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Abstract 
 

This paper reports on the two-week Science and 
Technology Camp held at Ngee Ann Polytechnic in 
March 2016 for National Institute of Technology 
(NIT) students of Japan. The previous program of 
this camp was started in 2014 and second program 
was held in 2015. We evaluated and improved the 
programs then this year we held the Camp. The 
previous programs and this camp have same goal 
that is improving students’ technical English 
presentation skill. Students in Japan often find it 
difficult to present their research work or talk their 
speciality out in English. They rely heavily on the use 
of Japanese as the primary medium of instruction 
due to the lack of lessons conducted in English 
language. As such, we need to expose them to an 
English-speaking learning environment by 
displacing them to a foreign school, where they have 
to attend technical lessons and give oral presentation 
in English, facilitated by non-Japanese speaking 
instructors. A total of 12 students, 2 from the 
advanced course, 3 from the fourth year course and 
7 from the third year course, of various NIT’s, at 
Kagawa, Ube, Hiroshima and Tsuyama, participated. 
The Science and Technology Camp was organized 
into 2 parts: 

(1) Lectures of physics, general English and 
presentation;  

(2) Research presentation.  
Through attending lectures in fundamental physics 
and general English, students re-learned these 
subjects in a different approach. They observed the 
way technical concepts were introduced in words 
and through the use of tools like pictures and 
animation. These lessons have not only provided 
them with valuable models to follow, but also an 
experience that helped to strengthen their confidence 
in overcoming the language barrier. The students 
had several opportunities to give presentation in the 
lectures of physics and general English. We noted 
that the lectures have helped students in expressing 

technical terms and ideas, and asserting the 
effectiveness of the physics and English lectures. To 
evaluate the effectiveness of the camp and gather 
suggestions on points of improvement, we conducted 
a questionnaire with the student participants. 
Almost all of the students felt that the lectures were 
substantial and satisfied with the camp. In view of 
the encouraging feedback, along with our 
observation of the students’ interest and progress in 
class over the two weeks, we consider this camp 
effective in improving students’ technical English 
presentation skill. 

Our camp was supported by Student Exchange 
Support Program by Japan Student Services 
Organization. 
 
Keywords: english for specific purposes (ESP), english 
for general purposes (EGP), overseas training, active 
learning, intercultural understanding, student exchange 
 
Introduction 
 

This paper reports on our Science and Technology 
Camp at Ngee Ann Polytechnic in 2016. Favourable 
outcome of a technical English program at Temasek 
Polytechnic was reported in Abe et al. (2012). It seems 
that the aim of the program was to improve students' 
presentation skill. Kikuchi et al. (2014) reported on a 
previous version of this Science and Technology Camp, 
known then as the Technical English program at Ngee 
Ann Polytechnic, drawing inputs from questionnaire 
survey conducted with student participants of the 
program. The main purpose of the Technical English 
program was to impart basic knowledge and skill for 
giving presentation in English. The authors maintained 
that while most college students had plenty of 
opportunity to speak, they might not have enough of it 
to attend lessons in English. The instructors served as 
role models for the Japanese students to imitate, and 
their lessons as reference for learning presentation 
techniques. In the Technical English program, lessons in 
English were given considerable weight. The main 
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purpose of the program could be achieved by providing 
an immersive and interactive experience. 

We improved the Technical English program and 
changed the title to Science and Technology Camp. This 
camp placed more focus on learning science and 
technology than on learning English, as we believed that 
students would be able to experience intercultural 
exchange through daily life in Singapore anyway. The 
modification made included the following: 

1. Beginning student recruitment in April instead 
of November; 

2. Removing the excursion; 
3. Changing the eligibility of student participants 

from 5th grade or advanced course to 3rd grade 
or above. 

These changes had some effect on the camp. In 
consideration that students would need more time to 
prepare for the camp, we brought the recruitment drive 
forward. As the purpose of this camp more about 
learning science and technology than a cross-culture 
experience, we decided to do away with the excursion. 
This camp was conducted in March, the same time 
when college graduation ceremonies are held in Japan. 
Since almost all 5th grade students would be attending 
the ceremonies during the period, we revised the 
eligibility criteria for participants to include students 
who had learned basic physics at the 1st or 2nd year 
grade level. So the camp offered students an opportunity 
to review elementary physics.  

This paper presents the camp outline and the lecture 
details in Section 2 and Section 3 respectively. Section 4 
analyzes the results of a questionnaire survey conducted 
with the student participants. Conclusions follow in 
Section 5.  
 
Summary of the Camp 
 

The detail of our camp is the follows: 
Term: March 12 to 28, 2016 
Place: Ngee Ann Polytechnic 
Number of student participants: 12 
Qualification of students: 3rd or 4th grade students, or 

1st grade student in the advanced course 
TOEIC Score: more than 400 (5 students) 

Table 1 shows the affiliation, qualification, and number 
of the various student participant groups. 

 
Table 1: Details of student participant groups 

College Grade Number 
Kagawa Advanced 1st 1 
Hiroshima  3rd  4 
Ube Advanced 1st 1 
Ube 4th 1 
Tsuyama 4th 2 
Tsuyama 3rd 3 

 
The average TOEIC score of student participants was 
449, taken over a range from 380 to 640. We regarded 
these scores to be typical of college students. These 
students might not be strong in English but were 
motivated English learners. Students receive scholarship  

 
Figure 1: The cover of guide pamphlet 
 
from Japan Student Services Organization (JASSO) if 
their TOEIC score is more than 400 or if they obtain 
excellent English assessment results in the last school 
year. We started advertisement for participants at 
Tsuyama College in April 2015. Students had 5 
opportunities to take TOEIC test. Some student 
participants obtained over 400 in their TOEIC score. 
Thus the scholarship may be an incentive for taking the 
TOEIC test and to score above 400.  

We prepared a guide brochure for this camp and 
distributed it to the students before departure to 
Singapore. We had no time to meet all student 
participants, since they came from different colleges. 
Each student was to prepare for the camp by 
himself/herself. The cover of the guide brochure is 
shown in Figure 1. It included the Singapore map, the 
subway (MRT) route map, travelling and daily life 
information in Singapore, flight and immigration details, 
baggage allowance, hostel and room assignment 
information, participants’ list, and the schedule (see 
Figure 2). 

 
Contents of the Science and Technology Camp 
 

The lectures in this camp can be separated into the 
following 3 parts: 

(1) Lectures on physics; 

(2) Lectures on general English; 

(3) Lectures on presentation. 

On a daily basis, students attended classes in physics 
and general English. If the physics class was taken in 
the morning, then the general English class would fall in 
the afternoon. As each class lasted for about three hours,  
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Contents of the Science and Technology Camp 
 

The lectures in this camp can be separated into the 
following 3 parts: 

(1) Lectures on physics; 
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Figure 2: Schedule of the camp 
 
the students took six hours of classes on a typical day. 
Lecture on physics and general English had 6 classes 
respectively. Hence, in this camp, students took 18 
hours of lessons on physics and general English each.  

The physics lessons dealt with classical mechanics 
mainly. Besides topics like vector, velocity and speed, 
distance and acceleration, more advanced ones such as 
relativity were also discussed. The teaching materials 
were original and were shown by projector to students. 
The topics in the classes were similar to those in first 
grade physics in the participants’ colleges. However the 
students did not have much experience of taking them in 
English and some students had forgotten some of those 
topics. The physics lessons were good but still hard for 
the students. The teacher also gave the students some 
mathematics quizzes to solve, and the students enjoyed 
them. The quizzes seemed to be useful in stimulating 
their intellectual curiosity. 
    Conversation accounted for a majority of the general 
English class activities. The general English class might 
not be harder than physics for the students, since fewer 
technical terms were involved. Moreover the original 
textbook for this camp was pitched just right at the level 
of the student participants. They seemed to understand 
some Singapore culture and have tried to communicate 
with some Ngee Ann students. 

The students sometimes worked on physics and 
general English assignments in the hostel until midnight. 
These assignments seemed to have a positive impact on 
their attitude towards learning English.  

There were three lectures on presentation skills in the 
camp.  The students learned to use Prezi in the first class, 
and PowerPoint in the second. As it was their first time 
to use Prezi, the tool appeared hard for them to use 
efficiently. The second class introduced students to 
animation using PowerPoint. As they had used 
PowerPoint before, they enjoyed making animation 

 
Figure 3: Students preparing their presentation  
 

 
Figure 4: A scene of student presentation in the last 
class 
 
slides. The third and last class was students’ 
presentation on their research projects (see Figures 3 
and 4). 
 
Result of questionnaire survey 
 

After the camp, we conducted a questionnaire survey 
with the students to identify areas of improvement for 
the camp. The survey contained 15 questions; 12 of 
them were multiple choice questions, and the remaining 
3 were narrative type of questions.  

The multiple choice questions are shown in Table 2. 
The numbers in the parentheses indicate the frequencies 
at which the choices appeared. Students supported their 
choices with reasons in some of these questions. 
 
Table 2: Summary of questionnaire results 

No. Question Response 
1 Duration Short(2)  

Long (1)  
Appropriate(9) 

2 Timing Suitable(11) 
Unsuitable(1) 

3 Cost Inexpensive(1) 
Expensive(3) 
Appropriate(8) 

4 Degree of satisfaction Satisfied(11) 
Almost satisfied(1) 
Dissatisfied(0) 

5 Orienteering Very meaningful (9)
Meaningful(2)  
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Not meaningful(1) 
6 Timing of 

orienteering 
Too early (1)
Suitable(11)  
Next week would be 
better(0) 

7 Difficulty level of  
lessons 

Very easy(0) 
Easy(1) 
Suitable(5) 
Hard(6) 
Very hard(0) 

8 Comprehension of  
lessons 

About 30%(1) 
About 50%(4) 
About 70%(7) 
About 100%(0) 

9 Meaningfulness of 
lessons 
 

Very meaningful (6)
Almost 
Meaningful(6)  
Not meaningful(0) 

10 Activity for lessons Active(7) 
Little bit active(5) 
Not active(0) 

11 Motivation to learn 
English 

Enhanced(11) 
Enhanced slightly(1) 
Same as before 
participating(0) 

12 Attitude towards 
different culture 

Changed a lot(9)  
Changed slightly(2) 
Same as before 
participating(1) 

 
  Question 2 asked about the timing of this camp. One 
student thought that it would be good if this camp was 
held in summer. However several programs were held 
in summer by NIT Colleges. We think it is important to 
give students choices on timing in their overseas 
program participation. 

Question 4 asked the students to rate the degree of 
satisfaction with the camp. No student participant was 
dissatisfied with the camp. Based on the comments, the 
students found the experience in this camp meaningful 
and their life in Singapore enriching. This camp made 
them realize the importance of studying English for 
science and technology. That was one of the reasons for 
choosing “Satisfied”.  

Question 5 asked whether orienteering had help them 
to improve communication skills with foreigners of a 
different culture. A student who chose “very 
meaningful” answered “I got to speak English without 
hesitation by starting from basic conversation such as 
asking the way because I was very nervous”. The 
student who chose “not meaningful” answered “Time 
was short and I could not ask someone in English well 
because my English was not good enough”. The day of 
orienteering was rainy. Thus, there was not enough time 
to play orienteering. 
  Question 6 was about the timing of the orienteering.  
The reason for “too early” was “I was insecure because 
I just arrived”. The same reasons for “Suitable” were “I 
thought it would be meaningless if this orienteering was 
carried out after we got used to Singapore”, 
“Participants’ bonding deepened through this 

orienteering”, “I started feeling like talking in English 
through this orienteering” or “Participants got closer”. 
We think orienteering has provided a good opportunity 
for students to get used to Singapore and to make 
friends with other college students.  

Question 7 asked for the difficulty level of the lessons. 
Half of students felt that the lessons were hard for them. 
However from the view-point of the teacher leader, this 
result was meaningful and at this point, the camp 
seemed to be successful. Since they felt the lessons were 
hard, they studied harder in Singapore than in Japan. 
This was a proof that the camp was not a mere cross- 
cultural program. Moreover in Question 8, over half of 
the students answered that they could understand about 
70% of the content in the lessons. As the numbers attest, 
the student participants studied hard to understand the 
lessons. This result shows that the camp is very 
instructive for the students. 

Question 9 inquired about the meaningfulness of the 
lessons. The students chose “Very meaningful” or 
“Almost Meaningful”. Some reasons that students 
answered “Very meaningful” were “The opportunities 
the teachers gave us to speak have made it easy to be 
engaged in classes”, “I was able to learn about 
presentation a lot”, “I was able to review what I had 
learned in Japanese before” or “During class, teachers 
did not speak in monologue, but asked us many 
questions”.  Some reasons why students answered  
“Very meaningful” were “I was able to learn words 
used in physics even though they were difficult” or “It 
was difficult to learn physics in English although I had 
learned it before”.  

Question 11 was concerned with the change of 
students’ motivation to learn English. The students felt 
that their motivation was enhanced after participating in 
the camp. The students chose “Enhanced” or “Enhanced 
slightly”. They mentioned the reasons for this choice: “I 
realized that my English proficiency was lacking and I 
felt that I had to study again”, “I want to brush up my 
English conversation skill and improve my vocabularies 
more” or “I felt fun when I was able to communicate in 
English”. These reasons implied that this camp could 
serve as a stimulus to the students’ motivation. They 
would like to speak English well since they were aware 
that their English skill was inadequate and would like to 
expand their English vocabularies. The camp focused on 
science and technology but the student participants not 
only learned these specific subjects, but also learned the 
need for good English skill.  
  Question 12 was concerned with the change of the 
students’ attitude towards a different culture. 75% of 
student participants chose “Changed a lot”. Some 
reasons were “I felt that my English had improved by 
speaking to foreigners actively. And I found some 
differences between Singapore and Japan, such as food 
culture, so I thought I needed to adjust to their culture”, 
“I realized that I was able to communicate with many 
people if I could speak English”, “I found that I was 
able to communicate even if I could not completely 
speak English” or “I found it interesting to be exposed 
to a different culture”.  
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   From the students’ answers in the questionnaire, the 
camp gave the students opportunity to learn physics, 
general English, daily life in Singapore and so on. 
Moreover the camp has enhanced the students’ 
motivation to learn English and improved the students’ 
English skill.  
 
Students’ daily life in Singapore 
 
   The students enjoyed Singapore life but almost all of 
the students were in poor health in two or three of the 
days during the camp. Some students had fever. The 
teacher leader needed to attend to their health and 
behavior. Furthermore the teacher needed to be able to 
respond to students’ physical infirmity at the initial 
adjustment stage. 
 
Conclusions 
 

This paper reports on the Science and Technology 
Camp  at Ngee Ann Polytechnic in 2016. This camp 
was held for about two weeks but has motivated student 
participants to learn hard. Runnning this program in the 
long term may motivate students to take TOEIC test and 
to obtain higher score. We conclude from the reslut of 
the questionnaire for student participants that this camp 
has completed successfully. Overseas ESP program, like 
this camp, may achieve the purpose of overseas EGP 
program.  
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Abstract

In education, it is not uncommon to find cases of 
students who are not eager to learn in the classroom. 
To tackle this issue and improve student 
engagement, the approach of gamification is 
employed to devise teaching strategies. By applying 
relevant game design theories into a non-game 
related activity, people can be motivated to perform 
tasks that they ordinarily consider boring. While 
there are many significant cases of gamification 
being profitable for business, there are less indicative 
examples in the field of gamification in education. 
Therefore the purpose of this research is to 
investigate the effectiveness of gamification in 
enhancing student engagement while tackling 
existing problems in the modern classroom so as to 
support the achievement of learning outcome 
established in the curriculum.

Action research was utilised, where both the 
educator and the students worked hand in hand 
together to refine and enhance the teaching and 
learning process. Gaming motivation theories were 
applied to selected classroom exercises and practices, 
providing students with psychological rewards 
similar to those awarded to gamers. A full cycle of 
observation, reflection, planning and action had been 
achieved, where the initial stage of the second cycle 
was also observed to deduce the effectiveness of the 
methods applied.

At the conclusion of the research, the learning 
outcomes were achieved and students’ views were 
reviewed in gauging the effectiveness of gamification 
in education. The end result showed improvements 
in all areas, where the statistics gathered from the 
survey suggested that the students have found the 
gamification plans to be enjoyable, implying that 
student engagement has improved.

The research managed to accomplish what it set 
out to do; making improvements in the areas 
identified as the problems, with the gamification 
plans executed without the introduction of elaborate 
teaching equipment while still achieving learning 
outcome.

In order to apply relevant game design theories 
into a learning activity, it is important to first 
understand the elements that make a game fun and 
motivating. By designing educational activities with 
the idea of providing psychological rewards such as 

achievement, recognition and satisfaction, lesson 
plans may have the potential to be as immersive as 
games that engage students and make teaching and 
learning more effective.

Keywords: Gamification, Games, Student Motivation, 
Engagement, Action Research, Learning Psychology

Introduction

Gamification has only been as a viable trend in 
recent years (Turco, 2014), using the theories behind 
game mechanics to help solve problems and engage 
users in promoting products and services (Zichermann 
& Cunningham, 2011). But significant case studies on 
its effect on education has been scarce so through 
careful planning, this research aims to dwell into this 
fresh concept to incorporate the elements of 
gamification to provide students with a learning 
experience that is both enriching and engaging while 
tackling existing issues at the School of Interactive & 
Digital Media (SIDM) in Nanyang Polytechnic, 
Singapore. 

In schools, it is not uncommon to find cases of 
students who are not eager to learn in the classroom. 
There are times during lectures where the students are 
more interested in fiddling with their mobile devices 
than to be engaged in the lesson. In more severe cases, 
some of them may choose to play truant. This lack of 
participation in the classroom hinders the effectiveness 
of teaching and a solution to the problem can greatly 
enhance their learning potential.

Through action research on Storyboard & Art 
Direction, a module selected for this study, the 
pedagogical issues were examined and evaluated before 
the approach of gamification was utilised to devise 
plans of improving student engagement. These 
strategies were designed to be flexible and hassle-free, 
where there would not be drastic interference to existing 
module syllabus and neither would there be elaborate 
teaching equipment being introduced in the classroom.

The basic theory behind gamification is to apply 
game design mechanics to real life tasks in non-game 
contexts, in order to influence and encourage users. 
With the proper application of these game design 
techniques, people are motivated to perform tasks that 
they ordinarily consider boring (Marczewski, 2012). 
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Abstract

In education, it is not uncommon to find cases of 
students who are not eager to learn in the classroom. 
To tackle this issue and improve student 
engagement, the approach of gamification is 
employed to devise teaching strategies. By applying 
relevant game design theories into a non-game 
related activity, people can be motivated to perform 
tasks that they ordinarily consider boring. While 
there are many significant cases of gamification 
being profitable for business, there are less indicative 
examples in the field of gamification in education. 
Therefore the purpose of this research is to 
investigate the effectiveness of gamification in 
enhancing student engagement while tackling 
existing problems in the modern classroom so as to 
support the achievement of learning outcome 
established in the curriculum.

Action research was utilised, where both the 
educator and the students worked hand in hand 
together to refine and enhance the teaching and 
learning process. Gaming motivation theories were 
applied to selected classroom exercises and practices, 
providing students with psychological rewards 
similar to those awarded to gamers. A full cycle of 
observation, reflection, planning and action had been 
achieved, where the initial stage of the second cycle 
was also observed to deduce the effectiveness of the 
methods applied.

At the conclusion of the research, the learning 
outcomes were achieved and students’ views were 
reviewed in gauging the effectiveness of gamification 
in education. The end result showed improvements 
in all areas, where the statistics gathered from the 
survey suggested that the students have found the 
gamification plans to be enjoyable, implying that 
student engagement has improved.

The research managed to accomplish what it set 
out to do; making improvements in the areas 
identified as the problems, with the gamification 
plans executed without the introduction of elaborate 
teaching equipment while still achieving learning 
outcome.

In order to apply relevant game design theories 
into a learning activity, it is important to first 
understand the elements that make a game fun and 
motivating. By designing educational activities with 
the idea of providing psychological rewards such as 

achievement, recognition and satisfaction, lesson 
plans may have the potential to be as immersive as 
games that engage students and make teaching and 
learning more effective.
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recent years (Turco, 2014), using the theories behind 
game mechanics to help solve problems and engage 
users in promoting products and services (Zichermann 
& Cunningham, 2011). But significant case studies on 
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careful planning, this research aims to dwell into this 
fresh concept to incorporate the elements of 
gamification to provide students with a learning 
experience that is both enriching and engaging while 
tackling existing issues at the School of Interactive & 
Digital Media (SIDM) in Nanyang Polytechnic, 
Singapore. 

In schools, it is not uncommon to find cases of 
students who are not eager to learn in the classroom. 
There are times during lectures where the students are 
more interested in fiddling with their mobile devices 
than to be engaged in the lesson. In more severe cases, 
some of them may choose to play truant. This lack of 
participation in the classroom hinders the effectiveness 
of teaching and a solution to the problem can greatly 
enhance their learning potential.

Through action research on Storyboard & Art 
Direction, a module selected for this study, the 
pedagogical issues were examined and evaluated before 
the approach of gamification was utilised to devise 
plans of improving student engagement. These 
strategies were designed to be flexible and hassle-free, 
where there would not be drastic interference to existing 
module syllabus and neither would there be elaborate 
teaching equipment being introduced in the classroom.

The basic theory behind gamification is to apply 
game design mechanics to real life tasks in non-game 
contexts, in order to influence and encourage users. 
With the proper application of these game design 
techniques, people are motivated to perform tasks that 
they ordinarily consider boring (Marczewski, 2012). 

In recent years, the idea of gamification has been 
deployed in various ways in numerous business, 
including customer engagement, personal development, 
and health and wellness (Burke, 2013). One notable 
example is the success of the Nike+ App, which has 
now developed into a gamified sport that not only 
furthers Nike as a global brand, but is also encouraging 
customers to keep fit and stay healthy (Sanusi et all., 
2014). Another well-known example is McDonald’s 
Monopoly promotion, which in 2010 helped the fast 
food chain generate a 5.6% increase in sales profit in the 
United States (Thestar.com, 2010).

While there are many significant cases of 
gamification being profitable for business, there are less 
indicative examples in the field of gamification in 
education and most of them exist as experiments rather 
than as an integral part of the syllabus.

Yu-kai Chou (2013), a practitioner of gamification 
who received the award of “#1 Gamification Guru” by 
the World Gamification Congress, listed a number of 
ingenious gamification case studies in his personal 
website. But many of the listed examples not only 
involved the creation of a digital component such as an 
application or a videogame but also existed as more of 
an individual entity where its intention was not to be 
fully integrated into an existing lesson plan.

In Huang & Soman’s (2013) research on the 
gamification of education, several case studies were 
presented but similar to Chou’s recommendations, these 
examples also involved the implementation of 
additional applications.

The intent of this research is the utilisation of 
gamification through efficient yet inexpensive means, 
without the inclusion of new teaching equipment as the 
creation of applications or purchase of software 
licenses. The use of these added tools often implicate an 
increase in budget and manpower, which may be
subjected to lengthy approval processes in most 
institutions. It is important that the gamification plans fit 
seamlessly into the existing curriculum and that 
teaching materials do not go through a drastic overhaul.

While gamification involves the application of 
game design theories, it does not necessarily suggest 
that the outcome must involve the creation of games 
(Zichermann & Cunningham, 2011). Although playable 
videogames may be viable in some cases, the main 
purpose of this research is not to create a game out of 
the module but to incorporate game design mechanics, 
where necessary, to promote student engagement.

The module which this research was applied to was
Storyboard & Art Direction, a core module that is 
taught to all first year students in the Diploma in Digital 
Game Art & Design at SIDM. It is a 60-hour module, 
inclusive of 13 hours of lecture and 45 hours of practical, 
which is delivered once per week over the course of 15 
weeks. Each practical lesson is 3 hours long, with 
variable unsupervised hours each week that are 
allocated for self-study or completion of assignments. 
The objective of the module is to allow students to have 
a basic understanding of the roles and functions of a 
storyboard, in the production of various media 

productions. A total of 74 students were registered for 
the module in the semester which the research was 
conducted.

Methodology

Action research was utilised in this project as it 
encompasses the methods mentioned in the attempt to 
not only address but also to improve the situation 
(Craig, 2009). 

Improving student engagement has been a goal for 
many educators who specialises in art and design 
programmes so as to encourage students to realise their 
fullest potential (Rutherford, 2015). But both the 
educator and the students must work hand in hand 
together in order to refine and enhance the teaching 
process where the eventual purpose is to create a 
learning experience that is both enriching and engaging.

Moreover, many other educators from other 
universities have also been applying action research in 
their own pursuit of resolving pedagogical issues 
(Norton, 2009), which further establishes its suitability 
in teaching and learning.

In order to apply relevant game design theories into 
a non-game related activity, it is important to first 
understand the elements that make a game fun and 
motivating.

Tekofsky (2010) suggests that when playing 
videogames, there are 3 major psychological rewards 
offered to players where at least one of 11 basic 
psychological needs is fulfilled each time.

Tekofsky’s 3 psychological rewards are:
1. Achievement
2. Recognition
3. Satisfaction

Tekofsky further explains that one or more of these 
3 psychological rewards are presented to the players 
when 11 basic psychological needs are fulfilled, where 
at least one of the needs is accomplished each time they 
play videogames:

1. Knowledge
2. Skills
3. Competence
4. Perseverance
5. Creation
6. Danger Management
7. Competition
8. Cooperation
9. Caring
10. Emotional Regulation
11. Optimal Choice

While some of Tekofsky’s ideas may not be 
applicable in some gamification projects, there are many 
ideas that are useful in considering what motivates 
students and this research hope to inject some of these 
theories into the process of gamifying lesson plans.
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The achievement of “Best Sketch” was created for 
the module, where to be eligible, the students had to 
submit their pencil sketches from the first two weeks of 
classes and the lecturer would decide one person in each 
tutorial group for the award for a total of four winners. 
The reward would be the freedom to select the content 
of the practice panel for the lesson on week 5, meaning 
the winner could request for any media-related character 
or movie or game, and the lecturer would source for one 
suitable screen capture of the requested content for 
everyone in the module to draw. 

The idea was devised because in game design 
theory, it is essential to understand the elements that 
will not only draw players to the game but they will 
continue to stay motivated to play it. Some players wish 
to win respect in the multiplayer games that they play 
by getting achievements, where even if this 
accomplishment does not affect their status in the game. 
There are also some players who will make the extra 
effort to clear a task in order to receive an in-game 
reward, even if the reward does not necessarily make 
their in-game characters stronger. The role of game 
masters also appeals to certain players, where they like 
access to different game settings to create their personal 
unique game experience. The motivations of these three 
groups of gamers, as suggested by Tekofsky (2010) in 
his studies, are combined in an idea that may encourage 
the submission of ungraded exercises, where the final 
outcome will present the students with the reward of 
both achievement and recognition.

On the first lecture, when it was revealed during 
lecture that the best sketch of each tutorial group would 
get the chance to pick the content that the rest of the 
class would be drawing on the tutorial lesson on week 5, 
there was a brief commotion among the students as they 
were unsure what to expect, as they had not gone 
through a tutorial lesson yet. It was also highlighted that 
all sketches were part of practice and grades were not 
given to them, although it was still recommended that 
they were submitted for critique.

Later in the first week, during each group’s tutorial 
class, the gamification plan of rewarding students with 
the best sketches was reiterated as students were 
practising their sketches and this time, it was met with 
increased enthusiasm from the students as some 
students were naming some videogame characters that 
they would like to pick and one student even asked if it 
was acceptable if he chose a photograph of himself if he 
had won. 

At the end of the tutorial classes on the second 
week, there were a few students who were more eager 
than the rest and would immediately hand their sketches 
in the moment class was dismissed. The rest of their 
classmates would seem motivated by these students and
would hand their own sketches in too, where all the 
ungraded sketches were submitted by the end of class. 

As the module leader, I would proceed to look 
through all the sketches with the module tutor, writing 
down comments for each student on how to improve 
their work, as well as picking the best sketches.

When the winners were revealed in week 3 during 
lecture, some students expressed more excitement than 

others as they started to recommend to the winners what 
content they should pick. The choices of four winners 
were diverse as they each selected content from a 
videogame, a recent anime, a classic anime and a 
blockbuster movie. One of them was also very specific 
about her selection, requesting that the character she 
picked must come from the recent live action movie 
rather the classic animated movie or recent animated 
series.

As the winners’ selected content was presented on 
week 5’s tutorial lesson for the students to draw, it is 
worth taking note that it sparked short conversations 
between the students about their passion for some of 
their favourite videogames or movies, where it would 
seem that they were enjoying themselves even as they 
were doing work.

The percentage of students who submitted 
ungraded sketches for this semester was at 100%. This 
outcome is remarkable, as during the last run of the 
module for the previous cohort, although the exact 
number was not officially recorded, it can be recalled 
that approximately less than half the sketches were 
collected. 

With all 74 students submitting their work which 
they knew it would not be graded, it would be safe to 
deduce that the gamification plan of rewarding students 
who produce the best sketches had been fruitful in 
encouraging the students.

Figure 1 shows an example of a student sketch from 
a provided image, which was used to determine the 
quality of the students’ sketches.

Figure 1: Example of a student sketch from a 
provided image. 
Source: Wreck-It Ralph, Walt Disney Studios, 2012

For the first few weeks for the module, the students 
were practising their sketches with existing images from 
all manner of popular media that were selected by the 
lecturers. The exercises given to the students in 
Storyboard & Art Direction were meant to enhance 
students’ skills in producing the correct proportion, 
composition and maintaining clean line quality. So 
while all of them were working on creating the images 
diligently, some of them might have struggled with 
some of the images, taking longer to finish their work, 
especially those who were not accustomed to drawing 
extreme angles and perspectives. The development of 
other drawing skills was to be covered by other modules 
such as Life Drawing; therefore certain components 
were not critical in the assessment of their storyboard at 
this stage. So those who were weaker in drawing were 
seen to look tense during class, creating an environment 
that might seem stressful.
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was acceptable if he chose a photograph of himself if he 
had won. 

At the end of the tutorial classes on the second 
week, there were a few students who were more eager 
than the rest and would immediately hand their sketches 
in the moment class was dismissed. The rest of their 
classmates would seem motivated by these students and
would hand their own sketches in too, where all the 
ungraded sketches were submitted by the end of class. 

As the module leader, I would proceed to look 
through all the sketches with the module tutor, writing 
down comments for each student on how to improve 
their work, as well as picking the best sketches.

When the winners were revealed in week 3 during 
lecture, some students expressed more excitement than 

others as they started to recommend to the winners what 
content they should pick. The choices of four winners 
were diverse as they each selected content from a 
videogame, a recent anime, a classic anime and a 
blockbuster movie. One of them was also very specific 
about her selection, requesting that the character she 
picked must come from the recent live action movie 
rather the classic animated movie or recent animated 
series.

As the winners’ selected content was presented on 
week 5’s tutorial lesson for the students to draw, it is 
worth taking note that it sparked short conversations 
between the students about their passion for some of 
their favourite videogames or movies, where it would 
seem that they were enjoying themselves even as they 
were doing work.

The percentage of students who submitted 
ungraded sketches for this semester was at 100%. This 
outcome is remarkable, as during the last run of the 
module for the previous cohort, although the exact 
number was not officially recorded, it can be recalled 
that approximately less than half the sketches were 
collected. 

With all 74 students submitting their work which 
they knew it would not be graded, it would be safe to 
deduce that the gamification plan of rewarding students 
who produce the best sketches had been fruitful in 
encouraging the students.

Figure 1 shows an example of a student sketch from 
a provided image, which was used to determine the 
quality of the students’ sketches.

Figure 1: Example of a student sketch from a 
provided image. 
Source: Wreck-It Ralph, Walt Disney Studios, 2012

For the first few weeks for the module, the students 
were practising their sketches with existing images from 
all manner of popular media that were selected by the 
lecturers. The exercises given to the students in 
Storyboard & Art Direction were meant to enhance 
students’ skills in producing the correct proportion, 
composition and maintaining clean line quality. So 
while all of them were working on creating the images 
diligently, some of them might have struggled with 
some of the images, taking longer to finish their work, 
especially those who were not accustomed to drawing 
extreme angles and perspectives. The development of 
other drawing skills was to be covered by other modules 
such as Life Drawing; therefore certain components 
were not critical in the assessment of their storyboard at 
this stage. So those who were weaker in drawing were 
seen to look tense during class, creating an environment 
that might seem stressful.

From the third week onwards, students were given 
the choice in choosing between two different images 
that let them practise similar learning objective. When 
presented with the chance to pick, it was observed that 
the class became livelier, as the students discussed 
enthusiastically which picture they would prefer, 
presumably making their decisions based on how 
difficult they felt it was to create the image and the 
popularity of the content on the picture.

While the two images presented to them might look 
different, the aim of drawing these set of images was for 
the students to understand how to create concepts such 
as contrast in their compositions. The students were 
presented with an approach which let them feel a sense 
of control over what they could do each week, be it 
choosing an image which they feel was easier to draw or 
picking a character which they fancied more.

The incorporation of this idea draws on Tekofsky’s 
point that the need for creation exists in players where 
they feel a sense of achievement if they can accomplish 
the tasks. 

Figure 2 shows an example of two images which 
students could choose from in their practice.

Figure 2: Students get to pick which image to draw.
Source: The Walking Dead, Telltale Games, 2012 
The Last of Us, Sony Computer Entertainment, 2013

For the first graded assignment in Storyboard & Art 
Direction, the students could work on creating their 
storyboard individually or in pairs and as part of the 
marking criteria; they were required to present their 
story to the class. The contest of “Best Presenter(s)” was 
introduced on week 6; where the students themselves 
could vote for who they felt was the most entertaining 
presenter in the class on week 7, who would later go on 
to compete with the winners of other groups to 
determine the overall first-placed presenter in the whole 
cohort on week 8.

With the introduction of the competition, it was 
noticed that the students were more eager to listen to 
their classmates present their work and when it was 
their own turn to go forward, the more outgoing 
individuals would appear more animated when telling 
their story to the class. As there was something more at 
stake than just grades, many students were shown to be 
more attentive during the whole session.

As the votes were counted for each class, the 
winners of two of the group won unanimously, 
receiving more than 90% in the poll, while the results of 
the other two groups were closer, where the runner-ups 
were edged out by just a handful of votes. When the 
winners of each group were announced, the other 
classmates were cheering them on, anticipating the final 
part of the competition on the following week. Some 
students even offered some advice to their winning 

classmates, suggesting improvements such as the kind 
of voice they should imitate during the dialogue parts of 
the story or even their overall posture when they point at 
the story panels.

On week 8 in the lecture theatre, the atmosphere 
amongst the students was much more energetic than 
usual as they anticipated the commencement of the 
competition to determine the best of the best among the 
presenters. The crowd roared as each presenter was 
introduced, where everyone was seen to be cheering for 
their own group representative.

The winners of each group took turns to present 
their story to the whole lecture theatre as all students 
were fully invested in listening to them as they could be 
seen to be amused by the presentations and were
laughing at some of the humourous details of the 
storyboard along the way.

To determine who the overall best presenter honour 
should be awarded to, the ideal manner would not be by 
a poll as it was likely that the students would just vote 
for their own group representative. So the most fitting 
way of deciding the winner should be the judging of a 
lecturer who would serve as a neutral party and be 
watching these students present for the first time. The 
course coordinator for this batch of students, who was
also the manager in charge of the Storyboard & Art 
Direction module, was invited to be the judge.

The items that were given out as prizes to the 
participants were surplus gifts from previous school 
events, including notebooks from the last School of 
Interactive & Digital Media graduation showcase and 
other stationery items.

As the runner-ups and winner were announced to 
collect their prize, the competitors were seen shaking 
hands to congratulate each other, maintaining that they 
were still friends and course mates regardless of the 
outcome of the contest. Everyone else seemed to have 
thoroughly enjoyed themselves in the session as they 
cheered and clapped for all participants.

The purpose of such a contest was to not only allow 
competition among students; it also promoted
cooperation among students of the same tutorial group 
to function like a gaming guild, where they could
socialise with each other in helping their class 
representative improve to win the overall competition.

A lecturer’s marking criteria for outstanding 
presentations might be different from what the students 
feel were the most entertaining story or presenter so the 
outcome of the votes of each group might not 
necessarily be the highest scoring individual in the eyes 
of the lecturer, which was the effect intended, as it 
helped show that recognition could be given to other 
students too and not just the usual top students.

Results and Discussion

To truly gauge whether the students’ have felt the 
lessons to be engaging, it was essential that feedback 
was gathered from the students themselves, where both 
quantitative and qualitative data were essential as a 
broad range of information would reveal more about the 
students’ point of view (Groves et all., 2011).
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During the lecture portion of week 8, after the 
competition to determine the best presenters, all 74 
students who were present during the session took part 
in the survey which targeted at assessing the 
engagement level of students.

In the first portion, students would state how much 
they concur with each statement from a scale of 1 to 5, 
with 1 disagreeing, 3 being neutral and 5 agreeing. The 
total ratings given by all 74 participants of the survey 
were averaged and the statistics can be seen in the chart 
in figure 3.
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4.25

3.72

3.62

3.84

1 5

The game-related elements
(choice of content to be

drawn, awards, competitions)
help to make the lessons

more interesting and
engaging.

The best presenter(s)
competition helps me to get
to know my tutorial group

members better.

I find the best presenter(s)
competition fun.

I prefer to have the option of
choosing which pictures
(from a few pre-selected

images) to draw during the
weekly tutorial practice.

The best sketch award
(where winners can pick the
content to be drawn on week
5) encourages me to create
and submit better sketches.

I find the best sketch award
(where winners can pick the
content to be drawn on week

5) fun.

Figure 3: The outcome for the first section of the 
survey.

With all the figures above the neutral range as 
shown in the chart, it can be derived that in general, all 
the students welcomed the use of gamification plans in 
the lessons that they have experienced.

The best presenter competition was the most 
popular, as the students not only found it fun, they also 
found it as an opportunity to get to know their 
classmates better. This outcome helped to support 
Tekofsky’s idea where other than the psychological 
needs of competition being fulfilled, there was also the 
cooperation aspect which provided the psychological 
rewards of achievement, recognition and satisfaction, 
resulting in the highest level of fun and motivation.

For the data seen in the chart, the best sketch award 
was also agreeable to the students, as they found the 
concept to not only fun but it also encouraged them to 
submit better sketches. The success of this award was 
also supported by the submission of ungraded sketches 
from all students.

While less sophisticated in execution than the other 
two gamification ideas, having the option to pick which 
pictures to sketch was also welcoming for the students 
and overall, most of the students agreed that the 
introduction of gamification elements had made the 
lessons more interesting and engaging.

The next portion of the survey allowed the students 
to write comments to state the part of the lessons which 
they enjoyed and many of them highlighted that the best 
presenter’s presentations were their favourite, further 
supporting its effectiveness on engaging the students.

Some of the comments written by students can be 
found in table 1.

Which part of the Storyboard & Art Direction 
lessons did you enjoy and why?
1. Mostly everything since the lecturer made it very 
entertaining for the most part.
2. The presentation. All the presenters were funny.

3. The best presenter’s presentation.

4. The presentations. It’s fun to watch my classmates 
stories and it is also happy for me to know that people 
enjoy my jokes.
5. I find presenting our story was fun because I can see 
their reactions.
Table 1: Some of the comments given by students.

Overall, the feedback provided by the students has 
been largely positive, stating that the lessons have been 
fun and that they have enjoyed the whole learning 
process.

Conclusions

Using Tekofsky’s theory of gaming motivation as a 
guideline, all the psychological rewards of achievement, 
recognition and satisfaction have been fulfilled by the 
gamified lesson plan as multiple basic psychological 
needs have been addressed. The competition and 
cooperation elements, along with the option of creation, 
have helped the students in developing knowledge and 
skill, and through perseverance, some of them have also 
gained competence. 

The research has managed to accomplish what it set 
out to do, by addressing the needs suggested by 
Tekofsky making improvements with the gamification 
plans being carried without the introduction of elaborate 
teaching equipment while still maintaining the learning
objectives of the syllabus.
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During the lecture portion of week 8, after the 
competition to determine the best presenters, all 74 
students who were present during the session took part 
in the survey which targeted at assessing the 
engagement level of students.

In the first portion, students would state how much 
they concur with each statement from a scale of 1 to 5, 
with 1 disagreeing, 3 being neutral and 5 agreeing. The 
total ratings given by all 74 participants of the survey 
were averaged and the statistics can be seen in the chart 
in figure 3.

4.16

3.88

4.25

3.72

3.62

3.84

1 5

The game-related elements
(choice of content to be

drawn, awards, competitions)
help to make the lessons

more interesting and
engaging.

The best presenter(s)
competition helps me to get
to know my tutorial group

members better.

I find the best presenter(s)
competition fun.

I prefer to have the option of
choosing which pictures
(from a few pre-selected

images) to draw during the
weekly tutorial practice.

The best sketch award
(where winners can pick the
content to be drawn on week
5) encourages me to create
and submit better sketches.

I find the best sketch award
(where winners can pick the
content to be drawn on week

5) fun.

Figure 3: The outcome for the first section of the 
survey.

With all the figures above the neutral range as 
shown in the chart, it can be derived that in general, all 
the students welcomed the use of gamification plans in 
the lessons that they have experienced.

The best presenter competition was the most 
popular, as the students not only found it fun, they also 
found it as an opportunity to get to know their 
classmates better. This outcome helped to support 
Tekofsky’s idea where other than the psychological 
needs of competition being fulfilled, there was also the 
cooperation aspect which provided the psychological 
rewards of achievement, recognition and satisfaction, 
resulting in the highest level of fun and motivation.

For the data seen in the chart, the best sketch award 
was also agreeable to the students, as they found the 
concept to not only fun but it also encouraged them to 
submit better sketches. The success of this award was 
also supported by the submission of ungraded sketches 
from all students.

While less sophisticated in execution than the other 
two gamification ideas, having the option to pick which 
pictures to sketch was also welcoming for the students 
and overall, most of the students agreed that the 
introduction of gamification elements had made the 
lessons more interesting and engaging.

The next portion of the survey allowed the students 
to write comments to state the part of the lessons which 
they enjoyed and many of them highlighted that the best 
presenter’s presentations were their favourite, further 
supporting its effectiveness on engaging the students.

Some of the comments written by students can be 
found in table 1.

Which part of the Storyboard & Art Direction 
lessons did you enjoy and why?
1. Mostly everything since the lecturer made it very 
entertaining for the most part.
2. The presentation. All the presenters were funny.

3. The best presenter’s presentation.

4. The presentations. It’s fun to watch my classmates 
stories and it is also happy for me to know that people 
enjoy my jokes.
5. I find presenting our story was fun because I can see 
their reactions.
Table 1: Some of the comments given by students.

Overall, the feedback provided by the students has 
been largely positive, stating that the lessons have been 
fun and that they have enjoyed the whole learning 
process.

Conclusions

Using Tekofsky’s theory of gaming motivation as a 
guideline, all the psychological rewards of achievement, 
recognition and satisfaction have been fulfilled by the 
gamified lesson plan as multiple basic psychological 
needs have been addressed. The competition and 
cooperation elements, along with the option of creation, 
have helped the students in developing knowledge and 
skill, and through perseverance, some of them have also 
gained competence. 

The research has managed to accomplish what it set 
out to do, by addressing the needs suggested by 
Tekofsky making improvements with the gamification 
plans being carried without the introduction of elaborate 
teaching equipment while still maintaining the learning
objectives of the syllabus.

The large sample size of students participating in 
the survey also helped generate data with reduced 
random results, where overall, the submission of all 
ungraded exercises and the statistics gathered from the 
survey, would suggest that the students have found the 
gamification plans to be enjoyable, implying that 
student engagement has improved.
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Abstract 
 

This study aims to develop 3D serious game that 
to encourage the students to learn physics. The 3D 
serious game was designed to be used as PC software, 
therefore it requires only computer environment, 
which all NITs already have, to set it up as the 
material. Furthermore, large-scale or microscopic 
physical phenomena could be replicated much easier 
than conventional experimental teaching material.  

In this paper, several themes of the 3D serious 
game were developed and a trial lesson and a 
questionnaire survey were carried out to evaluate 
effectiveness for physics learning compared to 
conventional assignment such as hand-out. 

As a result, many students answered that they 
enjoyed learning with the games, understood some 
formulas intuitively. However, the rate of students 
who they got interested to physics through the 
learning with the games went no further than 50%. 
This result indicates that the games could promote 
the students to learn and understand physics and has 
a margin for improvement. At end of the paper, the 
new design of the games, which is being developed to 
solve the problems now, are described.   
 
Keywords: Physics teaching, Serious game, 3D game, 
Unity, Motivation 
 
Introduction 
 

Physics is the most important general education 
subject for NIT students because the knowledge of this 
subject underlies many technical subjects that they learn 
in the upper grades in NIT. However, many students 
seem to lose interest for learning physics because the 
formula is difficult to intuitively understand. 
Aoki(2003) confirmed that material to promote them to 
understand intuitively was effective for subjects that 
they need to understand both formulas and phenomena 
such as physics. Therefore, many physics teachers have 
been trying to explore ways to promote instinctive feel 
for physics learning. Experimental teaching materials 
(e.g.: Mechanics truck) are good solutions to promote 
understanding toward the formulas through seeing the 
actual examples. However, it is difficult to line up a 
round of the instruments due to the high price line of 
them. Furthermore, one experimental teaching material 

cannot use for other physical phenomena and replicate 
large-scale or microscopic physical phenomena.    

Recently, various serious games have been 
developed as educational material to solve the problem. 
The serious games have worked well for students who 
used to games all over the world. However, 
Macgonigal(2011) pointed the problem that teachers 
heavily burden to replace existing curriculum with new 
curriculum to introduce serious games into the 
curriculum. Therefore, this study develops 3D serious 
game that aims to be used in existing curriculum and to 
encourage the students to learn physics. The game is 
designed to require only computer environment. All 
NITs already have them. Thus, to set it up as the 
material is easy for NITs.   

So far, various themes of the game such as motion 
with constant acceleration, Hooke's law, buoyant force, 
static frictional force and specific heat capacity were 
addressed. After the themes of 3D serious game have 
developed, they were employed as educational materials 
for NIT, Kagawa students to evaluate the effectiveness 
for physics learning compared to conventional hand-out 
assignment. A questionnaire survey was carried out 
after the learning, many students answered that they 
enjoyed learning with the game, understood some 
formulas intuitively. However, the rate of students who 
they got interested is relatively low. Therefore, the 
system of the game is needed to be changed the game 
more interesting. At end of the paper, the new games, 
which is being designed to solve the problems now, are 
described.   
   
Development Environment of 3D Serious Game  
 

Learning physics is necessary to be engineers as 
basic knowledge. Therefore, NIT students study physics 
in lower grade and students who major in math and 
science in other high-school study physics as basic 
subjects. Not NIT students but also other high-school 
students tend to have issues to study physics. It could be 
difficult that students bring up the image of movements 
of objects from formulas. This might be a cause of 
difficulty of studying physics. To solve the problem, 
many experimental teaching materials have been 
employed in physics class. The materials can have them 
to watch the real movement of object and promote 
intuitive understanding toward physics formula. Figure 
1 shows a famous experimental teaching material in 
Japan as a typical example. A truck goes down a slope 
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and pulls a tape. Tape recorder puts holes at regular 
intervals. Students can see the change of speed from 
interval of holes.  

 

 
Figure 1 An example of experimental teaching material 

 
It is easy for the students to practice calculation after 

understanding of formula by the experiment. Therefore, 
many teachers have developed physics course that 
calculation exercise comes after the experiment using 
these kinds of material.  However, school cannot 
provide the material to each students because of the 
materials are very expensive. In addition, there are some 
learning items that cannot be duplicated such as amount 
of exercise and atom etc. Flash movie is one of famous 
countermeasure for this problem. Many movies that 
shows physics phenomena have been available on 
internet.  

However, it might not be effective that the student 
still need to open their textbook after watching the 
movie to practice calculation. When teachers think to 
realize self-learning material or material for flip-classes, 
the material should include not only part for intuitive 
understanding but also part for practice of calculation.  
To realize the self-learning and teacher support material, 
3D serious games for physics learning are made in this 
study.  

 This study employed Unity as a development 
environment of the 3D serious games. Unity has a 
sophisticated physics engine. Therefore, that is 
sufficient processing ability to realize physical 
phenomena. In addition, some theories in Newtonian 
such as dynamics force of gravity and friction force can 
be used only have to check the setting box. Unity is 
relatively easy-to-use development environment and has 
an interface named as “Unity editor” that enables 
developers to check movements of objects on the 
moment. Therefore, our students can develop the games 
relatively easily.  

 
Concept of 3D Serious Game  
 

In this study, some themes of 3D serious game are 
developed to support learner to study physics. Common 
flow of the games is described below.  

First, problem statement showed when the learner 
starts the game. The statement asks the learner the 
formula of the theme of the game. The game requires 
the learner to fill the text-entry fields for formula. 

Statement of computational problem can be answered if 
correct answer of the formula is inputted. This problem 
can be solved by using the formula that was answered 
just before. “See the result” button will be pushed when 
the learner finishes to answer the question. The learner 
can see a movie that is representation of the movement 
of the object according to the formula. The learner can 
choose to play the game again or not after the movie. 

Common functions of the game are described below. 
The text-entry field is designed to regard the answer that 
operator “*” and “/” is omitted, shift of terms before or 
after “+” and “-” and random order of variables. The 
computational problem is showed when the answer of 
the formula is correct. A hint of formula is showed 
when the learner fills incorrect answer five times. The 
movie shows the correct movement when the answer is 
correct and another movie shows when the answer is not 
correct. The incorrect movie is designed to promote the 
learner to try the question again. Therefore, more showy 
performance than that of correct movie was 
implemented.   
 
Developed 3D Serious Game 

 
To promote their motivation to study physics, The 

learning items are free fall, elastic force, frictional force 
and so on. These games will be showed below in order. 

First game is themed on the free falling object and 
that of formula v=gt where v is velocity [m/s]，g is 
acceleration of gravity [m/s2] and t is time [s].  

 

 
Figure 2 Screen shot of free fall game 
 

Figure 2 is a screen shot when the problem 
statements are showed. The learner is required to fill the 
black text-entry fields and push the result button to see 
the result. The computational problem is to calculate 
that the height from the goal that the ball should be set 
to pass the goal on specified speed. 

Figure 3 shows the movie for checking the answer. 
The ball is set to the answered height on the former 
problem, then it begins to fall down. Various mile posts 
are set to intuitively grasp the distance. The result is 
showed when the ball the goal that represents a speed 
probe. 
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Figure 3 Answer checking movie  
 

Figure 4 and  Figure 5 shows the result . Fireworks 
and a message are rendered when the result is correct. 
On the other hand, the ball is exploded when the result 
is not corrected. This performance is quite showy not to 
feel regret for the mistake but to make the learner smile 
and promote him/her to see the performance of the 
correct answer and to try the same problem again. 

 

 
Figure 4 Result movie when the answer is correct 

 

 
Figure 5 Result movie when the answer is wrong 
 

The second game is themed on elastic force of 
spring and that of formula "F = kx" where F is force [N], 
k is constant of spring and x is displacement [m].  

 

 
Figure 6 Screen shot of elastic force game 

  
Figure 6 is a screen shot when the problem statement 

is showed. The learner is required to fill the black text-
entry fields and push the result button to see the result. 
The computational problem is to calculate that the 
constant spring that is combined two springs. F and x is 
randomly given. The learner can see the movement of 
the whole system when push a button under the gray 
text box on the screen before filling the answers because 
the movement of the spring is not so viewy. 

The third game is themed on frictional force and that 
of  formula to calculate maximum static frictional force 
“F = μN” where F is force [N], μ is static friction 
coefficient and N is perpendicular force [N]. The flow 
of the game is same as the other games.  

 

 
Figure 7 Screen shot of frictional force game 
  
Trial Lesson Using 3D serious game  
 

To confirm the effectiveness of these games, a trial 
lesson was carried out for 24 students in NIT, Kagawa 
College students. First, hand-out assignments were 
given to the students. Then, they practiced the 
calculation of physics as conventional learning method. 
The games were given to the students for physics 
learning after learning with hand-outs. The students 
played the 3D serious games with computers. Finally, 
questionnaire was carried out to compare student’s 
impression of learning with hand-out and the 3D serious 
games. 
 
Result and Discussion of the Trial Lesson 
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impression of learning with hand-out and the 3D serious 
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Result and Discussion of the Trial Lesson 
 

      
 

In this section, the result of a questionnaire that was 
carried out after the trial lesson would be discussed. 
Number of respondents is 24. 

To measure the effectiveness of games, five 
questions as described below were asked to the students. 
1. Did the students enjoy the games? 
2. Did the students think the games could help them to 
understand physics intuitively? 
3. Are these games easy to understand compare with the 
conventional educational materials? 
4. Which material could motivate the students to study 
physics, the games or hand-outs? 
5. Have the students found physics interesting through 
the trial lesson with the games? 

  The result of the questions are shown from Figure 8 
to Figure 12. Figure 8 shows that 79%(19 out of 24) of 
the students enjoyed the games. Figure 9 tells that 
67%(16 out of 24) of the students think the games help 
them to understand physics intuitively. Figure 10 shows 
that 67%(16 out of 24) of the students felt that learning 
with the games is easier than learning with the hand-
outs. Figure 11 shows that the games could motivate 
54%(13 out of 24)  of the students to study physics. 
Figure 12 shows that the games were tantalizing 
educational material of physics for  43%(10 out of 24)  
of the students. 
     From these results, it is confirmed that the games is 
better educational material for physics learning than 
conventional material such as hand-outs. However, it is 
also confirmed that the games have limited impact on 
motivating the students to study physics. In addition, the 
questionnaire has revealed that the games were poor to 
have the students find physics interesting.  
 

 
Figure 8 Rate of the students who enjoyed the 3D 
serious game 
 

 

Figure 9 Rate of the students who felt that the game 
helped them to understand physics intuitively 
 

 
Figure 10 Rate of the students who felt that the game 
was easy to understand than hand-outs material 
 

 
Figure 11 Rate of the students who wants to study 
physics with the 3D serious game  
 

 
Figure 12 Rate of the students who found physics 
interest by the learning with the 3D serious game 
 

The questionnaire includes free description form. The 
students expressed their opinions as mentioned below.  
1. More performance movies for wrong answers  
2. New function to answer the question ask them a 
formula by arranging in order 
3. Implementation of calculator function 
4. Implementation of memo function 

New 3D serious games are designed by reference to 
the results of the questionnaire and the opinions. 
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Developed New 3D serious game 
 

Newly designed games are developed based on the 
result of the questionnaire that has been discussed. 
Various changes from previous version are described 
below. 
1.  Set movie to show the movement of each formula 
before showing the problem statement 
2.   Function to rearrange terms to answer the question 
of formula 
3. Change the movie when the answer is correct/not 
correct 
 

 
Figure 13 Screen shot of the new 3D serious game 
themed on projectile motion 
 

Figure 13 shows the screen shot of the projectile 
motion game. The learner can change launch angles of a 
missile and check the movement of that. In previous 
version of the game, the learner can watch the 
movement just after answering the question. This 
function realizes that the learner could understand how 
factors effect to the movement first. This would bring 
result that the learner would gain the formula as their 
knowledge.  

Figure 14 is a screen shot of the new game that shows 
a problem statement that asks the formula of projectile 
motion. The learner can sort or choose terms and make 
equations to answer the question. To add a new kind of 
performance to promote the learner to study more, 
humanoid character, robot character are shown on the 
screen. Figure 15 shows new movie for correct answer. 
Three themes of games have been developed such as 
projectile motion, sinusoidal wave and superposition of 
wave now. A trial lesson and a questionnaire survey will 
be carried out again when various game are completed 
to confirm change of effectiveness for motivation to 
study physics and for physics interest. 
 

 
Figure 14 Problem statement of the new game 

 

 
Figure 15 New movie for correct answer 
 
Conclusion 
 

In this paper, several themes of the 3D serious game 
were developed. Then, trial lesson and a questionnaire 
survey were carried out to evaluate effectiveness of the 
games for physics learning. 

As a result of the questionnaire, we confirmed that 
many students enjoyed learning and understood some 
formulas intuitively. However, the rate of students who 
they got interested to physics through the learning with 
the games went no further than 50%. This result 
indicates that the games could promote the students to 
learn and understand physics and has a margin for 
improvement. To improve the games, the new games  
are developing now.  By the end of this year, trial lesson 
and a questionnaire survey will be carried out again. 
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Developed New 3D serious game 
 

Newly designed games are developed based on the 
result of the questionnaire that has been discussed. 
Various changes from previous version are described 
below. 
1.  Set movie to show the movement of each formula 
before showing the problem statement 
2.   Function to rearrange terms to answer the question 
of formula 
3. Change the movie when the answer is correct/not 
correct 
 

 
Figure 13 Screen shot of the new 3D serious game 
themed on projectile motion 
 

Figure 13 shows the screen shot of the projectile 
motion game. The learner can change launch angles of a 
missile and check the movement of that. In previous 
version of the game, the learner can watch the 
movement just after answering the question. This 
function realizes that the learner could understand how 
factors effect to the movement first. This would bring 
result that the learner would gain the formula as their 
knowledge.  

Figure 14 is a screen shot of the new game that shows 
a problem statement that asks the formula of projectile 
motion. The learner can sort or choose terms and make 
equations to answer the question. To add a new kind of 
performance to promote the learner to study more, 
humanoid character, robot character are shown on the 
screen. Figure 15 shows new movie for correct answer. 
Three themes of games have been developed such as 
projectile motion, sinusoidal wave and superposition of 
wave now. A trial lesson and a questionnaire survey will 
be carried out again when various game are completed 
to confirm change of effectiveness for motivation to 
study physics and for physics interest. 
 

 
Figure 14 Problem statement of the new game 

 

 
Figure 15 New movie for correct answer 
 
Conclusion 
 

In this paper, several themes of the 3D serious game 
were developed. Then, trial lesson and a questionnaire 
survey were carried out to evaluate effectiveness of the 
games for physics learning. 

As a result of the questionnaire, we confirmed that 
many students enjoyed learning and understood some 
formulas intuitively. However, the rate of students who 
they got interested to physics through the learning with 
the games went no further than 50%. This result 
indicates that the games could promote the students to 
learn and understand physics and has a margin for 
improvement. To improve the games, the new games  
are developing now.  By the end of this year, trial lesson 
and a questionnaire survey will be carried out again. 
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Abstract 
 

There are little time to do the exercise of physics 
in the class. Though many students study hard 
before exam and do homework, regular exercises of 
physics are needed for getting scholastic abilities. 
The author had the class of the exercise of physics in 
two college. 

In N.I.T. Kagawa College (Takuma Campus), the 
author made the subject about the exercise of 
physics, “Exercise of Physics”. Its class was held in 
second grader since 2011. In 2014 the author taught 
the class and adopted the typical method for 
exercises, that is, homework, the explanation by the 
teacher and quiz. According to questionnaires and 
examinations, though there were some effects of the 
education, in classes the students were passive and 
not active. 

So in N.I.T. Kumamoto College (Yatsushiro 
Campus), the author taught the class of the exercise 
of physics, “General Science II”. In its class, 
homework and quiz were held in similar way, but 
the explanation by the teacher was replaced with 
Group Work. Furthermore the method of the quiz 
was revised, the others were held in same way 
through one year. 

In the examinations of 2015, many students got 
high marks and there were some effects on the rise of 
their scholastic ability. However in the questionnaire 
of 2015, the choice of the explanation by the teacher 
or Group Work was equal as the whole, but in each 
classes the best choices were different. The best 
method depends on the states of class and other good 
ideas are needed. 

Furthermore in N.I.T. Kumamoto College, so as 
to be active in today's class and the students to teach 
each other, the method of the quiz was revised. The 
change didn't effect on the results of the quiz, but the 
motivation of students went rise and students 
became active in the class.  
 
Keywords: Physics Education, Motivation, Active 
Learning, Group Work 
 
Introduction 
 

Physics is indispensable for engineers. However it is 
difficult for the students and some students get bad 

marks in the examinations. One of the reason is that 
there are many contents of physics to teach students and 
little time to do the exercise in the class. Furthermore 
every students who get high marks in regular 
examinations do not have sufficient scholastic abilities. 
Though many students study hard before exam and do 
homework, regular exercises of physics are needed for 
getting scholastic abilities. 

In N.I.T. Kagawa College (Takuma Campus), that 
the author belonged to until March, 2015, the author 
made the subject about the exercise of physics, 
“Exercise of Physics” (“Exercise of Mathematical 
Sciences”, “Science Seminar”). Its class was held in 
second grader since 2011. In 2014 the author taught the 
class and adopted the typical method for exercises, that 
is, homework, the explanation by the teacher and quiz. 

In N.I.T. Kumamoto College (Yatsushiro Campus), 
that the author belong to since April, 2015, the author 
taught the class of the exercise of physics, “General 
Science II”. In its class, homework and quiz were held 
in similar way, but the explanation by the teacher was 
replaced with Group Work. Furthermore the method of 
the quiz was revised, the others were held in same way 
through one year. 

In this paper the concrete procedure of the exercise 
of physics are introduced. Furthermore the results of 
students’ questionnaire in two college are analyzed and 
its effectiveness is discussed. 
 
Procedure in N.I.T. Kagawa College  
 

Before 2011, there were little time for the exercise 
of physics. First grader had three credits and second 
grader had two credits, but a credit is the lecture of forty 
five minutes for thirty weeks. However there were a 
little time for the exercise in classes. Therefore the 
author made the subject about the exercise of physics, 
“Exercise of Physics” (“Exercise of Mathematical 
Sciences”, “Science Seminar”). 

In 2014, the author had three classes of the exercise 
of physics, “Exercise of Mathematical Sciences”. The 
flow of procedures is described in Figure 1. In the 
previous class, the print for exercise was distributed the 
students. By today's class, they had to exercise the print. 
In today's class, the teacher checked the prints so as to 
let the students do homeworks. After that, the teacher 
explained about the print in the blackboard and they 
studied about it. In the end of the class, they submitted 
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the print and the teacher checked it, so as to let them 
study in the class. After that, the teacher distributed the 
print of the next class. In another supplementary class, 
the quiz was held. 
 

 
Figure 1, the flow of procedures in N.I.T. Kagawa 
College 
 

In these procedures, there were two problems. One 
of them is that it take much time to check the print. The 
other is that the students were passive and not active. 
Though the author had to improve the procedure, the 
author moved to another college, N.I.T. Kumamoto 
College. 
 
Questionnaires in N.I.T. Kagawa College  
 

In the end of second grader, questionnaires for the 
students in three classes were held in N.I.T. Kagawa 
College, Takuma Campus. The number of students in 
the class A was 38, the one in the class B was 42 and 
the one in the class C was 42. The results of 
questionnaires are analyzed below. 

Figure 2 shows the result of Q1 “Is the exercise of 
physics necessary?”. Though more than half of the 
students answered “Yes”, the percentage of answer 
“No” is large. However, as the reason of answer “Yes”, 
there are opinions of the students, “We could review 
physics.”, “We could understand physics deeply”. 
 

Figure 2, Q1 “Is the exercise of physics necessary?” 

Figure 3 shows the result of Q2 “Is the exercise of 
physics effective for you to understand physics?”. The 
percentage of answer “Effective” is more than 80%. As 
the reason of answer “Effective”, there are opinions of 
the students, “We could understand it what I hadn’t 
understood.”, “We had much time to study physics”, 
“We could review it”, “It was good to study it with the 
print”. 
 

 
Figure 3, Q2 “Is the exercise of physics effective for 
you to understand physics?” 
 

Figure 4 shows the result of Q3 “Did you study for 
the quiz?”. More than 60% of the students studied it for 
the quiz. Figures 5 and 6 show the results of the quiz. 
The class C that is high percentage of study for the quiz 
had high average mark. 
 

 
Figure 4, Q3 “Did you study for the quiz?” 
 

 
Figure 5, the average marks of each quiz (1st~8th) 
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study in the class. After that, the teacher distributed the 
print of the next class. In another supplementary class, 
the quiz was held. 
 

 
Figure 1, the flow of procedures in N.I.T. Kagawa 
College 
 

In these procedures, there were two problems. One 
of them is that it take much time to check the print. The 
other is that the students were passive and not active. 
Though the author had to improve the procedure, the 
author moved to another college, N.I.T. Kumamoto 
College. 
 
Questionnaires in N.I.T. Kagawa College  
 

In the end of second grader, questionnaires for the 
students in three classes were held in N.I.T. Kagawa 
College, Takuma Campus. The number of students in 
the class A was 38, the one in the class B was 42 and 
the one in the class C was 42. The results of 
questionnaires are analyzed below. 

Figure 2 shows the result of Q1 “Is the exercise of 
physics necessary?”. Though more than half of the 
students answered “Yes”, the percentage of answer 
“No” is large. However, as the reason of answer “Yes”, 
there are opinions of the students, “We could review 
physics.”, “We could understand physics deeply”. 
 

Figure 2, Q1 “Is the exercise of physics necessary?” 

Figure 3 shows the result of Q2 “Is the exercise of 
physics effective for you to understand physics?”. The 
percentage of answer “Effective” is more than 80%. As 
the reason of answer “Effective”, there are opinions of 
the students, “We could understand it what I hadn’t 
understood.”, “We had much time to study physics”, 
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print”. 
 

 
Figure 3, Q2 “Is the exercise of physics effective for 
you to understand physics?” 
 

Figure 4 shows the result of Q3 “Did you study for 
the quiz?”. More than 60% of the students studied it for 
the quiz. Figures 5 and 6 show the results of the quiz. 
The class C that is high percentage of study for the quiz 
had high average mark. 
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Figure 5, the average marks of each quiz (1st~8th) 
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Figure 6, the average marks of all quiz (1st~8th) 
 

Figure 7 shows the result of Q4 “Where did you 
study for the quiz?”. The percentage of answer “Home”  
is more than 70% and most of the students have custom 
to study at home. 
 

 
Figure 7, Q4 “Where did you study for the quiz?” 
 

Figure 8 shows the result of Q5 “Is the quiz for the 
exercise of physics effective?”. The percentage of 
answer “Effective” is more than 70%. As the reason of 
answer “Effective”, there are opinions of the students, 
“We could check what I hadn’t understood.”, “We could 
use it for study of examinations”, ”We could review it”. 
 

 
Figure 8, Q5 “Is the quiz for the exercise of physics 
effective?” 
 
Procedure in N.I.T. Kumamoto College 
 

In 2015 the author moved to N.I.T. Kumamoto 
College and had three classes of the exercise of physics 
in third grader. In Yatsushiro Campus, from last quarter 
of first grader to the end of third grader the students 

studied physics with the contents of highschool. First 
grader had a half credits of physics class, second grader 
had three credits and third grader had two credits, but a 
credit is the lecture of forty five minutes for thirty 
weeks. Moreover third grader had a credit of the 
exercise of physics. Though there are the class of the 
exercise of physics, the time of the exercise of physics 
wasn't enough. 

Since 2015, the author had three classes of the 
exercise of physics, “General Science II”. The flow of 
procedures is described in Figure 9. Similar to Kagawa 
N.C.T., in previous class the print was distributed to the 
students. But they submitted it by the previous day of 
today's class and the teacher checked so as to let them 
do homework. In today's class, first of all, the students 
took the quiz in the contents of the previous class. Then 
the teacher returned these print and the previous quiz to 
them. The teacher didn't explain it but distributed the 
solution of the print to each groups. The students 
checked the answers and taught each other, that is,  
Group Work. In the end of class, the teacher distributed 
the print of the next class. 
 

 
Figure 9, the flow of procedures in N.I.T. Kumamoto 
College before change of the quiz 
 

However, the students were not active. So as to be 
active in today's class and the students to teach each 
other, the method of the quiz was revised. As soon as 
they checked answers and taught each other, they took 
the quiz of today's contents. The flow of procedures is 
described in Figure 10. 
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Figure 10, the flow of procedures in N.I.T. Kumamoto 
College after change of the quiz 
 
Questionnaires in N.I.T. Kumamoto College  
 

In the end of third grader, questionnaires for the 
students in the three classes were held in N.I.T. 
Kumamoto College, Yatsushiro Campus. The number of 
students in the class D was 42, the one in the class E 
was 34 and the one in the class F was 36. The results of 
questionnaires are analyzed below. 

Figure 11 shows the result of Q1 “Which do you like 
the explanation by the teacher in blackboard or Group 
Work?”. Though the percentage of answers 
“Blackboard” and “Group Work” are almost equal, the 
percentage of them are different in the classes. As the 
reason of answer “Blackboard”, there are opinions of 
the students, “In Group Work it was noisy.”, “We 
remember it in the explanation by the teacher in 
blackboard”. On the other hand, as the reason of answer 
“Group Work”, there are opinions of the students, “We 
could teach each other.”, “Group Work was enjoyable.”,  
“The class by Group Work wasn’t sleepy”. 
 

 
Figure 11, Q1 “Which do you like the explanation by 
the teacher in blackboard or Group Work?” 
 

Figure 12 shows the result of Q2 “Are the students 
active in Group Work?”. Though the percentage of 
answer “Active” is about 70%, the percentage of them 
are different in the classes. These result is relevant to 
the result of Q1. In the class where Group Work was 
active, many students liked Group Work better than the 
explanation by the teacher in blackboard. As the reason 
of answer “Active”, there are opinions of the students, 
“We could teach each other actively.”. 
 

 
Figure 12, Q2 “Are the students active in Group Work?” 
 

Figure 13 shows the result of Q3 “When do you 
want to take the quiz?”. Though the percentage of 
answers “Next day” and “Today” are almost equal, the 
percentage of them are different in the classes. As the 
reason of answer “Next day”, there are opinions of the 
students, “We want to review the contents at home.”. 
On the other hand, as the reason of answer “Today”, 
there are opinions of the students, “We remember the 
contents today better than next day”. Figure 14 shows 
the results of the quiz. Though the results of the 6th quiz 
that changed the method went down, then the change of 
the method seem not to effect on the results of the quiz. 
 

 
Figure 13, Q3 “When do you want to take the quiz?” 
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Figure 14, the average marks of each quiz (1st~20th) 
 
Conclusions 
 

In N.I.T. Kagawa College (Takuma Campus), 
according to questionnaires and examinations, though 
there were some effects of the education, in classes the 
students were passive and not active. 

In N.I.T. Kumamoto College (Yatsushiro Campus), 
according to questionnaires, the choice of the 
explanation by the teacher or Group Work was equal as 
the whole, but in each classes the best choices were 
different. The best method depend on the state of class 
and other good ideas are needed.  

Furthermore in N.I.T. Kumamoto College, so as to 
be active in today's class and the students to teach each 
other, the method of the quiz was revised. The change 
didn't effect on the results of the quiz, but the 
motivation of students went rise and students became 
active in the class. According to examinations of 2015, 
many students got high marks and there were some 
effects on the rise of their scholastic ability. 
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Abstract 
 

This paper provides a case study of how Evidence-
Based Teaching (EBT) was applied to a flipped 
classroom format and implemented in a core module 
Plant Safety and Loss Prevention from the Diploma in 
Chemical Engineering from Singapore Polytechnic. The 
paper firstly outlines the plant lifecycle approach which 
served as an advanced organizer for students’ learning 
of the main outcomes in this module. This is followed 
by a summary of the curriculum restructuring and 
introduction of the pedagogic framework adopted. In 
particular, it shows how the out-of-class (online) 
components are pedagogically aligned to in-class 
activities and technology tools are integrated to 
strategically and creatively enhance key aspects of the 
learning process. The paper then, based on work done 
during the first 6 weeks of the programme, illustrates 
how the framework is effectively applied in real online 
and classroom contexts. This includes a comprehensive 
week-by-week teaching plan which guides the design of 
suitable learning activities, both in-class and out-of-
class, using core principles of learning. These learning 
activities are designed to scaffold students learning the 
underlying key concepts that lead to application in real-
world problem-solving. Evidence of student learning is 
captured using Web 2.0 Tools such as Socrative, Google 
Doc, etc. These are communicated as formative 
feedback to students, often in real-time when possible. 
Connections between key concepts and transfer of 
learning from case studies learnt in class to solving real-
world problems (albeit some simulated) are emphasized 
throughout the learning process. Sample marking 
rubrics to assist students in understanding learning 
expectations are prepared and communicated to 
students. Mock tests are conducted whereby students are 
given opportunities to use the rubrics to mark their own 
paper as well as carrying out peer marking. Examples of 
evidence gathered, their analysis and feedback given to 
students are shared, providing important two way 
feedback relating to both task specific and process 
aspects of the learning activities. Finally, the paper 
presents the result of an interim evaluation of the 
students learning experience to date and key 
instructional issues identified. 
 
Keywords: Evidence-based teaching, flipped classroom, 
formative assessment, chemical engineering 

Introduction 
 

The pedagogy for evidence-based flipped classroom 
has been shared previously by Cheah (2016).  The 
module in this case study is entitled Plant Safety and 
Loss Prevention, a Year 3 Diploma in Chemical 
Engineering core module (60 hours, fully in-course, i.e. 
no examinations) taught to all 120 students in Semester 
1 of an academic year. The framework used in teaching 
the module is shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Framework for Teaching Chemical Process 
Safety based on Plant Lifecycle (Cheah, 2015) 
 

The module is taught over a period of 15 weeks 
using case study as the core pedagogic method. Contact 
hours are 4 hours per week which is devoted to 
classroom activities designed to engage students in 
applying the concepts learned during the online 
components. The main learning outcomes from the 
module are:  
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1. Identify from the assigned cases the correct safety 
issues at the proper stage of the chemical plant 
lifecycle 

2. Infer and interpret probable causes that can lead to 
deviation from safe operating conditions and predict 
likely consequences or damages 

3. Apply the correct preventive or mitigation strategies 
to prevent the occurrence or minimize the impact of 
any occurrence of a chemical process hazard 

4. Transfer key concepts and principles from analysis 
of earlier cases to new cases presented at a later part 
of the semester 
These outcomes frame the type of assessment 

evidence to be derived from the various student 
activities. 

 
Summary of Work Done 
 

The flipped classroom approach was used to teach 
this module for the first time in Semester 1 of Academic 
Year 2015, which began in April and ended in August. 
The approach and methods adopted have been presented 
elsewhere by Cheah et al (2016). A major learning point 
from the pilot work was the need for a higher level of 
facilitation skills by lecturers to facilitate these 
challenging learning outcomes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Example of an Evidence-based Flipped 
Classroom Format (Cheah, 2016) 

 
The work presented here is the re-designed model 

using an Evidence-Based Teaching (EBT) approach 
(e.g. Petty, 2009; Hattie, 2009), employing various high 
effect size strategies such as challenging goals, 
feedback, and advance organizer. The framework in 
Figure 1 was in fact, used as an advance organizer to 
help students learn this module.  A workbook is also 
provided to help students work through the classroom 
activities. For each week, a set of guidance notes are 
given to students, which explain in greater detail the 

topics and learning outcomes for the week, as well as 
the resources made available. These notes are given to 
students ahead of their weekly lessons so that they can 
better prepare for the flipped classroom. Figure 2, 
illustrates the revised curriculum plan of the module for 
Semester 1, Academic Year 2016, based on an EBT 
flipped format (Cheah, 2016). The teaching plan for the 
first 6 weeks is shown in Figure 3. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Module Structure for Weeks 1 to 6 
 

In this mode of learning, every week from week 2 
onwards, students come to class after going through key 
safety concepts on their own in the online components. 
These are mostly video recordings of the lectures, 
created with the content development tool, Camtasia, 
and, where appropriate, supplemented by reading 
materials either from published literature, curated by the 
author, and suitable videos from YouTube or the U.S. 
Chemical Safety Board (CSB). At the end of each 
lesson, students can choose to complete a short quiz 

Class 
Discussion 

Camtasia 

Web Sites 

Socrative 

Google Doc

Padlet 

EnVision* 

EnVision* 

*Or other discipline-specific software(s)

FLIPPED 
CLASSROOM 

IN-CLASS 
ACTIVITY 

ASSESSMENT 
& EVIDENCE 

ICT 
TOOLS 

SUMMATIVE 

FORMATIVE 

Quiz 
Result 

FORMATIVE 

Quiz 
Result 

Assignment 
Report 

FORMATIVE 

TEST 
Result 

Disciplinary 
Knowledge 

Self-
Evaluation 

Self-Learn 
Activities 

Advanced 
Organizer 

Concept 
Checkpoint 

Knowledge 
Application 

Mock Test w/ 
Peer Marking 

Knowledge 
Application 

Flipped In-Class Activities using ATU 

Bhopal ISD, 
MOC; Guided  
Discussion on 
ATU Process 
Description + 

P&IDs 

Inherently 
Safer Design 

(ISD), 
Management 

of Change 
(MOC) 

Google Doc 
submission on 
Questions for 
ATU Process 
Description + 

P&IDs 

Self-learn 
steady state 
simulation 
exercises + 

Mock 
Assignment 

Bhopal LOPA: 
BPCS + SIS 

W318 
Distillation 
Pilot Plant 

(DPP) LOPA 

Google Doc: 
Discussion on 

PD+P&IDs 
Peer Marking 

of Mock 
Assignment 

Basic Process 
Control System 

(BPCS) & 
Safety 

Instrumented 
System (SIS) 

ATU Concept 
Checkpoint on 
BPCS & SIS 

Apply BPCS & 
SIS to ATU 
HP Absorber 

Mock Test: 
Apply BPCS & 
SIS to ATU LP 

Absorber 
(Guided Self-
Assessment) 

Pressure Relief 
System (PRS) 

Video: BP 
Texas, Site 

visit to W318 
DPP PRS 

Bhopal relief 
scenarios + 
extras (BP 
Texas, etc) 

Apply PRS to 
DPP 

Apply PRS to 
ATU HP 
Absorber, 

Self-learn ATU 
Malfunction 

exercises 

Hazard & 
Operability 

Study 
(HAZOP), Info 

on Olefin 
Dimerization 

HAZOP for 
Bhopal + other 
exercises (BP 

Texas, etc) 

HAZOP for 
Olefin 

Dimerization, 
Mock HAZOP 

for selected 
ATU unit 

Complete ATU 
Malfunction 

exercises, 
Reading on 

proposed ATU 
Modification 

Google Doc 
discussion on 

ATU 
malfunctions, 
Peer Marking 
ATU HAZOP 

Discussion: 
HAZOP for 
new plant vs 

plant 
modification: 
Case of ATU 

Principles of 
Loss 

Prevention, 
How to Learn 
this Module, 
Expectations 

Flixborough, 
Plant lifecycle 
as Advanced 
Organizer, 
Bhopal as 

“Anchor” case

Week 5 

Week 4 

Week 2 

Week 3 

Week 3 
(cont’d) 

Week 6 

Week 1 
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(usually 4-5 multiple-choice and/or true/false questions, 
created using Web 2.0 tools such as Socrative) as self-
asssessment of their understanding of the key concepts 
and principles underpinning the structure of the topics 
covered. When in class, the lecturer will first show the 
advance organizer (Figure 1) to help students track the 
progress of the lessons. He/she will then give a brief 
summary covering the key points of the flipped lessons. 
A mini-lecture is given if results from Socrative showed 
a significant number of students did not fully grasp the 
concepts. The lesson then proceeds with the lecturer 
providing relevant activities to engage students in 
applying the concepts learned. These activities are based 
on the Bhopal Gas Disaster as an “anchor” case study, 
supplemented with other cases such as Piper Alpha and 
BP Texas Explosion. For facilitating transfer of 
knowledge to new cases, we designed a new case study 
based on the Amine Treating Unit (ATU) dynamic 
simulation model from EnVision. We also introduce 
new cases where appropriate to give students additional 
practice in applying what they are learning. 

For example, as shown in Figure 4, the majority of 
students are quite clear that answers C and D are correct 
examples of Safety Instrumented System (SIS), but not 
so certain between answers A and B. As it turned out, 
the majority of students selected the wrong answer 'A', 
which means that they still had difficulty applying the 
concept of SIS (safety instrumented system) to certain 
aspects of chemical plant operation. The lecturer then 
uses necessary classroom time clarifying the concept 
further with other examples or analogies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Sample result from Socrative 

 
Classroom discussions utilize Google Doc, whereby 

a class of 18-22 students is divided into 4-5 groups of 4-
5 students each. Students discuss within their groups 
and present a group answer to the questions posed by 
typing in real time into the response box created in 
Google Doc. In some situations, students are asked 
questions that have more than one correct answer, so 
each group is required to provide a different answer. In 
other situations, different questions are asked to each 
group, so that they need to collaboratively come up with 
parts of the answer in order to obtain a complete 
solution.  

Area of 
Application 
of Loss 
Prevention 
Principles  

Case of Bhopal  
(explain why it is 
not desirable) 

How application of Inherently 
Safer Design can reduce the 
hazard(s). 

Plant 
operation 

Refrigeration 
system 
decommissioned 
for a long time. 
Safety interlocks 
bypassed. Vent 
scrubber 
decommissioned. 
SOP not 
followed, blind 
not inserted. Flare 
tower under 
maintenance since 
long time ago, not 
enough 
manpower. 
Control 
instruments such 
as T and P gauges 
not working 
properly 

(Design) Moderate - The 
refrigeration system should never 
be decommissioned to ensure safer 
storage of MIC. YES! That is 
correct. 
Minimise - Storage of MIC should 
be done in smaller tanks. 10 small 
tanks are safer than 3 large tanks. 
Better still and to adhere strictly 
to the principles of ISD: have 3 
smaller tanks. Otherwise the 
tendency is to fill all 10 small 
tanks! 
Substitute - Since water reacts 
with MIC in a exothermic 
reaction, alternative material such 
as nitrogen or plant air can be used 
to purge or wash the pipes during 
maintenance  
Good thinking. You got that right! 

Plant layout 
and design 

There was 
supposed to be 
four vent gas 
scrubbers for 
stand-by. Since in 
Bhopal there was 
only one vent gas 
scrubber. There 
was no standby 
vent for 
maintenance. 
The capacity of 
the flare is 
incapable in 
managing the 
volume of waste 
gas produced. 

Vent, flares etc are not part of 
inherently safer design. They are 
‘add-ons’ installed to mitigate any 
consequence of MIC leak. They 
fall under the active (as opposed 
to passive) protection strategies. 
Since this group identify the area 
of loss prevention as “Plant layout 
and design”, for the layout part 
you could consider the location of 
the plant - it is close to slum 
areas where a large population 
existed. One can SUBSTITUTE 
this location with one which is 
safer, and not have the wind 
blowing MIC in its direction. 

Plant design 
– Materials 
of 
construction

Using carbon 
steel instead of 
stainless steel for 
plant design. 
After a long time, 
rust will form 
which is the 
catalyst that 
triggers the 
reaction between 
MIC and water. 

Substitute - Use stainless steel 
instead to reduce the chance of 
formation of rust hence reducing 
the amount of catalyst produced, 
thus leading to a slower reaction 
between MIC and water even 
when there is water flow into 
tanks. 
GOOD - you got this right! 

OVERALL COMMENTS:
Most of the answers above centred about Plant Design or 
Operations. Remember that more can be achieved by considering 
Process Development at the earliest opportunity, at the R&D 
stage. One can consider not using this reaction chemistry between 
phosgene (itself a toxic substance) and MMA altogether, and use 
something much less hazardous. This will achieve the aim of 
SUBSTITUTE of ISD. If really the MIC route must be used, then 
the next best thing to do is to MINIMISE the quantity of MIC 
stored on-site. 

 
Figure 5. Sample entries in Google Doc 

 
A sample of Google Doc entry is shown in Figure 5, 

where most students are able to apply broad principles 
of loss prevention to different stages of plant lifecycle, 
but some are confused between safety strategies that are 
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inherently safer and those which are added on (such as 
vent and flare) to mitigate the risk. Student responses in 
this example also revealed that most, if not all of them, 
had overlooked an important aspect of loss prevention, 
which is to handle hazards at the process development 
stage, which is highlighted by the lecturer in his overall 
comments. This ongoing formative assessment, which 
fosters effective two-way feedback, is a high effect 
method in terms of student attainment (effect size of 
0.73, Hattie (2009). 

There are 2 summative assessment after 6 weeks of 
lessons (Figure 3). One is the mid-semester test 
scheduled for week 7. Topics tested include inherently 
safer design (ISD) and Layer of Protection Analysis 
(LOPA). The other is a HAZOP Report due at end of 
Week 8. Coupled with the ongoing formative 
assessment (feedback) mentioned earlier, we created 
opportunities for students to receive adequate practice 
before taking the graded (summative) assessment. As 
noted in the literature, repeated testing results in 
promoting transfer of learning gained in one context to 
other new contexts (e.g. Rohrer, Taylor & Sholar, 2010; 
Carpenter, 2012). 

 

Questions  
1, 2 and 3 

Level 4: 
Exceeding 

Expectation 

Level 3: 
Meeting 

Expectation 

Level 2: 
Approaching 
Expectation 

Level 1:  
Poor or 
Below 

Expectation 

Explanation 
of 
Observation 
Noted 

Offer good 
explanations 
and deep 
analysis to all 
observations, 
including both 
that changed 
and those that 
did not change; 
plus additional 
insights 
inferred from 
the 
observations.  

Noted which 
process 
variable 
changed and 
which do not, 
but offer only 
surface 
explanation to 
the 
observations, 
i.e. still lack 
deeper analysis 
or insights. 

Only noted 
those process 
variable that 
changes, but 
failed to 
account 
satisfactorily 
for the 
changes, i.e. 
missed out on 
certain 
important 
analysis. 

Little or no 
mention of 
any 
noteworthy 
observation, 
nor any 
effort in 
offering 
explanations 
for the 
changes 
observed. 

Use of 
Evidence 

Excellent use 
of data to 
support 
observation 
noted and 
referenced all 
pertinent tag 
numbers and 
corresponding 
PVs. 

Satisfactory 
use of data to 
support 
observation 
noted and 
made good 
reference to 
some (but not 
all) tag 
numbers and 
their 
corresponding 
PVs. 

Some use of 
correct data 
but linkage to 
observation 
noted is weak 
or lack 
clarity, e.g. 
certain value 
of PV cited 
but no 
reference to 
the correct 
tag number.  

Little or no 
citing of 
suitable data 
to support 
claim made, 
or wrong 
data used, or 
no data cited 
whatsoever. 

  
Figure 6. Sample Rubric for ATU Exercise 

 
Week 2 is devoted to familiarizing students with the 

ATU, followed by self-paced simulation exercises that 
culminate in a mock assignment. To convey our 
expectations of what constitute a good report by 
students, we provided them with the marking rubric (see 
Figure 6). Practice marking using the rubric was carried 
out in class, and the students are also informed that the 
same rubric will be used for a graded assignment later. 
In Week 3, students are required to do a peer marking 
exercise using the rubric. 

All the learning tasks for engaging students in the 
classroom are decided by what strategy and method 
combination is most likely to work best, and applied 
thoughtfully in terms of core principles of learning 
(Sale, 2015). Key strategies used include activation of 
prior knowledge, proving advance organizers, direct 
instruction, peer tutoring, and two-way feedback. In 
Week 3, students build on their knowledge of ATU and 
also learn new concepts of LOPA, namely basic process 
control system (BPCS) and SIS. BPCS is a topic that 
students had learnt before in Year 2, so we provide a 
brief recap so as to introduce the topic on SIS. Besides 
Bhopal, we also require students to re-visit the 
distillation pilot plant (DPP) which they had studied and 
operated on in an earlier module in Year 2, but now 
from the perspective of LOPA. Students are then taught 
how to apply LOPA to an equipment in ATU, namely 
the HP Absorber. Another activity is created whereby 
students can self-assess how well they apply LOPA to 
another equipment, this time the LP Absorber. 
Similarly, we continue to build-up students’ knowledge 
and application in Week 4 (covering PRS – pressure 
relief system) using this approach.  

As conceptual understanding is particularly 
important for long-term retention and transfer, we 
consistently revisit earlier concepts in subsequent 
lessons. Concept checkpoints are built into the lessons, 
where we pause the activity at suitable points to assess 
students’ understanding. A checklist of learning 
outcomes that they need to master is shown at suitable 
interval during class. This checklist, together with the 
ongoing feedback, enables students to keep track of 
their own progress and take necessary corrective 
actions, such as completing more self-paced exercises. 
In this context, the use of dynamic simulation software 
such as EnVision has proved valuable in offering many 
scenarios where students can try out at a pace 
comfortable to each individual. A notable example was 
in Week 5, during which the topic of HAZOP is 
introduced, again using Bhopal as example, supported 
by other cases (such as Piper Alpha and DPP). Students 
are also encouraged to try out, at their own time, various 
ATU malfunction exercises (up to 40 available!) 
designed to familiarize them with potential problems in 
the plant, which is a key tenet of HAZOP. Sample 
entries are provided in Google Doc so that students are 
aware of the desired way to report their findings. To 
further strengthen their competency in carrying out a 
HAZOP process, a mock test is administered in Week 5, 
followed by peer marking of HAZOP with rubrics in 
Week 6. To add realism, a scoresheet (Figure 7) was 
also created so that students can ‘officially’ convey the 
result of the marking to the peers.  
 
Evaluation of Student Learning Experience 
 

Evidence-Based Reflective Practice (Sale, 2015), as 
the term implies, involves more than personal 
reflections in isolation, but a structured thinking process 
(e.g. analysis and evaluation) using EBT principles in 
relation to all valid evidence sources (e.g. students, 
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peers, peer observers). As a holistic process it enable a 
better understanding of the reality of classroom learning 
(e.g. what is happening, and how this is affecting the 
learning process). From this base, we can then 
creatively design and facilitate instructional strategies 
that have high predictive capability for enhancing the 
learning experience and attainment levels.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Scoresheet for HAZOP Peer Marking 
 

Specifically, in evaluating the learning experience 
we are looking for the presence or otherwise of the 
following: 
 Appropriate method use to maximize learning 

opportunities in this Situated Context (e.g. learning 
outcomes, learner profile, learning space and 
resource access)? 

 Clear presentation of learning goal, purpose and 
expectations to these learners? 

 Activation of prior knowledge and subsequent 
connection to new knowledge presented? 

 Emphasis on the key concepts and principles 
underpinning understand of the topic area? 

 Activities (e.g. questions) that facilitated the types of 
thinking necessary for building understanding? 

 Variation in the modes and methods of information 
presentation and interaction? 

 Application of practices consistent with human 
memory processes (e.g. chunking, linkages, 
rehearsal and review)? 

 Use of Deliberate Practice (where relevant)? 
 Use of formative assessment activities to provide 

quality two-way feedback? 
 Rapport building Interactions that promoted a 

climate conducive to success and some fun in the 
learning process? 

 An aspect(s) of creativity (e.g., story, humour, 
activity, presentation style, example) that enhanced 
Intrinsic Motivation? 
The evaluation of the flipped classroom is on-going 

and is using a range of evaluation methods to ascertain 
both the student learning experience and attainment. At 
present the data collected is from the learning 

experiences of our student co-participants (Lincoln 
1990), who have been an essential part of the on-going 
evaluation process. They provide a more ethnographic 
understanding of how students are actually experiencing 
what we are teaching and their perception of its 
usefulness from their perspective.  

To date, they have provided a wide range of data on 
different aspects of the flipped classroom experience, 
but only those of most significance to this context are 
presented here. Overall, the students found the use of 
advance organizers (e.g. Figure 1) useful, although 
some found it difficult to understand at first. Students 
generally cite its usefulness in helping them to keep 
track of their learning progress and how the various 
topics are connected to form the big picture.  

Students agreed that the use of self-evaluation 
exercises after every topic (multiple choice and/or 
true/false questions in Socrative) are useful. However, 
some students did not use these exercises the way 
intended – they attempted the questions after the day’s 
lessons instead of doing it before coming to class! As 
for Google Doc, students reported that classroom 
discussion is very useful in helping them to learn, 
especially from each other. This also applied to the case 
studies where different questions were posed to 
different groups, so that each group must work on one 
aspect of the issues presented and jointly the contribute 
to the solution of the whole problem. Here is a typical 
comment from one of the co-participants: 

“Yes, the collaborative approach with regards to 
group discussion is indeed a much more interesting and 
engaging learning experience. This allows sharing of 
opinions and ideas, and allows each student to justify 
their way of thinking. With this, I was able to actively 
listen to others, and with their responses, make 
appropriate modifications to my answer in order to 
achieve a thorough learning …I am able to identify 
faults in my arguments and answers, thereby promoting 
a self-marking and self-accessing approach in my own 
learning.” 

The “chunking” of information into smaller bits, 
especially for the ATU, certainly helped students in 
understanding the ‘operation’ of the plant. Coupled with 
the use of rubrics for peer marking in a mock tests, this 
enabled students to do the necessary thinking to 
developing understanding of the requirements of the 
module. The following examples, illustrate this:  

“Peer Marking with Rubrics helped me gain a better 
understanding of this topic area as it guided me on how 
to assess my peer’s answer and hence, give her 
feedbacks on ways of improvement. In addition, I know 
what is the lecturer expecting when marking for our test 
papers too. ” 

“…teammates would be able to constantly provide 
feedback on the answering style of different individual, 
hence suggesting improvements for students to 
improve.” 

Another method that facilitated student learning was 
the use of DPP that activated their prior knowledge. 
They reported that working on the problems based on 
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the DPP served to reinforce their learning of the safety 
topics in the module. The response below captures this: 

“It allows us to visualise first hand, how the LOPA 
concepts can be applied in the DPP plant. Furthermore, 
it allows us to make hypothetical improvements to the 
DPP plant so that it encompass the LOPA concepts. 
This enhanced learning, as the team could discuss about 
the technicalities behind the DPP plant, and move on to 
applying LOPA.” 

These in-class activities provide the lecturer with the 
opportunity to walk around and listen to the students’ 
group discussions, which makes their thinking visible. 
In this way misconceptions can be quickly identified 
and dealt with and necessary checks in understanding 
performed. That lack of such affordance is made 
painfully clear in Week 3, which is a SP designated  
“Home-based Learning” week, where students do not 
come to campus for lessons but work fully online. Due 
to the lack of face-to-face classroom interaction, it is not 
possible to usefully ascertain students’ ability to sketch 
the proper engineering diagrams depicting how SIS can 
be implemented. On hindsight, it would have been more 
effective to ask students to submit their sketches for 
marking. This issue was only noticed in a later week 
when the lecturer introduced another class activity that 
required students to build on this knowledge in a 
different application.  

On the other hand, the use of checklist drew mixed 
responses from students. The checklist was shown in 
class after approximately 1 hour of lesson as mid-point 
summary and again as end-of-class summary. One 
student’s response was particularly interesting: 

“No, the checklist (mid-point or end of lessons) has 
not helped myself as individual to keep track of my 
learning based on the lesson objectives …Even though, 
the use of a checklist does push me to think about the 
learning outcomes, it does not actually prove that I am 
indeed competent in these aspects.” 

As things turned out, the lecturer often did not have 
sufficient time to go through the checklist in details with 
the class. On reflection, the checklist could have been 
better included in the workbook instead, for students to 
monitor their own learning after they had completed all 
the activities of a given topic. 

Lastly, an important insight gained from this 
experience is that students tend to ‘optimize’ their time 
devoted to studying this module by balancing the 
activities designed for this module with the demand of 
other modules, especially those with examinations. 
There was one occasion where the students did not 
complete some simulation exercises for classroom 
discussion, and when inquired, they were quite frank in 
revealing this reason for non-submission. Also, at this 
time of writing, we are not able to evaluate students 
performance from various summative assessments. 

 
Conclusion 
 

The feedback from student co-participants had 
shown that many of the strategies employed in the 
teaching of Plant Safety and Loss Prevention via a 

flipped classroom approach are positively impactful in 
in supporting their learning, particularly the advanced 
organizer, use of Socrative for self-evaluation, and 
Google Doc for classroom group discussion. 

While some (e.g. use of checklist) have not been as 
effective, this does not necessarily mean the method 
choice was inappropriate. As teaching is a highly 
complex and situated activity, it is always going to be 
heuristic, never algorithmic. However, the use of an 
EBT approach provides our best basis for useful 
heuristics as it is grounded in validated knowledge 
relating to how humans learn and an extensive research 
base on method effectiveness.  
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Abstract 
 
The purpose of this research is to investigate and 
uncover factors that lead to students missing class in 
an Engineeering School. It is imperative to 
understand the factors which influence students’ 
attendance, experiences and needs to help improve 
attendance and achievements in lectures. Lecture- 
tutorial system was devised for effective delivery of 
information en-masse to maximize resources in 
terms of venue and time for greater productivity in 
tertiary institutes. This despite the lack of interaction 
and discussion opportunities between students and 
lecturers. Cleary-Holdforth (2007). Some students 
attend lectures as they think attendance is 
compulsory. However when they realised that 
attendance is not compulsory, we observed that 
students have a higher tendency to skip attending the 
lectures. The methodology undertaken is a mix 
approached, a qualitative research approach where 
students across different diplomas were randomly 
selected to be interviewed to understand year 2 and 3 
students experience in lesson and a quantitative 
survey to understand Year 1 students experience  
 A criterion for the selection is that the sample has to 
have a good mix of different academic capabilities. 
Students were interviewed individually as we would 
like to prevent their responses to be potentially 
confounded and influenced by responses from their 
peers. The study has given insights on the reasons 
why students do not attend lectures.  
 
Keywords: Attendance, E-learning, Blended, 
Engineering Education, Motivation 
 
 
Introduction 
 

Temasek Polytechnic, School of Engineering is an 
institution that provides tertiary education opportunities 
for post-secondary school students. Lecture- tutorial 
system was devised for effective delivery of information 
en-masse to maximize resources in terms of venue and 
time for greater productivity in tertiary institutes. This 
despite the lack of interaction and discussion 
opportunities between students and lecturers. Cleary-
Holdforth (2007).  
 

Generally, students have to attend a two hour 
lecture, together with a two hour tutorial and a two hour 
laboratory (lab) lesson for each subject, each week. 
However, attendance is compulsory only for tutorials 
and lab sessions. On average, Year 1 and 2 students are 
required to attend more than 30 hours of lessons per 
week.  
 

The school has students from diverse backgrounds in 
terms of wealth and social status and family make up. In 
addition, students age gap varies with most are fresh 
graduates from secondary schools but there are a 
handful of mature students with work experience or 
have served national service prior to joining the 
polytechnic. The school has a large number of 
international students from Asia such as China, India, 
Philippines, Myanmar, Malaysia and Indonesia. Even 
among the local students, the students capability within 
class could be large as the freshmen students entry score 
ranges from 8 pointers – 26 pointers in their GCE O 
level. With this diverse of students back ground, 
learning culture, prior technical knowledge acquired, 
language proficiency and learning competency, it is a 
challenge for lecturer to design a curriculum cater for 
such a wide spectrum of diverse students‟ needs. 

 
Other than having good attendance rate of first 

semester in year 1 students, many lecturers noted a 
growing trend of students‟ absenteeism for lectures in 
the second semester of their first year. The problem is 
greater in years after. It is not uncommon to have an 
attendance rate of only 50% or less for lectures.  The 
attendance soon starts to drop after the few weeks of the 
term and attendance would only pick up again during 
the last week of the term.  

 
 

On Student Attendance 
 

We have monitored students lecture attendance rate 
for an Engineering core subject Electronics Device 
(Edevice) which conducted in Year 1 semester 2. This 
was done through an electronic device installed in 
lecture theatres. Students have to scan their student card 
when they enter the lecture theatre. Table 1 shows the 
attendance of 4 lecture groups recorded over a period of 
4 months with mean attendance recorded between 23-
36%  
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Abstract 
 
The purpose of this research is to investigate and 
uncover factors that lead to students missing class in 
an Engineeering School. It is imperative to 
understand the factors which influence students’ 
attendance, experiences and needs to help improve 
attendance and achievements in lectures. Lecture- 
tutorial system was devised for effective delivery of 
information en-masse to maximize resources in 
terms of venue and time for greater productivity in 
tertiary institutes. This despite the lack of interaction 
and discussion opportunities between students and 
lecturers. Cleary-Holdforth (2007). Some students 
attend lectures as they think attendance is 
compulsory. However when they realised that 
attendance is not compulsory, we observed that 
students have a higher tendency to skip attending the 
lectures. The methodology undertaken is a mix 
approached, a qualitative research approach where 
students across different diplomas were randomly 
selected to be interviewed to understand year 2 and 3 
students experience in lesson and a quantitative 
survey to understand Year 1 students experience  
 A criterion for the selection is that the sample has to 
have a good mix of different academic capabilities. 
Students were interviewed individually as we would 
like to prevent their responses to be potentially 
confounded and influenced by responses from their 
peers. The study has given insights on the reasons 
why students do not attend lectures.  
 
Keywords: Attendance, E-learning, Blended, 
Engineering Education, Motivation 
 
 
Introduction 
 

Temasek Polytechnic, School of Engineering is an 
institution that provides tertiary education opportunities 
for post-secondary school students. Lecture- tutorial 
system was devised for effective delivery of information 
en-masse to maximize resources in terms of venue and 
time for greater productivity in tertiary institutes. This 
despite the lack of interaction and discussion 
opportunities between students and lecturers. Cleary-
Holdforth (2007).  
 

Generally, students have to attend a two hour 
lecture, together with a two hour tutorial and a two hour 
laboratory (lab) lesson for each subject, each week. 
However, attendance is compulsory only for tutorials 
and lab sessions. On average, Year 1 and 2 students are 
required to attend more than 30 hours of lessons per 
week.  
 

The school has students from diverse backgrounds in 
terms of wealth and social status and family make up. In 
addition, students age gap varies with most are fresh 
graduates from secondary schools but there are a 
handful of mature students with work experience or 
have served national service prior to joining the 
polytechnic. The school has a large number of 
international students from Asia such as China, India, 
Philippines, Myanmar, Malaysia and Indonesia. Even 
among the local students, the students capability within 
class could be large as the freshmen students entry score 
ranges from 8 pointers – 26 pointers in their GCE O 
level. With this diverse of students back ground, 
learning culture, prior technical knowledge acquired, 
language proficiency and learning competency, it is a 
challenge for lecturer to design a curriculum cater for 
such a wide spectrum of diverse students‟ needs. 

 
Other than having good attendance rate of first 

semester in year 1 students, many lecturers noted a 
growing trend of students‟ absenteeism for lectures in 
the second semester of their first year. The problem is 
greater in years after. It is not uncommon to have an 
attendance rate of only 50% or less for lectures.  The 
attendance soon starts to drop after the few weeks of the 
term and attendance would only pick up again during 
the last week of the term.  

 
 

On Student Attendance 
 

We have monitored students lecture attendance rate 
for an Engineering core subject Electronics Device 
(Edevice) which conducted in Year 1 semester 2. This 
was done through an electronic device installed in 
lecture theatres. Students have to scan their student card 
when they enter the lecture theatre. Table 1 shows the 
attendance of 4 lecture groups recorded over a period of 
4 months with mean attendance recorded between 23-
36%  

      
 

Table 1: Edevice Lecture Attendance 
 
 
The mean attendance of these 281 students had an 

average of 31.15 %. Such poor attendance for lectures is 
common to many others subjects especially when there 
is a mismatch in students motivation and competency 
toward the subject. There is a concern on lecturer 
attendance as it may have some impact to academic 
performance. Rodgers, J. (2001). O'Dwyer, A. (2011). 

 
It is apparent that mass delivery of content in a 

lecture format is counter-productive in the School of 
Engineering and it is not effective for the students‟ 
learning due to their low attendance.  

 
 

Methodology  
 
In order to uncover the factors which contributed to 

low attendance of lectures, we need to understand why 
student choose to attend or skip lesson. We uses mix 
approaches to understand students‟ needs and 
expectation for learning. 

 
The first phase of study involves qualitative research 

to help us understand student experience in class and 
their motivation for attending lectures. 

 
We have selected 6 students from 3 different 

diplomas to participate in the interview. Of the 6 
students, two are academically above average students, 
two are academically average students and the 
remaining two are academically weaker students in this 
study. Out of the 6 students, 3 of them were in the 3rd 
year and the rest were in their year 2. A summary of the 
students grouping is as shown in Table 2. Students were 
individually interviewed so that their responses are not 
peer-influenced.  

 
In the second phase of study, we conducted an online 

survey from 42 freshmen. Freshmen refers to students 
whom have just started their education with us and 
tends to attend lecturers regularly. The survey was 
conducted after they have been through 6 weeks of 
lesson. The survey seeks to understand the students‟ 
experience with their lecturers and what are their needs 
or expectation on the mode of lesson delivery.  

 
 
 
 
 

 

Participants  Participant background 

2 students from 
Diploma in Business 
Process & Systems 
Engineering  

Yr3 Student „A‟ O-level 
18pts (Poly CGPA : 3.0 )   

Academic Average 
Yr3 Student „B‟ O-level 

16pts (Poly CGPA : 2.7) 
Academic Average 

2 students from 
Diploma in 

Green Building & 
Sustainability 

Yr2 Student „C‟ O-level 
22pts (Poly CGPA : 2.4) 

Academic weak  
Yr3 Student „D‟ O-level 

20pts (Poly CGPA : 2.4) 
Academic weak 

2 students from 
Diploma in 
Integrated Facility 
Management   

Yr2 Student „E‟ O-level 
15pts (Poly CGPA : 3.7) 

Academic Above average 
Yr2 Student „F‟ O-level 

16pts (Poly CGPA :3.2) 
Academic Above average 

Table 2: Students’ Background 
 
 

Results and Finding 
 
The data showed that student have difference needs, 

expectations and reasons for not attending lesson. 
Student attendance were influenced by  

 
 Teacher factor-Whether student likes the lecturer  
 Pedagogy- Whether student likes the teaching 

method or approaches  
 Subject factor- Whether student likes the subject 

content 
 Motivation factor- Whether student find it 

worthwhile to attend the lesson  
 Time factors- Whether student have the time to 

attend lesson  
 

In this paper, we focus our exploration on the Pedagogy 
and Motivation factors  

 
 

Qualitative Analysis  
 
The finding here shows teacher teaching style has a 

great influence on student attendance.  Students need to 
find the purpose or motive to go for lessons. Poor 
attendance may be due to poor pedagogies as well. 
Students only attended lectures if they see „value‟ in 
them. Massingham & Herrington (2006). 

 
If the students are not able to understand or absorb 

the lesson content, then the student will not want to 
attend the lecture. Most students do not want to spend 
time to attend a lesson that they are unable to learn or 
benefit.  
 
 

Lecture 
group 

#  
Students 

Average 
attendance  rate 

LE01 67 36.20% 
LE05 91 36.14% 
LE06 42 28.87% 
LE10 81 23.37% 
Total 281 31.15% 
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Pedagogy Factor 
 
When they skip lessons, student will not be able to 

catch up with the school work and this will have a spiral 
effect. Students resort to memorizing content and 
regurgitating it in the examination without much 
learning taking place. This is very bad for Engineering 
students as they need strong fundamental knowledge to 
build on in order progress to learn more difficult levels 
of content. The current situation is disadvantageous to 
students as poor pedagogy will lead to poor learning and 
therefore affect student attendance. For example, 
Student „C‟ said “I remember there is one lecturer..like 
she blindly teach…All of our classmates know that she‟s 
good at what she do but she just cannot tell us how to 
do things. No proper explanation in lesson … her class 
is noisy and no body listen in class..As in everyone tried 
to listen initially then nothing gets in so everyone „died 
off‟… they are just helpless….. Students have the 
perspective that lectures are useless…  Most of the 
student will think lecture are redundant…”  All students 
interviewed commented there may have some pedagogy 
weakness from some lectures. Students encounter 
lecturers who read from presentation slides during 
lecture where the content is the same as those printed in 
their lecture notes. Hence, there is a lack of deeper 
engagement. Students also like lessons that are more 
interactive, Student „B‟ likes lecturers who engage 
students with questions, she said “ Like asking 
questions. The Lecturer asked questions and we will 
have to give the answer so that he will know where our 
understanding… and for us to know the correct answer 
” 

 
Students „A‟ commented on her experience from 

some lectures she attended “They don‟t even explain, 
they just read through what is on the lecture notes and 
to me I find that if I‟m going to spend like my time 
listening to him like making a recital, I might as well go 
home and I could use of the time to do things I want. 
Because like in the tutorial lesson ..if we have any 
questions, the tutor will still bother to explain to us so to 
me is much more beneficial to go to tutorials than 
lecture lesson.”  

 
In such situations, where students are still be able to 

receive the same content, they rather choose to go for 
tutorials rather than attend the lecture for they interact 
and solve questions which helps them learn. Students 
hate boring classes. It is important for the lecturer to 
make connection between theory to life experiences or 
situations to the student in class.  

 
On the other hand, there are lecturers whom use 

many relevant and interesting examples to make 
students understand the practicality of their subject. 
Students appreciate such effort by lecturers as gathered 
from the research.  

 
Another noted teaching approach favoured by 

students is the use of technology to bring about 
interactivity. Students are impressed with lecturers who 

apply technology into their teaching. Students are also 
appreciative of lecturers whom put in effort to look for 
good video to use in their lesson.  

 
Another good usage of technology is to have the 

lessons recorded so that students can always refer to it 
anytime, anywhere at their own pace.  

 
Students mentioned that they favored online post 

lecture. Online lecture seem advantageous as it will 
allow students to revisit the lessons especially when the 
lecture learning environment is not conducive as many 
students talk and make a lot of noise in the lecture. 
Unless all students are engaged and attentive, it will 
affect student learning. 

 
The way the lecture speaks projects their passion for 

the subject and students do feel it as gathered from the 
research. Hence, lecturers have to be mindful and avoid 
speaking in a monotone or with a soft voice in lectures.  

 
Generally the lecturers teaching style, voices, pacing 

or the way he speaks, with appropriate examples, 
videos, technological gadgets and asking questions will 
help improve student engagement in class and may 
increase lecture participation rate.  

 
Motivation Factor 

 
Motivation affects student attendance and can be 

both intrinsic and extrinsic. The level of motivation has 
an impact on student learning. If students have low 
motivation towards learning, they may find the lessons 
boring and therefore, would not attend the classes 
Kottasz (2005). 

 
Student will weigh whether it is worth to spend time 

attending lesson.  Student „A‟ stated “ At the beginning 
of the semester yes .. It depends on whether I find the 
lecture worth going or not.” According to Student „A‟, 
if she enjoyed the lesson, she will continue to attend the 
lesson but once she doesn‟t find it beneficial, she will 
stop attending the lesson. Student „B‟ said 
“…sometimes we feel that its not beneficial to us so we 
will just skip… lectures is not compulsory because we 
don‟t need to have our attendance taken so we if there is 
no need to go, then we won‟t go..”  Similarly, according 
to one of the student, if he knew that lecture attendance 
is not compulsory, he too will skip the lesson. Many 
students have the misconception that lecture attendance 
is compulsory, especially when they just started their 
schooling with us.  

 
If students are not motivated to attend a lesson, they 

will find excuses to justify why they skip lesson. For 
example, Student „D‟ skips lesson after lunch time to 
have a longer lunch break and rest time “… nowadays 
the canteen is always so crowded. In order to get the 
food, we need to queue at least half an hour…So we 
need extra time…”  
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is noisy and no body listen in class..As in everyone tried 
to listen initially then nothing gets in so everyone „died 
off‟… they are just helpless….. Students have the 
perspective that lectures are useless…  Most of the 
student will think lecture are redundant…”  All students 
interviewed commented there may have some pedagogy 
weakness from some lectures. Students encounter 
lecturers who read from presentation slides during 
lecture where the content is the same as those printed in 
their lecture notes. Hence, there is a lack of deeper 
engagement. Students also like lessons that are more 
interactive, Student „B‟ likes lecturers who engage 
students with questions, she said “ Like asking 
questions. The Lecturer asked questions and we will 
have to give the answer so that he will know where our 
understanding… and for us to know the correct answer 
” 

 
Students „A‟ commented on her experience from 

some lectures she attended “They don‟t even explain, 
they just read through what is on the lecture notes and 
to me I find that if I‟m going to spend like my time 
listening to him like making a recital, I might as well go 
home and I could use of the time to do things I want. 
Because like in the tutorial lesson ..if we have any 
questions, the tutor will still bother to explain to us so to 
me is much more beneficial to go to tutorials than 
lecture lesson.”  

 
In such situations, where students are still be able to 

receive the same content, they rather choose to go for 
tutorials rather than attend the lecture for they interact 
and solve questions which helps them learn. Students 
hate boring classes. It is important for the lecturer to 
make connection between theory to life experiences or 
situations to the student in class.  

 
On the other hand, there are lecturers whom use 

many relevant and interesting examples to make 
students understand the practicality of their subject. 
Students appreciate such effort by lecturers as gathered 
from the research.  

 
Another noted teaching approach favoured by 

students is the use of technology to bring about 
interactivity. Students are impressed with lecturers who 

apply technology into their teaching. Students are also 
appreciative of lecturers whom put in effort to look for 
good video to use in their lesson.  

 
Another good usage of technology is to have the 

lessons recorded so that students can always refer to it 
anytime, anywhere at their own pace.  

 
Students mentioned that they favored online post 

lecture. Online lecture seem advantageous as it will 
allow students to revisit the lessons especially when the 
lecture learning environment is not conducive as many 
students talk and make a lot of noise in the lecture. 
Unless all students are engaged and attentive, it will 
affect student learning. 

 
The way the lecture speaks projects their passion for 

the subject and students do feel it as gathered from the 
research. Hence, lecturers have to be mindful and avoid 
speaking in a monotone or with a soft voice in lectures.  

 
Generally the lecturers teaching style, voices, pacing 

or the way he speaks, with appropriate examples, 
videos, technological gadgets and asking questions will 
help improve student engagement in class and may 
increase lecture participation rate.  

 
Motivation Factor 

 
Motivation affects student attendance and can be 

both intrinsic and extrinsic. The level of motivation has 
an impact on student learning. If students have low 
motivation towards learning, they may find the lessons 
boring and therefore, would not attend the classes 
Kottasz (2005). 

 
Student will weigh whether it is worth to spend time 

attending lesson.  Student „A‟ stated “ At the beginning 
of the semester yes .. It depends on whether I find the 
lecture worth going or not.” According to Student „A‟, 
if she enjoyed the lesson, she will continue to attend the 
lesson but once she doesn‟t find it beneficial, she will 
stop attending the lesson. Student „B‟ said 
“…sometimes we feel that its not beneficial to us so we 
will just skip… lectures is not compulsory because we 
don‟t need to have our attendance taken so we if there is 
no need to go, then we won‟t go..”  Similarly, according 
to one of the student, if he knew that lecture attendance 
is not compulsory, he too will skip the lesson. Many 
students have the misconception that lecture attendance 
is compulsory, especially when they just started their 
schooling with us.  

 
If students are not motivated to attend a lesson, they 

will find excuses to justify why they skip lesson. For 
example, Student „D‟ skips lesson after lunch time to 
have a longer lunch break and rest time “… nowadays 
the canteen is always so crowded. In order to get the 
food, we need to queue at least half an hour…So we 
need extra time…”  

 

      
 

Students whom are motivated will not skip lesson. 
From the student‟s response, we found out that if the 
student likes a certain subject; they will be self-
motivated to attend the lesson.  It is worth noting that 
motivation can be influenced by the teacher or the 
pedagogy.   

 
Two students we interviewed were from the 

Diploma of IFM. Student „E‟ has a CGPA of 3.7 and 
student „F‟ with a CGPA of 3.2. Both had higher 
confidents, self-esteem, attended lessons more regularly 
than the other 4 students who have lower CGPA scored.  

 
When asked if student „E‟ and „F‟ attended class 

regularly, Student „E‟ response was  “ … I won‟t miss 
lectures and tutorials, even if half of my friends skip, I 
will still go for lectures. I mean I will go for every 
lecture and tutorial unless I‟m late or I got something 
on..” Student „F‟ gave a similar response “If I can, I 
will go for all the lectures..” Therefore it may be a 
coincident that student with good CGPA seems to have 
higher motivation but the fact is higher CGPA students 
seems to be more motivated to attend lecture. This 
resonates well with Van Blerkom (1992). Students with 
higher self-efficacy tend to have higher motivation 
towards their study and to improve academic 
achievement and attendance. 
 
 
Quantitative Analysis  
 

We have gathered 42 students to participate in a 
survey to understand their lesson experience. The 
purpose of the survey is to find out what are the factors 
that will motivate or otherwise drive away students from 
attending lesson and what are the prefer modes of lesson 
delivery the students find it useful to their learning  
The freshmen students in the 7th weeks of their lessons 
from 3 classes of students doing Engineering 
Mathematics where morale are higher and are still 
excited due to they are new in polytechnic education. .  
 

The survey results show that students 78% of the 
students are aware that attending lectures are important 
to their learning.  
 

In addition, the survey result indicated the following 
factors that will motivate students attend lessons. 
 

 Up to individual mindset 
 Self Interest,  
 To score better in study and self motivation 
 To learn new things 
 More interesting lesson 
 Lesson must be fun , not dry. 
 If the Lecturer is more interesting to teach the 

class I think more people will attend the class 
 Must be fun and entertaining  
 Compulsory Attendance  
 The tutor/lecturer has a good sense of humour 

 The lessons must be interesting to capture the 
student interest  

 Depend on the methods the teacher uses can 
really help me learn. 

 Depend on lecturer passion  
 The  enthusiasm and fun 

 
The following are the factors that students have 
indicated that will drive students away from attending 
lessons. 
 

 None productive lesson 
 Due to distractions from large number of 

students attending, noise level is high and 
disrupts class  

 Lecturer poor class management.  
 Hard to concentrate, hard to listen as class is 

noisy 
 The teacher just teaches and doesnt care if 

students are able to absorb the content  
 Lecturer doesnt' bother of students learning 
 The lecturer giving a dry and boring lesson 
 The lecturer should not be monotone and no 

interact with the students  
 When attend lecture end up learning not much 

things after the lessons 
 
From the result, it resonate well that that students self-
motivation is one of the factors affect students 
attendance. Lecturer passion, ability to teach well and 
make lesson interested will affect students attendance as 
well. However poor class management and none 
conductive environment due to noise and distraction 
will drive away students.  
 

When asked what the preferred mode of lesson 
delivery is if they are given a choice, most students still 
prefer tutorial as it is easier to learn due to smaller class 
size, lower noise level and less distraction. Another 
advantage of tutorial is more interaction between tutors 
and students.  Easier for students to ask questions and 
tutor to answer question.  
 

Peer teaching is the next most preferred mode of 
learning. Students usually feel more comfortable and 
open when interacting with a peer than with a lecturer. 
 

 
Table 3: Preferred Mode of Learning 
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Some students prefer online learning where they 

could learn from home and at their own time or in class 
by watching video. Lecturer has to learn to design 
curriculum that could encompass diversity to engage 
students to make lesson interactive and interesting. One 
of the ways is to use Information and communications 
technology (ICT) pedagogy, Stickel and Hum (2008). 
 

Using video clip in class lesson could also help to 
engage students better; allowing students to understand 
real world situation which provide effective teaching 
and enhancement of student‟s self-efficacy. McConville 
and Lane (2006)  
 
 
Discussion  
 

The survey data and interview shows students do 
understand why lecture is important to their learning 
initially as freshmen but as they progress into their 2nd 
years of study, some students start to gathered reasons 
why not to  attend lectures. In order to help improve 
student attendance, we need to look into the various 
factors that affect student attendance for lectures.  

 
Making attendance mandatory for lectures may be a 

quick fix.   However, the interview data, firms up what 
St. Clair (1993) states. Students need to take ownership 
in their studies.  We should focus on motivating student 
to attend lesson instead. If students are motivated to 
learn, they will automatically attend lesson to seek the 
needed knowledge. Otherwise, if the class is full of 
unmotivated students, the consequences may be simply 
be very noisy group of students „forced‟ to make their 
appearance in the lecture theatre. The unmotivated 
students will talk and therefore spoil the learning 
environment and affect students who are interested to 
learn.  

 
The finding suggests that video materials are helpful 

for students learning as stressed by Wieling et al (2010) 
and McConville et al (2006). We can also relate our 
finding to Kottasz (2005), who states that students 
choose to skip lessons when they are rushing for 
assignments, or poor teaching quality or poor timing of 
lectures. Therefore we may need to improve teaching 
and lesson delivery if we want to improve student 
attendance. 

 
Students like interactive lessons than passive ones. 

Our finding resonates with Van Blerkom (1992). Higher 
self-efficacy students will have better motivation to 
attend class. Students with higher GPA score were more 
motivated to attend classes than students with lower 
GPA score. Better academically inclined students have 
higher motivation towards learning. Implementing 
intervention programs can help improve student‟s self-
efficacy and improve attendance indirectly. 

 
Tackling student motivation alone is not enough to 

improve student attendance rate. The school should look 

into improving teacher and pedagogical factors for a 
more effective lesson experience for students. Lecturer 
need to understand and be aware of the human aspect on 
student motivation. We have to keep improving our 
teaching pedagogy in order to help students learn. As 
long as student learnt better, student attendance will be 
improved automatically.  
 
 
Conclusions 
 

The purpose of this study is to understand students‟ 
experience in attending lectures and seek factors that 
could aid improving student attendance in lecture.  

 
Our finding resonates with Van Blerkom (1992) 

which also noted that higher self-efficacy students will 
have better motivation to attend class.  Motivation 
affects student attendance and can be both intrinsic and 
extrinsic. It is the root cause that impacts student 
attendance. On the hand, our research findings also 
noted that tackling student motivation alone is not 
enough to improve student attendance rate. The school 
should look into improving teacher and pedagogical 
factors for a more effective lesson experience for 
students. Students like interactive lessons than passive 
ones.  

 
The research finding here shows that teacher 

teaching style has a great influence on student 
attendance too.  In conclusion, students need to find the 
purpose or motive to attend lessons. If the students are 
not able to understand or absorb the lesson content, then 
the student will not want to attend the lecture. Most 
students do not wish to spend time to attend a lesson 
that they are unable to learn or benefit. Understanding 
what causes low attendance will help formulate relevant 
policies or recommend appropriate training to teaching 
staff to engage our students in technology education..  
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teaching pedagogy in order to help students learn. As 
long as student learnt better, student attendance will be 
improved automatically.  
 
 
Conclusions 
 

The purpose of this study is to understand students‟ 
experience in attending lectures and seek factors that 
could aid improving student attendance in lecture.  

 
Our finding resonates with Van Blerkom (1992) 

which also noted that higher self-efficacy students will 
have better motivation to attend class.  Motivation 
affects student attendance and can be both intrinsic and 
extrinsic. It is the root cause that impacts student 
attendance. On the hand, our research findings also 
noted that tackling student motivation alone is not 
enough to improve student attendance rate. The school 
should look into improving teacher and pedagogical 
factors for a more effective lesson experience for 
students. Students like interactive lessons than passive 
ones.  

 
The research finding here shows that teacher 

teaching style has a great influence on student 
attendance too.  In conclusion, students need to find the 
purpose or motive to attend lessons. If the students are 
not able to understand or absorb the lesson content, then 
the student will not want to attend the lecture. Most 
students do not wish to spend time to attend a lesson 
that they are unable to learn or benefit. Understanding 
what causes low attendance will help formulate relevant 
policies or recommend appropriate training to teaching 
staff to engage our students in technology education..  
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Abstract 
 

This study attempts to measure the effectiveness 
of making use of Information and Communications 
Technologies (ICT) and Active Learning (AL) in the 
subject of English for KOSEN students. The way in 
which we measure the effectiveness is by the use of 
both digital teaching materials and iPad. We 
measure them through the views of teaching and 
learning respectively. The advantages of ICT and AL 
for both teachers and learners for English as the 
target language (L2 learners) are discussed, followed 
by the observations of the atmosphere in the 
classrooms as well as the results of the 
questionnaires filled out by L2 learners. The main 
reason behind this attempt is as follows. Education 
systems in KOSEN have been widely acknowledged 
as one of the forerunners of AL in specialised 
courses such as mechanical, electrical, materials and 
civil engineering because of the wide variety of 
experimental tasks required for KOSEN students. 
However, it can be said that there are other subjects 
in general education that have still been taught by 
the ordinary teaching way. The first author has 
tackled these tasks in this academic year for 1st-year 
KOSEN students. First, as for ICT, from the view of 
teaching the author has tried to utilize the digital 
teaching materials supplied by the publisher of an 
English textbook which has wide variety of contents 
including several English teaching methods. Second, 
in terms of AL, the use of iPad for all students in a 
class was attempted for the first time in Nagaoka 
KOSEN. Then Siri of iPad and Skype were used for 
L2 learners’ speaking practices. In conclusion, the 
effectiveness of the use of ICT was observed, and 
then the environment of iPad usage for all students 
in class was confirmed. Finally, Siri and Skype gave 
us a lot of hints for the new ways of English teaching 
in schools. 
 
Keywords: Digital Teaching Materials, iPad, Siri, ICT, 
Active Learning, Skype 
 
 
 

Introduction 
 

In National Institute of Technology, Nagaoka 
College, or known as Nagaoka KOSEN, the use of 
Information and Communications Technology (ICT) 
has been widely applied in classrooms including five-
year courses as well as two-year advanced courses. In 
addition, Active Learning (AL) has been in the spotlight 
as the subjects of Faculty Development (FD) and 
therefore the teachers in Nagaoka KOSEN have had 
opportunities to take several workshops for learning 
how to conduct AL during classrooms recently. Because 
of these current teaching pedagogies, the use of these 
methodologies in classrooms has been becoming the 
main stream for KOSEN education. It can be said, 
however, that they have been mainly used for 
engineering and scientific subjects in engineering 
departments and not been widely applied for the 
subjects in general education departments such as 
physics, mathematics, history, and English. 

 Because of this background mentioned above, it is 
fairly to say that students in KOSEN have acquired high 
ICT literacy due to specialised educational programs in 
engineering subjects. On the other hand, they are 
thought to have lesser motivation in studying English 
than in studying other engineering subjects. The authors 
think that by utilizing ICT with AL in classrooms for 
studying English in some ways, students in KOSEN will 
find it more interesting to learn English than the 
conventional teaching ways which do not use ICT in 
classrooms. In addition, this might make students learn 
English in more spontaneous and active manners so that 
they can actively participate in the classrooms. 
Furthermore, the introduction of ICT with AL may give 
benefits not only for students but also for teachers as 
ICT saves teacher’s preparation time for classrooms. 

In terms of ICT used for English class, Matsumoto 
(2016) indicated from her research as well as previous 
results of questionnaires that the current high school 
English teachers have not been used to utilizing ICT for 
their English classes. Concerning pedagogies for 
English class, there are several methods which have 
been developed. Some of the examples are the use of 
flash cards and slash reading. MacQuarrie (2002) 
evaluated the effectiveness of the use of flash cards for 
second language acquisition. Making use of flash cards 
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(2016) indicated from her research as well as previous 
results of questionnaires that the current high school 
English teachers have not been used to utilizing ICT for 
their English classes. Concerning pedagogies for 
English class, there are several methods which have 
been developed. Some of the examples are the use of 
flash cards and slash reading. MacQuarrie (2002) 
evaluated the effectiveness of the use of flash cards for 
second language acquisition. Making use of flash cards 

      
 

for learning new words or phrases can retain them in a 
learner’s brain memory for longer period. Saruwatari 
(2006) then developed a computer software for students 
to learn English vocabulary using flash cards system. As 
for slash reading, Stevens (1981) insists slash reading 
can help readers understand the meaning of each phrase 
or chunk in sentences. Associated with ICT used for AL, 
Iwai (2012) has experienced the use of iPad for his 
German language classes for a long period and then the 
effectiveness of AL has been measured. The way in 
which he has utilized iPads in classrooms is composed 
of some steps: pronunciation checking, video recording 
and writing short script by group work, listening to the 
pronunciation of the words in the script by using some 
software applications such as “Speak it!” and “Dragon 
Dictation”.  

The first author, as an English teacher in Nagaoka 
KOSEN tries to introduce digital teaching materials for 
learners for English as the target language (L2 learners) 
in classrooms. The reason why the author selects the 
materials is that it contains several language-teaching 
methodologies. These are applied for learning new 
words and improving reading skills such as the use of 
aforementioned flash card and slash reading, 
respectively. The use of the digital teaching materials is 
to be performed with the aid of a laptop computer, a 
liquid crystal display (LCD) projector and a speaker is 
to be applied for every single class for teaching English 
to 1st year students.  

Nagaoka KOSEN has also planned to attempt the 
use of iPads connected with Wi-Fi which are to be given 
to all students in classrooms for the purpose of 
introducing AL into classroom. The way in which we 
use iPads for L2 learners is simple – the use of Siri for 
L2 learner’s speaking practice. It can be utilized as long 
as iPad is connected with the Internet. When people ask 
Siri some questions, it can respond and search 
information through Safari, the search engine 
technology of Apple. The response from Siri is not just 
one answer but has some variations. In addition, some 
of the answers make people smile, so it can be said that 
Siri has been programmed with sense of humour. For 
example, when we say to Siri ‘You are smarter than you 
think.’ which is the title of Lesson 3 in the text book, it 
replies not only a normal answer like ‘Thank you’, but it 
also says ‘Flatterer’. It is in fact that the attempt i.e., the 
use of iPad for all students in classrooms is the first 
challenge in Nagaoka KOSEN. Therefore, it is required 
to confirm whether or not Siri of iPads can properly 
work when all students use them at the same time in a 
classroom, in addition to Skype for their AL.  

The Information and Technology Centre (ITC) 
group has installed Skype for business in the fifty-one 
iPads. Skype has been known as one of the frontiers in 
video communication tools throughout the Internet free 
of charge for more than ten years worldwide. In 
Nagaoka KOSEN, students can use this application with 
unique allocated login ID and pass code, which are the 
same as Microsoft’s Office 365 accounts that they can 
use. 

In this paper, the teaching method and ICT materials 
used for this challenge are introduced first, followed by 

the results obtained from questionnaires answered by L2 
learners. Then some proposals seeking for new ways of 
teaching using ICTs based on the attempts are expressed. 
 
Method and Materials 
 

Digital Teaching Materials: PROMINENCE 
Communication English I, one of major English 
textbooks for Japanese high school students adopted for 
1st year students, published by Tokyo Shoseki, has 
supplied digital teaching materials as a teacher’s manual. 
The digital teaching materials are packed in a DVD-
ROM. It covers all lessons mainly produced by 
Microsoft’s Power Point files. Hence the teachers 
download the files in their personal computers and 
utilize them in classrooms using projectors and speakers. 
The contents of the digital teaching materials include 
not only full textbook with audio, but also some well-
known English teaching methodologies such as site-
translation with slash reading, and new words with flash 
cards. It also has some functions for adjusting narration 
speed and displaying time for audio and slides, 
respectively. Moreover, the DVD-ROM contains 
syllabus samples, a vocabulary testing system, 
evaluation tests, and its supplemental materials such as 
Prominence Supply, Workbook, Preparation Notebook. 

 
iPad: Fifty-one Apple iPad mini 2(16GB), which 

can connect to the Internet over Wi-Fi, have been 
procured for student ICT education in Nagaoka KOSEN. 
Forty-eight iPads are for students’ use, two for backup 
and one for teacher’s use. (See Fig. 1) The language 
setting was intentionally set as English, not Japanese, 
for the purpose of using Siri spoken in English. Some 
security measures to protect any tampering by students 
have been taken by the ITC group in Nagaoka KOSEN.  

 

 
(Fig.1: Fifty-one iPads stored in containers in a 

cabinet) 
 
Wi-Fi setting: In order for all students in a classroom 

to be able to use iPads with the Internet connection at 
the same time comfortably, following devices have been 
prepared by the ITC group: Buffalo virtual private 
network or one VPN router (model: VP-S1000), one 
Panasonic switching hub (model: Switch-M5ePWR) 
and four Buffalo wireless LAN access points (model: 
WAPM-1166D). (See Fig. 2) 
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(Fig. 2: Network devices stored in a container) 
 
Other ICT devices: A laptop computer, a projector, a 

speaker for making use of the above-mentioned digital 
teaching materials in the classroom were Microsoft 
Surface (model: Pro3), Epson LCD projector (model: 
EB-1751), and Bose SoundLink mini, respectively. The 
laptop computer and the projector were connected with 
High-Definition Multimedia Interface (HDMI) whilst 
the laptop computer and the speaker were by Bluetooth 
connection. All these devices can be said as relatively 
modern products as of the date written in this paper due 
to their product release date. The author has decided to 
select them from the view of portability since they are to 
be carried to classrooms.  

 
1) Teaching English with digital teaching materials:  

All 1st year students, totalling 209 registered students, in 
five classes are to be taught English with the digital 
teaching materials including some linguistic pedagogy, 
used by the ICT devices during the period between 
April and June 2016. In this period, it covered Lesson 1 
to Lesson 3 in the textbook. The linguistic pedagogies 
used were mainly flash cards for new vocabularies, 
slash reading with site-translation on the textbook. The 
language used in the classroom was mainly English, 
followed by some Japanese in order for students to 
understand better. After these three months, students 
were asked to answer an anonymous questionnaire with 
Likert scale and free comments for evaluating the way 
of teaching English with ICT using the materials. 
 

2) English speaking practice with iPad: All 1st year 
students in five classes were asked to use Siri of iPad as 
a warm-up activity at the beginning of the lessons. 
Students were required to speak to Siri by using given 
questions. For example, the following practice was used 
for the second trial of the lessons using Siri of iPad, for 
the purpose of familiarising the English sentences with 
indirect interrogatives, which was planned to be taught 
in Lesson 3 of the text book: Q1) I don’t know when I’ll 
be back.’ Q2) Can you tell me how to get to Sesame 
Street?’ Q3) Can you tell me where to buy a ticket?’. 
Students were required to ask these questions to Siri. 
Then they wrote down what Siri understood or heard 
from the speaker. Furthermore, they wrote what Siri 
responded. All students experienced this practice three 
times in June and July 2016. All students were then 
asked to answer simple anonymous questionnaires with 

Likert scale and free comments after the first and third 
lesson were completed. 
 

3) Skype: Skype has been widely known as a 
communication software, which provides video chat and 
voice call services through the Internet. Since most of 
the functions in Skype can be used as free of charge, 
this software has been used not only for private 
communication purpose, but also for other purposes 
such as business communication, commercial use and so 
on. This is especially useful for long distance 
communication to other countries since overseas calls 
are generally expensive. The purpose of using Skype in 
the English classrooms is for one of ALs in English 
communication. The author thinks that it might be 
useful for students in the future if they can smoothly 
communicate in English with people in overseas 
through Skype.  In order to confirm if this application 
software can work properly in the classroom when 
students use it at the same time. To protect students’ 
privacy information, the telephone number of Nagaoka 
KOSEN was used for the entry telephone number to 
start Skype operation, is used as the telephone number 
of Nagaoka KOSEN. Two classes out of five attempted 
to use Skype for their speaking practice in June.  
 
Results and Discussion 
 

1) Teaching English with digital teaching materials: 
In the questionnaire, the first question was ‘Would you 
like to continue receiving lessons with a projector?’ 
Note that the word ‘projector’ here means not only the 
use of a LCD projector, but also the use of a speaker as 
well as a laptop computer because they are a package of 
ICT devices that the author has used in the classrooms. 
The result of the questionnaire as shown in Fig. 3, 197 
out of 209 students answered. To this question, 46% 
strongly agreed, 28% agreed, 20% stayed in a neutral 
position, 5% disagreed and 1% strongly disagreed. This 
means that 74% of the students were in favour of the 
use of ICT in English class. Most students wrote their 
opinions to this question. Here are some typical 
comments: ‘Easy to understand due to the Japanese 
translation shown together with the English text’, 
‘Clearer to see words and sentences on the screen than 
on the blackboard’, ‘Can save time’, ‘Have been used to 
studying with a projector since junior high’ (Strongly 
agreed), ‘Good for my listening practice’ (Agreed), 
‘Too long pause between slash’, ‘Difficult to see’ 
(Neutral), ‘Makes me want to sleep’ (Strongly 
disagreed). Second question was ‘Would you like to 
continue receiving English lessons taught in English?’ 
and its results are as shown in Fig. 4.  Again, 197 
students answered to this question. 38% and 24% 
strongly agreed and agreed, respectively. On the other 
hand, 14% and 4% disagreed and strongly disagreed. 
20% took a neutral position. Here are typical comments 
from the students: ‘It’s no problem as difficult sentences 
in English were translated into Japanese.’ ‘English will 
be necessary for me to use in the future.’ (Strongly 
agreed) ‘Difficult to understand’ (Neutral), ‘Do not 
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disagreed)  
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(Fig. 3: ‘Would you like to continue receiving lessons with the 
projector?’) 

From the user's side, thanks to the all-in-one 
materials, the author realised that it could save 
significant time for the preperation for each class. 
However, there were some unexpected happenings in 
the classrooms while using the ICT devices. One was 
due to the laptop computer. In class, a touch screen 
problem suddenly occured and the author instantly 
could not solve the problem. Therefore students had to 
wait for a few minutes and lost their study time. Second, 
one happened on the Bloothooth speaker. It 
disconnected from the laptop computer time to time. 
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(Fig. 4: ‘Would you like to continue receiving English lessons taught 
in English?’) 

 
2) English speaking practice with iPad: Fig.5 

showed the scene of a classroom using Siri of iPad for 
their speaking practice. Some students used their own 
earphones whilst others asked Siri questions directly.  
Fig. 6 shows a screenshot of iPad. It displayed a result 
of the response from Siri after speaking the words 
“Theory of multiple intelligence”, which is taught in 
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standard. One student or 0% found it boring. No one felt 
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78% gave positive feedback. 
 

 
(Fig. 6: A screen shot of a response from Siri of iPad) 
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In Fig. 8, the author also received a further feedback 

from the students after their third lesson with iPad 
activity was completed. This time, 197 students in five 
classes responded. The reason for the decrease in 
number was due to absence from class because of their 
club activities. This time, the question was ‘Would you 
like to continue receiving English lessons with iPad?’ 
The results were as follows. 46% strongly agreed, 27% 
agreed, 17% stayed in a neutral position, 9% disagreed, 
and 1% strongly disagreed. 73% gave positive feedback. 
 

44%

34%

14%

0% 0%

7%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

Quite
interesting

Interesting Standard Boring Quite
boring

No answer

 
(Fig. 7: ‘What did you think of this activity?’) 
 

46%

27%

17%

9%

1% 0%
0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

Strongly
agree

Agree Neutral Disagree Strongly
disagree

No
answer

 
(Fig. 8: ‘Would you like to continue receiving English lessons with 
iPad?’) 

 
3) Skype: Two out of five classes had an initial trial for 
using Skype in the classroom on the 27th and 28th of 
June. Some students smoothly logged-in to Skype as per 
an instruction and they communicated with each other 
via. Skype with some English conversation practices 
were given by the teacher. There were some howling 

noises due to many Skype users in the classroom. It can 
be said that half of the students did not remember their 
Office 365 passcode and because of that, they spent 
some time to login by asking the ITC group who 
managed students’ passcode. Some students could not 
even login for some reason. The observation from the 
view of the teacher for this activity was relatively 
chaotic because of the howling noises as well as the 
students struggling to login. The first author noticed 
during this attempt that students who are the current 
users of Skype in Japanese, they could smoothfully 
operate it even though the iPad setting was in English. 
On the other hand, students who used  Skype for the 
first time, took a long time.  
 
Conclusions 
 

In conclusion, majority of the students who took 
English lessons with ICT devices preferred to continue 
receiving the lessons because of some reasons such as 
being able to see and hear clearly, saving time for 
notetaking, and being able to hear a native speaker's 
voice. More than half of the students also preferred to 
take English class taught in English. Majority of the 
students also liked the activity of iPad for the speaking 
practice because they can spontaneously practice one-
on-one English speaking training with the robot partner 
utilized with advanced technology. However, in terms 
of the ICT devices in classroom, the problem from the 
user's side, wireless disconnection led to the interruption 
of the class. It therefore required to have stable and 
robust operating environment of ICT devices used in the 
classroom. The author realised the significant reduction 
in preparation time by the use of digital teaching 
materials. In order to prove it, the first author plans to 
compare the efficiency in preparation time for teachers 
with and without the use of the materials in the future. 
In terms of Skype, for those students who have 
experienced to use it in their private time, it was easy 
for them to utilize it and they could use it for 
communication practice in English. On the other hand, 
for those students who used it for the first time, it 
seemed quite difficult for them to even log-in. The 
author thinks of Skype as a powerful tool and hence the 
next challenge is to use Skype in the future to connect 
with students overseas such as Thailand and Malaysia 
that have academic exchange programs with Nagaoka 
KOSEN.  
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Abstract

Student exchange programmes or study tours 
have been used in various education institutes in 
different regions to enrich students’ learning 
experience. Previous studies have demonstrated the 
positive impacts of student exchange programmes to
students’ learning and development.  However, the 
effectiveness in achieving the intended goals of a 
student exchange tour might substantially affected 
by the programme design, planning and 
implementation.  This paper discusses the 
development and implementation of a tri-city 
student exchange programme in achieving the 
intended learning outcomes based on a joint student 
exchange programme to Ngee Ann Polytechnic (NP), 
Singapore.  A group of higher diploma engineering 
students in Hong Kong attended the second tri-city 
student exchange programme in Singapore and 
mixed together with the local Singaporean students 
and another group of National Institute of 
Technology (NIT), Kumamoto College students from 
Japan for a series of exchange activities, including 
joint project development, industrial visits and 
cultural activities.  With the effective coordination 
among the three institutes involved, the tour was 
successfully completed with positive feedbacks from 
various stakeholders.

This paper aims to address and reflect the 
benefits of undertaking a student exchange 
programme to higher diploma engineering students 
in Hong Kong.  Students’ feedbacks and reflective 
writings of the programme will be reviewed and 
analyzed.  Discussion on the design, planning and 
implementation for future multi-city student 
exchange programmes as an effective learning tool is 
also provided in the paper.  Recommendations in 
organizing similar programmes will be addressed.

Keywords: curriculum design, intended learning 
outcome, problem based learning, student exchange 
programme

Introduction

In this era of knowledge and information explosion,
knowledge acquisition of students should not be 
confined to the chalk and talk in the classroom. Various 

education institutes started to incorporate student 
exchange programmes or study tours into curriculum as 
a way active learning to enrich students’ learning 
experience.

Recently, a 10-day tri-city engineering student 
exchange programme to Singapore was arranged in 
collaboration among the Department of Engineering, 
Hong Kong Institute of Vocational Education (Sha Tin)
in Hong Kong, the Department of Engineering, Hong 
Kong Institute of Vocational Education (Chai Wan) in 
Hong Kong, the School of Engineering, Ngee Ann 
Polytechnic (NP) in Singapore, and the National 
Institute of Technology (NIT), Kumamoto College in 
Japan. This was the second time collaboration of the 
three institutes to provide an academic and cultural 
exchange opportunity for the tri-city students. The 
intended learning outcomes of the programme were to 
widen students’ horizons in terms of academic and 
cultural perspectives through interactions with students 
from three regions; to experience the style and 
discipline of dormitory life at NP; and to gain good 
practices in Singapore institute’s programme delivery
and in industry’s operation and management.

The exchange programme was designed with a good 
balance between academic activities and cultural 
exchange activities. In the programme, students from 
three regions were mixed and formed into groups to 
complete a hands-on technical project. A series of 
lectures, workshops, and presentations were conducted.
Industry visits were arranged to provide students with a 
first experience in industrial practices. Furthermore, city 
tours and cultural visits were arranged for students to 
explore and experience the beauty and the culture of 
Singapore.

Although different elements can be incorporated into
a student exchange programme, it is known that the 
effectiveness of a student exchange programme in 
achieving the intended goals might substantially 
affected by the programme design, planning and 
implementation. This paper discusses the development 
and implementation of the abovementioned tri-city 
student exchange programme. The aim of this paper is 
to address and reflect the benefits of undertaking a 
student exchange programme to higher diploma 
engineering students in Hong Kong. The results can be a 
reflection for tri-city student exchange programmes on 
students’ learning. Hopefully, it can be a reference for 
organizing similar student exchange programmes.
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exchange programmes or study tours into curriculum as 
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exchange opportunity for the tri-city students. The 
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cultural perspectives through interactions with students 
from three regions; to experience the style and 
discipline of dormitory life at NP; and to gain good 
practices in Singapore institute’s programme delivery
and in industry’s operation and management.

The exchange programme was designed with a good 
balance between academic activities and cultural 
exchange activities. In the programme, students from 
three regions were mixed and formed into groups to 
complete a hands-on technical project. A series of 
lectures, workshops, and presentations were conducted.
Industry visits were arranged to provide students with a 
first experience in industrial practices. Furthermore, city 
tours and cultural visits were arranged for students to 
explore and experience the beauty and the culture of 
Singapore.

Although different elements can be incorporated into
a student exchange programme, it is known that the 
effectiveness of a student exchange programme in 
achieving the intended goals might substantially 
affected by the programme design, planning and 
implementation. This paper discusses the development 
and implementation of the abovementioned tri-city 
student exchange programme. The aim of this paper is 
to address and reflect the benefits of undertaking a 
student exchange programme to higher diploma 
engineering students in Hong Kong. The results can be a 
reflection for tri-city student exchange programmes on 
students’ learning. Hopefully, it can be a reference for 
organizing similar student exchange programmes.

Literature review

Defined by Miao (2006), a study tour is a learning 
and researching activity through personal visits to one 
or more unfamiliar sites, where those sites are the 
subject of study. Various education institutes around the 
world organize student exchange programmes or study 
tours to enrich students’ learning experience (Sakurai, 
2012). It is a means of fostering students’ personal and 
academic capabilities (Sakurai, 2012). Cross-cultural 
connectivity and professional development have been 
emphasized as the major benefits or functions of student 
exchange programmes or study tours by plenty of 
studies. Stone et al. (2014) mentioned that study tours 
are intended to attain more than a superficial knowledge 
of another culture, and thereby to understand the culture 
of one another. The study of the culture of another is to 
learn more about how one’s own system works (Hall, 
1990). Hall (1990) believed that the most effective way 
of learning about ourselves, our own values, culture, 
and beliefs can be achieved from learning about another 
culture. Therefore, cross-cultural experiences can attain
students with global-mindedness, stimulate students’ 
intellectual growth and professional development, and 
enhance students’ personal development such as 
maturation, self-awareness and independence (Harrison, 
2006; Koskinen et al., 2009; Sakurai, 2012; Stone et al.,
2014).

Organizing a student exchange programme or a 
study tour is a multi-tasking work that involves the 
participations of a number of stakeholders. Though the 
organizers play a key role in decision makings on 
various aspects, perspective from students should not be 
overlooked. Developing a programme that prospective 
students perceive as useful and valuable will enhance 
the probability of success in operating a short term 
study tour (Evans et al., 2009). Evans et al. (2009)
conducted a study to investigate student perceptions of 
different aspects of a short study tour. At the same time, 
student preference for different aspects of a short study 
tour was identified. It was found that cost is the most 
important criteria, followed by the country or countries 
in which the tour will take place.

Methods

Qualitative methodology was used in this evaluative 
research. It reveals the effectiveness of a tri-city student 
exchange programme in achieving the intended goals.
The programme was examined critically by analysing 
the collected information, characteristics and outcomes 
of programme.

The information and characteristics about the 
programme were collected from the accompanying staff 
of the programme from Hong Kong. The outcomes of 
the programmes were evaluated based on students’ 
responses to a routine questionnaire designed by the 
institute and the students’ reflective writings. The 
questionnaire was divided into two parts (Part A and 
Part B). Part A of the questionnaire evaluated various 
components of the programme. Students were requested 
to rate the components in a 4-point scale (4: excellent; 

3: good; 2: Fair; 1: bad). Part B of the questionnaire 
evaluated the extent of improvement of the students on 
various aspects or abilities in a 4-point scale (4: very 
much; 3: much; 2: some; 1: little), and the overall 
satisfactory level in the programme in a 4-point scale (4: 
very satisfied; 3: satisfied; 2: neutral; 1: dissatisfied).
Table 1 summarizes the questions in the questionnaire. 
For the reflective writings, students were asked to share 
their opinions or unforgettable experiences of the 
programme.

Table 1: Questions in the questionnaire
Part A:
Evaluation on various components of the 
programme

1. Working/Living experience
2. Seminars/Training courses
3. Company visits, tourist attractions
4. Exchange activities with foreign students
5. Suggestions (e.g. theme, content, venue or events 

suggested to be added for the activity)

Part B:
Evaluation on the extent of improvement of the 
students on various aspects or abilities, and the 
overall satisfactory level in the programme

1. Study/Work culture
2. Knowledge of history and culture
3. Communication skills
4. Team spirits
5. Self-management skills
6. Willingness of studying/working overseas
7. Foreign language ability
8. Willingness to participate in the similar activity in 

future
9. Overall satisfactory level in the programme
10. Additional comments and suggestions
11. Things learnt from the programme

Tri-city engineering student exchange programme

The host institute of the programme was Ngee Ann 
Polytechnic (NP) in Singapore. NP is one of the 
Singapore's leading institutions offering programmes at 
higher diploma level (Ngee Ann Polytechnic, 2016).
Another partner institute was National Institute of 
Technology (NIT), Kumamoto College in Japan.
National Institute of Technology (NIT) (also named as 
KOSEN) in Japan focuses on engineering education. It 
offers programmes from higher diploma to degree level 
aimed at educating students to be engineers with 
practical knowledge and creativity and to be able to 
contribute to the communities with professional skills 
and knowledge of technology (KOSEN National 
Institute of Technology, 2016). While Hong Kong 
Institute of Vocational Education (IVE) is a leading 
vocational and professional education provider in Hong 
Kong. It offers an array of disciplines and programmes 
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at levels from diploma of foundation studies to higher 
diploma (Hong Kong Institute of Vocational Education, 
2016). To enhance the internationalization of students 
and strengthen the strategic relationships with the 
overseas partners, the above three institutes collaborated 
together for the second tri-city student exchange 
programme.

The exchange programme was designed for 
engineering students. A series of academic activities and 
cultural exchange activities was conducted within 10
days of the programme. During the period, students 
from the three institutes were mixed together and 
formed into groups. The students were required to 
complete a hands-on technical project that involved the 
design, assemble and programming of autonomous load 
carrying vehicles. The vehicles with loadings were able 
to change their directions and climb up a slope 
automatically from a starting point to a destination in a 
period of time as short as possible. To increase the work 
incentive of students, a competition was organized. 
Merits were given to the group of students that their 
vehicle could deliver the heaviest load accurately from 
the starting point to the destination and with the shortest 
period of time. As a kind of problem based learning, the 
students should attend a series of lectures and 
workshops, and work together to solve any problems 
encountered in order to complete the project. Each 
group of them was required to give a final presentation
at the end to share their work outcomes. In addition, 
industry visits were arranged to provide students with a 
first experience in industrial practices, for example an 
industry visit to the factory of a world famous flight 
engine manufacturer, a site visit to the Marine Barrage, 
and etc. Furthermore, city tours and cultural visits were 
arranged. Students could take the opportunity to interact 
with students from other countries in any time during 
the trip. Other than attaining professional and technical 
knowledge, the students could develop a cross-cultural 
connectivity.

Participants from Hong Kong

A total of 20 students from the Department of 
Engineering, Hong Kong Institute of Vocational 
Education (Sha Tin), and the Department of 
Engineering, Hong Kong Institute of Vocational 
Education (Chai Wan) participated in the exchange 
programme. They were studying higher diploma 
programmes in building services engineering, computer 
engineering, electronic and communications
engineering, electrical engineering and mechanical 
engineering. The students were aged between 18 to 23
years. All the students were male.

Students’ feedbacks and reflections

All the 20 students completed and returned the 
questionnaires. The results are summarized in Table 2.
Satisfactory results on different aspects were obtained.

From the results of Part A of the questionnaire,
average scores above 3 were obtained in all the 
evaluated components, namely working/leaving 
experience, seminars/training courses, company visits, 
tourist attractions, and exchange activities with foreign 
students. This indicates various assessed components in 
the programme were satisfied by the students.
According to the opinions of the students, most of them 
mentioned the exchange programme was well organized 
and hoped that the duration can be extended. 

From the results of Part B of the questionnaire, 
average scores above 3 were obtained in all the 
evaluated aspects or abilities, namely, study/work 
culture, knowledge of history and culture, 
communication skills, team spirits, self-management 
skills, willingness of studying/working overseas, and 
foreign language ability. It reveals that most of the
students thought they achieved very much improvement
on all these aspects or abilities. Moreover, all of the 
students satisfied with the exchange programme, an 
average overall satisfactory level of 3.35 was obtained. 
In addition, all of the students showed their willingness 
to participate in the similar activity in future.

With the review of responses of questions 10 and 11 
in Part B of the questionnaire, as well as students’ 
reflective writings about the exchange programme, all 
the students treasured this exchange opportunity to learn 
and to experience the life of students in Singapore. 
Within a short period of time, the students had not only 
opened their eyes but also gained lots of useful 
knowledge and experience that might influence their
lives. The students attempted to re-evaluate themselves. 
Through the interactions with foreign students, Hong 
Kong students realized their strengths and weaknesses. 
For example, they discovered that they were relatively 
inactive and hesitative to raise questions. Moreover, the 
exchange experience unreservedly revealed the 
importance of communication to the students, especially 
the communication in English. Besides, the students 
learnt to appreciate different cultures, values, beliefs 
and social manners. Through sharing and mutual 
understanding, students from various countries had 
developed friendships. This strengthened students’ 
social networks which would be useful in their lives or 
future careers. As far as personal development of 
students is concerned, it was the first time for most of 
the students to live aboard with other classmates. On 
one hand, they had learnt to be independent without 
their parents. On the other hand, they had learnt to be 
adaptive in living with others harmoniously.

Discussion and recommendations

Based on the feedbacks and reflective writings from 
students, the intended goals of the tri-city student 
exchange programme were achieved. In general, the 
success of an exchange programme greatly relies on the 
preparation and implementation efforts.  The whole 
programme is a cyclic process as shown in Figure 1.
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with students from other countries in any time during 
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Participants from Hong Kong
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Education (Chai Wan) participated in the exchange 
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From the results of Part A of the questionnaire,
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evaluated components, namely working/leaving 
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tourist attractions, and exchange activities with foreign 
students. This indicates various assessed components in 
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According to the opinions of the students, most of them 
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and hoped that the duration can be extended. 

From the results of Part B of the questionnaire, 
average scores above 3 were obtained in all the 
evaluated aspects or abilities, namely, study/work 
culture, knowledge of history and culture, 
communication skills, team spirits, self-management 
skills, willingness of studying/working overseas, and 
foreign language ability. It reveals that most of the
students thought they achieved very much improvement
on all these aspects or abilities. Moreover, all of the 
students satisfied with the exchange programme, an 
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In addition, all of the students showed their willingness 
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With the review of responses of questions 10 and 11 
in Part B of the questionnaire, as well as students’ 
reflective writings about the exchange programme, all 
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knowledge and experience that might influence their
lives. The students attempted to re-evaluate themselves. 
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exchange experience unreservedly revealed the 
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learnt to appreciate different cultures, values, beliefs 
and social manners. Through sharing and mutual 
understanding, students from various countries had 
developed friendships. This strengthened students’ 
social networks which would be useful in their lives or 
future careers. As far as personal development of 
students is concerned, it was the first time for most of 
the students to live aboard with other classmates. On 
one hand, they had learnt to be independent without 
their parents. On the other hand, they had learnt to be 
adaptive in living with others harmoniously.

Discussion and recommendations

Based on the feedbacks and reflective writings from 
students, the intended goals of the tri-city student 
exchange programme were achieved. In general, the 
success of an exchange programme greatly relies on the 
preparation and implementation efforts.  The whole 
programme is a cyclic process as shown in Figure 1.

Table 2: Questionnaire results
Part A: Evaluation on various components of the programme

Number of responses Score (4-point scale)
Excellent Good Fair Bad Total

1. Working/Living 
experience

9
(45%)

11
(55%)

0
(0%)

0
(0%)

20
(100%)

Average: 3.45;
Standard deviation: 0.51;
Mode: 3; Median: 3

2. Seminars/Training 
courses

6
(30%)

12
(60%)

2
(10%)

0
(0%)

20
(100%)

Average: 3.20;
Standard deviation: 0.62;
Mode: 3; Median: 3

3. Company visits, tourist 
attractions

9
(45%)

11
(55%)

0
(0%)

0
(0%)

20
(100%)

Average: 3.45;
Standard deviation: 0.51;
Mode: 3; Median: 3.5

4. Exchange activities with 
foreign students

10
(50%)

10
(50%)

0
(0%)

0
(0%)

20
(100%)

Average: 3.50;
Standard deviation: 0.51;
Mode: 3; Median: 3.5

Part B: Evaluation on the extent of improvement of the students on various aspects or abilities, and the overall 
satisfactory level in the programme

Number of responses Score (4-point scale)
Very 
much

Much Some Little Total

1. Study/Work culture 8
(40%)

9
(45%)

3
(15%)

0
(0%)

20
(100%)

Average: 3.25;
Standard deviation: 0.72;
Mode: 3; Median: 3

2. Knowledge of history 
and culture

9
(45%)

9
(45%)

2
(10%)

0
(0%)

20
(100%)

Average: 3.35;
Standard deviation: 0.67;
Mode: 4; Median: 3

3. Communication skills 11
(55%)

8
(40%)

1
(5%)

0
(0%)

20
(100%)

Average: 3.50;
Standard deviation: 0.61;
Mode: 4; Median: 4

4. Team spirits 9
(45%)

10
(50%)

1
(5%)

0
(0%)

20
(100%)

Average: 3.40;
Standard deviation: 0.60;
Mode: 3; Median: 3

5. Self-management skills 10
(50%)

8
(40%)

2
(10%)

0
(0%)

20
(100%)

Average: 3.40;
Standard deviation: 0.68;
Mode: 4; Median: 3.5

6. Willingness of 
studying/working 
overseas

7
(35%)

10
(50%)

3
(15%)

0
(0%)

20
(100%)

Average: 3.20;
Standard deviation: 0.70;
Mode: 3; Median: 3

7. Foreign language ability 11
(55%)

9
(45%)

0
(0%)

0
(0%)

20
(100%)

Average: 3.55;
Standard deviation: 0.51;
Mode: 4; Median: 4

Number of responses /
Yes No Total

8. Willingness to 
participate in the similar 
activity in future

20
(100%)

0
(0%)

20
(100%)

/

Number of responses Score (4-point scale)
Very 

satisfied
Satisfied Neutral Dissatisfied Total

9. Overall satisfactory 
level in the programme

7
(35%)

13
(65%)

0
(0%)

0
(0%)

20
(100%)

Average: 3.35;
Standard deviation: 0.49;
Mode: 3; Median: 3
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Figure 1: Cyclic process of an exchange programme

First of all, a working group with representatives 
from all of the organizing institutes should be 
established. Committee members of the group should 
cooperate closely in the design and planning of the 
exchange programme. They should attain a consensus 
on the dates of the exchange period. For the design of 
the programme itinerary, a good balance of the 
durations of academic activities and cultural exchange 
activities should be struck. This is to ensure both of the 
academic and culture exchange functions of the 
programme. The contents of activities should also be 
designed carefully as this may affect the attractiveness 
and effectiveness of the programme. To enhance the 
probability of success, it is necessary to design the 
programme with student perspective. 

Once the framework of the programme is obtained, 
various pre-trip implementation works should be 
preceded, for examples, tendering and procurement of 
flight tickets, accommodation and tour packages, fund 
and sponsorship seeking, publicity, promotion and 
student enrolment and selection. Committee members of 
the working group should provide and update necessary 
information with each other in order to ensure the work
progress and accuracy of decisions, such as correct 
quantity in procurement. Taking into account the 
affordability of students, the cost of the exchange 
programme should be reasonable. Fund and sponsorship 
should be sourced to support the students by minimizing 
the cost contribution by the students. Regarding to the 
publicity, promotion and student enrolment, it would be 
a good practices to make good use of e-resources, for 
example, Intranet, Internet, e-mail, online application 
system and etc. For the selection of students, selection 
criteria should be clearly specified at the beginning. 
Student selection should be done based on fair 
opportunity principle.

Before the departure of the trip, briefing to students 
should be conducted to update the students with the 
latest information about the destination, for example the 
weather conditions; to advise on travel requirements, for 
example the limitations on luggage; to advise on health 

and safety, for example food safety and hygiene; and to 
collect students’ miscellaneous information, such as 
emergency contacts, health declaration and etc. During 
the trip, accompanying teaching staff plays an important 
roles in guiding the students, managing and solving any 
problems encountered. While students should be 
encouraged to use their free time to delve deeper into 
the culture of the country they visit.

At the final stage of the exchange programme, 
solicitation of students’ feedbacks and evaluations 
regarding all aspects of the programme is an important 
post-tour activity to wrap up the programme. Students’ 
feedbacks and evaluations are useful information to 
validate the successfulness of the programme.
Achievements and deficiencies can be identified for 
future programme development and improvement.

Conclusions

Student exchange programme can extend the 
classroom and provide an active learning experience for 
students. Appriopriate and meticulous designed, 
planned and implemented student exchange programme 
can be an enhancer of students' professional and 
personal development. In curriculum design, educators 
can further investigate how to intensify the integration 
of student exchange programme and curriculum.

Positive feedbacks from students participated a tri-
city student exchange programme were illustrated in 
this paper. The results reflect the successfulness of the 
programme in achieveing the intended learning 
outcomes. Recommendations for organizing similar 
student exchange programmes are suggested. Further 
investigation can be conducted to investigate the 
influence of a student exchange programme to the 
academic performance of students by comparing the 
academic results of students before and after the trip.
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Abstract 
 

Digital games have been very popular for the past 
ten years. Millions of people around the world spend 
countless hours and large amounts of money on it. 
The power in well-designed games can drive players 
to persist throughout the process in order to reach 
their final desired goal. Recently, the huge 
motivational power of digital games has led to its 
adoption in non-entertainment contexts as well. The 
new term is named gamification, which is to 
incorporate gaming elements into a non-gaming 
process. Gamification has been widely adopted in 
many domains, like training on how to perform a 
certain tasks, helping people to become healthier or 
become more productive. Gamification has also been 
adopted in an educational context to boost students’ 
motivation towards certain courses. This paper 
describes a study we conducted at Republic 
Polytechnic (RP) to incorporate gamification in the 
learning of computer programming by making use 
of a Learning Management System (LMS) called 
Coursemology that incorporates gamification 
elements, including experience points (EXPs), levels 
and a leader board. All these elements serve as an 
extrinsic motivation to the students’ learning. We 
describe the daily curriculum components we have 
in the module in the past, followed by the 
components we have managed to convert to online 
exercises on Coursemology and integrate them as 
part of in-class exercises and after-class exercises. To 
assess the result, we have collected system data from 
the use of the platform by the students as well as 
feedback from students. Results were quite 
encouraging as nearly half of the students attempted 
the optional exercises. Many of the students’ 
feedback show that the gamification features 
motivated them to try out more exercises, while some 
show that they are not motivated by gamification or 
there is not enough motivation to make them do 
more exercises. We finalize by discussing the 
limitation of the platform and other possible better 
gamification platform we will explore in the future. 
 
Keywords: LMS, eLearning, Programming, 
Gamification, Motivation 
 
 

 
Introduction 
 

The School of Infocomm (SOI) within Republic 
Polytechnic (RP) uses a Problem-Based Learning (PBL) 
approach (O’Grady & Alwis, 2002) which equips 
students with the necessary knowledge through daily 
problem solving. Currently, the students usually go 
through the following steps for their whole day of work: 

1. Take a start-of-class quiz (to assess quality of 
prior learning and assigned pre-reading). 

2. Posed with a problem statement 
3. Start to work on a worksheet sheet or scaffold 

which is provided along with each problem to 
guide students in learning the necessary 
knowledge and skills before they proceed to 
tackle the problem of the day.  

4. Start to work on the problem statement 
5. Respond to the problem statement 
6. Take the end-of-class quiz 
7. After class, take an after-class quiz 
Currently, students take five modules a week in year 

one and year two and for each day, their focus will be 
the lesson for one particular module. The start-of-class 
quiz and end-of-class quiz are all distributed to the 
students in paper format. After the specified time limit, 
the facilitator in class takes back all the papers for 
marking, and the students can only get back their 
marked quiz paper, with feedback, in the subsequent 
lesson, which is usually the following week. By then, 
many students do not have a clear re-collection of the 
questions and their answers. They have to take time to 
recall why they answered in such a manner. In addition, 
for worksheets or scaffolds in which they are required to 
respond to certain questions, they may not know 
whether they have answered the questions correctly 
unless they asked the facilitator in class or the facilitator 
goes through the answers in class.  

The background of the students is another challenge. 
A fair number of students have poor O level results and 
as a result, they may not be in their preferred school and 
course. The School of Infocomm could be their last few 
choices or not even in their choice. Therefore they feel 
like they have being thrown into the course, so they 
have an inherent low motivation towards core IT 
modules, like programming. Furthermore, their 
analytical and logical thinking abilities are not as strong. 
Programming relies a lot on analytical and logical 
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marking, and the students can only get back their 
marked quiz paper, with feedback, in the subsequent 
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recall why they answered in such a manner. In addition, 
for worksheets or scaffolds in which they are required to 
respond to certain questions, they may not know 
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unless they asked the facilitator in class or the facilitator 
goes through the answers in class.  

The background of the students is another challenge. 
A fair number of students have poor O level results and 
as a result, they may not be in their preferred school and 
course. The School of Infocomm could be their last few 
choices or not even in their choice. Therefore they feel 
like they have being thrown into the course, so they 
have an inherent low motivation towards core IT 
modules, like programming. Furthermore, their 
analytical and logical thinking abilities are not as strong. 
Programming relies a lot on analytical and logical 

      
 

thinking, which therefore poses another challenge to 
them. In addition, since the course as a whole has quite 
a number of programming modules, if the students fails 
to do well for one programming module, they have the 
idea that they cannot do well for programming, so these 
ideas will make their learning of the next programming 
module even more challenging. 
 
Literature Review 
 

The term gamification means to incorporate game 
elements into a non-game process (Deterding, Dixon, 
Khaled, & Nacke, 2011). Gamification has been widely 
adopted in many areas, like training on how to perform 
a certain tasks, helping people to become healthier or 
become more productive (Sheth, Bell, & Kaiser, 2001). 
In the meantime, the use of information technology in 
traditional school education context is getting popular, 
with some being adopted in the flipped classroom 
(Thompson, 2011) whereby students can learn the 
lesson content online and engage in problem solving in 
class with the help of a facilitator. 

A study on the application of gamification in the 
education context was conducted in which an MSc 
course, Multimedia Content Production was gamified 
(Barata, Gama, Jorge, & Goncalves, 2013). The 
feedback from the students shows that the course is 
more motivating than other non-gamified courses. 
 
Proposed Solution 
 

For programming modules, unlike the essay 
questions in soft-skill modules, the answers for most of 
the questions set for a quiz or an exam are more well 
defined, especially when the students are required to 
construct a computer program to achieve a specific 
result or to provide the expected result for a given 
computer program. That makes automation of the 
marking of the answers possible.  

Furthermore, in order to incentivise students to 
answer the quiz and worksheet questions, we can award 
the students experience points and have a leaderboard to 
rank the students according to the point they have 
accumulated.  

Coursemology is a gamified learning management 
platform which was developed in the National 
University of Singapore (NUS) and is currently in use at 
NUS and several local schools. There are two types of 
exercises on Coursemology, namely trainings and 
missions. Trainings are meant to be self-directed since it 
is auto-graded. It can support MCQ questions and 
Python coding questions. Missions on the other hand, 
are meant for assignments and higher order practices. 
The questions are usually open-ended and therefore 
manual grading is required. 

The advantage of Coursemology is it’s incorporation 
of gamification components in the exercise as follows:  

 Experience Points (EXPs) are earned through 
attempting trainings and missions. One can 
define different levels of different points. When 
the students reach a certain EXP level, they get 
“levelled up”.  

 Badges can also be awarded for students for 
special achievements, like completing all 
exercises or completing certain training with 
more than 90% correctness.  

 The platform also provides a leaderboard to 
show the students' ranking in term of level and 
EXP gained (see Figure 1). 

 
 
Figure 1: Course Leaderboard 
 

 For coding and MCQ questions, after students 
have keyed in the answers, they can check the 
correctness of questions instantly. They can also 
attempt a question as many times as they want 
until they get it right. 

 
Method: 

We adopted Coursemology in one of our 
programming modules – “Multimedia Programming” 
(MP). MP is the second programming module using the 
Python programming language, the first being 
“Introduction to Programming”. The module cohort 
consists of 109 students from the Diploma in Interactive 
and Digital Media.  

The duration of the module is from late-Oct 2015 to 
mid-Fed 2016. There are 13 learning weeks, with four 
weeks of term break and a mid-semester examination in 
between. 

We have made use the Coursemology in the 
following ways: 

 converted the start-of-class quizzes from paper 
form to (Coursemology) trainings  

 converted part of the worksheet from paper 
form to trainings 

 converted after-class quizzes to trainings 
 provided some additional programming 

questions as trainings 
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Surveys on the student’s experience of using 
Coursemology were administered using Google Form at 
the seventh week of the semester, just before the mid-
semester examination. 

 
Results and Discussion 
 

After the Mid-Semester Assessment (MSA), we 
collected the result from the student’s MSA result and 
compared with the achieved levels by the students on 
Coursemology. The full mark of the paper is 50 and the 
passing mark is 25. We are pleased to find out that 
students who had achieved level 12 and above passed 
MSA on average (see Figure 2). To be more specific, 
among the 72 students who achieved level 12 and 
above, 51 (71%) passed the MSA as compared to the 37 
other students, only 11 (30%) passed the MSA. This 
result provided us the basis for motivating students to 
‘level-up’. 
 

 
 

Figure 2: Average MSA mark vs. Achieved level 
 
97 students (89% of the total cohort) completed the 

survey. Table 1 below shows the result on the question 
“Do you think the Coursemology platform is helpful to 
your learning?” 

 
Table 1: Result on the helpfulness of Coursemology 
platform 

 
Option Percentage 
Yes, it is very helpful 32% 
Yes, it is a bit helpful 53.6% 
No, it is not very helpful 10.3% 
No, it is not helpful at all 4.1% 

 
For features like instant checking and feedback, and 

multiple attempts, 72.2% of students find them useful. 
Table 2 below shows the result on the question 

“Does the gamification features motivate you to try out 
more exercise?” 

 
Table 2: Result on the motivation of gamification 
features 
 

Option Percentage 
Yes, it certainly does 23.7% 

Yes, but to a limited extent 41.2% 
No, it does not really motivate me 16.5% 
No, it does not motivate me at all 18.6% 

 
The result suggested that 35.1% (16.5%+18.6%) of 

the students are neutral or not motivated by 
gamification. It is different from the earlier study 
(Barata, Gama, Jorge, & Goncalves, 2013) whereby the 
students considered that the gamification experiment 
applied to the course performed very well (4) [1 – 
terrible; 5 – excellent] using a five-point Likert scale. 
The reason is probably because we did not make use of 
the challenges and badges in our gamification elements 
and the platform does not support cooperation and 
sharing of opinions. 

Delving further into the details of the student’s 
feedback gathered, some typical comment from those 
who were motived by gamification include: 

 “It will motivate me as I feel a sense of 
accomplishment when I level up.” 

 “By knowing the level of other students, one 
will have the urge to step up by getting an even 
higher level, which requires doing even more 
exercises. Hence, this motivates me to try out 
more exercise.” 

 “It motivates me to compete with my 
classmates” 

Some typical comments from those who are not 
motivated by gamification are either they feel that the 
ranking does not matter to them, their main focus is just 
to complete the exercises or they feel that there is not 
enough motivation or rewards, therefore there is no 
incentive in levelling up. 
 
Conclusions 
 

From the system data and user feedback we have 
gathered and analysed, we conclude that  

 A gamified LMS platform is generally effective 
in attracting students to do more exercises.  

 Features like instant checking of answers and 
multiple attempts are helpful to students' 
learning and work better than traditional 
worksheets in the form of a Microsoft Word 
document.  

 
Limitation of the Platform 
 

Currently, the programming languages that the 
platform supports is limited to Python. There is no 
support of other popular programming languages, like 
C, C++ or Java. The support for different “types” of 
coding questions is also quite restricted. It can only test 
writing of a function. The correctness is verified by 
comparing the return value of calling the function of 
different arguments with expected return value. 
Therefore, it could not be used for questions that need to 
write code to display certain text in the console since 
there is no return value. In addition, there is no way to 
supply the test code with different input values when 
running the code. 
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support of other popular programming languages, like 
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coding questions is also quite restricted. It can only test 
writing of a function. The correctness is verified by 
comparing the return value of calling the function of 
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Therefore, it could not be used for questions that need to 
write code to display certain text in the console since 
there is no return value. In addition, there is no way to 
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Other limitations include there is also no support of 
a question bank, the grouping of students and the setting 
of different training opening time for different groups. 
There is also no support of online discussion among 
students which hinders collaborative learning among 
students. 

The leaderboard only shows the ranking of students 
according to total EXP. There is no weekly or monthly 
ranking.  
 
Future Work 
 

There are many other LMS’s which support certain 
kinds of gamification and auto-marking of MCQ and 
coding questions. For example, Moodle has a 
CodeRunner plugin for auto-marking of coding 
questions. It also has a ranking plug-in to add points to 
activities and show overall ranking, weekly ranking and 
monthly ranking. Moodle also supports a discussion 
forum which allows students to engage in collaborative 
learning. We will be exploring its features in future 
semesters. 
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Abstract 
 

Our college training ship practice course for 
students of maritime technology department in NIT, 
Yuge college is a intensive training carried out 
within a limited time. Therefore, the preparation 
and the review of the ship training are essential in 
order to perform it effectively. In addition, it is also 
important to take advantage of the time, effort and 
cost efficiently. Empirically, to learn quickly the 
name and the arrangement of the ship's equipment, 
machines and devices has been said to be effective 
for the lower grades in the ship training. Therefore, 
during the ship training, students visit the job site in 
small groups, see and touch the real thing, and take a 
note of what they learned. In the past, the 
preparation and the review of the ship training has 
been performed with the paper-based materials. 
However, there are many technical terms and unique 
abbreviations to be used in the maritime field, so it 
takes a lot of time for students to understand.  

Therefore, the authors developed the walk-
through simulator systems (The navigation bridge 
system and the engine room system) of our college 
training ship "Yuge-maru" using the technique of 
the virtual reality as the self-study materials 
experimentally, and we have been utilized it for the 
preparation and the review of the ship training for 
the lower grades. This materials are freely available 
on the Internet, at any time. The advantage of using 
this materials is that the students can learn the 
names and arrangement of onboard equipment at 
anytime, as if it were a game. In addition, this 
materials have many times the amount of 
information compared with the paper-based 
material. These systems are similar to the Google 
view, so if there are accumulation of basic 
photographic image data, it is possible to create even 
with some free software. Furthermore, it is possible 
to recommend it to other colleges as a good teaching 
materials with excellent convenience and high cost 
performance. 
 
Keywords: Ship training, Teaching 
materials, Preparations and review, 
Self-study 

Introduction 
 

There are 51 national colleges of technology in 
Japan and each education system are the same, and are  
for junior high school graduates. In national colleges of 
technology, only 5 national colleges including Yuge 
college have the department of maritime technology.  

In the maritime technology department, the lecture 
period is 4.5 years, and the navigational training period 
with a large size (over 1000 gross tonnage) training ship 
is 1 year in total for the embarkation history. The 
navigational training has been carried out in the split 
training period, one month in the second grade, 5 
months in the fourth grade, and 6 months in the sixth 
grade since 2013 after the transition period. The 
privilege of the maritime technology department is that 
the written examination of the third grade maritime 
officer (Navigation or Marine engine) is exempted 
depending on a specialty. After graduation, the students 
take a physical examination and an oral examination, 
and then, they can get the licence of the third grade 
maritime officer. The capacity of the class in each 
college is 40 persons, and total 200 persons in five 
colleges of maritime technology. The maritime 
technology department of each college has the college 
training ship (size is about 200 tons) for basic training 
as the college training ship practices, though the training 
period is not allowed to write in embarkation history 
because of the size of the ship. 

The National Institute of Technology, Yuge college 
is in a remote island called Yuge island (Kamijima-cho), 
which is in the center of the Seto Inland Sea. Yuge 
island is in the Seto Inland Sea National Park, and it is 
endowed with natural environments. The Yuge college 
has 3 departments, the first is the maritime technology, 
the second is the electronic mechanical engineering, and 
the third is the information science and technology. 
Education and study system are supported by more than 
50 teachers and 15 technical officers. 

Yuge college has a college training ship named 
“Yuge-maru”(240tons). This ship is active in a variety 
of college events as the face of the college, and it is 
used not only for the basic trainings but also as study 
materials. 
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Figure 1 Campus area of Yuge college 

 
 

 
Figure 2 Location of Yuge college 

 
 

 
Figure 3 Training ship “Yuge-maru” of Yuge college 

 
 

Table 1 Main item of the training ship “Yuge maru” 
Licensed coastal waters – No. 4 level vessel

Main dimensions length 40.0m, width 8.0m, 3.3m in depth
Gross tonnage 240 tons

Range about 2,300 nautical miles
Max speed about 13.75 knots
Main engine Daihatsu 6D, M-24 SL diesel engine

Main generator 2 units (187.5 KVA)
Shaft generator (150 KVA)

Capacity 9 crew, 44 students 3 others, total 56  
 

Figure 1 shows the campus area of Yuge college.  
Figure 2 shows the location of Yuge college. 
Figure 3 shows the training ship “Yuge-maru” of 

Yuge college. 
Table 1 shows main item of the training ship “Yuge 

maru” 
One of the characteristic subjects of the maritime 

technology department is the college training ship 
practice. This is an intensive training carried out within 
a limited time. Therefore, the preparation and the review 
of the ship training are essential in order to perform it 
effectively. In addition, it is also important to take 
advantage of the time, effort and cost efficiently. 

The authors developed the self-study teaching 
materials that could be used for the preparation and the 
review, and tried to evaluate its effect. In this paper, the 
authors will report the summary and results. 
 
Development of the self-study teaching materials 
 

The college training ship practice is 1 credit 
intensive course of four days, which is carried out in 
each grade for 5 years. 

Empirically, it is said to be effective for students to 
learn quickly the name and the arrangement of the ship's 
equipment, machines and devices in the lower grades in 
the ship practice. Therefore, during the ship practice, 
students visit the job site in small groups, see and touch 
the real thing, and take a note of what they learned. 

In the past, the preparation and the review of the 
ship training were performed with the paper-based 
materials. However, there are many technical terms and 
unique abbreviations to be used in the maritime field, so 
it takes a lot of time for students to understand them. 
Therefore, the authors experimentally developed the 
walk-through simulator systems (the navigation bridge 
system and the engine room system) of our college 
training ship "Yuge maru", using the technique of the 
virtual reality as the self-study materials. We have been 
utilized it for the preparation and the review of the ship 
training for the lower grades. This walk-through 
simulator system is similar to the Street View feature 
of Google Maps. This system has a lot of information 
and a sense of reality in comparison with the paper-
based material. 

Figure 4 shows sample image of the Google Maps 
Street View. 

We will briefly describe the making process of this 
system below. 
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At first, we created a large number of the composite 
image with pictures which were taken from fixed height 
140cm (height of a person's point of view), at the same 
interval (60cm spacing) on the passage and at regular 
angles. 

To create a composite image, the stitching software 
"Hugin" was used. This software has a function of 
outputting a single panoramic image, when inputting a 
series of overlapping images taken from the same 
position. 
 

 
Figure 4 Sample image of near the training ship 
mooring area of Yuge college (from Google Maps 
Street View) 
 

 
Figure 5 Method of shooting in the camera 

 

 
Figure 6 Camera and gimbal device used for shooting 

 
Table 2 Direction of shooting photos (per viewpoint) 
Elevation angle (degrees) Azimuth angle (degrees)

90 0

60 0，90，180，270

30 0，60，120，180，240，300

0 0，45，90，135，180，225，270，315

-30 0，60，120，180，240，300

-60 0，90，180，270

-90 0  

 
Figure 7 Sample of a panoramic image 

(In the Navigation bridge) 
 

 
Figure 8 Sample of a panoramic image 

(In the Engine room) 
 
      Figure 5 shows the method of shooting in the 
camera. 

Figure 6 shows the camera and the gimbal device 
used for shooting. 

Table 2 shows direction of shooting photos (per 
viewpoint). 

Figure 7 shows the sample of a panoramic image (in 
the navigation bridge). 

Figure 8 shows the sample of a panoramic image (in 
the Engine room). 

Secondary, the composite image was incorporated in 
the display program each of the panoramic image that 
was created at each point. Finally, it was completed by 
writing descriptive matter and displaying necessary 
items on the screen.  

By presenting finished self-study teaching material 
(the engine room walk-through simulator system) as 
examples, the function will be explained easily below. 

Figure 9 shows the white squares displayed on the 
floor that indicate the direction in which the screen 
image can be moved. 

Figure 10 shows the main engine and the displayed 
name（characters of yellow） 
 

 
Figure 9 White square displayed on the floor that 
indicates the direction in which movable 
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Figure 10 The main engine and the displayed name 
(characters of yellow） 
 
 

 
Figure 11 Symbol indicating the current position and 
direction (enter of the screen) 
 
 

Figure 11 shows the symbol indicating the current 
position and direction (center of the screen). 

Pressing the arrow keys on the keyboard, or clicking 
the white square on the floor (as was shown in Figure 9) 
by using the mouse, it is possible to move the location 
on the screen. By dragging the screen using the mouse, 
all of the direction of the engine room can be seen. By 
turning the mouse wheel, it is possible to scale the 
screen. By clicking on the name (yellow characters) 
displayed on the screen, it is possible to read the 
detailed description. 

These self-study teaching materials (the navigation 
bridge system and the engine room system) are freely 
available on the Internet, at anytime. The advantage of 
using these materials is that the students can learn the 
names and arrangement of on board equipment at 
anytime, as if it were a game. In addition, these 
materials have many times the amount of information 
compared with the paper-based material.  
 
Evaluation of these materials 
 

For the evaluation of these materials, a questionnaire 
survey was conducted for the students who had used 
them. The method of the survey will be explained below. 
The survey was carried out for the students of the 
maritime technology department in Yuge college, and 
the target students were 153 students from the first 
grade to the fourth grade. In each class, after carrying 
out the demonstration for about 10 minutes, we asked 
the students to use freely these materials for about 30 
minutes. Then, we conducted the anonymous 
questionnaire survey. 

The questions were as follows: 
 
1) Do you want to use the material in the classroom? 
2) Do you want to use the material in the preparation   

of college training ship practice? 
3) Do you want to use the material to review the 

college training ship practice? 
4) Do you think that the operation of the screen is 

easy? 
5) Do you think that the display of the screen is easy 

to understand? 
6) Do you think that these materials are useful in 

preparation and review of the college training ship 
practice? 

7) Do you think that the detailed descriptions of the 
equipment and devices are easy to understand? 

 
The evaluation was performed in the 1-5 stage, 1: 

Definitely No, 2: Probably No, 3: Undecided, 4: 
Probably Yes, 5: Definitely Yes. 

Results of the survey, for any of the items, included 
many positive responses. 

Figure 12 shows sample of the survey result (the 
average of all students). 

The result of the survey indicated that most of the 
students gave positive answers, especially to Question 2, 
Question 4, and Question 6. On the other hand, looking 
at question 1 in Figure 12, it can be found that the 
positive answer is not so many, compared with other 
questions. From Question 5 and Question 7, it can be 
said that the level of satisfaction with this system is not 
enough. 

According to the survey results, the necessity of 
these materials are not very high for the lesson in the 
classroom compared with the need for the preparation 
and the review. This system is a prototype, not a 
finished product. In reference to these results, we will 
improve the contents of the display method and the 
description of the screen in order to increase the user's 
satisfaction. 

 
 

 

 
Figure 12 Sample of the survey result 

(the average of all students). 
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Conclusion 
 

The authors developed the self-study teaching 
materials called for the walk-through simulator systems. 
These systems are similar to the Street View feature of 
Google Maps, so if there are accumulation of basic 
photographic image data, it is possible to create 
materials even with some free software. Furthermore, it 
is possible to recommend them to other colleges as a 
good teaching materials with excellent convenience and 
high cost performance. 

The results of the questionnaire survey for students 
of the maritime technology department showed that 
these self-study materials were found to be effective in 
the preparation and in the review than the use in lecture 
in the classroom. 
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Abstract 
 

The lack of communication skills has been a 
problem, when students exercise presentations in 
native language class. There is, however, another 
problem which is more serious than that. That is 
students haven’t been given enough preparation and 
practice needed for presentation. They unanimously 
say, "what do I tell?", "how do I tell?" and so on. 
They believe the failure in presentation is due to 
their lack of communication skills.  

Why did they fail? The authors consider it’s 
because they are short of training for improving 
their logical thinking. They need more chances in 
class to exercise and demonstrate their logical 
thinking on their own initiative. Through this 
training, they must be able to learn how to clarify 
the points to be presented and how to present them. 
Teachers should also fully realize this and provide 
students with appropriate training.  

For this reason, the authors propose an active 
learning that is founded on the collaboration of 
science and literature. A physics teacher gives 
students the problems that lead them to understand 
physics fundamentally. They try hard proactively to 
find scientific laws necessary for solving the 
problems. For this, they search for a scientific basis 
and set up a scientific presumption. After this a 
literature teacher lectures them on the techniques of 
presentation.  

The aim of the above training is a proactive 
learning of students. This training method gives 
them self-confidence and challenging spirit.  
 
Keywords: logical thinking, scientific law, 
Interdisciplinary cooperation, active learning, 
presentation  
 
Introduction 
 

It is very important to use the native language 
properly, but unfortunately, Japanese students consider 
the subject of mother tongue language is not so 

important. This trend is particularly noticeable to 
students of science and engineering.  

One of the reasons can be the curriculum of native 
language subject in Japan. The contents of the 
curriculum includes a very wide range of study. For 
example, novels, essays, criticism, poetry, modern 
grammar, modern communication skills, presentation 
techniques, Japanese classic novels, Japanese classic 
essays, Chinese classic novels, Chinese classic essays, 
etc. We, even teachers, are also surprised with this 
variety.  

Some students ask, "What is the core point of 
national language class?" The author’s answer to this 
question is, “The core point of Japanese language class 
is the training of logical thinking." 

Then how do we train the logical thinking of the 
students? Only one Japanese language teacher can do 
nothing. In other words, it is difficult to achieve the goal
of "the development of logical thinking ability” only 
with the traditional Japanese language curriculum. 
Japanese Language teachers must have the courage to 
cooperate with physics teachers and establish the new 
contents of education. 
 
Information about the subject students of 
the research 
  
 The subjects of this research were 160 second graders 

of National Institute of Technology, Tsuruoka College, 
in the current school year. They took the native 
language class of Kada (abbreviated as K hereafter), one 
of the authors, last year. Even while teaching them 
novels and critics, K continued to emphasize the 
importance of logical thinking ability in class. The main 
teaching methods practiced by K in class are as below.  

 
1. instructed to make good use of their scientific ways 
of thinking and knowledge such as mathematical 
formulas in order to foster the logical thinking ability 
2. instructed to strictly eliminate the ambiguity of the 
wording in order to clarify the matters to be conveyed  
3. emphasized the importance of "writing", by 
thoroughly making them write down the knowledge 

2106



366

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education

13-16 September 2016, ISATE Sendai      
 

obtained orally on their notebooks. K preached that 
memory is enhanced and fixed by "writing". 
4. pointed out the points which are possible to be 
improved in each presentation individually when they 
announced the results of their group discussion. In 
addition, K had the whole class share his feedback 
immediately.  
5. taught the same instruction contents repeatedly in 
order to fix new knowledge into the students. 
Unfortunately students forget newly obtained 
knowledge. The expression "forget" may not be correct. 
In fact, they often do not memorize it in the first place.  
 

Last year the first graders investigated on things of 
their interest and produced posters using the Power 
Point in class. In order to introduce the subject of their 
interest to others in the form of posters, only the 
knowledge how to use the software is not enough.  

They themselves are required to well-organize and   
understand precisely the appeals of the subject. When 
they reviewed the others’ posters mutually, many 
students noticed that they hadn’t understood their own 
subjects precisely and that it was due to their lack of 
“logical thinking ability” necessary for organizing their 
thoughts 

The students have begun to check up the ambiguity of 
their expressions. In their poster production, they gave a 
thought to what kind of layout was the most effective.  

Then they remembered K’s instruction. It was the one   
that K had always carried out for "upbringing of the 
logical thinking" They came up with the idea to apply it 
to the training. 

The followings are some of the remarks that K had 
the whole class take notice of after picking up their 
voices. 

 
1. to take advantage of scientific way of thinking in 
order to communicate accurately with the other party 
2. to try to facilitate understanding of the other party by 
showing a specific examples  
3. At that time, to exhibit effective charts.  
4. to keep always in mind the importance of the entire 
layout of a poster  
5. to eliminate the ambiguity in word meanings as much 
as possible and to express clearly in order to get an 
accurate understanding of the other party  
6. to make effective use of the comments on the poster 
given in the group discussions, and the like 
 

As described above, the subject students have 
fostered the thought to put great importance on "logical 
thinking ability". The authors carried out the new 
instruction method with them for the purpose of 
"upbringing of the logical thinking ability" developed 
by the collaboration of physicists and literary educators.  

 
 
The background of the research 
 

Last year, Niwa (abbreviated as N hereafter), one of 
the authors, was in charge of the physical class for the 

first grade of National Institute of Technology, 
Hachinohe College. N devised and practiced "an 
instruction method in which the students can acquire the 
attitude of considering things actively". 

N’s aim in the method was that the students make use 
of scientific ideas in engineering study based on the 
understanding of the difference between science and 
engineering. 

The target of science would be "to study the nature to 
the limits and to awake unexploited universal laws in 
there". On the other hand, the target of engineering 
would be "to contribute to human beings’ happy and 
wealthy lives". Science does not contribute directly to 
human’s happiness. However, it does not mean that 
science is inferior to engineering, because science 
teaches scientific process when judging things.  

When students must solve a problem, they must 
observe the problem. Based on the observation, they 
assume a procedure for solution and predict an answer 
in accordance with the procedure. It is a too simple 
process. However, they feel it’s fresh.  

For example, they are supposed to have made full use 
of the power of logical thinking" for the examinations of 
"physics" and "mathematics, but many of them prepare 
by just memorizing the whole model answers taught in 
class. Students are bound too tight by utilitarian view. 
They strongly tend to pursue the things that they feel 
useful for the moment, such as memorization for high 
scores in exams. If the students of science and 
engineering are left in the intellectual negligence, their 
future as engineers would be hopeless.  

N had a strong sense of crisis about the future of the 
students who show a learning attitude like the above. N 
wished strongly "the students take advantage of the 
scientific idea for the study of engineering based on the 
understanding of the difference between the science and 
engineering" To execute this teaching philosophy N has 
developed a new teaching methods of "physics" stated 
below. 
  
1. To give "questions" arousing the students' intellectual 
curiosity 
2. "Questions" must be solved by the students’ active 
learning.  
3. Therefore to require the students to do a group work  
4. Students must devise the ways to solve the questions 
for themselves and at this stage teachers do not 
intervene as much as possible. 
5. When students devise a solution, they must 
incorporate scientific ideas. 
6. The students must perform a group work in the 
following order. Observation, assumptions according to 
it, the design   of solutions, the submission of the 
conclusion with the reasoning. 
7. Each student writes down the conclusion on the 
"learning sheet" and submit it to their teacher.  
 
The instruction of N is committed with his 

policy: "not to intervene in the students as much 
as possible". Teachers are required the patience 
strong enough to wait for the students’ initiative 
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The instruction of N is committed with his 

policy: "not to intervene in the students as much 
as possible". Teachers are required the patience 
strong enough to wait for the students’ initiative 

      
 

actions. If the teachers lose their patience, the 
students cannot shake off their utilitarian ideas, 
and may lose opportunities to mature into 
creative human beings. This is the challenging 
step for teachers, against the temptations like "I 
want to give them more instructions. I want 
them to grow quickly”. 

As a result, the students responded to N’s 
practices positively. They said unanimously, "I 
got to like the physics." Many students in senior 
grades, who could not take N’s class also said, "I 
heard about the content of this year’s physics 
class from the first graders. I wanted to take the 
class like that when I was in the first grade.” 
The students are aroused their intellectual 
curiosity, and discovered the joy of learning 
physics voluntarily. It can be said that "the 
students have taken the first step to the creative 
engineers". The above is the background of the 
authors’ motivation for this research. 

Let us put an additional remark here. We 
have to introduce Dr. Michiyoshi Nakamura. He 
approves of N’s instruction method and adopts it 
in his own class. Thanks to Dr. Nakamura’s 
understanding and help N was able to put his 
new instruction method into practice. An 
understanding person like Dr. Nakamura is 
absolutely necessary to carry out a new trial like 
this one.   
 
The research methods by the authors 
 
The teaching method conducted in N’s "physics" class 

could be applied to the class of "national language" by 
K.  

The authors examined fusing the teaching method of 
"physics" into the one of "national language".  

It is expected that the educational cooperation by 
physicists and literary persons should become important 
in the schools for science and technology in future. 
Therefore, one method was conceived. It is giving the 
letter of "question" from N to the students of K’s school. 
The details of the teaching method is described below.  
 
1. The letter with a "question" from N was distributed to 
the students. This letter was introduced as "a letter from 
the physicist X". This experiment is planned to be 
conducted two to three times a year. This year it was 
carried out once in mid-July. Since this is the first year, 
we are working on it carefully, and one more is 
scheduled this year. 
2. The content of the "question" is related with the daily 
life of the students, so as to draw their interests. The 
"question" carried out in May this year is "How many 
people are snoozing in your school at this moment?" 
The "question" was created by N with a lot of ingenuity 
so as to draw a strong interest of the students. The 
following is the two example "questions" by N.  
 

①"Please measure the gravitational acceleration of the 
earth."  
②"Please measure the size of the Tokyo Dome by using 
only your body." 
 

These "questions" may seem strange at first glance, 
but on second thought, you would notice that the 
gimmick to awaken the scientific idea is applied. To 
make such a gimmick is difficult to outsider. K has 
suffered very much from creating good "questions" in 
order to foster the logical thinking ability in the national 
language class. It is sure that the collaboration with 
physicists who can make appropriate "questions" will 
enrich the literature education for science and 
engineering students.  
3. A "question" is solved by students’ active learning.  
4. For this reason, students are required to work in 
group. The number of group members is decided 4. 
When they announce the result of their group discussion, 
K indicated   points to be improved in line with the each 
presentation content. This instruction method is familiar 
for them. The instruction method with this collaboration 
would be more effective if students have the 
experiences such as group discussions. 
5. It is important that the resolution of a "question" must 
be devised by students. At this stage, teachers are 
supposed not to intervene as much as possible  
6. When students devise a solution, they must 
incorporate scientific ideas.  
7. Students must perform a group work in the following 
order. Observation, assumptions depending on it, the 
design of a solution, the submission of a conclusion 
with the reasoning for that.  
8. Students write down the conclusion in a "learning 
sheet". Then K sends them to N. The questions written 
in "learning sheet" is as follows.  
 
1) "What would the work by the engineer who hasn’t 
learned science be like?" 
2) "What kind of ideas do you need in order to answer 
the questions by the physicist X?" 
3) "Do the ideas that you described in the previous 
question have any scientific ingenuity? Please explain". 
4) "Please answer the question by the physicist X 
properly.”  
5) "What have you learned from this question? Please 
explain"  
 

Evaluation method for this assignment are as follows. 
 

A: It meets the conditions of B, and also has the 
originality. 
B: It meets the conditions of C, and the answers for   
question 4 and Question 5 are described in detail 
without any excess and deficiency. 
C: The answers obtained in the group discussion are 
properly described. 
D: resubmit 
 
9. Near the end of the school year, a special lecture to 
the students by the physicist X is scheduled. 
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The above are the research methods by the authors. 
 
The practice results and discussion of the 
authors 
 

This educational practice was carried out by K with 
160 students who were in second grade at National 
Institute of Technology, Tsuruoka College last May. 
The "learning sheets" were submitted by all the students. 
Evaluation results of the "learning sheets" is as follows. 
The 160 students are divided into the four classes: 
Department of Mechanical Engineering, Department of 
Electrical and Electronic Engineering, Department of 
Control and Information Systems Engineering, 
Department of Chemical and Biological Engineering.  
 
Table I  Evaluation results of 2nd year students. 

Ａ Ｂ Ｃ Ｄ

 
Unit: number of people 

 
This result was much better than the assumption of 

the authors. It was unexpected that 120 students, two 
thirds of the whole, got grade A. Or this evaluation 
might be too generous to students. But considering that 
the students are boys and girls from 16 to 17 years old, 
it cannot be too optimistic. Japanese boys and girls 
nowadays have had a hectic school life and they are not 
in the environment that they can focus only on the issue 
of one subject. Extra-curricular activities, a wide range 
of learning, socializing on the Internet.  

During this decade, the learning environment 
surrounding them have changed dramatically. In the 
environment that looks harsh for such young people, the 
students made the maximum effort to work on the 
"letter from the physicist X". They have realized that 
"science" gives the ways of thinking necessary for the 
"engineering". Here are some of their quotes.  
≪Scientific thinking. I learned this. Relying on 

intuition, or answering by fortune-telling, I don’t think I 
should be in such a manner.  

①What kind of thinking procedure should I follow in 
order to solve a problem? (Logical?) 

②Is my procedure incoherent or not? (Systematic?)  
 
③Is my answer based on the fact or not? 

(Empirical?) After having considered these, I want to 
set up an equation. I was able to learn this kind of 
scientific thinking by this assignment. ≫ 
≪By learning the scientific way of thinking, I 

realized the importance of setting up a hypothesis while 
thinking. Also I found the way to think about things by 
substituting X and Y. Variations of my thinking has 
spread. These are the things I learned from this 
assignment.≫ 

≪If you do not learn science, you will not be able to 
understand the operation principle of what was made 
with the technology so far. You would not be able to 
understand the advantages and disadvantages of 
inventions. While trying to improve things, deteriorating 
may be caused instead. Therefore, if people do not learn 
science, technology will be lost and both technology 
and society will slide into decline.≫ 
≪Just how important things I've overlooked so far, 

and why didn’t I try to reconsider such a way of life, It 
was an eye-opener to make me realize how stupid I had 
been.≫ 
≪In trying to answer the question this time, at first, I 

had easily thought that just thinking scientifically is 
enough and easy. However, it has been difficult for me 
to put "the estimates" and "the reasoning of the 
estimates" into words. In order to learn engineering, it is 
important to have a lot of knowledge and experiences, 
such as science and wording. I learned this by this 
exercise.≫ 
≪Expecting that the answer would be such and such 

and explaining about its possibility are just not enough. 
We must verify the possibility carefully. We must 
analyze in detail. We learned that this way of thinking 
leads to a clear result.≫ 

The quotes would be sufficient. The comments by the 
other students were almost the same as the above. This   
fact backs up that "the educational practice to develop 
logical thinking ability of students" have almost 
succeeded.  
 
The conclusions and recommendations 
 
   As mentioned above, the authors began the 
collaboration between different fields in engineering 
education. As the comments by the students listed in the 
previous section, "in order to learn the engineering, it is 
important to have a lot of knowledge and experiences, 
such as science and language."  

Therefore teachers should try actively the fusion of 
teaching methods of the two. In order to build students’ 
bright future, active learning must be carried out for 
themselves in a variety of subjects and in various 
occasions, The active learning practice by the authors 
can be a dynamic training across the various fields in 
the future.  

The collaboration of the "Health and Physical 
Education" and the "mother tongue". Collaboration of 
the "mathematics" and "mother tongue". Collaboration 
of the "foreign language" and "mother tongue".  There 
are a number of collaboration styles that the authors 
came up with immediately. More knowledge and wide-
ranging experiences will arouse students’ motivation 
and intellectual curiosity. 

The students who could have the intellectual curiosity 
look at the world around them. In the world opened in 
front of their eyes, their future exists. In such world, the 
students must be required to observe things in order to 
better communicate with others and to have logical 
thinking ability for mutual understanding on their jobs.  



369

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education

13-16 September 2016, ISATE Sendai      
 

The above are the research methods by the authors. 
 
The practice results and discussion of the 
authors 
 

This educational practice was carried out by K with 
160 students who were in second grade at National 
Institute of Technology, Tsuruoka College last May. 
The "learning sheets" were submitted by all the students. 
Evaluation results of the "learning sheets" is as follows. 
The 160 students are divided into the four classes: 
Department of Mechanical Engineering, Department of 
Electrical and Electronic Engineering, Department of 
Control and Information Systems Engineering, 
Department of Chemical and Biological Engineering.  
 
Table I  Evaluation results of 2nd year students. 

Ａ Ｂ Ｃ Ｄ

 
Unit: number of people 

 
This result was much better than the assumption of 

the authors. It was unexpected that 120 students, two 
thirds of the whole, got grade A. Or this evaluation 
might be too generous to students. But considering that 
the students are boys and girls from 16 to 17 years old, 
it cannot be too optimistic. Japanese boys and girls 
nowadays have had a hectic school life and they are not 
in the environment that they can focus only on the issue 
of one subject. Extra-curricular activities, a wide range 
of learning, socializing on the Internet.  

During this decade, the learning environment 
surrounding them have changed dramatically. In the 
environment that looks harsh for such young people, the 
students made the maximum effort to work on the 
"letter from the physicist X". They have realized that 
"science" gives the ways of thinking necessary for the 
"engineering". Here are some of their quotes.  
≪Scientific thinking. I learned this. Relying on 

intuition, or answering by fortune-telling, I don’t think I 
should be in such a manner.  
①What kind of thinking procedure should I follow in 

order to solve a problem? (Logical?) 
②Is my procedure incoherent or not? (Systematic?)  
 
③Is my answer based on the fact or not? 

(Empirical?) After having considered these, I want to 
set up an equation. I was able to learn this kind of 
scientific thinking by this assignment. ≫ 

≪By learning the scientific way of thinking, I 
realized the importance of setting up a hypothesis while 
thinking. Also I found the way to think about things by 
substituting X and Y. Variations of my thinking has 
spread. These are the things I learned from this 
assignment.≫ 

≪If you do not learn science, you will not be able to 
understand the operation principle of what was made 
with the technology so far. You would not be able to 
understand the advantages and disadvantages of 
inventions. While trying to improve things, deteriorating 
may be caused instead. Therefore, if people do not learn 
science, technology will be lost and both technology 
and society will slide into decline.≫ 
≪Just how important things I've overlooked so far, 

and why didn’t I try to reconsider such a way of life, It 
was an eye-opener to make me realize how stupid I had 
been.≫ 
≪In trying to answer the question this time, at first, I 

had easily thought that just thinking scientifically is 
enough and easy. However, it has been difficult for me 
to put "the estimates" and "the reasoning of the 
estimates" into words. In order to learn engineering, it is 
important to have a lot of knowledge and experiences, 
such as science and wording. I learned this by this 
exercise.≫ 
≪Expecting that the answer would be such and such 

and explaining about its possibility are just not enough. 
We must verify the possibility carefully. We must 
analyze in detail. We learned that this way of thinking 
leads to a clear result.≫ 

The quotes would be sufficient. The comments by the 
other students were almost the same as the above. This   
fact backs up that "the educational practice to develop 
logical thinking ability of students" have almost 
succeeded.  
 
The conclusions and recommendations 
 
   As mentioned above, the authors began the 
collaboration between different fields in engineering 
education. As the comments by the students listed in the 
previous section, "in order to learn the engineering, it is 
important to have a lot of knowledge and experiences, 
such as science and language."  

Therefore teachers should try actively the fusion of 
teaching methods of the two. In order to build students’ 
bright future, active learning must be carried out for 
themselves in a variety of subjects and in various 
occasions, The active learning practice by the authors 
can be a dynamic training across the various fields in 
the future.  

The collaboration of the "Health and Physical 
Education" and the "mother tongue". Collaboration of 
the "mathematics" and "mother tongue". Collaboration 
of the "foreign language" and "mother tongue".  There 
are a number of collaboration styles that the authors 
came up with immediately. More knowledge and wide-
ranging experiences will arouse students’ motivation 
and intellectual curiosity. 

The students who could have the intellectual curiosity 
look at the world around them. In the world opened in 
front of their eyes, their future exists. In such world, the 
students must be required to observe things in order to 
better communicate with others and to have logical 
thinking ability for mutual understanding on their jobs.  

      
 

And in order to foster their logical thinking ability, it 
is essential to improve the content of national language 
class. If language teachers and physical faculty 
collaborate, great effect can be expected in the 
development of logical thinking ability of students. 
Therefore the authors suggest the following proposal. 
"Let's start the educational collaboration of different 
fields with us!" 
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Abstract 
 
      There is increasing research that the Flipped 
Classroom approach can create effective and 
engaging learning experiences in introductory level 
technological skills classrooms (Davies et. al, 2013), 
and in the same post-secondary institution (Teoh & 
Wan, 2014; Chong et. al, 2015).  Motivated by these 
positive outcomes, a study was conducted to 
determine the effectiveness of the Flipped Classroom 
approach piloted for two classes in a programming 
module for Engineering Diplomas. This paper 
summarizes the instructional design approach, 
which determined the choice of methods and 
technology tools used, and examining its 
effectiveness during pre-class and in-class activities. 
A particular focus was on enhancing student 
motivation, which required the adoption of selected 
theories of human motivation as basis for developing 
instructional strategies (e.g., methods, activities, 
resources) This involved the chunking of lesson 
segments to help students manage cognitive load of 
programming concepts, ongoing formative 
assessment through quizzes, integrated at critical 
points to check students’ understanding of key 
concepts and clarify misconceptions. Also of 
importance was the creation of a psychological 
climate in which students could feel confidence to 
ask questions and engage in critical thinking on the 
key areas of the subject content. A post-
implementation survey was conducted to determine 
student satisfaction of the approach, and how the 
formative assessment methods have facilitated 
learning.  The results of a summative assessment (lab 
test) conducted at the end of this approach, was also 
examined for students in these classes, as compared 
to students from other classes who were not exposed 
to this approach.  Findings showed students being 
positively motivated towards this approach of 
learning and being more engaged in the learning 
activities. They spent more time learning prior to the 
face-to-face classes, as they could be better prepared 
for deeper learning in-class.  The majority also 
found the different formative assessment methods to 
be an effective means for facilitating their 
learning.  The median scores of the lab test for the 
two pilot classes were also higher than that of the 
cohort. The findings support the conclusion that the 
Flipped Classroom approach is able to effectively 

engage learners in this programming module that 
traditionally employed a traditional face-to-face 
approach. 
 
Keywords: flipped classroom, motivation, 
instructional design, formative assessment, engineering 
education, education technology 
 
Introduction 
 

Educational Technology has always been an integral 
part of the first year Structured Programming module 
that is taught as a common core module to students of 5 
diplomas in the School of Electrical and Electronics 
Engineering (EEE) at Singapore Polytechnic (SP).  One 
of the learning outcomes for this module is to develop 
technology savviness in EEE students so that they 
would apply technological skills both towards their 
different disciplines (applying programming knowledge 
and skills) and for learning (engaging in and 
augmenting educational technologies to deepen their 
knowledge and skills). 

Motivated by the findings from the meta analysis of 
online research by the U.S. Department of education, 
that reported that students in blended learning 
approaches performed the best when compared against 
fully online and face-to-face approaches (Means, 
Toyama, Murphy, Bakia, & Jones, 2010), I decided to 
extend the educational technologies for this module 
beyond the classroom using the Flipped Classroom 
approach – to activate pre-class learning, to deepen in-
class learning, interactions and engagement, and to 
examine the student learning experiences and 
achievement in this pilot. 

This Flipped Classroom pilot for Structured 
programming was initiated on the belief, purported by 
Dziuban, Hartman, & Moskal (2004) and Garrison & 
Vaughan (2008), that the blended learning environment, 
would offer 'the best of both worlds' – the accessibility 
and convenience of the online setting to develop 
knowledge and skills prior to face-to-face class, as well 
as, engaged learning and interactions with lecturer and 
peers in class. 

Next, I launched an exploration of the Flipped 
Classroom approach used by educators of similar 
contexts, to examine the learning design and measures 
of effectiveness. Positive outcomes of the Flipped 
Classroom approach were recorded by Davies, Dean & 
Ball (2013), in their introductory level technological 
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Introduction 
 

Educational Technology has always been an integral 
part of the first year Structured Programming module 
that is taught as a common core module to students of 5 
diplomas in the School of Electrical and Electronics 
Engineering (EEE) at Singapore Polytechnic (SP).  One 
of the learning outcomes for this module is to develop 
technology savviness in EEE students so that they 
would apply technological skills both towards their 
different disciplines (applying programming knowledge 
and skills) and for learning (engaging in and 
augmenting educational technologies to deepen their 
knowledge and skills). 

Motivated by the findings from the meta analysis of 
online research by the U.S. Department of education, 
that reported that students in blended learning 
approaches performed the best when compared against 
fully online and face-to-face approaches (Means, 
Toyama, Murphy, Bakia, & Jones, 2010), I decided to 
extend the educational technologies for this module 
beyond the classroom using the Flipped Classroom 
approach – to activate pre-class learning, to deepen in-
class learning, interactions and engagement, and to 
examine the student learning experiences and 
achievement in this pilot. 

This Flipped Classroom pilot for Structured 
programming was initiated on the belief, purported by 
Dziuban, Hartman, & Moskal (2004) and Garrison & 
Vaughan (2008), that the blended learning environment, 
would offer 'the best of both worlds' – the accessibility 
and convenience of the online setting to develop 
knowledge and skills prior to face-to-face class, as well 
as, engaged learning and interactions with lecturer and 
peers in class. 

Next, I launched an exploration of the Flipped 
Classroom approach used by educators of similar 
contexts, to examine the learning design and measures 
of effectiveness. Positive outcomes of the Flipped 
Classroom approach were recorded by Davies, Dean & 
Ball (2013), in their introductory level technological 

  
 

skills classrooms, and Teoh & Wan (2014), in the same 
polytechnic.  I was encouraged by their findings that the 
Flipped Classroom approach generated positive learning 
experiences and enhanced student achievement in their 
modules.  

In a call for research into the motivation and 
cognitive load experienced by students in the Flipped 
Classroom approach, Abeysekera & Dawson (2015) 
highlighted student motivation issues in flipped 
classroom approaches as troubling, and emphasised that 
''the success of in-class activities'' anchored on ''the 
likelihood of students completing their pre-class 
assigned work'', and that motivation issues in the 
Flipped Classroom approach tended to be ''perenial 
problems of student preparation''.  

The key research questions of this pilot are: 
(1) What kind of instructional design would 

address student motivational issues, such as 
student preparation, in a Flipped Classroom 
approach? More specifically, could motivations 
frameworks such as the SP 4EC other 
established models help guide the instructional 
design to ensure effective and engaging 
learning? 

(2) which educational technology tools and 
platforms could be applied to effectively 
engage learning and enhance achievement 
opportunities in the Flipped Classroom 
approach? 

Bearing the caution of "perennial problems of 
student preparation" in mind and to address the 
motivational elements in my Structured Programme 
Flipped Learning pilot, especially to encourage students 
to prepare themselves better before class and be 
engaged in active learning in-class, I adopted the 
Singapore Polytechnic (SP) 4EC Framework for the 
Design of Learntech Experiences and integrated the 
Keller's ARCS motivational elements (Keller, 2010) to 
carefully design the learning pre-class and in-class so as 
to enhance success of my pilot.  This paper describes 
the design considerations and rationale for the choice of 
different educational technology tools used in this pilot, 
in the hope of sharing my learning and reflections with 
others who are exploring similar design consideration, 
features or tools, so as to short-cut their exploration and 
experimentation process. 

 
Methods & Pedagogy   
 

SP 4EC Framework for the Design of Learntech 
Experiences to motivate learning 

 
As a member of the team drafting a framework for 

the design of effective and engaging learning 
experiences using educational technology for the 
polytechnic in 2014, we had examined  
- intrinsic and extrinsic barriers to the use of ICT for 

learning 
- various motivational elements that would  

-   develop the inspired learner who would take 
ownership of their learning with suitable use 
of ICT tools; and 

-   harness the power of ICT to enhance 
student’s learning experiences so that they 
learn better, perform better, and therefore can 
execute their tasks well. 

Eventually, the SP 4EC Framework for the Design 
of Learntech Experiences evolved as follows: 

 

 
In effect, the SP 4EC Framework is very much a 

model for motivating and engaging learners. This is 
aligned to the philosophy of the student-centred Flipped 
Classroom approach, and the framework could 
potentially address intrinsic and extrinsic student 
motivation issues in my pilot by  
- exciting them in active learning and getting them 

interested to learn prior to class;  
- engaging them in the pre-class content and in-class 

learning activities;  
- empowering them to be independent and self-

directed learners in being prepared for class and 
completing any pre-class assigned work;  

- evaluating if the pre-class learning was effective, if 
students have learnt, and if the learning objectives 
were achieved; 

- connecting with learners and engaging them in 
collaborative learning experiences.  

 
Keller's ARCS motivational model 

 
I also examined Keller's ARCS motivational model 

for effective learning and performance in my 
instructional design for this pilot.  It was essential to  

 gain my students' attention through arousing 
their curiosity in the topics and video content, 
and learning activities; 

 help them establish the relevance of the 
programming topics by demonstrating the 
value of learning these topics and the contexts 
in which they could apply what they have 
learnt through pre-class online resources and 
in-class activities; 

 help students gain confidence by designing 
and engaging them in learning resources and 
activities and guide them to evaluate for 
themselves the likelihood of their success, 
providing feedback and allowing them control 
over their learning and assessment; 

 ensuring student satisfaction in learning the 
topics through achievements, rewards, and 
making them see the benefits of learning the 
topics. 
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With the 4EC framework and ARCS model as 
guides, the pre-class and in-class learning activities and 
resources were designed and educational technology 
and web platforms and tools were explored; and those 
selected (e.g. Edpuzzle, recorded video, quizzes on 
LMS Blackboard, Kahoot) were ones that were effective 
in augmenting the affordances of the educational 
technology tools to activate the motivational elements in 
the 4EC framework and ARCS, encourage students to 
be prepared before class, participate actively in class, 
and most importantly achieve the learning objectives for 
the topics in my pilot. 

 
Implementation 

 
The pilot was implemented in the first year 

Structured Programming module for two classes.  The 
Flipped Classroom approach was applied to two large 
chapters in this module, covering a total of 5 weeks, and 
7 sessions for each class.  While the Flipped Classroom 
approach could be applied to topics of different nature, 
including fundamental and basic concepts where 
learning was straight forward and could be simply 
undertaken by students on their own, I chose two 
chapters, Chapter 6-Functions and Chapter 7-Arrays & 
Strings, that were a little more complex for these Year 1 
students who could be new to the Programming 
language.  This was because I believe the Flipped 
Classroom pilot, if well designed, could potentially 
scaffold students learning in more advanced concepts 
and create more opportunities for higher-level thinking, 
application and practice in class. 

Prior to the trial, the pedagogical issues faced in this 
module included students' weak understanding of 
concepts, the lack of time in-class for application and 
practice, and students' poor motivation to apply and 
practice after class.  These issues were no different from 
those in language classes since studying programming is 
like learning languages. Learners would need lots of 
practice and opportunities to apply the language in 
different contexts, as well as having others to practice 
with - preferably good language speakers to "converse" 
with, to guide and to refine.  In my non-flipped-
classroom, teaching and clarification of concepts would 
precede practice, and whilst I was around to facilitate, 
coach and guide, there was usually very little time for 
students to practice during class. As a result, more 
advanced and complex concepts were sometimes not 
discussed in class due to a lack of time or level of 
understanding on students’ part. In the flipped 
classroom pilot, students learnt concepts on their own 
prior to class, and thus, there was more space for 
clarification of concepts, application and practice in 
class.  There was even time to guide students in solving 
complex problems that were previously absent from my 
lesson delivery due to lack of time.   

The instructional design considerations which 
guided the implementation methodology were as 
follows: 

(1) Pre-class learning and preparation  
Gaining and sustaining the interest and attention of 

students for the first two advanced chapters they 
encounter and have to learn independently prior to face-

to-face class was a critical success factor of my pilot.  
Having led and taught this module for 8 years, I had an 
estimate of the first year students' attention span and the 
time they would need to grasp the concepts in these 
chapters.  Each chapter was first chunked into key 
concepts and each concept further broken down to sub-
concepts.  This is to heighten the engagement of the 
students as they viewed these videos. A video was 
created for each sub-concept, and the length of video 
would correspond with the average attention span of my 
students, which was about 5min per video.  A total of 49 
self-recorded videos were made in the recording studio 
for the two chapters. 

For each concept, the video series would precede 
with short segments to excite the students about the 
possibilities for the programming concepts they would 
be learning and the real-world applications for the 
concepts in Functions and Array & Strings. This would 
also help to pitch to students the relevance of learning 
these concepts.  

Videos were uploaded to EdPuzzle, a platform with 
annotation features, and I would embed multiple-choice 
and reflection questions throughout the video to keep 
the students engaged with the content of the video, 
evaluate their learning and help build their confidence 
as they learn the concepts on their own, without the 
lecturer's direct instruction. Questions served as further 
chunking of learning of sub-concepts. The use of 
multiple-choice and reflective questions were used to 
check conceptual understanding and encourage thinking 
to provide prior practice before more the more complex 
applications carried out during class.  The engagement 
and preliminary practices were aimed to empower the 
students (ability to apply in simple applications even 
without lecturer guidance) and create some level of 
satisfaction for the students with regards to learning on 
their own. 

The EdPuzzle platform also allowed videos to be 
replayed anytime anywhere, and multiple attempts (thus 
practice) at the recall and simple application questions, 
and tracked the viewership, time spent at different 
portions of the videos and attempts on the questions.  
Thus, I was able to use the data and analytics for more 
effective delivery and engagement during the face-to-
face class. 

The distribution of the videos on EdPuzzle was 
organized as follows: 

(Chapter 6-Functions; Chapter 7-Array & Strings) 
Session 1 in Week 1 – 13 video clips from Chap 6 
Session 2 in Week 1 – 9 videos clips from Chap 6 
Session 3 in Week 2 – 6 video clips from Chap 6 
Session 4 in Week 3 – 7 video clips from Chap 7 
Session 5 in Week 4 – 5 video clips from Chap 7 
Session 6 of Week 4 – 3 video clips from Chap 7 
Session 7 of Week 5 – 6 video clips from Chap 7 
 
(2) In-class active learning, application and practice  
Prior to each face-to-face class, I would access the 

data and analytics in EdPuzzle to determine the 
viewership and achievement of my students in the 
multiple-choice and reflection questions. The items I 
focused on include: 
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students (ability to apply in simple applications even 
without lecturer guidance) and create some level of 
satisfaction for the students with regards to learning on 
their own. 

The EdPuzzle platform also allowed videos to be 
replayed anytime anywhere, and multiple attempts (thus 
practice) at the recall and simple application questions, 
and tracked the viewership, time spent at different 
portions of the videos and attempts on the questions.  
Thus, I was able to use the data and analytics for more 
effective delivery and engagement during the face-to-
face class. 

The distribution of the videos on EdPuzzle was 
organized as follows: 
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Session 1 in Week 1 – 13 video clips from Chap 6 
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(2) In-class active learning, application and practice  
Prior to each face-to-face class, I would access the 

data and analytics in EdPuzzle to determine the 
viewership and achievement of my students in the 
multiple-choice and reflection questions. The items I 
focused on include: 

  
 

 the average number of wrong answers for each 
video, and questions where students 
consistently pick wrong distractors (which 
indicates possible misconceptions or simple 
poor question design),  

 segments of videos where students viewed 
more than once, and 

 most importantly, videos that have not been 
viewed by students at all. 

 
With this background, I was able to shortlist sub-

concepts that required recap.  At the start of each lesson, 
a Kahoot quiz would be run. Kahoot offered 
gamification of learning which would excite and gain 
the attention of my students. There is music, timer for 
each question and a leaderboard in Kahoot which would 
provide a list of top achievers at each lesson. The top 3 
achievers would be given a small prize. The winners on 
the leaderboard would be tracked over the 7 sessions 
and there was a prize for overall best performance at the 
final class.   

This Kahoot activity at the start of each lesson 
served many purposes: mainly to validate the 
observations I collected from the EdPuzzle analytics on 
areas of misconceptions and those needing recap or 
deepening, as well as to engage students in active 
participation, and to create another level of 
opportunities for students to evaluate their learning and 
receive feedback, and to activate learning for those who 
could learn through the quiz questions (Assessment as 
Learning).  This would build the confidence of students 
who were prepared and those who were not, prior to the 
recap, application and practice, and ensure the 
satisfaction of students through intrinsic reinforcement 
and extrinsic rewards.  The Kahoot quiz created a lot of 
excitement and interest amongst the students from the 
first lesson, and in subsequent lessons there were 
different students who ascended the leaderboard.  The 
unique feature of the Kahoot leaderboard was that there 
could be different leaders with every question creating 
opportunities for students to do catch up on subsequent 
concepts, or even subsequent lessons since I was giving 
away prizes for overall top 3 performers.   For one of 
the two classes, there was no repeat winners, for another 
class, only two students were winners in two out of the 
six sessions. This showed that students who were 
weaker in concepts learned in previous classes were 
motivated enough to learn, prepare and catch up in 
subsequent lessons. 

Following the quiz, the "teaching" would start with 
recap of areas where (1) students had watched video 
segments more than once and (2) there were still 
misconceptions and questions that showed in the video 
questions.  This would be succeeded by a teaching 
segment of the same concepts at a deeper and 
application level, and time for practice as a big group 
before individual practice, with lecturer's guidance and 
coaching.  Compared to previous semesters where I had 
not "flipped" the learning, I found that students used 
less time to carry out the individual application and 
practices. There was also less instances of 
individualized coaching, signaling that students felt 
empowered to attempt the practices on their own.  The 

independent learning mindset that was inculcated pre-
class was carried into the classroom as well. I had also 
designed a few scenarios that were more complex for 
each concept.  Generally there was time in these lessons 
to go through the scenarios, compared to previous 
semesters where we worked on the standard tutorial 
worksheets.  While guidance was needed for these 
complex scenarios and some of the problem-solving 
was conducted as a class, students generally were 
engaged and felt challenged to solve the problems 
together.  This was a pleasant observation, as in 
previous semesters, once lessons touched on more 
advanced topics like Functions and Strings & Arrays, 
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(4) Post-class evaluation 
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Results and Discussion 
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Student Feedback 
      A survey was conducted for each class at the end of 
Flipped Classroom Pilot.  39 students from both classes 
were surveyed (Class A 17 students and Class B 22 
students).  A total of 34 participated in the survey.  The 
response rate was 88.2% and 86.4% for Classes A and B 
respectively. The overall response rate was 87.2%.  
Students responded to a 15-item survey, of which 10 
were opinion items on a 5-point Likert Scale (Strongly 
Agree to Strongly Disagree), four items set out to 
determine efforts spent on learning and preferences, and 
the last was a free response item that collected 
comments and feedback on the Flipped Classroom 
approach.  The findings are discussed as follows: 
 
      To explore if student preparation was a major issue 

in my Flipped Classroom pilot, these survey items 
were posed: 

 
73% of students felt that they were motivated to be 

more prepared for lessons (Strongly Agree & Agree). 
This is a very encouraging percentage, as based on 
literature the issue of "student preparation" was called a 
"perennial problem". 12% of students disagreed that 
they were motivated to be more prepared for lessons. 
This percentage is not unexpected as these two chapters 
were more advanced topics and in previous semesters, 
there would be about 10-15% of students who would 
struggle with the concepts in Functions and Strings & 
Array.  These students would benefit from being more 
prepared so that they had more time to clarify, practice 
and apply during class time. 

 
68% of students felt that the amount of videos to 

help with their preparation was just right, with about 6% 
commenting that it was too few and hoped that there 
would be more. 

 
It was a pleasant surprise that 73% of students 

reported that they watched 75%-100% of videos. And 
85% watched more than half of the videos uploaded. No 
student reported watching less than 25% of videos. Yet 
again, this debunked the notion that student preparation 
in Flipped Classroom approach was a problem. This 
could be due to the chunking of the concepts and length 
of videos that were available for viewing that 
corresponded with their attention span. They were short 
and enabled quick and concise learning of concepts and 
sub-concepts. There were many factors that contributed 

to the willingness of students to view the videos and 
learn prior class.  Factors included clarity of explanation 
and scaffolding in terms of questions to aid learning and 
help evaluate progress: 

 
Students' comments: 
o The flipped classroom approach was effective 

has the lecturer explained the concepts clearly in 
the videos,  

o I feel that kahoot and edpuzzle is really good. 
o First term I was totally clueless but come to term 

2 the flip classroom teaching deepens my 
understanding, made me feel like I can actually 
do sprog unlike term 1 where I just feel like 
giving up. youre the best cher thus far cherrrrr!!! 
:) 

At the same time, another factor that contributed to 
the flipped learning was the active learning activities in 
the face-to-face class (Kahoot, scenarios and problems 
for application and practice) that required students to 
prepare before attending class so that they could learn 
more productive and be better engaged in class, as could 
be observed in their responses to the following items: 

 
Students' comments: 
o MORE KAHOOOOOOOOOOOOOOT 
o I can study at my own pace, and students have 

more lesson time to practice and apply the 
concepts we learnt through the videos. 

o I need help with my lecturer because I don't 
understand how to do the questions. 

 
However, there was a worrying finding in terms of 

amount of time student spent in their pre-class 
preparation: 

 
The expected lesson preparation time for these 

advanced topics in the pilot was estimated to be about 
1.5 hours weekly, and 82% reported spending this 
amount of time or even less.   It was also worrying that 
about 12% of students were spending more than 2 hours 
to learn the concepts on the videos. This amounted to 
33% or more time spent on the learning resources than 
expected. If the Flipped Classroom was applied over all 
the topics in the module, workload could increase 
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significantly for students; and with many modules in 
School of EEE trialing Flipped Classroom approach, 
there should be more concerted effort at the course / 
school management level to examine the overall 
workload of our students in a short 15-week semester. 

Nonetheless, more than 60% of students felt that 
they learnt better with the Flipped Classroom approach 
and preferred this approach of learning: 

 
And the primary reasons why they preferred this 

method of learning were: 
 What I like about the Flipped Classroom Approach 

is ____________  

 
Students’ comments: 
o Overall it's good. 
o Good for self-learning. 

 
Student Achievement at Lab Test 4 

      The learning on the two chapters on Functions and 
Strings & Arrays, in the Flipped Classroom pilot 
culminated with a lab test to assess students’ practical 
skills and application.  A comparison of Lab Test 4 
result showed that the mean result of students in the 
Flipped Classroom was better than the mean result of 
the whole cohort.  The median score of students in the 
Flipped Classroom was 74, compared to the median 
score of 71.5 for the whole cohort.   
 
Conclusion 
 

The pilot commenced with an intent to extend 
educational technologies to beyond the classroom in a 
flipped classroom approach.  To motivate students to 
prepare prior to face-to-face class and engage them in 
self-directed learning prior to class, two motivation 
frameworks (SP 4EC framework and Keller's ARCS 
Model) were applied to the instructional design of 
lessons in the 5-week-long pilot.   

Whilst this involved increased efforts on  the part of 
the lecturer in preparing an extensive range of of online 
resources, and more time spent by students prior to class 
viewing videos, completing concept and practice 
questions prior to class, the overall experience was 
found to be positive in terms of motivation and student 

achievement during the weighted assessment was 
favourable.  

In conclusion, the SP 4EC and ARCS motivational 
frameworks were useful guiding heuristics for the 
instructional design process, especially for ensuring a 
more active and engaging learning experience. The 
educational technology tools were selected to engage 
students and facilitate the key learning outcomes. As a 
result, this pilot was successful in reducing the 
“perennial problem of student preparation”, with 
students responding in the reverse direction, calling for 
more lessons to use the flipped classroom approach and 
giving suggestions to enhance the learning design 
further.  Finally, of note, lecturers attempting to use the 
flipped classroom format will need to plan for an overall 
increase in workload (at least initially) both for 
themselves and students.  
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Abstract 
 
   Digital Circuits is one of the most important subjects 
for students in the Electrical Engineering field. In 
Anan College, the Digital Circuits course has always 
been taught in the traditional lecture style, using a 
blackboard. However, from this academic year, our 
college has adopted a team-based learning style for 
lectures since it is renowned for enabling students to 
study actively. Furthermore, the method is effective in 
fostering students’ independent problem-solving 
ability. In this study, some examples of team-based 
learning are presented. We also examine the results of 
a survey conducted to determine students’ preferred 
teaching style between a normal lecture style or an 
active learning style.  
 
Keywords: team-based learning, group work, scratch 
cards, digital circuits, engineering education 
 
Introduction 
 
   Digital Circuits is one of the most important subjects in 
the Electrical Engineering field, a subject that students 
need to study to develop and design logical circuits and 
solve problems logically. In Anan College, third-year 
students of the Electrical Engineering course choose 
Digital Circuits during their first semester. In the second 
year, these students have Basic Electricity and Electronics, 
Electric and Electronics Laboratory, Electromagnetism, 
and Electrical Circuit theory as compulsory subjects. As 
these subjects are not directly related to Digital Circuits, 
the latter is a very new subject for third-year students. 
Until the last academic year, the college organized 
lectures in the traditional lecture style, using a blackboard. 
However, it is sometimes difficult for students to maintain 
their concentration level during lectures, as the lecture 
duration is generally 90 minutes. Therefore, we adopted a 
team-based learning approach since it is renowned for 
enabling students to study actively. In this paper, the 
possibility of utilizing team-based learning methods is 
investigated.  
 
Digital Circuits: Lesson Structure 
 
   The Digital Circuits curriculum is shown in Table 1. We 
have one lecture per week with 15 weeks allotted for the 
first semester. The number of students is 31. A Digital 

Circuits lesson structure comprises two or three parts. A 
two-part lesson includes a short lecture and group work 
while a three parts lesson includes an individual quiz in 
addition to the short lecture and group work. To spare 
enough time for group work, we attempted to reduce the 
duration of the individual quiz and short lecture to less 
than 40 minutes. Figure 1 illustrates an example of lecture 
slides used in the short lecture. Furthermore, students 
completed worksheets that were handed out at the 
beginning of the lecture. The worksheet had some blank 
spaces so that students paid attention to what the teacher 
said and noted down the important words and drew figures. 
   During group work, students were divided into eight 
groups with each group comprising three or four students. 
These groups were finalized according to the students’ 
examination results in the previous academic year. For the 
group work in the first four weeks of Digital Circuits class, 
scratch cards were prepared. Figure 2 shows these scratch 
cards. The scratch cards offered the advantage of allowing 

Week Contents 
1 Digital and analogue 
2 Binary, octal, decimal, and  hexadecimal 
3 Radix conversion 
4 Basic boolean algebra 
5 How to use true table 
6 Derive boolean equations from a true table 

7 Construct digital circuits from boolean 
equations 

8 Construct digital circuits from boolean 
equations 

 Midterm examination 

9 Decimal to BCD encoder & BCD to decimal 
encoder 

10 BCD to 7 Segment Display Decoder  
11 Data selector & demultiplexer 
12 Comparator & Parity adder 
13 Half  adder & full adder  
14 Half subtractor & full subtractor 
15 Review 

 Final examination 
  

Table 1 The curriculum of Digital Circuits. 
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students to know the answers to the quizzes promptly. In 
addition, using scratch cards is a useful method for 
achieving the gamification of learning. However, creating 
a multiple choice quiz for scratch cards was time 
consuming because the course became very complicated 
in the latter part of the curriculum. Therefore, during the 
group work in the latter weeks, the students worked with 
some worksheets shown in Fig. 3.  
   As we progressed through the topics covered in Digital 
Circuits, the content became more complicated. Hence, 
reviewing the content covered in the previous lecture was 
important. Therefore, some homework was assigned to 
students, and the lecture slides were made available on the  
Learning Management System so that students could 
individually revise the learnings from previous lectures. 
 
Results of the survey 
 
   After 12 weeks of lectures, a survey was administered 
to the students to investigate their preferred learning styles. 
Figures 4, 5, and 6 show the results of the survey.  A total 
of 31 students participated in the survey. According to the 
results of the survey, 62% of students preferred the active 
learning style over the lecture style. The reasons provided 
were as follows: 36% of students felt that the active 
learning style provide a good learning environment and 
28% found the active learning style enjoyable. However, 
25% of students still preferred the traditional lecture style 
to the active learning style because they thought that they 
could concentrate more in the traditional lecture style 
session and were also more comfortable with this session 
style, as shown in Fig. 6. 

 
Conclusion 
   
   In this paper, our attempt to replace the lecture style with  
 

Figure 1 Example of lecture slides used in a short lecture. 

Figure 2  Scratch cards used in class. 

Figure 3  The part of working sheet used during 
the active learning. 
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the active learning style to teach Digital Circuits proved 
successful. We adopted a combination of an individual 
quiz, a short lecture, and group work during the lecture. 
According to the result of the survey conducted with 
students to determine their preferred teaching style, 62% 
of students preferred the active learning style whereas 
25% of students still prefer the lecture style. This was first 
academic year where we attempted to replace the lecture 
style with the active learning style; therefore, we do not 
have sufficient data to support the fact that active learning 
style is a better way to educate students in special subjects. 
Conducting lectures using the active learning style needs 
appropriate preparation, for example, creating 
presentation slides for each short lecture and preparing 
handouts for the individual quiz and group work. Teachers 
may require longer time to make these preparations during 
the first year, but it is certain that students can learn 
independently through the active learning sessions. To 
prove that the active learning style is also effective in 
teaching special subjects to students, the survey will be 
continued in the future.  
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Figure 4 Result of the survey asking students which 
learning styles they preferred. 

Figure 5 Reasons why students preferred the active 
learning style. 

Figure 6  Reasons why students preferred the lecture style to 
the active learning . 


