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Teaching Organic Chemistry has always been viewed as difficult to teach, where learners are 

frequently repelled by the topic's high level of complexity, which appears to discriminate against 

the subject.  Over the years, changes have been made from textbook-driven curriculum to activity-

based learning for continuing meaningful learning provided in the Organic Chemistry classroom. 

This study aims to map the literature on teaching and learning strategies of Organic Reaction 

Mechanism (ORM) to be incorporated into a proposed module (ORM Module) between the year 

2012 up to 2021. A computer-assisted literature search using Scopus, Google Scholar, EBSCOhost, 

and ProQuest was performed. Additionally, Arksey and O'Malley's (2005) five-stage framework 

guided the scoping review approach.  The data extracted were respected to study characteristics, 

inclusion, and exclusion criteria of “organic reaction mechanisms” OR “mechanisms of reactions” 

keywords. Out of 784 records found in four databases, only 55 were suitable for full-text review, 

and 17 studies were finally included. Five key strategies for teaching ORM were identified: 

electron-pushing formalism (EPF), patterns of reactivity, technology integration, problem-solving, 

and self-regulated learning (SRL), along with six related teaching and learning activities. The 

findings of this study can be utilised for future development of the ORM Module. Further studies 

are recommended to investigate the interconnectedness of Organic Chemistry and other research 

areas.  
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I. INTRODUCTION 
 
The content-laden curriculum of Organic Chemistry turns 

the students to experience a tough and challenging learning 

process. The students' population enrolled in Organic 

Chemistry either from high school, pre-university, or 

undergraduate need to be served by effective teaching 

strategies. Therefore, the pedagogical issue on teaching 

Organic Chemistry should be concerned. Regarding that 

matter, changes have occurred from textbook-driven, which 

is always considered traditional learning to become activity-

based learning. However, one such issue in Organic 

Chemistry that plays a lot of controversy among teachers 

and learners, especially for the novice, is the volume of 

reaction mechanisms, which is difficult for students to learn 

meaningfully.  

Historically, the fundamental mechanism and reactivity of 

organic chemistry were established initially by Ingold in 

1926, when he interpreted the results in terms of electron 

movements, making extensive use of curly arrows, which 

Kermack and Robinson had introduced in 1922. Hence, a 

language for mechanistic studies eventually became 

acceptable in early 1930, whereas the first edition book 

entitled “Structure and Mechanism in Organic Chemistry” 

was released (Ridd, 2008). Moreover, since Morrison and 

Boyd published their revolutionary text in 1959, teaching 

organic chemistry using mechanisms has become 

widespread (Otter, 2020). 
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Clearly, more studies of this nature have evolved since the 

forgotten history. Nevertheless, reaction mechanisms are 

foundational to the study of Organic Chemistry to 

understand why certain reactions occur and how they occur. 

Unfortunately, students seem to separate the reactions and 

mechanisms as two isolated phenomena, making it harder 

for them to learn yet frequently being provided with 

conceptual challenges (Evans, 2016; Otter, 2020). Even 

good students in general chemistry face difficulties in 

applying the knowledge to new contexts of the Organic 

Chemistry course, especially for reaction mechanisms. 

Nevertheless, Organic Chemistry educators have also 

reported the complexity of the reaction mechanism concept 

(Duis, 2011; O ’Dwyer & Childs, 2017). 

In many cases, Organic Chemistry is taught through 

memorisation of reactions without providing an adequate 

understanding of reaction mechanisms. This approach may 

lead to a lack of conceptual understanding, making it 

difficult for students to apply their knowledge in novel 

situations (Grove & Lowery Bretz, 2012; Anzovino & Lowery 

Bretz, 2015; Dood & Watts, 2022). In a traditional classroom, 

the teacher generally discusses microscopically the stages of 

reaction mechanisms, followed by symbolic representation 

through a schematic reaction diagram. However, this chalk-

and-talk method lacks the ability to visualise the exact 

events that occur during the reaction mechanisms 

(Shariman & Talib, 2017). 

Lack of clarity and structure in the presentation of organic 

reaction mechanisms may lead students to struggle to 

understand the mechanisms involved in chemical reactions 

(Cruz-Ramírez De Arellano & Towns, 2014; Webber & Flynn, 

2018). Therefore, presenting the material clearly and 

structured, with visual aids and step-by-step explanations, 

can help students better understand the concepts and 

mechanisms involved. According to  Crandell et al.’s (2020) 

study, it is evident that repetition in watching the 

mechanistic arrow and reading the supporting reasoning is 

the only method to determine the students’ coherent 

knowledge about reaction mechanisms. Students should be 

given a deeper understanding of the purpose of reaction 

mechanisms rather than thinking of those reactions as 

unrelated facts that they have to memorise for the exam.  

Hence, this article intends to map the teaching and 

learning strategies implemented in the proposed module, 

which solely focuses on the organic reaction mechanism 

(ORM). This work also highlights the appropriate activities 

for teaching and learning ORM effectively. Introducing 

students to active strategies has been shown to be more 

effective in encouraging students to learn meaningfully 

(Shariman & Talib, 2017; Bhattacharyya, 2019; Lieber & 

Graulich, 2020; Schweiker, Griggs & Levonis, 2020).  

 
1. Scoping Review 

 
Scoping review is a comparably new approach to evidence 

synthesis. Since 2005, the scoping review has flourished 

substantially in identifying, analysing, and reporting on 

evidence, especially in the health area (Arksey & O’Malley, 

2005). Scoping reviews, as opposed to typical systematic 

literature reviews, can be utilised to determine knowledge 

gaps, scope a literature body, answer various sorts of queries 

for systematic reviews, and map relevant material in a topic 

of interest (Tricco et al., 2018; Khalil et al., 2019, 2021; 

Munn et al., 2019). Therefore, scoping reviews have 

sometimes been referred to as 'mapping' reviews (Arksey 

and O’Malley, 2005; Anderson et al., 2008). Lately, scoping 

reviews have begun to incorporate features of systematic 

review, for instance, a priori protocol and a comprehensive 

search, into their conduct and report rigorously (Tricco et al., 

2018; Khalil et al., 2019, 2021; Munn et al., 2019).  

Moreover, Arksey and O’Malley (2005) presented the first 

scoping review framework by detailing the purpose and 

methodology steps as guidance to researchers. With respect 

to  Arksey and O’Malleys’ framework, other researchers 

contributed for further recommendations related to the 

method. For each phase of Arksey and O'Malleys' framework, 

Levac, Colquhoun and O’Brien (2010) and Daudt et al. (2013) 

provided more methodological clarity and specifics. 

Consider the repercussions of the scoping review's outcomes 

within the wider study, policy, and practice context, as Levac, 

Colquhoun and O’Brien (2010) advocated in giving 

significance to the findings. They are putting together a team 

with the necessary content and methodological experience.  

Meanwhile, Daudt et al. (2013) advocate researchers to 

assemble a small suitable team to perform the task as well as 

to consider the benefits of a team like this, in which each 
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member's abilities, for instance, depth and breadth of 

expertise, contribute to the investigation and save time.  

According to Arksey and O’Malley (2005), the scoping 

reviews concentrate on four possible motivations for 

scholars to conduct such a review. The reasonings are (1) to 

assess the scope and character of research activity on a 

certain subject or area; (2) to determine if a systematic 

review is required; (3) to summarise and distribute research 

findings; and (4) to identify prospective research gaps in the 

current literature. Nonetheless, Arksey and O’Malley 

suggested those four purposes in two different roles of 

scoping study; firstly, the scoping review may be conducted 

as an ongoing process of reviewing by aiming to produce a 

full systematic review, and secondly, the study may serve as 

a stand-alone initiative (Arksey & O’Malley, 2005; Peterson 

et al., 2017). 

 
II. METHODOLOGY 

 
The methodology of this scoping review study was guided 

according to the five-stage framework by Arksey and 

O’Malley (2005) were among the first researchers to provide 

a framework for clarifying the utility and techniques of a 

scoping study.  This scoping review approach is taken in the 

article for considering the findings of the study and drawing 

conclusions from the existing literature regarding studies 

related to teaching and learning of Organic Reaction 

Mechanism (ORM). Accordingly, the five stages of Arksey 

and O’Malley's framework comprise; (1) defining the 

research question, (2) locating relevant studies, (3) study 

selection, (4) charting the data, and (5) collecting, summing 

and reporting the findings.     

A. Step 1: Identify the Research Question 
 
This study aims at mapping the literature on teaching and 

learning strategies of ORM to be incorporated into the ORM 

Module. The primary question of the scoping review is “How 

did teaching and learning strategies of ORM were 

implemented in previous studies?’. The question is 

subdivided into two sub-research questions: (i) ‘What are 

the suitable teaching and learning strategies of ORM for pre-

university chemistry?’; (ii) ‘What are the appropriate 

teaching and learning activities of ORM for pre-university 

chemistry?’. 

 
B. Step 2: Identifying Relevant Studies 

 
In this study, the search terms or keywords were chosen to 

capture literature related to organic reaction mechanisms at 

the students’ level. Hence, four academic electronic 

databases were searched for the identified keywords and 

controlled vocabulary terms. The identified keywords 

contained organic reaction mechanisms and mechanisms of 

reactions. These terms were paired with the words of the 

target population of this study that were students and pupils. 

This is regarding Arksey and O’Malleys’ suggestion that a 

broad definition of keywords is used for search queries in 

order to obtain a "broad coverage" of existing literature 

(Arksey & O’Malley, 2005). The advanced search techniques 

with Boolean, wildcards, and truncations, which are 

conceivably relevant to study, were also practiced to limit, 

widen and combine the literature search results. The specific 

search queries used were different for each database 

according to the limitation (refer to Table 1).  

Table 1. Specific search queries, all databases 
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The databases decided were included Scopus, Google 

Scholar, EBSCOhost, and ProQuest since, with a 

comprehensive methodology, these four databases would be 

adequate to address the research questions (Arora et al., 

2021). Scopus is one of the world's largest multidisciplinary 

databases, containing research undertaken in a variety of 

fields. Google Scholar, on the other hand, is a useful tool for 

scholars seeing as it is free to use, seems to catalogue a large 

number of scholarly publications, and permits citations to 

be exported separately (Haddaway et al., 2015). Meanwhile, 

EBSCOhost and ProQuest are the most prominent database 

providers available in many academic libraries, whereas the 

two are often used to pursue research and information 

seeking. The time period of this study was limited to ten 

years, from 2012 to 2021. Table 2 lists all of the criteria for 

inclusion and exclusion. 

 

Table 2. Inclusion and exclusion criteria 

 

C. Step 3: Study Selection 
 
The search results identified 784 articles after using the key 

search descriptors. The number of articles obtained in 

Scopus, Google Scholar, EBSCOhost, and ProQuest 

databases was 82, 559, 74, and 69, respectively. All articles 

were imported into a free web-based tool, namely Mendeley, 

to identify and remove the duplicate articles from the four 

databases selected. The identified article then proceeded to 

the screening process against the inclusion criteria. A review 

of the titles, abstracts, and keywords indicated a large 

number of papers that were unrelated to the population of 

interest, notably those connected to applied chemistry 

contexts utilising the organic mechanism reaction. Complete 

text versions of the 55 publications were collected and 

evaluated, as recommended by Arksey and O’Malley (2005), 

in order to make a final judgment on whether the 

investigation should be included in the review. By the 

guidance of inclusion and exclusion criteria, 17 articles that 

were the most relevant to the research question were 

identified, and several studies were excluded throughout the 

study selection process (Refer Figure 1).  

 

Figure 1. Total final selected of 17 articles 

 
As indicated in Figure 2, the entire article selection 

procedure was guided by the Preferred Reporting of Items 

for Systematic Reviews and MetaAnalyses (PRISMA) 2020 

Statement (Page et al., 2021).  

 
D. Step 4: Charting the Data 

 
The charting of the final included articles is the fourth stage 

of Arksey and O'Malley's (2005) framework. The author, 

location, study participant and study design, activities, and 

strategies in ORM teaching and learning, and notes from 

each publication were presented in tabular form. The 

appropriateness of the charting form was debated with co-

authors, and the chart data was checked by the second 

author. Table 3 outlines the investigations that were selected. 
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E. Step 5: Collating, Summarising, and Reporting the 
Results 

 
Summarising and reporting findings is the fifth phase in 

Arksey and O'Malley's (2005) scoping review framework.  

The results were summarised according to the research 

questions and analysed using descriptive quantitative and 

qualitative thematic analyses. 

 

Figure 2. Flow diagram of the search strategy 

 

Table 3. Summary of included studies (n=17) 
 Author/ Location Study design/ Study 

participants 
Strategies Activities 

1) (O’Brien-Tomory, 
2016) 
 
United States 

Mixed-method 
 
21 high school students 
who took introductory 
chemistry courses for 
school nursing students 
 

1) Online tutorials 
2) Self-Directed Learning 

(SDL) 

1) Lecture tutorial screencasts utilised the PowerPoints that 
accompanied the textbook with audio and written 
annotations to coincide 
2) Review, screencasts designed to help students prepare for 
the upcoming exam 
 

                              
2) 

(Bhattacharyya & 
Harris, 2018) 
 
United States 

Qualitative  
 
14 students who took 
Organic II at a 
university in the 
Midwest of the United 
States 

1) An electron-pushing 
mechanism sample 
diagram 
(verbal → diagram tasks) 
2)Mapping techniques 
and  
Geometric figures 
 

1) The curved arrows' descriptions 
(a) The nucleophiles' specific atom(s) and/or electron 
source, bonding or nonbonding pair, were specifically 
identified, as were the electrophiles' equivalent positions. 
(b) The phrases had a      nucleophile → active voice action 
verb → electrophile syntax with the nucleophile and 
electrophile serving as the subject and object, accordingly. 

3) (Bodé & Flynn, 
2016) 
 
Canada 

Qualitative  
 
700 second-year 
undergraduate 
students. 

Problem-solving 
strategies  
 

1) The target molecule's newly generated bonds were 
detected  
2) The target is formed by adding identified atoms to the 
starting molecule 
3) Key regiochemical connections were discovered 
4) The atoms from the starting material were mapped onto 
the target 
5) A retrosynthetic analysis, either partial or total, was used  
 

4) (Bongers, 
Northoff & Flynn, 
2019) 
 
Canada 

Qualitative 
 
7 undergraduate 
students. 

Animated  learning 
(Organic  Chemware®) 

Mental model in use: 
1)Static – reasoning that is not based on a process 
2) Static – a heuristic or symbolic pattern 
3) Dynamic Process – a mechanism's connection between 
electrons and bonds 
4) Dynamic Particles in Motion – pondering the mobility of 
molecules 
 

5) (Cruz-Ramírez De 
Arellano & Towns, 
2014) 
 
United States 

Qualitative  
 
22 undergraduate 
students who registered 
in a three-credit non-
majors organic 

Toulmin's argumentation 
paradigm 
 

1) Determining if a substance is a base and/or a nucleophile 
2) Determining a substance's basic or nucleophilic strength 
3) Detailing the electron movement of the stages that occur 
during alkyl halide reaction mechanisms with accuracy 
4) Determining the feasibility of their hypothesised reactive 
intermediates and covalent bond breakdown 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Records identified from*: 
Databases: total=784 
i) Scopus (n = 82 ) 
ii) Google scholar (n = 559) 
iii) EBSCOhost (n = 74) 
iv) ProQuest (n = 69) 

Records removed before screening: 
Duplicate records removed   
(n = 29) 

Records screened 
(n = 755 ) 

Records excluded: 
Reason 1: irrelevant (n = 390) 
Reason 2: not population of interest  
(n = 289 ) 

Reports sought for retrieval 
(n = 76) 

Reports not retrieved 
(n = 21) 

Reports assessed for eligibility 
(n = 55) Reports excluded: 

Reason 1: not related (n = 10) 
Reason 2: not intervention (n = 5) 

Studies included in review 
(n =32 ) 
Reports of included studies 
(n = 17) 

Identification of studies via databases and registers 
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chemistry course  5) Discussion in small groups 
 

6) (Caspari & 
Graulich, 2019) 
 
Germany 

Qualitative  
 
20 undergraduate 
chemistry and food 
chemistry majors 
 

Problem-solving  
(Scaffolding) 
 
 

1) Multivariate comparative mechanistic reasoning 
(stepwise reasoning) 
2) Think aloud 

7) (Crandell et al., 
2018) 
 
United States 

Mixed-method 
 
301 general-chemistry 
and organic chemistry 
courses students 
 

1) Mechanistic reasoning 
of an acid-base reaction 
2) Mechanistic arrow 

1) Online homework 
2) Explain the polarity and electron transport using Lewis 
acid-base informal reasoning 

8) (Dood, 2020) 
 
United States 

Quantitative  
 
420 second-year 
organic chemistry 
courses students 

Adaptive learning 
through Online tutorials 
(automated scoring) 

1) Splitting up the instruction into manageable pieces 
2) After each instructional unit, provide learners with 
multiple evaluation items 
3) Quick "try-again" feedback, pushing learners to revisit 
wrong replies and reassess their solutions until they obtain 
the suitable answer 
 

9) (Flynn & Ogilvie, 
2015) 
 
Canada 

Review Patterns of reactivity 1) Lewis structures, line structures, formal charge, and 
molecular orbital theory are all drawn 
 i. Provided the initial materials and curved arrows, sketch 
the results of a reaction 
ii. Provided the basic materials and goods, insert curved 
arrows 
iii. Provided the starting materials, sketched the curved 
arrows, and anticipated the results of a new reaction 
2) In the new curriculum, the reactions are reorganised: π 
Electrophiles, π Nucleophiles, E1, E2, SN1, and SN2, Enols 
and Enolates as π Nucleophiles, and π Electrophiles with a 
Leaving Group  
 

10) (Lieber & 
Graulich, 2020) 
 
Germany 

Qualitative 
 
29 students who were 
enrolled in a third-year 
organic chemistry 
course 

Problem-solving 
approach 
(chemical concept of 
electrophilicity and 
nucleophilicity) 
 

1) Requested to guess the outcome of a simple and familiar 
reaction. 
2) Pupils were given five alternative product cards and 
asked to rate the plausibility and alternative molecular 
paths that led to these items 

11) (Moozeh et al., 
2020) 
 
Canada 

Quantitative  
 
127  undergraduate 
chemistry laboratory 
course 
 
 

Web-based  
application 

1) A video module that uses embedded movies to deliver 
information and concepts 
2) A virtual laboratory module for doing experiments 
3) A reaction mechanism module to practice sketching 
reaction mechanisms 
4) A module for formative assessment with questions and 
explanatory feedback 
 

12) (O’Sullivan & 
Hargaden, 2014) 
 
Ireland 

Quantitative 
 
70 first-year pharmacy 
students 

Online Tutorials with  
Automated Correction 
(MarvinSketch & LMS) 
 

1) Open-access question bank 
2) Individual assignments. 

13) (Sabitu et al., 
2021) 
 
Malaysia 

Qualitative  
 
5 experts lecturers who 
are specialists and 
professionals in 
chemistry education 
 

1) Arrow pushing 
Formalism  
2) Visualisation of the 
microscopic process 
(animation and video) 
3) Cooperative and 
collaborative approach 
 

1) Group learning task (assignment) 
2) Teaching language symbolism before reaction 
3) Mechanistic reasoning 
4) Utilise Johnstone’s Triangle as the framework 

14) (Webber & Flynn, 
2018) 
 
Canada 

Qualitative  
 
11 undergraduate 
students 

1) Interactive problem-
solving (solving familiar 
and unfamiliar questions) 
2) Flipped format 
 

1) Identified Dipoles and Charges. 
2) Expanding Mapping   

15) (Wilson & Varma-
Nelson, 2019) 
 
United States 

Mixed-method   
 
64 first-semester 
organic chemistry 
students 

1)Mechanistic problem-
solving process (EPF) 
2) Self-enrolled in Cyber 
peer-led team learning 
(cPLTL) and online peer-
led team learning (PLTL)  
 

1) Workshop-based (peer leader) 
2) Instrumental learning  
3) Relational learning 

16) (Winter et al., 
2020) 
 
United States 

Quantitative 
 
 

1) Mechanism Apps 
(a smart phone's touch 
screen interface) 
2) Discovery-based 
learning 

1) Guidelines on how to play 
2) Each section's puzzles (Essentials, Substitution, and 
Elimination Reactions, Oxygen-containing Functional 
Groups, and Pi systems) 
3) Scaffolding Features (provide a goal, hint, video, and 
immediate formative feedback) 
 

17) (Zurcher et al., 
2016) 
 
United States 

Qualitative  
 
201 first semester 
undergraduate 
students 

1) E-homework platform 
2) Feedback driven 
3)Sapling Learning 
System 

1) Questions on organic chemistry that are open-ended 
2) By modifying past test problems, mechanistic and 
structural drawing capabilities 
3) Teaching team 
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III. RESULT AND DISCUSSION 
 

A. Study Characteristics  
 
The study yielded 17 articles from five countries. The 

countries involved in this scoping review were the United 

States (n=8), Canada (n=5), Germany (n=2), Ireland (n=1), 

and Malaysia (n=1), as shown in Figure 3. The United States 

has been the most productive country in the number of 

publications. Plus, it was notable that the literature 

presented was only from continents of North America, 

Europe, and Asia. Meanwhile, the study designs were 

monopolised by qualitative study (n=9), followed by 

quantitative(n=4), mixed-method (n=3), and review paper 

(n=1). The study designs summary can be seen in Figure 4. 

The participants of this study were high school and 

undergraduate students taking organic chemistry courses. 

Experts who are lecturers in Organic Chemistry were also 

selected as participants because the content of the article 

meets the inclusion criteria of the study. 

 

 
Figure 3. Country of origin of the studies 

 

 

Figure 4. Study designs of the 17 selected articles 

 
B. Literature Search 

 
The database search had identified 784 records in total 

including Scopus (n=82), Google Scholar (n=559), 

EBSCOhost (n=74) and ProQuest (n=69). Figure 1 presented 

that 29 duplicate records were removed, which left 755 

records to be screened. Due to irrelevant articles and such a 

population were not included in the interest of the study, 

679 records were excluded. From 76 records left for retrieval, 

only 55 records were managed to assess for eligibility of full-

text assessment. In the final screening process, 11 

publications were deleted based on the exclusion and 

inclusion criteria, but 32 publications were included or 

reviewed.  Finally, in agreement with other authors, 17 

articles were identified to be analysed and reported in this 

study.    

 
C. Qualitative Thematic Analysis 

 
1. Teaching and learning strategies of ORM  

 
Five key strategies for teaching and learning Organic 

Reaction Mechanism (ORM) were identified from the 17 

selected articles (see Figure 5); (1) Electron Pushing 

Formalism (EPF); (2) Patterns of reactivity; (3) Technology 

Integration (4) Problem-solving; and (5) Self-regulated 

Learning (SRL). Through the scoping review, various 

methods of teaching and learning ORM have been found in 

different settings, study design, participants, and outcomes. 

However, the selected teaching and learning strategies will 

be further investigated, considering those in the study scope 

and suitable for implementation in the ORM module. 

 

 
Figure 5. Five key strategies for teaching and learning ORM 

 
The most frequent key method in teaching and learning 

ORM presented in previous studies is EPF, also known as 

Electron-pushing Arrow or Arrow-pushing Formalism. For 

example, 12 out of 17 articles had mentioned EPF as an 

arrow to depict the movement of electrons during chemical 

reactions (Flynn & Ogilvie, 2015; Bhattacharyya & Harris, 

2018; Crandell et al., 2018; Webber & Flynn, 2018; Bongers, 
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Northoff & Flynn, 2019; Sabitu et al., 2021). In Webber and 

Flynn (2018), they found that EPF is a useful tool for 

students in solving ORM problems, whereas they can 

determine plausible steps through EPF successfully. As 

Johnstone (2010) proposed in his Triangle Model for 

understanding chemistry content, students must be able to 

connect the three levels of representation which are 

macroscopic, submicroscopic, and symbolic. Hence, 

implementing EPF will help students in understanding 

language symbolism and mechanistic reasoning without 

fully depending on rote memorisation. However, learning 

the symbols seems like learning a foreign language for a 

novice (Talanquer, 2011; Taber, 2013). Therefore, the EPF, 

which is in the symbolism system, could be used to connect 

and communicate to the submicroscopic representation of 

electron movement in an organic reaction (Galloway, 

Stoyanovich & Flynn, 2017).  

Alternatively, Flynn and Ogilvie (2015) have developed a 

pattern of mechanisms that totally differ from the functional 

group approach implemented in the entire organic 

chemistry curriculum from all over the world. Since 2011, 

the University of Ottawa has taught organic chemistry by 

emphasising mechanistic patterns. As Flynn and Ogilvie 

defined in their previous study, the mechanistic technique is 

quicker to comprehend and gives a more thorough 

understanding of chemical reactivity. Certainly, the goal of 

this approach is to help students identify and predict the 

mechanism patterns of organic reactions rather than 

memorise them. This strategy was also focused on the use of 

the EPF method. However, interestingly, the concept of 

mechanism as well as EPF will be taught before students 

learn any reaction. Hence, students are able to think 

mechanistically and can develop their EPF skills before they 

meet the chemical reactions. 

The key method of ‘technology integration’ has been used 

in various terms among those selected papers whereby the 

integration is expected to assist students’ learning process. 

Basically, technology may be divided into three categories: 

instructional preparation, instructional delivery, and 

technology as a learning aid (Inan & Lowther, 2010). Twelve 

papers had discussed technology integration into ORM 

learning. Throughout the papers, the frequently found terms 

regarding technology integration were online assessment, 

animated video, and web-based application. In classrooms, 

the integration of technology as a method for teaching ORM 

was reported as undoubtedly positive. In addition, 21st-

century students can access technology comfortably as these 

generations are digital natives who have grown up with 

advanced technology. Moreover, Dood et al. (2020) stated 

that online systems would perform better on assessments as 

compared to the textbook, which provides a positive impact 

on students’ mastery of the subject studied. Meanwhile, an 

animated video seem recommended by most authors 

because, through visualisation, the curve arrow in 

mechanism reaction shows the dynamic changes to how 

electrons and bonds are represented, yet the video can be 

viewed repeatedly at any time to point outs the correct steps 

of mechanisms (O’Brien-Tomory, 2016; Bongers, Northoff 

and Flynn, 2019; Winter et al., 2019; Sabitu et al., 2021). 

Furthermore, 11 from 17 studies had discussed automatic 

feedback or automated scoring as effective tools in 

supporting students’ learning. By preparing automatic 

electronic feedback, students can use their level information 

to guide the learning in order to reach the depth explanation 

of the lesson. Also, Zurcher et al. (2016) stated that effective 

feedback is triggered by advising pupils on how to amend a 

faulty response. 

Problem-solving is defined as a cognitive process that 

focuses on achieving an objective to reach the desired goal, 

which the students do not know the solution technique 

(Mayer, 1992, 2003; Mayer & Wittrock, 2006). Besides, nine 

out of 17 studies did mention problem-solving in Organic 

Chemistry. Meanwhile, two of the nine had initiated the 

term of mechanistic problem-solving. Likewise, Webber and 

Flynn (2018) reported in their study on solving students’ 

unfamiliar and familiar organic chemistry questions through 

interactive problem-solving activities. For the reaction 

mechanism that had been clearly explained, a familiar 

question was defined. In contrast, an uncommon question 

was posed for a reaction mechanism that had not been 

specifically established. Even yet, the pupils were able to 

address it by combining a number of previously acquired 

mechanistic steps (Webber & Flynn, 2018). Moreover, 

Lieber and Graulich (2020) summarised that the problem-

solving approach could help students apply chemical 

concepts and principles to make a judgment about the 
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plausibility of reaction mechanisms. Thus, the problem-

solving approach tends to challenge the Organic Chemistry 

students to shift from rote learning to meaningful learning 

yet practice problem-solving to predict the product of 

reactions (Wilson & Varma-Nelson, 2019; Lieber & Graulich, 

2020).  

Self-Regulated Learning (SRL) is a practical process which 

the learners are setting goals before they start the learning 

and probe to regulate even manage their cognitive, 

metacognitive, motivation, and learning preferences by their 

own learning regarding those goals’ context (Ramdass & 

Zimmerman, 2013; Olakanmi & Gumbo, 2017; Alvi, 2020). 

Only two papers from the selected studies had stated the 

term SRL. Additionally, Dood (2020) recommended SRL as 

additional instruction in learning for preparing successful 

students without depending on memorisation. Meanwhile, 

O’Brien-Tomory (2016) has utilised online tutorials and 

lecture videos in which those approaches tend to be more 

self-directed learning (SDL). SDL will enhance students to 

become independent in control over their learning processes 

at their own pace (O’Brien-Tomory, 2016). However, this 

study is preferably discussing SRL rather than SDL due to 

several criteria and differences that better meet the study. In 

fact, previous literature had been discussed widely on the 

terminology of SRL that is regularly connected to SDL even 

termed both as the same concept (Loyens, Magda & Rikers, 

2008; Saks & Leijen, 2014). Indubitably, both SRL and SDL 

include goal-directed and active engagement activity, but 

they vary in terms of whether the notion arises. Furthermore, 

SRL, which is an umbrella phrase encompassing a variety of 

processes, is derived from educational and cognitive 

psychology, whereas the study is mostly utilised in the 

school environment (Loyens, Magda & Rikers, 2008; Saks & 

Leijen, 2014; Linkous, 2021).  

 
2. Teaching and learning activities of ORM  

 
Based on the previous findings for strategies in teaching and 

learning ORM (Figure 6), there are six relevant activities 

that seem enticing for ORM module’s development. The 

activities are; (1) students’ goal, (2) a video module to 

introduce the ORM and information concepts, (3) 

mechanistic approach contents, (4) group activities, (5) 

formative assessment with scaffolding and automatic 

scoring, and (6) reflection on students’ own learning. 

 

Figure  6. The emerging themes for teaching and learning activities of ORM 
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The activities of the ORM module start by determining the 

students’ goals and end by writing a reflection. As Ramdass 

and Zimmerman (2013) defined, SRL is an active process 

when students learn preferences in the context of goals and 

motivation, regulate or control their cognition, and attempt 

to monitor and set goals for their learning. Setting a goal 

before learning will help students stay engaged in their 

learning by providing them with a clear sense of purpose 

and direction (Schmitz, Klug & Schmidt, 2017). Students can 

analyse their progress in achieving their goals to pinpoint 

the areas where they are succeeding and those where they 

require further improvement (Winne & Perry, 2000; 

Schmitz, Klug & Schmidt, 2017; Teng & Zhang, 2018). 

Through reflection, learners can identify their strengths and 

weaknesses, set new goals, and make informed decisions 

about approaching future learning tasks. Students will do a 

reflection on their own learning. Throughout the activity, 

students are to make self-reflection after the learning 

process, which is influenced by their reactions to that 

experience. This is due to the fact that people tend to pursue 

the action from the result for satisfaction and positive effect, 

otherwise avoiding any courses that give dissatisfaction and 

negative affect (Bandura, 1991; Zimmerman, 2000). This 

insight allows them to modify their learning techniques and 

adapt their approach accordingly. Winarti et al. (2022) 

revealed that the utilisation of SRL strategies enabled 

students to solve the problem independently by allowing 

them to monitor and rectify their own learning process. 

Providing a video module to present the information about 

ORM concepts could be a very effective way to help students 

understand and retain the material. Videos can provide a 

more engaging and interactive learning experience than 

traditional lecture-based teaching methods, allowing 

students to visualise the reactions and mechanisms as they 

occur (Kazanidis et al., 2018; Stewart & Dake, 2019). 

According to a study conducted by Gupta and Nikles (2019), 

the use of videos that demonstrate the process of an electron 

pushing arrow through step-by-step movements and 

accompanying descriptions can enhance students’ 

comprehension of the mechanism. In the meantime, Fautch 

(2015) concluded that incorporating videos into their flipped 

classroom increased the students’ ease of problem-solving.  

As per Schmitt and Schween (2018), having a mechanistic 

approach is a crucial skill when it comes to problem-solving 

in the field of Organic Chemistry. Essentially, a mechanistic 

approach is universal, simpler to comprehend, and offers a 

superior means of thoroughly comprehending chemical 

reactivity since it drives the product (Flynn & Ogilvie, 2015; 

Caspari et al., 2017). The traditional Organic Chemistry 

textbooks are typically structured by functional group, which 

involves grouping organic compounds according to their 

chemical properties and reaction behaviours. Hence, instead 

of categorising Organic Chemistry based on functional 

groups, the mechanistic approach organises it based on its 

mechanisms (Chaloner, 2015).  

Developing an effective organic reaction mechanisms 

module for Malaysian pre-university students requires 

addressing potential gaps, such as unclear presentation of 

material and insufficient focus on problem-solving. By 

implementing the mechanistic approach, the next step will 

be taken to prepare and divide the ORM concepts into five 

parts; (i) Part A: Nucleophilicity and electrophilicity & acid-

base concept (ii) Part B: Simple additions to π electrophiles 

and π nucleophiles (iii) Part C: σ electrophiles (E1, E2, SN1 & 

SN2) (iv) Part D: aromatic π nucleophiles with electrophiles. 

The module begins with the basics of Organic Chemistry, 

such as determining reagents as electrophiles or 

nucleophiles, identifying reactants as Lewis acidic or basic 

sites, and the concepts of electron movement in chemical 

reactions before moving on to the more complex concept of 

reaction mechanisms. Flynn and Ogilvie (2015) presented a 

revised sequence for the Organic Chemistry curriculum, 

which promotes students’ familiarity with the subject matter. 

The reactions were organised into different categories based 

on their similar mechanisms: acid-base, π electrophiles, π 

nucleophiles, and σ electrophiles. Considering the 

cognitively complex to differentiate E1, E2, SN1 & SN2, this 

part must postpone after mastering π electrophiles 

(nucleophilic addition) until students have a better grasp of 

all the required concepts (Flynn & Ogilvie, 2015; Cooper et 

al., 2019). 

In order to grasp students’ attention in learning ORM, 

Wilson and Varma-Nelson (2019) reported in their previous 

study that students become encouraged to solve a 

mechanistic problem when they take turns drawing the 
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curve arrows on a small and portable whiteboard, hence, 

employing the group activities will encourage classroom 

interaction and propose students’ problem-solving skills. 

Additionally, engaging in group activities resulted in better 

student perception of skills that can be applied in different 

settings and being provided with more enhanced 

opportunities to promote active learning  (Canelas, Hill & 

Novicki, 2017; Martin & Bolliger, 2018). Martin and Bolliger 

(2018) revealed that group activities would enhance learner-

to-learner engagement, especially in online courses, which 

prevents students from feeling isolated in the learning 

environment.  

The activities should be followed by a formative 

assessment to engage students in their own learning. 

Providing formative assessment tools is appropriate for 

further evaluating students’ understanding of ORM contents. 

For example, Andersson and Palm (2017) reported in their 

study that when formative assessment is given, students are 

encouraged to become more autonomous learners and are 

able to regulate their own learning process. Formative 

assessment entails offering students feedback while learning 

to help them recognise the aspects that require 

enhancement and motivate them to persevere in their 

learning journey. However, those assessments can be 

embedded together with scaffolding and automatic scoring 

as guidance and support students’ learning for reflection in a 

timely manner. Meanwhile, Crandell et al. (2020) clearly 

stated that furnishing appropriate scaffolding is able to 

prompt students’ reasoning and mechanistic explanation for 

organic reactions. 

 
IV. CONCLUSION 

 
The scoping review presents an overview of existing 

strategies and activities to develop the ORM module. Some 

limitations found in this study whereby our search did not 

include literature published before 2012 to enhance the 

timeliness of this study. Besides, the inclusion criteria used 

identified mainly high school or undergraduate students 

enrolled in the Chemistry program and Organic Chemistry 

expert lecturers who were involved in the classroom 

environment. However, this study employed the searching 

strategy to other bibliographic databases (Scopus, Google 

Scholar, EBSCOhost, and ProQuest), which yielded 

additional published scoping reviews.  

At the commencement of the study, we employed Arksey 

and O'Malley's (2005) five-stage framework for scoping 

reviews and discovered that it was generally helpful in 

guiding study selection. Seventeen articles were finally 

identified to be analysed in answering the research 

questions of this study. The first research question was 

answered with five key strategies for teaching and learning 

ORM identified, whereas EPF was the most often key found 

in 12 articles. Meanwhile, six appropriate activities were 

detailed to be included in the ORM module. On the basis of 

our findings, we recommend that future research focus on 

identifying methods for teaching and learning ORM that 

incorporates as many research areas as possible. 

Nevertheless, the strategies and activities may be further 

analysed to fit the needs of organic module development for 

teaching and learning ORM across all levels of Organic 

Chemistry candidates. This is an opportunity for researchers 

to extract knowledge for teaching and learning in a 

meaningful way. They found it very useful for novice 

teachers who are starting to teach an Organic Chemistry 

course.  
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