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Abstract: This study explores the perceptions of chemistry teachers in Kigali City regarding the use 

of dynamic simulations in teaching chemical kinetics. The research employs a qualitative approach, 

utilizing semi-structured interviews with chemistry educators from secondary schools in Kigali 

City. The interviews focus on teachers' experiences, attitudes, and perceptions regarding the 

integration of dynamic simulations into their teaching practices for chemical kinetics. Preliminary 

findings indicate that chemistry teachers recognize the potential benefits of dynamic simulations in 

enhancing student engagement, understanding of abstract concepts, and retention of knowledge in 

chemical kinetics. This is why 95.4% of teachers in Kigali city are interested in incorporating 

dynamic simulations in their lesson preparation and delivery. Teachers appreciate the visual 

representation and interactive nature of simulations, which enable students to observe and 

manipulate kinetic parameters in real-time and 88.9% consider simulations as a very important tool 

to use in teaching while 77.8% take simulations as very helpful for both teachers and students. 

Furthermore, simulations facilitate the exploration of complex reaction mechanisms and the 

application of theoretical concepts to practical scenarios. The teachers agreed at the extent of 83.3% 

that they handle abstract topics like the rate of chemical reaction while using simulations. However, 

challenges such as access to appropriate technology, time constraints in curriculum delivery, and 

varying levels of technological proficiency among students and teachers are identified as barriers to 

the widespread adoption of dynamic simulations in teaching chemical kinetics. The study concludes 

with recommendations for enhancing the integration of dynamic simulations into chemistry 

education in Kigali City, emphasizing the importance of professional development for teachers, 

increased access to technological resources, and ongoing research to evaluate the effectiveness of 

simulations in improving student learning outcomes in chemical kinetics.. 
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1. Introduction 

The advancement of technology is revolutionizing the way of teaching and learning science. In 

this view, virtual learning tools, such as dynamic simulations, are increasingly becoming popular, 

especially in various scientific disciplines, such as biology, physics, chemistry, among others 

(Navarro et al., 2024). Dynamic simulations seem to mainly be used to carry out highly complex 

and/or dangerous experiments or these which are impossible to perform in a physical laboratory 

(Ndihokubwayo, 2017). Moreover, they alleviate the time and effort which would be required to 

conduct the required experiments compared to physical laboratories (Roschelle et al., 2000). Dynamic 

simulations are thus used as an alternative to physical laboratories and provide to students the 

opportunity to interact with the science concepts they learn (Moore et al., 2013).  

While emphasizing on the importance of utilizing computer simulations in the practical aspects 

of teaching kinetic chemical principles, research demonstrated that simulations significantly enhance 

the learning experience during the teaching process. They provide students with opportunities to 
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develop new skills and capabilities in order to foster a dynamic environment that optimizes 

interaction and interactivity within a school setting (Daaif et al., 2019). It has been shown that students 

taught using computer simulation had significantly better performance and higher-order cognitive 

achievement in chemistry than their counterparts who were taught with the traditional lecture 

method at the Senior Secondary School level (Gambari et al., 2016; Uzezi & Deya, 2020; Oladejo, 

Akinola, & Nwaboku, 2021). Employing dynamic simulations in teaching and learning science is 

highly beneficial for educators and learners, despite encountering various challenges that impede 

their classroom implementation. Thus, integrating interactive simulations into science education 

could enrich learning experiences and facilitate effective comprehension of scientific concepts among 

students (Ben Ouahi, 2022).  

Frequently used simulations in teaching and learning chemical kinetics include DynaFit 

(http://www.biokin.com/dynafit/), COPASI (http://copasi.org), Berkeley Madona (https://berkeley-

madonna.myshopify.com), and Kin-Tek Explorer (http://www.kintekexplorer.com) (Johnson et al., 

2009; Johnson, 2009; Zewail-Foote et al., 2019). These simulations are recognized as possible useful 

tools for teaching and learning sciences. 

However, simulations are relatively new in Rwanda schools (Tuyizere & Yadav, 2023). Few 

studies have been conducted to explore the usefulness of simulations in teaching and learning 

chemistry. The study conducted in Gicumbi District demonstrated that the integration of computer-

based simulations in teaching and learning chemistry units leads to significantly high average scores, 

increased motivation, positive attitudes, and enhanced understanding among students (Nsabayezu 

et al., 2023; Nsabayezu et al., 2024). The study conducted in Western Province secondary schools 

revealed that computer simulations contribute to engaging students’ active participation in 

knowledge creation in chemistry (Mukama & Byukusenge, 2023). Students also highly value the use 

of Interactive Computer Simulations (ICSs) in teaching and learning chemistry. Their perceptions 

regarding the intention to use computer simulations, actual usage, ease of use, and perceived 

usefulness are notably influenced by their pre-existing knowledge and self-confidence in using 

computers (Batamuliza, Habinshuti & Nkurunziza, 2024).Thus, Rwandan teachers seem to be not yet 

familiar with their use. Furthermore, Rwandan teachers’ perceptions on the use of dynamic 

simulations is not yet reported.  

Even though Rwanda and many other countries have understood the importance of integration 

of ICT in their education system, teachers are still facing several difficulties to use dynamic 

simulations associated with their low skills to integrate technology into their lessons (Erdem, 2019; 

Ghavifekr & Rosdy, 2015). The researchers reported several barriers mainly associated to difficulties 

to integrate technology in teaching their science subjects (Ghavifekr & Rosdy, 2015), including lack 

of adequate materials within schools, teachers' lack of enough ICT skills, pressing mindset that the 

use of dynamic simulations impedes teaching and learning, among others (Bo et al., 2018).  

Although several studies reported the use of dynamic simulations in teaching and learning 

science (Ben Ouahi et al., 2021; Droui & El Hajjami, 2014; Nafidi et al., 2018), no studies has yet 

covered the views of Rwanda chemistry teachers on the use of dynamic simulations in teaching and 

learning chemical kinetics, one of the most abstract chemistry topics. The purpose of the current 

research is, thus, to collect perceptions of Kigali city secondary schools’ chemistry teachers on the use 

of dynamic simulations in teaching and learning Chemical Kinetics. It focuses on teachers' interest in 

using dynamic simulations in teaching and learning chemical kinetics and teachers’ view on the 

worthiness of dynamic simulations in teaching the same chemistry content.  

The current study aimed at exploring chemistry teachers’ perceptions of the useful and 

integration of dynamic simulations in teaching and learning of chemical kinetics. 
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2. Literature Review 

Simulation is defined as a technique replacing or amplifying real experience that evokes or 

replicates substantial aspects of the real world in a fully interactive manner (Gaba, 2004). In this 

regard, in some countries, simulations and virtual laboratories have gained popularity due to their 

effectiveness in teaching challenging science subjects (Babateen, 2011). In this regard, science 

simulations and virtual labs have been increasingly incorporated into educational settings as a 

promising method to supplement traditional hands-on laboratory practices (Keller & Keller, 2005; 

Mahmoud & Zoltan, 2009). While investigating the relationship between students’ engagement and 

satisfaction with simulation-based learning, and their learning styles, the results indicated that 

participants expressed high levels of engagement and satisfaction when using simulations to learn 

science concepts in physics, chemistry, and biology. In addition, their self-confidence and preferred 

learning styles significantly predicted their engagement and satisfaction during the learning process. 

Therefore, simulations are considered as a pedagogical tool to enhance practical experience in science 

education (Almasri, 2022). 

Virtual laboratories are proposed as a complement to physical labs, offering a solution to 

enhance practical experience in STEM education by allowing students to conduct experiments 

without constraints of time, space, or safety hazards. Integrating virtual laboratories into educational 

practices is seen as a crucial step in modernizing teaching methodologies and providing students 

with access to high-quality educational resources.  

Literatures report that the use of dynamic simulations in teaching and learning sciences is very 

useful to both students and teachers, irrespective of numerous barriers that interfere with their use 

in classroom activities (Bo et al., 2018). During the research conducted about teaching and learning 

science in Morocco, the teachers’ views reported that dynamic simulations can help students to 

understand scientific concepts effectively, and thus enhance learning activities (Ben Ouahi et al., 

2022).   

The dynamic simulations help both teachers and students to visualize things that were not 

visible like electrons and atoms (Wieman et al., 2013). Dynamic simulations are designed for the 

students to achieve learning outcomes. Thus, teachers and students are encouraged to use them to 

explore science physical phenomena, especially those which are difficult to visualize through 

physical laboratory activities or those which are dangerous to physically visualize (Wieman & 

Perkins, 2006).  

Even though dynamic simulations are proved so useful, research reports that their 

implementation in teaching and learning sciences is still challenging and slow (Brenner & Brill, 2016). 

The reasons include teacher-focused, learner-focused; situation-focused, and curriculum focused 

challenges that can be seen via limited teachers and students’ ICT skills, school infrastructure, 

software access, and technical support (Errington, 2011). To be able to effectively use dynamic 

simulations in teaching and learning sciences, the researchers are recommending to solve the 

pedagogical and technological issues by increasing teachers training (Brenner & Brill, 2016).  

Numerous simulations have been so far developed and adopted for science classroom practices 

but the frequently used in teaching and learning chemical kinetics are DynaFit 

(http://www.biokin.com/dynafit/), COPASI (http://copasi.org), Berkeley Madona (https://berkeley-

madonna.myshopify.com), and Kin-Tek Explorer (http://www.kintekexplorer.com) (Johnson et al., 

2009; Johnson, 2009; Zewail-Foote et al., 2019). 

3. Methodology 

The present section provides a detailed account of the methodology used to answer the current 

research questions. It covers the research design and describes participants, sampling methods, 

research instruments, data analysis, validity and reliability of data, and ethical considerations.   
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Research Design 

The convergent parallel design was considered appropriate for evaluating teachers' perceptions 

on the integration of dynamic simulation in teaching and learning chemical kinetics. Within this 

design, mixed-method approaches integrating both quantitative and qualitative data to provide a 

comprehensive understanding of the teachers' perceptions were used. This methodology provided 

the flexibility to incorporate numerical and textual data for depicting teachers’ perspectives on the 

subject (Creswell & Clark, 2017).  

 

Figure 2. Convergent parallel design (Adapted from Creswell & Plano Clark, 2011). 

Location of the Study, Sampling, and Participants 

The current study was conducted in Kigali city secondary schools. Purposive sampling was 

employed to guarantee that all participants possess pertinent information regarding the research 

topic. Thus, participants to the current research were selected from upper-level secondary schools 

having combinations with chemistry as one of the major subjects. They included a total of 60 

chemistry teachers in upper level of secondary school. 

Data Collection Instruments 

In this study, the research team developed a questionnaire which was validated by experts from 

University of Rwanda-College of Education. The purpose of the instrument was to investigate 

chemistry teachers' perceptions on the usefulness and integration of dynamic simulations in the 

teaching of chemical kinetic concepts. The questionnaire comprises four main sections: The first 

section contains items on teachers’ perceptions on the effectiveness of dynamic simulations’ uses in 

teaching chemical kinetics. The second explores teachers' views on the effect of dynamic simulations 

on students' understanding and retention of chemical kinetics concepts. The third section highlights 

the barriers hindering chemistry teachers from fully integrating dynamic simulations into chemical 

kinetics teaching, while the fourth section examines the supports needed for effective use of dynamic 

simulations in teaching chemical kinetics.  

Data Analysis 

The quantitative data underwent descriptive statistical analysis using Excel, and the findings 

were presented using bar diagrams and pie charts. For the qualitative data, the analysis was 

conducted using the Taguette tool (Rampin R, 2020), following the six-step: (1) familiarization, (2) 

coding, (3) generating themes, (4) reviewing themes, (5) defining and naming themes, and (6) writing 

up (Jugder (2016) and Caulfield (2019)). Thematic analysis was employed to identify recurring themes 

and patterns in the interview transcripts, and the results were presented using an interpretative 

approach 

Validity and Reliability 

The content validity of the research instruments was achieved through the experts’ reviews. To 

ensure data reliability, the pilot studies using the questionnaire survey and interview questions were 

conducted with a small group of teachers to ensure clarity and relevance. Triangulation method using 
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multiple data sources (surveys, interviews) was used to strengthen the validity and reliability of 

findings.  

Ethical Considerations 

Prior to commencing this research, ethical clearance was obtained from the Research and Ethics 

Screening Committee (RESC) at the University of Rwanda - College of Education. In addition, all the 

participants signed an informed consent ensuring they understand the study's purpose and their 

right to withdraw at any time. To uphold anonymity and confidentiality, participants and school 

names were anonymized using codes.  

4. Results & Discussion  

The questionnaire focused on four main aspects: 1) Teachers' interest in using dynamic 

simulations in teaching chemical kinetics, 2) Teachers' perceptions towards dynamic simulations in 

teaching and learning, and 3)Worthiness of dynamic simulations in teaching chemical kinetics. 4) 

Improving the teaching of chemical kinetics in the advanced level of secondary school 

The questions asked to collect data were measured with a Likert scale containing five levels. 

Each level was given a numeric value to facilitate data presentation, analysis and frequency. 

Tables 1 and 2 contain the computed mean of all participants from 13 secondary school based in 

Kigali City for the aspect (2) Teachers' perceptions towards dynamic simulations in teaching and 

learning, and (4) improving the teaching of chemical kinetics in the Advanced Level of Secondary 

School. The last aspect, pie chart was used for (1) teachers’ interest in using dynamic simulations in 

teaching chemical kinetics (3)"Worthiness of dynamic simulations in teaching chemical kinetics," 

included an open-ended section. In this section, students were asked to provide suggestions to 

improve the teaching of this subject. 

Table 1. Different benefits and values of using DS in schools. 

Benefits Value Percentage (%) 

Enhances student engagement 14 77.8 

Provides visual representation of abstract concepts 13 72.2 

Help students grasp the concept faster 9 50 

Allows for experimentation without lab equipment 12 66.7 

Facilitates data analysis and interpretation 8 44.4 

Allows to perform many experiments at the time 12 66.7 

Encourage in-depth thinking or learners 1 5.6 

Table 3 shows the representative excerpts from the students' suggestions regarding the teaching 

of action research online. 

Tentative Research Questions 

1. How do Chemistry teachers perceive the effectiveness of dynamic simulations in teaching 

Chemical Kinetics? 

2. How do Chemistry teachers perceive the effect of dynamic simulations on students' 

understanding and retention of Chemical Kinetics concepts? 

3. What barriers prevent Chemistry teachers from fully integrating dynamic simulations into their 

Chemical Kinetics curriculum? 

4. What types of support do chemistry teachers believe are necessary to effectively use dynamic 

simulations in teaching Chemical Kinetics? 
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1. Teachers' Interest in Using Dynamic Simulations in Teaching Chemical Kinetics 

The present study explored the teachers’ interest in using dynamic simulations in teaching and 

learning chemical kinetics in advanced levels of secondary schools in Kigali city.  

The results showed that almost all teachers (94.5%) who participated in the study are interested 

in incorporating DS in teaching and learning of chemical kinetics concepts while only5.6% were not 

interested. These few teachers who did not show any interest mentioned some hindering factors such 

as technical issues and accessibility, the cost including licensing fees, maintenance and upgrade 

among others factors.  

 

Figure 3. Teachers’ interest in incorporating dynamic simulation in teaching and learning chemical 

kinetics. 

Teachers' interest in using dynamic simulations (DS) in teaching chemical kinetics is often driven 

by the potential benefits these tools offer mainly in visualization of abstract concepts. The adoption 

of online DS in teaching and learning chemistry has made the comprehension of various abstract 

concepts easy, especially in schools with scarcity of laboratory apparatus and equipment (Herga et 

al.; 2016). The majority of teachers who participated in this study confirmed that the dynamic 

simulations allow them to concretize some realities which normally appear as abstracts in the minds 

of students. This improves the extent to which students comprehend and internalize chemical 

kinetics concepts. This is in agreement with the findings of other numerous studies (Hartley et al., 

1988; Baker, 1991; Lowe, 2012) who demonstrated the value of using online simulations in science 

education, highlighting their role as an interactive communication tool that allows access to various 

types of information, including texts, images, data, and graphics. In a similar study, Ben et al. (2022), 

while investigating the views of teachers on effectiveness of dynamic simulations used in teaching in 

Morocco, revealed that all teachers in are much interested in online simulations because they are 

effective for both teachers and students. The above findings are comparable to the results of the 

present study where participants (94.5%) confirmed that they are interested in dynamic simulations. 

Even though this study did not involve students, there is no doubt that if simulations help teachers 

effectively deliver chemical kinetics lessons, students also, directly or indirectly, benefit from 

simulations. 
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2. Teachers' Perceptions Towards Dynamic Simulations in Teaching and Learning 

Most educators view dynamic simulations (DS) in teaching and learning as beneficial, and they 

are aware of the various advantages these resources offer to the classroom. The Table 1 shows 

different benefits and values of using DS in their schools. 

Animation, text, audio, video, slideshows, and simulations are all examples of multimedia. The 

study of McGarr, O. (2020) documented that multimedia has a positive influence on the effectiveness 

of the Internet. Table 1 shows that a high number of teachers (77.8%) believe that the adoption of the 

use of dynamic simulations in their teaching and learning practices enhances student engagement. 

Similarly to a considerable extent (72.2%) who expressed that DS could provide a visual 

representation of abstracted concepts if it is well designed and integrated with the existing 

curriculum. This is supported by their colleagues (66.7%) who reported respectively that 1) DS 

facilitates the experimentation without lab equipment, and 2) performs the experiment on time. The 

average (50%) of teachers highlighted that using DS facilitates the learners to grasp the concept faster 

than using traditional teaching methods. This is supported by Mhamed et. al, (2021) documented that 

simulations have a positive impact on the performance of the students to refine their understanding 

(a cognitive process essential for improving skills application) and therefore enabled them to 

overcome certain learning difficulties. The study of Addis (2021) suggested that simulation is a 

general capacity that underpins other domains of cognition, such as the perception of ongoing 

experience. Almost half of the participants (44.4%) expressed that DS could support data analysis and 

interpretation of learners' performance in chemical experiments. Chang, et al., (2019) documented 

that students who learn using dynamic simulations perform better than those with traditional 

methods of teaching. This is supported by 5.6% of teachers who say the use of DS also develops in-

depth thinking of learners.  

3. Worthiness of Dynamic Simulations in Teaching Chemical Kinetics  

The current study results show that 88.9% of the respondents corroborate that the dynamic 

simulations (DS) are very important teaching and learning tools. On this, 5.6 % of chemistry teachers 

found DS moderately important while 5.6 % reported that they are not at all important as shown in 

Figure….... From these testimonies of the majority of teachers, the DS tool is a worthy approach in 

teaching chemical kinetics (CK) because it enhances understanding of the concepts for the students 

via visualization, interaction and real-time feedback.  

This is supported by one teacher who said: 

I use simulations to demonstrate how molecules are moving in a gaseous phase. What I did, 

was I browsed a simulation and showed them how particles are moving. I found that 

simulation when applied to a specific topic can enhance understanding of the concept you 

teach learners. 

In addition, the DSs link the gap between theoretical concepts and experimental observations, 

causing CK to be more attainable and increasing interest for students. Another study conducted by 

Sweeder et al., (2019) also demonstrated that visualizations are able to describe how particles interact 

to produce successful reactions. 
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Figure 1. Importance of dynamic simulations in teaching chemical kinetics. 

Through the investigation conducted during our research, 77.8 % of chemistry teachers confirm 

that teaching chemical kinetics by using dynamic simulations tools are very helpful while 22.2 % do 

not value their uses as depicted in Figure …… These results are in agreement with the findings in a 

similar study by Cruz and his co-workers about chemical kinetics simulators who concluded that 

simulations are helpful in teaching (Cruz et al.2020).  As the majority participants explain, the DSs 

tool plays a crucial importance in delivering chemical kinetics lessons. 

 

Figure 2. Helpfulness of dynamic simulations (DSs) in teaching chemical kinetics concepts. 
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4. Improving the Teaching of Chemical Kinetics in the Advanced Level of Secondary School 

 

Figure 3. Improving the teaching of chemical kinetics in the advanced level of secondary school. 

Teachers in Kigali city have scanned through the chemical kinetics concepts and confirmed that 

many of them can be taught using dynamic simulations. The figure above (Fig no.) shows that 83.3 

% of teachers found that dynamic simulations can be used to engage students actively while teaching 

the rate of chemical reaction. In addition, 72.2% of the interviewed teachers confirmed that the 

dynamic simulations (DSs) can be used to teach the order of reaction and temperature dependence 

of the rate constant concepts. Furthermore, the 16.6 % of teachers have mentioned other various 

chemical kinetics topics which can be handled using dynamic simulations (DSs) to be added.  

Teaching of chemical kinetics concepts for students at secondary and university is mostly 

dominated by teachers/Lecturers while the students are passive during the lesson (Chairam et al., 

2009). In addition, other researchers found that chemical kinetics concepts are difficult topics to teach 

for students due to their complexity (Chairman and Klahan, 2015). 

Yet it is the laboratory work which allows students to engage actively in the lesson, and is 

recognized as an essential component of science education, utilized to achieve a range of cognitive, 

practical, and emotional objectives (Chairam et al. 2015). Even though chemical kinetics concepts are 

difficult to teach for teachers and to learn for students, research works found that using dynamic 

simulations as teaching tools should help teachers to teach them, while dynamic simulations help 

students to be more engaged, motivated as well as easily comprehensible and facile visualization of 

the molecules interaction. Both motivation and students engagement are not only to help students to 

build new knowledge but also ameliorates students’ understanding of the concepts being learned at 

the cognitive level (Almasri et al.,2022). 

The findings presented in the Figure…. are similar to the results obtained in other studies (Xie 

and Tinker, 2006, Zewail-Foote et al., 2019, Penn and Ramnarain, 2019). Another study shows that 

the incorporation of dynamic simulations (DSs) in learning improves students’ learning of chemistry 

concepts in the complex environment (Plass et.al., 2012). Looking at the above studies, it can be 

concluded that, teachers from Kigali city as well as teachers from elsewhere confirm that the use of 

DSs can help both teachers and students in teaching and learning of chemical kinetics in particular 

and chemistry in general. Therefore DSs can be used for teaching concepts or as a complementary 

tool to enhance student understanding after conventional chemistry practical (Penn and Ramnarain, 

2019). 
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d. Conclusion & Recommendations 

The results from this research shows that the use of dynamic simulations in teaching chemical 

kinetics offers substantial benefits to enhance students’ understanding. In this regard, the 77.8% of 

chemistry teachers that participated to this research agreed that using dynamic simulation tools to 

teach chemical kinetics is very beneficial as they provide visual and interactive representations of 

abstract concepts. Despite some challenges such as technical information technology skills and access 

to DS resources, the overall consensus supports their integration as valuable teaching and learning 

aids in modern chemistry education. Indeed, findings show that 83.3% of teachers found dynamic 

simulations effective for engaging students in learning the rate of chemical reactions.  

Based on the positive perception of chemistry teachers regarding the use of DS in teaching 

chemical kinetics, it is recommended that educational institutions integrate these tools into the 

curriculum to enhance student engagement and understanding. Professional development programs 

should be provided to equip teachers with the skills needed to effectively use dynamic simulations. 

Additionally, resources should be allocated to ensure teachers have access to the necessary 

technology. Schools should also encourage the use of dynamic simulations to cover a broader range 

of chemical kinetics topics and regularly assess their impact on student learning outcomes, fostering 

a collaborative environment where teachers can share best practices and innovations. 
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