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ABSTRACT  

The study investigated the effect of Computer-Assisted Instruction (CAI) towards the 
effective teaching and learning of nomenclature of cyclic hydrocarbons among KNUST 
Senior high school students at Kumasi in the Ashanti Region of Ghana. The research 
study adopted an action research design. The sample comprised 45 form 3 General 
Science 1 students who were selected on purpose. Students were given a questionnaire to 
examine their prior conception of organic chemistry nomenclature. A week after, a pre-
intervention test was administered to the research sample to determine their academic 
performance in the nomenclature of cyclic hydrocarbons before intervention activities. 
Within the 4-week period students learned about cyclic hydrocarbons (cycloalkanes, 
cycloalkenes and cycloalkynes) through CAI for 2 hours each week. The instruction were 
videos, pictures, and animations to enhance their learning experience. After four weeks 
of intervention, students were given a post-intervention test to answer. Afterwards, the 
scripts were collected and scored to generate data for the post-intervention test. Two 
different sets of questionnaires were given to students to answer. One questionnaire 
assessed students' attitudes towards the use of computer-assisted instruction for the 
teaching and learning of the nomenclature of cyclic hydrocarbons, while the other 
questionnaire investigated the role of CAI in promoting active learning and enhancing 
students' engagement in the nomenclature of cyclic hydrocarbons. Data collected from 
the administration of these tests and questionnaires were organized and used to 
statistically test the null hypotheses that were formulated prior at a 0.05 significance 
level. The outcome of the study revealed that after intervention activities, students’ 
nomenclature showed they followed the IUPAC rules in naming cyclic hydrocarbons and 
were correctly done. CAI is an effective tool for teaching and learning the nomenclature 
of cyclic hydrocarbons, as evidenced by improved student conceptual understanding. 
Students generally have a positive attitude towards using CAI for learning the 
nomenclature of cyclic hydrocarbons, finding it effective and enjoyable. It is 
recommended that placing students at the center of the teaching and learning process is 
essential to actively involve them in the lessons in chemistry and also chemistry teachers 
should adopt CAI instead of traditional teaching methods when teaching chemistry 
concepts.  
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CHAPTER ONE  

INTRODUCTION  

1.0 Overview  

This chapter gives an introduction to the research concept including a preview of 

background to the study, a statement of the problem, the study purpose, objectives and 

research questions. Similarly, it contains the significance of the study, issues limiting 

and delimiting the study, definition of terms used and abbreviations.  

1.1 Background to the Study  

The educational systems of societies have lately changed as a result of advances in 

science and technology. The relevance of trained individuals as knowledge creators, as 

well as users, is growing, which imposes new obligations on science educators (Gonen 

et al., 2006).  

Using instructional technologies, particularly computers, is one of the most effective 

ways to make teaching and learning more interesting and effective (Tareef, 2014). With 

the use of computers in education, a lot of terms have come into and gone out of use 

in education (Owusu et al, 2010). Recent advancements in computer-assisted 

instruction (CAI) provide new opportunities to improve classroom teaching and 

learning (Abdoolatiff & Narod, 2009). As an instructional medium, computers are 

described in various forms such as computer-based learning (CBL), computer-

enhanced learning (CEL), computer-based instruction (CBI), computer-aided 

instruction (CAI), computer-aided learning (CAL) and computer-assisted instruction 

(CAI). Among these, CAI has ended up being a successful and beneficial instructional 

approach for encouraging interest, uplifting mentality, building up students' retention 
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capacity and boosting the students’ performance (Osemmwinyen, 2009; Yusuf & 

Afolabi, 2010).  

Since CAI improves students’ academic achievements, its usage in teaching the 

nomenclature of cyclic hydrocarbons is limited in the existing literature. It is against 

this background that the study is been conducted to examine its effectiveness towards 

effective teaching and learning of naming cyclic hydrocarbons.  

1.2 Statement of the Problem  

The researcher after marking and scoring students’ exercises, group work and end-of-

semester examination observed that most students were unable to answer questions on 

naming of organic compounds correctly, especially the cyclic hydrocarbons. To 

confirm the observation of the researcher, all questions related to naming cyclic 

hydrocarbons in the end-of-semester examination were put together and given back to 

the same students as class test.  

The adoption and use of CAI in schools have been advanced as one of the major 

avenues that would help improve performance in the subject (Msafiri et al., 2023).  The 

benefits of the CAI method include ensuring the application of proven teaching 

methods to students; providing equal educational opportunities for students by using 

the same programme; changing the role of the teacher from that of a teacher to that of 

a guide; and, when properly handled, removing fright and embarrassment on students 

and bringing about meaningful learning and academic achievement (Orjika, 2012). 

Though evidence shows that the use of CAI in classroom instruction impacts students’ 

achievement in different topics of secondary chemistry curricula, there is limited 

information on how it could impact teaching and learning in naming of organic 

compounds specifically- cyclic hydrocarbons. This study has therefore become 
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necessary to investigate the effective use of computer assisted instructions towards 

effective teaching and learning to improve students’ performance in nomenclature of 

cyclic hydrocarbons.  

1.3 Rationale for the Study 

This study was necessary because nomenclature of cyclic hydrocarbon was a 

requirement for building students skills toward further studies on heterocyclic and 

aromatic organic compounds in the senior high school chemistry syllabus.  

1.4 Purpose of the Study  

The purpose of the study was to prove the effectiveness of CAI as an instructional 

approach to teaching and learning of nomenclature of hydrocarbons.  

1.5 Objectives of the Study  

The study objectives were to:  

1. Assess students’ prior conceptions about naming cyclic hydrocarbons. 

2. Investigate the effectiveness of the use of computer-assisted instruction as a tool 

for teaching and learning nomenclature of cyclic hydrocarbons.  

3. Assess students’ attitudes towards the use of computer-assisted instruction for 

the teaching and learning of nomenclature of cyclic hydrocarbons.  

4. Investigate the role of CAI in promoting active learning and enhancing students' 

engagement in the nomenclature of cyclic hydrocarbons.  

1.6 Research Questions  

The study was guided by the following research questions:  

1. What are students’ prior conceptions of nomenclature of cyclic hydrocarbons?  

2. How effective is the use of computer-assisted instruction as a tool for teaching 

and learning the nomenclature of cyclic hydrocarbons?  
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3. What are students’ attitudes towards the use of computer-assisted instruction in 

the teaching and learning of nomenclature of cyclic hydrocarbons?  

4. What is the role of CAI in promoting active learning and enhancing students' 

engagement in the nomenclature of cyclic hydrocarbons?  

1.7 Null Hypothesis  

The following null hypothesis was tested for statistical significance in order to answer 

research question two: 

H01. There is no statistically significant difference between the mean pre-intervention 

scores and post-intervention scores after the use of CAI in teaching cyclic 

hydrocarbons.  

1.8 Significance of the Study  

Computer-Assisted Instruction (CAI) can provide students with an interactive and 

engaging learning experience that can help them better understand and retain the 

material. This can lead to improved student performance on assessments and a deeper 

understanding of the topic. The study may help chemistry teachers to adopt some 

effective teaching strategies in helping SHS Chemistry students to improve their 

understanding in the area of organic chemistry. This research topic can contribute to 

the growing body of literature on the use of technology in education and can potentially 

lead to further research on the use of CAI for teaching other chemistry concepts. 

1.9 Limitations of the Study  

Breakdowns or faulty computers could limit this study as well as frequent power 

outages. The lack of relevant software and applications can also affect the performance 

of the students. 
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1.10 Delimitations of the Study  

The research was carried out at KNUST Senior High School. This was due to the 

researcher's proximity and population accessibility. It was also restricted to form three 

(3) elective chemistry students. This was because third-year students studied the 

nomenclature of cyclic hydrocarbon as part of their syllabus. The study focused 

specifically on the use of CAI for teaching the nomenclature of cyclic hydrocarbons 

and did not address other topics in chemistry or other subjects.  

1.11 Organization of the Study  

This study report was organized into five chapters. The first chapter served as the 

introduction to the study, and the second chapter covered a review of related literature. 

The third chapter outlined detailed information on the research methodology. The 

fourth chapter looked at the data that was collected, analyzed the data, answered the 

research questions, and discussed the results. The fifth chapter examined the summary 

of findings, conclusions, recommendations, and suggestions for further studies.  

1.12 Operational Definition of Terms and Abbreviations  

Computer -Assisted Instruction- Use computer and computer-supported programs in 

classroom instruction.  

Pre-intervention test – A test that was given to students before they were exposed to 

teaching methods.  

Post-intervention test - A test that was given to students after they were exposed to 

teaching methods.  

CAI-Computer-Assisted Instruction                 

CAL-Computer-Assisted Learning  

SHS -Senior High School.  

IUPAC – International Union of Pure and Applied Chemistry.  

KNUST- Kwame Nkrumah University of Science and Technology. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 Overview  

The chapter provides a comprehensive overview of literature relevant to computer-

assisted instructional (CAI) approaches for teaching. It covers various strands including 

the theoretical and conceptual frameworks, the role of computer technologies in 

education, the benefits of effective CAI usage, the impact of CAI on student attitudes, 

measurement of academic performance, conventional and non-conventional science 

teaching methods, and an empirical review of related studies. This synthesis of existing 

literature sets the stage for the study's exploration of teaching and learning through 

CAI. 

2.1 Theoretical Framework Underpinning the Study  

This study's theoretical foundation is the Mayer-proposed Cognitive Theory of 

Multimedia Learning (CTML). The cognitive theory of multimedia learning was 

popularized by the work of Richard E. Mayer and other cognitive researchers who 

argue that multimedia supports the way that the human brain learns. They assert that 

people learn more deeply from words and pictures than from words alone, which is 

referred to as the multimedia principle (Mayer, 2005a). Multimedia researchers 

generally define multimedia as the combination of text and pictures; and suggest that 

multimedia learning occurs when we build mental representations from these words 

and pictures (Mayer, 2005b). The words can be spoken or written, and the pictures can 

be any form of graphical imagery including illustrations, photos, animation, or video. 

Multimedia instructional design attempts to use cognitive research to combine words 

and pictures in ways that maximize learning effectiveness. The theoretical foundation 
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for the cognitive theory of multimedia learning (CTML) draws from several cognitive 

theories including Baddeley’s model of working memory, Paivio’s dual coding theory, 

and Sweller’s Theory of Cognitive Load. As a cognitive theory of learning, it falls 

under the larger framework of cognitive science and the information-processing model 

of cognition. The information processing model suggests several information stores 

(memory) that are governed by processes that convert stimuli to information (Moore 

et al., 2004).  

Cognitive science studies the nature of the brain and how it learns by drawing from 

research in several areas including psychology, neuroscience, artificial intelligence, 

computer science, linguistics, philosophy, and biology. The term cognitive refers to 

perceiving and knowing. Cognitive scientists seek to understand mental processes such 

as perceiving, thinking, remembering, understanding language, and learning (Stillings 

et al., 2010). As such, cognitive science can provide powerful insight into human 

nature, and, more importantly, the potential of humans to develop more efficient 

methods using instructional technology (Sorden, 2005). The cognitive theory of 

multimedia learning (CTML) centres on the idea that learners attempt to build 

meaningful connections between words and pictures and that they learn more deeply 

than they could have with words or pictures alone (Mayer, 2009). According to CTML, 

one of the principle aims of multimedia instruction is to encourage the learner to build 

a coherent mental representation from the presented material. The learner’s job is to 

make sense of the presented material as an active participant, ultimately constructing 

new knowledge.  
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According to Mayer and Moreno (2009) and Mayer (2003), CTML is based on three 

assumptions: the dual-channel assumption, the limited capacity assumption, and the 

active processing assumption. The dual-channel assumption is that working memory 

has auditory and visual channels based on Baddeley’s (1986) theory of working 

memory. Second, the limited capacity assumption is based on cognitive load theory 

(Sweller, 2007) and states that each subsystem of working memory has a limited 

capacity. The third assumption is the active processing assumption which suggests that 

people construct knowledge in meaningful ways when they pay attention to the 

relevant material, organize it into a coherent mental structure, and integrate it with their 

prior knowledge (Mayer, 2003). CTML accepts a model that includes three memory 

stores known as sensory memory, working memory, and long-term memory.  

Sweller (2005), defines sensory memory as the cognitive structure that permits us to 

perceive new information, working memory as the cognitive structure in which we 

consciously process information, and long-term memory as the cognitive structure that 

stores our knowledge base. We are only conscious of information in long-term memory 

when it has been transferred to working memory. Mayer (2005a), states that sensory 

memory has a visual sensory memory that briefly holds pictures and printed text as 

visual images; and auditory memory that briefly holds spoken words and sounds as 

auditory images. Schnotz (2005), refers to sensory memory as sensory registers or 

sensory channels and points out that though we tend to view the dual channel sensors 

as eye to-visual working memory and ear-to-auditory working memory, other sensory 

channels can introduce information to working memory such as “reading” with the 

fingers through Braille or a deaf person being able to “hear” by reading lips. Working 

memory attends to or selects information from sensory memory for processing and 

integration. Sensory memory holds an exact sensory copy of what was presented for 
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less than 0.25 of a second, while working memory holds a processed version of what 

was presented for generally less than thirty seconds and can process only a few pieces 

of material at any one time (Mayer 2014).  

Long-term memory holds the entire store of a person’s knowledge for an indefinite 

amount of time. Figure 1 is a representation of how memory works according to 

Mayer’s cognitive theory of multimedia learning.  

  

                  Figure 1: Mayer’s cognitive theory of multimedia learning 
              Source: Adapted from Mayer and Moreno (2010a) 

Mayer (2005a) states that there are also five forms of representation of words and 

pictures that occur as information is processed by memory. Each form represents a 

particular stage of processing in the three memory stores model of multimedia learning. 

The first form of representation is the words and pictures in the multimedia 

presentation itself. The second form is the acoustic representation (sounds) and iconic 

representation (images) in sensory memory. The third form is the sounds and images 

in working memory. The fourth form of representation is the verbal and pictorial 

models which are also found in working memory. The fifth form is prior knowledge, 

or schemas, which are stored in long-term memory. According to CTML, content 

knowledge is contained in schemas which are cognitive constructs that organize 

information for storage in long-term memory. Schemas organize simpler elements that 

can then act as elements in higher-order schemas. As learning occurs, increasingly 
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sophisticated schemas are developed and learned procedures are transferred from 

controlled to automatic processing. Automation frees capacity in working memory for 

other functions. This process of developing increasingly complicated schemas that 

build on each other is also similar to the explanation given by Chi et al. (2012) for the 

transition from novice to expert in a domain. There is no single measurement 

instrument that is associated with CTML research. Mayer (2009), states that since the 

goal is to make a causal claim about instructional effectiveness, one of the most useful 

approaches in CTML research is quantitative experimental comparisons, with random 

assignment and experimental control being two important features. The main question 

in this type of research is whether a particular instructional method is effective. CTML 

researchers generally try to identify instructional methods that cause large effect sizes 

of .8 or greater across many different experimental comparisons. Learning is generally 

measured through tests of retention and transfer, and much of the recent research has 

focused on the instructional methods discussed earlier in this chapter. Because of its 

central role in CTML research, cognitive load theory research is also of interest. De 

Jong (2010), provides a lengthy criticism of the instruments and tests of measurement 

in cognitive load theory. He points out that one of the most frequently used methods 

for measuring CLT is self-reporting in a one-item questionnaire where learners indicate 

their perceived amount of mental effort. De Jong (2010) asserts that this approach often 

leads to inconsistency in the outcomes of studies that use this type of questionnaire. 

Another way that cognitive load has been measured is physiologically using indicators 

such as heart rate, blood pressure, and pupillary reactions. A third way of measuring 

cognitive load has been through the dual-task or secondary-task approach which 

indicates increased consumption of cognitive resources in the primary task when 

slower or inaccurate performance on the on secondary task occurs (Brünken et al., 
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2003). De Jong (2010) criticizes the measurement of cognitive load as a single 

construct, as most of these approaches tend to do. He calls for the development of better 

instruments and multidimensional scales that can reliably measure intrinsic, 

extraneous, and germane load separately.  

2.2 Conceptual Framework  

In Figure 2, the independent variables (CAI) are placed at the top in a rectangular box, 

with arrows pointing to the dependent variables (Students' performance, students’ 

attitude, and active learning and students' engagement) below in a rectangular box. The 

intervening variables (Computer literacy, motivation, cognitive load and teacher 

experience) are shown in a circle connected to both the independent and dependent 

variables.   

  
Figure 2: Conceptual framework of the study 

 

  

Students’ Performance,  
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2.3 Computer-Assisted Instruction (CAI)  

In 1967, the computer was used for the first time in the instruction of courses such as 

mathematics, languages, and social sciences (Aliasgari et al, 2010). In the late 1970s, 

“CAI” was developed and from then on, the computer was used directly in instruction 

activities (Aliasgari et al, 2010). Nowadays, the computer is used to practice and 

rehearse concepts, provide individual instruction through programmed learning, and 

simulate and personalize information in the process of instruction. On campus, data 

acquisition through the Internet and instruction and computer-assisted learning are 

considered among the basic skills of instructors and students (Gunn & Pitt, 2003). The 

computer has shifted students from memorizing concepts managed by a teacher to a 

stage of self-learning by the student (Aliasgari, 2010).  

According to Gunn and Pitt (2003), the computer encourages the student to think about 

concepts. The use of a computer results in the active participation of learners in the 

process of instruction. Therefore, the student’s attitude becomes more positive and the 

learning process more effective (Damoense, 2003).  

According to Eze et al (2020), using a computer or computer system to display 

educational material is known as computer-assisted instruction (CAI)., the students and 

the available software and hardware. Most recent CAI software integrates features that 

encourage activities beyond the simple drill-and-practice, such as simulations, 

graphing and even modelling Eze et al (2020). According to Eze et al (2020), CAI is 

tutorials (drill and practice response-oriented interaction), problem-solving (laboratory 

and lecture exercises), simulation exercises (in lecture or laboratory settings), 

enrichment programs, remedial learning (continuous and repetitive), games 

(applications of problems or concepts) and testing (test banks with evaluation and 
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analysis). According to Barot (2009), the computer provides immediate feedback 

letting students know of their achievements.  

2.4 Generation  

Generations were defined as a group of individuals, most of whom were the same 

approximate age, having similar ideas, problems, and attitudes, roughly differing from 

the next generation by 30 to 35 years of age. Ivanova and Smrikarov (2009) defined 

them as cohorts of people who were born in a certain date range and share a general 

cultural experience of the world. These cultural experiences were what defined 

Generation Z as people who were influenced by technologies such as the Internet, 

smartphones, and social networking sites. Their immediate predecessors included 

Generation X, individuals born between the mid-1960s and 1980 and Generation Y, 

individuals born between the mid-1980s and early 2000. Generation X was defined as 

those who were influenced by technologies such as cable television and video games 

(Jin et al, 2021). Generation Y was defined as those who were influenced by 

technologies such as the Internet, email, and text messaging (Jin et al, 2021). Having 

followed these two generations, the learners of Generation Z included students just 

entering high school born between 1996 and 2010. They were described as being 

technologically savvy, able to adapt to technology faster, more technology-focused and 

connected to the world via technology (Jin et al, 2021). 

Generation Z’s unique makeup called for a reform in education that strongly addressed 

their specific learning styles. The students must have been constantly stimulated by 

technology, and if they were not, they became uninterested in traditional grandfathered 

education (Jones et al., 2007). The traditional methods of teaching emphasized direct 

in-class instruction that was categorized as teacher-centred (Jin et al, 2021). There were 

five main styles of teaching used in the classroom: expert, formal authority, personal 
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model, facilitator, and delegator (Jarvis, 2006). Twenty-first-century learners did learn 

through traditional methods of teaching but to increase the achievement of all learners, 

technology had to play a role. Stroller (2021) stated, our students have changed 

radically. Today’s students are no longer the people our educational system was 

designed to teach. Today’s students - K through college – represent the first generations 

to grow up with this new technology. It is now clear that as a result of this ubiquitous 

environment and the sheer volume of their interaction with it, today’s students think 

and process information fundamentally differently from their predecessors. Prensky 

elaborated that today’s students wanted to create using technology tools, work 

collaboratively with their peers, share class control, participate in decision-making, 

and necessitate a relevant education. He believed that by teaching students in the 

manner in which they have grown up learning, students would be more inclined or 

motivated to learn and thus an increase in achievement would occur. CAI had been 

identified as a motivating resource and thus the current study on CAI was conducted 

to determine the impact of CAI on achievement with its implementation into subjects 

beyond the core. Prensky said, “My preference for teaching Digital Natives is to invent 

computer games to do the job even for the most serious content.  

After all, it’s an idiom with which most of them are familiar”. Szymkowiak et al (2021) 

further added to the discussion about Generation Z with their belief that technology 

was the most powerful way to increase teaching and learning in the classroom. Bowen 

said, “Technology can give students more and better interaction with course content” 

By using new technology, student engagement outside of the classroom could have 

increased and allowed for more time in class for human interaction (Szymkowiak et al, 

2021) He said, “The best gift of new technologies is the ability to leave the tyranny of 

content online and focus class time on student learning” (Szymkowiak et al, 2021). 
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With the use of computers in education came a change over time in the actual process 

of using computers in education.  

2.5 Role of Computer Technologies in Education  

The impacts of computer use on student success, attitudes, and other factors including 

learning rate were the subject of extensive research in the 1970s, 1980s, and early 

1990s. This research covers a wide range of topics, from computerized learning 

activities which supplement conventional instruction, to computer programming, 

computerized record keeping, the development of databases, writing using word 

processors, and other applications. Research on the effects of computer usage on a 

large number of outcome areas was conducted, including, mathematics, language, arts, 

reading, science, problem-solving skills, and health and social studies. Well-designed 

and implemented tutorial CAI, used as a supplement to traditional instruction, produces 

an educationally significant improvement in students' final examination achievement 

(Chaudhari, 2013). When a teacher in the classroom applies this creative ability to use 

computers, enormous possibilities do exist for maximum learning. After studying more 

than 30 researches, (Chaudhari, 2013). concluded that compared to students receiving 

only traditional, teacher-direct instruction, students who had teacher instruction 

supplemented by CA were found to learn faster and had better retention rates. They 

also improved their attitudes toward school and their potential as learners. 

Effectiveness of CAI concerning different subjects like Science, and Mathematics; 

CAI was found effective in terms of students’ achievement at the school level. It is 

worth noting that CAI was effective not only for effective dimensions such as attitude, 

interest, and behaviour patterns. Although a large majority of the studies have reported 

that higher attitude in different subjects at the secondary level is needed but was mainly 

confined to the science subjects. Effective use of computers in education emphasized 

University of Education,Winneba http://ir.uew.edu.gh



16  
  

for the last 30 years but most of the studies were carried out mainly in foreign countries 

and as the demand for CAI accelerated in India, studies were carried out during 1990 

in India also (1998) developed software for Chemistry teaching and further studied the 

effectiveness of CAI on student’s achievement. Chaudhari (2013). Worked on Science 

teaching through CAI and concluded that thoughtfully designed CAI is indeed 

effective in bringing about learning, but when the teacher is really good, a few students 

prefer traditional face-to-face teaching to CAI. The packages when used in the self-

learning/group learning mode can be a better alternative to ineffective teaching.  

According to Pilli and Aksu (2013), computer applications in teaching and learning can 

be classified as an object of instruction, a tool, an instructional device and a means of 

teaching logical thinking. Pilli and Aksu (2013) continued by saying that the computer 

may itself be the object of the instrument with which students interact as a key element 

of the learning process. In their view, students enjoy the use of computers to complete 

exercises and view materials on a computer screen rather than receiving information 

from written material or an instructor’s presentation. Also, in its role as a tool, Lai et 

al (2012) in an interview assert that computer technology such as calculators, 

typewriters and presentation aids can be leveraged to assist both teachers and students 

in the classroom and this well makes a significant impact in teaching and learning. Lai 

et al (2012) further explained that in a class of about forty students, it is important for 

all the students to ask questions which cannot be done at go, but with the use of instant 

messaging tools, forty Windows can be opened for forty students which enable the 

teacher to see the thinking of the students. They continued to explain that children also 

get more excited when they learn with tools they are very good at using like computers.  
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Bello (2022) defined computer-assisted instruction as a program of instructional 

material presented using a computer or computer system. Costa et al. (2008) submitted 

that computer-based instruction (CBI) enables students to learn by self-evaluating and 

reflecting on their learning process. Treboukhina et al. (2023) continued to assert that 

CBI is the broadest term and can refer to virtually any kind of computer use in the 

education setting, including drill and practice, tutorials, simulations instructional 

management, supplement exercise, programming, database development, writing 

using processors, and other applications. They emphasized that CAI motivates children 

to learn better by providing them with immediate feedback and reinforcement and also 

creates an exciting and interesting game-like environment.  

2.6 Learning through Instructional Technologies    

According to Moore (2014) "instructional technologies" referred to tools and resources 

used in teaching and learning. It includes hardware like blackboards, radio, television, 

tape recorders, videotapes and recorders and projectors; and, software like 

transparencies, films, slides, teacher-made diagrams, real objects, cartoons, models, 

maps and photographs. Similarly, Scanlan (2012) indicated that instructional 

technology encompasses all the materials and physical means an instructor might use 

to implement instruction and facilitate students' achievement of instructional 

objectives. This may include traditional materials such as chalkboards, handouts, flip 

charts, slides, overheads, real objects, and videotape or film, as well newer materials 

and methods such as computers, DVDs, CD-ROMs, the Internet, and interactive video 

conferencing.     
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Subair and Talabi (2015) asserted that instructional technologies are generally designed 

to provide realistic images and substitute experiences to reach curriculum experiences. 

The technologies are considered the most efficient facilitators in the education set-up. 

They are not substitutes for the teacher. Their use, however, calls for an imaginative 

approach by the teacher who needs to constantly be on the alert for new ideas and 

techniques to make the lessons presented with different instructional technologies 

achieve effective outcomes.    

According to Subair and Talabi (2015), some devices are designed to present 

information of a kind that would not be available in an ordinary school experience. 

Examples include films, television, and sound recordings. Other types of instructional 

technologies have the function to help the pupil grasp the underlying structure of a 

phenomenon. Visual media are primarily for seeing, audio devices for hearing, and 

multi-sensory materials for use via two or more senses.   

Subair and Talabi (2015) held the view that instructional technologies are the various 

materials that appeal to the five senses- seeing, hearing, touching, feeling and tasting 

which enhances teaching and learning. Walson and Okanu-Igwela (2019) also 

identified instructional technologies as devices of hardware (equipment) and software 

(consumables) through which the learning process may be ensured and carried out. In 

other words, they are the collection of materials and equipment that can be used 

effectively for communication. These materials are used in the planning process of 

giving instruction. Instructional technologies with their various types affect different 

senses and act as an integral part of the teaching and learning process, thus helping to 

bring about meaningful experiences. In this study, instructional technology refers to 

videos, projectors and computers in addition to the chalkboard and flip charts that are 

brought to the teaching and learning process to induce understanding.  
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2.7 Development of CAI   

According to Chaudhari (2013), a teacher can develop a CAI by following the 

following process:  

• Identify the Problem Area 

Select the Unit area where students are having problems and there is a requirement to 

develop CAI.  

• Design-Specific Objectives 

After identifying the problem, design objectives related to the problem.  

• Develop CAI Programme 

After completion of the program material, it should be programmed through the 

Computer Software for converting it into CAI. Different software are used are 

Microsoft Office Flash, Corel Draw, Page Maker and many other graphical software. 

The most commonly used software is PowerPoint. For the first time, Teachers can 

easily modify and even produce their own CAI material based on the needs of their 

classes Chaudhari (2013), Chaudhari (2013), worked on A Quick Guide for Computer-

Assisted Instruction in Computational Biology and Bioinformatics and gave the 

following Guidelines when developing computer-assisted instructions:  

• Ensure that CAI activities are integrated into the curriculum.  

• Do not overuse CAI  

• Plan for use of CAI well-adjusted to infrastructure and resources available  

• Maximize interactivity  

• Allow different rates of progression in class, but ensure that all students reach 

the objectives  

• Ensure students understand the scope and objectives of assignments  

• Be sure students understand the models presented on the screen  

• Assess and evaluate student performance while using CAI,   
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2.8 The Use of Instructional Technologies  

The place of instructional technology in the teaching and learning process is 

undoubtedly essential. Scanlan and Lopez (2012) assert that instructional technologies 

are used whenever, in the best judgment of the teacher, they facilitate learning or 

increase understanding of the material being presented. Under this heading the 

following subheadings have been reviewed: Instructional technologies for motivation, 

for capturing students' attention and for explaining concepts.  

2.9 Instructional Technologies for Motivation   

Student engagement in the learning environment should be the aim or objective 

pursued in the educational field, according to Charles and Senter (2002). Teachers 

work hard to arouse this passion in their pupils so they will actively participate in class 

activities and have a thorough comprehension of the ideas being covered. There are 

two types of motivation: intrinsic and extrinsic.  

Intrinsic motivation is important to students and teachers because of its effect on 

learning outcomes. Motivation is a significant predictor of academic performance 

which leads to the conclusion that intrinsic motivation is a major factor in determining 

academic success (Wilson & Corpus 2005). If intrinsic motivation is beneficial to 

student learning outcomes, then it stands to reason that educators should strive to 

cultivate and enhance the intrinsic motivation of students. Charles and Senter (2002) 

contended that when teachers speak of motivation as a component of a lesson, they 

refer to what they do to attract students’ interest and engage them more or less willingly 

in the work provided. According to them, the use of technologies, which students can 

easily manipulate to obtain a required end product, can generate the desire to learn and 
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do more. Resources that students can associate with their everyday life also help to 

generate that desire to do more.    

2.9.1 Instructional technologies for capturing students’ attention    

Capturing the imagination and attention of today’s students requires fresh approaches 

to teaching and learning. Perhaps this is one of the reasons why educators are turning 

to the use of technological devices to involve students more actively in learning.   

Instructional technologies capture and sustain students’ curiosity and attention 

throughout their lessons. Williams (2002) noted that the use of the overhead projector 

enables the teacher to maintain complete classroom control and interest in a lesson. 

This control is likely to be effective when the teacher wants to direct the student’s 

attention either to the technology being used, the information being displayed by the 

technology, or to the teacher. By switching on the overhead projector, the students‟ 

attention is directed to the information being displayed and to the teacher when the 

overhead projector is switched off (Williams, 2002). This ability to direct students’ 

attention may help to maintain their concentration either on the information being 

displayed or on the explanation being given by the teacher when the overhead projector 

is switched off. This concentration by the students on what is going on might help them 

to follow the lesson and learn whatever concepts are being explained. Such attention 

also could help teachers become aware of the readiness of students to understand what 

is being taught.   

2.9.2 Instructional technologies for explaining concepts   

The teacher can explain concepts that would be difficult to elaborate on orally using 

instructional technologies. When students see the material, its mechanism, and its 

function, teachers may be saved the hard explanation and students easily understand 
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what the teacher is talking about. In addition, instructional technologies help pupils 

acquire listening and observational skills that assist in their understanding of complex 

concepts. About the use of videos, Kessler (2018) noted that the use of technology 

makes possible increased individualized instructional opportunities which enable the 

teacher to have adequate spare time for the preparation of instruction that will meet the 

needs of the learners. When teachers use technologies in their teaching and students 

are involved in the use of those technologies and notice the relationship and relevance 

of what the teacher is teaching and the technologies being used, the student’s attitudes 

towards learning get improved, and that prepares them for the technologically oriented 

society (Kessler, 2018). The review on this has significantly directed the researcher as 

to what pertains.  

2.10 Benefits of Effective Use of CAI  

 Self-paced learning opportunities 

Learners can learn the content as per their capacity and can repeat the task if not 

understood by the learner (Barot, 2009).  

 Immediate feedback to the student and the instructor 

Immediate feedback motivates the learner and gives direction and if the answer the 

student is wrong then it will help him to correct his mistake (Barot, 2009). 

 Automatic adjustment to ability levels of students  

CAI programs design in such a way that it helps both brilliant students as well as slow 

learner. It is flexible as per user‘s need (Barot, 2009).  

 Continuous interaction 

Continuous interaction should be possible with CAI (Barot, 2009).  
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 Flexible time scheduling for the students and the instruction 

Programmes have flexibility in terms of time, place and pace (Barot, 2009; Yusuf, 

2010).  

2.11 Computer-Assisted Instruction and Chemistry Teaching  

Chemistry is one of the most important subjects in science and contains several abstract 

concepts requiring complex concepts many of which are not applicable outside the 

classroom (Stieff & Wilensky, 2003) For this reason, students view chemistry as one 

of the most difficult subjects to study at all levels of schooling. Chemistry knowledge 

is represented by scientists at three levels; the macroscopic, the submicroscopic and 

the symbolic (Taber, 2013). Because interactions between molecules and atoms occur 

at a submicroscopic level, chemists refer to the objects and processes which they 

cannot observe directly at a symbolic level (Stieff & Wilensky, 2003). Understanding 

chemistry at a sophisticated level necessitates students being able to make connections 

or relations among the levels. However, research suggests that students have 

difficulties understanding the submicroscopic and symbolic levels. Concepts such as 

the particulate nature of matter, physical and chemical change, chemical equilibrium, 

solutions, acids and bases, chemical bonding, and conservation of mass are topics that 

students have difficulties visualizing at the submicroscopic level. Over the last two 

decades, a great deal of educational research has been conducted to determine students’ 

alternative conceptions and difficulties in chemistry. Some current research has sought 

to investigate the underlying causes of difficulties students have when dealing with 

complex topics, and this research also seeks to develop curricula to help students 

overcome these difficulties (Heikkinen, 2011). Despite much research and curriculum 

development, it seems students still do not adequately learn many chemistry concepts 

(Heikkinen, 2011). The effectiveness of new and alternative teaching methods of 
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teaching chemistry concepts has been the subject of intensive investigation and ever 

since educators first began to use computers in the classroom, researchers have tried to 

evaluate whether the use of educational technology had a significant impact on student 

achievement (Papanastasiou et al., 2003) In the chemistry education literature, there 

have been numerous studies reported positive effects of the use of computers on student 

achievement(Yu, 2021). Such studies suggest that the use of computer simulations is 

successful in promoting positive attitudes toward science and in particular that 

students’ motivation is enhanced by cooperative learning involving student-computer 

within a variety of learning environments (Zacharia, 2003). Computer-assisted 

curricula also provide opportunities for inquiry-based approaches to the teaching of 

chemistry, and it seems they discourage rote memorization and algorithmic problem-

solving while encouraging conceptual understanding and critical thinking (Lutviana et 

al, 2019). For this reason, many educators now advocate the use of computers in 

chemistry classrooms (Barnea, 2000), and computer assisted learning environments 

attempt to make explicit the information embedded in traditional molecular 

representations as well as to provide a visual representation of molecular interactions 

for students. In this way, students can learn chemistry by viewing molecular animations 

side-by-side with graphical output and chemical formulae. Such an approach is in 

contrast to traditional chemistry lectures that rely almost entirely on the verbal 

explanation of concepts meaning students have little opportunity to observe molecular 

interactions (Stieff & Wilensky, 2003). Research suggests that the use of computer-

simulated experiments (CSE) together with a problem-solving approach has a positive 

effect on students’ chemistry achievement, science process skills, and attitude toward 

chemistry at the high school level (Özmen, 2008). The results showed that the 

computer-simulated experiment approach and the problem-solving approach produced 
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a significantly greater achievement in chemistry and that the use of integrated video 

media (Huppert, 2002) also enhances students’ achievement and attitude toward 

chemistry. The particular way in which different levels of information are presented by 

such technologies – microcomputer-based laboratories, pH meters, or chemical 

indicators, influenced secondary students’ understanding of acid, base, and pH 

concepts – also may be influential (Nakhleh & Krajcik, 2010). Recent researches show 

that computerized molecular modelling improves tenth-grade students’ spatial ability, 

understanding of new concepts and achievement of structure and bonding (Barnea, 

2000). Likewise, computer animations together with a conceptual change approach are 

reported to help students understand that electrons do not travel through aqueous 

solutions Ozmen (2008) when employing computer animations of chemical reactions 

at the molecular level. Hence, a key feature of such CAI teaching is that it helps 

students visualize what is happening at the molecular level. This also applies even to 

more complex systems such as ion formation and solution chemistry (Ebenezer, 2001) 

where animations in a hypermedia environment enable students to visualize that 

melting is different from dissolving, how ions are formed, and how hydration takes 

place. It is a key feature that students can interact with concepts when using CAI. So 

for example, interactive simulations using modelling and simulation packages for 

teaching chemical equilibrium helped shift students from memorizing facts to 

attempting to explain chemical equilibrium and solve chemical equilibrium problems 

with an overall stronger attempt made at conceptual understanding and logical 

reasoning (Stieff & Wilensky, 2003). It seems that using a CAI tutorial program as a 

supplement to the classroom results in significantly higher achievement at the 

knowledge, comprehension, and application levels. Likewise, Williamson and 

Abraham (1995) report computer animations about the particulate nature of matter for 
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college students' understanding of chemical phenomena such as solutions, ions, phase 

transitions, precipitation, and dissolving result in higher achievement in evaluation 

tests (Ozmen, 2008). The studies related to the comparison between computer-assisted 

instruction and traditional instruction show that technology-based instruction strategies 

are more effective than traditional ones. For example, Morgil (2005) conducted a study 

with secondary school students to find out the effects of the computer on attitudes, 

motivation and learning, the possible advantages of computer-assisted test programs. 

Students were distributed into control and experimental groups and the assessment of 

the experimental group was done by using computers, whereas that of the control group 

was done through the written test. The statistical evaluations showed a higher 

achievement rate for the experimental group that received a computer-assisted test. In 

another study, Ertepınar (1995) tried to determine the effects of the two different 

teaching methods involving logical thinking skills, computer assisted instruction and 

students’ portfolios on the achievements of high school chemistry students. The results 

of the study showed that the application of two methods and the logical thinking skills 

of the students had a significant contribution to the achievement of the students in 

chemistry. O’zmen and Kolomuc¸ (2004) investigated the effect of computer-assisted 

instruction on tenth-grade students’ achievement in solution concepts. They found that 

the experimental group that took computer-assisted instruction had a better 

understanding than the control group that was given traditional instruction. Recently, 

Morgil (2005) compared traditional and computer-assisted learning in teaching acids 

and bases. At the end of the study, they found that there was a significant difference 

favouring the experimental group. These results show that CAI together with learner-

centered teaching approaches is more effective in terms of student achievement and 

attitude than traditional learning strategies. In another study, Talib, Matthews, and 
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Secombe (2005) investigated the effect of computer animated instruction on students’ 

conceptual change in electrochemistry, qualitatively. The preliminary results of the 

study showed that targeted conceptions were more intelligible and plausible to the 

subjects in the experimental group in comparison to their counterpart in the control 

group. A particularly active area of research for remedying students’ alternative 

conceptions is chemical bonding. Chemical bonding is one of the most important topics 

in undergraduate chemistry and the topic involves the use of a variety of models 

varying from simple analogical models to sophisticated abstract models possessing 

considerable mathematical complexity (Coll & Taylor, 2002; Coll & Treagust, 2003). 

It is also a topic that students commonly find problematic and develop a wide range of 

alternative conceptions. The concepts of the electron, ionization energy, 

electronegativity, bonding, geometry, molecular structure, and stability are central to 

much of chemistry, from reactivity in organic chemistry to spectroscopy in analytical 

chemistry (Nicoll, 2001). It also important for students to grasp these concepts in 

understanding why and how chemical bonds occur. In the science education literature, 

there have been numerous studies to determine students’ understanding and 

misconceptions about chemical bonding (Coll & Taylor, 2002) These studies have 

revealed prevalent and consistent misconceptions across a range of ages and cultural 

settings and the results of these studies show that students at all levels do not learn 

chemical bonding with traditional teaching methods as expected. Ozmen (2004) has 

reviewed and collected some of the most important alternative conceptions determined 

in these studies. Identification and remediation of alternative conceptions are an 

important part of the learning process meaning teachers need to be aware of their 

students’ existing ideas that might need to be challenged. It is reported that in many 

cases science learning difficulties occur because students’ conceptions are not taken 
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into account, and therefore communication barriers between teachers and learners may 

not be overcome. The literature also notes that student alternative conceptions are 

stable and highly resistant to change by traditional teaching methods. This suggests 

that alternative teaching methods are required to remedy non-scientific beliefs. 

Although in Turkey for more than a decade, studies have been conducted on teaching 

chemistry concepts, no systematic studies have been undertaken to explore if CAI has 

any significant impact on students’ learning and achievement about chemical bonding. 

It is widely reported that computerized training contributes to the development of the 

visualization skills of students (Barnea, 2000). It is possible in a computer simulation 

program to create animated colour graphic images capable of presenting the nature of 

the chemical bonding through computer simulations that may be difficult to achieve 

when using traditional chalkboard drawings. Studying in a CAI environment means 

students have opportunities to internalize concepts related to chemical bonding through 

active participation in the enriched learning environment. This forms the basis for the 

present study which was designed to examine: (i) achievement, (ii) attitude changes 

for secondary chemistry students exposed to computer-assisted instruction and (iii) the 

effect of CAI in the remediation of the misconceptions was investigated thirdly.  

2.12 Application of CAI in Teaching and Naming Hydrocarbons 

 In the design of hydrocarbons CAI courseware, choosing appropriate pictures and 

marking are helpful for students to observe the details of action (Liu, 2019). Through 

animation design to show the structure, sequence, image and essentials of the naming 

action, it can more concretely and intuitively reflect the technical characteristics and 

difficulties of the action, help students from perceptual knowledge to rational 

knowledge, so as to better imitate and form the correct action image (Liu, 2019). 
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Appropriate Teaching Videos can help students break through learning difficulties. For 

instance, a non-linear video editing software could be used to make full use of students’ 

vision and hearing to form action images, clarify the technical structure and essentials 

of action, and establish a complete technical concept. It is helpful for students to learn 

and master naming skills, and improve hydrocarbons naming skills, and cultivate the 

ability of continuous hydrocarbon naming (Liu, 2019). Video broadcast of naming 

helps students to master the whole of naming of organic compounds (Liu, 2019). 

2.13 Concept of Attitude    

The word “attitude” has been defined by many scientists around the world. They all 

come to the same conclusion that attitudes toward science are viewed as a combination 

of individual values, feelings, and beliefs toward science (Hacieminoglu, 2016). 

Similarly, attitudes are the act of feeling or thinking either positively or negatively 

toward something in the environment (George, 2000). Attitudes are feelings of “like or 

dislike of an object, person, or an event that characterizes a human being (Heng & 

Karpudewan, 2015). Moreover, attitudes are considered outcomes that can be acquired 

during the learning process (George, 2000). Therefore, students’ attitudes change in 

their learning process either directly or indirectly through observation, experiences, 

and the learning environment. Hence the change in attitude is mostly influenced by 

teachers, parents, peers’ characteristics, and the classroom environment.  

(George, 2000).  

2.14 Impact of CAI on Students’ Attitude  

A study conducted by Antwi et al (2015) investigated the effect of computer-assisted 

instruction (IWebP) on SHS students’ interests and attitudes towards some selected 

concepts of Electricity and Magnetism. The study involved a whole class of Form Two 
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Home Economics students in a Ghanaian Senior High School, selected through 

purposive and convenience sampling techniques, totalling 48 students (46 girls and 2 

boys). The students were taken through a series of Interactive Webquest Packages 

(IWebP) developed by the researchers with the help of software from SMART 

Technologies. Data was collected through the use of the Students’ Observation 

Checklist (SOC) and Questionnaire on students’ attitude towards the teaching and 

learning of electricity and magnetism (Physics). The findings from the SOC and the 

Questionnaire indicated that students’ interest was highly developed and also showed 

positive attitude towards the teaching and learning of physics with computer-assisted 

instruction. A study conducted by Ozmen (2008) examined the effect of computer-

assisted instruction on conceptual understanding of chemical bonding and attitude 

grade students; 25 in an experimental and 25 in a control group. The Chemical Bonding 

Achievement Test (CBAT) consisting of 15 two-tier questions and the Chemistry 

Attitude Scale (CAS) consisting of 25 items were the principal data collection tools 

used. The CBAT and CAS instruments were administered in the form of a pre-test and 

post-test. Analyses of the scores of the two groups in the post-test were compared and 

a statistically significant difference was found between groups in favour of the 

experimental group. It also seems students from the experimental group were more 

successful than the control group students in the remediation of alternative 

conceptions. The results of this study suggest that teaching-learning of topics in 

chemistry related to chemical bonding can be improved by the use of computer-assisted 

teaching materials.  

2.15 Concept of Academic Performance  

The impacts of poor academic performance in Ghana have been of much concern to all 

educational stakeholders.  The impact is that it has led to a fallen standard of education 

in the central region and Ghana as a whole. Students’ academic performance is an 
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objective score of attainment after a specified instructional program. Academic 

performance is seen as the knowledge attained or skills shown in the school subject. 

To indicate such achievement, test scores or marks are assigned by the teachers. It is 

the institutional evaluation of the classroom work based on the grades awarded.  

Academic performance according to Bolarinwa. (2020) is of two categories that is 

positive (good) and negative (poor) performance.  

Academic performance as a variable in students' learning has been an area of concern 

in present-day research. Dibal et al (2022) defined academic performance as the 

exhibition of knowledge acquired or skills developed by students in school subjects. It 

is the degree of performance in the subject as exhibited by a student. Academic 

performance is the exhibition of knowledge attained or skills developed by students in 

the school subject usually designed by test scores or by marks assigned by teachers 

which can be low or high. Academic performance means how well one does in school. 

Poor grades are considered bad academic performance.  

Academic performance refers to what skills the student has learned and is usually 

measured through assessments like achievement tests, performance assessments and 

portfolio assessments (Mlyakado & Timothy, 2014). The assessment provides 

information on the anecdotal report of the student`s academic performance over a given 

period. The academic performance which is measured by the examination results is 

one of the main objectives of the school. The academic performance involves three 

concepts; the ability to study, retain and recall facts, being able to study effectively and 

see how facts fit together and form larger patterns of knowledge and being able to think 

for yourself about facts and thirdly, being able to communicate (Coulson, 2008). 

According to Amaechin and Ezeh. (2019) is the level of performance attained via the 

combination of inputs from students’ motivation and conduct. Adediwura and Tayo 
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(2007) asserted that academic performance is generally referred to how well a pupil is 

accomplishing his or her tasks and studies, but there are quite several factors that 

determine the level and quality of pupils` academic performance. This no doubt 

supports the view of Nicholas (2004) that the most current information on improving 

academic performance shows that there are three conditional influences linked to levels 

of academic performance among school pupils.   

These influences according to the information include:  

• High-quality parenting (the degree to which a young star is provided with an 

enriched, warm and responsive learning and home environment)  

• High-quality child-care environments (stimulating activity and nurturing as 

reflected in high-quality parenting)  

• High-quality first-grade classrooms (with a focus on literacy instruction, 

evaluative feedback, instructional conversation, and encouraging child 

responsibilities).  

Academic performance Index (2013), revealed that academic performance is how 

students deal with their studies and responsibilities given to them by their teachers. 

Kubey et al (2001) gives an objective definition of the term academic performance as 

traditionally used, the term academic performance refers to some method of stating or 

expressing a student’s academic rank. Generally, this is a grade for a particular subject 

area or an average for all subjects expressed on a 0-to-100 or other quantitative scale. 

Ahmodu et al (2022), noted that academic standard refers to what students should be 

able to know and be able to do. It should provide explicit expectations for students at 

each grade level along with an explicit description of the content knowledge and 

academic skills that are required. Also, Sibandze et al (2020) noted that academic 

performance is the actual performance of students in academic subjects and basic 
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knowledge Sibandze et al (2020), opined that the outcome of the examination results 

will determine who gets promoted to the next class or otherwise. Nurudeen et al (2023) 

defined academic performance as the students’ level of attainment in the grade point 

average of subjects offered in his/her year examination. Adefila (2004) had written 

answers to graded questions or exercises in one of the most popular, reliable and 

convenient methods of assessing students’ progress and achievement. He further 

asserted that questions and exercises reflect the content of the lesson and help 

considerably towards objective assessment of the students’ academic output Olatunji 

et al (2016), stated that the students’ academic performance is germane to their 

performance in academic endeavours. He asserts that students’ academic performance 

is a measure of how well they have mastered the learning tasks presented to them the 

way they handle controversial issues and pass relevant judgment and the level at which 

they pass examination. In the same vein, Sibandze et al (2020), asserted that students’ 

academic performance is the main focus of overall educational performance. Academic 

performance is referred to as educational outcome.  It is a yardstick used to determine 

how far a student has mastered a subject of study within a given period. Academic 

performance is a viable tool that can be used to determine and predict the standard of 

any educational system in Nigeria in terms of its efficiency and effectiveness. It 

portrays the quality of education offered in Ghana.  

2.16 Measurement of Academic Performance  

Determining academic performance serves as a source of motivation for students` 

learning.   Students are encouraged to learn more seriously when they know that their 

learning will be evaluated and when they realize that their efforts and performances 

are being recognized. Kirschner and Karpinski (2010), asserted that evaluation or 

determination of academic performance is concerned more fundamentally with 
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deciding on the value or executed worthwhile of a learning process as well as the 

effectiveness with which it is been. He maintains that usually two basic areas are 

evaluated. First is the academic performance of the students about the philosophy and 

objectives of the education he/she is receiving. The second is how well the curriculum 

goals are been realized for the level of education. Evaluation is the systematic process 

of determining the extent to which instructional objectives are achieved by students.  

Consequently, examination results and the teacher`s judgment are used to categorize 

or classify students. Irreversibly decisions are made regarding the students` worth and 

their future in the educational system. By this system of categorizing students, some 

are made to feel that they are deficient, performing low academically, while others feel 

that they are able, good and desirable academically. This labelling of individuals may 

likely have some unfavourable influence on a person` self-concept.  

This is basically what teachers do when they set tests or give assignments. This is the 

main job of examination bodies like the WAEC etc. Yusuf (2012) described evaluation 

as the collection and use of information as a basis for rational decision-making on the 

subject topics which need to be improved, or modified. It is a quality control exercise 

to ensure that resources are used maximally. The process will indeed yield information 

regarding the worthiness, appropriateness, and validity of something for which a 

reliable measurement or assessment has been made.  

However, various assessment or measurement tools and techniques may be used in 

evaluating or determining the teaching-learning process as well as the outcomes 

associated with it. Yusuf (2012) has identified the following instruments to be used in 

evaluating the teaching-learning process:  

1) test 2) observation 3) project 4) questionnaire 5) interview 6) checklist 7) 

sociometric technique or sociometry.  
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Alabi (2011) asserted that test is an important aspect of the educational process. It is 

the stage at which the students` knowledge, skill, ability and competencies are 

assessed, and judgment is made about such performance. The outcomes of such 

judgment are used in diagnosing as well as placement of students. Kobiowu and Alao 

(2010) defined a test as the assessment of a person`s performance when confronted 

with a series of questions, problems, or tasks set for him/her To ascertain the amount 

of knowledge that he has acquired, the extent to which he/she can utilize it, or the 

quality and effectiveness of the skills he has developed. Scott (2001) stated that 

measuring academic performance can occur at multiple levels and serves multiple 

purposes. For example, classroom -teachers often conduct formative and summative 

tests to evaluate students` mastery of course content and provide grades for students 

and parents. States tests are designed primarily to measure progress at the school and 

school level.   

Megan (2011) suggested that standardised observational assessment can guide teachers 

and administrators in promoting effective teaching and learning, enhancing students' 

social and academic development as well as assessing their level of academic 

outcomes. Centre for American progress (CAP) advanced that students` performance 

can be measured through administrating achievement tests, analyzing stated testing 

results, using informal surveys to measure academic achievement and looking at grade 

reports.   

Accurately measuring academic performance is an important part of planning for a 

child’s education. However, no one source of information should be used to assess 

academic performance. A student may demonstrate knowledge of one instrument and 

not of another. Using good strategies to assess academic performance from multiple 
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sources will ensure good information and the best possible educational planning. The 

academic performance of students can also be measured in the following ways:  

a. Administer a standardized achievement test: A standardized test has to be 

given by someone who meets the qualifications required in the testing manual. 

Usually, that is a person who has coursework in administering that type of 

assessment. Standardized achievement tests compare the students being tested 

with the average student of the same age in a sample of students across the 

country. The advantage of these types of standardized tests is that they are well-

researched and usually have pretty good validity and reliability. The 

disadvantage is that they do not tell where that child is at given what they have 

been taught in their classroom in their school district  

b. Analyze test results:   Each country chooses its own standardized test to 

measure achievement and each defines its level of proficiency on that test. 

However, a student could have guessed well on the test or they could have had a 

bad day on the day of the test. This is one good way of telling what a student has 

learned but it should be considered along with other sources of information 

(Lavin, 2006)  

c. Use informal surveys to measure academic performance:  Teacher surveys 

based on what has been taught in the classroom can be a good indicator of 

academic achievement. These are sometimes included in textbooks or they can 

easily be made up. They are a good tool to use to see what has been learned, 

what has been retained over time, and what has not been mastered and needs to 

be re- taught.  

d. Look at grade reports:  Grades are one tool to use to measure academic 

performance. They are a great indicator of academic success and short- term 
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learning. However, grades do not necessarily measure long –term learning or 

mastery. For example, some students may do well on tests because they can 

memorize information and relate it at test time. However, it may be questionable 

if it was actual learning if they forget it right after the test and cannot demonstrate 

that knowledge at a later time. Grades are partially based on short-term 

knowledge that comes from weekly tests and homework, and only part of the 

grades is more long-term knowledge (Lavin, 2006).  

In educational institutions, success is measured by academic performance or how well 

a student meets standards set out by the local or central government and the institution 

itself. As career competition grows ever fiercer in the working world, the importance 

of students doing well in school has caught the attention of parents, legislators, and 

government education departments alike (Udoh & Ajala, 2005). Academic 

performance is what you have shown you can do in a certain subject. Ability is what 

you can do in an ideal circumstance. You can think of it as being internal and hidden 

until you show what you can do with your performance. Academic achievement or 

(academic) performance is the outcome of education. It is the extent to which a student, 

teacher or institution has achieved their educational goals. The tracking of academic 

performance fulfils several purposes. Areas of achievement and failure in a student’s 

academic career need to be evaluated to foster improvement and make full use of the 

learning process.  Results provide a framework for talking about how students fare in 

school and a constant standard to which all students are held. Performance results also 

allow students to be ranked and sorted on a scale that is numerically obvious 

minimizing complaints by holding teachers and schools accountable for the 

components of every grade. According to Von- Stumm et al. (2011), academic 

performance is the outcome of education, the extent to which a student, teacher or 
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institution has achieved their educational goals. Academic performance is commonly 

measured by examinations or continuous assessments or the Cumulative Grade Point 

Average (CGPA) of students.  

Popoola, (2010) defined academic performance as an expression used to present a 

student scholastic standing and which is a function of various factors such as the 

method of teaching, teachers’ qualifications, child's home background, school 

environment, attitude, and interest among others. Academic performance is an 

objective score of attainment after a specific instructional programmed. (Yara & 

Tunde-Yara, 2010).  

2.17 Conceptual Understanding of Students in Organic Chemistry  

Students’ conceptual understanding of organic chemistry has invaluable implications 

for chemistry teaching and learning in schools in Ghana and the entire world. 

Chemistry teachers will get insight from this review and plan for organic chemistry 

instruction considering students' prior knowledge, knowing areas where students have 

difficulties about the topic and engaging innovative teaching strategies that enable 

students to be active in the process of teaching and learning, interact with peers, enjoy 

practical experiences that may improve their discoveries. Students should not be treated 

as empty vessels or blank slates on the contrary, learning activities should be related to 

their prior knowledge and interests, and emphasize understandable material to enhance 

students’ productive thinking. The use of the self-explanatory textbook (conceptual 

textbook) containing common students ‘conceptions in organic chemistry and their 

corresponding correct explanations can help students be aware of possible conceptions. 

Teachers need to have sufficient knowledge of the subject content that enables them to 

enhance students’ conceptions and lead them to a brighter scientific future.   
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For the maximization of students’ conceptions about organic chemistry, cooperative 

learning models such as the think-pair-share approach; Jigsaw approaches, reverse 

jigsaw, reciprocal peer teaching approach, Student Terms- Achievement Divisions 

(STAD),Think-Aloud Pair Problem Solving Approach (TAPPSA); group grid 

approach; group writing assignment approach, base group learning, numbered head 

together and many other different innovative teaching strategies are recommended to 

apply in organic chemistry instruction. There is a need for further research on 

instructional methods to improve students’ conceptual understanding of organic 

chemistry and other chemistry topic. It may be a product of some intuitive re-appraisal. 

It could be concrete, abstract or even blurred. Pella (1977) in Adamu (2016) defined 

concepts as a summary of the essential characteristics of a group of ideas. Basically, in 

science, there are instances where the ideas in the mind of individuals may be different 

from what is scientifically correct (Sani, 2016). What is of great concern about 

conceptions is that individuals continue to build knowledge on their current 

understanding which may have a positive impact on future learning. The study of 

conception has generated considerable interest among science educators such that it is 

essential for a successful teaching and learning interplay. Various authorities have 

different views on what conception is, for instance, Sani (2016), described conception 

as personal constructions, which are formed on what an individual feel or sees. These 

experiences have a profound effect on the learner’s willingness and ability to accept 

other more scientifically grounded explanations of how the world works. They opined 

also that conceptions are proven beliefs or views of scientific principles or notions 

about certain scientific ideas. Chiu and Hui (2005) agreed that students do not grasp 

fundamental ideas covered in classroom teaching instructions. Even some of the best 

students give the right answers but only using correctly memorized words.   
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Prominent among the factors that have been identified to be responsible for these 

conceptions is a method of instruction, proper exposure to laboratory activities, 

organizational skills and adequate exposure to problem-solving procedures among 

others (Sani, 2016). It is acknowledged that learners actively select information and 

also construct it for them to learn meaningfully. All existing knowledge, including 

concepts and information processing strategies, play a vital role in shaping learning 

outcomes because they influence new stimuli and the subsequent generation of 

meaning. As learning is a personal construct there is the likelihood that some 

constructions will be erroneous and consequently may adversely affect subsequent 

learning. Identification of these misconceptions will be the first step in trying to look 

for a way to remedy them. It has been shown that if the right approach or method is 

used in teaching organic chemistry, the problem of misconception can be minimized 

(Heeman, 2015; Bryan, 2007). A student who has a partial understanding of a concept 

or misconception will likely resort to rote learning. In contrast, a student who properly 

understands the concept would approach the problem requiring a solution in his way 

and may be able to tackle most puzzles correctly. There is also a strong indication that 

lack of awareness of misconceptions by students in chemistry may be contributing 

factor to students’ poor academic performance in chemistry. Despite the several studies 

by various science educators, there is as yet little or no study in central region Ghana 

aimed at establishing the major conception in the learning of organic chemistry.   

The thoughts, notions, opinions and ideas which can be regarded as the developing 

image of the mental process are known as concepts; they can be concrete, abstract, or 

even blurred (Oyserman et al., 2012). They are also the summary of the important 

characteristics of a collection of ideas (Solonchak & Pesina, 2015). A Concept can be 

observed in two ways, in its abstract nature or concrete. The real concepts are enhanced 
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by students’ experiences, whereas abstract concepts are considerably challenging for 

students to perceive (Uce & Ceyhan, 2019). These similar concepts are described by 

various researchers and some of them include conceptions, personal constructs, 

multiple private versions of science, developing conceptions, and interpretation of facts 

(Aufschnaiter & Rogge, 2010) Conception was held by several pre-service natural 

sciences educators about geometric isomers (Sendur & Toprak, 2013). It is from the 

use of 1,2- dichloroethene as an example of geometric isomers that the scholars assume 

that only alkene combinations comprising two halogen bonds on C=C bonds have 

geometric isomers (Sharma & Decicco, 2018). Besides, taking organic chemistry as a 

difficult concept in chemistry affects students in the understanding of the advanced 

organic chemistry conception. Organic compounds’ physical properties are taken by 

some students as surmounting. They assume that only the bond polarity is contingent 

on the atom electronegativity and they fail to distinguish the concepts of boiled and 

burned and finally accept that a covalent bond would break when an organic complex 

boils. Besides, they could not categorize types of reactions, and they trust that a 

hydrogen bond includes a covalent bond (Taagepera & Noori, 2000).  

New concepts can be easy to learn if misconceptions are corrected among students, 

some of them can be detached simply although most of them are strongly held and 

regularly not affected by regular classroom instruction since these are something 

learners trust (Belachew et al., 2018). Students usually have difficulty in learning 

organic chemistry due to no algorithms’ problem-solving of this topic as it has an 

extensive new vocabulary and requires three-dimensional thinking (Wu et al., 2001). 

Among the major conceptions of organic chemistry for students is the understanding 

of the three- dimensional nature of molecules which they have extreme difficult 

converting between the two-dimensional drawings used in textbooks and on boards to 
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represent molecules and their three-dimensional structures without this understanding 

to continue the course, students have to pretend they understand the three-dimensional 

structures (Bateman et al., 2002).    

Moreover, research data by Bryan, (2007), Kay and  Yiin (2010) in Singapore revealed 

some student's conceptions of organic chemistry sub-topics like in the introduction to 

organic chemistry and hydrocarbons in some sub-topics like isomerism, the reactivity 

of alkanes and alkenes, halogen alkanes (alkyl halides), alcohols, esters and the benzene 

ring while students in some African countries saw organic chemistry as a difficult topic 

to be followed in their further studies (Horowitz et al., 2013; Gebrekdian et al., 2014; 

Mafuniko, 2008; Sarkodie & Adu Gyamfi, 2015).  

The use of micro kits in creating small-scale organic chemistry experiments has been 

known to improve students’ conceptions in most south-east Asian countries including 

Thailand, Japan, Taiwan, and Indonesia (Supasorn, 2015). When this strategy was 

introduced to chemistry students in Ghana, it was found to be a tool to enhance students’ 

understanding and academic performance (Hanson, 2014). Students who applied them 

in practical experiences made conceptual improvements as they surmount their 

challenges in principles that directed the study of organic chemistry (Hanson, 2017). In 

this manner, they are exposed to a kind of concrete experience as they observed the 

causes and effects of phenomena in different variables (Darling-Hammond et al., 2019). 

These concrete experiences enhanced their concept formation and subsequently 

academic performance. Furthermore, the acknowledgement and revision of the 

conceptions of students involves innovative teaching strategies rather than passively 

learning approaches. A common method of instruction includes meta-cognition which 

is to boost the students’ thinking about techniques of addressing a particular problem 
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(Fisher, 2006). This technique necessitates students to express and defend their 

understanding. The recognition of the authenticities of the current classroom requires 

the application of innovative teaching methods that provide the active participation of 

students and incorporate their metacognition and critical thinking then the creation of 

a deep foundation of factual knowledge which enables students organizing the 

knowledge within a conceptual structure based on the experienced events (Cakir, 2008: 

Canelas, Hill, & Novicki, 2017). Teachers monitor the concepts changing of the 

students through the evaluation techniques as the teaching proceeds.   

Through different approaches that apply formative assessment in education, educators 

find ways to help students redirect scientific misconceptions and assist them to 

reconstruct their conceptual framework (Dunlosky et al., 2013). However, deciding to 

create manners to help learners overcome their misunderstandings one might try 

employing different methods including the application of innovative teaching methods 

that allow learners to actively participate in the learning process and to discover more 

(Uce & Ceyhan, 2019).  

The process of teaching and learning organic chemistry could be structured by enabling 

students to overcome challenges for them to be prepared for the world of tomorrow 

offering them information and helpful examples which they are familiar with showing 

them the cognitive processes that lead to conceptual generalizations and algorithms 

(Sibomana et al, 2020). Organic chemistry teachers should try to include conceptual 

questions assessing students’ understanding of the fundamental notions in the subject 

instead of just setting questions which require only mostly recall and rote learning. The 

way a student processes the learned information and applies it goes hand in hand with 

his or her learning style (Woldeamanuel, et al., 2014).  
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Evaluation of students’ abilities is assumed to be one of the most widespread yet 

controversial exports both in academics and the real world (Deary et al., 2007). The 

evaluation is mostly intended to provide an objective measure of individual differences 

based on cognitive aspects that undoubtedly exist within society. The outcome of such 

evaluation has proven to produce both practical and theoretical implications. Most 

importantly, it would justify the rationale for the use of such instruments as a selection 

guide in a wide range of fields including educational and occupational fora.   

In chemistry, studies have shown that students’ level of achievement is based on their 

mathematical and visual-spatial abilities. Relative to mathematical ability, Salau 

(2000) pointed out that there exists an impenetrable link between mathematics and 

other science subjects while Peters (2006) insist that the mathematical ability of 

students is very important in the learning of chemistry especially in the present age of 

computer and information technology which owes a lot to mathematics.  

Adesoji and Oginni (2012) on their part assert that like any other school subject, 

chemistry requires the mental ability of the students to be able to cope with the learning 

of the subject. Their findings showed that mental ability made the highest contribution 

followed by mathematical ability. Findings by Ajewole et al. (2006) showed that 36.2% 

of the total variance in the students’ performance in chemistry is accounted for by the 

four student’s aptitude indices. Among the indices, mental ability made the highest 

contribution followed by mathematical ability.   This shows that the performance of 

students depends largely on the students’ aptitude indices in chemistry. Visuospatial 

aptitude which entails three components, spatial visualization, spatial orientation and 

spatial relations (Barnea, 2000) been strongly linked to obtaining academic mastery of 

several science disciplines. For example, Wu and Shah (2004) found that science 

students, who were mostly physics majors, possessed more highly developed 
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visualization skills than non- science students. Wu and Shah (2004) investigated and 

found spatial aptitude in successful students of physics. Wu and Shah (2004) found 

similar results for biology students while Wu and Shah (2004), made similar studies 

for chemistry students and found similar results. Therefore, researchers have come to 

agree that visuospatial ability is an important cognitive operation for success in science 

due to the correlation found between spatial ability and achievement in science.   

Talanquer (2014) found that the main obstacles to developing spatial abilities in 

chemistry were insufficient understanding of the depth cues provided in two-

dimensional representations and the inability to visualize the position of atoms after 

rotation. Thus, they advocated for the use of instruction methods such as DMI that 

guide students to visualize three-dimensional structures from their two-dimensional 

representations and encouraged the use of teaching aids that incorporate models, 

stereo-diagrams, mirrors, shadows and dynamic pictures that have been used in related 

remedial instruction programs and have proved to be useful in improving learner skills 

related to spatial ability.  

Wu and Shah (2004) illustrated in their study finding that students with high spatial 

scores perform significantly better on questions which require problem solving skills, 

such as completing a reaction or outlining a multi-step synthesis, and questions which 

require students to mentally manipulate two-dimensional representations of a 

molecule. Spatial ability was not significant, however, for questions which could be 

answered by rote memory or by the application of simple algorithms. Bodner and 

McMillan (1986) suggested a high correlation between spatial ability and performance 

in a general chemistry course for science and engineering majors. This correlation was 

seen not only on highly spatial tasks such as predicting the structures of ionic solids (r 

= 0.29), but also on tasks such as multiple-choice stoichiometry questions (r = 0.32) 
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that do not involve spatial skills. According to Carter et al. (1987) as cited in Wu and 

Shah (2004) scores on the spatial tests consistently contributed a small but significant 

amount to success on measures of performance in chemistry. Correlations were largest 

for sub-scores that grouped questions testing problem solving skills rather than rote 

memory or the application of simple algorithms, and correlations were also large for 

verbally complex questions that required the students to dissembled and restructure 

relevant information.  

Empirical data exist that attest to the effect of DMI on students’ mathematical and 

visual spatial abilities thus overall abilities in chemistry. For instance, Morgil (2005) 

worked together on the effect of digital media learning on computational attitudes, 

three-dimensional spatial visualization abilities, and learning styles of students in acids 

and bases. The findings showed that computational attitudes, three-dimensional spatial 

visualization abilities, and learning styles of the students did not affect their test scores. 

However, a 52%   improvement was observed in the post-test results of the students of 

the experimental group and a 31% improvement was observed in the post-test result of 

the students of the control group.  Thus, a significant difference was found favouring 

digital-assisted instruction signifying that the teaching strategy promotes more 

students’ learning abilities. Similarly, Steffen et al. (1996) posited that when students 

construct and animate molecules, they get a chance to see how a chemist or organic 

chemist thinks about structure. This helps bridge the gap between the traditional   

chalkboard drawings and   more   sophisticated visualization techniques scientists use.  

Barnea (2000) found that students who were exposed to computerized molecular 

modeling (CMM) software in a study of its effect on high-school chemistry students’ 

performance and gender differences performed better than those who were not in all 

three performance aspects. Their achievement scores were higher and though students’ 
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spatial ability improved in both groups, students from the experimental group scored 

higher implying that they gained better insight into the model concept than the control 

group and could explain more phenomena with the aid of a variety of models.  An 

analysis of the findings for the average students in both groups indicated a unique and 

discernible improvement in all three spatial ability subtests – paper folding, card 

rotation, and cube comparison – with that of experimental group being significantly 

higher. This was interpreted to imply that this group of learners gained better insight 

into the model concept and could explain more phenomena with the aid of a variety of 

models. It was thus concluded that CMM helps in particular to improve the examined 

cognitive aspects of the average student more. This was attributed to a better 

understanding of chemical bonding and improved three-dimensional perception of 

molecular structure gained through the CMM experience of students in the 

experimental group. This improvement in their perception of various geometrical 

shapes and the relation between the molecular formula and geometric structure is in 

accord with the findings of Gabel and Bunce (2004).  

Studying organic chemistry at the microscopic level (that is, nature and arrangement of 

molecules used to illustrate the characteristic properties of hydrocarbons and other 

compounds) and symbolic level (that is, representations of atoms, molecules, and 

compounds, such as chemical symbols, formulae, and structures) is arguably difficult 

for chemistry students (Ben-Zvi et al., 2002). The reason is that the microscopic and 

the symbolic levels of chemistry are abstract, and therefore learning chemistry for 

comprehension and analysis depends much more on the use of the sensory organs.  

Little wonder that chemistry students find it challenging in comprehending and 

analyzing molecular formulae, structural formulae and symbols. The concept of IUPAC 

nomenclature of compounds is at the symbolic level and could be said to be difficulty 
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for most students. Chemistry students’ comprehension is obstructed by the superficial 

features of representations (Kozma & Russell, 2013). Therefore, most chemistry 

students see formulae of organic compounds (for example, CH3OH or C2H6O) as a 

combination of alphanumeric rather than molecular formulas (Wu et al., 2001).   The 

difficulty of some students in understanding organic representations is also seen as an 

area where most students are unable to make translations among formulae (Keig & 

Rubba, 1993).  

According to Keig and Rubba (1993), for learning to be meaningful and reasonable to 

a student, it has to be constructed or premised on an important set of concepts that him 

or she is used to.  This means that an attempt must be made to link chemical phenomena 

which are abstract to their representations to make them understandable.  

Kavanaugh and Moomaw (1981) posited chemistry students presume chemistry to be 

a difficult subject.  This in effect has resulted in many students having difficulties in 

understanding scientific concepts in chemistry. Jones (1991) revealed that most 

students drop out of the physical sciences of which chemistry is included to the 

biological sciences and other fields of academics as such students perceive them to be 

difficult. The findings of Baah (2012) revealed that students have difficulty in writing 

structural formulae of organic compounds from the IUPAC names. Bello (1988) has 

revealed that the difficulties of students in solving stoichiometric problems are 

responsible for their inability to write chemical formulae as required by the IUPAC 

system. In naming some organic compounds (molecular formulae) using the IUPAC 

system, Baah (2012) found out that chemistry students are faced with some difficulties 

due to their inability to correctly write the names of some hydrocarbons and organic 

compounds. These difficulties, according to Baah (2012), are a result of the chemistry 
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students’ inability to locate the central carbon chains of some given structural or 

molecular formulae.  Also, these difficulties are a result of the chemistry students’ 

inability to write the correct names of some hydrocarbons and to deduce the Carbon 

and Hydrogen numbers of the straight carbon chain of some structural formulae as a 

result of their lack of knowledge about the concept (Baah, 2012). According to Wu et 

al.  (2001), many students learning chemistry have challenges learning symbolic and 

molecular representations.  They therefore conducted a study with 51 eleventh-grade 

students of a small public high school in a midsize university town in the Midwest to 

investigate how chemistry students develop and understand chemical representations 

using a computer-based visualizing tool for 6 weeks.  To them, the computer-based 

visualizing tool was referred to as eChem.    

One of the chemical concepts studied within the 6 weeks by Wu et al. (2001) was the 

IUPAC nomenclature of organic compounds such as hydrocarbons. Wu et al. (2001) 

pointed out that with the help of eChem; the chemistry students were able to apply 

modern rules of IUPAC nomenclature to draw structures of some given organic 

compounds.   For instance, the students were made to name and draw the structure of 

a six-carbon atom compound with a side group.  The understanding of the high school 

chemistry students used in the study was said to have improved reasonably resulting in 

high performance on IUPAC nomenclature of organic compounds.   This is based on 

the fact that there was statistically significant difference between the means of pre-test 

(N = 71, M = 31.1) and post-test (N = 71, M = 59.5) results after they had been 

subjected to a paired two-sample t-test analysis (SD     2.5, t (70) = 13.9 p     0.001) 

with an effect size of 2.68 (Wu et al., 2001).   
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2.18 Conventional Science Teaching Methods      

Chifwa (2015) posits that for teachers to decide what teaching method to use, the 

teacher must know what teaching methods are available, what strengths and 

weaknesses these methods have, what purpose each method serves and how to use the 

methods. Teaching methods are chosen based on fitness for a particular purpose. The 

number of factors determine what strategies a teacher should use to accomplish a given 

learning outcome. These factors may include the age and academic level of students, 

amount of time available, physical environment, availability of teaching and learning 

resources as well as the topic being presented. Danjuma (2022), posits that for any 

meaningful learning and teaching to take place, there should be suitable means of 

presenting the content to the learners at all levels of education. The means or strategies 

of presenting the content to the learners depend on familiarity with the basic principle 

of effective teaching methods in science. Bichi (2009) states that the basic principles 

of effective pedagogy in science teaching include mastery of science contents, the wise 

use of instructional methods, knowing the psychology of the students, the teacher’s 

knowledge about himself and a conducive environment for learning. Bichi (2009) 

further stated that the basic principles to note are the child-centred method, the better 

learning outcome, the more teacher-centred, this method is the less effective learning 

outcome. A variety of teaching methods increase students’ attention and interests and 

also help the teacher to manage the class well (Petty 2013). Teaching methods on a 

continuum are lecture method, demonstration method, discussion method, project 

method, laboratory activity method, inquiry method, discovery method, process 

method, and problem-solving.   
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2.18.1 Demonstration method  

Petty (2009) defined a demonstration as a repetition of a series of planned activities 

which are designed to illustrate a certain phenomenon or event. Mohan (2010) agrees 

that a demonstration method has several advantages that make it very useful in teaching 

Physics as it allows learners to observe real objects and events, helps in economizing 

resources, minimizes risks and hazards associated with certain experiments among 

other advantages, although a major disadvantage is limited learner participation and 

students do not develop manipulative skills.   

2.18.2 Project method  

The Project Method is a teaching approach which allows students to identify and 

choose a piece of work, topic or problem to investigate. Here, students are allowed to 

go out to obtain relevant information for the project. The Project method is entirely 

student-centred and students could either work individually or in groups. The teacher’s 

role is to monitor how the project is being executed, give encouragement and offer 

assistance when necessary. At the end of the project, students are expected to write their 

report. Students’ reports must be discussed in class. Since this method enables them to 

investigate on their own, it leads students to develop science process skills, stimulates 

the development of a scientific attitude and of course facilitates meaningful learning of 

science (Danjuma, 2022).   

2.18.3 Guided discovery method  

The Guided Discovery Method is an approach in science teaching which was postulated 

by Brunner (1961) and is seen to enable students to get first-hand experience in getting 

facts, concepts, principles and processes by using mental processes and manipulating 

scientific equipment and materials. Brunner believed that a child who is exposed to 

University of Education,Winneba http://ir.uew.edu.gh



52  
  

guided discovery gets four benefits: a shift from extrinsic to intrinsic motivation, an 

increase in intellectual attainment, valuable to students’ investigation processes and, 

serves as a memory aid. The Guided Discovery Method applies to virtually all areas of 

teaching and the types of activities in which the students are involved, vary from topic 

to topic and with the age and ability of the student. The amount of guidance the students 

receive from the teacher also varies but is never excessive. The method encourages the 

mental skills development of students as well as their observing, measuring, and 

classifying abilities among others (Nurdin, 2011)  

2.18.4 Problem-solving method   

The Problem-solving Method is an instructional strategy in which problems (scientific 

or related to the real world) are carefully formulated and presented to students (Bichi 

2009). In the process of solving problems, students interact with one another using 

instructional materials and ultimately construct knowledge and acquire the process of 

science. The Problem-solving method is a way of helping students to see the personal 

relevance and the applicability of the science they learn. Problem-solving provides 

opportunities for students to work as scientists, systematically investigating 

phenomena and finding solutions to scientific problems. Problem-solving promotes 

investigative thinking in children and it enables the learner to experience new ideas.   

2.18.5 Laboratory activity method  

Alade and Adeyemo (2010) defined laboratory learning as a method of learning that 

involves the application of scientific principles and concepts through hands-on 

experimentation and observation. Laboratory learning provides students with hands-

on experience and allows them to apply theoretical concepts in practical settings. One 

of the key advantages of laboratory learning is that it allows students to develop critical 
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thinking and problem-solving skills through experimentation and exploration 

(Dunlosky & Metcalfe, 2009).  

A laboratory learning method is a teaching approach that involves students actively 

participating in hands-on experiments and activities to learn scientific concepts and 

principles. According to a study by Hofstein and Lunetta (2004), laboratory learning 

can enhance students' understanding of scientific concepts, as well as improve their 

attitudes towards science and scientific inquiry.  

Again, a study that explores the effectiveness of the laboratory learning methods is 

"The Effectiveness of Laboratory Learning Method for Physics Teaching: A Meta-

Analysis Study" by Li et al (2018). The study reviewed 51 studies published between 

2000 and 2017, which investigated the effectiveness of laboratory learning methods in 

physics education. The authors found that the laboratory learning method was 

significantly more effective than traditional lecture-based teaching in improving 

students' academic achievement, conceptual understanding, and problem-solving 

ability in physics.   

According to a study by Miao et al. (2018), the laboratory learning method is an 

effective teaching method in science education. The study found that students who 

participated in laboratory activities performed better on exams and had a deeper 

understanding of the subject matter compared to those who did not.  

Another study by Zengin and Arslan (2017) examined the effectiveness of laboratory 

learning methods in teaching biology. The study found that students who participated 

in laboratory activities had better achievement scores and were more motivated to learn 

than those who did not participate in laboratory activities. According to a study by Goh 

and Chiang (2018), laboratory learning is an effective method for promoting students' 

scientific inquiry skills, problem-solving abilities, and conceptual understanding. The 
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study found that laboratory activities helped students to better understand complex 

scientific concepts and develop critical thinking skills.  

2.18.6 Discussion method   

Chifwa (2015) observes that the discussion method is one of the teaching methods used 

to teach science subjects. During classroom discussions, students learn how to express 

themselves clearly, justify opinions and tolerate different views. During discussions, 

learners also get a chance to ask for clarifications, examine their thinking, evaluate 

ideas and put together personal viewpoints. This method enables learners to 

collaboratively construct their knowledge (Mohan, 2010). The discussion method is a 

two-way interaction method. To a large extent, it is student-centred since students 

participate actively. It increases curiosity about the subject, and enhances a more 

positive perception of students about the value of the subject. To get information on 

what to contribute during the discussion, students need to spend more time reading. 

Although the discussion method is effective, it could be time-consuming and the 

classroom could appear noisy if not well-moderated by the teacher (Bichi, 2009).    

2.18.7 Lecture method  

A lecture is oral presentation intended to present information or teach people about a 

particular subject. Lectures are used to convey critical information, history, 

background, theories and equations. According to Danjuma (2015), the lecture method 

is a teacher-centred method, which is seen as the traditional talk–chalk method of 

teaching. Here, the teacher does the talking while students serve as receivers only by 

listening and taking down notes. About Genetics, the lecture method is only useful in 

introducing the topic to the students since they have little prior knowledge. This method 

promotes initial understanding of concepts and principles. However, for this method to 

be very effective it should be used together with other methods such as group work, 
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pairing, practical work and role play (Chifwa, 2015). The lecture method is not suitable 

for slow learners and students with language problems, it can be boring, the students 

are not actively involved in the lesson, and the concentration span students is short 

(Petty, 2009; Davar, 2012).   

2.19 Non-conventional Instructional Design   

Instructional Design (ID) also known as instructional system design (ISD) is the art and 

science of creating an instructional environment and materials that will bring the 

learner from the state of not being able to accomplish certain tasks to the state of being 

able to accomplish those tasks. The approach to instructional design is effective 

because it forces attention to what is going to be learned (learning objectives) and what 

must already be known before the learning transactions. Once the learning objectives 

have been identified, they are progressively sequenced from lower-order to higher-

order learning (Lujara 2008). Instructional systems design combines knowledge of 

educational theory and practice with appropriate technologies to enable learning. It 

involves choosing appropriate technologies and designing interactions that promote 

effective and efficient knowledge transfer. The effectiveness of any instructional 

material depends also upon appropriate planning; hence the instruction has to be 

planned if it is to be effective and designed in some systematic way. The development 

of content for eLearning can well benefit from the instructional design approach. 

However, there is a need to revisit the traditional instructional design to incorporate the 

Learning Object (LO) paradigm (Lujara, 2008). Various approaches can be used to 

make learning objects available over the web. The simplest approach is to generate web 

pages containing these resources and make the web pages available through a website 

for the course. The other approach is to use a full-fledged course management system 

such as a Learning Content Management System (LCMS).     
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2.19.1 Asynchronous mode  

Asynchronous or self-study learning consists of content that is available online at any 

time that the student wants to access it. It is where communication, collaboration and 

learning can occur at different times and different places, and users can select when 

they wish to communicate. Based on the developed techniques of networking, 

asynchronous learning is split up into online and off-line status (Huang & Gui, 2022)   

2.19.1.1 Off-line learning  

Computer-Aided Instruction (CAI) is a typical method of off-line learning. In general, 

the content of CAI - text, graphs, pictures, audio and video are stored in a CD-ROM. 

A recent product, the Digital Versatile Disk (DVD) can store seven times more 

information than a CDROM. Therefore, these two kinds of disks are basic storage for 

offline learning. In general, interactive response on an off-line state is faster than the 

on-line state. Once the contents have been stored, editing is not allowable. Hence, it is 

suitable to construct core courses that are well-developed fundamental curricula 

(Huang & Gui, 2022).  

2.19.1.2 On-line learning  

The content of online learning is built by the hypermedia technique, which is stored in 

the network computer server. Students can study or review the contents of the website 

at any time. There are two types of data sources, first is the static type based on text, 

graphs and pictures combined as the auxiliary parts of the resources to provide the 

learner with a complete concept. The second is dynamic; it involves motion pictures, 

associated texts, matched sounds etc. The static resources require less bandwidth than 

the dynamic content; however, it lacks a sense of reality that enables the learners to get 

a whole picture of the subject. On the other hand, the latter type enables the learners to 
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feel a sense of reality. Students would pay more attention to the subjects due to the 

colourful and diversified environment; hence the outcome is better than the former one. 

But, huge amount of data and slow transmission speed of the internet are its 

weaknesses. Contents are allowed to renew at any time, therefore, it always remains 

up -to-date (Huang & Gui, 2022).  

2.19.2 Synchronous mode  

Synchronous learning generally occurs in real-time with highly interactive and 

structurally dynamic characteristics, led by the instructor. It allows people to interact 

with each other at the same time in different places, synchronous e-Learning imitates 

a classroom, which means classes take place in real time and connect instructors and 

students via streaming audio or video or through a conference room. Synchronous 

learning requires the presence of both parties at the same time for the learning to take 

place. Therefore, it is also referred to as live or real-time interaction (Huang & Gui, 

2022). Discussion between students and instructor is in real-time via the system 

equipment. Instructors and students may not meet each other faceto-face. Moreover, 

the common source of content is distributed to learners at the same time in different 

places, avoiding repetition of the lecture. The environment is named Videoconference 

Classroom. Although it has several advantages, steady and wide bandwidth network 

configuration is needed. The most important advantages of synchronous learning are 

immediate feedback and more motivation and obligation to be present and participate 

(Huang & Gui, 2022).  

2.19.3 Blended learning  

Blended learning also called hybrid learning, is the mixing and integration of different 

learning delivery approaches including classroom and e-Learning to create a single 

learning programme. To complement traditional methods of delivery, e-Learning is 
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often used in a blended manner. With blended learning, technology-delivered learning 

and the classroom come together to generate the best possible offering. Past patterns 

suggest that the likely future will neither solely depend on online learning nor solely 

depend on instructor-led classroom learning. It appears that the hybrid or blended 

models most frequently emerge as the most effective learning strategies. Determining 

the right blend of technology-delivered and classroom-based learning is almost like 

perfecting a recipe (Huang & Gui, 2022).  

2.20 Empirical Review of the Study  

A study conducted by Ekundayo (2022) investigated the effects of Computer-Assisted 

Instruction (CAI) on students’ achievement in Chemistry among boys and girls in 

public secondary schools in Ondo State. A quasi-experimental design was adopted for 

the study. The sample for the study consisted of 240 senior secondary school two (SSS 

II) intact class Chemistry students selected in stages using a simple random sampling 

technique. Three schools were selected from three local government areas from the 

three senatorial districts in Ondo State. The students in the experimental groups were 

exposed to CAI while the control group was taught with the conventional teaching 

method. The Chemistry Achievement Test (CAT) with a reliability coefficient of 0.81 

was used to collect relevant data for the study. The experimental group was treated 

using the CAI package while the control group was treated using conventional 

classroom teaching. Analysis of Covariance (ANCOVA) and t-test were used to test 

the research hypotheses at a 0.05 level of significance. The result from the study 

showed that there was no significant difference between the achievement of male and 

female students in both the experimental and the control groups respectively. The 

results showed that when exposed to CAI, female students performed better than their 

counterparts. Based on the findings of the study, it could be concluded that the use of 
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CAI has not shown any better effectiveness in the achievement of students. However, 

the method is a modern day of imparting knowledge. In another dimension, when both 

males and females are taught with the use of CAI, the method appeared to favour 

females more than males. This suggests that the method is gender-biased. Based on the 

findings of the research, it is recommended that the potential of computer-assisted 

instruction should be utilised to enhance better achievement of the students in 

Chemistry, most especially among females while male students also be encouraged to 

key into the use of the method for the flexibility of teaching and learning.   

Another study conducted by Dap-og and Orongan (2022) study determined the 

student’s academic achievement and engagement in science. A quasi-experimental 

research design was utilized. The study results showed that students exposed to CAI 

obtained “fairly satisfactory” results in the post-test, while those exposed to non-CAI 

showed “needs improvements” both in the pretest and post-test. Moreover, for students’ 

engagement in science, the CAI group had a high engagement level for affective, 

cognitive, and behavioural domains. In contrast, the non-CAI group had moderate 

engagement before and after the intervention. The students’ academic performance in 

science exposed to CAI is significantly higher than those exposed to non-CAI. Also, 

there is a significant difference in students’ engagement level for a cognitive domain in 

favour of CAI. It is concluded that CAI as a science learning tool enhances the students’ 

cognitive engagement.   

Chebotib and Kering (2021) examined Students’ Attitudes towards computer-assisted 

learning in Biology subject in a selected secondary school in Uasin Gishu County, 

Kenya. This study designed a CAL lesson and measured student attitudes towards 

learning mutations in the biology lesson using a pretest-posttest control group design 

to compare computer assisted learning with conventional teaching methods. The study 
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used the experimental design to compare the differences between the experimental and 

the control group from a total of 54 students from Kerotet Girls High School in Uasin-

Gishu County, randomly sampled and equally placed into the groups. First, the study 

measured the attitudes towards biology using a conventional tool before assigning them 

to the groups. The experimental group used the CAL, while the control group used the 

conventional methods (lecture and discussion). The experiment was spread over five 

lessons lasting one hour totalling 300 minutes. The achievement and attitudinal 

components were assessed by the Biology Achievement Test (BAT) and Student 

Attitude Questionnaire (SAQ) respectively. The data generated were entered into 

statistical software and analyzed using descriptive and inferential statistics.  

Importantly, χ2 was conducted at ά = 0.05 significances level of significance. At the 

onset, there were no significant differences in the students’ attitudes with χ2 ranging 

from 3.933 to 7.522(p > 0.5) between both groups but at the end, there were changes 

in attitudes towards biology with higher positive attitudes towards the use of ICT in 

biology subject. The achievement scores for the experimental group were statistically 

and significantly different (t = 10.89, p < 0.05) from the control group. Thus, the 

students exposed to the CAL lesson show higher positive mental attitudes and 

performed significantly better on the BAT. However, the finding must be interpreted 

with caution in light of the sample size. The study revealed that the computer-assisted 

learning module influences students' attitudes and can be considered an efficient 

instruction medium for aligning students' attitudes in secondary schools in Kenya.  

The study recommends that the schools explore several techniques and means that 

include CAL to grow and sustain students' attitudes towards biology subjects and 

STEM discipline as a whole.  

University of Education,Winneba http://ir.uew.edu.gh



61  
  

Adherr et al (2019) examined the effect of computer-assisted instruction (CAI) on 

students’ cognitive achievement in chemical bonding. The study was conducted in the 

Kwahu East District of the Eastern Region of Ghana to investigate the effect of 

Computer Assisted Instruction (CAI) on the cognitive achievement of students in 

chemical bonding. The study employed a quasi-experimental research design 

implemented by a pre-test and post-test control group containing intact, non-equivalent 

groups of students. The sample size of the study was forty-six (46) students - Twenty-

Two (22) in the experimental group and twenty-four (24) in the control group. A 

researcher-developed instrument, Chemical Bonding Achievements Test (CBAT) was 

used for the collection of data. The instrument contained twenty (20) questions with a 

reliability coefficient of 0.72. The experimental and control groups were taught with 

CAI and Lecture teaching methods, respectively. Quantitative data collected were 

analyzed descriptively and inferentially. The findings of the study revealed that 

teaching with CAI significantly enhanced the achievement of students in chemical 

bonding than those taught with the lecture method. The study further revealed that the 

performance of low achievers was improved when they had lessons with CAI. The 

study recommends the immediate implementation of CAI in Chemistry lessons since it 

could increase students ‘attendance to class, motivation, attitude and cognitive 

achievement in the subject.   

Owusu et al (2010) investigated the effect of computer-assisted instruction on the 

performance of senior high school biology students in Ghana. This study investigated 

the comparative efficiency of computer-assisted instruction (CAI) and conventional 

teaching methods in biology on senior high school students. A science class was 

selected in each of the two randomly selected schools. The pretest-posttest non-

equivalent quasi-experimental design was used. The students in the experimental group 
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learned science concepts (cell cycle) through the CAI, whereas the students in the 

control group were taught the same concepts by the conventional approach. The 

conventional approach consisted of lectures, discussions and question and answer 

teaching methods. Mann–Whitney U tests were used to analyze students’ pretest and 

posttests scores. The results indicated that students that were instructed by the 

conventional approach performed better on the posttest than those instructed by the 

CAI. However, the performance of low achievers within the experimental group 

improved after they were instructed by the CAI. Even though the CAI group did not 

perform better than the conventional approach group, the students in the CAI group 

perceived CAI to be interesting when they were interviewed.  

Egolum and Igboanugo (2021) examined the effects of computer-assisted instruction 

and power point presentation on academic achievement of secondary school chemistry 

students. The sample consisted of one hundred and fifty (150) SSII Chemistry students 

who were randomly selected from four secondary schools in Onitsha Education Zone 

of Anambra State. The design for the study was a quasi-experimental research design. 

The validated instrument used for data collection was Chemistry Achievement Test 

(CAT). It had a reliability coefficient of 0.87 using the Cronbach Alpha technique. Data 

were analyzed using mean, standard deviation and Analysis of Covariance (ANCOVA). 

The results obtained showed that the Chemistry students taught using CAI performed 

significantly higher than those taught using PPP. The male students taught using CAI 

and PPP achieved significantly higher than their female counterparts. It was 

recommended among others, that Chemistry and other science subjects teachers should 

be encouraged to use CAI in teaching as it use has been found to enhance students' 

achievement in Chemistry. Also, seminars, workshops and symposia should be 
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organized for practising Chemistry and other science teachers to acquaint them with 

the use of computers in teaching.   

Abidoye (2015), Ayotola (2010) Gambari et al (2014) and Salisu (2015) found that 

computer assisted instruction had a significant effect on students' academic 

performance in different subjects of which Physics is not part. Hamzat et al (2017) 

found that students who were exposed to computer-assisted instruction had 

significantly higher achievement scores than those who were not exposed. Anigbo and 

Orie (2018) revealed that Microsoft PowerPoint instructional strategy technology 

significantly enhanced students’ academic achievement. Ezza et al (2019) found that 

instructional technology significantly enhanced learners’ compositing skills. Ruzicka 

and Milova (2019) found that there was a significant effect of video analysis in 

providing feedback on the process of downhill skiing skill acquisition. Ugwuanyi and 

Okeke (2020) found that flipped classroom instructional technology was effective in 

enhancing the achievement of physics students at both post-test and follow-up 

measurements. Ugwuanyi and Okeke (2020) found that PowerPoint presentations had 

a significant effect on students’ achievement in physics and mathematics. Ugwuanyi et 

al (2020) found that animated PowerPoint presentations (PPP) significantly enhanced 

the achievement of students' motivation and achievement of students in physics. 

Ejimonye et al (2020) found that the 2D animation technique had a significant effect 

on students' motivation and achievement of quantitative/ mathematical content of 

economics respectively, Ugwuanyi et al (2020) found that digital-based learning 

significantly (p>05) improved the achievement of primary school pupils both at the 

post-test and follow-up measures. The above review reveals that computer-assisted 

instruction has a significant impact on students' motivation in science and other social 

science subjects.   
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2.21 Summary of this Chapter   

This chapter reviewed literature relating to the effect of computer-assisted instruction 

on students’ academic achievement. However, none of the reviewed studies reviewed 

the effect of computer-assisted instruction on students' academic performance in the 

study of cyclic hydrocarbons. Hence, that is why this study was conducted.  
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CHAPTER THREE 

METHODOLOGY  

3.0 Overview  

This chapter contains the research approach and research design used in this study. It 

also discusses the population of the study, the sampling and sampling technique, the 

research instrument that was used to collect data for this study, validity and reliability 

of the research instruments, pre-intervention activities, intervention activities, post-

intervention activities, data analysis procedure and ethical consideration.  

3.1 Research Approach  

The choice of research approach is crucial as it provides direction on how to conduct 

the research. In this particular study, a quantitative research approach was utilized. As 

explained by Bhandari (2020), a quantitative research approach involves gathering and 

analyzing numerical data, which can be used to identify patterns and averages, make 

predictions, test causal relationships, and generalize findings to broader populations. 

Bhandari (2020), outlines the benefits of using a quantitative research approach, which 

includes the ability to replicate the study in various cultural contexts, periods, and 

participant groups. Furthermore, statistical comparison of results is possible, and large 

samples can be analyzed using consistent and dependable quantitative data analysis 

techniques. The use of established hypothesis testing procedures also requires careful 

consideration and reporting of research variables, data collection methods, predictions, 

and testing methods before concluding.  
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3.2 Research Design  

The research design that was used in the study was Action research. Action research is 

categorised as one of the quantitative research designs. According to Cohen et al 

(2017), action research focuses on the development, implementation, and testing of a 

programme, product or procedure. Action research has grown in popularity throughout 

the past two decades (Cohen et al, 2017). It is becoming a more accepted tool for 

teachers to assess their teaching strategies and reflect upon their effectiveness. McNiff 

and Whitehead (2012), defined action research as the name given to an increasingly 

popular movement in educational research that encourages teachers to be reflective of 

their practices to enhance the quality of education for themselves and their students. 

An important aspect of this research is the use of different methods for data collection 

to determine student acquisition of knowledge through varied teaching methods 

(Cohen et al, 2017).   

3.3 Research Population of the Study  

A research population is generally a large collection of individuals or objects that was 

the main focus of scientific inquiry, and it is for the benefit of the population that 

research is conducted (Johnson & Christensen, 2019). The population of the study 

included all Science students of KNUST Senior High School, including Agricultural 

Science and General Science students. For the study, the target population was all the 

members of a group defined by the researcher's specific interest to answer research 

questions. However, the target population was all form three Science students who 

studied Chemistry as an elective subject. The accessible population consisted of all 

Form 3 General Science 1, General Science 2 students, and Agricultural Science 

students of KNUST Senior High School.  
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3.4 Sampling and Sampling Technique  

Sampling refers to the process of selecting a portion of the population to represent the 

target population (Johnson & Christensen, 2019). According to Johnson and 

Christensen (2019) for a study, the size of the sample selected for the study is 

immaterial and depends solely on what the researcher is researching. Form 3 General 

Science 1 students comprising 45 students were selected as the sample for the study. 

The purposive sampling was employed to conveniently select a chemistry class that 

the researcher was handling in order that normal class schedules are not disrupted 

Purposive sampling also known as judgmental, selective or subjective sampling is a 

type of non-probability sampling technique where the units that are investigated are 

based on the judgement of the researcher (Johnson & Christensen, 2019).  

3.5 Research Instruments  

The research instruments that were used in the study for data collection are a pre-

intervention test, a post-intervention test and 3 sets of different 5- point Likert scale 

questionnaires ranging from strongly agree to strongly disagree. The first questionnaire 

was based on students' prior conception of cyclic hydrocarbons, the second 

questionnaire seeks to examine students' attitudes towards CAI in the teaching and 

learning of cyclic hydrocarbons and the third questionnaire was used to examine the 

role of CAI in promoting active learning and enhancing students' engagement in the 

nomenclature of cyclic hydrocarbons. Activity worksheets and tests were also used to 

collect data to assess the effectiveness of CAI in naming cyclic hydrocarbons.  

3.6 Validity of Research Instruments  

Validity refers to the extent to which an empirical measure adequately reflects the real 

meaning of the concept under consideration (Kubiak et al, 2014). There are various 

types of validity, which include construct validity, content validity, criterion-related 
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validity, and face validity (Gall & Borg, 2007). Of these, content validity, defined as 

the degree to which a measure covers the range of meanings included in a concept 

(Kubiak et al, 2014). To determine the content validity of the research instruments, two 

chemistry teachers together with the researcher’s supervisor reviewed the items to 

assess their relevance and suitability.  

3.7 Reliability of Research Instruments  

Instruments were trial tested on students of the same characteristics who are not part of 

the main study. The instruments were administered to the participants of the trial test 

twice. The time gap between the two administrations of the instruments was one week. 

The duration of one week was thought sufficiently long for the participant not to 

remember their previous responses (in the first administration of the instruments. Data 

from the first and second administrations of the instruments were used to compute the 

reliability of the instruments. The test-retest reliability method was used to determine 

the reliability of the test items and a coefficient value of 0.72 was obtained which 

revealed that the test is highly reliable. To ascertain the reliability of the instrument, 

Statistical Package for Social Sciences (SPSS) version 26.0 was used to determine the 

Cronbach Alpha coefficient value for the questionnaire, which was found to be 0.748. 

According to Leech (2011), a Cronbach alpha coefficient value of 0.70 and above 

indicates a reasonable internal consistency and an alpha value between 0.60 and 0.69 

indicate minimal adequate reliability. The questionnaire items were therefore reliable 

as the Cronbach alpha coefficient value was above 0.70.  

 

 

University of Education,Winneba http://ir.uew.edu.gh



69  
  

3.8 Data Collection Procedure  

Data was collected in the following ways:  

3.8.1 Pre-intervention activities  

Students were given a questionnaire to examine their prior conception of organic 

chemistry nomenclature. A week after, a pretest was administered to the research 

sample to determine their academic performance in the nomenclature of cyclic 

hydrocarbons before intervention activities.  

3.8.2 Intervention activities  

In 4 weeks, students learned about cyclic hydrocarbons (cycloalkanes, cycloalkenes 

and cycloalkynes) through computer-assisted instruction (CAI) for 2 hours each week. 

The instruction were videos, pictures, and animations to enhance their learning 

experience.   

Week 1: Introduction to Cycloalkanes  

Duration: 2 hours  

Activity 1: Introduction to Cycloalkanes (30 minutes)  

The session began by introducing students to cycloalkanes, their properties, and 

examples of cycloalkanes.  

A video or animation was used to explain the concept of cycloalkanes and their 

nomenclature.  

Examples of cycloalkanes and their names were presented.  

Activity 2: Naming Cycloalkanes (60 minutes)  

The naming of cycloalkanes was explained using IUPAC rules.  

Animations and pictures were used to show how to name different cycloalkanes.  
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Cycloalkanes have molecular formula CnH2n and contain carbon atoms 

arranged in a ring. Simple cycloalkanes are named by adding the prefix 

cyclo- to the name of the acyclic alkane having the same number of carbons.  

  
  

Naming Cycloalkanes  

Cycloalkanes are named by using similar rules, but the prefix cyclo 

immediately precedes the name of the parent.  

  
  

1. Find the parent cycloalkane.  
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2. Name and number the substituents. No number is needed to indicate the 

location of a single substituent.  

  
 

For rings with more than one substituent, begin numbering at one substituent 

and proceed around the ring to give the second substituent the lowest number.  

Students were asked to practice naming cycloalkanes on their own, and feedback and 

clarification were provided on any misconceptions. 

Activity 3: Practice Naming Cycloalkanes (30 minutes)  

Students were assigned a set of cycloalkanes to name using IUPAC rules.  

Feedback and clarification were provided on any mistakes.  

Week 2: Introduction to Cycloalkenes Duration: 2 hours  

Activity 1: Introduction to Cycloalkenes (30 minutes)  

The session began by introducing students to cycloalkenes, their properties, and 

examples of cycloalkenes.  

A video or animation was used to explain the concept of cycloalkenes and their 

nomenclature.  

Examples of cycloalkenes and their names were presented.  

Activity 2: Naming Cycloalkenes (60 minutes)  

The naming of cycloalkenes was explained using IUPAC rules.  

Animations and pictures were used to name different cycloalkenes.  
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b. If there is a substituted on one of the double bond carbons, it gets number 1. 

 

Students were asked to practice naming cycloalkenes on their own, and feedback and 

clarification were provided on any misconceptions.  

Activity 3: Practice Naming Cycloalkenes (30 minutes)  

Students were assigned a set of cycloalkenes to name using IUPAC rules.  

Feedback and clarification were provided on any mistakes.  

Week 3: Introduction to Cycloalkynes Duration: 2 hours  

Activity 1: Introduction to Cycloalkynes (30 minutes)  

The session began by introducing students to cycloalkynes, their properties, and 

examples of cycloalkynes.  

A video or animation was used to explain the concept of cycloalkynes and their 

nomenclature.  

 

Examples of cycloalkynes and their names were presented.  
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Activity 2: Naming Cycloalkynes (60 minutes)  

The naming of cycloalkynes was explained using IUPAC rules.  

Animations and pictures were used to show how to name different cycloalkynes. 

Students were asked to practice naming cycloalkynes on their own, and feedback and 

clarification were provided on any misconceptions.  

Activity 3: Practice Naming Cycloalkynes (30 minutes)  

Students were assigned a set of cycloalkynes to name using IUPAC rules.  

Feedback and clarification were provided on any mistakes.  

Week 4: Review and Assessment Duration: 2 hours  

Activity 1: Review (60 minutes)  

The concepts learned in the previous three weeks were reviewed.  

A video or animation was used to summarize the key concepts.  

Examples were provided, and students were asked to practice naming cycloalkanes, 

cycloalkenes, and cycloalkynes on their own.  

Feedback and clarification were provided on any misconceptions.  

  

Activity 2: Assessment (60 minutes)  

A quiz was administered to assess the students' understanding of cycloalkanes, 

cycloalkenes, and cycloalkynes nomenclature.  

The quiz included questions on naming different types of cycloalkanes, cycloalkenes, 

and cycloalkynes.  

The quiz also included objective questions to test the students' understanding of the 

concepts.  

Feedback and clarification were provided on any mistakes.  
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Activity 3: Wrap-up and Feedback (30 minutes)  

The session ended with a wrap-up of the key concepts learned in the previous four 

weeks. Students were allowed to provide feedback on the intervention activity and 

suggest any improvements for future sessions.  

The instructor provided final feedback on the students' performance and progress 

throughout the intervention activity.  

3.8.3 Post-intervention activities  

After one week of intervention, students were given a post-intervention test to answer. 

Afterwards, the scripts were collected and scored to generate data for the post-

intervention test. Two different sets of questionnaires were given to students to answer. 

One questionnaire assessed students' attitudes towards the use of computer-assisted 

instruction for the teaching and learning of the nomenclature of cyclic hydrocarbons, 

while the other questionnaire investigated the role of CAI in promoting active learning 

and enhancing students' engagement in the nomenclature of cyclic hydrocarbons. Data 

collected from the administration of these tests and questionnaires were organized and 

used to statistically test the null hypotheses that were formulated prior at a 0.05 

significance level.    

3.9 Data Analysis Techniques  

Microsoft Excel (2019) and SPSS statistical tool Version 25 were applied to analyze 

the data collected. t-tests were employed to validate whether or not there was a 

significant difference between students' scores on the pre- and post-intervention tests. 

Also, where necessary, measures of central tendencies (i.e., mean, mode, and median) 

were used to analyze the data. The analyzed questionnaire data was organized into 

frequencies and percentages. The sources of data for the research questions, methods 
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of data collection, and how the data was collected and analyzed were summarized in 

the table of the matrix below.  

Table 1: Data Collection and Analyses Technique  

Research Question  Data  

Sources  

Data Collection            Data Analyses  

Instrument             Technique  

1. What are students' prior 

conceptions of the 

nomenclature of cyclic 

hydrocarbons?  

Students  5-point Likert  

scale questionnaire  

SPSS, frequencies 

and percentages of 

selected students’ 

responses 

2. What is the effectiveness of 

computer-assisted 

instruction as a tool for 

teaching and learning the 

nomenclature of cyclic 

hydrocarbons?   

Students  Lesson notes, 

Activity work sheets 

t-test  

3. What are the students’ 

attitude towards the use of 

computer-assisted 

instruction in the teaching 

and learning of 

nomenclature of cyclic 

hydrocarbons?   

  Students 5-point Likert scale 

questionnaire  

SPSS,  

Frequency/Percentage  

counts  

4. What is the role of CAI in 

promoting active learning 

and enhancing students' 

engagement in the 

nomenclature of cyclic 

hydrocarbons?   

Students   5-point Likert scale 

questionnaire  

SPSS,  

Frequency/Percentage  

counts  
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3.10 Ethical Considerations    

An introductory letter was obtained from Science Education Department of the 

University of Education, Winneba and sent to the school to make the authorities aware 

of the conduct of this study. The researcher ensured that prospective participants were 

made aware of the purpose of the study and their rights as participants. Following that, 

prospective participants were assured of the confidentiality of the data collected. 

Additionally, permission was sought from the school authorities before the 

commencement of the study.  
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CHAPTER FOUR  

RESULTS AND DISCUSSION  

4.0 Overview  

The purpose of this chapter is to present data from the study to determine the effect of 

computer-assisted instruction towards the effective teaching and learning of cyclic 

hydrocarbons. It also emphasized the discussion of data findings.    

4.1 Presentation of the Results by Research Questions  

The data analyzed to address the formulated research questions are presented in the 

same sequence as the research questions.  

Research Question 1: What are students' prior conceptions of nomenclature of 

cyclic hydrocarbons?  

This research question sought to assess students' prior conceptions of nomenclature of 

cyclic hydrocarbons. 

Table 2 provides insight into students' prior conceptions regarding the nomenclature of 

cyclic hydrocarbons. By identifying students’ prior conceptions can foster a more 

accurate understanding of cyclic hydrocarbon nomenclature, leading to improved 

learning outcomes.  
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Table 2: Students' Responses to Questionnaire on their Prior Conceptions of 

Nomenclature of Cyclic Hydrocarbons 

S/N    
Premise  

 Number of Respondents = 45  

SA 
F(%) 

A 
F(%) 

U 
F(%) 

D 
F(%) 

SD 
F (%) 

1  I am familiar with the properties of 
hydrocarbons.  

5 (11.1) 4 (8.9) 9 (20.0) 11(24.4) 16 
(35.6) 

2  All organic compounds contain 
carbon and hydrogen.  

2 (4.4) 4(8.9) 10(22.2) 21(46.8) 8(17.7) 

3  Substituents are not named in 
alphabetical order in naming 
hydrocarbons. 

7(15.6) 14(31.1) 15(33.3) 5(11.1) 4(8.9) 

4  I can differentiate between structural 
isomers and name them correctly.   

3(6.7) 2(4.4) 11(24.4) 6(13.3) 23(51.2) 

5  In naming hydrocarbons, the end of 
the name is given by the number of 
bonds between carbon atoms. 

2 (4.4) 1(2.2) 8(17.7) 22(48.9) 12(26.8) 

6  I am comfortable with naming 
hydrocarbons containing functional 
groups. (Alcohols. Ethers).  

0(0.0) 3(6.7) 4(8.9) 27(60.0) 11(24.4) 

7  Identification of single, double and 
triple bonds in hydrocarbons 
structures are difficult.  

18(40) 15(33.3) 3(6.7) 7(15.6) 2(4.4) 

8  I struggle to grasp the nomenclature 
of branch chain hydrocarbons.  

24(53.3) 17(37.8) 0(0.0) 3(6.7) 1 (2.2) 

9  I find the nomenclature of 
hydrocarbons to be confusing and 
difficult to understand.  

23(51.2) 14(31.1) 1(2.2) 5 (11.1) 2 (4.4) 

10  Rules in naming hydrocarbons are 
difficult to understanding. 

16(35.6) 14(31.1) 8 (17.8) 6 (13.3) 1(2.2) 

Key: SA = Strongly Agree, A= Agree, U =Undecided, D= Disagree, SD= Strongly 
         Disagree, F= Frequency 

Source: Field data, 2023  
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Discussion of Results 

From Table 2, 20% of respondents agreed that they are familiar with the properties of 

hydrocarbons, 20% were undecided and 60% of respondents stated that they disagree 

with this statement. Approximately, 13.3 % of respondents agreed that all organic 

compounds contain carbon and hydrogen, 22% were undecided and 64.5% of 

respondents stated that they disagree with this premise. Approximately, 46.7% of 

respondents agreed that substituents are not named in alphabetical order, 33.3% of them 

were undecided and 20% of the respondent disagreed with this statement. A total of 

11.1% of respondents agreed that they can differentiate between structural isomers and 

name them correctly, 24.4% were undecided and 64.5% of respondents disagreed with 

this statement. Approximately 6.6% of respondents agreed that in naming of 

hydrocarbons the end of the name is given by the number of bonds between carbon 

atoms, 17.7% responded that they were undecided while 75.7% of respondents 

indicated that they disagree with this statement. Also, 6.7 % of respondents agreed that 

they were comfortable with naming hydrocarbons containing functional groups, 8.9% 

of respondents stated that they were undecided and 84.4% of respondents disagreed 

with this premise. About 73.3% of respondents indicated that identification of single, 

double and triple bonds structures is difficult, 6.7% of respondents were undecided and 

20 % disagreed with this statement. Surprisingly, 91.1% of the respondents indicated 

that they struggle to grasp the nomenclature of branch chain hydrocarbons and 8.9% of 

respondents disagreed. Interestingly, 82.3% of respondents agreed that they find the 

nomenclature of hydrocarbons to be confusing and difficult to understand and 2.2% of 

respondents were undecided while 15.5% of respondents disagreed with this statement. 

Baah (2012), found out that chemistry students are faced with some difficulties due to 

their inability to correctly write the names of some hydrocarbons and organic 

compounds. According to Wu et al. (2001), many students learning chemistry have 
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challenges learning symbolic and molecular representations. Erduran and Scerri (2003) 

for instance stated emphatically that learning of chemistry poses a challenge to a 

majority of students, particularly in its sub-disciplines which include inorganic 

chemistry, organic chemistry and physical chemistry. Sirhan (2007) states chemistry is 

often regarded as a difficult subject, an observation that sometimes repels students from 

continuing with their studies in chemistry.  

Lastly, 66.7 % of respondents finds rules in naming hydrocarbons to be difficult to 

understand, 17.8% were undecided and 15.5 % of respondents indicated otherwise. 

Students in some African countries saw organic chemistry as a difficult topic to be 

followed in their further studies (Horowitz et al., 2013; (Gebrekdian et al., 2014; 

Mafuniko, 2008; Sarkodie & Adu-Gyamfi, 2015).  From the study, it can be revealed 

that students have a poor prior conception of the nomenclature of cyclic hydrocarbons.  

Findings 

The prior conceptions held by students were: 

i. unfamiliarity of hydrocarbon prosperities e.g. low boiling and melting point 

temperatures, poorly or not soluble in polar solvents, e.g. Water. 

ii. struggled with naming convections including the ordering of substituents and 

understanding the functional groups e.g. hydroxyl (OH), methyl (CH3).    

iii. difficulty to differentiate between structural isomers and branch chain 

hydrocarbons.  

iv. difficulty in applying the IUPAC rules in naming straight chain alkanes, alkenes 

and alkynes    
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Research Question 2: What is the effectiveness of computer-assisted instruction as 

a tool for teaching and learning the nomenclature of cyclic hydrocarbons?  

This research question sought to examine the effectiveness of CAI as a tool for teaching 

and learning nomenclature of cyclic hydrocarbons. 

Figure 3 displays a Chart showing scores of each student on the pre-intervention test 

and the post-intervention test. 

 

     Figure 3: Chart showing scores of each student on the pre-intervention 
        test and the post-intervention test 

Figure 3, shows the scores of research samples at the pre-intervention test level and the 

post-intervention test level. These results revealed that the majority of students scored 

better in the nomenclature of cyclic hydrocarbons after being taught with computer-

assisted instruction.   
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Table 3 shows summary of the results of KNUST SHS students before and after 

intervention (Computer assisted instruction) 

Table 3: Summary of Results of Students before and after Intervention  

Tests  Mean 

Max=20 

Mode Mean 

Diff. 

Standard 

Deviation 

p-value Remarks  

Pre-intervention test  8.33 6 2.91 4.12 0.000413 Significant  

Post-intervention test   11.24 9  4.13   

P > 0.05= Not Significant, P < 0.05 = Significant  

Discussion of Results 

Table 3 shows the results of students in the pre-intervention test and the post-

intervention test. Students obtained a mean score of 8.33 on the pre-intervention test 

and 11.24 on the post-intervention test. The most occurring score or mode in the pre-

intervention test is 6 but the mode in the pre-intervention test is 9. A mean difference 

of 2.91 was obtained. The standard deviation value of 4.12 was obtained at the pre-

intervention test level and a standard deviation value of 4.13 was obtained for the post-

intervention test. T-test was used to determine the statistically significant difference 

between the pre-intervention test scores and the post-intervention test scores and a p-

value of 0.000413 which is lower than the significance level alpha (0.05) was obtained. 

With this result, one should reject the null hypothesis Ho1. Hence, there is a significant 

difference between the pre-intervention scores and the post-intervention test scores 

when CAI in teaching and learning of nomenclature of cyclic hydrocarbons. These 

results strongly show that computer-assisted instruction can be an effective tool for 

enhancing the learning of cyclic hydrocarbon nomenclature.   

CAI has been empirically proven to be an excellent teaching approach that increases 

students' achievement, stimulates their interest, and reduces their exhausting and 

abstract nature (Gambari & Adeghenro, 2008). The results agree with the findings of 

University of Education,Winneba http://ir.uew.edu.gh



83  
  

Adherr et al (2019), who examined the effect of computer assisted instruction (CAI) 

on students’ cognitive achievement in chemistry. The study further revealed that the 

performance of low achievers was improved when they had lessons with CAI. The 

study recommends the immediate implementation of CAI in Chemistry lessons since 

it could increase students ‘attendance to class, motivation, attitude and cognitive 

achievement in the subject. Egolum and Igboanugo (2021), examined the effects of 

computer-assisted instruction and PowerPoint presentations on the academic 

achievement of secondary school chemistry students. The results obtained showed that 

the Chemistry students taught using CAI performed significantly higher than those 

taught using PowerPoint Presentations. Abidoye (2015), Ayotola (2010) Gambari et al. 

(2014) and Salisu (2015) found that computer-assisted instruction had a significant 

effect on students' academic performance in different subjects of which Chemistry is 

not part. Anigbo and Orie (2018) revealed that Microsoft PowerPoint instructional 

strategy technology significantly enhanced students’ academic achievement. Ezza et 

al. (2019) found that instructional technology significantly enhanced learners’ 

compositing skills. Ruzicka and Milova (2019) found that there was a significant effect 

of video analysis in providing feedback on the process of downhill skiing skill 

acquisition. Ugwuanyi and Okeke (2020) found that PowerPoint presentations had a 

significant effect on students’ achievement in physics and mathematics. Ugwuanyi et 

al. (2020) found that animated PowerPoint presentations (PPT) significantly enhanced 

the achievement of students' motivation in Chemistry. Ejimonye et al (2020), found 

that the 2D animation technique had a significant effect on students' motivation and 

achievement of chemistry concepts. Respectively, Ugwuanyi et al (2020) found that 

digital-based learning significantly (p>05) improved the achievement of primary 

school pupils both at the post-test and follow-up measures. The above review reveals 
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that computer-assisted instruction has a significant impact on student's academics in 

science and other science subjects.  

Findings 

i. Students were able to identify the number of carbon atoms in the ring structure. 

ii. Identify the hydrogen atoms bonded to the central atoms. 

iii. Assign numbers to all substituents in naming cycloalkane, cycloalkenes and 

cycloalkynes. 

iv. There was a clear increase in the mean score from the pre-intervention test to 

the post-intervention test.  

Research Question 3: What are the students’ attitudes towards the use of 

computer assisted instruction in the teaching and learning of nomenclature of 

cyclic hydrocarbons?  

This research question sought to assess student attitude towards the use of computer 

assisted instruction in the teaching and learning of nomenclature of cyclic 

hydrocarbons. 

Table 4 presents an investigation into students’ attitude regarding the utilization of 

computer-assisted instruction in the teaching and learning of cyclic hydrocarbon 

nomenclature.  
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Table 4: Students' Responses to Questionnaire on their attitude towards CAI for the 

  Teaching and Learning of Nomenclature of Cyclic Hydrocarbons  

S/N    

Premise  

 Number of Respondents = 45   

SA  
F (%) 

A 
 F (%) 

U  
F (%) 

D  
F (%) 

SD  
F (%) 

1  Using computer-assisted instruction 
for learning the nomenclature of 
cyclic hydrocarbons is an effective 
way to learn.  

28 (62.3) 10(22.2) 5(11.1) 2 (4.4) 0(0.0) 

2  I enjoy using computer-assisted 
instruction for learning the 
nomenclature of cyclic 
hydrocarbons.  

31 (68.9) 10 (22.2) 1(2.2) 0(0.0) 3 (6.7) 

3  Computer-assisted instruction helps 
me understand the nomenclature of 
cyclic hydrocarbons better.  

20 (44.5) 15 (33.3) 5 (11.1) 4 (8.9) 1 (2.2) 

4  Using computer-assisted instruction 
makes learning the nomenclature of 
cyclic hydrocarbons easier.  

22 (48.9) 9 (20.0) 8 (17.8) 6 (13.3) 0 (0) 

5  I am confident in my ability to learn 
the nomenclature of cyclic 
hydrocarbons using computer-
assisted instruction.  

19 (42.2) 17 (37.9) 2 (4.4) 2 (4.4) 5 (11.1) 

6  I would recommend using 
computer-assisted instruction to 
others for learning   

21(46.7) 10 (22.2) 8 (17.8) 6 (13.3) 0 (0.0) 

7  I find using computer-assisted 
instruction for learning the 
nomenclature of cyclic 
hydrocarbons to be confusing.  

4 (8.9) 7 (15.5) 3 (6.7) 13 (28.9) 18(40.0) 

8  Computer-assisted instruction makes 
learning the nomenclature of cyclic 
hydrocarbons more difficult for me.  

3 (6.8) 6 (13.3) 2 (4.4) 15(33.3) 19(42.2) 

9  I get frustrated when using 
computer-assisted instruction to 
learn the nomenclature of cyclic 
hydrocarbons.  

2(4.4) 0 (0.0) 11(24.4) 19 (42.3) 13 (28.9) 
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10  I find it difficult to concentrate when 
using computer-assisted instruction 
for learning the nomenclature of 
cyclic hydrocarbons.  

1(2.2) 4 (8.9) 2 (4.4) 26 (57.8) 12 (26.7) 

12  I feel like I'm not learning as much 
when using computer-assisted 
instruction to learn the nomenclature 
of cyclic hydrocarbons.  

3 (6.8) 2 (4.4) 6 (13.3) 15 (33.3) 19(42.2) 

13  I would rather use traditional 
methods for learning the 
nomenclature of cyclic 
hydrocarbons than computer-
assisted instruction.  

2 (4.4) 0 (0.0) 9 (20.0) 7 (15.6) 27 (60.0) 

14 Computer-assisted instruction for 
learning the nomenclature of cyclic 
hydrocarbons is boring.  

 
3 (6.8) 

 
0 (0.0) 

 
4 (8.9) 

 
12 (26.6) 

 
26 (57.7) 

Key: SA = Strongly Agree, A= Agree, U =Undecided, D= Disagree, SD= Strongly 
        Disagree, F= Frequency 

Source: Field data, 2023 

Discussion of Results 

From Table 4, a total of 84.5% of respondents agreed that using computer-assisted 

instruction for learning the nomenclature of cyclic hydrocarbons is an effective way to 

learn while 11.1% of respondents were undecided. Lastly, 4.4 % of respondents 

disagreed with this statement.   

According to Tareef (2014), using instructional technologies, particularly computers, 

is one of the most effective ways to make teaching and learning more interesting and 

effective. A total of 91.1% of respondents agreed that they enjoy using computer-

assisted instruction for learning the nomenclature of cyclic hydrocarbons, 2.2% of 

respondents were undecided while 6.7% of respondents disagreed with this statement. 
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The study recommends that the schools explore several techniques and means that 

include CAL to grow and sustain students' attitudes towards chemistry subjects. 

Approximately, 77.8% of respondents agreed that computer-assisted instruction helps 

them understand the nomenclature of cyclic hydrocarbons better while 11.1% of 

respondents were undecided while 11.1% of respondents disagreed with this statement. 

Okonkwo (2020) discovered that when many difficult concepts are made clearer 

through appropriate teaching techniques such as CAI, low academic self-concept in 

Chemistry is overcome. Also, 68.9% of respondents agreed that using computer-

assisted instruction makes learning the nomenclature of cyclic hydrocarbons easier, 

17.8% were undecided and 13.3% of respondents disagreed with this statement. In 

total, 80.1% of respondents agreed that they are confident in their ability to learn the 

nomenclature of cyclic hydrocarbons using computer-assisted instruction, 4.4% of 

respondents indicated that they were undecided and 15.5% of respondents stated that 

they disagree. Approximately, 68.9% of respondents agreed that they would 

recommend using computer-assisted instruction to others for learning, 17.8% were 

undecided and 13.3% of respondents disagreed with this statement. In total, 24.4% of 

respondents stated that they find using computer-assisted instruction for learning the 

nomenclature of cyclic hydrocarbons to be confusing, 6.7% were undecided and 68.9% 

of respondents disagreed. In total, 20.1% of respondents indicated that computer-

assisted instruction makes learning the nomenclature of cyclic hydrocarbons more 

difficult, 4.4% of respondents indicated otherwise and 75.5% of respondents disagreed. 

Approximately 11.1% of respondents agreed that they find it difficult to concentrate 

when using computer-assisted instruction for learning the nomenclature of cyclic 

hydrocarbons, 4.4% of respondents were undecided and 84.5% of respondents 

disagreed with this statement. A total of 11.2% of respondents agreed that they feel like 
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they are not learning as much when using computer-assisted instruction to learn the 

nomenclature of cyclic hydrocarbons, 13.3% were undecided and 75.5 % disagreed.   

In total, 4.4% of respondents agreed that they would rather use traditional methods for 

learning the nomenclature of cyclic hydrocarbons than computer-assisted instruction, 

20% were undecided and 75.6% of respondents disagreed with this statement. A total 

of 6.8% of respondents agreed that computer-assisted instruction for learning the 

nomenclature of cyclic hydrocarbons is boring, 8.9 % of respondents were undecided 

whilst 84.2% disagreed with this statement. From the above results, it can be revealed 

empirically that, CAI improves students’ attitude towards the nomenclature of cyclic 

hydrocarbons and students have a positive attitude towards this approach. 

Findings  

These were students’ attitude toward CAI after it was used in teaching and learning 

nomenclature of cyclic hydrocarbons. 

i. increased in respondent interest and participation.  

ii. students finding it easier to learn with CAI. 

iii. confidence in learning and recommend to others. 

iv. few students found CAI confusing, more difficult and boring.   

Research Question 4: What is the role of CAI in promoting active learning and 

enhancing students' engagement in the nomenclature of cyclic hydrocarbons?  

This research question sought to investigate the role of CAI in promoting active 

learning and enhancing students’ engagement in the nomenclature of cyclic 

hydrocarbons. 
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 Table 5 shows students' responses to questionnaire on the role of CAI as a tool for 

promoting active learning and enhancing students' engagement in the nomenclature of 

cyclic hydrocarbons.  
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Table 5: Students' Responses to Questionnaire   

S/N    
Premise  

 Number of Respondents = 45  

SA 
 F (%) 

A  
F (%) 

U 
F (%) 

D  
F (%) 

SD 
 F (%) 

1  I found the use of CAI to be 
distracting and unhelpful in 
learning the nomenclature of 
cyclic hydrocarbons.  

2 (4.4) 4(8.9) 9(20.0) 17(37.8) 13(28.9) 

2  I found it difficult to stay 
focused during CAI sessions for 
learning the nomenclature of 
cyclic hydrocarbons.  

0(0.0) 1(2.2) 0(0.0) 23(51.1) 21(46.7) 

3  I found that CAI allowed for 
more interaction and 
engagement with the material 
compared to traditional teaching 
methods for learning the 
nomenclature of cyclic 
hydrocarbons.  

22(48.9) 15(33.4) 6(13.3) 2(4.4) 0(0) 

4  I enjoyed the flexibility and 
convenience of using CAI for 
learning the nomenclature of 
cyclic hydrocarbons.  

21(46.6) 17(37.8) 0(0.0) 4(8.9) 3(6.7) 

5  CAI helped me to apply my 
knowledge of cyclic 
hydrocarbons to solve problems.   

24(53.4) 11(24.4) 9(20) 1(2.2) 0(0.0) 

6  CAI encouraged me to take a 
more active role in my learning 
about cyclic hydrocarbons.   

26(57.6) 12(26.7) 4(8.9) 3(6.8) 0(0.0) 

7  I was satisfied with the level of 
feedback provided by CAI while 
learning about cyclic 
hydrocarbons.   

22(48.9) 19(42.3) 0(0.0) 2(4.4) 2(4.4) 

8  The pace of CAI was too slow for 
my learning style.   

4(8.9) 2(4.4) 0(0.0) 19(42.3) 20(44.4) 

Key: SA = Strongly Agree, A= Agree, U =Undecided, D= Disagree, SD= Strongly    
       Disagree, F= Frequency 

Source: Field data, 2023  
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Discussion of Results 

Concerning Table 5, a total of 13.3 % of respondents agreed that they found the use of 

CAI to be distracting and unhelpful in learning the nomenclature of cyclic 

hydrocarbons, 20% of respondents were undecided and 66.7% of respondents 

disagreed with this statement. In total, 2.2% of respondents agreed that they found it 

difficult to stay focused during CAI sessions for learning the nomenclature of cyclic 

hydrocarbons while 97.8% of respondents disagreed with this statement.  

Approximately, 82.3% of respondents agreed that CAI allowed for more interaction 

and engagement with the material compared to traditional teaching methods for 

learning the nomenclature of cyclic hydrocarbons, 15.5 % of respondents were 

undecided while 2.2% of respondents disagreed with this statement. In total, 84.4% of 

respondents agreed that they enjoyed the flexibility and convenience of using CAI for 

learning the nomenclature of cyclic hydrocarbons and 15.6% of respondents disagreed 

with this. A total of 77.7% of respondents agreed that CAI helped them to apply their 

knowledge of cyclic hydrocarbons to solve problems, 20% were undecided and 2.2% 

of respondents disagreed with this statement. Approximately 84.3 % of respondents 

agreed that CAI encouraged them to take a more active role in their learning about 

cyclic hydrocarbons,8.9% of respondents indicated that they were undecided and a 

total of 6.8% disagreed with this statement. Gonzalez and Birch (2000) established that 

computer-assisted learning has the potential to promote active learning in a wide range 

of disciplines of which science, and for that matter chemistry, is not an exception 

Another study conducted by Dap-og and Orongan (2022) study determined the effect 

of CAI on students’ academic achievement and engagement in science. According to 

the study, there is a significant difference in students’ engagement level for a cognitive 

domain in favour of CAI. It is concluded that CAI as a science learning tool enhances 
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the students’ cognitive engagement. A total of 91.2% of respondents agreed that they 

are satisfied with the level of feedback provided by CAI while learning about cyclic 

hydrocarbons and 8.8% of respondents indicated that they disagree with this statement  

A total of 13.3% of the respondents agreed that the pace of CAI was too slow for my 

learning style while 86.7% of respondents disagreed with this statement. The results 

above reveal that CAI makes students active and engages them in the teaching and 

learning process. This result agrees with the findings of Busari et al. (2016) who 

discovered in their study that CAI engages students, makes them active class 

participants, and motivates them.  

Findings  

These were the role of CAI in promoting active learning and enhanced students’ 

engagement in the naming of cyclic hydrocarbons. 

i. students staying focused during CAI sessions. 

ii. CAI allowed for move interaction and engagement compared to traditional 

teaching methods. 

iii. respondents enjoyed the flexibility and convenience of using CAI for learning. 

iv. CAI helps in better understanding and facilities learning.  
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CHAPTER FIVE   

SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS   

5.0 Overview   

This chapter contains a summary of findings, conclusions, recommendations and 

suggestions offered to improve upon the teaching and learning of organic nomenclature 

of cyclic hydrocarbons.  

5.1 Summary of Major Findings  

The findings of this study are summarised as follows:  

1. Unfamiliarity of hydrocarbon prosperities e.g. low boiling and melting point 

temperatures, poorly or not soluble in polar solvents, e.g. Water. 

2. Majority struggled with naming conventions, including substituent ordering and 

functional group roles. 

3. Difficulty differentiating between structural isomers and naming branch chain 

hydrocarbons. 

4. Widespread confusion and difficulty understanding hydrocarbon nomenclature 

rules and conventions. 

5. Implementation of computer-assisted instruction (CAI) led to improved 

performance in cyclic hydrocarbon nomenclature learning. 

6. Strong agreement among respondents regarding the effectiveness of CAI for 

learning. 

7. High levels of engagement and enjoyment reported by most respondents using CAI. 

8. Agreement that CAI aids in better subject understanding and facilitates learning. 

9. Confidence in learning with CAI and willingness to recommend it to others. 
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10. Majority disagreement with perceptions of CAI being confusing, difficult, or 

leading to decreased concentration or learning. 

11. Preference for CAI over traditional methods among most respondents. 

12. Majority disagreement with the perception of CAI being boring. 

13. Mixed responses regarding the impact of CAI on focus and usefulness in learning 

cyclic hydrocarbon nomenclature, with a significant majority seeing it as helpful 

and engaging. 

5.2 Conclusions 

In conclusion, students expressed difficulties in understanding hydrocarbon 

proprieties, struggles with naming and identifying structural isomers, and challenges 

in grasping the nomenclature of branch chain hydrocarbons. Computer-assisted 

instruction (CAI) have positive impact on students’ academic performance in naming 

cyclic hydrocarbons. Again, students had positive attitude towards CAI in teaching and 

learning of cyclic hydrocarbon nomenclature. These insights emphasize the 

significance of integrating CAI into chemistry teaching to enhance students' 

understanding and motivation.  

5.3 Recommendations  

Based on the findings from this study, the following recommendations were made:   

1. Placing science students of KNUST SHS at the center of the teaching and 

learning process is essential to actively involve them in the naming of cyclic 

hydrocarbons.  

2. Chemistry teachers of KNUST SHS should adopt the computer-assisted 

instruction (CAI) instead of traditional teaching methods when teaching 

chemistry concepts.  
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3. Providing specialized training for all KNUST SHS teachers on effectively 

utilizing computers and other technologies to teach chemistry concepts is 

crucial.  

4. It is important to organize regular in-service training for KNUST SHS teachers 

to update their knowledge on the significance of diversifying their instructional 

approaches to achieve positive outcomes.  

5. KNUST SHS should take the initiative to provide the necessary ICT tools and 

devices required for implementing the CAI.  

6. KNUST SHS chemistry teachers should give prompt feedback to students after 

every task is essential to help them identify their strengths and weaknesses and 

work on improving them.  

7. The curriculum should prioritize the use of CAI to enhance students' practical 

and inquiry skills, which are vital for learning science. Students should be given 

both theoretical and practical assignments to deepen their understanding.  

5.4 Suggestions 

It is suggested that other researchers could: 

i. Undertake a cross-sectional study to assess the effects of CAI on the teaching 

and learning of organic nomenclature in public senior high schools in the 

Central Region of Ghana.  

ii. Conduct a comparative study to investigate the effects of CAI on the teaching 

and learning of organic nomenclature in rural and urban districts in Ghana.  

iii. Conduct a study to examine the effects of CAI on the performance of male and 

female senior high school chemistry students in selected institutions in the 

Central Region of Ghana.  
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APPENDIX A 

STUDENTS’ QUESTIONNAIRE  

The purpose of this questionnaire is to collect data to answer question on 

students’ prior conceptions of nomenclature of cyclic hydrocarbons.  

NOTE: The researcher assures you that the information gathered will be 

treated with utmost confidentiality and for academic purposes only. Do not 

write your name anywhere in this questionnaire. Please tick (√) in the box 

that most accurately reflects your opinions on each of the questionnaire's items.  

Gender:  Male [   ]    Female [   ]  

Age: ___________  

1. I am familiar with the properties of hydrocarbons.  

Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  

2. All organic compounds contain carbon and hydrogen.  

Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  

3. Substituents are not named in alphabetical order in naming hydrocarbons. 

Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  

4. I can differentiate between structural isomers and name them correctly.   

Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  

5. In naming hydrocarbons, the end of the name is given by the number of 

bonds between carbon atoms. 

Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  

6. I am comfortable with naming hydrocarbons containing functional groups. 

(Alcohols. Ethers).  

Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  

7. Identification of single, double and triple bonds in hydrocarbons structures 

are difficult.  
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Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  

8. I struggle to grasp the nomenclature of branch chain hydrocarbons.  

Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  

9. I find the nomenclature of hydrocarbons to be confusing and difficult to 

understand.  

Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  

10. Rules in naming hydrocarbons are difficult to understanding. 

Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ]   

Strongly Disagree [     ]  
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APPENDIX B 
PRE-INTERVENTION TEST 

 Answer all questions       Duration: 1hour Test 

items on IUPAC nomenclature on cyclic hydrocarbons.  Do not write your name 

anywhere in this paper. Please tick (√) where appropriate or fill in the required as 

guided.    

1. What is the IUPAC name of the cyclic hydrocarbon with six carbon atoms and a 

double bond?  

a. Cyclopentane  

b. Cyclopentyne  

c. Cyclohexene    

d. Cyclohexane  

Give the IUPAC name for the structures below:  

2.   

…………………………………  

 
……………………………………………………………….  

 

 4.  

 

 

 

            ……………………………………………………………………  

3.     
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 5.  

……………………………  

6.  

 
………….……………………………………..  

7.  

 
………………………………………………...  

  

  

8. What is the correct name of the cyclic hydrocarbon with the molecular formular 

C3H6? a. Cyclobutane  

b. Cyclopentane  

c. Cyclopropane  

d. Cyclopropyne  

  

 

   

 

CH 3   
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Draw the structural formula for each of the following compounds.   

9. Cycloheptyne  

  

   

  

10. 1,2-dimethylcyclopropane  

  

  

  

  

11. 4-bromocyclohexene  

  

  

  

  

12. Cyclononane  

  

  

  

  

13. 3-Chlorocyclopentene  

  

  

  

14. 3-methylcyclobutyne  

  

  
  

  

15. What is the name of the cyclic hydrocarbon with four carbon atoms and a triple 

bond? a) Cyclobutyne   

b. Butene  

c. 1,4-butadiene  

d. Cyclobutane  
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16. What is the structural formula of 3,4-dimethylcyclohexene?  

  

  

  

  

17. Give the IUPAC name of the structure below.   

 

 ………………………………………………..  

  

18. Give the IUPAC name of a cyclic hydrocarbon with the formula C6H8?  

   

19. What is the correct name of the cyclic hydrocarbon with the seven carbon atoms 

and a double bond?  

  

20. The correct IUPAC name of a cyclic hydrocarbon with ten carbon atoms is   

a) Cyclopentene  

b) Cyclodecane  

c) Cyclohexene  

d) Cyclobutane  

  

  

  

  

H   

H   H   

H   

H   H   
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APPENDIX C  

POST-INTERVENTION TEST  

Answer all questions    Duration: 1 hour  
  

Test items on IUPAC nomenclature on cyclic hydrocarbons. Do not write your name 

anywhere in this paper. Please tick (√) where appropriate or fill in the required as 

guided.    

Write the molecular formula for the following compounds.  

1. Cyclooctane…………………………………………………………………………..  

2. Cyclopentyne………………………………………………………………………...  

3. Cycloheptene………………………………………………………………………… 

4. Cyclononane…………………………………………………………………………  

5. Which of the following is a cyclic hydrocarbon?  

a. Heptane  

b. Ethane  

c. Cycloheptane  

d. Propyne  

Name the following structures  

6.   

   

………………………………………………..  

 

7.  

  ……………………………………  

Cl   
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8.  

 
…………………………  

9.  

 

……………………………………………..  

   

10.  

 
 …………………………………  

   

  

11. What is the IUPAC name of the cyclic hydrocarbon with the formula C6H10?  

  

Br   

Br   

CH 3   

OH   

University of Education,Winneba http://ir.uew.edu.gh



121  
  

12. The IUPAC name for a cyclic hydrocarbon with eight carbon atoms and a methyl 

group is called …  

a. Methylcyclooctane  

b. Cyclobutane  

c. Methylcyclopentene  

d. Cyclononane  

  

13. What is the IUPAC name for this compound. 

 

…………………………….  

   

Draw the structural formula of the following compounds.  

14. 1-chloro-4-iodocylohexane  

  

  

  

15. 1, 2, 4 - triethylcyclopentane  

  

  

  

  

16. Cyclooctene  

  

  

CH 2 CH 3   
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17. 3-methylcyclohexene  

  

  

  

  

18. 1, 2, - dimethylcycloheptane  

  

  

  

  

19. Ethylcyclobutane  

  

  

  

  

20. Cyclopentyne  
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APPENDIX D 

STUDENTS’ QUESTIONNAIRE 

The purpose of this questionnaire is to collect data to answer question to assess 

students’ attitude towards CAI for the teaching and learning in nomenclature of cyclic 

hydrocarbons.  

NOTE: The researcher assures you that the information gathered will be treated 

with utmost confidentiality and for academic purposes only. Do not write your 

name anywhere in this questionnaire. Please tick (√) in the box that most accurately 

reflects your opinions on each of the questionnaire's item. 

Gender:  Male [   ]    Female [   ]  

Age: ___________  

1. Using computer-assisted instruction for learning the nomenclature of cyclic 

hydrocarbons is an effective way to learn.  

 Strongly Agree [    ]   Agree [     ]    Undecided [     ]    Disagree [    ]   

Strongly Disagree [     ]  

2. I enjoy using computer-assisted instruction for learning the nomenclature 

of cyclic hydrocarbons.  

 Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ] 

Strongly Disagree [    ]   

3. Computer-assisted instruction helps me understand the nomenclature of 

cyclic hydrocarbons better.  

 Strongly Agree [     ]   Agree [     ]   Undecided [     ]    Disagree [     ]   

Strongly Disagree [    ]  

4. Using computer-assisted instruction makes learning the nomenclature of 

cyclic hydrocarbons easier.  
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 Strongly Agree [     ]   Agree [     ]   Undecided [     ]    Disagree [     ]   

Strongly Disagree [   ] 5. I am confident in my ability to learn the 

nomenclature of cyclic hydrocarbons using computer-assisted instruction.  

 Strongly Agree [     ]   Agree [     ]    Undecided [     ]   Disagree [    ]  Strongly 

Disagree [     ]  

6. I would recommend using computer-assisted instruction to others for 

learning the nomenclature of cyclic hydrocarbons.  

 Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [   ]   

Strongly Disagree [     ]  

7. I find using computer-assisted instruction for learning the nomenclature of 

cyclic hydrocarbons to be confusing.  

 Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [    ]  

Strongly Disagree [     ]  

8. Computer-assisted instruction makes learning the nomenclature of cyclic 

hydrocarbons more difficult for me.  

 Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [   ] Strongly 

Disagree [     ]  

9. I get frustrated when using computer-assisted instruction to learn the 

nomenclature of cyclic hydrocarbons.  

 Strongly Agree [     ]   Agree [    ]    Undecided [     ]    Disagree [    ]   

Strongly Disagree [    ]  

10. I find it difficult to concentrate when using computer-assisted instruction 

for learning the nomenclature of cyclic hydrocarbons.  

 Strongly Agree [     ]   Agree [     ]    Undecided [    ]    Disagree [    ] Strongly 

Disagree[    ]  

University of Education,Winneba http://ir.uew.edu.gh



125  
  

11. I feel like I'm not learning as much when using computer-assisted 

instruction to learn the nomenclature of cyclic hydrocarbons.  

 Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [   ]   

Strongly Disagree [     ]  

12. I would rather use traditional methods for learning the nomenclature of 

cyclic hydrocarbons than computer-assisted instruction.  

 Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ] 

Strongly Disagree [     ]  

13. Computer-assisted instruction for learning the nomenclature of cyclic 

hydrocarbons is boring.  

 Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [     ] 

Strongly Disagree [     ]  

14. I don't feel like I'm making progress when using computer-assisted 

instruction to learn the nomenclature of cyclic hydrocarbons.  

 Strongly Agree [     ]   Agree [     ]    Undecided [     ]    Disagree [    ] 

Strongly Disagree [     ]  
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APPENDIX E 

                                      STUDENTS’ QUESTIONNAIRE  

The purpose of this questionnaire is to collect data to answer question to explore the 

role of CAI as a tool for promoting active learning and enhancing students' engagement 

in the nomenclature of cyclic hydrocarbons.  

NOTE: The researcher assures you that the information gathered will be treated 

with utmost confidentiality and for academic purposes only. Do not write your 

name anywhere in this questionnaire. Please tick (√) in the box that most accurately 

reflects your opinions on each of the questionnaire's item. 

Gender:  Male [   ]    Female [   ]  

Age: ___________  

Instruction: Tick [√] in the box that most accurately reflects your opinions on each of 

the questionnaire's items.  

1. I found the use of CAI to be distracting and unhelpful in learning the 

nomenclature of cyclic hydrocarbons.  

Strongly Agree [     ]   Agree [     ]  Undecided [     ]  Disagree [     ]   Strongly 

Disagree [     ]  

2. I found it difficult to stay focused during CAI sessions for learning the 

nomenclature of cyclic hydrocarbons.  

Strongly Agree [     ]  Agree [     ]  Undecided [     ]   Disagree [     ]   Strongly 

Disagree [     ]  

3. I found that CAI allowed for more interaction and engagement with the material 

compared to traditional teaching methods for learning the nomenclature of cyclic 

hydrocarbons.  

Strongly Agree [     ]   Agree [     ]  Undecided [     ]    Disagree [     ] Strongly 

Disagree [     ]  

University of Education,Winneba http://ir.uew.edu.gh



127  
  

4. I enjoyed the flexibility and convenience of using CAI for learning the 

nomenclature of cyclic hydrocarbons.  

Strongly Agree [     ]   Agree [     ]   Undecided [     ]   Disagree [     ] Strongly 

Disagree [     ]  

5. CAI helped me to apply my knowledge of cyclic hydrocarbons to solve problems.  

Strongly Agree [     ]  Agree [     ]   Undecided [     ]  Disagree [     ]   Strongly 

Disagree [     ]  

6. CAI encouraged me to take a more active role in my learning about cyclic 

hydrocarbons.  Strongly Agree [     ]  Agree [     ]  Undecided [     ]   Disagree [     ]   

Strongly Disagree [     ]  

7. I was satisfied with the level of feedback provided by CAI while learning about 

cyclic hydrocarbons.   

Strongly Agree [     ]   Agree [     ]  Undecided [     ]  Disagree [     ]   Strongly 

Disagree [     ]  

8. The pace of CAI was too slow for my learning style.   

Strongly Agree [     ]    Agree [     ]  Undecided [     ]   Disagree [     ]   Strongly 

Disagree [     ]  
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APPENDIX F 
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PIlE·INTEIWF.NTION TEST 

Answcl' 1111 questions Durlltion: 1 hour 
Test item on I UPA nomen lot tire on cyc lic hydrocarbons, Do n t wri te your name 
rul)'where in th is paper, Please tick (-I) where appropriate or fill in the required a 
guided, 

2, 

3. 

I. What is the IUPAC name orthe cycl ic hydrocarbon \\~(h six carbon atoms and 
a double bond? 

a, Cyclopentane 
b, Cyclopcntyne ./ 
V Cyclohexene / 
d, Cyclohexane 

Give the IUPAC name for the structures below: 

CI 

~Br 

""""" "",Bg~+,~~,~ " """"""". " " ... L .... ... ,., 
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4. ...... ... . \.::. (!;\dn re{\ I. e(l ....... .. L ...................... . 
5. 

6. 

7. 

. ....... .. . ~\~p. . l1 l ~\.I.~ ... ....... . ch .. .. . 
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8 \\'11.1\ is lll ~ 'OiTeCI nOlllC urlhe C) ellc h) uruclIrboll 1II Ih Ihe II1 11lceu l.ll' fOflnul l1J' ('1110'? 

(I , CyciobulOnc 
b, ) cJ.' l'cl11onc 

' yd UPI'OPlIIIC 
d, C') clOI rop I1C 

Oww the stru tural formula ror cach or the rollowing compound , 

9, ycJohcptyne 

.-1-
10. 1,2-dimethylcyclopropane 

~~ 

CflJ,...l-_--"'\.t-lJ 
II . 4-bromocyclohexene 

12. Cyclononane 

14. 3-methylcyciobutyne 

,_-===:::::::=-______ cA~ 
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IS. \\ 'h.1I i> the nnn\l' 01 the )di~ h) urocarbon \lIth [our curhon at(lm ~ and a tnple hond? 

n) ) clohut) nc 
h) Ilulcn 
c) ) A-bulad lcne 
~ ( ) ciubutanc )-

16. What is thc structural formu la of 3,4-dimethylcyclohexenc? 
LI\a 

17. Give the lUPAC name of the structure below. 

H H 

H H .. .. C~dp.prl>f'CI!1R. .... / ... ... .. 

18.Give the rUPAC name ofa cyclic hydrocarbon with the f'onnula C6Hs? 

19. What is the correct name of the cycl ic hydrocarbon with the seven carbon atoms and a 

double bond? C~do'h~~I'1 ~ J-
20. The correct IUPAC name of a cyclic hydrocarbon with ten carbon at 

a) Cyclopentene 
~Cyclodecane 
c) Cyclohcxene 
d) Cyclobutane 

nns 

6j~o 




