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Abstract 

This study investigated Relative Effectiveness of Computer Simulation and Guided Discovery 

Teaching Methods on Secondary School Students’ Academic Achievement and Retention in 

Biology. Two research questions were raised and two null hypotheses were formulated to guide 

the study. Quasi experimental research design was adopted for the study. The population for this 

study comprised 1260 senior secondary school (SS2) biology students of 2019/2020 academic 

session in ten (10) co-educational public secondary schools in Uruan Local Government Area. 

The sample for the study was 226 students in the six intact classes of the (SS2) students. 

Purposive sampling technique was employed. A researcher-made instrument titled: Achievement 

Test on Circulatory System (ATSC) was used for this study. The reliability of the instruments 

were determined using Kuder-Richardson formula 21 reliability statistic. Research questions 

answering and null hypotheses testing was done using mean and Standard Deviation and 

Analysis of Covariance (ANCOVA) at 0.05 alpha level of significance respectively. The findings 

revealed that there is a significant difference among the academic achievement of biology 

students taught circulatory system using computer simulation, guided discovery and expository 

teaching methods. The findings also revealed that there is a significant difference among the 

retention scores of biology students taught circulatory system using computer simulation, guided 

discovery and expository teaching methods. Based on the findings, it was recommended among 

others that biology teachers should make effective use of computer simulation in teaching 

concepts in biology since it has been found to improve students’ academic achievement and 

retention. 
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Introduction 

Biology is recognized as one of the core science subjects offered at senior secondary 

school level in Nigeria. It is a branch of science that involves the systematic study of living 

things. It deals with the natural environment and the organisms living within it, including the 

interaction existing between different organisms, and between the non-living components such as 

rainfall and temperature. Biology is a fascinating study that ranges from microscopic cellular 
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molecules to the biosphere, encompassing the earth surface and all living organisms. Biology has 

become the central intellectual discipline especially in the aspect of biotechnology and 

indispensable in helping the individuals think more clearly about the values involved in this fast 

changing world (Thieman & Polladina, 2018). Biological Knowledge and practices have 

contributed immensely to various aspects of life including conservation of natural resources, 

food production, better health care and proper family life. Crime detection through the use of 

finger prints, disease control, development of vaccines and drugs, organ transplanting, plants and 

animals’ hybridization and development of pesticides.  

  It is a requirement for further learning in many science related courses which includes 

medicine, anatomy, pharmacy, Botany, Cytology, Embryology and Agricultural science. The 

biology curriculum for secondary schools is designed to prepare students to acquire adequate 

laboratory and field skills in biology, meaningful and relevant knowledge on biology and ability 

to apply the gained knowledge to everyday life.  

The concept of human circulatory system is a concept in the biology curriculum that 

deals with the transportation of materials to the various parts of the body in higher animals 

(human beings). Circulating system is also called cardio-vascular system and it is an organ 

system that permits blood to circulate and transport nutrients, hormones and blood cells to where 

they are needed in the body either from or to the body of cells. Over the years, it has been seen 

that most students choose biology over the other science subjects. This is because they find it 

very interesting as it deals with the study of living things around them.  Despite the popularity 

and numerous benefits of biology and the circulatory system to all areas of human endeavor, 

most students’ academic achievement and retention in Biology, in WACE in Nigerian Secondary 

Schools has been consistently poor (WACE Chief examiner report, 2018). Teaching of Biology 

in Nigerian secondary schools is dominated by teacher-centered expository/expository methods 

(Ajewole, 2000). This method has failed to produce science students that are committed to 

science and who can reason critically and be able to transfer what is learnt to new but similar 

situations (Ajewole, 2001). Teaching the concept of circulatory system for easy understanding by 

students will demand innovative and students-centred teaching methods such as computer 

simulation, guided discovery, jigsaw cooperative, project based among others. This study will 

investigate the effect of computer simulation and guided discovery teaching methods on 

students’ academic achievement and retention.  

Computer Simulation is teaching resource which has the potential to address the problem 

of effective teaching and learning of Biology. Computer Simulation is a computer program that 

produces a natural phenomenon through the visualization of the evolution of its state. It is also 

seen as the use of computer to model real-world phenomena disorder to help students gain 

insight into the behaviour of complex systems.  Computer Simulation as seen by Krulik (2010), 

refers to mimicry, making working replicas or representations of machines for demonstration or 

analysis of problems that clearly illustrates real life or hypothetical situations. According to 
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Krulik (2010) in Chika (2014), Simulation is defined as a teaching/learning resource that 

produces actual events and processes under test conditions. It is conceived as the representation 

of the behaviour or characteristics of a system through the use of another outlet especially a 

computer program designed for the purpose. Computer Simulation is a simplified imitation of 

real or in some cases imaginary system or phenomena which allows students to interact with 

phenomena.  Udo and Etiubon (2011) ascertained that Computer Simulation as a teaching 

technique that produces actual events and processes under test situations. As a technique for 

instruction, simulation allows students deal in a realistic way with matters of vital concern but 

without dire consequences should they make wrong choices.  Computer Simulation therefore are 

computer-generated versions of real world objects.  Computer Simulation have the potential to 

reorganize mental process by closing the temporal gap between thoughts and actions and 

between hypotheses and experiments.   

The concept of guided discovery refers to finding out ideas or process which involves 

learners in finding answer, gathering and processing information in order to find solution and 

draw conclusions from the information gathered. The learners are not told what to be learnt but 

the teacher assign problems to them or give them series of leading questions to work on, the 

learners then go in search of possible solutions using available resources to arrive at conclusions. 

Guided discovery is a method to instruction and learning, which helps students personalize the 

concept under study, creating an understanding that cannot be matched using any other method 

of instruction. The teacher must guide the students toward discovery. This can be accomplished 

by providing appropriate materials, a conducive environment and allotting time for students to 

discover. Guided discovery is simply a method of finding out or discovering new fact under the 

supervision or guidance of an instructor (Adekaya, 2008). 

Expository teaching methods sometimes referred to as the “information dump” is a 

commonly used approach that involves presenting specific information for the majority of class 

time, allowing little opportunity for students interaction and expects students to have mastered 

the information by the time of the exams (Stewart et al., 2005). Expository teaching method 

emphasizes “talk and chalk” to the teaching of science subjects. More than 70% of scientific 

information and principles are delivered as expository. Science teachers embrace this method for 

easy coverage of the school syllabus. This method is sometimes referred to as the “talk and 

chalk” method. It is characterized by the one-way flow of information. From the teacher who is 

always active, to the students who will always be passive. 

The research finding by Kyakulaga and Kibirige (2013) showed that learners exposed to 

computer simulations are highly motivated, pay much attention to detail and learn better. 

Olalekan and Oludipe (2016) in a study investigated the effects of Computer Simulation 

Instructional Strategy on Biology Students’ Academic Achievement and retention in DNA 

replication and transcription. The result revealed that there is a significant main effect of 
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computer-simulation on students’ mean achievement and retention score in DNA application and 

transcription.  

Biology teachers who are the classroom implementers of the Biology curricula tend to 

shallowly teach circulatory system using expository teaching method and move into other 

aspects without actually making the students to understand what is being taught. The Concept of 

circulatory system has subtopics which the teachers do ignore. Handling all these in just 

classroom teaching may not yield good academic achievement and retention of the concept of 

circulatory system for application in other areas of Biology or related disciplines. It is based on 

this dime light that this study sought to investigate the effect of computer simulation, guided 

discovery and expository teaching methods on students’ academic achievement and retention of 

the concept of circulatory system in public secondary schools. 

 

Statement of the Problem 

Over the years, the achievement of students in Biology in Nigerian schools have been 

very poor. The concern about achievement of students in Biology has led to several suggestions 

for improvement. Unfortunately, these suggestions revolve around the inappropriate teaching 

methods such as expository teaching method as the major cause of students’ poor performance in 

Biology. Hence, Biology researchers are in search of innovative teaching methods and strategies 

that will enhance achievement in Biology.  

Although researchers have advocated the use of innovative methods such as the 

Computer Simulation, guided discovery, inquiry and cooperative learning in teaching science 

and science related subjects (Biology), no studies to the best of the researcher’s knowledge have 

investigated the comparative effect of Computer Simulation, guided discovery and expository 

methods in teaching secondary school Biology students’ Circulatory system. Based on the 

foregoing, the major issue of academic concern for this study posed as a question was; what is 

the comparative effect of Computer Simulation, guided discovery and expository methods on 

students’ academic achievement and retention in Circulatory System? 
 

Objectives of the Study 

1. Determine the difference in the academic achievement of students taught the concept of 

circulatory system using Computer Simulation, guided discovery and expository teaching 

methods. 

2. Compare the difference existing in the retention scores of biology students taught 

circulatory system using Computer Simulation, guided discovery and expository teaching 

methods. 
 

Research Questions 

The following research questions were posed for the study: 
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1.  What difference exist among the academic achievement scores of Biology students taught 

the concept of circulatory system using Computer Simulation, Guided Discovery and 

Expository Teaching methods?  

2.  What is the difference among the retention scores of Biology students taught circulatory 

systems using computer simulation, guided discovery and expository teaching methods? 
 

Null Hypotheses 

The following null hypotheses were raised for the study and tested at .05 alpha level of 

significance: 
 

Ho1:  There is no significant difference among the academic achievement scores of biology 

students taught circulatory system using computer simulation, guided discovery and 

expository teaching methods.  

Ho2:  There no significant difference among the retention scores of biology students taught 

circulatory system using computer simulation, guided discovery and expository teaching 

methods 
 

 

Methodology 

Research Design  

The quasi-experimental design was adopted for the study. Specifically, the pre-test post-

test nonrandomized control group design was employed for the study. This design was adopted 

because it would not be possible to have complete randomization of the subjects to avoid the 

disruption of school organization (streaming of classes). Consequently, intact classes were 

randomly assigned to experimental groups (EI and E2) and control group (C) respectively. The 

design is illustrated in Figure 1. 

 

Groups                                Pretest        Treatments (x)        Post test    Retention test 

Experimental (EI)                   O1                     X1                          O2  O3                

Experimental (E2)                  O1                     X2                          O2  O3 

Control group C                     O1                     -                             O2  O3 

 

Figure 1: Illustration of Research Design 

Where E1 = Experimental Group 1(computer simulation) 

           E2 =    Experimental Group 2 (Guided Discovery) 

  C = Control group (Expository teaching method) 

  X1 = Treatment given to E1 

  X2 = Treatment given to E2 

  -  = No Treatment  

O1 = Pretest for all groups  
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  O2 = Post test for all groups 

  O3  =     Retention test for all groups 

 

 The population of the study comprised of 1,260 students of 2019/2020 academic session 

in the ten (10) co-educational Secondary Schools in Uruan Local Government Area of Akwa 

Ibom State. The sample for the study comprised of 226 Students in the six intact classes of the 

SSS II students. Purposive sampling technique was employed to sample three schools. The 

reason for purposively selecting the schools was because only the schools that had computer 

facilities and electricity were considered. Simple random sampling technique was used to select 

intact classes from the schools selected. The researcher with a flip of coin determined which of 

the intact classes would be used as the experimental groups and the control group respectively.  

A researcher made instrument titled: Achievement Test on Circulatory System (ATCS) 

was used for this study. This was done using the Table of Specification. The ATSC consisted of 

20 multiple choice (A-D) test items each. The instrument had two (2) sections (A & B). Section 

A contained items on the demographic variables of the students and Section B contained items 

on the concept of Circulatory system. These test items were drawn mostly from WAEC, NECO 

and JAMB past questions relating to the concept of circulatory system. The test was used to 

gather the pretest, posttest and retention test scores after treatment was given to the two groups. 

A retention test on circulatory system (which is a reshuffled ATSC) was administered too. The 

researcher also prepared lessons plans and instructional packages that was used in teaching the 

students the concept of circulatory system using the different teaching strategies.  
 

Experimental Procedure 

After the selection of the sampled schools using criterion sampling technique and 

permission obtained from the principals, the researcher solicited the co-operation of the SS2 

Biology Teachers who served as the research assistant during the exercise. This was followed by 

a random selection of intact classes from the various arms of SS2 students in the selected 

schools. Each of the classes were randomly assigned Experimental Group one and two 

respectively. The researcher went further to inform the various biology teachers on what was 

required as the research assistant for about one week. The content of the training were as follows, 

familiarization with the computer, content, behavioural objectives and activities of the teacher 

and students during the teaching - learning process and administration of the Achievement Test. 

The research assistants were given a copy of the validated lesson plans and the simulation 

packages on circulatory system. 

Following the information of the research assistants, the Achievement Test on 

Circulatory System (ATSC) was administered on all the students in both the experimental and 

control groups which served as the pre-test. Thereafter, the research assistants administered the 

treatment (teaching) using the various treatment packages prepared by the researcher for four 

weeks. The students in treatment group one were taught using all-ready prepared simulation 
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package, while those in treatment group two were taught using guided discovery and those in the 

control group were taught using expository method.  

Thereafter, the researcher assisted by the research assistant administered Achievement 

Test on Circulatory System (ATCS) on all the three groups which served as post-test. Two weeks 

later, the ATCS was reshuffled and administered as retention test. The scripts from the pre-test, 

post-test and retention test administered were collected immediately at the end of each test by the 

research assistant who submitted same to the researcher. The teachings in all the groups were 

done during the normal class periods for Biology and in intact class setting. 
 

The instrument was face validated by one Secondary School Biology Teacher with at 8 

years of teaching experience and two experts in the Department of Science Education. The 

validators were required to check for the appropriateness of the items in terms of the language 

used, content coverage and class level. The researcher was appropriately guided, with all 

comments and suggestion in-cooperated in the final form of the instrument. The content validity 

of the Achievement Test on Circulatory System (ATCS) were ensured using the test blue print 

designed by Bloom (knowledge, comprehension, application, analysis, synthesis and evaluation) 

all of which formed the table of specification. Kuder Richardson’s formula -20 (KR-20) was 

used to establish a reliability coefficient of 0.79 for ATCS.  

After appropriate permission was granted by the sampled schools principals, the 

instrument (ATCS) for data collection for this study was administered to the students before 

experimental treatment. Scores obtained at this stage served as pre-test scores. After treatment, a 

post-test was administered using the reshuffled instrument to obtain the post-test scores. 

Retention Test on Circulatory System was administered after 2weeks to obtain the retention 

scores. This pre-test, post-test and retention test were collated, scored and subjected to 

appropriate statistical analyses. The data generated were analyzed using mean and standard 

deviation (SD) and Analysis of Covariance (ANCOVA) statistics. The formulated null 

Hypotheses were tested at 0.05 level of significance using Analysis of covariance (ANCOVA) 

while the Mean scores were used in answering the research questions.  
 

Results 

Research Question 1: What difference exist among the academic achievement scores of 

students taught the concept of circulatory system using computer simulation, guided-discovery 

and expository teaching methods? 
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Table 1: Mean and standard deviation of students’ pre-test and post-test scores classified by 

treatment groups   

Treatment  Groups      N Pre-test Post-test Mean 

Gain 

Score 
 ̅           SD   ̅            SD 

Computer simulation 70 30.93     11.14 74.64      12.52 43.71 

Guided-discovery 77   35.13    10.85  67.34      13.37 32.04 

Expository method 79   26.63     8.73 55.70      11.62 29.07 

  

Table 1, shows the pre-test and post-test mean scores and standard deviation of scores of 

the three  groups of  students taught using computer simulation, guided-discovery, and  

expository method. The post-test and pre-test mean scores of 74.64 and 30.93 respectively, for 

those in computer simulation group yielded the best mean gain score of 43.71. This is followed 

by the post-test - pre-test mean gain scores of 32.04 and 29.07 for those in guided-discovery and 

expository method groups, respectively.  The post-test standard deviation scores  of 12.52, 13.37 

and 11.62 for students in computer simulation, guided-discovery and expository method  groups 

indicate that, though students taught using computer simulation had the highest mean 

achievement scores and the widest scattering of raw scores about the group mean, those taught 

using expository method had  their raw scores closest to  the group mean.  
 

Research Question 2: What difference exist among the retention scores of Biology students 

taught circulatory systems using computer simulation, guided discovery and expository teaching 

methods? 

 

Table 2: Mean and standard deviation of students’ post-test and retention scores classified by 

treatment groups   

Treatment  Groups      N Posttest  Retention  Mean  

difference   ̅           SD   ̅            SD 

Computer simulation 70 74.64    12.52 73.86      12.69 0.78 

Guided-discovery 77 67.34    13.37 57.53      16.09 9.81 

Expository method 79 55.70    11.62 43.16      13.35 12.54 

Table 2 shows the post-test and retention mean scores and standard deviation scores of 

the three groups of students taught using computer simulation, guided-discovery, and expository 

method. The post-test and retention mean scores of 74.64 and 73.86 respectively, for those in 

computer simulation group yielded the best retention of 0.78. This is followed by the post-test - 

retention mean loss of 9.81 and 12.54 for those in guided-discovery and expository method 

groups, respectively.  The retention standard deviation scores of 12.54, 16.09 and 13.35 for 
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students in computer simulation, guided-discovery and expository method groups indicate that, 

though students taught using computer simulation had the highest retention mean   scores and 

the closest scattering of raw scores about the group mean, those taught using guided-discovery 

had  the widest scattering of the retention scores about the group mean. Expectedly all the 

groups had retention mean scores that are lower than their post-test mean scores.  

 

Null Hypothesis 1: There is no significant difference among the academic achievement scores 

of biology students taught circulatory system using computer simulation, guided discovery and 

expository teaching methods.  
 

Table 3: Summary of Analysis of Covariance (ANCOVA) of the students’ post-test scores 

classified by treatment groups  

Source Type III Sum 

of Squares 

df Mean 

Square 

F Sig. Decision at 

p<.05 alpha 

Corrected Model 23555.22 3 7851.74 69.50 .000 s 

Pretest 9850.93 1 9850.93 87.19 .000 s 

Treatment 9636.00 2 4818.00 42.65 .000 s 

Error 25081.07 222 112.98 - - - 

Total 1019150.00 226 - - - - 

Corrected Total 48636.283 225 - - - - 

a. R Squared = .484 (Adjusted R Squared = .477)  

  

In Table 3, the calculated F-ratio for the effect of instructional strategies at df 2, 225 is 

42.65, while its corresponding calculated level of significance is .000 alpha. This level of 

significance is less than .05 in which the decision is based, indicating that there was a significant 

difference in the academic achievement of students in the concepts taught using computer 

simulation, guided-discovery, and  expository method. With this observation, null hypothesis 1 

was rejected. The direction of significance was determined using Scheffe post hoc test in Table 

4. 

 

Table 4: Scheffe Post Hoc tests for Post-test classified by treatment groups  

Dependent Variable:   Posttest Score   

(I)  Treatment 

Groups 

(J)  Treatment 

Groups 

Mean 

Difference (I-

J) 

Std. 

Error 

Sig. 95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Computer 

Simulation 

Guided-discovery 7.31* 2.067 .002 2.21 12.40 

Expository method 18.95* 2.054 .000 13.88 24.01 
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Guided-discovery Computer Simulation -7.31* 2.067 .002 -12.40 -2.21 

Expository method 11.64* 2.004 .000 6.70 16.58 

Expository  method Computer Simulation -18.95* 2.054 .000 -24.01 -13.88 

Guided-discovery -11.64* 2.004 .000 -16.58 -6.70 

Based on observed means. The error term is Mean Square (Error) = 156.646. 

*. The mean difference is significant at the 0.05 level. 

  

 The results in Table 4 show that students taught using Computer Simulation achieved 

significantly better performance compared with those taught using Guided-discovery and 

expository method. Those in the expository method group had the least performance. 
 
 

Null Hypothesis 2:  There no significant difference among the retention scores of biology 

students taught circulatory system using computer simulation, guided discovery and expository 

teaching methods. 

 

Table 5: Summary of Analysis of Covariance (ANCOVA) of the students’ retention scores 

classified by treatment groups  

Source Type III 

Sum of 

Squares 

df Mean 

Square 

F Sig. Decision  

at p<.05 

Corrected Model 52486.76 3 17495.59 142.93 .000 s 

Post-test 17523.86 1 17523.86 143.16 .000 s 

Treatment 8378.38 2 4189.19 34.22 .000 s 

Error 27174.74 222 122.41 - - - 

Total 828600.00 226 - - - - 

Corrected Total 79661.50 225 - - - - 

 R Squared = .659 (Adjusted R Squared = .654)  

 

In Table 5, the calculated F-ratio for the effect of instructional strategies on the student's 

retention at df 2, 225 is 142.93, while its corresponding calculated level of significance is .000 

alpha. This level of significance is less than .05 in which the decision is based, indicating that 

there was a significant difference in the mean retention scores of the students in the concepts 

taught using computer simulation, guided-discovery, and  expository method. With this 

observation, null hypothesis 2 was rejected. The direction of significance was determined using 

Scheffe post hoc test in Table 6. 

 

Table 6: Scheffe Post Hoc tests for retention classified by treatment groups  
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(I)  Treatment 

Groups 

(J)  Treatment 

Groups 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Computer 

Simulation 

Guided-discovery 16.32
*
 2.338 .000 10.56 22.09 

Lecture method 30.69
*
 2.324 .000 24.97 36.42 

Guided-discovery Computer 

Simulation 

-16.32
*
 2.338 .000 -22.09 -10.56 

Lecture method 14.37
*
 2.267 .000 8.78 19.96 

Lecture method Computer 

Simulation 

-30.69
*
 2.324 .000 -36.42 -24.97 

Guided-discovery -14.37
*
 2.267 .000 -19.96 -8.78 

Based on observed means. The error term is Mean Square (Error) = 200.442. 

*. The mean difference is significant at the 0.05 level. 

  

 The results in Table 6 show that students taught using Computer Simulation had the best 

retention followed by those taught using Guided-discovery method. Those in the expository 

method group had the least retention mean score.  

 

Discussion of Findings 

Instructional Methods and Students’ Academic Achievement  

The findings with regard to the effects of computer simulation, guided discovery and 

expository methods on Biology students' academic achievement on the concept of circulatory 

system showed that there was a significant difference in the academic achievement of students 

with students taught using Computer Simulation achieving significantly better than those taught 

using Guided-discovery and Expository method. The students taught using expository method 

had the least performance. The better enhancing effect of computer simulation on students’ 

achievement, which is in line with the findings of Udo and Etiubon (2011) and Kyakulaga and 

Kibirige, (2013) could be attributed to the audio visual effect of this strategy which was able to 

captivate and sustain the students’ interest throughout the class interactions. The relative better 

enhancing effect of Guided-discovery compared with expository method could be attributed to 

the activity approach which kept the learners adequately engaged during the teaching-learning 

process as against the didactic teacher-centred approach of the expository method.  

 

 

 

Instructional Methods and Students’ Retention  

The findings with respect to the effects of computer simulation, guided discovery and 

expository methods on biology students' retention of the concept of circulatory system showed 



   
 

  

IBORO 12 

 

W RI
    World Journal of Interactive Research (WJIR) Vol. 4, Issue 1, Oct/Dec., 2021. 

eISSN:2672-5665,  pISSN: 2672-5657       University of Uyo. 
 

that there was a significant difference in the retention of students with students taught using 

Computer Simulation having the best retention followed by those taught using Guided-discovery 

method; those in the expository method group had the least retention mean score. The better 

enhancing effect of computer simulation on students' retention could also be attributed to the 

audio visual effect of this strategy which was able to captivate and sustain the students’ interest 

throughout the class interactions.  
 

Conclusion  

Based on the findings of the study, the use of the computer simulation and guided 

discovery teaching methods to teach circulatory system was more effective in enhancing 

students’ academic achievement than expository instructional strategy. It is hereby concluded 

that among the three teaching methods investigated, computer simulation is the most effective in 

facilitating students’ academic achievement and retention in biology.  
 

Recommendations 

Based on the findings and the conclusions reached, the following recommendations are made: 

1. Biology teachers should make effective use of computer simulation in teaching concepts 

in biology.   

2. Curriculum planners should ensure the incorporation of computer simulation in the 

teaching and learning of biology. 

3. Federal and State Government in conjunction with professional bodies like STAN should 

endeavour to organize and sponsor regular workshops to train science teachers on the use 

of computer simulation in teaching science concepts. 
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