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Abstract: This study investigated the effectiveness of integrating 

Information and Communication Technology (ICT) into the 

teaching and the traditional approach of teaching cellular 

respiration at the Colleges of Education. Two intact science 

classes were randomly selected from the two Colleges of 

Education in the Central region of Ghana who offers the general 

science programme. The pretest-posttest non-equivalent group 

quasi-experimental design was used. The students in the 

experimental group learned cellular respiration using an ICT 

rich environment, whereas the students in the control group 

were taught the same cellular respiration using the traditional 

approach. The results indicated that students taught with the 

integration of ICT outperformed their counterparts taught with 

the traditional approach. It was also found that students in the 

experimental group had positive perceptions of using ICT in 

teaching and learning. It was recommended that tutors at the 

Colleges of Education should integrate ICT into their teaching. 
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I. INTRODUCTION 

n this 21st century, information and communication 

technology (ICT) has become an indispensable tool for 

economic growth and development and has permeated in 

virtually every sector such as medicine, banking, 

industrialization and education and has become part and 

parcel of every aspect of human endeavor [6]. Due to the 

rapid evolution of modern technology and industrialization 

across the globe, there is a massive demand for quality and 

meaningful education among developed countries as well as 

developing countries and Ghana in particular. This demand 

for quality education and science education, in particular, and 

has led to the introduction of computers into the classroom in 

the 19
th

century [18]. In order to meet this 21
st
-century demand 

for quality education which is rooted in discoveries and 

inventions, teaching and learning must be driven by computer 

integration [19]. It is based on the effectiveness of computers 

in education in general that drive a lot of developed countries 

to invest massively in incorporating computers in their 

educational system [2]. Findings from [31] indicated that 

almost all public schools in the United State of American have 

incorporated computers into the classroom for effective 

teaching and learning. Even though it could be argued that 

ICT cannot solve all the challenges in education and in the 

classroom, it is worth knowing that when it is strategically and 

effectively integrated into the classroom based on the context 

of concepts and the interest of the students, it could be a good 

motivational tool for engaging students in a meaningful 

learning experience for better academic achievement in 

biology. 

Research conducted in the area of integrating ICT into 

classroom teaching proved that ICT integration in teaching is 

more effective than the traditional or deductive method of 

teaching ([14], [1], [34]). According to [22] the incorporation 

of ICT and its integration in classroom teaching and learning 

is no longer a challenge to developed countries such United 

States of American and the United Kingdom. However, the 

case is different in most African schools, especially in Ghana. 

Despite the incorporation of information and communication 

technology into the primary school, junior high school and 

senior high school curriculum in the current educational 

system of Ghana, there is little or no use of ICT as a tool for 

teaching in the primary, junior high and senior high schools 

and Colleges of Education in Ghana. This could be due to too 

much emphasis on teacher-centered approach in teaching in 

Ghana without viewing ICT as a tool that could serve as a 

complementary to the other teaching approaches for an 

effective and meaningful learning experience in biology by 

learners. Much concentration is on exposing junior high and 

senior high school students to basic technological knowledge 

but it should be noted that the integration of ICT into the 

curriculum of the educational system alone does not guarantee 

students 'academic achievement because the acquisition of 

technological knowledge is not sufficient for promoting 

effective teaching and learning in the classroom ([5], [12]). 

The essence of biology and education in general is to bring 

changes in the behavior of learners and this is achieved 

through appropriate learning experience which is rooted in 

teaching with appropriate methodologies [28]. 

Ref. [14] conducted a research to evaluate the 

effectiveness of ICT and lecture method of teaching in the 

classroom and stated that ICT is more effective than lecture 

method in terms of students’ academic achievement in the 

I 
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classroom. According to [16] the integration of ICT in 

teaching can enhance learning by making teaching less 

dependent on the teacher and by allowing students to search 

for most of the information in order to make learning 

meaningful thereby maximizing academic achievement in 

science. Research conducted by [15] indicated that the 

integration of ICT in classroom teaching has the ability to 

engage students in the learning process and subsequently 

improving their academic achievement. Ref. [20] conducted a 

comparative study on the effectiveness of computer-assisted 

instruction and conventional teaching methods in biology on 

senior high school students and indicated that ICT has the 

potential for improving students' academic achievement in 

biology. They selected two biology classes from randomly 

selected schools and administer a pretest-posttest using a 

nonequivalent quasi-experimental design. They taught one 

class using ICT and the other class conventional approach. 

They stated that students instructed by the conventional 

approach performed better on the posttest than those 

instructed by ICT. However, they indicated that the 

performance of students taught by ICT within the 

experimental group improved on the posttest. This seems to 

suggest that ICT has the potential for improving students' 

performance in biology. However, [7] was of the view that the 

use of ICT in teaching distracts students and does not permit 

them to stay focus on their learning. Contrary to the finding of 

other researchers which shows the effectiveness of ICT as an 

instructional tool over the conventional approach, [1] study 

proved that the traditional method of instruction is more 

effective when compared to ICT method. Thus, whereas some 

research found ICT to be effective in terms of students’ 

academic achievement than the conventional approach, others 

found otherwise. 

One of the complex topics in most biology curricula as 

reported in the literature is cellular respiration ([10], [32], 

[34]. Cellular respiration is considered to be one of the most 

complex and abstract concepts in the sciences. This is because 

concepts in cellular respiration are biological processes that 

consist of both macro and sub-microscopic levels of 

representation that are not visible to the naked eyes. Such 

processes consist of a sequence of sub-microscopic strands in 

the eukaryotic cell cytoplasm and mitochondria. It also 

involves glycolysis and Krebs cycle. The process begins with 

glucose and results in the production of adenosine 

triphosphate (ATP), which are molecular units for the 

transformation of energy in organisms [10]. In fact, the 

process of cell respiration goes on in all the cells of both 

animals and plants. This makes cellular respiration so 

important for students to study at all levels of education. 

However, researches [3] indicate that cellular respiration 

presents some difficulties in teaching and learning. Students 

are known to have challenges and low interest in 

understanding conceptually concepts in cellular respiration 

[3]. Both teachers and students, surprisingly complain of 

cellular respiration as one of the most complex and difficult 

topics in the biology curriculum [21]. A number of reasons 

have been proposed to be responsible for why cellular 

respiration is considered to complex. Firstly, the entire 

process of respiration is highly abstract simply because of its 

invisible nature and also because it contains many distinctive 

steps that function in a complex system making it confusing to 

comprehend [10]. Secondly, the processes involved make it 

difficult for students to relate the complex concepts to each 

other and to everyday life activities [3]. Thirdly, students are 

confronted with the challenge of having to learn too many 

detailed concepts and a number of complex vocabularies [21]. 

Finally, students develop some common misconceptions in 

the process of learning cellular respiration [3]. It is against this 

background that a robust teaching method is needed to help 

students overcome these problems.   

Cellular respiration was chosen for investigation due to 

the following reasons. The first reason for choosing this 

concept is that it is considered as one of the core concepts in 

biology, which until recently has received a very little amount 

of attention in terms of research [29]. The second reason is 

that available research studies show several students’ learning 

difficulties linked to this concept, which include confusion 

with the everyday usage of the terms respiration and 

breathing, everyday ideas about energy, the biochemical 

nature of the concept which implies that it requires 

understanding at the cellular, sub-cellular and molecular level 

and consequently the problem of connecting these levels of 

biological organization [32]. The final reason for selecting 

cellular respiration was that it refers to different processes: 

aerobic respiration and many variants of anaerobic respiration, 

such as lactic acid and alcoholic fermentation [32].  

The question now is how can students be aided to 

overcome such difficulties? It requires the use of effective 

teaching methods to counter such difficulties. This study 

employed the use of ICT in teaching students to ascertain their 

effectiveness in helping them understand concepts in cellular 

respiration. The use of ICT in the context of this study 

involves the use of simulations and videos in teaching cellular 

respiration concepts like glycolysis and Krebs cycle which is 

considered to be one of the most difficult and abstract topics 

in biology [10]. Simulations and videos are widely used 

nowadays in science education. Simulations, in particular, are 

mostly used to study the outputs of complex systems resulting 

from certain input variables and by interactively changing 

conditions, variables, or courses of action (laws), the output 

can be adjusted. In biology education, however, complex 

systems are made up of a number of parts on many different, 

yet interwoven organizational levels ranging from 

microscopic to macroscopic levels and often without central 

control [10].  Videos on the other hand have also proven to be 

very effective in improving students’ understanding of 

concepts. The attractiveness of videos in teaching comes from 

the combination of images and sounds. As such it will be able 

to generate an influential medium that can be used by teachers 

to help explain concepts while at the same time able to 

instruct students with content that provides multiple senses. 
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These would certainly assist teachers in making the 

explanation of abstract concepts and processes easy through 

the use of visualization that can be provided by videos [33]. 

This study, therefore, sought to determine the 

effectiveness of integrating ICT into the teaching of cellular 

respiration involving glycolysis and Krebs cycle at the 

Colleges of Education in Ghana. This study actually compared 

the integration of ICT into teaching and the traditional 

teaching approach on students’ achievement in cellular 

respiration.  

Research Questions 

The study found answers to the following questions:  

1. What is the difference in performance between 

students taught with ICT and those taught with the 

conventional approach of teaching cellular 

respiration? 

2. What are the perceptions of students towards the use 

of ICT in teaching and learning biology? 

Theoretical framework 

The idea of using ICT as an instructional tool in the 

classroom dates back in the early 1960s [18]. The University 

of Illinois in the United State of American around the 1960s 

first made the attempt of integrating ICT into classroom 

teaching by producing Program Logic for Automatic Training 

Operations (PLATO) [17]. According to [4] there are various 

ways by which computers can be used in education to 

improve the quality of teaching, and for the technological 

development of learners. They believe teachers can assist 

students to develop technological skills by exposing them to 

basic computer skills which could be considered as teaching 

computers as a subject or teachers using ICT as a tool for 

effective delivering of content or subject matter to students. 

Ref. [30], also categorizes the uses of ICT and its associated 

technologies in education into three such as: Learning through 

information and communication technology where the 

computer becomes the whole learning environment by 

providing learning materials or assist the teacher in delivering 

lessons or transmitting the subject matter to the learners. 

 Using computers to support learning processes where 

the students use the computer to do homework, search for 

information online, and using spreadsheets to present reports 

which could be termed as learning with the computer as stated 

by [4]. Ref. [27], also coined this category as learning about 

the computer in which students are exposed to basic technical 

knowledge and skills thereby helping them to acquire 

computer literacy and its associated terminologies. This study, 

therefore, seeks to employ ICT as an instructional tool in 

delivering the subject matter to students.  

It must also be pointed out that computerize teaching 

takes its root from the behaviorist theory of learning 

perspective [11]. Skinner’s theory of learning provides the 

theoretical basis for the development of teaching machines 

and computer-assisted instruction [25]. He started by 

experimenting with teaching machines that made use of 

programmed learning and these teaching machines were one 

of the first forms of computer-based learning.  Behaviorism’s 

influence is still strong in some areas of science, engineering, 

and medical training. Skinner propounded the operant 

conditioning theory of learning. According to [24], operant 

conditioning is a method of learning that occurs through 

rewards and punishments for behavior. Through operant 

conditioning, an individual makes an association between a 

particular behavior and a consequence. Skinner’s ideas of 

operant conditioning came after conducting experiments using 

animals which he placed in a 'Skinner Box' which was similar 

to Thorndike's puzzle box. He showed that pigeons could be 

trained in quite complex behavior by rewarding particular, 

desired responses that might initially occur at random, with 

appropriate stimuli, such as the provision of food pellets 

(reinforcement). Skinner believed that positive reinforcement 

strengthens a behavior by providing a consequence an 

individual finds rewarding. Because of the effectiveness of 

operant conditioning theory in training animals, Skinner was 

confident that his principles could be applied to the complex 

behavior of humans for effective learning especially with 

young people. According to [11], students become active in 

the learning process in an operant conditioning situation. This 

means that students take charge of their learning and it is the 

duty of the teacher to provide the right stimuli for the students 

to respond positively. According to [27], Skinner’s 

reinforcement theory forms the basis for computerizes 

teaching and learning in the classroom. Students are motivated 

to engage in the learning process when audio-visual and 

pictures are used during teaching and learning. Behaviorism, 

with its emphasis on rewards and punishment as drivers of 

learning, is the basis of populist conceptions of learning 

among many parents and politicians. It should also be noted 

that computer scientists are interested in automating learning. 

It is not surprising then that there has also been a tendency, 

until recently, to see technology, and in particular computer-

aided instruction, as being closely associated with behaviorist 

approaches. Basically, it could be argued that the integration 

of ICT in teaching and learning in our contemporary 

classroom takes its root mostly from the behaviorist theory of 

learning due to the principles of practice and reinforcement. 

Teachers, therefore, should endeavor to incorporate 

behaviorist learning theory in teaching to facilitate effective 

teaching and learning in the classroom for better academic 

achievement in cellular respiration which is considered as an 

abstract topic in Senior High School biology [26]. 

II. RESEARCH METHODOLOGY 

The quasi-experimental research design which 

followed a quantitative approach in data collection and 

analysis was employed in this study. The design was used to 

compare the effectiveness of ICT and the traditional methods 

of teaching in terms of students’ academic achievement in 

cellular respiration. This research used a quasi-experimental 
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design since the participants in both the experimental and 

control groups were in their natural settings without 

randomization [9]. The pretest-posttest non-equivalent group 

design was used to collect data to determine whether there 

was a significant difference between the academic 

achievements of students taught using ICT as an instructional 

tool and those taught using the traditional approach. The 

experimental group (treatment) was taught with the aid of 

computer tools where videos, simulations, diagrams and 

pictures on each step of glycolysis and Krebs cycle were 

projected on the board followed by a discussion with the 

teacher serving as the facilitator of the discussion whiles the 

control group was taught by the traditional approach of 

teaching where the teacher was more or less on top of issues 

in the learning process while the students were more or less 

passive observers even though the content to be taught and 

learned was the same for the experimental and the control 

groups. Two lesson plans each was developed for both the 

experimental and control groups (i.e., glycolysis and Krebs 

cycle) based on what has been prescribed in the Colleges of 

Education biology syllabus. The students were taught the 

topic by the researchers based on the developed lesson plans 

for the two groups. Each group was taught between two hours' 

interval on the same day. This was due to the distance 

between the two selected schools. Posttest was conducted for 

both groups after teaching them the concept. After teaching 

the two lessons, the 10 item questionnaire on perceptions was 

later administered to the experimental group.   

The participants for this research consisted of 82 

second-year science students from two Colleges of Education 

in the Central Region of Ghana who offers the general science 

programme. The two schools have two science classes each 

and so one was randomly sampled to take part in the study. 

Before the intervention, a pre-test was administered to all 

students in the two classes from each selected school. There 

were 41 students each in both the experimental and control 

groups. The teaching methodologies (ICT and traditional 

approaches) were considered to be an independent variable 

while the academic achievement of students was considered to 

be the dependent variable.  

Three research tools were constructed by the 

researchers and used for this study. They include pretest and 

posttest achievement test items, and a five-point Likert scale 

questionnaires. The pre-test was developed on the living cell 

which both selected classes were already taught in the first 

year. The pretest was administered to find out whether the two 

groups were performing at par. The posttest, on the other 

hand, was based on the topic of cellular respiration involving 

glycolysis, which was taught during the experiment. This 

topic was chosen because it is considered as one of the most 

difficult and abstract topics in biology and both teachers and 

students find it difficult to comprehend due to the enzymatic 

reaction involved [26]. Again, the aim of choosing this topic 

was to determine which of the two teaching strategies would 

be effective in teaching cellular respiration to maximal 

students’ performance. Each of the tests consisted of 20-item 

multiple-choice questions. These tests were aimed at 

determining the performance of students before and after the 

experiment. For content validity, the table of specifications 

developed and used to construct the test items so that all the 

constructs are catered for in the instrument. The tests were 

also given to three experienced senior college tutors in 

biology and one biology lecturer for review. The achievement 

test items were pilot tested with final year students in one 

College of Education in the Greater Accra region. To 

determine the reliability of the tests, the Kuder-Richardson 20 

formula was used because the items were scored 

dichotomously. The reliability coefficients of the pretest and 

posttest were found .75 and .84 respectively. The five-point 

Likert scale questionnaire consisted of 10 items that sought 

students’ perceptions of the impact of ICT as an instructional 

tool on them. Students were asked to state their view on each 

item by ticking the extent to which they agree such as strongly 

agree, agree, undecided, disagree, and strongly disagree. 

III. RESULTS 

The difference in performance between students taught with 

ICT and those taught with the conventional approach of 

teaching cellular respiration 

To determine whether there were differences in 

performance between the control and experimental groups, 

initial assumption testing of the scores were determined. 

Assumption testing for normality, independence of 

observation, random sampling of schools, and Levene's test 

for equality of variance [F = 1.018, p = .316] were performed 

and no violations were detected. The two groups' pretest 

scores were analysed using the independent samples t-test to 

ascertain the level of performance of the groups because of its 

usefulness when comparing the mean scores of two different 

(independent) groups of people or conditions. The results of 

the independent samples t-test for the control and 

experimental groups are presented in Table 1. As shown in 

Table 1, there was no statistically significant differences in 

mean scores between the control [M = 12.10, SD = 2.154] and 

experimental [M = 12.90, SD = 2.518, t(80) = 1.555, p = .124] 

groups with respect to the pretest. This implies that students in 

the two groups started the treatment with similar levels of 

background knowledge of concepts in biology.  

Table 1: Results of independent sample t-test on students’ pretest scores for 

experimental and control groups 

Groups  N        Mean        SD          t          df         p-value 

Control      41      12.90        2.518 

          1.555   80        .124 
Experimental 41       12.10       2.150 

 

Since the two groups pretest scores were similar statistically, 

one would have expected that the two groups’ posttest scores 

are compared in a similar manner with the independent 

samples t-test. However, since the pretest and posttest items 

are not the same, analysis of covariance (ANCOVA) was 
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used. The posttest scores of the two groups were compared 

with the pretest scores used as covariates. The descriptive 

analysis of the control group is M = 14.90, SD = 1.998 and 

that of experimental group is M = 12.85, SD = 2.242.  Table 2 

shows the ANCOVA results of the control and experimental 

groups. 

Table 2: Results of analysis of covariance (ANCOVA) for the two 

groups 

Source 

Type 

III 
Sum 

of 

Squar
es 

df 
Mean 

Square 
F p 

Correcte

d Model 

89.30

3a 
2 44.651 9.868 .000 

Intercept 
607.7

65 
1 607.765 

134.31
2 

.000 

Pretest 3.254 1 3.254 .719 .399 

Posttest 
89.26

7 
1 89.267 19.727 .000 

Error 
357.4

78 
79 4.525   

Total 
1624

0.000 
82    

Correcte
d Total 

446.7
80 

81    

a. R Squared = .200 (Adjusted R Squared = .180) 

 As shown in Table 2, there was a statistically 

significant difference in mean score between the control and 

experimental groups [F(1, 79) = 19.727, p< .001]. The 

experimental group outperformed their counterparts in the 

control group on concepts in cellular respiration. This implies 

that teaching cellular respiration with the ICT method is more 

effective than the traditional method.  

Perceptions of students towards the use of ICT in teaching 

and learning biology  

Responses from the questionnaire were analysed 

using frequencies and percentages and finally concluded with 

the grand mean. As shown in Table 3, the majority of the 

students agree to the fact that using ICT in teaching and 

learning is very effective than the traditional methods of 

teaching used often by their tutors. A number of students were 

however not decided as to whether they prefer learning with 

ICT while minorities disagree with the assertion that ICT 

plays a key role in teaching and learning. It implies that 

students are of the view that teaching and learning with ICT is 

very effective (Grand mean = 4.13). 

IV. DISCUSSION 

The results of this study showed that students who were 

instructed through the integration of ICT into teaching 

outperformed their counterparts who were instructed through 

the traditional method. This could be a result of students in the 

experimental group being exposed to videos and simulations 

which enabled them to see real processes involved in cellular 

respiration. This finding confirms the study by [14] who 

found the use of ICT to be more effective than the lecture 

method in terms of students' academic achievement in the 

classroom.  

 This finding, however, contradicts the study of [13] 

that the traditional method of instruction is more effective 

when compared to the ICT instructional approach. This study, 

therefore, suggests that ICT has the potential of improving 

students’ academic performance when properly integrated into 

the classroom, an outcome similar to [15] that integration of 

ICT in the classroom teaching has the ability to engage 

students in the learning process and subsequently improving 

their academic achievement. 

Table 3: Results of students' perceptions of the use of ICT in teaching and learning biology 

Statement SA A UN D SD 

1. Using ICT in teaching biology is more effective than the traditional 

approach. 
6(14.6) 16(39.0) 9(22.0) 7(17.1) 3(7.3) 

2. I feel more motivated to learn when the teacher shows videos on the 

concept he is teaching. 
18(43.9) 14(34.1) 5(12.2) 2(4.9) 2(4.9) 

3. ICT helps me to understand abstract/difficult concepts in biology. 23(56.1) 13(31.7) 3(7.3) - 2(4.9 

4. ICT makes learning more interesting and enjoyable in biology. 13(31.7) 20(48.8) 4(9.8) 1(2.4) 3(7.3) 

5. The use of ICT in teaching leads to greater student involvement in 

the teaching and learning process.  
14(34.1) 20(48.8) 5(12.2) 1(2.4) 1(2.4) 

6. I wish all the teachers should be using ICT in teaching. 15(36.6) 19(46.3) 6(14.6) - 1(2.4) 

7. I usually use my mobile phone to search for information on the 

internet. 
22(53.7) 13(31.7) 5(12.2) - 1(2.4) 

8. I believe that ICT can really improve my understanding of biological 

concepts than the traditional teaching approach. 
20(48.8) 16(39.0) 1(2.4) 2(4.9) 2(4.9) 

9. The use of ICT resources stimulates students learning 22(53.7) 13(31.7) 3(7.3) 1(2.4) 2(4.9) 

10. I pay less attention in class when ICT is used in teaching. 25(61.0) 12(29.3) 3(7.3) 1(2.4) - 

Grand mean = 4.13; Numbers in bracket are percentages 
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Also, the outcome is similar to [20] that computer-assisted 

instruction has the potential for improving students’ academic 

achievement in biology.  

The results from this study also showed that students 

in the experimental group had a positive perception towards 

the use of ICT as an instructional tool. This finding is in 

agreement with [8] and [23] that computer-assisted instruction 

improves perception towards science positively. This finding 

is in sharp contrast to [7] that the use of ICT in teaching 

biology distracts students and does not permit them to stay 

focus on their learning. This is an indication that ICT has the 

potential of improving students’ academic achievement when 

properly integrated into the classroom as a supplement to the 

other teaching approaches.  

V. CONCLUSIONS 

 From the findings of this study, it can be concluded 

that the use of ICT in teaching cellular respiration is more 

effective than the traditional approach of teaching. This 

implies that ICT has the ability to improve the performance of 

students within the classroom if properly and strategically 

integrated. Furthermore, it can be concluded that ICT has a 

positive effect on students learning and that students have 

shown positive perception towards the use of ICT in teaching 

and learning biology. 

VI. RECOMMENDATIONS AND IMPLICATIONS FOR 

TEACHING 

Based on the findings of this study, it is 

recommended that tutors at the Colleges of Education should 

integrate ICT into the teaching concepts to aid easy 

understanding of concepts. ICT should always be integrated 

into teaching to serve as a supplement to the traditional 

teaching approaches. Again, students’ perception of any 

method used for teaching should be sought to gain insight as 

to whether it is helping them or not. This will give tutors 

prompt feedback on any action they take in the classroom to 

promote learning. 

 This study recommended that a similar study should 

be conducted with at least five different schools since this 

study used only two different schools. This when done can 

properly as certain the effectiveness of the integration of ICT 

into teaching. 
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