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Abstract 
This study identified and remediated students’ misconceptions in Biology and mathematics 
using Conceptual Change Approach (CCA). The study demonstrated how students’ 
misconceptions on a scientific concept can be diagnosed and remediated to boost their 
understanding of ideal scientific concepts. This study was conducted using a non equivalent 
pre-test post-test control group quasi experimental design. The study area was Jigawa State; 
a North-Western State in Nigeria. The targeted population of the study consisted of all 
science students in senior secondary schools in Jigawa State while the sample comprised of 
197 students selected from 4 secondary schools via a 4-stage sampling technique. Two 
instruments; Biology Misconception Test (BMT) and Mathematics Misconception Test 
(MMT) with Cronbach Alpha coefficient reliability of 0.87 and 0.91 respectively were used 
as instruments for data collection. Both instruments were 10-item multi-choice objective test 
which covered various concepts with identified students’ misconceptions in the Biology and 
mathematics syllabus. Three research question and three hypotheses guided the study. Means 
and standard deviation were used to answer the research questions while ANCOVA was used 
to test the first two hypotheses and independent sampled t-test was used to test the third 
hypothesis. Results indicated that the mean achievement scores of students exposed to CCA 
was significantly higher than that of those exposed to Conventional Teaching Approach 
(CTA) in Biology (p=0.00<0.05) and mathematics(p=0.00<0.05). The study also found that 
the mean achievement scores of students exposed to CCA in Biology and mathematics did not 
significantly differ (p=0.37>0.05).The study concluded that CCA is effective in diagnosing 
and remediating students’ misconceptions in science. Based on the findings, the study 
recommended that CCA should be deployed in teaching of science subjects in Nigeria 
secondary school. 
<< 
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Introduction 

Learning is a psychological process that refers to any change of behaviour that is 
relatively permanent. Learning new things depend on the prior knowledge brought into play. 
Students come to the classroom with different schools of thought emanating from their 
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everyday experiences which are crucial to all successful learning. Ambrose (2012) opines 
that prior knowledge helps students to learn when knowledge is activated, sufficient, 
appropriate and accurate. Effective teaching willtherefore connect learners’ prior knowledge 
and experience to content taught.This point to the fact that students’ misconceptions about 
what science is and how it works could affect the teacher’s connecting with their past 
experience. A lot of students’ who hold misconceptions do not even know that their ideas are 
false or incorrect. Therefore, it is important to conduct research which deals with students’ 
misunderstandings and learning difficulties in Science. Mazur (1996) reports that in science, 
students’ can memorized equations and problem solving skills, but could still perform poorly 
on tests of conceptual understanding as such inclusion of conceptual questions on tests is 
another way to emphasize the importance of problem solving. 

The noun misconception comes from the prefix ‘mis’ meaning “bad, wrong” and the 
word conception, meaning “act of conceiving”. A misconception usually results from 
incorrect thinking or a flawed understanding. The conception students may have could be 
quite different from scientific views. The main characteristics of such student’s alternative 
ideas are that these are resistant to change with scientific ideas. Students may reject new 
ideas even after the teaching process. A misconception is the result of a lack of understanding 
or in many cases misapplication of a rule or generalization (Spooner, 2002). Misconceptions 
results from misunderstandings and misinterpretations based on incorrect meanings. 

Student’s misconceptions seemed to reflect in inadequacy of the curriculum or 
instruction, or both. Misconceptions may originate from several reasons such as previous 
knowledge, teacher expectations, everyday life experiences and school activities. Students’ 
achievement in science has being a cause of concern to educational stake holders in Nigeria. 
For instance, the WAEC Chief Examiner (2016) indicates continued poor performance in all 
the science subjects taken by secondary school students including Biology and mathematics 
called for an investigation to identify the factor(s) causing poor performance among 
students’. An analysis ofthe results of students in public schools in Jigawa State showed poor 
performances in science subjects despite the huge amount of money the government have 
being expending on education is the state (Abubakar, 2015). This situation has triggered the 
conduct of research by various subject specialists so as to establish causes of under 
achievement in science subjects. Some researchers like Ojose (2015), Ozkan and Selcuk 
(2012) and Kaya and Geban (2011) attributes underachievement to students’ misconception 
of scientific concepts.  

Abubakar (2016) traced some common misconstrued concepts in science, particularly 
Biology to cultural interference. Cultural practices upholding of superstitious beliefs have 
become part of humanity. Superstition is to incline or believe in certain happenings that are 
difficult to verify. There are a lot of cultural beliefs which permeate through all aspects of 
our daily activities, education inclusive.  

The strong belief in the power of witchcraft is making it difficult for students to 
accept scientific explanations to natural phenomena in the cause of their studies especially 
some of biology concepts. It is common knowledge within cultures that headache is caused 
by witchcrafts as such, treatment is sought from spiritually instead of taking scientific 
medication. Religious beliefs in certain natural phenomena like albino, polio and drought 
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also have influence on how students may perceive these concepts when presented from a 
biological perspective. For instance, giving birth to ‘Albino’ indicates that couples indulged 
in sexual affair in the afternoon instead of in the night. In the same vein ‘drought’ happens as 
a result of sins committed in the land such as unnecessary killing of people without any 
cause, indulgence in fornication, homosexuality and usury. Beliefs like these may likely 
influence students’ attitude in learning Biology concepts in the school. Gulay and Murat 
(2010) are of the opinion that cultural environment has influence on students understanding 
of science concepts. Okafor (2011) reaffirms that there is a growing awareness that “for 
science education to be effective, it must take into consideration its cultural context and the 
society that provides its settings and whose needs it exists to serve.  

In mathematics, Mohyuddin and Khalil (2016), Ojose (2015), Sarwadi and Shahrill 
(2014) all pointed that the frequently changing rules are the course of students’ 
misconceptions. Sarwadi and Shahrill (2014) add that mathematics learning is cumulative, 
that is, new knowledge gained is linked to the previous knowledge hence students’ 
achievement in the subject will remain very low if misconception of concepts are not 
considered periled. The authors argue that children think about the world in very different 
ways than adults which buttresses the fact that students do not come to school as blank slates. 
They had developed durable conceptions with explanatory power, but those conceptions 
could be inconsistent with the accepted mathematical and scientific concepts presented 
during instructions. Conceptual Change Approach (CCA) could therefore be a useful tool is 
dealing with students’ misconception in science and mathematics.  

Conceptual Change Approach is a strategy propounded by Posner, Strike, Hewson 
and Gertzog (1982) based on Piaget’s principles of assimilation, regulation and 
counterbalancing.The approach encourages students to remove misconceptions in their minds 
and instead learn scientific knowledge (Ozkan & Selcuk, 2012). The approach holds that 
when assimilating, students compare the concepts with their old knowledge, and add more 
information to restructure it. Conceptual Change Approach is fundamentally based on four 
conditions; first of all, the student must be aware that the old concept he knows is inadequate 
(dissatisfaction); secondly, the new concept must be understandable (intelligibility); thirdly, 
the new concept must make sense to the student (plausibility) and he should be able to easily 
picture it in his mind, and finally, the new concept must be beneficial to the student 
(fruitfulness); that is, one should be able to solve similar problems with the new concept in 
the future.Schmidt (1997) argues that students takes a long time to construct concepts even if 
they are based on false premises as such they do not change their minds easily making it 
difficult to replace misconceptions with the right scientific concepts. 
One CCA model accepted by researcher as being effective is the Predict-Discuss-Explain-
Observe-Discuss-Explain (Savander-Ranne & Kalori, 2003). In the model: 

1. Prediction- presents a phenomenon to students to predict and justify the outcome 
individually. 

2. Discuss- students discuss in group and share their ideas and ponder together. 
3. Explain- students in each group are requested to reach a mutual solution about 

phenomenon through healthy discussion. 
4. Observe- students observe changes in the phenomenon and record relevant 

observations. 
5. Discuss- students reconcile their predictions with their actual observations made in 

the early step. 
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6. Explain- students confront all discrepancies between observations and predictions. 

This research employs PDEODE model of conceptual change approach to demonstrate the 
effectiveness of approach to students’ development of scientific concepts and achievement in 
Biology and mathematics.  

Purpose of the Study 
The purpose of this study sought to determine the conceptual change approach on science 
students’ development of scientific concepts and achievement in science. Specifically, the 
study determined: 

1. The effect of conceptual change approach on students’ development of Biology 
concepts. 

2.  The effect of conceptual change approach on students’ development of mathematics 
concepts. 

3. The effect of conceptual change approach on students’ achievement in Biology. 
4. The effect of conceptual change approach on students’ achievement of mathematics. 

Research Questions 
The research was guided by the following questions:  
1. What are the mean scores of students exposed to CCA and CTA in BMT?  
2. What are the mean scores of students exposed to CCA and CTA in MMT? 
3. What is the difference in the mean scores of students exposed to CCA in BMT and 

MMT? 

Null Hypotheses 
The following hypotheses were formulated and tested at 0.05 level of significance. 

1. There is no significant difference in the mean scores of students exposed to CCA and 
CTA in BMT. 

2. There is no significant difference in the mean scores of students exposed to CCA and 
CTA in MMT.  

3. There is no significant difference in the mean scores of students exposed to CCA in 
BMT and MMT.  

Methodology 
This study was conducted using a non equivalent pre-test post-test control group 

quasi experimental design. The study area was Jigawa State; a North-Western State in 
Nigeria. The choice of the study area was borne out of the fact that the state has a 
homogenous culture and religion and is among the list educational developed states in 
Nigeria. This status makes the state prone to students’ misconceptions about scientific 
concepts and cultural-religious interference with students’ learning science. The targeted 
population of the study consisted of all science students in senior secondary schools in 
Jigawa State while the sample used consisted of 371 students of intact class, selected from 4 
secondary schools via a 4-stage sampling technique in which purposive, stratified and simple 
random sampling techniques were adopted to remove sample bias. Biology Misconception 
Test (BMT) and Mathematics Misconception Test (MMT) were used as instruments for data 
collection. Both instruments were 10-item multi-choice objective test which covered various 



 

IJED Journals 
International Journal of Education Development  

ISSN: 1119-74-98 University of Uyo 

 

Vol. 22(2)  2018 Page5 

concepts with identified students’ misconceptions in the Biology and mathematics syllabus. 
Specifically, the test items covered fractions, decimals, and algebra in mathematics and 
reproduction and genetics in Biology. The instruments were independently validated by 3 
experts each after which they were trail tested and the results used to computed the 
reliabilities using Cronbach Alpha Coefficient and found to be 0.87 for BMT and 0.91 for 
MMT, suggesting that the test items had relatively high internal consistency. The sample 
which was from 4 intact classes was sub-divided into 2 classes of experimental group and 2 
classes of controlled conditions. The pre-test was given to both groups at the initial stage and 
their reaction to the concepts recorded. The CCA was then used to teaching the concepts to 
the experimental group for 5 weeks of 2 hour lesson per week while the class teachers of the 
controlled group were also given the task of grooming the students on the concepts. At the 
end of the 5th week a post-test was given to both groups.  

Data Presentation, Analysis, Interpretation and Discussion of Findings 

Data generated from the study was analyzed and presented according to research question 
and hypotheses. 

Research Question 1: What are the mean scores of students exposed to CCA and CTA in 
BMT?  

Table 1: Mean scores of students exposed to CCA and CTA in BMT 
Group N  Pre BMT Scores Post BMT Scores Mean Gain 

x  δ x  Δ 

CCA 64 1.63 1.39 5.32 1.82 3.69 

CTA 78 1.58 1.05 2.82 1.37 1.24 

Mean Difference  0.05  2.50  2.45 

Table 1 presents the mean scores of students exposed to CCA and CTA in BMT at pre-test 
and post-test. The table reveals that students exposed to CCA gained 3.69 mean in terms of 
conceptual change while those in the CTA gained 1.24. The difference in the mean 
conceptual change was 2.45.  

Null Hypothesis 1: There is no significant difference in the mean scores of students exposed 
to CCA and CTA in BMT.  
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Table 2: One-way ANCOVA report on effect of CCA on students’ achievement in Biology 
Source Type III Sum of 

Squares 
df Mean 

Square 
 F Sig. Partial Eta 

Squared 
Corrected Model 332.78 2 166.39 96.86 0.00 0.58 
Intercept 422.23 1 422.23 245.81 0.00 0.63 
preBMT 114.47 1 114.47 66.64 0.00 0.32 
Group 211.99 1 211.99 123.41 0.00 0.47 
Error 238.76 139 1.71    
Total 2780.00 142     
Corrected Total 571.54 141     
a. R Squared = .582 (Adjusted R Squared = .576) 
 
Table 2 presents a one-way ANCOVA report on the effect of strategy on students’ 
achievement in Biology. The Table shows that F(1,139) = 123.41, p = 0.00 for group. This 
result shows that p<0.05 which is indicative of a significant different between groups. With 
this finding, the null hypothesis which states that there is no significant difference in the 
mean scores of students exposed to CCA and CTA in BMT was rejected.  
 

Research Question 2: What are the mean scores of students exposed to CCA and CTA in 
MMT? 

Table 3: Mean scores of students exposed to CCA and CTA in MMT 
Group N  Pre SCI Ratings Post SCI Ratings Mean Gain 

x  δ x  Δ 

CCA 55 1.51 1.45 5.04 1.48 3.53 

CTA 78 1.58 1.52 3.08 1.33 1.50 

Mean Difference  -1.51  1.96  2.03 

Table 3 presents the mean scores of students exposed to CCA and CTA in MMT at pre-test 
and post-test. The table reveals the conceptual change gain mean by students exposed to 
CCA as 3.53 while the CTA gain was shown as 1.50. The difference in the mean conceptual 
change was 2.03.  

Null Hypothesis 2: There is no significant difference in the mean scores of students exposed 
to CCA and CTA in MMT. 

 
 
 
 
 
 
 
 



 

IJED Journals 
International Journal of Education Development  

ISSN: 1119-74-98 University of Uyo 

 

Vol. 22(2)  2018 Page7 

Table 4: One-way ANCOVA report on effect of CCA on students’ achievement in 
Mathematics 
Source Type III Sum of 

Squares 
df Mean 

Square 
F Sig. Partial Eta 

Squared 
Corrected Model 275.21 2 137.60 175.22 0.00 0.73 
Intercept 546.88 1 546.88 696.36 0.00 0.84 
preMMT 151.37 1 151.37 192.74 0.00 0.59 
Group 130.01 1 130.01 165.56 0.00 0.56 
Error 102.09 130 0.78    
Total 2387.00 133     
Corrected Total 377.30 132     
a. R Squared = .729 (Adjusted R Squared = .725) 
 
Table 4presents a one-way ANCOVA report on the effect of CCA on students’ achievement 
in mathematics. The table shows that F(1,130) = 165.56, p = 0.00 for group.With p<0.05, the 
null hypothesis which states that there is no significant difference in the mean scores of 
students exposed to CCA and CTA in MMT was rejected.  
 

Research Question 3 
What is the difference in the mean scores of students exposed to CCA in BMT and MMT? 
Table 5: Mean scores of students exposed to CCA in Biology and mathematics 
Factor Subject N Mean Std. Deviation 
Students’ Scores in BMT 
and MMT 

Biology 64 5.31 1.82 
Mathematics 55 5.04 1.48 
Mean Difference   0.27  

Table 5 presents the mean scores of students exposed to CCA in Biology and mathematics. 
The table reveals the mean score of Biology students as 5.31 while that of mathematics 
students was 5.04. The difference in the means was 0.27.   
Null Hypothesis 3: There is no significant difference in the mean scores of students exposed 
to CCA in BMT and MMT.  
 

Table 6: Independent sampled t-test on students’ performance in BMT and MMT 
Factor  t Df Sig. (2-tailed) 
Students’ Scores in BMT and MMT 0.90 117 0.37 

Table 6 presents independent sampled t-test on the difference in the mean scores of students 
in BMT and MMT. The table shows that t(117) = 0.90 and p = 0.37 which is indicative that 
p>0.05 therefore the hypothesis that there is no significant difference in the mean scores of 
students exposed to CCA in BMT and MMT was not rejected. 
 

Discussion of Findings 
This study investigated how students’ development of scientific concepts and 

achievement in science and mathematics can be enhanced via conceptual change approach. 
The study found that CCA enhanced students understanding of scientific concepts and 
achievement in Biology and mathematics. The study also found that there was no significant 
difference in the mean scores of students exposed to CCA both in Biology and mathematics. 
These findings could be explained by the fact that it encouraged social interaction among 
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students who constructed new knowledge by sharing their ideas and participating in 
classroom discourse. This finding on the effectiveness of CCA agrees with Ozkan and Selcuk 
(2012) and Koparan, Yildiz, Kogce, and Guven (2010) who in their separate studies 
submitted that CCA was significantly effective in recovering students’ misconceptions in 
physics. The findings of this study also conform to that of Kaya and Geban (2011) who 
found the conceptual change based instruction enhanced students’ attitude towards 
chemistry. Similarly, the findings of this study was in consonance Cibik and Diken (2008) 
finding that the academic achievement of students who take science and laboratory courses 
with an emphasis on the conceptual change approach was higher than the students who take 
the course using traditional approaches.  
 

Conclusion and Implication of the Study 
This study deployed CCA as a teaching strategy to address students’ misconceptions 

in science with the aim of improving their achievement. The results showed that students 
significantly improved in their perception of some scientific concepts which was 
demonstrated in their improvement in BMT and MMT. The implication of the results of this 
study is that CCA created a forum for students to be able to actively discuss and analyse their 
misconception which did not only make them to be aware of their misconceptions but also 
participated in discuss that focused on their misconceptions. The success of CCA could also 
be ascribed to the fact that it encouraged social interaction among students who constructed 
new knowledge by sharing their ideas and participating in classroom discourse. The study 
has demonstrated that CCA is capable of helping students to realize their misconception 
about science concepts and also build in them, a healthy social environment for learning the 
right concepts that could boost their academic attainments.  
 

Recommendations 
Based on the findings of this study the following recommendations were put forward: 

1. Conceptual change approach was found to be effective in Biology and mathematics 
therefore is recommended for teaching in all science subjects.   

2. Science teachers in Nigeria secondary school should be trained on the implementation of 
CCA and encourage to use the approach in teaching all science subjects.  

3. Handbooks of the implementation of CCA in the classroom should be written by National 
Education Research Development Commission (NERDC) to assist science teachers who 
may be interested in using the teaching approach but may lack the basic skills of 
implementation. 
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