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1. INTRODUCTION

Parallel to the growing global interest in Science, Technology, Engineering, And Mathematics
(STEM) education to enhance economic prosperity via a highly-educated workforce, the implementation of
STEM education is strengthened in the Malaysian education system through the Malaysia Education
Blueprint 2013-2025 [1]. STEM education is a teaching and learning discipline where Science, Technology,
Engineering, and Mathematics are taught in an integrated manner, so that students are able to apply the
knowledge, skills and values of these subjects to solve real-world problems [2], [3].

Chemistry is among the STEM subjects that is taught in the upper secondary and pre-university
levels in Malaysia. However, students always negatively perceived that learning chemistry requires the skill
of memorizing abstract facts and concepts, and involves the solving of difficult numerical problems and
understanding the complicated principles of chemistry [4]-[7]. Moreover, students are unable to apply the
scientific theories and ideas learned to their everyday lives, due to less emphasis in using information and
computer technology (ICT) to make STEM learning more engaging. The learning approaches for STEM
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subjects are criticized as teacher-centered, and are focused on preparing students for examination, which will
eventually provide limited space for students to be critical, creative and innovative in learning [2].

As such, interesting, meaningful and challenging learning approaches are highly recommended to
strengthen STEM education, particularly in chemistry learning [8]. A variety of teaching and learning
approaches have been adopted in STEM education to promote students’ engagement and achievement, such
as inquiry-based, project-based, problem-based, argumentation and reasoning, gamification, and digital
learning approaches [2], [9]. These learning approaches have been applied to promote students’ learning
through creative and critical thinking, and incorporate meaningful and reasoning processes in a collaborative
learning environment [9].

Among these current learning approaches in STEM education, Grimus and Ebner [10] state that
mobile learning is a perfectly matched learning approach for STEM subjects. This is because the primary
focus of STEM education is on real-world authentic problems, whereas mobile learning is dedicated to
activity-oriented use in practice [10]. Moreover, Bidarra and Rusman [11] argue that instead of engaging
students in authentic learning activities in STEM subjects, mobile learning is used to promote learning
beyond the traditional view of “classroom instructions”. Learning, in the context of STEM education, should
be an on-going process that enables the continued exploration, participation and negotiation in various
circumstances, roles and environments [11].

The majority of researchers define mobile learning as a form of learning delivered by handheld
mobile technologies [12]. However, Borba, et al. [13] denote that mobile technologies are used to facilitate
learning, regardless of place, by the development of the intertwined interaction among people, content and
devices. Recent studies indicate that the use of mobile technology in learning offers great opportunities for
students to improve learning experiences [14]-[16]. It is a versatile educational tool that facilitates flexibility,
collaboration, individualization, personalization and interactivity in learning [17]-[19]. Nonetheless, students’
experience with regards to the use of mobile devices in learning has led to mixed results. Studies have shown
that the limitations of mobile devices and technologies might affect the overall quality of learning. These
limitations included small keypad and screen size, short battery life, inadequate memory or storage capacity
and poor Internet bandwidth [18], [20]. In addition, Qureshi, et al. [21] argued that mobile phones are more
applicable for language learning due to the ability to send videos and images through mobile phones, and the
effectiveness of mobile applications (apps) to support language learning.

Despite these advantages and disadvantages, mobile learning has been recognized as an emergent
technological tool that is best suited for chemistry learning in the 21st century. This is due the fact that
mobile learning has associated the cognitive, sociocultural and motivational aspects of learning, in order to
improve students’ knowledge, skills and values in chemistry [22]. Previous studies have indicated the
integration of multimedia, computer simulations, electronic resources, social networking sites and
educational games in mobile learning, support the teaching and learning of chemistry [23]. The incorporation
of these instructional strategies in mobile learning for chemistry is supported by several learning theories,
including constructivism, social constructivism and cognitive theory of multimedia learning [24], [25].

Therefore, mobile devices such as smartphones and tablets have been currently utilized as an
emergent teaching and learning tool to transform traditional chemistry teaching and learning methods into a
more sustainable 21st century teaching and learning approach [22]. To date, the majority of mobile learning
studies have focused on investigating the use of mobile devices and technologies themselves [26].
Nevertheless, the adoption of mobile devices in both formal and informal learning for STEM subjects,
especially for chemistry at a pre-university level, namely, a matriculation program, remains to be under-
researched [27]. This study aims to identify matriculation students’ experience with regards to the use of
mobile devices for learning chemistry. The findings of this study can provide insight on students’ needs for
learning chemistry, in order to examine the potential of incorporating a mobile learning approach in
chemistry for matriculation programs in Malaysia.

2. RESEARCH METHOD

In order to identify matriculation students’ experience with regards to the use of mobile devices for
learning chemistry, a qualitative case study approach was employed. Qualitative case study adopted an
interpretive approach to understand the meaning constructed by individuals or groups with regard to a
phenomenon in a real-life setting [28], [29]. A mathematical proof of what occurred during the mobile
learning intervention, such as survey, was unable to provide thick description about a phenomenon in natural
setting [30]. Nevertheless, collecting and analyzing data qualitatively in the field could provide a dynamic
and comprehensive view of the specifically matriculation students’ experience in this study [31].

This study was carried out in a matriculation college located in the northern part of Peninsular
Malaysia. The data collection consisted of two phases. During the first phase of data collection, 84 students
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agreed to participate and record their learning experiences in an online journal or diary. Some pre-requisite
criteria were used as a filtering mechanism, such as selecting only those who have Internet-enabled
smartphone and personal mobile data plan to perform learning using mobile device. Thereafter, this was
reduced to only 17 who were found to be active in using mobile devices for learning at the end of the first
phase of data collection. It was determined based on the number of entries written in their individual online
journal or diary. These students were then purposely invited for the second phase of data collection, namely,
the face-to-face interviews.

Interviews and online journals or diaries were the two main instruments used in this study. A semi-
structured journal was developed to enable the students to reflect and record their learning journey. It
consisted of a series of open-ended questions that were deemed suitable in this study to inductively uncover
their views regarding the of use mobile devices for learning chemistry. Meanwhile, the semi-structured
interview was guided by several open-ended questions to elicit students’ descriptions about their experience
in using mobile devices for learning chemistry. The interview protocol was prepared in both English and
Malay. As such, the participants were able to choose which language they preferred for the face-to-face
interview session. It was to ensure the accuracy and clarity of the information being shared by the language
of their own preference [32]. Both instruments were reviewed and checked by experts who have vast
experience in qualitative research, and were familiar with the use of instructional technology in mobile
learning.

In terms of data analysis, students’ responses in their online diary and from the interviews were
transcribed into verbatim transcripts. All the data were then analyzed based on the method suggested by
Graneheim and Lundman [33], which involved transcription, condensation, abstraction, and categorization, to
identify the emerging themes regarding students’ learning experiences of using mobile devices for learning
chemistry. Additionally, member checking, data triangulation and interrater reliability assessment were
adopted to enhance the overall validity and reliability of the qualitative data obtained in the study. For
example, some transcribed interviews were returned back to the respective students for checking their
accuracy. It was to ensure that the students’ opinions were not misinterpreted [34] and the conclusions
reached were accurately represented their actual views [28]. Data triangulation was another method to
enhance validity of the study [35]. As such, the data were triangulated by comparing interview data with the
entries written in students’ online diary. In order to increase the level of agreement between coded data, the
researchers engaged in an interrater reliability process. Each researcher used to code independently several
interview transcripts, and to look on the percent agreement using kappa score. The Cohen’s kappa value of
0.769 indicated that there was substantial agreement among the raters [36], and thus it suggested that a
consistent interpretation of the data have been performed in this study.

3. RESULTS AND DISCUSSION

The students’ learning experiences on the use of mobile devices for chemistry were analyzed and
categorized into six themes, namely: 1) Constructing knowledge; 2) Visualizing abstract concepts; 3) Self-
control in learning; 4) Novelty in learning; 5) Discoursing of ideas; and 6) Quality of learning resources.

3.1. Constructing knowledge

Students revealed that they used to construct and acquire knowledge in chemistry individually,
based on the learning resources obtained using mobile devices. The individual knowledge construction and
acquisition processes were enhanced by the guidance provided, such as the in-depth and step-by-step
explanations, and animated and authentic examples. Student 8 stated the following in the interview and diary.

“I like the video that the people upload in the YouTube. This is my main source of
information. They really help. Because they explain what they do, why they do it,
everything.” (Interview)

“The best thing is the simple explanation given. Really help.” (Diary)

Moreover, the construction of knowledge in chemistry was developed by their active participation
during the learning process, in which they needed to explore and interpret the learning resources, either by
using their own judgment, or by obtaining advice from their lecturers or peers. Student 1 adopted several
methods to interpret and select the most appropriate chemistry learning resources.

“Sometime is not easy. I can’t get the resources that I really want in the Internet. I need to
search carefully. Looking for other websites and compare. Sometimes, | need to refer what
the lecturer has taught, then could I able to answer the question.” (Interview)

Student experience of using mobile devices for learning chemistry (Wai Foong Lok)
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This finding is explained by the constructivist learning theory, which is a contemporary theoretical
foundation that depicts that students constructed their own knowledge by learning from books, online
resources or teachers. Learners used to construct their overall understanding of knowledge and form new
cognition through their own experience [37]. Due to the abstractness of the concepts in chemistry, such as
atomic structure, learning resources that are guided with animated illustrations are essential to enhance
students’ understanding [38]. Students would be able to connect and represent three conceptual levels in
chemistry, namely, macroscopic, submicroscopic, and symbolic levels, to better attain abstract concepts in
chemistry [7].

3.2. Visualizing abstract concepts

Most students in this study admitted that they could easily understand the abstract concepts in
chemistry via the animated presentations using their mobile devices. The students were pleased with the
affordance of mobile devices to provide in-depth explanations on abstract concepts by using 3D animations
and multimedia videos. Student 9 explained the effect of animation in visualizing abstract chemistry
concepts.

“We need imagination in chemistry. For example, how the electron is formed, how it
moves. For some people, they might not able to imagine how it moves. So, video shows us
the simulation of how electron moves. It is something really... really real...” (Interview)

“I could imagine how electron is moving when observing in video.” (Diary)

This finding revealed the importance of animations and multimedia in video to support students’
learning in chemistry. Putra, et al. [39] stated that android-based chemistry learning media in the form of
multimedia could attract students’ interests in learning chemistry. Abstract chemistry concepts are best
viewed using visual representations with the aid of modern technology, such as multimedia and animated
video [6], [39]. Animation helps to illustrate the chemical phenomena at the submicroscopic level, and to
relate it to different symbolic representations of concepts in chemistry [40].

Shroff, et al. [24] indicated that the use of mobile technologies such as mobile applications
supported the constructivist learning opportunity, which provides discovery and imaginative thinking via
multimedia instruction. The aid of multimedia presentations enables knowledge such as abstract chemistry
concepts to be appropriately organized to facilitate students’ meaning-making ability.

3.3. Self-control in learning

The majority of the students indicated the affordance of mobile devices to take control over their
learning of chemistry. They commented about the affordance of learning at their own pace when mobile
devices were used for learning chemistry. They could retrieve learning resources in mobile devices based on
their needs. Student 2 mentioned the following:

“Sometimes I'm not able to understand what the lecturer teach on problem solving
questions in the class. Then, I will watch the video several times. Replay and replay. Until |
can understand what my lecturer has taught.” (Interview)

“I can watch and re-watch the video many times.” (Diary)

This implies that students were pleased by the affordance of mobile devices for allowing greater
freedom and control towards their learning. As such, the use of mobile devices could be directed towards
self-requlated learning and increase their understanding to the particular competence [40]. Students could
flexibly determine their learning objectives, plan their learning activities and monitor their progress of
learning [41]. Alternatively, self-control in learning for chemistry provides the time and opportunity for
students to reflect and internalize the information in chemistry [42]. Constructivism suggests that students’
conceptual understanding could be enhanced when they constantly applied explicit thinking, reasoning, and
reflective meta-cognitive skills in learning [40].

3.4. Novelty in learning

Students in this study also claimed that the use of mobile devices was a new learning approach for
learning chemistry. They have mentioned the use of a variety types of mobile apps for learning chemistry,
such as molecular viewer apps, study guides and reference apps, structure drawing apps, and periodic table
apps. They enjoyed using mobile apps for searching information on chemistry, instead of searching in thick
chemistry textbooks. Students 7 and 12 mentioned the following:
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“Mainly if I want to refer Periodic Table, | got download one app. ” (Student 7, Interview)
“For some information such as periodic table... Later, I need not open my book, just on my
phone and look for it.” (Student 12, Interview)

This novelty in learning has transformed the mode of learning among students for learning
chemistry from heavily depending on printed-form information in textbooks, to auto-updated information on
the Internet. Chemistry apps are powerful and compact tools to solve problems conveniently, with the
reduced burden from conventional media, heavy books, and bulky computers [43]. The integration of mobile
technology in learning supports the delivery of educational materials, which is unstructured, on-demand and
timely [44]. Meanwhile, introducing a new learning tool and method may potentially increase students’
interest in learning, as compared to traditional learning methods which are considered dull and boring [45].

3.5. Discoursing of ideas

Intellectual discourse was another type of learning experience indicated by the students throughout
their learning process. They pointed out that discourse of ideas could be easily conducted with other fellow
students via mobile devices, regardless of place and time. It also occurred between students and lecturers, in
which the lecturers shared self-recorded videos as supplementary learning resources. The following excerpts
supported this finding:

“If I can’t solve the questions given or having problem in learning, or my friend(s) have
problem, we will discuss it. Snap the answer and share it into the WhatsApp group.
Discussing how to get the answer.” (Student 14, Interview)

“Our lecturer likes to upload video(s) for us. Sometimes, she will send us the link of the
video(s).” (Student 8, Interview)

Discourse is crucial in learning science subjects. It is in line to the central tenet of social
constructivism that human action is mediated by tools of artifacts in the form of language. Language plays a
significant role in thinking and learning, since learners internalize the it to structure their thinking [46].
Classroom discourse encourages students to internalize their learning before they explain scientific events
using their own words [6]. It also enables lecturers to identify and correct students’ misconceptions in
chemical concepts [6]. As such, discourse of ideas indicates the existence of active knowledge construction
in the learning process. In this study, mobile devices offer an alternative platform for discoursing ideas
between students and other students or lecturers. However, the effectiveness of discoursing ideas for
chemistry in a mobile learning environment has yet to be elaborated by the students who have participated in
this study.

3.6. Quality of learning resources

A number of students mentioned the quality of learning resources as a possible distraction might
affect their learning in chemistry. They felt distracted and frustrated when they were not able to understand
the learning resources obtained from the Internet. These difficulties included the quality of the learning
resources obtained, the use of complicated chemistry scientific terms, and the language or dialect spoken by
the instructors on YouTube videos. Thus, this affected their interest and motivation in learning chemistry.
The following excerpts clarify this finding:

“Video that I have found is sometimes too complicated. The text shown... the language that
they used. I need to watch several times to understand it. I think it’s better to ask the
lecturer.” (Student 3, Interview)

“Sometimes in the YouTube, it’s quite difficult to understand. The explanation is too fast...
and some explanation is confusing.” (Student 10, Interview)

Despite of the popularity of digital technologies such as multimedia, to support number of learning
opportunities in a mobile learning environment, it might challenge learners’ available cognitive capacity [41].
The design of instructional strategies such as the integration of multimedia in chemistry learning will
eventually affect students’ meaningful learning in chemistry. The learning resources should be adequately
designed so as to avoid exceeding students limited cognitive load [47], [48]. Yet, the frustration towards the
quality of learning resources among the students who participated in this study might be associated to the
unstructured digital learning environment. Thus, students should be guided and trained to effectively use
educational contents in a mobile learning environment [49].

Student experience of using mobile devices for learning chemistry (Wai Foong Lok)



898 a ISSN: 2252-8822

4. CONCLUSION

The findings of this study reveal that students have positive and negative experiences towards the
use of mobile devices for learning chemistry. They were keen to use mobile devices for learning chemistry,
since they promote knowledge construction, visualization of abstract concepts, self-control in learning, and
intellectual discourse. The novelty effect brought by mobile devices could further increase students’ interest
in learning, especially in chemistry subject which encompassed a lot of abstract concepts. Meanwhile, the
quality of learning resources, such as the improper design of learning materials, was a potential threat that
might distract students’ learning in chemistry. Despite the previous studies claimed that mobile devices are
more applicable for language learning, the findings of this study suggest that the mobile devices can play a
constructive role in facilitating students’ learning in chemistry. The effect of digital technologies supported in
mobile devices, such as 3D animation and multimedia in video, are able to enhance students’ understanding
on abstract chemistry concepts. Additionally, the interaction between students and other students or lecturers
via mobile devices is advantageous mostly in terms of discoursing ideas based on the tenet of social
constructivism. This new understanding shed light on the potential use of mobile devices to facilitate
students’ learning in chemistry. It also gives a better understanding of the matriculation students’ learning
practice and perception towards the use of mobile devices for chemistry.

Therefore, several recommendations are made based on the findings of this study. Firstly, the study
inspires the lecturers in the matriculation college to revise their teaching approaches for chemistry based on
students’ learning needs. It implies that digital technologies should be integrated in their teaching approaches
due the affordances of mobile device to facilitate learning in chemistry. Secondly, the inseparable from
mobile devices amongst students born in the 2000s inspires the educators in the matriculation college to
make mobile device as an intellectual discoursing tool for 21st century chemistry learning medium. Thirdly,
the study calls upon the management of matriculation college to revise the ICT policy in related to the use of
mobile devices in education, especially in STEM subjects. The lecturers’ training and professionalism
workshops are necessary to make them competent and confident, in both knowledge and technical level, in
implementing mobile learning.

There are several limitations in this study, which should be highlighted. This study was conducted in
one matriculation college with limited number of participants. The future study could examine the
perceptions of more students from different matriculation colleges. On the other hand, this study did not
examine the effect of the use of mobile devices on students’ chemistry learning performance. Therefore, an
experimental study on the use of mobile devices will provide further insights about the effect of using mobile
devices in students’ chemistry learning performance. Another limitation is related to the lecturers’ perception
in using mobile devices for learning chemistry. In fact, lecturers are the key stakeholder in the
implementation of mobile learning in educational institutions. The exploration of lecturers’ possible
resistances and obstacles to use mobile devices for their teaching practices, could develop a comprehensive
view about mobile learning adoption in teaching and learning.

In summary, this study can conclude that promising learning experiences are developed among the
matriculation students in using mobile devices for learning chemistry. This should be a boost for the
matriculation lecturers to incorporate mobile devices in the teaching and learning for chemistry and other
STEM subjects. The findings of this study strongly suggest that mobile device is an effective and attractive
tool for learning chemistry in the 21st century.
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