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Abstract—Chemistry is often perceived as being a dry and boring science
subject, probably because of traditional teaching method, static textbook, lack of
interactivity and difficulty in visualization of the abstract chemical concepts. E-
learning resources (e-resources) and the utilization of technology have become
one of the major trends in education, replacing the conventional textbook and
traditional talk and chalk teaching method. A study was undertaken to assess stu-
dents’ perceptions of the impact of the e-resources and technology on various
aspects of their learning. Data were collected through a questionnaire involving
28 undergraduates, who were taking first-year Chemistry course in Taylor’s Uni-
versity, Malaysia. A Moodle e-Learning platform was made available to the stu-
dents, where the students can assess e-resources anytime and anywhere. Innova-
tive technologies such as mobile clicker, simulation and augmented reality (AR)
were integrated into classroom instruction. Most of the students found the e-re-
sources provided useful and well prepared them for the assessments in the course.
Their understanding and ability to answer questions had improved. They were
motivated to study the subject because it was more interactive and engaging.
Overall findings showed that these e-resources and innovative technologies gave
positive impact on students learning in chemistry.
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1 Introduction

Chemistry is often perceived by many students as a challenging, dry and boring sci-
ence subject. This is probably because of traditional teaching method, static textbook,
lack of interactivity and difficulty in visualization of the abstract chemical concepts [1,
2]. Traditional chalk and talk teaching method make the learning process boring and
does not actively engage the students. One of the solutions to this problem is to trans-
form traditional teaching method and introduce new ways of teaching through internet
and technology. This research study investigated the use of online resources and emerg-
ing technology in transforming traditional teaching of chemistry and its impact on the
academic achievements of students.
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2 Literature Review

Blended learning approach combines face to face teaching sessions in classroom
with self-regulated online learning activities [3, 4]. This approach has been found to be
transformative and able to provide meaningful learning experiences [5]. Moreover, this
approach has been shown to be more effective than traditional teaching method as this
teaching approach engaged students and deepened their understanding [6, 7]. Nowa-
days most of the educational institutions are using blended learning by incorporating e-
learning and technology into conventional teaching [8, 9]. Majority of institutions use
Learning Management Systems (LMS) as a platform to promote and support student
learning. It allows instructor to provide and manage online course by providing re-
sources such as presentations, assignment, quizzes, video, and forums to students [10,
11]. Moodle is one of the most frequently adopted learning management system at ed-
ucational institutions worldwide [12, 13]. Mobile devices are being used profusely in
the classrooms. Recently, many educational institutions have started to use mobile
clickers in classroom because it has shown to create positive environment and improve
academic performances [14, 15]. They also engaged student and increased student mo-
tivation [16, 17, 18].

Chemistry is often considered as a “visual” subject. Studies have showed that simu-
lation motivated students to learn chemistry and increased quality learning outcome
[19, 20]. They help explains difficult concepts such as complex structure and chemical
mechanisms more clearly than a printed textbook. Another emerging technology is aug-
mented reality (AR). AR technology brings digital contents to life by integrating into
the real world [21]. Students experiencing various difficulties with learning Chemistry,
especially in the topic of molecular geometry due to reason of difficulty to imagine the
spatial arrangement of atoms and molecules. Findings showed that AR was very effec-
tive in explaining the concepts of molecular geometry [22, 23, 24, 25]. On top of that,
studies also showed that AR motivated students to learn chemistry and gave them pos-
itive learning experience [26, 27, 28, 29].

3 Methodology

In this study, the general chemistry I (CHEM 105) course was conducted via blended
learning mode, a combination of both face-to-face (lecture) and online using TIMeS
(Taylor’s Integrated Moodle E-Learning System), a Moodle platform used in Taylor’s
University. In the teaching period, 3 hours per week was allocated for the face to face
lecture. This course consisted of continuous assessment (70%) and final examinations
(30%). This course was offered to first year undergraduate students in American Degree
Program (ADP), School of Liberal Art and Sciences, Taylor’s University.

A group of 28 students was used in this study. This group of students were coming
from secondary school and they entered university in their first semester. This group of
students had no prior experience using Moodle learning management system. Technical
help and guidance on how to access TIMeS has been offered to them during their first
week of orientation in university. With TIMeS, students can access online resources
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such as PowerPoint notes, mind map, video, animations, simulation and practice quiz-
zes using TIMeS. In addition, several web-based simulations from external source were
made available in TIMeS to support student learning. The chemistry simulations are
provided by some websites such as PhET simulations (https.//phet.colorado.edu). An
AR mobile apps known as “Zappar” was introduced in this course to create interactive
contents. “Zap codes” were created to be embeded into PowerPoint or printed materials,
where students can use the camera to scan the code to get more digital contents.

Before the face to face lecture, the students were required to explore the online re-
sources in TIMeS. Student were instructed to complete two online quizzes in TIMeS in
the form of multiple choice questions for every topics covered, namely pre-lecture and
post-lecture quiz. The multiple-choice questions were created using Pearson test gen-
erator “TestGen” and imported into TIMeS. Every question in the test bank library was
labelled with difficulty level, topic or section covered and learning objective. Different
questions with similar difficulty level were included in the pre-lecture and post-lecture
quiz to effectively measure student improvement in answering questions. Student were
required to self-assess themselves by completing a pre-lecture quiz in TIMeS. The
online quizzes were open for 2 days and only one attempt was allowed, and students
could choose where and when to complete the quiz. Once the quiz has started, there
was a time limit of one hour prior to submission. Immediate feedback was given once
the quiz was completed, indicating the overall score and which questions were an-
swered correctly. Personalized verbal feedback was given in the face to face lecture as
further explanation. Two mobile clickers, “Poll-Everywhere” and “Kahoot” were used
as formative assessment during the face to face lecture to further reinforce their under-
standing. At the end of the week, students were required to complete a post-lecture quiz
in TIMeS with the same setting as pre-lecture quiz. The results of pre-lecture and post-
lecture quiz were recorded in TIMeS and the learning analytics were extracted and an-
alysed. Final grade from students were also recorded.

At the end of the semester, an online questionnaire consisting of 14 questions and
statements were administered. Students were required to rate each statement as
“strongly agree”, “agree”, “neutral”, “disagree” or “strongly disagree”. Students were
allowed to comment on each statement after rating. The aim of the questionnaire is to
collect student feedback on the online resources in TIMeS and learning technology used
in this course and the impact on their learning.

4 Results

In the current study, 28 students were responded to the questionnaire. 53.6 % of the
participants were female and 46.4 % were male. Majority of the students were majored
in the field of engineering (39.3 %) and the remaining of the students were majored in
business (39.3 %), liberal arts/communication/social science (14.3 %) and computer
science (7.1 %). When asked about the frequency which they accessed the online re-
sources, 28.6 % of them said that they spent on an average of 2-4 hours per week, while
28.6 % said an average of 4-6 hours per week. Interestingly, 10.7 % of the students
spent more than 10 hours per week and 7.1 % for less than 2 hours per week.
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Fig. 1. Background information of students and average time spent in TIMeS in a week

As shown in figure 2, students obtained higher score in the post-lecture quiz when
compared to pre-lecture quiz. Student’s grade at the end of the semester was also rec-
orded. As presented in figure 3, passing rate of 100% was observed with no students
failed the course. A total of 47.37 % of the student population scored with the grade of
A+ and A, 36.85 % grade B and B- and 15.79 % grade of C + and C.
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Fig. 2. Average scores for pre-lecture and post-lecture quiz.
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Fig. 3. Overall grade obtained by students at the end of the semester.

Results from the online questionnaire were analyzed and summarized in figure 4 and
figure 5. In the questionnaire, students were asked to give their feedback on the impact
of various online resources in TIMeS and how greatly they helped them in learning.
Based on the results presented in Figure 4, power point notes/mind map (53.57 %),
online quiz (64.29 %) and uploaded exercise with solution (57.14 %) were identified as
the top three resources that greatly helped them in learning.

20

I 1(Not at all helped) N 2 3 4 W 5 (Greatly helped)
e Note and Interactive Video Online
mind map resource/activity quiz

Game and Uploaded Communication Completion progress
simulation exercise with tool - message in the course
solution

Fig. 4. Online resources in TIMeS
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Fig. 5. Response of students on the statements in the questionnaire
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Student’s response and comments on the statements in the questionnaire were cap-
tured and summarized in figure 5. Overall, 35.71 % of students rated the online re-
sources as “excellent”. 75 % of the students said that online resources prepared them
well for class sessions. Some students commented: “/ go through the slides myself be-
fore my lecturer so that I can have a better understanding of what I am going to learn
that day”, “Class lessons are based on slides uploaded in TIMeS which I can read
ahead”, “The slides provided really helps”. A total of 82.14 % of the students agreed
that online quizzes in TIMeS gave them valuable feedback. Some students said, “/¢’s
easy to find out where I made the mistake”, “It is useful for me to study and know my
weakness”, “I learn from my mistakes and parts of where I wasn't so sure of”’. 82.14 %
of them also agreed that the online resources were helpful in identifying their problem
areas. Indeed, some students did say that “Really helpful to identify my problems™.75
% of them were engaged and enjoyed with the online resources and technology used.
Some of the comments: “I¢’s interesting to play games and videos while learning”, “I
love the competitive nature of Kahoot\”, “not boring and old-fashioned’, “Kahoot is
very enjoying and fun”. Lastly, 82.14 % of them were agreed that they gained a better
understanding of chemistry concepts after taking this course.

5 Discussion

The students who enrolled in this chemistry course did not have any prior experience
in using learning management system. Results from this study revealed that students
responded positively to the usage of Moodle as an enhancement to their face to face
lectures. They liked the interactivity and rich contents of the TIMeS. However, some
students were not satisfied with the occasional interruption and inaccessibility of
TIMeS due to internet connectivity problems or server maintenance issues. Overall,
results showed that the online contents in TIMeS did helped them in their study. Studies
have found that students generally demonstrated positive effects on performance after
experienced a well-designed online course enriched with resources [30].

In TIMeS, the student’s activities were monitored by Moodle log. One of the useful
features of Moodle is the completion progress bar. Results of the questionnaire showed
that this feature had greatly helped them in their study. This feature can be used as a
motivational and time-management tool for students, where students can visually check
their progress through the course. This is important because it allows teacher to measure
the engagement level of students in the course helps to identify students who may be at
risk of failing the course.

In this study, students were required to access the online resources and complete a
pre-lecture quiz in TIMeS before the face to face lecture begins. This exercise encour-
aged students to evaluate their own learning and understanding through online quizzes.
Results from pre-lecture and post-lecture quiz showed that student’s understanding and
ability to answer questions had improved. The blended learning approach used in
course aimed to promote active participation of students in both face to face lecture and
online learning using Moodle. The active participation of students in the face to face
lecture was possible with the use of mobile clickers, which were used a formative
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assessment. Questionnaires revealed that students preferred “Kahoot” than “Poll-Eve-
rywhere”. Some said that they learned Chemistry better by playing “Kahoot”. Overall,
the use of mobile clickers in class have created a fun, interactive and engaging experi-
ence. Additionally, simulation and augmented reality had amplified the learning expe-
riences in this course. Students enjoyed the exploration experience and said that it
helped them in visualization of complex structure. It has transformed a dull and “dry”
chemistry into a life and engaging experience.

6 Conclusion

Overall findings showed that students were satisfied with the online resources pro-
vided in this chemistry course. Together with the use of innovative technology in class-
room such as mobile clicker and augmented reality, they gave positive impact on stu-
dents learning.

7 Limitations and Future Studies

There were several challenges in this study. The students must have the necessary
ICT skills to use the TIMeS and work independently online. The online resources need
to be designed carefully so that they are meaningful and align with the learning objec-
tives. Future direction would be to improve the interface of Moodle, to make it more
acceptable to users.
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