
Pakistan Journal of Social Sciences (PJSS) 

Vol. 36, No. 2 (2016), pp. 1205-1214 

Impact of Computer Simulation on the Achievement of Biology 

Students at Secondary Level 
 

Muhammad Dilshad, PhD (Corresponding Author) 
Department of Education 

Bahauddin Zakariya University Multan, Pakistan 

dilshadiub@hotmail.com 

 

Ra’ana Malik, PhD 
Department of Gender Studies 

University of the Punjab Lahore, Pakistan 

 

Rabia Tabassum 
Ph.D. Scholar 

Department of Education 

The Islamia University of Bahawalpur, Pakistan 

 

Muhammad Ijaz Latif, PhD 
The Islamia University of Bahawalpur, Pakistan 

 

Abstract 
The present study was conducted to explore the impact of computer 

simulation on achievement of biology students at secondary level. Pre-

test post-test research design was used for this study. The study was 

conducted with 60 students, 30 in each experimental and control 

group at a government girls school of Dera Ghazi Khan. Experimental 

group was exposed to computer simulations while the control group 

was instructed using traditional teaching method. The data obtained 

was analyzed by applying paired t-test and t-test of independent 

samples. The findings indicated that students in experimental group 

received higher learning gains, and scored better in the post-test as 

compared to students in control group. Hence, it is recommended that 

science teachers may incorporate computer simulations in their 

teaching to improve students’ achievement level. There is a dire need to 

train science teachers of government schools in use of computer 

simulation as instructional tool.  
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I. Introduction 
 Biology- being an important subject of natural sciences, (Umar, 2011), is 

considered a prerequisite subject for a wide range of learning areas (Ahmed, 2008) 

including medicine, pharmacy, nursing, agriculture, forestry, biotechnology, 

nanotechnology etc. It is introduced at secondary school level to provide a basic 

preparatory ground for the students to reveal their core potentials and talents so that they 

are geared toward developing future scientists, technologists, engineers, and related 

professionals (Kareem, 2003).  
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 Biology is different from other science subjects like mathematics, physics, and 

chemistry in regard that it deals with nature as it exists. Hence, it requires a deep insight 

into all biological concepts along with theory. But in Pakistan, biology education is 

facing various problems in the classrooms (Mohammad, 2010).  The same concern is 

portrayed by Memon (2009) when he says that in Pakistani educational system, 

biological education (especially anatomical section) is being plagued at basic secondary 

and higher secondary level as students are dealt with least or no hands-on experience for 

better learning. This practice results in the subject weakness among the students, which 

further leaves employability issues of bioscience students (NAP, 2003; APBI, 2008).  

 

 What are the causes of this weakness? Various answers are given to this question 

by different critics.  Some consider inappropriate teaching methods responsible for this 

state of affairs, which do not allow students to have the required insightful learning and 

interaction with natural phenomena. (Ahmed & Abimbola, 2011; Kareem, 2003; Umar, 

2011). On the other hand, Iqbal (2009) and Nasir (2009) blame lack of sufficient funds 

and facilities that hamper availability of modern tools including computers and internet, 

latest reading materials, and well-equipped libraries and laboratories for teaching of 

biology.  

 

 In order to teach biology effectively, it is important to overcome these problems. 

One of the options includes use of technological innovation which is economical, safe to 

handle, can be repeated, and can show a life reaction in more or less speed to be 

understood by the students. In the context of biology teaching in Pakistan, this study is an 

attempt to see the effect of teaching intervention involving computer simulation on 

students’ performance.  

 

II. Literature Review 
 Effective use of technology by students and teachers may significantly contribute 

to their survival and success in a challenging and knowledge based world (UNESCO, 

2008). Akgun (2000) observes that computers may be utilized separately or along with 

other teaching aids for enhancing the students’ learning experiences. These days, 

computer assisted instruction (CAI) is considered to be one of the productive 

interventions that help in integration of science and technology and in improving the 

worth of learning outcomes (Yenice, 2003). 

 

  Duyilemi, Olagunju and Olumide (2014) maintain that use of computers at times 

is made in “biological investigations for collecting data, searching literature, planning 

experiments and analyzing data” (p.116). These tasks are performed as routine activities 

in science and biology laboratories. Educational softwares to be used in science teaching 

may be classified into five categories including tutorial, drill, simulation, educational 

games and hypermedia (Alessi & Trollip, 2005). However, simulation is recommended 

by the educators “for formulating and, improving the conceptual models that scientist and 

science teachers use in their practice and teaching” (Duyilemi, Olagunju & Olumide, 

2014, p.116). 

 

 Being a form of virtual reality, a simulation of a system or an organism is the 

operation of a model or simulator which is the representation of the system. Smith and 

Duncan (2011) call simulation the computer practical which is “a set in a module 
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concentrating on understanding computational research applied to biology on a 

conceptual level” (Smith & Duncan, 2011, para 2). Various fields of biology such as 

functional genomics, bioinformatics, and systems biology integrate it to computational 

sciences (APBI, 2008; Bialek & Botstein, 2003; NAP, 2003).  

 

 Computer simulation becomes instrumental for both teachers and students in 

creating computing environment that assists in discovering the system and reporting 

variables (Campbell, Bourne, Mosterman, & Brodersen, 2002), illuminating theories 

(Jensen et al., 2002), describing phenomena which cannot be comprehended in natural 

setting (Luo, Stravers & Duffin, 2005). With reference to various research studies, 

Pfefferová (2015, p.280) emphasizes that “use of computer simulations appears to make 

easier student’s conceptual understanding,  requires less time as traditional methods, and 

improves the ability to predict the results of experiments”. 

 

 The complex biological phenomena of life (e.g. complex systems, emergence, and 

self-organization), and their application in animal behavior (e.g. flocking/herding, social 

insects, collective decision-making) can be presented on the computer screen by 

computer simulations (Reynolds, 1987). The students encounter the real life problems 

while using these simulations in virtual environment. Hence, their learning becomes 

enjoyable and effective. It is important to note that in Pakistani schools and colleges there 

is a little or no using of sophisticated technology i.e. computer softwares, for teaching 

science concepts to the students. There is a dire need to answer the question as to whether 

computer simulation can be employed at Pakistani schools for teaching science subjects. 

This study aimed at examining whether students learn biology better with computer 

simulation than with conventional instruction in Pakistani context.  

 

III. Statement of the Problem 
 Effective teaching methods lead towards achievement of better knowledge and 

skills. The use of innovations in the traditional teaching can make it more effective 

and impressive. Computer simulation is one of the innovative strategies to be used in 

teaching science subjects. The primary purpose of this study was to investigate the 

impact of computer simulation on the achievement of biology students at secondary level.  

 

A. Hypotheses 

 To achieve the objectives of the study, an experiment was conducted on biology 

students at a government secondary school.  Following null hypotheses were framed and 

tested in this study: 

 

H1: There is no significant difference in the achievement scores of the experimental 

group (EG) students on pre-test and post-test. 

H2: There is no significant difference in the achievement scores of the control group 

(CG) students on pre-test and post-test. 

H3: There is no significant difference in the achievement scores of the EG students and 

CG students on pre-test. 

H4: There is no significant difference in the achievement scores of the EG students and 

CG students on post-test. 
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IV. Research Method 
 This study was experimental in nature and pre-test post-test design was found 

suitable. The experiment was carried out at Government Girls High School No. 02, Dera 

Ghazi Khan located in southern part of Punjab province. From the accessible population, 

60 female students of 10
th

 class (Biology group) were included in the study by employing 

random sampling technique. For formation of groups, the selected students’ names were 

arranged in descending order on the basis of their previous examination scores. Two 

groups (each having 30 students) were constituted by including alternative student from 

the list into each group. The experimental group was exposed to treatment (teaching 

biology with help of computer simulation). Other group was called control group which 

was taught with traditional teaching method.  

 

 Both conceptual and procedural simulations were taken for the study (Alessi & 

Trolllop, 1985). But considering the level and approach of students, their simplest 

form i.e. symbolic simulation (Gredler, 1996) was used for the instruction. The 

experiment was carried out for three months. During this period, each of 

experimental and control groups underwent 60 teaching sessions (each comprised of 

40 minute duration). For both the groups, same content was focused,  which was 

taken from the biology text-book for 10th class published by the Punjab Text Book 

Board (2011). The content included theory as well as recommended practical work for 

secondary school biology students. Both the groups were taught by the author. Same test 

was administered as pre-test and post-test on both groups at the start and end of the 

instruction. It was also considered that the other factors like physical environment remain 

same during administration of both tests.  

 

A. Research Instruments and Data Analysis 
 The research instruments included two written tests (pre-test and post-test) which 

were constructed by the researcher. Both the tests contained same 50 multiple choices 

questions (MCQs) and covered all the taught content. Students were given four options 

for answering each question. The questions regarding theory and practical were given 

equal weight age in the tests. The maximum marks for both the tests were 50. The 

instrument was validated by four experts who were teaching biology at government 

secondary schools. The major concern of the study was to obtain quantitative data to 

measure the impact of computer simulation objectively. The data was analyzed by using 

Statistical Package for Social Sciences (SPSS- version 20). The paired t-test was used to 

find out the difference between the mean scores of the same group on pre-test and post-

test. To see the difference between the mean scores of experimental and control groups 

on pre-test and post-test, t-test of independent samples was applied.  

 

V. Results 
A. Results of the study are presented in the following section 

 Table 1 shows comparison of pre-test and post-test scores of experimental group 

students. Since p-value (0.000) is less than 0.05 level of significance, the null hypothesis 

“there is no significant difference in the achievement scores of the experimental group 

(EG) students on pre-test and post-test.” is rejected. So there was significant difference in 

the achievement scores of experimental group students on both the tests. The mean 

difference (17.67) indicates gain in the achievement of the students. It implies that there 

was positive impact of computer simulations on students’ achievement.   
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Table 1: Scores of experimental group students on pre-test and post-test 

Groups Mean Std. Deviation 
Mean 

Difference 
t-value p-value 

Pre-test 16.58 2.079 
17.67 -21.14 0.000* 

Post-test 34.25 2.851 

 

Table 2: Scores of control group students on pre-test and post-test 

Groups Mean Std. Deviation 
Mean 

Difference 
t-value p-value 

Pre-test 16.70 2.415 
5.48 -8.70 0.000* 

Post-test 22.18 2.153 

 

 Table 2 shows comparison of pre-test and post-test scores of control group 

students. Since p-value (0.000) is less than 0.05 level of significance, the null hypothesis 

“there is no significant difference in the achievement scores of the control 

group (CG) students on pre-test and post-test”, is also rejected. So there was 

significant difference in the achievement scores of control group students on both the 

tests. It implies that the traditional teaching method also had impact on students’ 

achievement.    

 

Table 3: Scores of experimental and control groups’ students on pre-test 

Groups Mean 
Std. 

Deviation 
Mean 

Difference 
t-value p-value 

Experimental 
group 

16.58 2.079 
0.12 -0.67 0.508 

Control group 16.70 2.415 

 

 Table 3 shows comparison of pre-test and post-test scores of experimental group 

students. Since p-value (0.000) is greater than 0.05 level of significance, the null 

hypothesis “there is no significant difference in the achievement scores of the 

EG students and CG students on pre-test” is accepted. So there was no significant 

difference in the initial performance (achievement scores in pre-test) of both EG and CG. 

The mean difference (0.12) indicates that both groups possessed almost equal 

competence before the administration of experiment. 

 

Table 4: Scores of experimental and control groups’ students on post-test 
Groups Mean Std. 

Deviation 
Mean 

Difference 
t-value p-value 

Experimental 
group 

34.25 2.851 

12.07 9.35 0.000* 
Control group 22.18 2.153 

 

 Table 4 shows comparison of pre-test and post-test scores of experimental group 

students. Since p-value (0.000) is less than 0.05 level of significance, the null hypothesis 

“there is no significant difference in the achievement scores of the EG students 

and CG students on post-test”, is rejected. So there was significant difference in the 

achievement scores of experimental and control group students on post-test. The mean 

difference (12.07) indicates better achievement of the students of experimental group. It 
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implies more effectiveness of teaching with the help of computer simulation as compared 

to the traditional teaching method. 

 

VI. Conclusions and Discussion 
 The need for imparting scientific knowledge skills is being realized and reflected 

in the statement given by Ministry of Education (MOE) in vision 2025 (as cited in 

Mushtaq, 2010) and considered as one of the major objectives of education in 

Pakistani curricula especially at secondary level.  The use of computer as a tool of 

simulation is not a new idea; rather it has been being used in a role since 1940’s (Martin, 

1988). It is receiving attention in Pakistan for the graduate courses now but it is new to be 

used at secondary classes. Therefore this study was conducted in order to find new ways 

of using computer technology in the classroom with the expectation that it will increase 

students’ academic achievement. Obtained data was analyzed, interpreted and 

conclusions were drawn.  

 

 Comparison of pre-test scores of both the experimental and control groups 

reflected that students of both experimental and control groups showed similar 

performance initially. After administration of the experiment, a clear improvement was 

observed in the performance of students from the experimental group. Hence, it can be 

concluded that use of computer simulation, as compared to traditional method, was more 

effective in teaching biology at secondary level. It is further observed that students of 

control group, though scored lower than that of experimental group, demonstrated 

improvement in their post-test score. It revealed that use of traditional method also has 

some value for teaching biology to secondary school students. 

  

 The findings of this study support the results of the studies made by Dikinson 

(n.d.), Chen (2002), and Stafford, Goodeough and Davies (2010). The most relevant 

study to the present research was made in Texas State University- San Marcos, by 

Dickinson (n.d.) on “the effect of computer simulated experiments on high school 

biology students’ problem solving skills”. It was concluded that using computer 

simulations, as teaching tool, was more effective in the process of biology teaching and 

learning as compared to traditional teaching method. It is argued that with the help of 

computer simulations, learning may be focused on pace, ability level and needs of 

students. Chen (2002) conducted a research study to review the use of computer 

simulations in science classrooms and then introduced internet-based simulations. The 

researcher concluded that IT simulations may have their role in science education, but 

these cannot replace the traditional laboratory experience completely. So he suggested 

that the actual handling and usage of different types of instruments (eg, lenses, 

microscope, staining techniques etc) are still important for science students. Similarly a 

study conducted by Stafford, Goodeough and Davies (2010) concluded that computer 

simulations could prove to be the best learning tool for teaching ecological experimental 

design. The researchers also demonstrated that for some students computer simulations 

could be cost-effective learning in an experiential context.  

 

 However, results contradictory to findings of current study were reported by Duffy 

and Savery (1995) who highlighted the limitations of technology (computer simulations) 

for teaching biology at secondary level. The researchers pointed out that the post-test 

gains were highest for the traditional class followed by the constructivist class while the 
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class taught with computer simulations obtained the lowest scores. It was however 

stressed that computer simulations actively engaged students in learning process by 

allowing them repeating practice in a cost effective manner, but could not totally replace 

the laboratory. Although the present study provides an efficient solution for the current 

issues in the biological instruction at secondary level, the limitations of the study still 

restrict its generalizability i.e. short span of time, small sample size, and the simplest and 

least sophisticated computer simulations used in the study. This study has yet significant 

implications for teaching science subjects at government secondary schools in Pakistan.  

 

VII. Recommendations  
 In the light of findings and conclusions of this study, it is recommended that 

computer simulation, along with traditional teaching method, may be applied for 

instruction of biology and other science subjects in secondary schools of Punjab. Gradual 

use of next generation of computer simulations, from symbolic to experiential 

simulations, may be introduced to make practical handling in science subjects more 

effective. It is observed that government of Punjab has recently established computer 

laboratory in each public secondary school. However, provision of other required 

equipment including multimedia projectors may be made at public schools. In addition, 

there is a dire need to train science teachers of government schools in use of computer 

simulation as instructional tool. Boys and girls schools and rural and urban schools may 

equally be focused for extending facilitation for employing computer simulations so that 

science students of both genders and in all geographical areas may be benefited 

effectively.  

 

 The experiment in this study was carried out only on female students. To see 

generalizability of this study’s results to male students, further research on boys of 

secondary schools is required. The results of single study are insufficient to determine the 

effectiveness computer simulations for biology teaching. Thus a series of studies may be 

conducted by using computer simulations for teaching biology and other science subjects 

in different settings and conditions at Pakistani schools.  
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