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Abstract—This paper presents the framework for developing a Mobile 
Augmented Reality (MAR) for learning Chemical Bonds, which is believed to 
reduce misconceptions among the students. Misconceptions always occur in 
classrooms, especially in science subject’s which consist of abstract concepts. It 
is very important that these misconceptions be reduced, because they may affect 
the student’s understandings of topics they have learned about. These may inter-
fere with the student’s education, and may also affect the student’s performanc-
es afterwards. Visualization is one key approach that has been proven to help 
when seeking to improve the understanding of students, which has consequently 
led to a reduction in misconceptions. There are many technologies that have 
been integrated within education, and that show strong potential for producing 
visualizations. One of the recent popular technologies that have the potential for 
visualization is Mobile Augmented Reality. Mobile Augmented Reality has the 
ability to visualize abstract concepts through 3D images 

Keywords—Mobile augmented reality, chemical bond, misconceptions, visual-
izations 

1 Introduction 

One of the electives science subject that less interested by students is Chemistry 
because students’ found that Chemistry is hard to understand. Chemistry is actually 
the core to the others part of sciences that will equip the student with the knowledge 
that can help them to think critically and scientifically in order to find a solution while 
making decision and solving problems. According to Uzuntiryaki and Geban [1], 
students will fall in misconceptions when students have difficulties in understanding 
most of the concepts in chemistry which then will lead to prevention of meaningful 
learning. 

There are several definitions of the terms ‘concept’ and ‘misconception’. Eggen 
and Kauchak [2] have stated that an understanding of what happens around us through 
ideas, objects or events, is a concept. Misconceptions, on the other hand, can be de-
scribed as ideas that provide an incorrect understanding of what happens around us. 
Misconceptions are also known as mixed conceptions, or conceptual misunderstand-
ings [3].  
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Misconceptions are more complex and prevalent than simple misunderstandings, or 
the receiving of incomplete information [3]. There are multiple methods for arriving 
at misconceptions. They can occur as a result of a misunderstood vocabulary, or be-
cause of the result of combining several ideas into one [3]. Misconceptions also repre-
sent an important factor that affects learning. They can be acquired prior to enrolling 
in any school program, or they can be triggered at any stage of formal education [4]. 

According to Palmer [5], misconceptions among students have to be taken into ac-
count, because they can interfere with a student’s learning of scientific principles and 
concepts. Therefore, the selection of teaching methods plays an important role in 
avoiding students’ misconceptions [5]. There are many studies that have been con-
ducted as a means of identifying students’ misconceptions within the Chemistry field 
([6], [7] & [8]). The problem of misconceptions always occurs in regards to the topic 
of chemical bonds, because students have difficulty visualizing and understanding the 
related concepts [9]. As example in chemical bonding, students will tend to craft an 
alternative conceptions as students try to figure out the meaning from what is said by 
the teacher or what is written in the textbooks because the concepts of this topic is 
abstract [10].  

 Abstract concepts that consist in the topic of Chemical Bond cannot be directly 
applied to everyday life. Consequently, students faced difficulties in understanding 
the chemical bonding concept [1]. Based on the results of Sijil Pelajaran Malaysia, 
there are a lot of students still confused in answering simple questions regarding the 
topics of chemical bonding [11]. The common problem among the student is they 
cannot write the sequences of electron for the ionic bond and covalent bond and also 
difficult to create mental diagram about the formation of the bond [11]. 

Moreover, a conclusion has been made by Mohd Nor and Nur Afza [11] in their re-
search that there are few problems in the study of chemical bonding that lead to the 
misconception among the students. The findings show that students still have difficul-
ties in differentiating between ionic bond and covalent bond and cannot identify the 
conditions of every chemical bond that form between the elements. Besides, students 
also not confident in drawing the diagram of the electron sequences for the ionic 
compounds and covalent compounds which lead them to answer wrongly. Other than 
that, the problems in the topics of chemical bond that exist among the students are 
they cannot draw the Lewis structure in the right way because they faced difficulties 
in visualizing the abstract concept [11]. Therefore, students need visualization tools in 
order to build their understanding and help them to prevent the misconception. 

It has been proven by Sanger and Badger that a visualization tool can positively af-
fect students’ conceptual understanding [12]. In the research by Taber [13], he sug-
gests that school curriculum should include representations of science such as anima-
tions and videos. There is also research by Jones et al. [14], which found that many 
students are able to correct their misconceptions after viewing either static molecular 
visualizations or animations [14]. Visualization is significantly important, especially 
in Chemistry, because the subject involves atoms and molecules than cannot be seen 
by the naked eye, making visualizations important [15][16].  

Vavra et al. [17] identified three important distinctions within the conceptualization 
of visualization objects. Visualization objects can be pictures, three-dimensional mod-
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els, schematic diagrams, computer-generated displays, simulations, animations, geo-
metrical illustrations, videos, and so on. Objects can be displayed in a variety of me-
dia formats, including on paper, slides, computer screens, interactive whiteboards or 
videos, and some can be accompanied by sounds and other sensory data. Introspective 
visualizations are mental objects pictured by the mind. They can be considered imag-
ined visualization objects. Interpretive visualization involves taking meaning from 
visualization objects or introspective visualizations, in relation to one’s existing net-
work of beliefs, experiences and understandings. This will then lead to the prevention 
of a misconception problem.  

When visualization is utilized within Chemistry education, students can reflect on 
different concepts of Chemistry which they have learnt about during their learning 
process [15]. According to Nahum et al. [9], understanding many concepts and topics 
in Chemistry is essential because, recently, there have been difficulties regarding 
students’ understanding of the concepts of Chemical Structure and Chemical Bonds. 

There are many new technologies serving as visualization tools that have emerged, 
and that have a potential to be integrated in order to reduce misconceptions within sub 
topics, such as Chemical Bonds. An example of a particularly advantageous visualiza-
tion tool is Augmented Reality (AR).  

According to Shelton and Hedley [18], AR has a lot of advantages, and great po-
tential for enhancing instructions and improving student understanding of complex 
concepts and contents. Therefore, these advantages can be applied to the topic of 
Chemical Bonds, in order to prevent misconceptions that result from students’ inabil-
ity to visualize bonding. Besides, AR also allows for detailed visualization and object 
animation, through which students can view and interact with the 3D images during 
learning processes [18]. This is because AR is displayed through different ways and 
angles of view, which enable students to understand the subjects better. 

Based on meta-analysis from previous studies that have been conducted in regards 
to AR, there are many applications that have been developed within several fields, but 
are not limited to education. However, the number of studies and applications of Mo-
bile Augmented Reality (MAR) are still low. According to FitzGerald et al. [19], the 
use of AR in education, particularly within mobile learning, is still in its earliest 
phase. This is still a phase of changing and improving, but studies have shown that 
AR can be used successfully within constructivist learning, that involve collaboration 
and student inquiries. Collaborative learning is claims one of the most effective learn-
ing strategies in polishing students’ communication skills and also providing support-
ive environment for student [20]. Besides, it seems possible that mobile phones can be 
used in learning processes, as only a small percentage of students do not own or use 
mobile phones [21]. According to Chee et al. [22], the smartphones is currently the 
most widely devices that been used in mobile learning which this proven that mobile 
phone is relevances to be use in learning process.  

Furthermore, mobile phone/tablet computing is associated with a higher degree of 
comfort and familiarity, with the size and practically of the technology making it 
more portable than laptops. This fact is supported by research conducted by Oostveen 
et al. [23], in which students tended to frequently bring tablet PCs to class. Mobile 
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technology also shows a positive outcomes and proven can motivate the students to 
actively engaged in learning [22][24].  

Therefore, the main objective of this research is to develop a MAR application that 
will help students to visualize abstract concepts within the topic of Chemical Bonds. 
This may lead to the prevention of misconceptions within student learning processes 
in regards to the particular topic, and will also encourage students to learn in a way 
they prefer. However, in order to make sure that the process of developing the MAR 
is undertaken in parallel with research objectives, a proper framework is referred to as 
a guideline. Thus within this research, there is a cognitive theory of multimedia learn-
ing [25], and the principles for developing visualizations tools within the field of 
Chemistry [26] are being followed. 

2 The Cognitive Theory of Multimedia Learning 

Multimedia presentations represent an effective means of delivering information to 
learners, regardless of whether they prefer visual presentations or verbal presenta-
tions, as illustrated by Mayer and Moreno [27]. Therefore, multimedia has been rec-
ognized as a good medium for delivering information. Besides, Mayer and Moreno 
[27] have also stated that the multimedia instructional environment has been widely 
recognized as one that has great potential for improving learning processes. Figure 1 
presents the framework of the Cognitive Theory of Multimedia [25]. There are four 
phases within the theory, which include multimedia presentation, senses, working 
memory and long-term memory. 

 
Fig. 1. The Cognitive Theory of Multimedia [25] 

In Mayer [25], there is statement regarding how cognitive theory contributes to the 
suggestions of Multimedia Design Principles. There are three assumptions in regards 
to how people learn through the use of pictures and words. The first assumption is that 
of the dual channel assumption in that there are two channels including the visual-
pictoral channel and the auditory-verbal channel ([28] & [29]). The next assumption is 
the limited capacity assumption, in which each channel has a limited capacity for 
holding and manipulating information ([28 & [30]). Lastly, the third assumptions is 
the active processing assumption, which is that meaningful learning is believed to 
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occur when learners have an active processing relationship with the channel, and are 
involved in the process of selecting pictures and words, organizing them and integrat-
ing them, utilizing the prior knowledge that they possess [31]. The Cognitive Theory 
of Multimedia Learning evolved from these three assumptions, and was introduced by 
Mayer [25]. Several principles were highlighted by Mayer which have been taken into 
consideration during the designing and development of meaningful multimedia learn-
ing [32]. 

Table 1 shows the five principles that have been highlighted by Mayer, and have 
been utilized when designing and developing meaningful multimedia learning [32]. 
There were other principles mentioned by Mayer, but only five main principles are 
highlighted [31]. This study is about designing and developing the MAR, which uses 
multimedia tools within the Chemical Bond topic. In addition to considering the 
guidelines involved in designing and developing a meaningful multimedia learning 
tool, the principles for designing Chemistry education tools have also been consid-
ered. This is because different subjects require different strategies for designing and 
developing visualization tools. Therefore, this paper suggests the use of the Principles 
for Designing Visualization Tools in Chemistry as outlined by Wu and Syah [26]. 

Table 1.  Five Multimedia Principle [32] 

Principles Descriptions 
Coherence Principle People learn better when extraneous words, pictures and sounds are ex-

cluded, rather than included. 
Signaling Principle People learn better when cues that highlight the organization of the essen-

tial material are added. 
Redundancy Principle People learn better from graphics and narration compared with a combina-

tion of graphics, narration and on-screen text 
Spatial Contiguity Principle People learn better when corresponding words and pictures are presented 

closer, rather than further apart on a page or screen 
Temporal Contiguity Principle People learn better when corresponding words and pictures are presented 

simultaneously, rather than successively 

3 The Principles for Designing Visualizing Tools in Chemistry 

The design stage is important for the development of multimedia tools for teaching 
and learning. Every tool that has been developed has followed certain criteria, which 
must be considered in order to make sure that the developed tools really make sense, 
and can achieve their objectives. Shariffudin et al. [33] has stated that the methods 
used for designing learning materials, and the pedagogical aspects of teaching and 
learning, have to be taken into consideration before development processes are under-
taken. AR is one of the learning materials which act as visualization tools, which may 
aid teaching and learning processes. Therefore it is important to properly design the 
AR before developing it. Within this research, AR is utilized in the form of a MAR, 
applied as a visualization tool that assists in the process of learning about Chemical 
Bonds. The designing of the MAR, regarding to Chemical Bonds, has involved the 
consideration of several important concepts in order to ensure that the learning pro-
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cess regarding the particular topic is smoother. This is because students have varying 
abilities to visualize concepts.  

Table 2 below presents the details on how the implementation of the Cognitive 
Theory of Multimedia Learning and Table 3 presents the details on how the imple-
mentation of Principles for Designing Visualizing Tools within the Chemistry field on 
designing MAR for learning Chemical Bond. 

Table 2.  The implementation of Cognitive Theory of Multimedia Learning on designing the 
MAR. 

Principles in Cognitive 
Theory of Multimedia 

Learning (Mayer, 2005) 

Descriptions How the Principles applied in devel-
oped MAR 

Coherence principle People learn better when extrane-
ous words, pictures and sounds are 
excluded rather than included 

This coherence principle has been ap-
plied which the visual displayed the 
visual objects with label without extra-
neous words, pictures and sounds 

 
Signalling principle People learn better when cues that 

highlight the organization of the 
essential material are added. 

The developed MAR provide hints or 
visual triggers which it’s highlighted the 
valence electrons in pink colour, differ-
ences with the others electrons. 

 
Redundancy principle People learn better from graphics 

and narration than from graphics, 
narration and on-screen text. 

The Redundancy principle is applied in 
the developed MAR which it provides 
visual and on screen text. The narration 
just provided if the students need a better 
explanation. 

 
 
 
 
 
 

Words that de-
scribe the visual 
object (without ex-
traneous words)  Visual object  

These are the hints or 
visual triggers that the 
student need to fo-
cused on because the 
knowledge about the 
valence electron 
important to be used 
for the next subtopic. 

Words that de-
scribe the visual 
object (without ex-
traneous words)  

Words that de-
scribe the visual 
object (without ex-
traneous words)  

Words that de-
scribe the visual 
object (without ex-
traneous words)  

Words that de-
scribe the visual 
object (without ex-
traneous words)  

Words that describe the 
visual object (without 
extraneous words) 

iJIM ‒ Vol. 13, No. 7, 2019 59



Paper—Framework for Developing a Mobile Augmented Reality for Learning Chemical Bonds 

 
 
 
 
 

 
Spatial contiguity principle People learn better when corre-

sponding words and pictures are 
presented near rather than far from 
each other on the page or screen. 

The developed MAR apply the spatial 
contiguity principle by provide the visual 
objects and words closed to another. 

 

 
 

Temporal contiguity princi-
ple 

People learn better when corre-
sponding words and pictures are 
presented simultaneously rather 
than successively. 

The temporal contiguity principle is also 
applied in this developed MAR which 
the corresponding words are displayed 
simultaneously. For the formation of 
compound part, the corresponding words 
will be appeared simultaneously once the 
compound is formed. 

 
 
 
 
 
 

This is the visu-
al objects or graph-
ic display by the 
developed MAR. 

This is the visual 
objects and corre-
sponding words are 
displayed closed to 
each other which 
it’s applied the 
spatial contiguity 
principle. 

This is the on screen text that displayed 
when the compound is formed. The 
sound or narration is optional if the 
students need a more explanation. 

This is the visual during the formation of sodium chloride com-
pound. The visual objects and the corresponding words simultane-
ously displayed once both atoms are being put closed to another to 
form sodium chloride compound.  

This is the visual objects 
or graphic display by the 
developed MAR. 
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Table 3.  The implementation of the Principles for Designing Visualizing Tool on Chemistry 
(Wu & Syah, 2004) in designing the MAR 

Principles for Designing 
Visualizing Tool on 

Chemistry (Wu & Syah, 
2004) 

How the Principles applied in developed MAR 

Providing multiple repre-
sentation and descriptions. 

This principle which is provides multiple representations and description in the 
visualization tools because the ability of the student in visualize is differences. So, 
by provide other representation such as audio and text, the student can understand 
better rather than just learning by using visual or words only. 
 

 
 
 

Making linked inferential 
connection visible 

Making linked inferential connection visible is similar with the signalling principles 
in the Principles in Cognitive Theory of Multimedia Learning (Mayer, 2005). The 
developed MAR provide hints or visual triggers which it’s highlighted the valence 
electrons in pink colour, differences with the others electrons. 
 

 
 

Presenting Dynamic and 
interactive nature of 
Chemistry 

Presenting the dynamic and interactive nature of Chemistry is important in attract 
the students to entering into the process of learning. The MAR in this study has an 
advantage which the visual shows are dynamic and the atoms are represent in 
differences colour and in 3D images. This will easier for the student to differentiate 
the atoms that being shows to them. 
 
 

These are the hints 
or visual triggers 
that the student 
need to focused on 
because the 
knowledge about 
the valence electron 
important to be 
used for the next 
subtopic. 

There are two representations is displayed simul-
taneously in MAR, which it has words and also 
visual. 
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Presenting transformation 
between 2D and 3D 

According to this principle, to make the students easier to relate what they learn 
previously with what they learn using the visualization tools the 2D visual should 
be provide together. For learning using MAR, the visual displayed is in 3D and 
Chemistry’s textbook that been used in the school, mostly the visual will be formed 
shown in 2D images.  
 

 
Example of 2D images in textbook 
 

 
 3D images displayed as the visual objects of MAR. 
 

Reducing Cognitive load 
and making information 
explicit and integrated. 

The content of the information’s that being delivered by MAR is followed the 
syllabus of KBSM on the topic of chemical bonding. So, the syllabus will be defi-
nitely already considered the cognitive load to make sure that it can be understand 
by the students. 

 
This research has designed the MAR learning environment based on these two 

principles as discussed above. Once the MAR is successfully designed, meaningful 

The dynamic and interactive nature of chemistry is shown during the 
subtopic of formation of Chemical Bond which the atoms will move 
closed to each other and the valences electron with differences colour 
will be transferred or shared to form a new compound. 
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learning will take place, and this will have a positive impact on the achievements of 
students. In regards to this study, the MAR has been developed and the effects of the 
developed MAR on students’ achievement in the topic of Chemical Bond are being 
investigated. The methodology has been describes in the Methodology part.  

4 Methodology  

To investigate the effects of the developed MAR on student’s achievement on the 
topic of Chemical Bond is the objective of the research. Thus, the Pre and Post Test 
on the topic of Chemical Bond are being conducted. After about 4weeks treatment 
using MAR, the Post Test is being given to the students to be answered. The Test is 
consists of 3 parts which are the objectives questions in Part A, structured questions in 
Part B and essay questions in Part C.  

4.1 Sample 

The samples are involved 16 students in Form 4 who taking chemistry subject in 
secondary school at Johor Bahru. The students that selected are the students who have 
skills in using technologies and already exposed with latest learning technology such 
as online learning, mobile learning and others. 

4.2 Data analysis 

The data were analyzed using the Statistical Package for the Social Sciences 
(SPSS). There is descriptive analysis and inferential analysis was being conducted in 
the analysis part of the research. 

4.3 Descriptive analysis 

The scores of each student were being computed and student’s achievement were 
analyzed and compared between the two tests that conducted which are the Pre and 
Post for Chemical Bond. The comparison for minimum scores for the Pre Test for 
Chemical Bond Test is 10 (39-29) while for the Post test the comparison between 
minimum and maximum scores are 13 (71-58). The mean score for the Pre Test is 
41.69 with a standard deviation of 9.070. The mean score for the Post Test is 52.45 
with a standard deviation of 9.638. The mean for the Post Test is higher than the mean 
of Pre Test. It shows that, on average that scores in the Post Test is higher than the 
scores in the Pre Test. The mean differences of the mean percentage of the Pre and 
Post Chemical Bond Test are 10.76%. The details descriptive analysis for each test is 
shown in Table 4. 
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Table 4.  Descriptive statistics for pre and post chemical bond test 

Type of test N Min Max Mean Percentage Std. Deviation 

Pre Chemical Bond Test 16 29 58 41.69 9.070 
Post Chemical Bond Test 16 39 71 52.45 9.638 

4.4 Inferential analysis 

Instead of the descriptive analysis, the inferential analysis also conducted. This in-
ferential analysis is conducted to compare the means between the two groups of vari-
ables which is the pre chemical bond test and post chemical bond test. However, non-
parametric test have to be performed as alternatives to the parametric test because the 
number of sample is not enough to run the parametric test. Thus the non-parametric 
test of the Wilcoxon Signed-Ranks Test is used to investigate whether there is a sig-
nificance difference between the Pre Test and Post Test scores.  

The Wilcoxon Signed-Ranks Test (Wilcoxon Test) is been used to compare the 
mean scores between both test. The hypotheses involved were: 

• Ho : There is no significance differences between the mean of the Pre Test scores 
and the Post Test scores in Chemical Bond Test. 

• H1 : There is significance differences between the mean of the Pre Test scores and 
the Post Test scores in Chemical Bond Test. 

Table 6 below shows the ranks for Wilcoxon Test and “a” in the table is refer to the 
number of observations or number of students (N) with Post Test scores lower than 
the scores in the Pre Test. “b” refers to the N with Post Test scores greater than the 
scores in the Pre Test and “c” refers to the N with Post Test scores equal to the score 
in the Pre Test. This mean none students have scores in the Post Test lower than the 
Pre Test (Negative Ranks). 15 students have scores in the Post Test greater that the 
Pre Test (Positive Ranks) and only one student have the same score in both Pre Test 
and Post Test (Ties). 

Table 5.  Ranks for the Pre Test and Post Test 

Ranks 
 N Mean Rank Sum of Ranks 

Pre Chemical Bond Test - 
Post Chemical Bond Test 

Negative Ranks 0a .00 .00 
Positive Ranks 15b 8.00 120.00 
Ties 1c   
Total 16   

 
The result in Table 7 below shows that the values of Wilcoxon Test where “d” re-

fers the value based on the negative ranks. The significant value, 0.001, is lower than 
the value of alpha, .05, thus the Ho is rejected. This means that the Pre Test scores 
have a significant difference from the Post Test scores (z= -3.412, p= 0.001). These 
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results suggest that MAR have a significant in improving the achievement of the stu-
dents in the topic of Chemical Bond  

Table 6.  Wilcoxon Signed-Ranks Test Statistics of the Pre Test and Post Test for Chemical 
Bond  

Test Statisticsa 
 Pre Chemical Bond Test - Post Chemical Bond Test 
Z -3.412d 
Asymp. Sig. (2-tailed) .001 

5 Conclusion 

In conclusion, misconceptions are common problems that are faced within today’s 
learning processes, especially in science education that often involves abstract con-
cepts. Visualization is one of the proposed ways that has the potential to reduce mis-
conceptions. One tool with proven visualization advantages is the MAR. However, in 
order to achieve the objectives which is to develop the framework for developing a 
Mobile Augmented Reality (MAR) for learning Chemical Bonds, certain principles 
and theories should be followed. The Cognitive Theory of Multimedia Learning 
(CTML) [25] proposed within this study will be a good source of reference, because 
the MAR developed accordingly consists of words and pictures. Additionally, ‘The 
Principles of Designing Visualization Tools in Chemistry’ by Wu and Syah [26] also 
provides strong principles that have to be taken into consideration, as this research 
focuses on Chemical Bonds. Therefore, the research framework is important in stud-
ies, in making sure that the process of designing and developing meaningful multime-
dia learning tools can be undertaken systematically and successfully, and so that the 
research objectives can be achieved afterwards accordingly. This proven by referring 
to the findings that gathers which shows that MAR have a significant in improving the 
achievement of the students in the topic of Chemical Bond. For further action, the 
study on the effectiveness of the developed MAR will be conducted to investigate its 
influence towards visualization skill. This application will be tested within future 
studies, in order to determine the effectiveness of the developed tools. 
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