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A B S T R A C T

In recent years, the teaching and learning of organic chemistry have frequently faced challenges 
due to limited student engagement and participation. Consequently, there is a growing demand 
for innovative teaching methods to tackle these issues. In this context, web-based discussions 
have emerged as a hopeful approach to enhance students’ engagement and foster critical thinking 
skills. Therefore, the present study investigated the level of adoption of web-based discussion 
tools in teaching organic chemistry in Rwandan secondary schools for addressing the challenge of 
limited student engagement and participation. A quantitative research approach relying on a 
survey questionnaire was used to collect data from 133 secondary school chemistry teachers in 
Kamonyi and Gasabo districts. The findings indicate that 78 % of teachers do not use web-based 
discussion tools, while 22 % have integrated these tools into their teaching. The preferred plat
forms among users include WhatsApp groups, Google Docs, and Google Classroom. Additionally, 
the study highlights key organic chemistry topics such as alkanes, polymers, polymerization, and 
alcohol that can be effectively taught through these tools. Statistical analysis using ANCOVA did 
not show significant differences in the use of web-based discussion tools based on factors like 
school location, teachers’ age, school ownership, and teaching experience, with p-values of 0.817, 
0.234, 0.380, and 0.051, respectively. However, the borderline significance related to teaching 
experience (p = 0.051) suggests a potential trend. A significant difference was observed in terms 
of gender, with male teachers more likely to use these tools (p = 0.015). The study offers valuable 
insights into the factors influencing the adoption of web-based discussion tools in Rwanda, of
fering useful guidance for educators and curriculum developers to create more engaging and 
inclusive chemistry lessons.

1. Introduction

Education is fundamental to the societal development, and access to quality education is crucial for the growth and development of 
any nation. In Rwanda, as in many other countries, there is an increasing demand to enhance the quality of education, especially in the 
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fields of science and technology [1]. Organic chemistry education has undergone significant transformation over the years, evolving 
from traditional lecture-based methods to more interactive, student-centered approaches. In the early 20th century, organic chemistry 
instruction primarily relied on lecturing, textbook readings, and rote memorization of chemical reactions and mechanisms [2]. This 
passive approach was effective in delivering theoretical content [3]. Later on, laboratory work was integrated into the curriculum as a 
complementary activity, providing hands-on experience, but it was often disconnected from the theoretical concepts covered in 
lecturing [4]. During second half of the century, the use of visual aids, such as ball-and-stick models and reaction mechanism diagrams, 
became more prominent, helping students better visualize molecular interactions and mechanisms [5].

With the advent of technology in education, organic chemistry teaching began incorporating computer-based tools and software in 
the 1990s, allowing for molecular modeling and simulations that enhanced students’ ability to grasp complex chemical structures and 
reactions [6]. More recently, approaches have shifted towards active learning methods such as peer instruction, flipped classrooms, 
and Project-Based Learning (PBL) to foster deeper understanding and engagement [7–12]. Web-based discussions, in particular, have 
emerged as a powerful tool for fostering collaborative learning, enabling students to discuss challenging concepts, ask questions, and 
work through problems together, both inside and outside of the classroom [13]. These modern approaches emphasize the importance 
of conceptual understanding, critical thinking, and collaboration, reflecting broader pedagogical shifts in STEM education aimed at 
improving student outcomes.

One key development is the increasing integration of digital tools, such as augmented reality (AR) and virtual reality (VR), which 
allow students to explore molecular structures and reaction mechanisms in immersive, 3D environments. These technologies offer 
unprecedented opportunities for students to visualize complex concepts and interact with them in ways that were previously 
impossible [14–17]. Additionally, the utulization of artificial intelligence (AI) and Machine Learning (ML) in personalized learning 
platforms is gaining traction, enabling strong feedback and adaptive learning paths that address individual students’ needs and 
learning styles [18–21]. These tools hold great potential for enhancing students’ engagement and learning outcomes in organic 
chemistry.

Looking ahead, the future of organic chemistry education is likely to be shaped by the expansion of collaborative, technology- 
enhanced learning environments. For instance, the rise of web-based collaborative platforms that support real-time problem-solv
ing and discussion is likely to continue. These platforms, combined with the increasing use of flipped classrooms and peer instruction, 
will further support active learning and critical thinking. Furthermore, as the demand for interdisciplinary approaches grows, we can 
expect organic chemistry education to integrate more real-world applications and connections to fields like materials science, envi
ronmental chemistry, and biotechnology. These developments suggest that future organic chemistry education will prioritize deeper 
conceptual understanding, foster collaboration, and leverage cutting-edge technologies to create dynamic, student-centered learning 
experiences. However, the research indicates that the majority of secondary school teachers in developing countries, including 
Rwanda, tend to emphasize memorization rather than deeper understanding [22–24]. Traditionally, Rwanda has relied on conven
tional teaching methods, which often limit students’ opportunities to grasp scientific concepts effectively [25]. To address this issue, 
Rwanda has been implementing significant education reforms, transitioning from a Knowledge-Based Curriculum (KBC) to a 
Competence-Based Curriculum (CBC) since 2016. This shift is crucial, as the CBC emphasizes active learning, critical thinking, and the 
development of practical skills. These elements are essential for preparing graduates to meet the demands of the job market and 
become effective problem solvers [26].

In view of the above, the different past studies conducted in Rwanda have revealed that traditional teaching methods for organic 
chemistry in Rwandan secondary schools often depend on didactic lectures and rote memorization which may fail to adequately 
engage students or facilitate deep conceptual understanding [27–32]. The researchers have identified some challenging concepts that 
are difficult to teach and learn in organic chemistry. For instance, Farheen [33] argued that drawing and representation of organic 
compounds as difficult topics in organic chemistry. Adu-Gyamfi and Asaki [34] added the properties of organic compounds as 
challenging concept in organic chemistry. Smith [35] illustrated aromaticity, reaction types, and reaction mechanisms as difficult 
topics in organic chemistry. In addition, Musa and Onu [36] mentioned reaction synthesis and mechanism, instrumentation, structure 
and properties, and classification of organic compounds as challenging organic chemistry topics difficult to teach and learn.

It was found that traditional teaching methods are effective in delivering foundational knowledge, but may not always offer 
sufficient opportunities for students to involve in critical thinking, collaborative learning, and real-time problem-solving [37,38]. To 
overcome this problem, web-based discussions provide a platform where students can exchange ideas, ask questions, and clarify 
misunderstandings outside the confines of a traditional classroom [39]. This approach promotes active learning and supports 
peer-to-peer interaction, which has been shown to enhance both student engagement and conceptual understanding, particularly in 
subjects that require significant cognitive investment like organic chemistry [40–43].

Web-based platforms have transformed organic chemistry education by providing a wealth of information and interactive tools 
[44]. Thus, it is now a common place for students to access course materials and study at their rhythm [45]. The research illustrated 
that web-based discussion educational tools such as Moodle, Google Classroom, Canvas, Edmodo, Flipgrid, Slack, Facebook, WhatsApp 
groups, Disqus, Microsoft Team, and Piazza help students to understand difficult organic chemistry concepts [46–49]. Hence, these 
web-based resource tools support students by allowing them to interact and discuss with peers in the classroom and after classroom 
sessions. The use of web-based discussion tools also engages students with their peers and teachers via discussion boards, chat rooms, 
and video conferencing facilities [50].

The research has also illustrated that web-based discussion tools are not only important for students but also for teachers [30,51]. In 
this regard, Prestridge [52] illustrated that the use of web-based discussion tools increases teachers’ technological skills in using ICT 
resources. In addition, Martín-Sómer et al. [53] recognized the importance of web-based tools as the best way of making learning 
changes from passive to active learning. Furthermore, Bragg et al. [54] highlighted that web-based discussion improves teachers’ mode 
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of assessment and providing feedback. Furthermore, a web-based discussion enables teachers to connect with their peers, share best 
practices, and exchange resources and ideas [55]. Hence, this approach can lead to improved teaching methodologies, better lesson 
planning, and ultimately a more effective learning experience for students.

Different previous studies have also shown that the use of web-based discussion tools increases students’ conceptual understanding 
of complex organic chemistry concepts. For instance, Blonder and Rap [56] explained that integrating Videos and visualization links 
help students to understand abstract organic chemistry concepts. This was also confirmed by Immanuella and Redhana [57] who found 
that the use of Moodle, Canvas, and Google Classroom increases students’ understanding of organic chemistry concepts such as re
action mechanism and application of organic compounds. Hashim and Hanibah [58] illustrated that students who were exposed to 
Google Classroom as a web-based discussion tool performed better in organic chemistry than their fellows who used a traditional 
method of discussion. The use of Rain Classroom and WeChat platforms improves students’ conceptual understanding of complex 
organic chemistry concepts [59]. Hence, it is better to motivate secondary school students to learn and understand organic chemistry 
concepts through the use of modern innovative approaches.

This study is grounded to connectivism theory, which highlights the importance of technology and networks in the learning 
process. According to connectivism, learning is not confined to the individual; rather, it is distributed across various networks of people 
and resources [60]. In our research, web-based discussion tools play a pivotal role in facilitating connectivism learning. These tools 
create an interactive environment where students can actively engage with course materials, collaborate with each other, and access 
external resources, thereby fostering knowledge creation through their connections [61]. In addition, connectivism posits that learners 
are not passive recipients of information; instead, they are active participants who construct knowledge through their interactions with 
their learning environment. In this context, web-based discussion tools serve as instruments that encourage social collaboration and 
knowledge co-construction among learners, aligning perfectly with connectivism principles. The interactive nature of these discussions 
also promotes self-directed learning and learner autonomy, which are key aspects of connectivism’s focus on active participation in the 
learning process [62]. Hence, by engaging in web-based discussions, students can connect with peers, educators, and external experts, 
thereby broadening their networks and gaining access to diverse perspectives and sources of knowledge.

It is widely acknowledged that the success, acceptance, and effective implementation of online teaching and e-education through 
technology depend on a variety of internal and external factors [63]. The literature identifies several teacher-related elements that can 
influence the adoption and use of technologies, especially online discussion tools. These factors include gender, technological literacy, 
technological pedagogical content knowledge (TPACK), geographic location, attitudes, beliefs, motivation, habits, self-efficacy, per
formance expectations, as well as computer experience and proficiency [64,65]. Additionally, external factors such as institutional 
structure, workplace culture, available resources, social conditions, the perceived value of technology, feasibility of use, competitive 
advantage, and institutional preparedness significantly impact the integration and implementation of web-based discussion tools 
[66–68]. Furthermore, the availability of professional development courses for teachers and the necessary online resources and 
infrastructure also play a crucial role in technology integration within teaching [69,69]. Therefore, addressing these factors effectively 
can lead to numerous positive outcomes in education, particularly in the field of organic chemistry.

Based on the Rwandan CBC, organic chemistry is taught in senior two (eighth grade), senior three (ninth grade), senior five 
(eleventh grade), and senior six (twelfth grade). At the ordinary level (from senior one to three), students engage in chemistry for four 
periods per week. In contrast, the advanced level (from senior four to six) entails seven periods of chemistry per week. It should be 
noted that, in the Rwandan education system, a period refers to a 40-min time slot. Table 1 shows the content to be covered in each 
grade, key unit competencies, and the period allocated to each unit.

The Rwandan chemistry curriculum suggests different teaching approaches for organic chemistry. For example, in senior two 
(eighth grade) the curriculum suggests group discussion, lecturing, practical work, and research. The main resources to be used in 
grade eight are chemistry laboratories, charts, textbooks, and ICT tools such as computers and projectors. However, the ICT tools 
suggested were supposed to be used for abstract concepts and for certain experiments that cannot be conducted in school laboratories 
due to safety concerns through animation and simulation [72]. In senior three (ninth grade), the suggested approaches are group 
discussion, practical work, lecturing, research, and field visits [72]. At the advanced level, different teaching approaches were also 
suggested by Rwanda Basic Education Board (REB). For instance, in senior five (eleventh grade) the proposed approaches are group 
discussion, research, practical work, lecturing, field visits, and Project-Based Learning (PBL) [73]. In senior six, the suggested ap
proaches are group discussion, case study, group discussion, lecturing, practical work, and research [73]. For successful imple
mentation of the CBC, embracing modern technologies presents innovative ways to improve the teaching and learning experience [74].

In the context of the employment of web-based discussion tools in Rwandan secondary schools, REB is striving to provide in-service 
and pre-service professional development training courses to advance their technical proficiency. For instance, REB is implementing 
different initiatives designed that give Continuous Professional Development (CPD) training program to mathematics and science 
teachers to equips them the skills and knowledge necessary to use technology in teaching and learning [75]. In this regard, the current 
report showed that the utilization of the internet in Rwandan secondary schools is at 52.9 % [76]. In addition, 66.9 % of households 
own a mobile phone in Rwanda [77]. This indicates that students and teachers can use web-based discussion tools in schools and after 
class in their homes. To achieve this, Rwanda launched the One Laptop Per Child (OLPC) initiative in 2008, aiming to provide primary 
school children with laptops to enhance learning opportunities through the use of technology [78]. In addition, in 2016, Rwanda 
introduced the Smart Classroom Initiative (SCI) which equipped secondary schools with ICT tools like projectors, computers, and 
interactive whiteboards to enhance teaching and learning experiences [79]. Each school received 100 computers for students and two 
for teachers. The distribution of computers follows a non-random approach, as schools must first verify their access to electricity. Each 
computer is equipped with internet connectivity and includes educational materials to facilitate lesson preparation. These computers 
are designed for computer science subject and other subjects, particularly STEM for encouraging teachers to use them for their lessons 
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Table 1 
Organic chemistry content taught in Rwandan secondary schools.

Grade Key unit competency Unit Number of periods per 
unit

Total 
periods

Senior two To be able to compare the properties of organic and inorganic compounds and explain the uses of alkanes in daily life Properties of organic compounds and uses 
of alkanes

18 18

Senior 
three

To be able to relate the properties of alkenes and alcohols to their functional groups. Structure and properties of alkenes and 
alcohols.

15 31

To be able to explain the properties of carboxylic acids. Carboxylic acids. 6
To be able to explain the origin of petroleum products and the application of polymers. Petroleum products and polymerization. 10

Senior five The learner should be able to apply IUPAC rules to name organic compounds and explain the types of isomers for 
organic compounds.

Introduction to organic chemistry 7 150

The learner should be able to relate the physical and chemical properties of the alkanes to the preparation methods, 
uses, and isomerism.

Alkanes 10

The learner should be able to relate the physical and chemical properties of the alkenes and alkynes to their reactivity 
and uses.

Alkenes and alkynes 22

The learner should be able to relate the physical and chemical properties of halogenoalkanes to their reactivity and 
uses.

Halogenoalkanes (alkyl halides) 17

The learner should be able to compare the physical and chemical properties of alcohols and ethers to their preparation 
methods, reactivity, and uses.

Alcohols and Ethers 22

The learner should be able to compare the chemical nature of carbonyl compounds to their reactivity and uses. Carbonyl compounds 22
The learner should be able to compare the chemical nature of the carboxylic acids and acid halides to their reactivity. Carboxylic acids and acyl halides 17
The learner should be able to relate the functional groups of esters, acid anhydrides, amides, and nitriles to their 
reactivity, preparation methods, and uses.

Esters, acid anhydrides, amides and nitriles 22

The learner should be able to relate the chemical nature of the amines and amino acids to their properties, uses, and 
reactivity.

Amines and amino acids 11

Senior six The learner should be able to relate the chemistry and uses of benzene to its nature and structure. Benzene 15 50
​ The learner should be able to relate aromatic ketones, aldehydes, carboxylic acids, and amines to their chemical 

activity
Derivatives of benzene 21

​ The learner should be able to relate the types of polymers to their structural properties and uses. Polymers and polymerization 14

Source: [70,71].
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preparation and students’ activities [80]. In this context, the utilization of web-based discussion tools is among the new technologies 
that have been incorporated into the Rwandan basic education system since 2000 [81].

The utilization of online discussion forums, chat rooms, and social media groups has grown in popularity as a means of promoting 
engagement, teamwork, and information exchange between professors and students [82]. McNeil et al. [83] proved that via the use of 
web-based discussion tools in organic chemistry education, students actively participate in the lesson by posing questions, exchanging 
ideas, and getting feedback from their peers. This encourages analytical thinking, the ability to solve problems, and a greater 
comprehension of organic chemistry concepts. This was also confirmed by the research conducted by Mahande [84] which showed 
that web-based discussion tools make it easier for students to explore the practical uses of organic chemistry and share various points 
such as multimedia elements with their colleagues to improve their conceptual understanding and visualization. However, different 
factors may intervene in this increase in students’ conceptual understanding including class size, geographical location, quality of 
discussion, topic of the discussion, level of student involvement, and specific learning objectives [85–88]. Thus, the effective use of 
web-based discussion tools should consider other intervening variables into consideration. This was also supported by Richards-Babb 
[89] who found that the increase in average scores in organic chemistry depends on the design of web-based discussion tools. This 
indicated that students who used these tools increased their test scores but this depends on the design of the system. These results were 
also appreciated by Haley et al. [90] who highlighted that the structure of the web-based discussion gives students more flexibility and 
enhances their performance in organic chemistry topics that require a high level of complex reasoning abilities. Tang et al. [91] 
identified that deeper learning and comprehension of organic chemistry concepts are facilitated by the usage of web-based discussion 
forums. This was also confirmed by Jia [92] who showed that students who were involved in a web-based discussion performed better 
in the exams and assignments than students who participated in traditional group discussion. Therefore, the literature revealed that the 
use of web-based discussion forums increases students’ problem-solving, and critical thinking skills, and encourages students to apply 
the principles of organic chemistry to real-life applications.

In the context of Rwandan secondary schools, where access to advanced laboratory facilities and instructional materials may be 
limited, web-based discussions present a cost-effective solution to enhance the quality of organic chemistry education [93]. By har
nessing digital technologies, teachers can bridge the gap between theoretical concepts and real-world applications. This research 
endeavors to fill a significant gap in the literature by providing empirical evidence on the effectiveness of web-based discussions in 
strengthening students’ conceptual understanding of organic chemistry in Rwandan secondary schools. By clarifying the mechanisms 
through which digital discourse fosters learning outcomes, the study aims to inform pedagogical practices and curriculum develop
ment strategies in chemistry education. Ultimately, the findings of this research have the potential to catalyze transformative changes 
in how organic chemistry is taught and learned, paving the way for more inclusive and interactive educational experiences in Rwanda 
and beyond. Thus, the following are specific research objectives to be achieved.

In our study, the use of web-based discussions is grounded in the increasing need for interactive, student-centered learning en
vironments that facilitate deeper engagement with complex subjects like organic chemistry. The main objective of this study was to 
examine the usage of web-based discussion in teaching and learning organic chemistry. In this context, the study seeks to investigate 
and analyze the current situation of the utilization of web-based discussion in teaching and learning organic chemistry in Rwandan 
secondary schools by emphasizing the following variables that are gender, geographical location, school ownership, working expe
rience, and age. Understanding demographic and other contextual factors in web-based discussions is crucial in this study for designing 
inclusive educational strategies.

2. Research questions

a) To what extent do Rwandan secondary school chemistry teachers use web-based discussion tools in teaching and learning organic 
chemistry?

b) Is there any statistically significant difference in the use of web-based discussion tools in terms of location, gender, experience, age, 
and school ownership?

c) What are the organic chemistry concepts which can be taught through the use of web-based discussion tools?

3. Hypothesis

- Null hypothesis (Ho): There is no statistically significant difference in the use of web-based discussion with regard to gender, 
geographical location, school ownership, working experience, and age.

- Alternative hypothesis (H1): There is a statistically significant difference in the use of web-based discussion with regard to gender, 
geographical location, school ownership, working experience, and age.

4. Methodology

This section outlines the approach employed to investigate the research questions, providing a detailed description of the research 
design, data collection methods, and analytical procedures. The selection of participants, instruments used, and the procedures for data 
collection and analysis were carefully designed to ensure the reliability and validity of the findings.
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4.1. Research design

The study used the descriptive research design. Bloomfield and Fisher [94], argued that a descriptive design is used to develop a 
theory, pinpoint problems with existing practice, justifying the current practice, make conclusions, or determine what others are doing 
in similar situations. In the context of this study, a descriptive research design was useful to gather data, analyze them, and draw 
conclusions to characterize and comprehend the extent of using web-based discussion in teaching and learning organic chemistry in 
Rwandan secondary schools.

4.2. Research approach

A quantitative research approach was used to collect and analyze data. In this line, an online survey questionnaire was used to 
collect quantitative data. The survey was comprised of two parts. The first part covered the demographic information of the partic
ipants while second is concerned with the current usage of web-based discussion tools in teaching and learning organic chemistry.

4.3. Population and method of sampling

The target population included all secondary school chemistry teachers located in the Gasabo and Kamonyi districts of Rwanda. 
Appendix 1 offers a detailed description of the geographical aspects of these districts. The study implemented a census sampling 
technique, which involves using the whole population as the sample [95]. In this regard, a total of 133 secondary were involved in this 
research. This sampling method was chosen to ensure comprehensive representation of the target population, providing accurate and 
detailed information about the frequency and nature of the phenomena being studied [96,97]. Table 2 displays the demographic 
information of the participants involved in the study.

From Tables 2 and it is important to acknowledge that demographic factors may significantly influence this study. Specifically, 
gender, geographical location, school ownership, work experience, and age are important characteristics to examine, as they can 
substantially impact the adoption and effectiveness of web-based discussion tools. In this regard, gender might reveal differences in 
access and attitudes towards technology, while location (per-urban, rural, urban) can highlight disparities in technological infra
structure and resources. Furthermore, school ownership (government-aided, government, private) can affect the availability of funds 
and support for technology integration. Moreover, the working experience and age of participants are essential to understand varying 
levels of comfort and familiarity with web-based tools, as more experienced or older teachers might have different perspectives 
compared to their younger or less experienced counterparts. Thus, by examining these variables, the study can provide a compre
hensive understanding of the factors that enhance or hinder the use of web-based discussion tools, leading to more targeted and 
effective interventions.

During the selection of teachers, the inclusion and exclusion criteria were applied. The inclusion criteria were chemistry teachers 
who teach organic chemistry and schools that have access to the necessary web-based discussion tools such as schools that have 
electricity, computer laboratories, and internet connectivity. Additionally, schools must be located within the selected regions for the 
study (Gasabo and Kamonyi districts). The exclusion criteria were schools without electricity, computer laboratories, and internet 
connection, teachers who do not teach organic chemistry, and schools outside the targeted regions.

4.4. Research instrument

The survey questionnaire was employed to collect data for this study. This instrument was developed by a team of four researchers 

Table 2 
Demographic information of participants.

Demographic items Category Number (n = 133)

Gender Male 103
Female 30

Location Rural 103
Urban 26
Per-urban 4

Age Under 25 years 3
25–32 years 63
33–40 years 57
above 40 years 10

School ownership Private 6
Government 60
Government aided 67

Working experience Less than 1 year 7
1–3 years 44
4–6 years 26
7–9 years 17
10 and above 39
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from the University of Rwanda - College of Education (UR-CE). These researchers includes one associate professor in biochemistry, one 
senior lecturer in ICT in education, and two PhD students in chemistry education. This questionnaire aimed to assess current level of 
using web-based discussion tools in teaching organic chemistry. Additionally, it sought to identify organic chemistry concepts that 
could be effectively taught using these tools. Furthermore, the survey explored the types of web-based discussion platforms utilized by 
chemistry teachers when instructing organic chemistry concepts. Overall, this survey-based descriptive approach was designed to 
provide a comprehensive understanding on extent to which chemistry teachers are using web-based discussion tools.

4.5. Method of data analysis

A quantitative approach was used to analyze collected data. The analysis focused on five variables: gender, location, school 
ownership, work experience, and age. For gender, the following codes were assigned: female = 1 and male = 2. For location, the codes 
were: peri-urban = 1, rural = 2, and urban = 3. In terms of school ownership, the codes were government-aided = 1, government = 2, 
and private = 3. Furthermore, work experience was coded as follows: less than one year = 1, 1–3 years = 2, 4–6 years = 3, 7–9 years =
4, and above 10 years = 5. Lastly, age was coded with the following categories: under 25 years = 1, 26–32 years = 2, 33–40 years = 3, 
and above 40 years = 4.

The collected data were analyzed by using descriptive and inferential statistics with the aid of Excel 2016 and SPSS V.25 software. 
Before beginning an analysis, we verified the parametric test assumptions (continuous data, sample of at least 30, normality of data, 
and equality of variances). Since we had over 30 participants in the sample, and the Kolmogorov-Smirnov and Levene tests for equality 
of variances supported the hypotheses (p > 0.05). In addition, kurtosis, skewness, and normality curves were used to test the normality 
of data. In this context, we obtained the kurtosis of +1, skewness of − 0.55, and bell-shaped normality curve. Thus, we utilized the 
analysis of covariance (ANCOVA) as a parametric test to analyze whether or not there is a statistically significant difference in the use 
of web-based discussion in different contexts.

4.6. Validity and reliability of the research instrument

Both Validity and reliability were considered in our study. Validity is defined as the extent to which a measurement accurately 
reflects what it is intended to measure [98]. To ensure content validity, the research instrument was reviewed and approved by re
searchers from the University of Rwanda’s College of Education. This validation process involved six experts from various expertise, 
including an Associate Professor in Biochemistry, a senior lecturer in ICT in education, a lecturer in English education, a lecturer in 
chemistry education, and two PhD students in chemistry education. Additionally, the Content Validity Ratio (CVR) proposed by 
Lawshe [99] was used to evaluate each test item. 

CVR=

ne −
(

N
2

)

N
2 

CVR is obtained from the number of panel members who indicate "essential" (ne) and the total number of panel members (N). The 
final decision to retain an item based on the CVR is contingent upon the number of panel members. For this study, the CVR for the 
research instrument was calculated to be 0.87, which exceeds the minimum acceptable value of CVR at p = 0.05. This indicates that the 
research instrument is valid. In addition, to ensure reliability, the questionnaire was piloted with 60 chemistry teachers who shared the 
same characteristics as those in the main study. Subsequently, Cronbach’s alpha was calculated, yielding a reliability coefficient of 
0.72. Therefore, the research instrument was deemed reliable for data collection.

4.7. Ethical consideration

The researchers obtained ethical clearance letter approval from the ethical committee in the University of Rwanda - College of 
Education (UR-CE) with ref number RC/ET/April 01, 2024 in April 2024. The aim and purpose of the study were explained to the 
participants before the research started. Informed consent was obtained from each participant in May 2024 before their involvement in 
the study, ensuring voluntary participation. The principles of confidentiality and anonymity for the data collected were strictly upheld 
throughout the process.

5. Results interpretation

This section describes the extent to which the web-based discussion tools are used by teachers. It also present an analysis of sta
tistical data regarding to the level of significance of using web-based discussion tools with regard to gender, geographical location, 
school ownership, working experience, and age. Furthermore, the organic chemistry topics that can be taught by using web-based 
discussion tools were also discussed. The results are structured and presented in alignment with the predefined research questions.

5.1. Extent of using web-based discussion in teaching and learning chemistry organic chemistry

The results in Fig. 1 show that a significant majority of chemistry teacher (78 %) do not use web-based discussion tools in their 
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teaching. On the other hand, 22 % of the surveyed teachers claimed to use web-based discussion tools in their teaching.
Fig. 2 shows the extent to which web-based discussion tools are used in teaching and learning organic chemistry per week. The 

results showed that most of teachers at the percentage of 50 % don’t use web-based discussion in their teaching in a week. According to 
the results 21 %, 9 %, 3 %, and 11 % of them use web-based discussion once, twice, three, and more than three per week, respectively. 
The results also showed that most teachers at the extent of 54 % did not use web-based assessment in their teaching while 32 %, 4 %, 5 
%, and 6 % used web-based assessment once, twice, three, and more than three times per week, respectively. Furthermore, the study 
investigated the extent to which chemistry teachers incorporate web-based discussion and assessment tools in teaching and learning. In 
light of this, the results revealed that most of them at the percentage of 60 % don’t use the incorporation of web-based discussion and 
assessment while 28 %, 3 %, 5 %, and 5 % use web-based discussion once, twice, three, and more than three per week, respectively.

This study also looked at the ICT resources used by chemistry teachers during web-based discussions. The results in Fig. 3 showed 
that most teachers (55 %) use laptops during their teaching. 43 % of them participated in web-based discussions by using their 
smartphones. It’s interesting to note that only 2 % of surveyed teachers reported utilizing tablets during web-based discussions.

The results in Fig. 4 reflects the chemistry teachers’ preferred web-based discussion platforms used for teaching organic chemistry. 
The information displays the web-based discussion tools used by chemistry teachers are Facebook, Moodle, Google Classroom, Google 
docs, and WhatsApp.

The results in Fig. 4 illustrate that Google Classroom is used by chemistry teachers at a percentage of 28 % through sharing re
sources, assigning homework, and facilitating discussions. In addition, the 26 % usage implies that chemistry teachers often use Google 
Docs to distribute lecture notes, worksheets, and other educational materials. Remarkably, only 2 % of chemistry teachers use 
Facebook to discuss organic chemistry concepts. Significantly, chemistry teachers use WhatsApp at a high rate of 37 % for commu
nicating organic chemistry topics with the students. Moreover, Moodle is being used by 7 % of chemistry teachers in organic chemistry 
classes.

5.2. Descriptive analysis of the usage of web-based discussion in teaching organic chemistry based on school location, age, experience, 
school ownership, and gender

Table 3 shows a descriptive analysis of the results on the usage of web-based discussion in different contexts including location, age, 
experience, school ownership, and gender. In this context, we rated the mean score from the Likert out of 15. In addition, the standard 
deviation was also computed.

The descriptive statistics presented in Table 3 provide insights into the current usage of web-based discussion across different 
demographics. In terms of location, teachers in per-urban areas exhibit the highest mean usage score of 6.25, followed by those in rural 
(5.34) and urban (5.19). Regarding age groups, the youngest cohort (under 25 years) has the highest mean usage score of 13.66, while 
the older age groups show slightly lower scores, with those above 40 years having a mean score of 12.20. Based on the teachers’ 
working experience, teachers with 7–9 years of experience demonstrate the highest mean usage score of 6.88, whereas those above 10 
years exhibit the lowest mean score of 4.92. According to the school ownership, the analysis showed that teachers who worked in 
public schools have the highest mean usage score of 6.83, followed by government schools (5.60) and government-aided schools 
(5.11). For gender, male teachers tend to have a higher mean usage score (5.78) compared to females (4.70). Hence, these statistics 
highlight variations in web-based discussion usage across different demographic factors, indicating potential areas for further 
investigation or targeted interventions.

5.3. Inferential analysis of the usage of web-based discussion in teaching organic chemistry based on school location, age, experience, school 
ownership, and gender

Before analyzing the inferential statistics, the normality of the data was checked. The results in Table 4 show that the value 

Fig. 1. Extent of using web-based discussion in teaching organic chemistry.
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Fig. 2. Current level of using web-based discussion in teaching and learning organic chemistry per week.

Fig. 3. ICT tool used by teachers during web-based discussion.

Fig. 4. Web-based platforms used by teachers in teaching and learning organic chemistry.
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skewness was − 0.558, which indicates that the data is slightly negatively skewed but still approximately symmetric. The standard 
error of skewness was 0.21, suggesting that the estimate of skewness is reliable. The kurtosis value calculated was +1, which is less 
than the expected value of +3 for a normal distribution. This suggests that the data are relatively flatter or less peaked than a normal 
distribution. The standard error of kurtosis is 0.417, indicating that this value is also reliable. Thus, the results suggest that the data are 
approximately symmetric with a moderate degree of flatness, and there are no significant deviations from normality, allowing for the 
use of parametric statistical tests.

In addition, the normality curve was used to test the normality of the data. Fig. 5 presents the normal distribution curve which was 
generated as part of the analysis. The bell-shaped curve provides visual confirmation of the data’s normal distribution.

To know whether there is a statistically significant difference in the utilization of web-based discussion across different variables, 
the analysis of covariance (ANCOVA). Table 5 displays that chemistry teachers’ geographic location, age, and school ownership factors 
do not influence the use of web-based discussion tools. This lack of statistical significance shows that these factors did not play a 
significant influence in deciding whether or not teachers participated in web-based discussion tools with p-values of 0.817, 0.234, and 
0.38, respectively. Although the influence of working experience on the usage of web-based discussion tools was not statistically 
significant at the standard p-value threshold of 0.05, the borderline significance (p = 0.051, df = 138) shows a notable trend. In 
contrast, the analysis also revealed that gender variable has an influence on the adoption of using web-based discussion tools. In this 
sense, the obtained p-value was 0.015 with df of 131. This suggests a significant difference in the use of web-based discussion tools in 
terms of gender in favor of male teachers.

5.4. Organic chemistry concepts teachable via web-based discussion

Teachers were asked to write organic chemistry concepts that can be taught by using web-based discussions. The results in Fig. 6
shows that most teachers preferred alkane, introduction to organic chemistry, polymer and polymerization, alcohol, and carboxylic 
acid at percentages of 84 %, 78 %, 72 %, 64 %, and 58 %, respectively. However, stereochemistry, amide, amino acid, and saponi
fication were chosen at low extents at the percentages of 11 %, 13 %,17 %, and 24 %, respectively.

Table 3 
Descriptive statistics on the usage of web-based discussion in teaching organic chemistry.

Location Variable N Mean Std. Deviation

Per-urban 4 6.25 3.40

Rural 103 5.34 3.28

Urban 26 5.19 2.13

Total 133 5.34 3.07

Age 18–25 years 3 13.66 1.52
25–32 years 63 12.93 1.58
33–40 years 57 12.40 1.95
Above 40 years 10 12.20 1.98
Total 133 12.66 1.79

Working experience Above 10 years 39 4.92 2.68
1–3 years 44 6.02 3.51
4–6 years 26 4.50 2.71
7–9 years 17 6.88 3.98
Less than one year 7 4.14 1.34
Total 133 5.41 3.19

School ownership Government aided 67 5.11 3.04
Government 60 5.60 3.38
Public 6 6.83 2.85
Total 133 5.41 3.19

Gender Female 30 4.7 1.62
Male 103 5.78 2.25
Total 133 5.54 2.16

Table 4 
Descriptive analysis of normality of data.

N Valid 133

Missing 7

Skewness − 0.558
Std. Error of Skewness 0.21
Kurtosis 1
Std. Error of Kurtosis 0.417
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6. Discussion

The present study assessed the utilization of web-based discussion in teaching and learning organic chemistry in Rwandan sec
ondary schools. The results illustrated that small percentage of teachers don’t use web-based discussions in teaching and learning. This 
proves the existence of a low level integration of technology in Rwandan secondary schools. In this regard, the low use of technology 
may be caused by insufficient ICT infrastructure [100]. In addition, Habiyaremye et al. [101] illustrated that inadequate access to 
current educational technology, high-speed internet connection, adequate hardware & software, digital and online learning oppor
tunities hinder the effective use of ICT resources in Rwandan education. Furthermore, Mushimiyimana et al. [102] showed that the 
lower use of ICT resources have a direct connection with low teachers’ technological skills.

The results also revealed that chemistry teachers use a wide variety of ICT tools during web-based discussions. It was found that 
they preferred to use laptops in their teaching. While different devices are available and used, the use of laptops may increase the 
discussions’ adaptability and accessibility. The results indicated that teachers prefer to use different web-based discussion tools in their 

Fig. 5. Normality curve of data.

Table 5 
Inferential statistics analysis on the extent of using web-based discussion tools in teaching organic chemistry.

Analysis of covariance (ANCOVA)

Variables Groups Sum of Squares df Mean Square F Sig.
Location Between Groups 3.884 2 1.942 0.203 0.817

Within Groups 1246.206 130 9.586
Age Between Groups 13.712 3 4.571 1.439 0.234

Within Groups 409.732 129 3.176
Experience Between Groups 95.387 4 23.847 2.432 0.051

Within Groups 1254.868 128 9.804
School ownership Between Groups 19.978 2 9.989 0.976 0.38

Within Groups 1330.278 130 10.233
Gender Between Groups 27.422 1 27.422 6.052 0.015

Within Groups 593.601 131 4.531
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teaching. In this regard, WhatsApp was found to be the most popular web-based platform used by teachers. WhatsApp is a popular 
messaging program, that provides a practical platform for brief exchanges, group conversations, and sharing of multimedia infor
mation. Its broad use, accessibility, and familiarity among teachers and students can all be linked to the popularity of cell phones. This 
was in line with Nsabayezu et al. [48] in their study which showed that WhatsApp promotes a more relaxed and informal learning 
atmosphere by allowing students to prompt clarification of chemistry concepts. These findings were also supported by Zan [103] who 
found that most chemistry teachers prefer to use WhatsApp group as a web-based discussion tool in teaching organic chemistry because 
it increases the students’ motivation, strengthens the communication, and encourages information sharing among students. One 
motivating factor of using this application is because its messages are supported with audio-visual and video content make the dis
cussion more permanent in the platform [104]. De Souza and Kasseboehmer [105] also confirmed the idea that the use of WhatsApp 
chat groups stimulates an active engagement of the participants and maintains a collaborative learning experience among students and 
teachers.

The results found that Google Classroom and Google Docs are among popular web-based discussion tools used by chemistry 
teachers in teaching organic chemistry. This preference is likely due to the strong, collaborative features these platforms offer. This was 
confirmed by the study conducted Yilmaz and Yasar [106] which found that user-friendly interfaces and collaborative features of 
Google platforms and Docs make them attractive choices for teachers. Agustina and Purnawarman [107] explained that Google 
Classroom facilitates seamless assignment distribution, feedback, and communication. Similarly, Google Docs is highly used by many 
chemistry teachers because it supports real-time collaboration and editing, allowing students and teachers to jointly construct and 
refine complex chemical structures and mechanisms, and foster a deeper understanding through interactive engagement [108]. The 
studies highlighted that these tools not only enhance student participation but also support the diverse learning paces and styles within 
a classroom setting [109–111].

Facebook and Moodle are moderately used. Understanding these preferences of investigating web-based platforms used by 
chemistry teachers can help design effective instructional strategies and promote meaningful engagement in organic chemistry ed
ucation. These findings indicate that Facebook’s integration into educational contexts influences its widespread use and familiar 
interface, facilitating informal discussions, and sharing of resources among students [112]. This platform supports the creation of study 
groups and the dissemination of supplementary materials, fostering a community-like environment that can enhance student 
engagement. On the other hand, Moodle offers a more structured learning management system (LMS) linked to the students’ need, 
providing comprehensive tools for course management, quizzes, and interactive content delivery [113]. This explains why Moodle’s 
flexibility and support for various educational activities makes it a valuable tool for organizing course materials and assessments, 
catering to diverse learning preferences. This reflects a balanced approach where both formal LMS like Moodle and social media 
platforms like Facebook play complementary roles in modern educational strategies. These results are in agreement with the previous 
research conducted by Rap and Blonder [114] who found that the use of Facebook group in teaching organic chemistry is a promising 
approach that offers a more dynamic environment for communication among students and teachers. instructor. However, the minimal 
adoption in this situation may be explained by worries about privacy, diversions, and upholding professional boundaries. The mod
erate use of these platforms suggests that while they are beneficial, they are often supplemented with other tools to address specific 
educational requirements in organic chemistry. Hence, understanding these preferences is crucial for designing effective instructional 

Fig. 6. Organic chemistry concepts teachable via web-based discussion.
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strategies that meet the students’ needs and preferences of chemistry educators, ultimately fostering meaningful engagement and 
enhancing understanding of organic chemistry concepts.

The results of this study also demonstrate the feasibility of using web-based discussions to teach various topics in organic chemistry. 
Specifically, the findings indicate that topics such as the introduction to organic chemistry, alkane, polymer, and polymerization are 
particularly amenable to web-based instruction. This is in line with previous research indicating that web-based discussions can be an 
effective method for teaching organic chemistry concepts such as alkene, Alkane, carboxylic acid, ketone, and aldehyde [115]. This 
was also supported by Hamid et al. [116] who found that the use of the e-content module for chemistry Massive Open Online Course 
(MOOC) increases students’ understanding of carbonyl compounds. Giri and Dutta [117] also found that the use of online chats is 
important in visualizing abstract organic chemistry concepts such as carboxylic acids, esters, fats and oils, sugars, and amino acids. Sari 
et al. [118] also supported the idea that the use of web-based discussion tools motivates students to learn hydrocarbons.

The study revealed that location, age, and school ownership do not significantly influence web-based discussion adoption in 
teaching and learning organic chemistry. This was supported by El Alfy et al. [119] who found that geographical location did not 
influence the adoption of technology. Contrarily, Habibi et al. [120] showed that geographical location influenced the use of tech
nology in education. This implies that for the needs of schools, training, and ownership factors need to be discussed before the 
implementation of web-based discussion tools in education. This inclusivity allows individuals from diverse backgrounds and age 
groups to engage in online discussion, promoting a more equitable educational experience in a digitally connected world.

The influence of experience on web-based discussion usage was not statistically significant at the conventional p-value threshold of 
0.05, the borderline significance (p = 0.051) indicates a noteworthy trend. This was in line with the previous study done by Mahdi and 
Al-Dera [121] found a significant difference in using ICT tools based on teachers’ working experience. However, Steel and Hudson 
[122] found that working experience influences the adoption of technology in favor of most experienced teachers. This implies that 
people with diverse levels of experience may engage in web-based discussions in slightly different ways. Further research into this 
tendency could help to determine whether more experienced participants use web-based talks in more complex ways, or if other 
factors, such as familiarity with the online platform’s features, are at work. Thus, emphasizes the necessity of taking prior experience 
into account when creating and guiding web-based discussions.

Furthermore, the study revealed a significant gender-related impact on the use of web-based discussion tools in favor of male 
chemistry teachers. The obtained results are in agreement with Huffman et al. [123] in their study which showed that male teachers 
use highly technology in classroom than their fellow female. In addition, Hwang [124] also showed that male teachers have higher 
technological skills than female teachers. However, Nkundabakura et al. [125] did not find any difference in terms of using technology 
between male and female teachers. This difference suggests that even though men and women participate and communicate differently 
in online discussions, they might be using technology in education more equally now. This could be because more people have access 
to technology and there’s a motivation to teach everyone how to use it well. Hence, we need to look closer at how gender affects 
different parts of using technology, not just how much it is used.

While the findings indeed align with previous research showcasing the effectiveness of web-based platforms for educational 
purposes, this study offers unique insights into the adoption and preferences of chemistry educators regarding various ICT tools, 
notably highlighting WhatsApp as the predominant platform. Additionally, the study identifies specific topics within organic chemistry 
that are particularly conducive to web-based instruction, shedding light on potential areas for further exploration and development in 
digital pedagogy. Furthermore, the inclusive nature of web-based discussion adoption across diverse demographic factors, coupled 
with the nuanced analysis of experience levels and gender-related impacts, contributes to a comprehensive understanding of the 
dynamics surrounding technology integration in education.

7. Conclusion and implication

In light of the growing focus on ICT integration in teaching organic chemistry, this study revealed a notable gap in the adoption of 
web-based discussion tools in Rwandan secondary schools, with only 22 % of teachers actively utilizing these tools. However, the study 
underscores the potential of web-based discussions to enhance teaching methods and facilitate meaningful engagement among stu
dents, particularly in teaching organic chemistry. While factors such as location, age, and school ownership do not significantly in
fluence the utilization of web-based discussions, gender disparities in participation suggest the need for targeted interventions for 
female teachers to promote inclusivity and equal opportunities between male and female teachers. The research highlights Rwanda’s 
need for investment in technology infrastructure and teacher training to effectively utilize web-based discussion tools and increase the 
number of teachers who use web-based resources in the teaching and learning process. Hence, the study calls for a more inclusive 
approach to technology integration, including increasing female participation in STEM fields, creating a welcoming online learning 
environment, and providing resources for technology proficiency.
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[14] Z.A. Jiménez, Teaching and learning chemistry via augmented and immersive virtual reality, in: Technology Integration in Chemistry Education and Research 

(TICER), ACS Publications, 2019, pp. 31–52, https://doi.org/10.1021/bk-2019-1318.ch003.
[15] A. Mazzuco, A.L. Krassmann, E. Reategui, R.S. Gomes, A systematic review of augmented reality in chemistry education, Rev. Educ. 10 (1) (2022) e3325, 

https://doi.org/10.1002/rev3.3325.
[16] B.I. Edwards, K.S. Bielawski, R. Prada, A.D. Cheok, Haptic virtual reality and immersive learning for enhanced organic chemistry instruction, Virtual Real. 23 

(4) (2019) 363–373, https://doi.org/10.1007/s10055-018-0345-4.
[17] J.B. Ferrell, et al., Chemical exploration with virtual reality in organic teaching laboratories, J. Chem. Educ. 96 (9) (2019) 1961–1966, https://doi.org/ 

10.1021/acs.jchemed.9b00036.
[18] A. Iyamuremye, K. Ndihokubwayo, Exploring secondary school students’ interest and mastery of atomic structure and chemical bonding through ChatGPT, 

Educ. J. Artif. Intell. Mach. Learn. 1 (Apr. 2024) 1–13, https://doi.org/10.58197/prbl/9hk37296.
[19] A. Karthikeyan, U.D. Priyakumar, Artificial intelligence: machine learning for chemical sciences, J. Chem. Sci. 134 (2022) 1–20, https://doi.org/10.1007/ 

s12039-021-01995-2.
[20] C. Xiouras, F. Cameli, G.L. Quillo, M.E. Kavousanakis, D.G. Vlachos, G.D. Stefanidis, Applications of artificial intelligence and machine learning algorithms to 

crystallization, Chem. Rev. 122 (15) (2022) 13006–13042, https://doi.org/10.1021/acs.chemrev.2c00141.
[21] R.S.A.E. Ali, J. Meng, M.E.I. Khan, X. Jiang, Machine learning advancements in organic synthesis: a focused exploration of artificial intelligence applications in 

chemistry, Artif. Intell. Chem. 2 (1) (2024) 100049, https://doi.org/10.1016/j.aichem.2024.100049.
[22] Z. Shana, “Learning with Technology : Using Discussion Forums to Augment a Traditional- Style Class Learning with Technology : Using Discussion Forums to 

Augment a Traditional-Style Class,”, 2015. August.
[23] M.M. Roshid, M.Z. Haider, Teaching 21st-century skills in rural secondary schools: from theory to practice, Heliyon 10 (9) (2024) 100049, https://doi.org/ 

10.1016/j.heliyon.2024.e30769.
[24] A. Iyamuremye, E. Nsabayezu, J. de Dieu Kwitonda, C. Habimana, J. Mukiza, Exploring the challenges of teaching mathematics during the Fourth Industrial 

Revolution in selected Rwandan secondary schools, in: Mathematics Education in Africa: the Fourth Industrial Revolution, Springer, 2022, pp. 145–157, 
https://doi.org/10.1007/978-3-031-13927-7_9.

[25] D.B. Bizimana, J.A. Orodho, Teaching and learning resource availability and teachers’ effective classroom management and content delivery in secondary 
schools in Huye District, Rwanda, J. Educ. Pract. 5 (9) (2014).

[26] V. Nsengimana, Implementation of competence-based curriculum in Rwanda : opportunities and challenges 5 (1) (2021) 129–138.
[27] E. Byusa, E. Kampire, A.R. Mwesigye, Analysis of teaching techniques and scheme of work in teaching chemistry in Rwandan secondary schools, EURASIA J 

Math Sci Tech 16 (6) (2020), https://doi.org/10.29333/ejmste/7833.
[28] E. Byusa, E. Kampire, A.R. Mwesigye, A case study on chemistry classroom practices in the Rwandan secondary schools, Heliyon 7 (6) (2021) e07352, https:// 

doi.org/10.1016/j.heliyon.2021.e07352, 10.1016/j.heliyon.2021.e07352.

A. Iyamuremye et al.                                                                                                                                                                                                  Heliyon 10 (2024) e39356 

14 

https://data.mendeley.com/datasets/m6pbpkk3sw/1
https://doi.org/10.17632/m6pbpkk3sw
https://doi.org/10.1016/j.heliyon.2024.e39356
https://doi.org/10.1016/j.ssaho.2020.100092
https://doi.org/10.1021/ed078p1107.6
https://doi.org/10.1080/09500693.2015.1121414
https://doi.org/10.1007/s10956-005-4425-3
https://doi.org/10.1007/s10956-005-4425-3
https://doi.org/10.1039/B5RP90026C
https://doi.org/10.1007/1-4020-3613-2_8
https://doi.org/10.1007/1-4020-3613-2_8
https://doi.org/10.1002/tea.10038
https://doi.org/10.1021/ed083p804
https://doi.org/10.1039/C4RP00230J
https://doi.org/10.1039/C4RP00230J
https://doi.org/10.1021/acs.jchemed.1c01104
https://doi.org/10.21723/riaee.nesp1.v13.2018.11435
https://doi.org/10.1021/acs.jchemed.3c01184
http://refhub.elsevier.com/S2405-8440(24)15387-X/sref13
https://doi.org/10.1021/bk-2019-1318.ch003
https://doi.org/10.1002/rev3.3325
https://doi.org/10.1007/s10055-018-0345-4
https://doi.org/10.1021/acs.jchemed.9b00036
https://doi.org/10.1021/acs.jchemed.9b00036
https://doi.org/10.58197/prbl/9hk37296
https://doi.org/10.1007/s12039-021-01995-2
https://doi.org/10.1007/s12039-021-01995-2
https://doi.org/10.1021/acs.chemrev.2c00141
https://doi.org/10.1016/j.aichem.2024.100049
http://refhub.elsevier.com/S2405-8440(24)15387-X/sref22
http://refhub.elsevier.com/S2405-8440(24)15387-X/sref22
https://doi.org/10.1016/j.heliyon.2024.e30769
https://doi.org/10.1016/j.heliyon.2024.e30769
https://doi.org/10.1007/978-3-031-13927-7_9
http://refhub.elsevier.com/S2405-8440(24)15387-X/sref25
http://refhub.elsevier.com/S2405-8440(24)15387-X/sref25
http://refhub.elsevier.com/S2405-8440(24)15387-X/sref26
https://doi.org/10.29333/ejmste/7833
https://doi.org/10.1016/j.heliyon.2021.e07352
https://doi.org/10.1016/j.heliyon.2021.e07352


[29] J. Musengimana, E. Kampire, P. Ntawiha, Investigation of most commonly used instructional methods in teaching chemistry: Rwandan lower secondary 
schools, Int. J. Learn. Teach. Educ. Res. 20 (7) (2021) 241–261, https://doi.org/10.26803/ijlter.20.7.14.

[30] B. Edwin, K. Edwige, M.R. Adrian, Mastering properties of organic compounds through activity-based teaching technique, Afr. J. Educ. Stud. Math. Sci. 17 (1) 
(2021) 91–100, https://doi.org/10.4314/ajesms.v17i1.6.

[31] A. Sibomana, C. Karegeya, J. Sentongo, Effect of cooperative learning on chemistry students’ achievement in Rwandan day-upper secondary schools, Eur. J. 
Educ. Res. 10 (4) (2021) 2079–2088, https://doi.org/10.12973/eu-jer.10.4.2079.

[32] E. Byusa, E. Kampire, A.R. Mwesigye, A case study on chemistry classroom practices in the Rwandan secondary schools, Heliyon 7 (6) (2021) 100049, https:// 
doi.org/10.1016/j.heliyon.2021.e07352.

[33] A. Farheen, Affordances and Limitations of Molecular Representations in General and Organic Chemistry, University of South Florida, 2023.
[34] K. Adu-Gyamfi, I.A. Asaki, Teachers’ conceptual difficulties in teaching senior high school organic chemistry, Contemp. Math. Sci. Educ. 3 (2) (2022) ep22019, 

https://doi.org/10.30935/conmaths/12382.
[35] D.K. Smith, Priority and selectivity rules to help students predict organic reaction mechanisms, J. Chem. Educ. 100 (3) (2023) 1164–1178, https://doi.org/ 

10.1021/acs.jchemed.2c00950.
[36] H. Musa and A.D. Onu, “Assessment of Difficult Chemistry Concepts Among Teachers and Students in Colleges of Education in North West, Nigeria”. https:// 

www.doi.org/10.5281/zenodo.11074008.
[37] E. Nsabayezu, et al., Impact of computer-based simulations on students’ learning of organic chemistry in the selected secondary schools of Gicumbi District in 

Rwanda, Educ. Inf. Technol. 28 (3) (2023) 3537–3555, https://doi.org/10.1007/s10639-022-11344-6.
[38] G. Abyzbekova, Z. Zholdasbayeva, A. Tapalova, S. Yespenbetova, G. Balykbayeva, K. Arynova, The effectiveness of the competence approach in the training of 

chemistry teachers, J. Chem. Educ. 100 (9) (2023) 3484–3493, https://doi.org/10.1021/acs.jchemed.3c00496.
[39] S.M. King, Approaches to promoting student engagement in organic chemistry before, during, and after the COVID-19 pandemic: insights and reflections, 

J. Chem. Educ. 100 (1) (2022) 243–250, https://doi.org/10.1021/acs.jchemed.2c00862.
[40] J.N. da Silva Júnior, A.J. Melo Leite Junior, F.S.O. Alexandre, A.J. Monteiro, K.B. Vega, A. Basso, Design, implementation, and evaluation of a web-based board 

game for aiding students’ review of the resonance of organic compounds, J. Chem. Educ. (2024), https://doi.org/10.1021/acs.jchemed.3c00842.
[41] D.G. Giday, E. Perumal, Students’ perception of attending online learning sessions post-pandemic, Soc. Sci. Humanit. Open 9 (2024) 100755, https://doi.org/ 

10.1016/j.ssaho.2023.100755.
[42] A.K. Gupta, V. Aggarwal, V. Sharma, M. Naved, Framework to integrate education 4.0 to enhance the E-learning model for industry 4.0 and society 5.0, in: The 

Role of Sustainability and Artificial Intelligence in Education Improvement, Chapman and Hall/CRC, 2024, pp. 151–167.
[43] S.I. De Freitas, J. Morgan, D. Gibson, Will MOOCs transform learning and teaching in higher education? Engagement and course retention in online learning 

provision, Br. J. Educ. Technol. 46 (3) (2015) 455–471, https://doi.org/10.1111/bjet.12268.
[44] A. Iyamuremye, J. Mukiza, E. Nsabayezu, F. Ukobizaba, K. Ndihokubwayo, Web-based discussions in teaching and learning: secondary school teachers’ and 

students’ perception and potentiality to enhance students’ performance in organic chemistry, Educ. Inf. Technol. (September, 2021), https://doi.org/10.1007/ 
s10639-021-10725-7.

[45] S.A. Aderibigbe, Online discussions as an intervention for strengthening students’ engagement in general education, J. Open Innov. Technol. Mark. Complex. 6 
(4) (2020) 98, https://doi.org/10.3390/joitmc6040098.

[46] J. Hermanns, B. Schmidt, I. Glowinski, D. Keller, Online teaching in the course ‘organic chemistry’ for nonmajor chemistry students: from necessity to 
opportunity, J. Chem. Educ. 97 (9) (2020) 3140–3146, https://doi.org/10.1021/acs.jchemed.0c00658.

[47] G.A. Lawrie, et al., Development of scaffolded online modules to support self-regulated learning in chemistry concepts, in: Technology and Assessment 
Strategies for Improving Student Learning in Chemistry, ACS Publications, 2016, pp. 1–21, https://doi.org/10.1021/bk-2016-1235.ch001.

[48] E. Nsabayezu, A. Iyamuremye, J.D. Kwitonda, A. Mbonyiryivuze, Teachers ’ perceptions towards the utilization of WhatsApp in supporting teaching and 
learning of chemistry during COVID-19 pandemic in Rwandan secondary schools 16 (2) (2020), https://doi.org/10.4314/ajesms.v16i2.6.

[49] N.A. Omilani, The effect of supplementing conventional instruction with Facebook on the achievement of pre-service integrated science teachers in organic 
chemistry in, abeokuta, ogun state, Open J. Educ. Res. (2021) 40–48, https://doi.org/10.31586/ojer.2021.71.

[50] A. Iyamuremye, J. Mukiza, E. Nsabayezu, J. de Dieu Kwitonda, C. Habimana, Exploration of students’ social presence in web-based discussion for conceptual 
learning of organic chemistry, J. Sci. Educ. Technol. 32 (1) (2023) 111–126, https://doi.org/10.1007/s10956-022-09997-6.

[51] E. Donlon, Student response systems in initial teacher education: a scoping review of web-based applications, Palgrave Handb. Teach. Educ. Res. (2023) 
385–407, https://doi.org/10.1007/978-3-031-16193-3_82.

[52] S. Prestridge, Categorising teachers’ use of social media for their professional learning: a self-generating professional learning paradigm, Comput. Educ. 129 
(2019) 143–158, https://doi.org/10.1016/j.compedu.2018.11.003.
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