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ABSTRACT 

 

Teaching strategies in science is much emphasized because students need to master the scientific and thinking skills to understand the 

concepts learned to be applied in solving daily life problems. Most of the science concepts are in abstract form, which cannot be seen with 

the naked eye, thus hardly understood by the student.Thus, this paper proposes a strategy which merges analogy and ICT in teaching and 

learning science to improve students‟ understanding of abstract concepts. The combination of these strategies is based on the constructivist 

theory of student-centred learning environment with the teacher acting as facilitator. A preliminary study conducted among 47 form two 

secondary school students has shown how analogy facilitated the students‟ comprehension of science concept better compared to using 

texts only. It has also been discovered that students were able to build their own analogy through creative thinking skills. Hence it supports 

the feasibility of this strategy in assisting science teachers‟ efforts at enhancing students' thinking skills for better comprehension of 

science concepts. 
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INTRODUCTION 

 

Learning in the 21st century puts more emphasis 

on thinking skills, particularly in science because it 

involves understanding abstract concepts as well as 

being able to apply the knowledge in real life [1]. 

Learning science emphasizes thoughtful learning 

requiring students to apply both creative and critical 

thinking skills for comprehending science concepts 

learned. An assessment of cognitive skills at the 

international level has been established by the 

International Association for the Evaluation of 

Educational Achievement (IEA) known as TIMSS 

(Trends in Mathematics and Science Study), to 

measure students' mastery of cognitive skills at the 

international level. Assessed cognitive skills 

involved are the three levels of knowledge (35%), 

application (35%) and reasoning (30%).  

TIMSS reports showed that nearly 50 percent of 

students involved worldwide stated there was less 

integration of information technology and thinking 

skill during teaching by science teachers. In addition, 

students‟ cognitive skills in understanding, applying 

and interpreting science concept in many countries 

are still at a low level and have yet to attain the 

highest achievement [15].  

Teacher approach and strategy manifest through 

activities reflect the application of thinking skills. 

For instance, a constructivist approach encompassing 

inquiry, context, simulation, and technology is one 

approach for student-centred learning. This is based 

on the theory of constructivism which posits that 

effective learning is an outcome of students‟ 

association of new knowledge with their existing 

knowledge. Therefore understanding an abstract 

science concept calls for a higher level thinking skill 

in which students‟ comprehension of difficult science 

concepts is developed through an integration of old 

and new knowledge followed by construction of own 

comprehension through a thinking process [13]. 

Furthermore a constructivist learning environment 

driven by the ICT technologies such as computers, 

the Internet and software may be used to teach 

science to improve the thinking skills of students (Su 

2000).  

This paper seeks to explore the potential of ICT-

based analogy as teaching strategies to improve 

students‟ thinking skills and understanding of science 

concepts.  

 

Analogy Concept: 

Analogy in science education refers to a 

comparison between two concepts having the same 

or similar characteristics to explain science concepts 

for improving the ability of students‟ reasoning and 

thinking skills [11,14,7,9,20]. Besides, analogy can 

also be considered as a stimulation for students to 

develop in-depth understanding of science concepts 
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particularly abstract ones such as in Physics [2,4]. A 

study by Trey et al (2008) also supports the use of 

analogy simulation for an increase in students‟ 

understanding by 95% compared to text-based 

teaching which was only at 79% for a topic on the Le 

Chatelier Principle in Chemistry.  Figure 1 shows 

how analogy drawn between a factory and an animal 

cell the process of mapping works. 

 

 
Fig. 1: Factory-cell Analogy [12] 

 

Research has shown that analogy is able to 

attract students in learning science besides increasing 

their understanding of scientific concepts through 

analogy linkage to their pre-existing knowledge 

[14,12,6,19,10]. In fact, scientists from the West 

have also applied analogies based on their 

surroundings and succeeded in creating innovation, 

new formula or product for the benefits of mankind.   

The use of analogy proposed in this study does 

not focus on the use of text and static pictures alone, 

but the materials are multimedia-based teaching to 

attract students [5] and enhance understanding of 

abstract concepts. For instance, e-learning is an 

alternative method of teaching and learning all 

electronic media, including the Internet, networking, 

audio/video, tape, and CD-ROM [23]. It is a new 

development in the world of education as a result of 

the rapid development in Information and 

Communication Technology (ICT) [21]. Thus, the 

use of ICT in science education may be a better way 

to explain abstract concepts to students with clarity 

[16].   

In addition, the emergence of e-learning 2.0 

reflects a number of developments, trends and 

outlook, which requires a change from teaching to 

learning and the use of social software and learning, 

which can be combined in which the learning needs 

of individuals and participation are interconnected. 

Therefore, the merging of ICT and analogy is 

proposed to assist science teachers in applying this 

strategy in their teaching and learning process. For 

example, Figure 2 illustrates the water analogy used 

for explaining electric circuit designed in attractive 

multimedia as teaching material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Analogy drawn between a water circuit and electric circuit  (Source: http:www.youtube.com/) 

 

Based on Figure. 2, a comparison is made 

between electrons which are intangible and water 

flow which is visible to naked eyes hence an analogy 

is drawn to explain the process of electricity 
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(Glynn,1998). The water flow is illustrated in a video 

form hence activating students‟ thinking skills of 

comprehension and application through relating the 

analogy (water) with the target (electric circuit) to 

understand the concept. On the other hand, Fourier 

Theory uses waterfalls as analogy for explaining heat 

transfer from high to low temperature which is 

similar to waterfall movement from a high place to a 

low place [8]. The analogy pioneered by Fourier was 

later accepted by Ohm to develop the electricity flow 

analogy. Hence through water analogy, mankind is 

able to extend their thinking to develop scientific 

formulae for solving real-life problems.  

It is at this point that the researcher aims to 

conduct an exploratory study to identify students‟ 

basic understanding of analogy and its application in 

the teaching and learning of science concepts. The 

actual study will be conducted after data from the 

exploratory study is gathered and analysed. 

Therefore this study presents a preliminary survey 

conducted to identify students‟ understanding of 

analogy in science. 

 

Methodology: 

This research uses a cross-sectional design 

survey and data collection was done through 

questionnaires answered by the respondents. The 

preliminary study involved a group of students from 

two secondary schools in the state of Selangor, 

Malaysia. A set of questions on analogy was 

randomly distributed to 47 students aged 14 years 

old. The questionnaire contains two parts, Part A is 

for demographic information and Part B on students‟ 

understanding on analogy.  For structured questions, 

15 students were chosen randomly and were asked to 

construct their own ideas for building the analogy to 

science concepts given. 

 

Results And Discussion 

 

The results in Table 1 displays the descriptive 

data on respondents‟ answers on the teaching and 

learning of science and their understanding on 

analogy. Based on Table 1, in regard to the use of 

ICT, more students are able to surf the web to get 

science material and this aspect attains the highest 

mean of 3.87. This is followed by students‟ 

preference to watch science program on TV (3.83), 

to learn science using the Internet (3.77) and to easily 

understand abstract concept through 

software/Internet (3.38).  

On the other hand, for teaching and learning of 

science, more students prefer the teacher to link 

science subject with the surroundings (use analogy) 

and this aspect attains the highest mean, 4.60. This is 

followed by students‟ preference for the teacher 

using the ICT during science class (4.36), for 

understanding science concept easily (3.38) and for 

remembering science process easily (3.32).The 

findings reveal that the majority of students are 

interested in science hence it may be advisable for 

teachers to ensure they use appropriate approach that 

can help students remember and understand the 

science process. This can be carried out through the 

merging of analogy and ICT as a strategy to facilitate 

students' understanding of science concepts clearer 

[3,17].

 
Table 1: Descriptive data of preliminary study 

Items Mean Standard deviation 

I. Use of  ICT 
1. Like to watch science program on TV 

2. Like to learn science using internet 

3. Surfing on web to get science materials 
4. Easy to understand abstract concept through software/Internet 

 
3.83 

3.77 

3.87 
3.38 

 
1.070 

1.005 

0.947 
1.074 

 

II. Understanding of Science Topic 
1. Understand science concept easily 

2. Remember science process easily 

3. Like if teacher uses ICT during science class 
4. Like if teacher links Science with the surrounding environment 

(use analogy) 

 
3.38 

3.32 

4.36 
4.60 

 
1.278 

1.105 

0.965 
0.681 

III. Understanding on Analogy 
1. Analogy 1 – Flow of electricity  

2. Analogy 2 – Process of Heat Transfer 

3. Analogy 3 – Process of Greenhouse Effect 

 
2.85 

2.87 

2.87 

 
0.360 

0.337 

0.397 

IV. IV. Understanding of Science Concept through 

V. Text, Picture and Analogy 

1. Text only 

2. Text and picture 
3. Text, picture and analogy 

 

 

1.30 

2.23 
2.86 

 

 

0.485 

0.393 
0.308 

 

For the construct on understanding analogy, a 3-

point Likert-scale was used (difficult to understand, 

understand and easy to understand). It is revealed 

that a high mean score for „easy to understand‟ is 

obtained from Analogy 2 and Analogy 3 (2.87), 

whereas the mean for Analogy 1 is 2.85. The 

findings reveal students‟ preference for 

understanding science concepts through text, picture 

and analogy combined (2.86) in comparison with 

text-picture only (2.23) and text only (1.30). 

Therefore the inclusion of analogy supports the 

students‟ understanding of science concepts hence 
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lending credence for its application to be expanded in 

the teaching and learning of science for enhancing 

students‟ high level thinking skills [19]. 

One question in the questionnaire required the 

students to link their prior knowledge with a new 

concept via analogy in understanding effects of 

smoking on the lungs and the earth orbiting the sun.  

Analysing the result in Table 2, it can be said that 

generally students were able to create their own 

analogy based on the examples given to them. A total 

of 10 students were able to construct analogy 1 as the 

target of smoking effects on lung with one example 

given is like a stick being burned until it turns 

charcoal black. On the other hand, for analogy 2 

which is the rotation of the earth orbits the sun, there 

are only seven students who managed to connect 

existing knowledge with the concept through the use 

of analogy. The second concept of science may be 

quite challenging hence not many students are able to 

construct their analogy. Thereby this signifies the 

start of the teacher's role in helping the students to 

connect those concepts to their prior knowledge by 

merging analogy and ICT (in multimedia form).  

On the students' understanding of the use of 

analogy, it is also revealed that all 15 students are 

able to understand the use of analogy in science with 

students claiming to understand, 20%, easy to 

understand, 60%, and very easy to understand, 20%. 

This is in tandem with the previous study which 

supported the use of analogy as stimulation for 

students to develop in-depth understanding of 

science concept particularly abstract concept in 

Physics and Electrochemistry [18,4]. Therefore, 

analogy in the form of pictorial multimedia, 

animation and audio-visual equipment may play a 

significant role in enhancing students‟ understanding 

of science abstract concepts. 

 
Table 2: Examples of analogies given by students 

No. Science concept Analogy given by students 

1. Smoking causes lungs to blacken 1. Such as an open burning. (S1) 

2. Such as wood is burned, eventually it will become charcoal. (S2 
& S11) 

3. Such as a man who stand under the hot sun, will eventually 

become black. (S5 & S6) 
4. Such as burning matches. (S12) 

5. Such as fan that has not been cleaned. (S13) 

6. Such as putting the pan on a very hot fire. (S1) 
7. Such as a contaminated river. (S9) 

8. Such as eating a burned garbage. (S10) 

 

2. 
 

 

 

 

 

The process of the earth orbits the sun. 
 

 

 

 

 

1. Like a moving fan. (S1& S13) 
2. Like a clock on the move. (S9& S15) 

3. Just like a car tire. (S11) 

4. Such as wall clock. (S12) 

5. Like a car around the roundabout. (S14) 

 

3. Level of students understanding towards the use of analogy in science (15 students) 
Do not understand = 0.00% 

Less Understand      =  0.00% 

Understand    =  20% 
Easy to understand   =  60% 

Very easy to understand= 20% 

 

S = student  

 

Conclusion: 

The findings of the initial study reveal that the 

use of analogy increased student achievement on 

these concepts better than text-based only. This result 

reaffirms the importance of analogy-based activities 

for teaching and learning science. The answers for 

structured questions showed that analogy have some 

positive effects over students‟ learning of related 

concepts despite not being exposed to the knowledge 

yet. Therefore, merging analogy and ICT as one 

teaching strategy for other concepts in the science 

curriculum should be given due consideration. Based 

on the results obtained, the following conclusions are 

drawn: 

 

a. More students prefer their teacher to link 

science subject with the surroundings (use analogy). 

b. Most students can understand science 

concepts through text, picture and analogy hence the 

use of ICT could further improve their understanding 

of science concept more easily. 

c. The use of analogy supports the students‟ 

understanding of science concepts therefore its 

application should be further expanded in the 

teaching and learning of science for enhancing 

students‟ high level thinking skills. 

d. Students have the capacity to generate their 

own ideas in building analogy.  

e. The ideas given by students reflect their 

creative skills at work and this should further be 

developed.  

f. Analogy is a powerful tool to enhance 

students' thinking skills for understanding science 

concepts. 



31            Khairul Hasni Abdul Kadir, 2014 /Journal Of Applied Sciences Research 10(15), Special, Pages: 27-31 

 

 

 

Acknowledgement 

This research was supported by a grant from the 

University Research Fellowship Scheme of National 

University of Malaysia (UKM). The authors wish to 

express their heartfelt gratitude to all students and 

teachers who took part in this preliminary study. 

 

References 

 

1. Aktamiş,  H. and N. Yenice, 2010. 

Determination of the science process skills and 

critical thinking skill levels. Procedia Social and 

Behavioral Sciences, 2: 3282-3288. 

2. Aubusson, P., 2006.  "Can analogy help in 

Science education research?." Metaphor and 

Analogy in Science Education.  Springer 

Netherlands., Pp: 165-175. 

3. Baptista, V.,  2010.  A qualitative analogy for 

respiratory mechanics.  Advances in Physiology 

Education, 34: 239-243. 

4. Çıbık, A.S. and N. Yalçın, 2011. The effect of 

teaching the direct current concept with analogy 

technique to the attitudes of science education 

students toward physics. Procedia Social and 

Behavioral Sciences, 15: 2647-2651. 

5. Chen, C.M. and Y.C. Sun, 2012. Assessing the 

effects of different multimedia materials on 

emotions and learning performance for visual 

and verbal style learners. Computers & 

Education, 59: 1273-1285. 

6. Chiu, M.H. and J.W. Lin, 2005. Promoting 

fourth graders‟ conceptual change of their 

understanding of electric current via multiple 

analogies. Journal of Research in Science 

Teaching, 42: 429–464. 

7. Coll, R.K. and A.G. Harrison, 2008.  Using 

analogies in middle and secondary science 

classroom.  Corwin Press.  United States of 

America. 

8. Duit, R. and J. Wilbers, 2006. “Post-festum and 

heuristic analogies”. Metaphor and Analogy in 

Science Education. Springer Netherlands., pp: 

37-49. 

9. Else, M.J., J. Clement and M.A. Rea-Ramirez, 

2008. Chapter 12, Using analogies in science 

teaching and curriculum design : some 

guidelines 12 . Model Based Learning and 

Instruction in Science, pp: 215-231.  

10. Erökten, S. and H.K. Gökharman, 2013.  The 

effect of analogy method on student 

achievement in the unit “ The structure and 

properties of matter ” civil sample.  World 

Applied Sciences Journal, 23: 744-750. 

11. Gentner, G.,  1983.  Structure-mapping: A 

theoretical framework for analogy.  Cognitive 

Science, 72: 155-170. 

12. Glynn, S.M., 1998.  Making science concepts 

meaningful to students : Teaching with 

analogies.  In Glynn, S. M., 2008. 5.1 Making 

science concepts meaningful to students: 

Teaching with analogies. Four decades of 

research in science education: From curriculum 

development to quality improvement, 113. 

13. Haglund, J., 2013. Collaborative and self-

generated analogies in science education studies 

in science education. Studies in Science 

Education, 49: 35-68. 

14. Harrison, A.G. and D.F. Treagust, 1993.  

Teaching with analogies: a case study in grade-

10 optics.  Journal of Research in Science 

Teaching, 30: 1291-1307. 

15. Insorn, P. and C. Sanrach, 2012.  Design and 

development of adaptive coaching system to 

enhance the logical thinking model in problem-

based learning European. Journal of Social 

Sciences, 28: 444-451. 

16. Isman, A., H. Yaratan and H. Caner, 2007. How 

technology is integrated into science education 

in a developing country: North Cyprus case. The 

Turkish Online Journal of Educational 

Technology, 6: 1303-6521. 

17. James, M.C. and L.C. Scharmann, 2007. Using 

analogies to improve the teaching performance 

of preservice teachers. Journal of Research in 

Science Teaching, 44: 565-585. 

18. Lee, T.T. and O. Kamisah, 2012. Interactive 

multimedia module in the learning of 

electrochemistry: effects on students‟ 

understanding and motivation. Procedia - Social 

and Behavioral Sciences, 46: 1323-1327 

19. Karakaş, M.,  2012.  Teaching intermolecular 

forces with love analogy: a case study. 

Chemistry: Bulgarian Journal of Science 

Education, 21: 341-348. 

20. Nessel, D.D. and J.M. Graham, 2007. Thinking 

strategies for student achievement: Improving 

learning across the curriculum, k-12.  Corwin 

Press. USA. 

21. Norazah, M.N., M. Norainon Isa., Z. Effandi and 

A.E. Mohamed, 2012.  Development and 

evaluation of webquest for the science subject. 

The International Journal of Learning, 18: 221-

236. 

22. Su, K.D., 2008. An integrated science course 

designed with information communication 

technologies to enhance university students‟ 

learning performance.  Computers & Education., 

51: 1365-1374. 

23. Thanakorn, W. and P. Borworn, 2009.  The 

influence of constructivist e-learning system on 

student learning outcomes in information 

communication technologies for enhanced 

education and learning.  Lawrence Tomei.  

Information Science Reference.  United States of 

America.

 


