations or learn from textbooks.
As a result, many students fail to fully understand the titration process. They struggle to read burette values accurately, identify the end point correctly, or link their calculations to real experimental results. This makes practical Chemistry seem difficult and confusing. Students often memorize the steps without really understanding them, and some lose interest in Chemistry altogether. This also affects their performance in exams, as students may not know how to perform practical questions correctly.
Teachers face their own challenges as well. Due to limited resources, teachers cannot provide enough practice opportunities for all students. Demonstrations are often the only option, but these do not allow every student to interact with the apparatus or practice calculations. Teachers may also find it difficult to assess students’ practical skills objectively because they cannot observe each student performing the experiment individually. This gap between theory and practical skills makes it hard to improve students’ understanding and performance in Chemistry.
Some schools have tried existing digital solutions or virtual tools. While these tools can help, many are too simple, not interactive, or inaccessible to students outside the classroom. Some virtual labs are only available for certain devices or require expensive subscriptions. Others do not give real feedback to students or simulate measurements and color changes accurately. As a result, students cannot gain the full practical experience virtually and are still unprepared for real laboratory experiments.
Studies have shown that students who use virtual laboratories for practical experiments often perform better than those who only learn theory. Virtual labs allow students to repeat experiments, observe mistakes safely, and understand calculations more clearly. They can learn at their own pace and prepare for real laboratory sessions. Virtual labs also help teachers demonstrate experiments repeatedly without consuming chemicals or risking accidents.
Despite the potential of virtual laboratories, the gap remains. Students in many schools still have limited access to hands-on practice, and current digital solutions do not fully address the problem. There is a real need to develop a measurable, realistic, and interactive system that Ordinary Level Chemistry students can use to practice acid–base titration experiments safely and repeatedly. The system should allow students to:
· Select different acids, bases, and indicators to perform experiments.
· Measure solution volumes digitally and calculate concentrations automatically.
· Receive immediate feedback on results and mistakes to help learning.
· Access the system anytime through school computers or personal devices.
This kind of system will give students a virtual hands-on experience that improves understanding of procedures, accuracy in calculations, and confidence in Chemistry practical. It will also support teachers by providing a safe, repeatable, and interactive demonstration tool that can be used for teaching large classes or schools with limited laboratory resources.
In conclusion, the main problem is that students do not have enough access to physical laboratories, practical chemicals, and guided practice, which limits their understanding of acid–base titration. Existing virtual solutions are insufficient, inaccessible, or not realistic enough. The proposed project a web-based acid–base titration simulation system aims to fill this gap, giving students measurable skills, understanding, and confidence in performing practical Chemistry experiments, while also helping teachers deliver more effective lessons.
With the implementation of this system, it is expected that students will perform better in practical exams, develop stronger calculation and observation skills, and show more interest in Chemistry practical. This solution is measurable because students’ performance before and after using the system can be tested, and teachers can observe improvement in skills such as reading burettes, calculating concentrations, and identifying end points.
[bookmark: _Toc220027899]1.3 Objectives of the Project
[bookmark: _Toc220027900]1.3.1 General Objective
To design and implement a web-based acid–base titration simulation system that enhances Ordinary Level Chemistry students’ understanding of practical experiments, improves their calculation and observation skills, and provides teachers with a safe and interactive teaching tool.
[bookmark: _Toc220027901]1.3.2 Specific Objectives
i. To develop a user-friendly virtual laboratory interface that simulates acid–base titration apparatus, including burettes, pipettes, conical flasks, and indicators, allowing students to perform experiments safely and repeatedly, forming the foundation for further practical learning.
ii. To implement real-time measurement and calculation features in the system that enable students to record volumes, calculate concentrations, and link experimental actions with results, building directly on the interactive environment created in the first objective.
iii. To provide immediate feedback and error detection mechanisms that guide students in identifying mistakes, understanding end points, and reinforcing practical skills, ensuring that calculations and observations from the previous step are meaningful and actionable.
iv. To evaluate the effectiveness of the simulation system by assessing students’ practical understanding, calculation accuracy, and confidence before and after use, confirming the impact of the system after interaction, calculation, and feedback have been.
[bookmark: _Toc220027902]1.4 Research Questions
i. How effectively does the interactive virtual laboratory environment simulate real acid–base titration apparatus and provide students with the ability to perform experiments safely and repeatedly?
ii. How efficiently do the real-time measurement and calculation features enable students to record volumes, calculate concentrations, and connect experimental actions with results?
iii. How effectively do the immediate feedback and error detection mechanisms help students identify mistakes, understand end points, and reinforce practical skills gained from the simulation?
iv. To what extent does the simulation system improve students’ practical understanding, calculation accuracy, and confidence after use, and what recommendations can be made for further enhancement of the tool?
[bookmark: _Toc220027903]1.5 Justification and Significance of the Project
Acid–base titration is one of the most important practical experiments in Ordinary Level Chemistry, but many students struggle to perform it due to limited laboratory equipment, chemicals, and time. Some schools have small or shared laboratories, making it difficult for every student to practice the experiment. This affects students’ understanding, calculation skills, and confidence in performing practical Chemistry.
This project is justified because it provides a solution to these challenges by creating a web-based acid–base titration simulation system. Students can practice experiments virtually, safely, and repeatedly. They can observe reactions, perform calculations, and receive immediate feedback, which helps them understand the practical process even when laboratory resources are limited.
The significance of this project is mainly for:
i. Students: It improves understanding of practical experiments, allows repeated practice, and builds confidence in performing acid–base titrations.
ii. Teachers: It provides a tool to demonstrate experiments effectively without relying entirely on physical chemicals or limited lab time.
iii. Learning process: Students can connect theory with practice, correct mistakes, and strengthen calculation and observation skills, making Chemistry more understandable and less intimidating.
[bookmark: _Toc220027904]1.6 Limitations of the Project
Although this web-based acid–base titration simulation system provides many benefits, there are some limitations that should be considered:
i. Limited to virtual experiments: The system simulates practical experiments but cannot fully replace real hands-on laboratory experience, such as handling actual chemicals and observing real reactions.
ii. Dependence on devices: Students need access to computers, tablets, or smartphones with internet connectivity to use the system, which may not be available for all learners at all times.
iii. Simplified simulation: While the system models titration realistically, some complex chemical reactions or unusual experimental errors cannot be fully replicated in the virtual environment.
iv. Time and resource constraints: Developing, testing, and maintaining the system depends on available time, programming skills, and school resources, which may limit the number of features or experiments included.
v. User adaptability: Some students and teachers may require time and guidance to adapt to using a virtual laboratory, especially if they are used to traditional practical sessions.
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[bookmark: _Toc220027906]LITERATURE REVIEW
[bookmark: _Toc220027907]2.0 Introduction to Literature Review
Chemistry is one of the core science subjects taught at Ordinary Level, and it plays a crucial role in developing learners’ scientific thinking, problem-solving abilities, and understanding of natural phenomena. Despite its importance, many students experience difficulties in mastering chemistry concepts, especially those that require both theoretical understanding and practical application. One of the topics that consistently challenges learners at Ordinary Level is acid–base titration. This topic involves several abstract ideas such as concentration, molarity, neutralization reactions, equivalence points, and the interpretation of titration curves. For many learners, these concepts are difficult to understand when taught only through textbooks or teacher explanations without sufficient practical exposure.
Traditionally, acid–base titration experiments are taught using physical laboratory apparatus such as burettes, pipettes, conical flasks, indicators, and standard solutions. These experiments are intended to help learners understand the relationship between theory and practice by allowing them to observe color changes, measure volumes, and calculate concentrations. However, in many Ordinary Level secondary schools, effective laboratory practice is limited by several factors. These include shortage of laboratory equipment, lack of chemicals, overcrowded classrooms, safety concerns, limited laboratory time, and insufficient teacher support. As a result, some schools either conduct titration experiments as demonstrations rather than hands-on activities or omit them entirely. This situation negatively affects learners’ understanding and confidence in performing and interpreting titration experiments.
In response to these challenges, educators and researchers have increasingly explored the use of computer-based simulations as an alternative or supplementary approach to traditional laboratory instruction. Computer simulation in education refers to the use of digital tools that imitate real-world processes, allowing learners to interact with virtual representations of experiments in a controlled environment. In chemistry education, simulations can recreate laboratory experiments by allowing students to add reagents, adjust concentrations, observe reactions, and analyze results without the physical constraints of a real laboratory. These simulations provide learners with opportunities to explore chemical processes repeatedly, safely, and at their own pace.
The use of computer simulations in teaching acid–base titration offers several educational advantages. First, simulations make abstract chemical processes more visible and understandable. For example, during a titration experiment, the gradual change in pH as titrant is added is difficult for students to conceptualize using indicators alone. Computer simulations can display real-time pH values, dynamic color changes, and titration curves, helping learners to connect numerical data with observable chemical behavior. This visual representation supports deeper conceptual understanding and reduces confusion that often arises when learners rely solely on equations or static diagrams.
Second, computer simulations promote active learning by encouraging students to interact with the learning material rather than passively receiving information. Learners can test different scenarios, such as changing the concentration of acids or bases, selecting different indicators, or comparing strong and weak acids. Through this exploratory process, students are able to learn from trial and error, develop critical thinking skills, and gain a better understanding of cause-and-effect relationships in chemical reactions. This learning approach aligns with learner-centered teaching methods that emphasize engagement, inquiry, and self-directed learning.
In addition, computer simulation helps to address safety and cost concerns associated with traditional laboratory experiments. Acid–base titration involves handling chemicals that can be corrosive or harmful if misused. In poorly equipped laboratories, the risk of accidents increases, which may discourage teachers from conducting practical sessions. Simulation eliminates these risks by allowing experiments to be conducted virtually, making learning safer while still preserving the essential scientific principles. Furthermore, simulations reduce the recurring costs of purchasing chemicals and maintaining laboratory equipment, making them a practical option for schools with limited resources.
The growing integration of technology in education has further strengthened the relevance of computer simulations in science teaching. Advances in computer hardware, software development, and internet accessibility have made digital learning tools more available than ever before. As students become increasingly familiar with digital technologies in their daily lives, the use of simulations in the classroom aligns well with their learning preferences and experiences. This technological familiarity can increase learner motivation, interest, and engagement in chemistry lessons, which are often perceived as difficult or intimidating.
Despite these advantages, the literature also indicates that the effectiveness of computer simulations depends largely on how they are designed and implemented. Poorly designed simulations may overwhelm learners with too much information or fail to clearly link simulation activities to learning objectives. Similarly, if simulations are used without proper instructional guidance, students may focus on superficial interactions rather than meaningful learning. Therefore, successful use of simulation requires careful consideration of pedagogical strategies, learner needs, and curriculum alignment.
Another important issue highlighted in the literature is that many existing simulation studies focus on higher education or advanced chemistry topics, with relatively fewer studies targeting Ordinary Level learners. O-Level students differ from university students in terms of cognitive development, prior knowledge, and learning readiness. As a result, simulations designed for higher levels may not be appropriate or effective for younger learners. This gap suggests a need for simulations that are specifically tailored to the Ordinary Level chemistry syllabus, learning objectives, and examination requirements.
Furthermore, while some studies report positive effects of simulations on students’ academic performance, others indicate that simulations alone may not fully replace hands-on laboratory experiences. Instead, simulations are often most effective when used as a complementary tool alongside traditional teaching methods. This raises important questions about how computer simulation can best be integrated into existing teaching practices, particularly in schools where resources are limited and teachers may have minimal training in educational technology.
Teacher preparedness is another critical factor discussed in the literature. The successful integration of computer simulation in chemistry teaching requires teachers to have not only technical skills but also pedagogical knowledge on how to use simulations effectively. In some contexts, teachers may resist adopting new technologies due to lack of training, limited confidence, or increased workload. Therefore, research on computer simulation must also consider the role of teachers and the challenges they face in adopting technology-based instructional approaches.
Given these considerations, there is a clear need for further research on computer simulation-based acid–base titration experiments at the Ordinary Level. Existing studies provide valuable insights, but gaps remain regarding the design of simulations suitable for O-Level learners, their impact on conceptual understanding, and their practical integration into classroom teaching. Addressing these gaps is essential for improving chemistry education and ensuring that learners develop a solid foundation in practical and theoretical chemistry.
In light of the reviewed literature, this study focuses on the development and application of a computer simulation based on acid–base titration experiments for Ordinary Level chemistry. The study aims to explore how simulation can enhance students’ understanding of titration concepts, support effective teaching, and overcome challenges associated with traditional laboratory instruction. By examining this approach within the Ordinary Level context, the study seeks to contribute meaningful knowledge to the field of chemistry education and provide practical solutions for improving learning outcomes.
[bookmark: _Toc220027908]2.1 Empirical Literature Review
Computer Simulations in Chemistry Learning
A study conducted by Smetana and Bell examined the effectiveness of computer simulations in enhancing students’ understanding of chemistry concepts. The study focused on secondary school  students and employed an experimental research design where one group was taught using computer simulations while another group used traditional teaching methods[10]. The findings revealed that students who learned through simulations demonstrated better conceptual understanding and improved problem-solving skills compared to those taught using conventional approaches. The study concluded that simulations help learners visualize abstract chemical processes that are otherwise difficult to observe in real laboratory settings. However, the study mainly focused on general chemistry concepts and did not specifically address acid–base titration experiments at the Ordinary Level, leaving a gap that the current study seeks to fill[11].
Virtual Laboratories and Acid–Base Titration
Tatli and Ayas conducted a study on the use of virtual laboratories in teaching chemistry experiments, including acid–base titration[12]. The study involved secondary school students and used a quasi-experimental research design[13]. Data were collected through achievement tests and student questionnaires. The results indicated that students who used virtual laboratories performed better in understanding experimental procedures and interpreting results compared to those who relied solely on physical laboratory experiments. The researchers noted that virtual laboratories were particularly useful in schools with limited laboratory resources. Despite these positive findings, the study did not focus specifically on Ordinary Level curricula and did not consider how simulations could be aligned with national examination requirements, which creates a gap addressed by the present study[14].
Simulation-Based Learning and Conceptual Understanding
A study by de Jong and van Joolingen investigated how simulation-based learning environments support conceptual understanding in science education. The study emphasized learner interaction with simulation models and how experimentation within virtual environments enhances knowledge construction. The findings showed that simulations are effective in promoting deeper understanding when learners are guided appropriately. However, the researchers also found that unguided simulations could lead to misconceptions if students are not properly supported. The study focused on general science learning and did not specifically examine acid–base titration or Ordinary Level chemistry learners. Therefore, there is a need for research that combines simulation with appropriate instructional guidance in the context of O-Level acid–base titration experiments[15].
Technology Integration in Secondary School Chemistry
Kiboss, Ndirangu, and Wekesa conducted a study on the impact of computer-based instruction on secondary school students’ achievement in chemistry. The study used an experimental design involving students from public secondary schools. The results showed that students taught using computer-assisted instruction performed significantly better than those taught using traditional methods. The study also reported increased student motivation and interest in chemistry lessons. However, the research focused on general chemistry topics and did not examine specific practical experiments such as acid–base titration. Additionally, the study did not explore the use of interactive simulations that allow manipulation of experimental variables, which the current study aims to incorporate[16].

Students’ Difficulties in Acid–Base Titration
A study by Drechsler and van Driel investigated students’ understanding of acid–base concepts and titration curves. The study revealed that many students struggle to link macroscopic observations, such as color change, with symbolic representations like equations and graphs. The findings highlighted that students often memorize titration procedures without fully understanding the underlying concepts. The researchers suggested that instructional approaches that integrate multiple representations could improve learning outcomes. However, the study did not test the use of computer simulations as a solution to these difficulties, indicating a gap that the present study addresses through simulation-based instruction[17].
Virtual Experiments in Resource-Limited Schools
Makransky, Thisgaard, and Gadegaard examined the use of virtual laboratory simulations in science education, particularly in environments with limited physical laboratory resources. The study employed a mixed-methods approach, combining test scores and student feedback. The results indicated that virtual experiments improved conceptual understanding and learner confidence, especially when physical laboratory access was restricted. Despite these benefits, the study did not focus specifically on Ordinary Level chemistry or acid–base titration experiments. Furthermore, it did not assess how such simulations could support curriculum-based learning objectives at the secondary school level, which is a focus of the current study[18].
[bookmark: _Toc220027909]2.2 Importance of Empirical Studies on Computer Simulation in Acid–Base Titration
Empirical studies reviewed in this section highlight the significant role of computer simulation in improving the teaching and learning of chemistry, particularly in practical topics such as acid–base titration. One of the major contributions of these studies is their demonstration that simulation-based learning enhances students’ conceptual understanding[19]. Acid–base titration involves abstract chemical concepts that are difficult for learners to visualize using traditional teaching methods alone. Through simulation, learners are able to observe virtual color changes, pH variations, and titration curves, which helps them to connect theoretical knowledge with experimental outcomes[20]. This connection is essential for meaningful learning and long-term retention of chemistry concepts.
Another important contribution of empirical studies is their emphasis on learner engagement and motivation. Several studies indicate that students become more interested and actively involved in learning when simulations are used. Unlike traditional lectures where students may be passive, simulation-based environments encourage exploration, experimentation, and self-paced learning. This active involvement helps learners develop scientific inquiry skills such as observation, prediction, and analysis, which are fundamental objectives of chemistry education at the Ordinary Level[21].
Empirical studies also demonstrate that computer simulations provide a practical solution to challenges related to limited laboratory resources. In many secondary schools, especially in developing contexts, access to fully equipped laboratories is limited. Simulation tools allow learners to perform experiments virtually without requiring physical chemicals or apparatus. This ensures that all students have equal opportunities to engage with practical chemistry activities, regardless of their school’s resource level. Consequently, simulation-based instruction supports equity and inclusiveness in science education[22].
Furthermore, empirical studies contribute to the understanding of how technology can support curriculum delivery. Simulations aligned with curriculum objectives help teachers explain difficult topics more effectively and reinforce learning outcomes. By allowing repeated practice, simulations help students gain confidence in experimental procedures and calculations related to titration. These studies therefore provide evidence that computer simulation is not merely a technological innovation but a pedagogical tool that can enhance the quality of chemistry education[23].
[bookmark: _Toc220027910]2.3 Challenges Identified in Empirical Studies
Despite the demonstrated benefits of computer simulation, empirical studies also reveal several challenges that affect its effective implementation in chemistry education. One of the most common challenges is inadequate teacher preparedness. Many studies indicate that teachers lack sufficient training in the use of simulation tools and may not fully understand how to integrate them into their teaching strategies. As a result, simulations may be underutilized or used only as demonstration tools rather than as interactive learning environments that promote student engagement[24].
Another major challenge identified in the literature is limited access to technological infrastructure. While simulations reduce the need for physical laboratory resources, they still require access to computers, electricity, and appropriate software. In some schools, especially in rural or under-resourced areas, these requirements present significant barriers. Empirical studies show that inconsistent access to technology can limit the frequency and effectiveness of simulation-based learning, thereby reducing its potential impact on student achievement[25].
Empirical studies also highlight the risk of cognitive overload when simulations are poorly designed. Some simulations present too much information at once, which can confuse learners and hinder understanding. Without proper instructional guidance, students may focus on manipulating simulation features rather than understanding the underlying chemical principles. This challenge underscores the importance of designing simulations that are appropriate for the cognitive level of Ordinary Level learners and that provide clear guidance and feedback[26].
In addition, several studies point out that simulations alone may not fully replace hands-on laboratory experiences. While simulations are effective for concept clarification and practice, some learners still benefit from physical manipulation of laboratory apparatus. The challenge therefore lies in finding an appropriate balance between simulation-based learning and traditional practical work. Empirical studies suggest that simulations are most effective when used as a complementary tool rather than a complete substitute for real laboratory experiments.
[bookmark: _Toc220027911]2.4 Solutions Suggested by Empirical Studies
Based on the reviewed empirical literature, several research gaps and opportunities for further study have been identified. 
First, there is a need for empirical studies that focus specifically on Ordinary Level chemistry learners, as most existing research has been conducted at higher education levels. O-Level students have different learning needs, and simulations must be designed and evaluated with these differences in mind. Future studies should therefore examine how simulation-based acid–base titration experiments affect understanding among secondary school learners[27].
Second, there is a need for empirical research that evaluates simulations aligned with national curricula and examination standards. Many existing studies do not clearly link simulation activities to syllabus objectives or assessment outcomes. Future studies should investigate how curriculum-based simulations can improve students’ performance in both classroom assessments and national examinations[28].
Another important area for further research is the comparative effectiveness of simulation-based learning and traditional laboratory instruction. Empirical studies should examine whether simulations improve learning outcomes more effectively when used alone or when combined with physical laboratory experiments. Such studies would provide valuable insights into the most effective instructional strategies for teaching acid–base titration at the Ordinary Level.
Additionally, future empirical studies should explore teachers’ perceptions, attitudes, and challenges regarding the use of computer simulations. Understanding teachers’ experiences is essential for successful implementation, as teachers play a central role in integrating technology into classroom practice. Research in this area would help identify training needs and support mechanisms required to enhance the adoption of simulation-based instruction[29].
Finally, there is a need for empirical studies that examine long-term learning outcomes. Most existing research focuses on short-term achievement gains, while limited attention is given to knowledge retention and transfer of learning. Future studies should investigate whether simulation-based learning leads to sustained understanding of acid–base titration concepts and improved performance in advanced chemistry topics.
[bookmark: _Toc220027912]2.5 Critique of Existing Literature Relevant to the Project
Although existing literature strongly supports the use of computer simulations in chemistry education, a critical examination reveals several theoretical, methodological, and contextual limitations that reduce the applicability of these findings to Ordinary Level acid–base titration experiments. While many studies emphasize the benefits of simulation-based learning, they often overlook important factors related to learner level, curriculum alignment, and practical classroom realities. This section critically evaluates the strengths and weaknesses of the existing literature in relation to the present study.
One major strength of the existing literature is its consistent recognition that computer simulations enhance conceptual understanding of abstract chemistry concepts. Numerous studies demonstrate that simulations improve visualization of chemical reactions, support multiple representations such as graphs and equations, and increase student engagement. However, most of these studies adopt a generalized approach to chemistry learning and do not focus specifically on acid–base titration as a distinct analytical experiment. Acid–base titration involves sequential procedural steps, precise volume measurements, and interpretation of equivalence points, which require a more specialized simulation design. The lack of topic-specific focus in many studies limits their relevance to the present project.
Another critical limitation of existing literature is the overrepresentation of higher education contexts. A significant number of empirical studies on computer simulation are conducted among university or college students. These learners typically possess stronger mathematical skills, higher cognitive maturity, and prior exposure to laboratory work. Applying conclusions drawn from such populations to Ordinary Level students may be problematic, as O-Level learners require simpler interfaces, guided instruction, and stronger conceptual scaffolding. The literature rarely addresses how simulations should be adapted to suit the cognitive and pedagogical needs of secondary school learners, creating a clear gap that this study aims to address.
Methodologically, many studies rely heavily on short-term achievement tests to measure the effectiveness of simulation-based learning. While improved test scores provide useful evidence, they do not fully capture deeper learning outcomes such as long-term retention, conceptual transfer, and practical competence. Acid–base titration is not only assessed through written examinations but also through practical understanding and procedural accuracy. Existing literature often fails to evaluate whether students who learn through simulations can successfully apply their knowledge in real laboratory situations or retain it over extended periods.
Furthermore, some studies present overly optimistic conclusions regarding the effectiveness of simulations without sufficiently acknowledging their limitations. While positive learning outcomes are frequently reported, less attention is given to cases where simulations fail to produce significant improvement. In some instances, simulations are treated as a complete replacement for traditional laboratory work, despite evidence suggesting that learners benefit most when simulations are used as a complementary tool. This lack of balance in the literature reduces its practical usefulness for educators seeking realistic instructional strategies.
Another critical issue concerns instructional guidance within simulations. Several studies acknowledge that unguided simulations may lead to misconceptions, yet few provide detailed explanations of how guidance should be incorporated. Many simulation-based studies assume that learners will naturally explore and understand the simulated environment without structured support. For Ordinary Level students, this assumption may be unrealistic. The literature lacks clear instructional models that combine simulation use with teacher facilitation, step-by-step procedures, and formative feedback, all of which are essential for effective learning at this level.
Contextual limitations also emerge when reviewing existing studies. Much of the literature originates from technologically advanced educational environments where access to computers, stable electricity, and internet connectivity is readily available. These conditions differ significantly from those in many secondary schools, particularly in developing regions. As a result, the generalizability of findings to resource-constrained settings is limited. Few studies critically examine how simulations can be implemented in schools with minimal technological infrastructure or how offline simulations might address these constraints.
Additionally, teacher-related factors are insufficiently addressed in the existing literature. While student outcomes are widely studied, the role of teachers in adopting and sustaining simulation-based instruction receives limited attention. Teachers’ attitudes, training needs, and instructional challenges are often treated as secondary considerations. This omission is significant because teachers are key agents in determining whether simulation tools are used effectively or abandoned altogether. Without addressing teacher readiness, the long-term impact of simulation-based learning remains uncertain.
Finally, the literature demonstrates limited alignment with national curricula and assessment frameworks. Many studies do not explicitly link simulation activities to syllabus objectives or examination requirements, which are critical considerations at the Ordinary Level. In examination-oriented education systems, teaching approaches that do not directly support assessment outcomes are less likely to be adopted. This lack of curriculum alignment reduces the practical relevance of existing research for classroom implementation.
In summary, while existing literature provides valuable insights into the potential of computer simulations in chemistry education, it exhibits several weaknesses that limit its applicability to Ordinary Level acid–base titration experiments. These include limited focus on specific chemistry topics, overreliance on higher education contexts, short-term evaluation methods, insufficient instructional guidance, and weak consideration of contextual and teacher-related factors. These limitations justify the need for the present study, which seeks to develop and evaluate a computer simulation specifically designed for acid–base titration experiments aligned with Ordinary Level curriculum requirements and classroom realities.
[bookmark: _Toc220027913]2.6 Research Gaps
Despite recent advancements in the use of computer simulations and virtual laboratories for chemistry education, several gaps remain that justify the need for the present study focused on Ordinary Level acid–base titration.
i. Limited Focus on Ordinary Level Acid–Base Titration
Recent studies have explored the use of computer simulations for general chemistry topics and acid–base reactions, but few have specifically examined simulation tools designed explicitly for acid–base titration at the Ordinary Level. For example, studies evaluating the impact of virtual labs or simulations on acid–base reactions show positive effects on performance, but they do not sufficiently differentiate between topics and do not focus on titration processes as a complete practical procedure with equivalence points, endpoint detection, and pH changes. This gap is significant because titration involves specific procedural skills and conceptual understandings that may not be fully addressed by simulations designed for broad acid–base reaction contexts.
ii. Curriculum Alignment and Exam Relevance
Many of the recent simulation studies do not explicitly align their interventions with national curricula or formal assessments. While Batamuliza et al. (2024) show that interactive simulations can improve performance and concept retention in chemical reactions, and Batamuliza, Habinshuti et al. (2024) find positive student perceptions of simulation use in chemistry learning, there is limited evidence that these simulation activities are tied to Ordinary Level syllabus requirements or national examination standards. In examination-oriented educational systems such as the Ordinary Level, alignment with assessment objectives is critical for instructional tools to be adopted by teachers and accepted by curriculum implementers.


iii. Depth of Conceptual Understanding and Long-Term Retention
While Uzezi and Deya (2024) reported improved academic achievement in acid–base reactions when using computer simulations, most recent empirical studies evaluate short-term performance gains immediately after intervention rather than long-term conceptual understanding or retention of learning outcomes. No recent studies explicitly measure whether students retain titration concepts or can transfer this knowledge to new contexts beyond the immediate learning session. This gap is important because sustained understanding is a major goal of science education.
iv. Instructional Design and Framework
Studies on virtual laboratories and interactive simulations often do not elaborate on how instructional guidance and scaffolds are integrated within the simulation experience. For example, although virtual lab tools have been shown to be effective in facilitating active learning, there is limited evidence on how guidance within the simulation such as embedded tasks, feedback mechanisms, and teacher facilitation models improves learning outcomes. Without understanding how instructional support interacts with simulation use, it becomes difficult to determine what makes a simulation effective or ineffective, especially for learners at the O-Level.
v. Technological and Contextual Barriers in Secondary Schools
Many recent studies involve simulation interventions in contexts with reliable resources or samples of pre-service teachers. However, there is a lack of empirical research that investigates how technological constraints (e.g., limited access to computers, poor internet connectivity, and lack of teacher training) affect simulation uptake and learning outcomes in Ordinary Level schools, particularly in low-resource environments. Understanding these contextual barriers is critical for ensuring that simulation-based solutions are practical and scalable in Ordinary Level settings.
vi. Inclusive Design for Diverse Learners
Existing simulation studies also show that some learners may struggle with technology use due to limited digital literacy skills. For example, Batamuliza et al. (2024) found that a portion of students experienced difficulty using interactive computer simulations because of low computer proficiency. However, no recent research has systematically examined how simulations can be designed to be inclusive for students with a range of digital competencies, which is particularly important at the Ordinary Level where learners’ backgrounds vary widely.
[bookmark: _Toc220027914]2.7 Summary of the Project
The present project, titled “Computer Simulation Based on Acid–Base Titration Experiments for Ordinary Level Chemistry”, seeks to address key challenges faced by students and teachers in the teaching and learning of acid–base titration. Acid–base titration is a fundamental topic in chemistry that requires both conceptual understanding and practical skills. However, many students struggle to grasp the underlying concepts due to limited access to laboratory facilities, shortage of chemicals and equipment, safety concerns, and insufficient practical exposure. These limitations negatively affect students’ performance and confidence in handling titration experiments.
To overcome these challenges, this project proposes the development and implementation of a computer-based simulation tool that replicates acid–base titration experiments in a virtual environment. The simulation will allow students to perform titration procedures interactively, including adding titrant, observing color changes, measuring pH levels, and plotting titration curves. By simulating real laboratory processes, the project aims to make abstract chemical concepts more tangible, enhance student engagement, and provide opportunities for repeated practice without the constraints of physical resources.
The simulation tool will be specifically designed to align with the Ordinary Level chemistry syllabus, ensuring that the learning activities support curriculum objectives and examination requirements. Additionally, the project will incorporate instructional guidance, including step-by-step procedures, feedback mechanisms, and teacher facilitation strategies, to ensure that students not only interact with the simulation but also gain meaningful conceptual understanding.
The project will employ an empirical research approach to evaluate the effectiveness of the simulation. Data will be collected through pre- and post-tests, student questionnaires, and classroom observations. This approach will provide insights into how the simulation affects students’ conceptual understanding, practical skills, motivation, and confidence. Moreover, the study will assess the applicability of the simulation in resource-limited schools, addressing contextual challenges that may hinder adoption.
Overall, the project is expected to contribute significantly to the field of chemistry education by:
i. Providing an innovative, technology-based solution to teaching acid–base titration at the Ordinary Level.
ii. Enhancing students’ conceptual understanding and practical skills in chemistry.
iii. Supporting teachers with a curriculum-aligned tool that complements traditional laboratory instruction.
iv. Offering a scalable and safe alternative for schools with limited laboratory resources.
In summary, this project combines educational technology, curriculum relevance, and instructional design to improve the teaching and learning of acid–base titration. It addresses critical gaps identified in the literature, provides practical solutions for resource-constrained schools, and aims to enhance both student outcomes and teacher effectiveness in Ordinary Level chemistry.











[bookmark: _Toc220027915]CHAPTER THREE
[bookmark: _Toc220027916]RESEARCH METHODOLOGY
[bookmark: _Toc220027917]3.0 Introduction
This chapter describes the methodology used to design and implement the web-based acid–base titration simulation system. It explains the steps followed in developing the system, including requirement specification, system design, tools used, and development process. The chapter also outlines the hardware and software requirements, data needs, and project management activities to ensure the system is practical and meets the project objectives.
[bookmark: _Toc220027918]3.1 Requirements Specification
This section describes the system requirements needed for the successful design and implementation of the web-based acid–base titration simulation system. The requirements are divided into functional and non-functional requirements to clearly define what the system should do and how it should perform.
[bookmark: _Toc220027919]3.1.1 Functional Requirements
The functional requirements describe the main activities and services that the system must provide to users.
i. The system shall allow students to access the simulation through a web-based application using a standard web browser.
ii. The system shall provide a virtual laboratory environment that simulates real Chemistry laboratory settings.
iii. The system shall include virtual apparatus such as burettes, pipettes, conical flasks, beakers, and indicators.
iv. The system shall allow students to select different types of acids, bases, and indicators before starting the experiment.
v. The system shall simulate the titration process by allowing controlled liquid flow from the burette to the flask.
vi. The system shall display realistic visual effects such as color change at the endpoint of titration.
vii. The system shall calculate and display titration results including volume used and concentration of solutions.
viii. The system shall allow students to repeat experiments multiple times for practice.
ix. The system shall provide feedback to students after completing the simulation to help them understand mistakes and correct procedures.
[bookmark: _Toc220027920]3.1.2 Non-Functional Requirements
The non-functional requirements describe how the system should perform and the quality standards it must meet.
i. The system shall be easy to use and suitable for Ordinary Level students with basic computer knowledge.
ii. The system shall have a simple and clear user interface to reduce confusion during experiments.
iii. The system shall respond quickly to user actions such as opening the burette tap and selecting apparatus.
iv. The system shall be accessible on common devices such as desktop computers and laptops.
v. The system shall be reliable and function without crashing during simulations.
vi. The system shall provide accurate and consistent calculation results.
vii. The system shall be secure and prevent unauthorized modification of experiment data.
[bookmark: _Toc220027921]3.2 Hardware Requirements
The system does not require advanced hardware. The minimum hardware requirements include:
i. Desktop or laptop computer
ii. Processor: Dual Core or higher
iii. RAM: Minimum 4 GB
iv. Display screen capable of showing graphical simulations
v. Mouse or touchpad for interaction
These hardware requirements ensure smooth interaction with the simulation system.
[bookmark: _Toc220027922]3.3 Software Requirements
The software requirements specify the programs and platforms needed to run and develop the system.
i. Operating System: Windows or Linux
ii. Web Browser: Google Chrome, Mozilla Firefox, or Microsoft Edge
iii. Programming Languages: HTML, CSS, JavaScript, Python
iv. Development Environment: Visual Studio Code
v. Web Server (optional for deployment): Apache or similar
[bookmark: _Toc220027923]3.4 Data Requirements
The system requires basic data to support the simulation process. These include:
i. Types of acids and bases
ii. Concentration values of solutions
iii. Indicator types and their color change points
iv. Experimental input data such as volume readings
The data is used mainly for simulation logic and calculation purposes.
[bookmark: _Toc220027924]3.5 Development Tools
The following tools were used in developing the system:
i. Visual Studio Code for coding
ii. HTML and CSS for interface design
iii. JavaScript for simulation logic and calculations
iv. Web browsers for testing and debugging
These tools were selected due to their availability, flexibility, and suitability for web-based applications.
[bookmark: _Toc220027925]3.6 Constraints
Despite the benefits of the system, some constraints were identified during development:
i. Limited time for development
ii. Limited access to advanced 3D simulation tools
iii. Dependence on internet access for online use
iv. Hardware limitations on low-end devices
These constraints influenced some design decisions.
[bookmark: _Toc220027926]3.7 System Context
The system is designed to be used by Ordinary Level Chemistry students and teachers. Students interact with the system to perform virtual titration experiments, while teachers can use it as a teaching aid during lessons or practical demonstrations.
The system operates independently without requiring complex external systems.
[bookmark: _Toc220027927]3.8 Overview of the Phases
The development of the system followed these phases:
i. Requirement analysis
ii. System design
iii. Implementation
iv. Testing
v. Evaluation
Each phase was completed before moving to the next to ensure proper system development.
[bookmark: _Toc220027928]3.9 Project Management
Project management involved planning activities, allocating time to each phase, and monitoring progress. The project was managed individually, with tasks scheduled according to academic timelines to ensure timely completion.
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[bookmark: _Toc220027930]​PROJECT EXPENSES AND TIMELINE
[bookmark: _Toc220027931]4.0 Introduction
This chapter presents the project timeline and expenses for the development of the computer simulation system for acid-base titrations. It outlines the main activities, including literature review, software development, testing, deployment, and evaluation, along with their estimated durations.
[bookmark: _Toc220027932]​4.1 Project Timeline
​The project is estimated to take a total of 90 days. During this period, activities will focus on digitizing the chemistry laboratory experience. This includes gathering O-Level titration protocols, designing the virtual interface, coding the reaction logic, and validating the simulation accuracy against real-world chemical titration results.
GANTT CHART
	ID
	Task Name
	Duration
	March
	April
	May
	June

	1
	Requirement Gathering & Analysis
	10 days
	■■■
	
	
	

	2
	UI/UX Design (Virtual Lab Interface)
	15 days
	
	■■■■
	
	

	3
	Simulation Development & Coding
	30 days
	
	
	■■■■■■
	

	4
	System Testing & Validation
	15 days
	
	
	
	■■■

	5
	Deployment & User Training
	10 days
	
	
	
	

	6
	Monitoring & Final Evaluation
	10 days
	
	
	
	



​
 

[bookmark: _Toc220027933]4.2 Project Expenses
​The estimated expenses for the development and implementation of the Computer Simulation based on Acid-Base Titration Experiments for Ordinary Level Chemistry are categorized as follows:
	Item
	Description
	Cost (TSH)

	Software Development Tools
	Programming IDEs and Graphical Licenses
	60,000

	Asset Design
	3D models of Burettes, Pipettes, and Flasks
	50,000

	Subject Matter Expert (SME)
	Chemistry content validation and formulas
	40,000

	Testing & Debugging
	Software quality assurance and logic checks
	35,000

	Other Costs
	Documentation, internet, and stationery
	50,000

	Total
	
	235,000
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