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1  INTRODUCTION 
This paper describes a study which was conducted to investigate the effect of 
Concept Mapping instruction on students’ conceptual understanding of Physics.  
The study aims to assess change in student conceptual understanding as a result of 
their experience with this educational tool. 
 Concept Mapping is a recently developed instructional tool which promotes 
meaningful learning.  The underlying technique involved is tying new knowledge 
to relevant concepts and propositions already possessed. [1] Concept maps have 
being defined as two-dimensional, hierarchical, node-linked diagrams that depict 
verbal, conceptual, or declarative knowledge in succinct visual or graphic forms. 
[2, 3] The maps provide a representation of knowledge and hence can be used to 
infer accuracy and depth of knowledge.  In order to be effective, instructional 
concept maps should contain enough important concepts to characterise the 
subjects that are being represented. [4] 
 Concept Mapping was originally developed by Novak and his research group 
as a means of representing frameworks for the interrelationships between 
concepts. [5] The philosophy upon which this new thinking is based upon is David 
Ausubel's theory of meaningful learning as contrasted with rote learning. Ausubel 
initiated the constructivist theory where he believed that students are not “vessels 
to fill” with ideas, but that they produce and develop their own knowledge in an 
active process. This new acquired knowledge is then structured and stored in 
“semantic maps” [6] that are constructed and restructured every time new 
knowledge in learned. Individuals must relate new knowledge to relevant 
concepts and propositions they already know. 
 The maps have several components that as a whole represent the student’s 
knowledge on a specific topic. The fundamental component of every concept map 
is the concept (node).  Concepts are defined as “perceived regularities in objects or 
events that are designated by a sign or symbol”. [7] Concepts are generally isolated 
by circles and connected with lines (linking lines). These lines are labelled with 
“linking phrases”, which describe the relationship between the two connected 
terms. The smallest unit of meaning in the map must contain two concepts and a 
linking phrase which is then identified as a “proposition”. The process of 
constructing a concept map is a powerful learning strategy that forces the learner 
to actively think about the relationship between the terms, this makes Concept 
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Figure 1  Criterion Map on the key concept ‘Light’. 

4  RESULTS 

4.1  Acquired Physics Knowledge- Quantitative analysis of concept maps 
In order to evaluate quantitatively the impact of the concept mapping tool on the 
development of students’ physics knowledge and conceptual understanding, 
concept maps were analysed and compared at the beginning, during and at the 
end of the study.  The students’ maps were graded against the ‘expert’ criterion 
map. The following box plot, Figure 2 represents the percentage increase in 
propositions for all three maps from the sample of 20 students. 
 The Wilcoxen and Friedman test for paired variables revealed statistically 
significant differences between the students’ scores on all three maps (p < 0.05). 

4.2  Students’ Perception Regarding Concept Mapping 
As was mentioned in the methodology a questionnaire was administered to 
evaluate students’ perceptions regarding Concept Mapping. The students’ 
responses were positive as regards the effect the tool had on the attitude towards 
physics with 61.9% agreeing that their attitude improved after their experience 
with Concept Mapping. 
 Students were then asked if they felt that Concept Mapping was beneficial in a 
physics classroom. The response to this question was very consistent with a large 
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proportion of students acknowledging that they felt it is a very valuable revision 
and study aid. Sample responses include: 

• “Yes it makes you think about everything you know on a certain topic. It 
encourages people to generate words first and then connect them” 

• “Yes it summarises what you have learnt and is a form of revision exercise testing 
your understanding of a topic” 

• “Yes because it shows how the theory and formulae are related” 
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Figure 2  Percentage increase in propositions for the three maps. 

Students were also asked their opinion on how Concept Mapping affected their 
learning. Students felt that after completing this module using Concept Mapping 
they were able to link prior and new knowledge more efficiently. (55.6% strongly 
agreed with this statement)  A high percentage, 55.6% also agreed that they were 
able to make valid connections among physics concepts. (Fig. 3) 
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Figure Key: Do you feel by 
constructing Concept Maps that 
you are able to: 
 
A = Understand the theory easier 
B = Identify physics concepts 
C = Link prior to new knowledge 
D = Answer problems easier 
E = Summarise material efficiently 
F = Represent your knowledge 
clearly in simple English 
G = organise your knowledge into 
general and specific domains 
H = Identify your misconceptions 
easier 
I = Make valid connections among 
concepts 

Figure 3  Students’ opinions on the effect Concept Mapping had on their learning. 
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5  CONCLUSION 
Summarising the quantitative and qualitative research we can conclude that 
concept maps help students integrate prior and new knowledge.  They also assist 
students in constructing their own understanding and allow them to represent 
their level of knowledge throughout their course of study. 
 When the maps were scored it was evident that their understanding of ‘Light’ 
increased during the study. The median scores increased from 9.8 in the first map 
to 34.84 in the third and final map. The student feedback on the tool also revealed 
that the student’s attitude towards physics improved with 61.9% stating so. This 
agrees with several studies carried out on the tool. [11, 15] It has not being 
demonstrated here that this increase in conceptual understanding is a result of the 
use of concept maps, further studies using a control group as a comparison is 
required. 
 The research results also confirm that when Concept Maps are used as 
advanced organisers [12] as an instructional tool students “see the big picture” on 
the topic. They also provided a reference for the students which they used when 
answering questions and for revision. 
 This study indicates that concept mapping can serve as a potentially useful 
tool in physics studies helping them better understand the underlying physics 
concepts. 
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