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Abstract: Interactive learning technology is an emerging innovation for future communication-aided
teaching and learning that could positively enhance students’ engagement and intrinsic motivation.
Due to the virtue of interactive communication, classrooms are now anticipated to enable a variety
of interaction-based learning technologies with diverse infotainment (a subset of “serious play”)
integrated with practical enquiry-based projects and case studies for employability improvement.
In this paper, a comprehensive review of various teaching and learning pedagogies is assessed.
Their suitability and association with infotainment and interactive technology is discussed and
highlighted. In addition, a recent research activity on interactive communication is presented to form a
new teaching application using interactive technology and infotainment (or edutainment) appropriate
for student engagement in railway geometry and alignment design classes. The development
of the integrated interactive technology and infotainment was implemented and evaluated in a
postgraduate railway engineering class. Questionnaires were used to survey students’ experiences
in the classes with and without the technology enhanced learning. The outcome clearly shows
that students enjoyed and felt they were significantly engaged in the class with the new interactive
resources. Their participation and learning performance increased. Despite the favourable outcomes,
the flexibility and viability of using this interactive technology still largely depends on the students’
background and their previous experience.

Keywords: student engagement; interactive technology; active learning; clickers; infotainment;
edutainment; teaching approaches; railway engineering

1. Introduction

Many British academic institutions are nervous about the outcome of the National Student Survey
(NSS). In recent years, many institutions have tried to increase their NSS score by enabling teaching
excellence. The NSS outcomes have informed us that students live digitally and they love having
digital and interactive technologies embedded in a classroom [1,2]. Some examples are videos (e.g.,
Panopto, YouTube), infographic social media (e.g., Twitter, Instagram), and other technologies (e.g.,
Canvas, Blackboard). The uses of interactive technologies have become even more important as more
students adopt various technology devices in their lives. These trends prompt the necessity to develop
and implement technology enhanced learning, which engage students both inside and outside the
classroom. This development indeed responds directly to various elements of the United Kingdom
Professional Standards Framework in the Digital Age, such as: A1: design and plan learning activity;
A4: develop effective learning environments; K3: how students learn; K4: the use of appropriate
learning technologies; and V2: promote participation and equality for learners [3]. The focus of this
study is placed on a specialized course for higher education in the United Kingdom. The similarity
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of the concept can vary from one country or continent to another, depending on the culture, norm,
and values embedded in their educational systems. However, such aspects are beyond the scope of
this study.

A number of diverse information and communication technologies (ICT) have been adopted in
higher engineering education sector. By enabling active learning, the common goals are to increase
students’ intrinsic motivation, promote participation, and enhance learning outcomes [4–7]. Despite
the diversity of student backgrounds, levels of study, and class environments, many attempts have led
to best practices for facilitating ICTs in combination with flexible and suitable teaching pedagogies in
higher education. In order to improve the student learning experience, an array of various teaching
pedagogies suitable for a class situation are often used [8–11]. The use of the ICTs can, thus, benefit the
adaptive teaching strategies and engage all students with different backgrounds.

Previous case studies in higher education institutions have demonstrated many benefits of
interactive technology, such as clickers, student response systems via smart phones or tablets, interactive
board, etc. [12–14]. The studies based on only student perceptions (opinion-based survey) found that
students enjoy using the interactive technology and become much more engaged. With respect to
clickers, Beatty et al. [15], Martyn [16], and Bruff [17] also found that clickers provide an anonymity for
students to actively participate in class without fear of public humiliation; the tool creates “fun” and
“game-based learning” that engages students more than traditional teaching. The peer game-based
instruction could support deep learning [18]. This could be done by developing a class quiz for students
to work individually or as a team to compete for the most appropriate, most-efficient, lowest-cost, or
lowest-carbon-footprint solutions. Based on a number of similar findings in various cases [12,19,20],
the integration of interactive technology and infotainment (a teaching medium both to entertain and
to inform) can be complementarily established. The use of entertainment for an interactive teaching
pedagogy has been acknowledged worldwide. For example, Jenkin [21] fully supported “fun” in
teaching from his statement “play not only aids children’s mental and physical health, it teaches
them risk taking and problem solving skills, promoting imagination, independence, and creativity.”
This nature could be applied to higher education learners. In addition, clickers could be used as an
alternative tactic to traditional class discussion in order to enhance active learning pedagogy [16,22,23].

Current teaching approaches within higher education uses adaptive blended learning, where students
can attain a combination of teaching methods or pedagogies [24]. These adaptive approaches imply
common practices in tailored teaching and learning, and have been supported by researches [25–28].
They are recommended to best engage students and to promote personalised technology enhanced
learning. In fact, these approaches resonate with the active learning pedagogy, where students
are actively engaged to learn through discovering, processing, and applying knowledge [29,30].
The forms of active learning can be cooperative learning or small group teaching [31,32], peer and
group discussions [20], simulations and games [33], student response assistance, clickers [16,25],
and so on. Despite the pros and cons of each form [34–37], there is an agreement [38–40] that the
growth of personal technology integration in classrooms has been paramount and inevitable in higher
education. In addition, many educators [19,41–46] have vigorously advocated that active learning
through personalised responsive technology is one of the best teaching pedagogies and one of the most
suitable practices for digital-native engineering students, especially in the 21st century. Many have
also adopted it for a wide range of classes and leaners [47].

Clickers are personal response technology enhanced learning. They actively engage students
during the entire class period. The prompt responses from clickers can gauge the level of understanding
of the class so that lecturers can provide prompt feedback and enable adaptive teaching styles
and blended pedagogies, resulting in a suitable harmonised student-centred learning environment.
Martyn [16] supported this technology, stating that “clickers allow students to engage and provide
input without fear of public humiliation and without having to worry about more vocal students
dominating the discussion”. However, she argued whether the clickers could actually help improve
student learning outcome. Her study based on small class groups (about 20 students each) showed
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that clickers did not improve the learning outcomes when compared with another active learning
pedagogy (using traditional class discussion). In contrast, recent findings based on larger sizes of class
(>50 students) suggest otherwise [11,48,49]. They found that clickers consistently produced better
learning outcomes as they play a significant role in cognitive learning; and they promote fact retention,
even though they may impede conceptual understanding. Also, clickers seem to positively influence
the intrinsic motivation and improve grades or final marks of students. These recent findings confirmed
that one size does not fit all. Active learning tactics, such as group discussion or collaborative learning,
might not be effective for larger class sizes [24]. Thus, personal responsive technology, such as clickers
or smart phones, has been a revolutionary and inevitable teaching assistant tool in higher education,
especially when looking towards the future. In the present day, smart phones are affordable and have
been used in various classes.

Despite the popularity of clickers in university teaching, a critical literature review shows that
the use of audience response systems (or clickers) is still limited in engineering fields [9,10,50,51] and
is non-existent in railway engineering education. In this study, the learning activity and resources
integrated with clickers have been developed. This unprecedented study explores the possible
relationships between the interactive technology integrated with infotainment and student engagement
in postgraduate railway engineering education. The educational development has been targeted at
postgraduate students with different professional and demographic backgrounds. The lecture topic of
track geometry and alignment design with over 50 students has been chosen particularly since many
previous students had considered it as one of the most difficult topics in railway infrastructure modules.
Many students were lacking confidence in applying the knowledge, demotivated, and disengaged
from the learning process. The goal of this development is to understand if the clickers can better
engage students in the seminar-style lecture, resulting in the enhancement of students’ intrinsic
motivation through active learning pedagogy. This study highlights the comparison of the student
perception-based surveys considering the result in 2016 (using traditional group and class discussions)
and its counterpart in 2017 (using clickers and infotainment). The work is aimed at improving the
quality of higher education with respect to a railway engineering program by using an interactive
technology and “fun” educational content to improve students’ engagement, despite a common
thought that engineering is a serious profession. The student learning performance based on an oral
assessment of a group of final-year students from both cohorts is also evaluated to understand the role
of interactive technology on the student learning outcome in a postgraduate railway infrastructure
engineering module.

2. Development of Learning Activity and Resources with Integrated Learning Technology

The railway infrastructure module is a core module for the postgraduate programs MSc Railway
Systems Engineering and Integration and MSc Railway Risk and Safety Management at the University
of Birmingham. About 50 students or more enroll in this module every year, forming large-size classes
for a masters level module. This module consists of a variety of lecture topics delivered by internal
and external guest lecturers. The use of Canvas (digital communication and online learning materials)
and Panopto (video records) have already been exploited to foster the digital learning process for
students, starting in 2015. However, a constraint that discourages lecturers from utilising Panopto is
that proprietary videos and multi-media are often used in class to enhance experiential-based learning
pedagogy. A number of videos, simulations, and multi-media belong to the rail industry and private
companies. For educational purposes, all classes are, however, recorded via Panopto to aid student
learning experience. Reportedly, many students very much enjoy and appreciate using Panopto [1].
For this study, a specific topic has been chosen using the author’s teaching responsibility in order to
quantify the students’ responses and learning outcome. With respect to the topic of track geometry and
alignment design, the author has been solely responsible for the class lectures since 2015. Many past
and previous students had negative experiences regarding the topic as it has been one of the most
difficult lectures. They stated that they were not confident enough to apply the knowledge, were
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demotivated, and disengaged. A large number of students have failed the examination in the past.
These issues have inspired the lecturer to adopt an active learning pedagogy to enhance the student
experience. In 2016, industry case studies (project- and enquiry-based learning) were used in class for
group work and class discussions (see Appendix A), aiming to enhance employability skills, as shown
in Table 1. The seminar-style lecture was then developed to enact active learning integrated with
the project-based learning approach [52] and multi-media to enhance the experiential learning of the
students [53,54].

Table 1. Engineering employability skills required by employers, adopted from Kaewunruen [55].

U.K. [56] Singapore [57] Japan [57]

- New and specific technical skills
- Computer literacy and IT skills
- Multi-skilling and greater -flexibility
- The ability to deal with change
- An ability to continue

learning, re-skilling
- Communication skill
- Team working and getting on with

others, including being able to work
in self-managed teams

- problem-solving and diagnosis
- “Whole system” thinking
- Organisation and management

- Workplace literacy
and numeracy

- IT and Technology
- Problem solving
- Initiative and enterprise
- Communication

and Relationship
- Lifelong learning
- Globalisation
- Self-management
- Workplace-related life skills
- Health and workplace safety

- Communication skills
- Problem solving
- Goal-setting skill
- Personal presentation skills
- Visioning skills
- IT and computer
- Leadership
- Self-assessment skills

Interactive technology (using TurningPoint Technology’s clickers) embedded with infotainment
(game-based questions and fun quizzes) in the class slides (using MS Powerpoint) have, thus, been
further developed as a new learning resource since late 2016 (see Appendix B). The development has
fully recognised that students have different professional and cultural backgrounds and conceptions
of learning; students’ expectations and conceptions of learning shape how they approach study
tasks and class activities. Several multi-media have been used in class to offer story telling
entertainment to enhance the learning experience and create deeper learning. Clickers associated with
infotainment-based questions have been developed and used to engage all students (from passive to
active learning) and obtain class feedback for adaptive teaching tactics. The use of clickers has been
designed to provide a break between key technical concepts to gauge students’ understanding of the
materials, to engage every student via game approach, as well as short class discussions, and to revive
their energy and attention by infotainment. A number of multiple choice questions were set to obtain
student responses. The questions were designed to allow students to have peer or group discussions
before or after the vote. These discussions are critically important as they enhance the communication
skills of individual students. Data received from students were acquired by a dongle plugged into a
PC in front of the class. These data were then saved onto the powerpoint for discussion and analyses
in this study.

3. Evaluation Plan

The effectiveness of interactive teaching and student engagement are evaluated using
perception-based questionnaires (see Appendix C). All students in class were given the questionnaires
immediately after each lecture to evaluate their fresh perspectives on the teaching styles and their
feelings towards the level of engagement. The questionnaire is aimed at echoing the students’
feedback about the teaching pedagogy (active learning), the use of digital technology, the advantages
and preference of using technology (i.e., Panopto), the preference towards teaching styles, delivery
mode, quality of teaching materials, and the use of online communication (i.e., Canvas). These
perception-based questions were later correlated with the demographical data of students, including
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gender, English proficiency, cultural background, professional experience, and digital-native orientation.
Almost every student (approximately 40–50 students) each year took part in the surveys.

Student learning outcomes are also measured by taking the score from the oral examination of
students (based on the curriculum of MSc Railway Risk and Safety Management) at the end of the year
2016/2017 (taken in May 2017) using situation-based enquiries. Out of 11 candidates (the whole cohort),
five students (part timers) took the class in 2016 (traditional class discussion) and the rest were in 2017
lecture (interactive technology). This was the only formal evaluation available to critically evaluate
“student learning”, as all exams are normally conducted at the end of the program (e.g., end of academic
year). The students were given the case scenario an hour prior to the oral exam. In the exam, the
students had 10 min to read exam questions and prepare answers. Then, they were interviewed using
the given questions and evaluated from the completeness of answers and application of knowledge to
the case scenario. Two experienced assessors marked each student independently to assure fairness
and comprehensiveness. The whole interview examination takes 30 min for each candidate.

4. Learning Design Flow Map

The new lecture developed in 2017 has embedded interactive technology and infotainment to
activate students’ active learning and deeper thinking. The use of clickers is found to be very appropriate
for this lecture (>50 students), since Hoekstra and Mollborn [58] also found that seminar-style
discussions or lectures become more difficult when the class contains more than 35 students. Based on
a teaching conceptual analysis in accordance with Blasco-Arcas et al. [7], Figure 1 shows the learning
concept framework of the interactive lecture.
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The analysis shows the flow of teaching tactics and pedagogies to enhance active learning and
student learning outcome [59]. The use of clickers increases interactivity, adaptive teaching, and then
engagement, stimulating students to participate in active learning for better learning outcomes.
This pedagogical rationale underpins the implementation of interactive technology with infotainment
in class.

The learning sequence in the railway engineering module can be designed as illustrated in
Figure 2 [60–63]. As a result of a successful class in 2016, the development of learning resources to
integrate interactive technology and infotainment was to foster individual responses and engagement
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in all students (in the United Kingdom, European Union, and internationally). The novel feature
of clickers associated with infotainment questions was incorporated in various learning activities.
The initial step was to identify audiences and to tailor teaching tactics and styles. For example, more
than 70% of students were not from civil engineering fields, so further explanations of terminologies
and concepts were a must. To add authenticity and engagement, small group discussions and feedback
were also enacted together with individual responses and “fun-oriented” questions. The learning
design has proven to be flexible and adaptive in that blended teaching tactics have been used in the
class. The teaching materials and Panopto video recordings are also available on Canvas for students
to review for exams at the end of the year.

Educ. Sci. 2019, 9, x FOR PEER REVIEW 6 of 15 

 

engagement in all students (in the United Kingdom, European Union, and internationally). The 
novel feature of clickers associated with infotainment questions was incorporated in various 
learning activities. The initial step was to identify audiences and to tailor teaching tactics and styles. 
For example, more than 70% of students were not from civil engineering fields, so further 
explanations of terminologies and concepts were a must. To add authenticity and engagement, small 
group discussions and feedback were also enacted together with individual responses and 
“fun-oriented” questions. The learning design has proven to be flexible and adaptive in that blended 
teaching tactics have been used in the class. The teaching materials and Panopto video recordings 
are also available on Canvas for students to review for exams at the end of the year. 

 
Figure 2. Learning design sequence using interactive technology with infotainment, adopted from 
McLinden and Hinton [60]. 

5. Results and Discussion 

Participation data of both academic years 2016 and 2017 were gathered from the questionnaires. 
These data were used to determine student demography and perception. Attendance in 2017 was 
slightly higher than that in 2016. Note that student attendance does count toward the final mark. 
Table 2 shows the demographic comparison of student cohorts in both years. This confirms that rail 
is a male-dominated industry and the majority of students are international with some professional 
experience. The majority of the students (around 70%) are of mature age (between 25 to 35 years 
old), which also implies that they are more responsible for their own learning and target career 
paths. As a result, class discussions should be made relevant and sensitive to various groups of 
students in order to draw on students’ previous experiences and exposure for class discussions and 
interactions. The results in Table 2 show an interesting outcome that both 2016 and 2017 cohorts did 
not enjoy using online learning technology. They prefer face to face learning and interaction, which 
also results in human connection and networking. 

Table 2. Demographics of student backgrounds (all combined cohorts who took the class). 

Demography 
2016 Cohort * (miao)(Traditional Class 

Discussion) 
2017 Cohort * (miao)(Interactive 

Technology) 

Figure 2. Learning design sequence using interactive technology with infotainment, adopted from
McLinden and Hinton [60].

5. Results and Discussion

Participation data of both academic years 2016 and 2017 were gathered from the questionnaires.
These data were used to determine student demography and perception. Attendance in 2017 was
slightly higher than that in 2016. Note that student attendance does count toward the final mark.
Table 2 shows the demographic comparison of student cohorts in both years. This confirms that rail
is a male-dominated industry and the majority of students are international with some professional
experience. The majority of the students (around 70%) are of mature age (between 25 to 35 years
old), which also implies that they are more responsible for their own learning and target career paths.
As a result, class discussions should be made relevant and sensitive to various groups of students in
order to draw on students’ previous experiences and exposure for class discussions and interactions.
The results in Table 2 show an interesting outcome that both 2016 and 2017 cohorts did not enjoy using
online learning technology. They prefer face to face learning and interaction, which also results in
human connection and networking.
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Table 2. Demographics of student backgrounds (all combined cohorts who took the class).

Demography 2016 Cohort *
(Traditional Class Discussion)

2017 Cohort *
(Interactive Technology)

Male 60% 78%
Female 40% 22%

Native English speaker 38% 45%
Have professional experience 56% 58%

Enjoy using technology 38% 28%
Total number of survey response 35 46

Total number of enrolment 42 51

* Note: these numbers were based on the actual students in the class. These students may or may not take the
end-of-program exams for graduation as they may prolong their studies.

Note that the survey was planned using the university standard practice. The questionnaires
were developed in consultation with the university’s Higher Education Office to assure that the
specific research objectives can be determined for educational improvement without jeopardizing
students’ data privacy. Based on the survey results, student perceptions of using class discussion and
clickers are shown in Figure 3. The student surveys in 2016 and 2017 show that students enjoyed
the interactive teaching class slightly more and felt they were significantly engaged in the class with
the new interactive resource. The average scores are consistently higher for the 2017 student cohort
who had used interactive technology (compared with those in 2016). This implies that a positive
experience could be attained when using the interactive technologies. Considering the adaptive
teaching approach, the students felt that the subject is less difficult and they needed lesser online
support (such as simulation or video record). This insight can be derived from the apparent change
in student perceptions. The survey data also implies that students perceive considerable value in
interactive technology with infotainment, especially when the students can interact with smart phone
devices. The score on the preference of using smart phones is higher than interacting via Canvas (an
online class communication tool).
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Figure 3. Student perceptions (a) average values in 2016 and (b) average values in 2017. Note that the
mean standard deviation is about ±1.07 in 2016 and about ±0.92 in 2017.

Despite the favorable outcomes, Table 3 displays some student comments from the 2017 cohort.
The mixed comments from positive and negative responses can be observed. Based on the free
comment feedback obtained from the survey, the adaptability, flexibility, and viability of using this
interactive technology still largely depends on the students’ backgrounds and their previous experience.
These comments reflect the need to identify the audiences early on and to tune the teaching tactics
to accommodate the learning styles preferred by different groups of students. For example, native
English speaking students would enjoy more class discussions in combination with the interactive
technology, since vocal discussions can be considered their strength. However, very positive comments
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were obtained frequently from students of various backgrounds. Based on students’ verbal and
written feedback, non-native English students tend to significantly complement the use of clickers for
engagement and entertainment, since public speaking and discussion is one of their weaknesses or
sources of discomfort. The lesson learnt from the use of interactive technology (or clickers) was that
a teacher cannot overestimate the potential of technology without being responsive to the students
and the cohort. Again they say, “one size does not fit all”. The teaching process must be ready to be
adaptively and optimally tailored to suit the combination of the class and each student’s need.

Table 3. Selection of student comments from the 2017 cohort using clickers.

Student Comments

� Investigate how people could be encouraged to interact verbally.
� Great effort, well done.
� Remove names from clicker questions. Doing this actually create 2 questions and is confusing. Need better
definitions of alignment and geometry—very confusing.
� I would have liked to work through the work example with the class, i.e., for the lecturer to show us afterward.
� Ensure video lecture is available online.
� I liked the interactive tool. I am a designer and it was good to hear it from an academic view.
� Needs video to give real view of the materials.
� I prefer if concepts were detailed better in lectures.
� Use of technology was good. Kept me engaged.

At the end of the year 2016/2017, student learning outcomes could be measured by considering
the score on the end-of-year oral examination of students (based on the curriculum of MSc Railway
Risk and Safety Management). All students in the program must undergo the oral examination (which
could permit the lecturer to assess the round understanding of the topic issue). This study has adopted
the oral examination for the baseline, as other students in other program will be required to take
the final exam combining various parts or sub-modules (e.g., train-track interaction, transit space,
etc.) within the infrastructure exam. As such, the final exam results could not be used to distinguish
the effectiveness of the teaching tactic in this paper. Therefore, only the oral examination has been
chosen for further analysis. The oral examination was carried out by two faculty members by asking
technical questions and listening to the student responses. A score for each student was awarded by
each faculty member and then an average mark was used for the final outcome. Figure 4 illustrates the
comparison of overall academic merit ranking. Note that A implies “excellent”, with a mark over 70%;
B is “good”, with a mark between 60% and 70%; C is “fair”, with a mark between 50% and 60%; D is
“poor”, between 40% and 50%; and F is a fail grade ( under40%). As discussed earlier in Section 4,
Figures 1 and 2 show the educational design of the classes in both years (2016 and 2017). The outcome
in this study (as in Figure 4) clearly distinguishes the learning outcome of students from different
teaching techniques.
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Based on the number of candidates (11 May 2017), Figure 4 shows that students who used
interactive technology tend to outperform those students using traditional teaching tools. All students
(100%) who used clickers could tackle the oral examination with a mark well above 60%, whilst only
60% of the students who used the traditional class discussion approach could achieve a mark above
60% (B level). It is apparent that about 40% of students who did not use the interactive teaching
approach performed poorly and up to 20% of them could also fail the oral exam. Based on this exam
result, it shows that the interactive technology has a positive impact on the overall student attitudes
and student engagement, resulting in higher learning performance. The next generation of students
will rely on digital classrooms and the interactive teaching must be adapted to function with online
technology in the future. Note that this study is based on the assumption that students do not suffer
from poor English proficiency or any cultural barriers during the classes, survey examination, and other
assessments. The cultural aspects are beyond the scope of this study.

6. Conclusions

An interactive technology (clickers) was used in conjunction with infotainment in a postgraduate
railway engineering module in 2017. This development responds to many elements of the United
Kingdom Professional Standards Framework in the Digital Age. Due to the virtue of interactive
communication, the classroom is now expected to enable a combination of interaction-based
learning technologies integrated with practical enquiry-based projects and case studies for improving
employability skills. The application of clickers is aimed at improving student engagement, which
could lead to intrinsic motivation and active learning, and to eventually improve the learning outcomes
of the students. This paper shows that the use of clickers can prompt the lecturer to tailor the
teaching styles and tactics to improve the understanding of the students. From this study, a number of
conclusions can be identified:

• Blended infotainment and interactive technology can form an adaptive teaching pedagogy to
increase student engagement in the railway geometry and alignment design class.

• The student surveys highlight the enjoyment, stimulation, and engagement of students in class,
leading to improved learning performance.

• Students also perceive added value of interactive technology integrated with infotainment,
renewing their learning participation.

• Despite the positive outcomes, the flexibility and viability of using this interactive technology still
largely depends on the nature of the audiences.

It should be noted that this study was based on a limited number of sample data. It was also the
first time the author had facilitated the class using clickers. On this ground, future work will include a
more adaptive teaching style to enact active learning for all students and to further analyse the final
exam marks of the students. In addition, another type of interactive technology, such as augmented
reality, will be considered to improve the student engagement in class.
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