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Abstract 
 

Despite the importance of a MEMS technology 
workforce, the fundamentals of manufacturing 
MEMS has not been effectively taught in the 
laboratory course. A fine pattern lithography using 
the hologram technique, which has been developed 
to a PBL type educational program for a 
nanotechnology laboratory course to get a deep 
understanding about the fundamentals of MEMS 
technology, was proposed and discussed. Apparatus 
of the laboratory is an accessible, simple system that 
can be used in an ordinary     environment requiring 
no special facilities.  

In the laboratory course, manufacturing the fine 
grid patterns as well as the fine striped patterns by 
using the Lloyd’s mirror fabricated to obtain the 
interference of violet light (λ=441.6 nm) from He-
Cd laser and discussion on the results were assigned. 
The wet etching process was assigned to 
manufacturing fine resist patterns on glass 
substrates. As for the results, half-pitch, depth, 
aspect ratio and cross sectional profile etc. of the 
patterns were measured, and less than 0.5 μm half-
pitch and about 500 nm depth pattern were 
successfully achieved. The results were discussed by 
comparing with both the optical theory and other 
experimental results with the mask aligner.  

Based on the education experience, it was 
discussed how the suitable procedure that lets 
students notice the presence of the problem in their 
experimental results should be. An educational 
program that makes students possible acquire a 
capability for finding problem and solving the 
problem using these manufacturing processes was 
proposed and a possibility as an actual experimental 
program was discussed.   

It was recognized that this program was a very 
influential and hands-on method, so it would be 
possible to introduce a laboratory experiments with 
the concept of PBL type education to adjust to the 
several levels of the students. 
 
Keywords: Lithography, Horogram, Fine Pattern, 
Lloyd’s mirror, Micromachine 

Introduction 
 

Society is experiencing many changes because of 
nanotechnology and the nanotechnologies in the field 
of IT, environment, energy and life science will create 
large and unexpected break-through in the future life. 
The Minister of Education, Culture, Sports, Science and 
Technology (MEXT) has been supporting the 
nationwide project "Nanotechnology Platform Japan 
(NTPJ)" to establish a reliable research infrastructure 
(Platform) for scientific innovation by the alliance of the 
institutes which have cutting edge equipment and 
research know-how.  

Kagawa prefecture is recognized as one of the 
strongest regions in the nation for nanotechnology 
research and development on the diagnosis and 
treatment of health related conditions. It is anticipated 
that many of the current businesses in the area 
stretching from Kagawa to neighbor prefectures will 
begin to embrace the new developments and that many 
new businesses will be created. As these and new 
companies embrace nanotechnology, a large demand 
will most likely be created for graduates with a 
background in nanotechnology. Therefore,   
nanotechnology education is a natural fit for the mission 
of the career-focused polytechnic university where 
students, faculty staff use scientific theory and research 
to solve real-world problems. Nanotechnology 
education represents the interdisciplinary efforts of 
traditional areas of science, mathematics and 
engineering.  

In the spring of 2004, Tokushima Bunri University 
at Kagawa launched undergraduate programs in a new 
department of nano and bio material engineering, where 
faculty from several departments collaboratively 
formulated to nanotechnology education in the initial 
stage. “Project Laboratory” is one of the core 
curriculum in the new department for junior-level 
students. “Project Laboratory” comprises four topics of 
nanotechnology, i.e. photo luminescent nanoparticle, 
cellulose material, micromachining (i.e. micro 
fabrication) and enzyme science. Each topics has a 4-
period laboratory program. 

In the present study, the experience of the surface 
micromachining education using Lloyd’s mirror 
interference lithography is described. An educational 
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program that makes students possible acquire a 
capability for finding problem and solving the problem 
using the manufacturing processes is proposed and a 
possibility as an actual experimental program is 
discussed.  
 
Experimental Methods 
 

The lithography process was considered by using 
micro slide glass (Matsunami Glass Ind., Ltd.; 60 mm x 
60 mm x 1 mm). The glass substrates were coated by 
DNQ novorac resit (Microposit S1813) at spin coater. 
The positive DNQ resist has strong absorption bands in 
the ultraviolet wavelength range from approximately 
300 nm to 450 nm, which covers i- and h-line. The 
thickness of resist is arround 1.2 μm at spin speed 5000 
rpm. The substrates were followed by soft baking at 
120°C for 3 min.  

The exposure process was conducted by using an 
interference pattern using Lloyd’s mirror and He-Cd 
laser (λ=441.6nm). Figure 1 and Figure 2 show the 
experimental set up of the interferometer and a 
photograph of the equipment respectively.  As shown in 
Figure 1, the interference pattern is produced on the 
substrate as a result of the combination of the direct ray 
ant the reflected ray. The interval ( d ) of the 
interference fringes and the spacial frequency (ν) are 
given by  2sinnd   and d1  respectively, where 
θ is the mirror angle, n is the integer. Calulaion results 
for these values are shown in Table 1 at typical mirror 
angles. To prevent the reflection from the reverse side 
of the glass substrates, a reflection free slide glass 
(black painted glass) was attached with index matching 
oil (Xylene). Exposure time ( T ) is determined by the 
intensity ( I ) of light and the optimum exposure energy 
( E ) of the resist: ITE   , where T in sec, I in W/cm2 
and E in J/cm2. The intensity of light was measured by 
an optical power meter. Accoring to the data sheet of 
Shipley Ltd., the optimum exposure energy is about 30 
mJ/cm2  for 1.0 μm thickness resist.  After the exposure 
process, the substrates were developed for 1 min. and 
rinsed in pure water. In order to keep the resit stable, the 
substrates were dried with a blower. 

 
 

 
Figure 1. Experimental set up by Lloyd’s mirror 
interferometer and He-Cs laser. 
 
 

 
Table 1. Interval of the interference fringes and spacial 
frequency at typical mirror angles ( θ). 

2θ
（deg.) 

Interval 
（μm） 

Spacial Frequency 
（cycle/mm） 

5 5.067 197 
10 2.543 393 
15 1.706 586 
20 1.291 775 
25 1.045 957 
30 0.883 1,132 

 

 
Figure 2. Equipment of Lloyd’s mirror interferometer. 
 
Experimental Results 
 

It is easy to confirmed by visual  inspection  whether 
the lithography process was successful, because the 
exposed  area  of   the  substrate   surface   after  the      
developing process looks iridescent as shown in Figure 
3, which means there are fine pattern on the substrate. 
Figure 4 shows a typical scanning probe microscope 
(SPM) image of the resist after developing process 
when the substrate was exposed at the mirror anger 
θ=5°.  The interval of etched resist pattern of this 
sample was measured 2.5μm which is in good 
agreement  with  the  optical  theory.  As  shown  in  the  

 

 
Figure 3. The resist on the substrates after the 
developing process. 
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Figure 4, the cross section of etched resist was wedge-
shaped with about 424 nm depth. 

Since the width of the edged space is about 1.0μm at 
any mirror angles, the most fine pattern is 1.0μm 
line/space, which is achieved at mirror angle 
θ=11° ,whose depth is about 244 nm.as shown in Figure 
5,  
 

Figure 4. SPM image of the patterned resist on glass 
substrate: θ=5°，d=2.5μm 
 

 
Figure 5. SPM image of the  patterned resist on glass 
substrate: θ=11°，d=1.2μm. 
 
Exercise of the Laboratory Course  
 

This laboratory is a 4-period (4 day) program and 
each period has 180 minute. The first day is for the 
guidance of this laboratory: the objective of experiment 
and the instruction for the facility,  and for the 
preparation of the glass substrates. It is important to let 
students to keep in mind the attention points on the 

facility usage and the necessity of the process conditions 
during the experiment. After the guidance, students get 
work started. Firstly, the provided glass substrate is cut 
a appropriate size and cleaned. The number of 
substrates handled at a time was decided to be same 
number of students in one group, so that each student 
can experience the whole process and evaluate their 
own substrate by themselves. Each student carries out 
the process with different conditions and compares the 
result with others. This method is intended for students 
to understand well how the process going. 

The second day is for the lithograpy process. Firstly 
the substrates are spin coated with resist and baked. The 
thickness of resist depends on the spin speed, and the 
baking conditions (temperature and time) are affected 
by the room temperature and the air humidity as well as 
the resit thickness. So students should record precicely 
these conditons on their worksheet.  

Then the substrates are exposed by the Lloyd’s 
mirror interferometer at a mirror angle. In order to 
determine the exposure time the power of light on the 
substrate is measured at the laser wavelength by a 
optical power meter. The exposure time depends on not 
only the power of light as discribed above. However it 
is weekly affected by the mirror angle, fluctiation of 
light etc. Therefore it is meaningful to try change the 
exposure time around the caluculation result. After the 
exposure, the substrate is developed in a beaker and 
linsed by pure water. The important point of the 
developing process is to remove the exposed resist 
complitely. So the developer and the pure water should 
be renew oftenly. It is easy to confirmed by visual 
wheather the lithography process was successful as 
discribed above. 

The third day is for the examination. In this 
laboratory, a digital optical microscope (DOM: 
KEYENCE VHX-900), a secondary electron 
microscope (SEM: HITACHI S-4800),  and a scanning 
probe microscope (SPM: SII Nanopics 2100) are used 
for the examination to the surface. Students measure the 
interval and the depth of etched pattern. Cross sectional 
shape is also observed by the SPM or the SEM. The 
measurement by SEM needs preparation of spiceman.  

The final day is for the presentation and discussion. 
Firstly the students discuss on their experimental results 
with the process parameters in their group. The result of 
discussion is prepare a presentation material in one 
group. Then they publish  their presentations for the 
class and discuss with other groups. 

In the group discussion, suggested topics are 
followings; 
 The resist was positive type. Did the etched area 

correspond with the bright area ?  
 Confirm the iridescent surface of the substrate by 

visual inspection. If you could not confirm it, 
consider the exposure time or the soft baking time. 

 Observe the resist pattern by microsocope. If there 
were any resudial resist or disorder of patten, 
consider about the developing time. 

 Measure the interval of etched pattern and 
compare it with the calculation by the optical 
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interference theory.  
 Measure the depth (d) and the width (w) of the 

etched area by SPM and estimate the aspect ratio 
(d/w) of the etched pattern. 

 
Discussions 
 

In the group discussion the students think about why 
the differences of their own made substrates come from, 
and what the cause of the differences could be, by 
comparing their own made substrates with others. Some 
of them may notice the differences even if they use 
same process conditions. In the discussions, there might 
be no answer about the question what is the best process 
conditions because the lithography process is likely 
affected by the unknown enviroment conditions or 
accidents. Through these experiences, some students 
recognize the necessity of more sensitive treatment for 
the micro size fabrication, others feel the significance of 
taking lab-note on the experimantal conditions more 
precicely.  

As for the advanced topics in the group discussions, 
following are worthy of consideration; 
 What kinds of factor concern with the depth and 

the width of the etched area ? 
 Why the cross-sectional shape of the etched line is 

not rectangle ? 
 Find out the way how to make grid pattern by the 

Lloyd’s mirror interferometer. 
 Compare the resist pattern on substrate with the 

similar pattern made by the mask aligner in an 
extra-curricular activity.  

However students can not conduct the experiment  
again in the regular period of the program if they fail or 
want to try the advanced topics, so students should 
simulate all processes including optional experiments as 
completely as possible in the first period. 
 
Conclusions 
 

The nanotechnology education at the undergraduate 
level in Tokushima Bunri University has lurched in the 
Spring of 2004, which has been impressive and timely. 
“Project Laboratory” is one of the core curriculum in 
the new department for junior-level students. In this 
course,  the Lloyd’s mirror interference lithography was 
developed as a micromachining topics.   

Although the apparatus of the laboratory is an 
accessible, simple system that can be used in an 
ordinary environment requiring no special facilities
such as the electron beam mask writer etc., nano size  
( ～ 1 μ m)  fabrication can be achieved. Then the 
Lloyd’s mirror interference lithography is  appropriate 
for a surface micromachining education. 

Based on the education experience, it was shown 
that students can learn about a basic series of 
lithography process and the evaluation technics of 
microfabrication. Though this program students can also 
understand the attention points on the facility usage, and 
notice the necessity of the precise process conditions 
during the experiment.  

Through the group discussions, they can consider  
about why the differences of their own made substrates 
come from, and what the cause of the differences could 
be. Some groups can  deduce what the best process 
condition is, others can reach a hypothesis that the best 
process condition should be.   

It was concluded that the presented program was 
very useful and applicable as a PBL method education 
for  the nanotech laboratory exercise. 
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Abstract 
 

In this study, water quality, diatoms, aquatic 
insects and freshwater fish in the low flow section 
and the maintenance flow section in Katashina River 
were examined. Water quality, diatoms, aquatic 
insects and freshwater fish in the low flow section in 
winter period of 2010, and in the maintenance flow 
rate section in winter period of 2011 in Katashina 
River were examined. The results are summarized as 
follows, 1. The pH was about 7, thus neutral. 
Nitrogen concentrations of Katashina River water 
were as high as 0.15mg-N/l in this period. 2. The 
amount of Melosira varians in the maintenance flow 
section was decreased comparing that in the low flow 
section. 3. Most of the freshwater fish was 
Tribolodon hankonesis at two sites. These results 
indicated that Katashina River environments were 
improved slightly 
 
Keywords: Multiple Institutions Collaboration, 
Tributarie of Tone River, low flow section, water quality, 
biological research, diatoms, aquatic insects, 
freshwater fish 
 
Introduction 
 

Gunma prefecture at northern of Tokyo has many 
dams for drinking water and the hydroelectric power 
station in the rivers which are the tributary of Tone river. 
Until 2010 in winter seasons, the Katashina River, a 
tributary of Tone River has suffered a decreased flow 
rate section of 2.7 km due to flow diversion to the 
hydroelectric power station of Hiraide Dam, resulting in 
deterioration of the river environment as a wildlife 
habitat. In 2011, a new hydroelectric power station 
(Shin-Tonami electric power station) was built by 
Gunma Prefecture to improve the river environment. 
The water of river maintenance flow is used by the new 
hydroelectric power station. 

This flow rate is 1.83m3/s (Hiraide dam:0.05m3/s＋
Shin-tonami electric power station:1.78m3/s).  

In this study, water quality, diatoms, aquatic insects 
and freshwater fish were examined at the low flow 
section (2010) and the maintenance flow section (2011 
to 2013) at Katashina River. 
 
Materials and Methods or pedagogy   
 
Katashina River and sampling sections  

Figure 1 shows that Katashina River is located in the 
northern part of Gunma Prefecture. Figure 2 shows that 
five sampling sections were selected on the Katashina 
River. River water was sampled from the Katashina 
River occasionally. 
 

 
Figure 1 Katashina River was located in northern of Gunma 
prefecture, Japan 
 
 

2.7km

Tonami 
Electric 
Power Plant

To Tone River

Hiraide
Dam

Katashina River

 
 
Figure 2 sampling five sections, number 1 to 5 on Katashina 
River 
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Analytical method 
Nitrogen compounds (inorganic nitrogen, NH4-N, 

NOx-N(=NO2-N+NO3-N)) and PO4-P were analyzed 
using an autoanalyzer (ACCS-Ⅱ).  Electrical 
Conductivity (EC) and temperature were measured 
using a hand-held conductivity meter at the sites. The 
pH was measured using pH meter in our laboratory. 
BOD in Katashina River was expected small value, it 
was not analyzed. 
 
Diatom, Aquatic insects and Fish sampling method 

Diatom cells were collected with attached growth on 
submerged rocks. This is the usual approach in studies 
for environmental monitoring and screening of diatom 
abundance. Afterwards, the sample is preserved using 
60% ethyl alcohol and the cell content is cleaned. The 
sample is examined with a microscope, and diatom taxa 
and abundance in the samples are obtained by counting 
200 cells per sample. Aquatic insects were caught using 
a net and a steel frame (25cm*25cm) four times at three 
sites occasionally. These samples were conserved using 
60% ethyl alcohol.   Freshwater fish were collected by a 
net and an electric shocker at two sites for ten minutes 
occasionally.The biological indicators have peculiar 
features, it is possible that we get to know present 
situation of the river environment. 
 
 
Results and Discussion 
 
Water quality 

The pH was about 7 in all sections. Figure 3 shows 
the results of river water quality about NO3-N 
concentration of Katashina River water were as high as 
0.15mg-N/l in this sections. There is no effect of 
wastewater. The effect of the field in the left side in 
Katashina River is indicated. These results indicated 
that continual study of the water quality are necessary. 

0

1

2

3

4

5

6

7

8

No.1 No.2 No.3 No.4 No.5

N
O

x-
N

(m
g/

l)

section No.

20/Dec/2010 7/Dec/2011
7/Dec/2012 20/Dec/2013

 
Figure 3 Inorg-N concentrations in Katashina River water 
from section number 1 to 5 
 
Diatoms 

Figure 3 shows diatom kinds of the each section. 
The amount of Melosira varians in the maintenance 
flow section (2010) was decreased comparing that in the  
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(a) The genera of diatom at section number 2 
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(b) The genera of diatom at section number 3 
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(c) The genera of diatom at section number 4 
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Figure 4 the kinds of diatom from section number 2 to 4 in 
Katashina River 

low flow section (2011 - 2013). The environment for 
diatoms might be in the maintenance water flow section.  
Mesosaprobic flora is decreased. Spring water flora is 
increased. 
 
Aquatic insects 

Figure 5 shows that genus, population and wet 
weight of aquatic insects in each section. The genus 
varied, and the population increased at the downstream 
in maintenance flow section (2011). The species 
become rich at section No.2 – 4. Genus and population 
is increased. 
 
Freshwater fish 
Table 1 shows the number of the fish collected in 
section number 3 and 4. Most of the freshwater fish was 
Tribolodon hankonesis in low flow section and the 
maintenance flow section. Liobagrus reini endangered 
species was observed at section no. 4. The large body 
Tribolodon hankonesis was observed. These results 
indicated that large body fishes increased. It was not 
possible to confirm the change clearly, compare with 
low flow section and maintenance flow section. 
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(a)  Genus, population and wet weight of aquatic insects 

in low flow section (2010) 
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(b)  Genus, population and wet weight of aquatic insects 

in the maintenance flow section (2011) 
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(c)  Genus, population and wet weight of aquatic insects 

in the maintenance flow section (2013) 
Figure 5  genus, population and wet weight of aquatic 

insects in section no.2 to no.4 
 

Table 1 the number of the fish collected in section 
number 3 and 4 from 2010 to 2013 

section
no.

fish 20. Dec.
2010

7. Dec.
2011

7. Dec.
2012

24. Dec.
2013

Phoxinus logowskii steindachneri 2 2 2
Tribolodon hankonesis 73 30 45 46(12)
Zacco platypus 1
Pseudorasbora parva 1
Hypomesus nipponensis 2
Liobagrus reini 1 1
Phoxinus logowskii steindachneri 1 1
Tribolodon hankonesis 47 72 143 45(7)
Zacco platypus 1 3
Pseudogobio esocinus esocinus 2 3 1
Pseudorasbora parva 1
Phinogobius sp. CB 1
Hypomesus nipponensis
Liobagrus reini 2 1 1
Cobitis biwae 1 2

No.3

No.4

 
*() is the number of large body fish (12cm over)  
 
 

Conclusions 
 
Water quality, diatoms, aquatic insects and 

freshwater fish in the low flow section in winter period 
of 2010, and in the maintenance flow rate section in 
winter period of 2011 in Katashina River were 
examined. The results are summarized as follows, 

1. The pH was about 7, thus neutral. Nitrogen 
concentrations of Katashina River water were as high as 
0.15mg-N/l in this period. 2. The amount of Melosira 
varians in the maintenance flow section was decreased 
comparing that in the low flow section. 3. Most of the 
freshwater fish was Tribolodon hankonesis at two sites.  

These results indicated that Katashina River 
environments were improved slightly. 
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Abstract 
 

Nowadays, it is important for High School 
Students to be early in contact with the scientific 
knowledge for awakening their interest to pursue 
scientific careers. The High School program at the 
University of Guanajuato comprises two steps: the 
basic one consist of several areas: Mathematics, 
Experimental Sciences (Physics, Chemistry and 
Biology), Social Sciences, Human Development, 
Communication (English, Spanish and TICs), during 
the first four semesters. The specialized area (Fifth 
and sixth semesters) requires to course specific 
subjects in Sciences, Engineering, Social Sciences, 
Economics, and Arts, in order to apply to university 
studies. 

Before 2009, most of the students were mainly 
interested in Administration and Business than in 
scientific programs. It was realized the need to 
develop strategies for awakening the student’s 
interest into the scientific knowledge. The Sciences 
Fair had the purpose of allowing the students of using 
the scientific method for the analysis of nature’s 
phenomena to solve particular problems by using a 
scientist approach. The Sciences fairs topics were: 
Water Sciences (2010); Energy (2011); Minerals and 
Elements (2012); Chemistry (Alchemy) (2013); Art, 
Science and Movement (2014). Around 560 students 
enrolled in the 3rd semester participated in each Fair. 

The academic interests of the students were 
assessed before and after the participation in the 
Science Fairs. Before the student participation in the 
Fairs, 30% out of the students were interested in 
sciences programs, after the Fair, it was augmented to 
42% in Natural and Exact Sciences. In the area of 
engineering, before the Fair the percentage of 
students interested was 23%, and after the fair it was 
increased to 33%. This represents a significant 
increment in students interested in Sciences and 
Engineering areas. 

Our results indicate the need to early expose the 
students to the scientific method through short and 
interesting problems to help them to decide their 
future profession. The activities carried out in the 
Fairs helped the students to make a proper decision 
to enroll in a specific area of the High School Program 
(5th and 6th semesters) to subsequently applying to 

university studies. The Scientific Fairs promoted the 
scientific talents in High School students. 
 
Keywords: Science Fairs, constructism learning theory, 
collaborative work, teaching strategy, scientific vocation 
development. 
 
Introduction 
 

Formal education, being forger of professionals, has 
in its hands a great challenge: to prepare thoughtful, 
critical people, that are able to solve problems that the 
globalized world brings through innovative educational 
models. High school education, in particular, has among 
its challenges implementing educational models to 
achieve in students meaningful learning of science. 

The advances in technology and changes in the 
organizational infrastructure put an increased emphasis 
on teamwork within the workforce. Workers need to be 
able to think creatively, solve problems, and make 
decisions as a team. Therefore, the development and 
enhancement of critical-thinking skills through 
collaborative learning is one of the primary goals of the 
University of Guanajuato (Universidad de Guanajuato, 
2011). Under its Vision to 2020 (Universidad de 
Guanajuato, 2010), building capacities and developing 
innovative ways of connecting science to social 
necessities is a priority We must help to make the 
learning of the sciences more attractive to young people, 
increase society’s appetite for innovation, and open up 
further research and creativity activities. 

The present research was designed to study the 
effectiveness of collaborative learning as it relates to 
learning outcomes at the college level, for students in 
technology. 

Educational practice must respond to the four pillars 
of learning, as declared by Delors & Unesco (1996): 
learning to know, learning to do, learning to be, and 
learning to live together, so that upon graduation students 
are able to cope in a self-sufficient and independent 
manner with each of the real-life situations. Thus, the role 
of teaching results in significant learning, which should 
transcend beyond the classroom and have an impact on 
the social and economic context. 
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Strategies for meaningful learning centred on 
learning acquired through experience must focus on the 
construction of knowledge in real contexts, as certain 
authors (Vygotsky, 1978; Bruner, 1985) suggest, and in 
the development of reflective skills, critical thinking and 
high standards, as well as interaction with the community 
(Rau & Heyl, 1990). 

According to the experience of the authors of this 
report, teaching of science topics has always been a 
challenge; therefore, achieving meaningful learning 
among our students is the key that should govern each of 
our actions in the classroom, to increase self-confidence 
in our students and develop social and communication 
skills in them. In the end, one of our goals is to make our 
students conscious of the fact that everything that 
surrounds them involves, in one way or another, science. 

Develop scientific relationship by promoting 
innovative pedagogies in science education, attracting 
more high school students towards science, with a special 
emphasis on the development of vocational preferences 
at early times and addressing the challenges faced by 
students, in pursuing careers in science, technology, 
engineering and innovation. 

Making science education and careers attractive for 
young people is an ambitious goal, since it targets to 
improve science and technology in our society. 

Innovative formal and informal science education 
teaching and learning is important in order to raise both 
young boys' and girls' awareness of the different aspects 
encompassing science and technology in today’s society 
and to address the challenges faced by young people 
when pursuing careers in Science, Technology, 
Engineering and Mathematics. 

This is the reason why we have found Science Fairs 
as an application of the constructivism theory (Vygotsky, 
1978; Bruner, 1985), as well as an opportunity for 
collaborative learning (Gohkale, 1995), generating a 
meaningful teaching strategy that favours science 
learning. 

 
Constructivism 

 
Constructivism is a theory -based on observation and 

scientific study- about how people learn. Bruner (1985) 
suggests: that people construct their own understanding 
and knowledge of the world, through experiencing things 
and reflecting on those experiences. When we encounter 
something new, we have to reconcile it with our previous 
ideas and experience, either changing what we believe, 
or discarding the new information as irrelevant. In any 
case, we are active creators of our own knowledge. To do 
this, we must ask questions, explore, and assess what we 
know (Vygotsky, 1978).  

In the classroom, the constructivist view of learning 
can point towards a number of different teaching 
practices. In the most general sense, it usually means 
encouraging students to use active techniques 
(experiments, real-world problem solving) to create more 
knowledge and then to reflect on and talk about what they 
are doing and how their understanding is changing. The 
teacher makes sure he understands the students 

preexisting conceptions, and guides the activity to 
address them and then build on them (Johnson, 1996). 

Constructivist teachers encourage students to assess 
how the activity is helping them gain understanding. By 
questioning themselves and their strategies, students in 
the constructivist classroom ideally become "expert 
learners." This gives them ever-broadening tools to keep 
learning. With a well-planned classroom environment, 
the students learn how to learn (Biggs & Tang, 2007). 

When they continuously reflect on their experiences, 
students find their ideas gaining in complexity and 
power, and they develop increasingly strong abilities to 
integrate new information. One of the teacher's main 
roles becomes to encourage this learning and reflection 
process (Gardner, 1983). 

Aplying the constructivism theory to a science 
classroom, we can conclude that the teacher must focus 
on helping students restate their questions in useful ways; 
each student has built his or her own knowledge, 
according to their own reflection on their previous 
experiencies. Therefore, it is up to the teacher to be aware 
of the student's current knowledge, and, just as Polamn 
(2000) suggests: when one of the students comes up with 
a relevant concept, the teacher must seize upon it, and 
refer to the group that this might be a fruitful avenue for 
them to explore. 

Science Fairs, as we used them in this work, are prime 
examples of the application of the construtivism theory: 
it all starts when the teacher helps his students find a 
question they want to answer. Some teachers accomplish 
this by printing up lists of topics copied from books or 
Web sites. That is a starting point, but most students need 
further guidance, because it is hard to pick a good 
question to start with. That's precisely why, as Bruner 
(1987) advises, teacher involvement right from the start 
is essential. 

Once the question is chosen, the student must 
afterwards design and perform relevant experiments. 
Then, he or she must discuss what they have learned, and 
how their observations and experiments helped (or did 
not help) them to better understand the concept (Polamn, 
2000). Once the students have compiled their 
measurements, the next step is for the teacher to show 
them how to analyze the obtained information. Teachers 
should show students how to organize the data into 
categories that make sense. 

 
Collaborative learning 

 
Collaborative learning is an educational approach to 

teaching and learning that involves groups of learners 
working together to solve a problem, complete a task, or 
create a product (Gokhale, 1995). It is based on the idea 
that learning is a naturally social act in which the 
participants talk among themselves. It is through this 
discussion that learning occurs. 

The approaches of collaborative learning 
complement and -in certain cases- interwine with the 
principles of constructivism. According to Gokhale 
(1995) there are five approaches: 
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(1) Learning is an active process whereby learners 
assimilate the information and relate this new knowledge 
to a framework of prior knowledge. 

(2) Learning requires a challenge that opens the door 
for the learner to actively engage his/her peers, and to 
process and synthesize information rather than simply 
memorize and regurgitate it. 

(3) Learners benefit when exposed to diverse 
viewpoints from people with varied backgrounds. 

(4) Learning flourishes in a social environment where 
conversation between learners takes place. During this 
intellectual gymnastics, the learner creates a framework 
and meaning to the discourse. 

(5) In the collaborative learning environment, the 
learners are challenged both socially and emotionally as 
they listen to different perspectives, and are required to 
articulate and defend their ideas. In so doing, the learners 
begin to create their own unique conceptual frameworks 
and not rely solely on an expert's or a text's framework. 

Thus, in a collaborative learning setting, learners have 
the opportunity to converse with peers, present and 
defend ideas, exchange diverse beliefs, question other 
conceptual frameworks, and be actively engaged 
(Gokhale, 1995). 

In this context, Science Fairs implement the 
collaborative learning approaches since they are more 
than science lessons, because the students take a cross-
curriculum approach. They simultaneously learn about 
measurement, visual display, oral presentation, writing 
and also must develop several social skills, needed to 
transmit their discoveries to others. This results in 
increased self-confidence and autonomy; it also helps to 
strengthen their knowledge for their future college 
studies. 

 
Materials and Methods or pedagogy   

 
The Escuela de Nivel Medio Superior de Guanajuato 

(from here on, referred to as ENMS Guanajuato) is a 
High School directly incorporated to the University of 
Guanajuato (UG) that has around 1,500 students 
enrolled, comprising the three grades offered. It is a 
public school, and being one of the only options existing 
in the city of Guanajuato, the socioeconomic level of the 
students is widely diverse. The average age of students 
when admitted is around 15, and they expected to 
graduate before they are 18. 

Each year, the number of students who incorporate to 
the school are around 560, which are distributed in 
fourteen groups, seven with a Morning Schedule and the 
other seven with an Afternoon Schedule. Each of these 
groups has from thirty to fourty-five students. 

The High School program at the University of 
Guanajuato comprises two steps (Universidad de 
Guanajuato, 2011): the Basic Area, which covers the first 
two grades (four semesters), and the Terminal Line 
selected by the student, in his or her last grade (fifth and 
sixth semesters). The Basic Area comprises courses from 
diverse academic subjects, being a sort of “Core 
Curriculum” that all students must complete in order to 
graduate. When the student reaches his or her last grade, 

he or she must chose a Specialization Area (or “Terminal 
Line”). There are six Terminal Lines: 

 
(I) Arts 
(II) Science 
(III) Government and Politics 
(IV) Economics 
(V) Social studies 
(VI) Engineering 
 
All of them are intended to prepare students in their 

respective fields in order for them to apply to college 
studies. 

 
The Science Fair 

 
Each year, the Science Area teachers for all third 

semester (Second Grade) students organize a Science 
Fair. Although all fourteen groups take part in the event, 
not every student gets to present a science project: a 
previous selection process must take place. That is why, 
from the start of the semester, with the main intention that 
all students team up in groups and develop an 
investigation project. 

Each science teacher will pick the best work of his or 
her class: those, which has more quality in the 
development of the idea and the presentation. This results 
in each of the fourteen groups having a representative 
project in the Fair. In all cases, the teachers base their 
approaches in the constructivist theory, promoting the 
main idea of the students building their own knowledge. 

The Science Fair itself is done at the end of the 
semester and features workshops, conferences and poster 
expositions. The students who don’t get to present a 
science work still get to participate by assisting with 
decoration, logistic, space adjustments, by promoting the 
event, or by being aide or master of ceremonies. 
The workshops has performed according to academic 
subjects. The most common projects are developed in the 
fields of biology, physics and chemistry, although the 
more recent fairs have also included projects in 
Mathematics, Arts and Music, intending to integrate all 
academic subjects, in the aforementioned cross-
curriculum approach. 

 

 
Figure 1. Science Fair 
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The Science Area teachers make an evaluation of all 
projects, and select those who will represent the school in 
the State Science Contests. 

 
Results and Discussion 
 

The focus of the Science Fair is to bring the student 
close to the essence of scientific work. 

The most recent editions of the Fair have integrated 
subjects such as Mathematics, Arts and Music. By taking 
part of projects in these topics, the students have the 
opportunity to measure their strengths and weaknesses in 
different fields. This helps them take a better choice when 
selecting a terminal line. 

The Fairs also serve the purpose of promoting the 
Science and Engineering Terminal Lines, as described in 
this paper.                                                                               

From 2009 to 2014, we have seen an increase in the         
enrolment of students in these specialization areas, as 
showed in the following figures. 

The analysis of the data on Figure 2, Figure 3 and 
Figure 4, shown the number of students enrolled in the 
terminal line of Science and Engineering programs 
respectively, after having done the scientific exhibitions 
during the period between 2009 and 2014. Is important 
to stand up the increase in the number of student; because 
have a significant change.  
 
 
 
 
 
 
 
 
 
 

Figure 4. Increase of enrolled students at terminal lines. 

Figure 2. Increase of enrolled students at the Science 
Terminal Line 
 
 
 
 
 

Figure 3. Increased of enrolled students at Engineering 
terminal lines 
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Figure 5. Increase of enrolled students at terminal lines. 
 

Figure 6. Porcentage Increase of enrolled students in 
Science and Engineering. 
 

Figure 7. Porcentage Increase of enrolled students in 
Science and Engineering.  
 

The analysis of the data on Figure 5, Figure 6, and 
Figure 7 shown the number of students enrolled in the 
Science and Engineering programs respectively, after 
having done the scientific exhibitions during the period 
betw een 2009 and 2014. Is important to stand up the 
increase in the number of student because have a 
significant change 27% to 36%.  
 
Conclusions 

 
This report to provide a deeper understanding of 

young people’s attitudes to science education, 
particularly regarding the value young people place on 
science education (for themselves as individuals and for 
society in general), as well as the key factors determining 
their continued engagement with formal and informal 
science education. 

The project's main intention to show that the 
implementation of the Science Fairs in High School level 
as an innovative teaching strategy. Will strengthen the 
significant learning of science to develop scientific skills 
in students; arouse curiosity for research and to make 
scientific; the desire to learn in all its forms and the ability 
to relate to scientific and technological advances, 
effective and critically, facilitating create, communicate 
and build  their own knowledge. 

Collaborative work done by science teachers in 
educational activities such additional classroom allows 
students. The develop skills of communication and 
expression; pursuant to competition in the area of 
experimental sciences, which implies: The use of the 
scientific method for the analysis of the phenomena of 
nature , which allow you take care of yourself and solve 
the problems of their environment ethical and 
responsibly. 

The science education tends to help improve 
understanding and interaction with the world, to 
encourage participation and strengthening basic 
scientific expertise , which favors students develop their 
skills of observation, analysis, reasoning, communication 
abstraction; among others, allowing them to think and 
develop their thinking independently. Moreover through 
collaborative teamwork and the student can start building 
their scientific culture and developing their individual 
and social personality. 
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Abstract 
 

National Institute of Technology, Sasebo College 
(NIT-SC) started a mutual exchange internship 
program with Xiamen University of Technology 
(XUT), China, in 2005. The aim was that, by 
deepening their mutual understanding, young 
Japanese and Chinese engineers could develop the 
ideas of working toward their common goal of 
economic prosperity in their respective countries. 
Through the program, the students had 
opportunities to participate in overseas educational 
factory tours. Besides, having different cultural 
backgrounds, the students had opportunities to 
carry out the goal-oriented collaborative activities. 
The results of the survey showed that those students 
had the positive impressions about the program, and 
estimated its activities valuable to become practical 
engineers. 

Then, NIT-SC started the next educational 
program with broader scopes including Chinese, 
Korean and Swedish universities in 2009. Through 
the cooperative work, this program aimed to educate 
and train practical young Japanese engineers who 
could apply their knowledge and skills fully to their 
work in the factories in not only China but also other 
countries. At the same time, this program also aimed 
to educate and train young engineers who would 
acquire an understanding of the organizational 
structure and cultural background of global 
companies. Although this educational program 
ended in 2011, since then, we have furtherly 
continued the student’s mutual exchange internship 
program with XUT by the support of Rotary Club of 
Sasebo North, our college’s alumni association and 
the Student Exchange Support Program of JASSO. 
In addition, we have implemented an overseas 
factory tour targeting the 4th grade students in all of 
the four departments at NIT-SC. On June 28th, 2014, 
the Memorandum of Understanding was made 
between XUT and the nine colleges of National 
Institute of Technology in Kyusyu-Okinawa Region, 
Japan, in order to promote the academic exchange 
and the cooperative relationship on education and 
research. 
 
Keywords: Internship Program, Mutual Exchange, 
Factory Tour, China, Cooperative Work 

Introduction 
 

It is often said that these days young Japanese 
people seem to lack interest towards international 
societies. The number of Japanese students who are 
eager to go abroad for their study is not as large as it 
used to be, so they can’t foster their internationality.  As 
a result of it, the number of young Japanese people who 
can play their active roles in foreign countries can 
become smaller.  In order to solve this problem, it is 
expected that young people have ample opportunities to 
actively contact foreign students.  Especially, when it 
comes to engineering industry, educational programs 
need to provide young engineers with such chances 
without any prejudice about one another while working 
on the tasks for the shared goals.  In addition, 
participating in such activities, students are expected to 
foster their communication skills in English, which is 
now considered as an international language.  

In this paper, we will report the fostering practical 
young engineers through overseas internship program 
carried out at National Institute of Technology , Sasebo 
College (NIT-SC) from 2005 to 2014 (1)-(8).  
 
1. Mutual students exchange program with a 

Chinese University from 2005 to 2008  
 

Sasebo City is in the northern part of Nagasaki 
Prefecture, Japan.  It has been a friendship city of 
Xiamen City, which has been one of Special Economic 
Zones of China, since 1984.  Sasebo City has 
established another special program with a view to 
promoting the academic cooperation with Xiamen City 
since 2004.  NIT-SC is located in Sasebo City and its 
aim is to educate and train students to be practical 
engineers.  After graduating from our college, many 
students start to work at companies or factories which 
need highly sophisticated engineers. The percentage of 
graduates who works in companies of Nagasaki or 
north-west part of Kyushu area is high.  These days, the 
numbers of local Japanese companies have been 
operating their factories in China.  Because of its 
location, Japanese companies in the north-western part 
of Kyushu area especially have their advantages. In 
addition to such a locational advantage, Nagasaki 
Prefecture has a long and close historical relationship 
with China up to the present time.  Therefore, good 
educational results can be expected through starting an 
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international internship program between our college 
and some universities in China.  Considering these, 
NIT-SC has been promoting mutual student exchange 
program involving internship at factories in China with 
a partnership of Xiamen University of Technology 
(XUT), China, since 2005. 

The main purpose of the program was to let 
Japanese students meet Chinese students face to face 
sharing their ideas and cultural backgrounds so that 
Japanese students would be able to play active roles as 
leading engineers at Japanese companies in China.   

As for the program, 4 to 6 students and 2 to 4 
teachers of XUT visited NIT-SC for about three weeks 
from the end of July to the beginning of August.  During 
this period, students and teachers of XUT joined class 
activities at NIT-SC and took some tours to see factories 
or historical sightseeing places in the northern part of 
Kyushu.  They also had chances to experience homestay 
at Japanese families.  Thus, they could experience not 
only engineering education but also cultural learning 
through this program. 

On the other hand, 4 to 6 students and three teachers 
of NIT-SC visited XUT in China for about three weeks 
from the middle of October to the beginning of 
November.  During the period, they observed classes, 
joined experiments and took tours to historical 
sightseeing places in and around Xiamen City.  They 
also had chances to join homestay.  Then, since 2006, 
the program has provided NIT-SC students with 
chances to join internship at a factory of Japanese 
company in China.  Though the term was about three 
days, they could have chances to work with local 
Chinese workers at the factory manufacturing electric 
transformers and automatic-controlled-devices.   

Figure 1 shows the evaluation on this program 
answered by students who had participated in.  Overall 
speaking, the students evaluated activities in this 
program highly. Though the entire term was only about 
three weeks, it was planned to let students have ample 
chances to talk with students having different cultural 
backgrounds.  Besides, it was planned to let students 
observe how the factory was operated abroad and 
experience the work themselves at a factory.  Japanese 
students especially evaluated these two points highly.  
 

 
Figure 1.   “How do you evaluate the activities in the 
program?” 

This experience made them have higher motivations to 
study engineering and start to think of overseas working 
situations as one of their future options (Morishita et al. 
2012)(7). 

Based on this program, in 2007, a class of Electric 
and Electrical students (40 students) of NIT-SC visited 
Xiamen City as their school excursion, in which 
students had originally joined factory tours in Japan.  
Though the period was about a week, it was 
programmed that NIT-SC students had a meeting with 
XUT students, visited factories of Japanese companies 
in China, and took tours to cultural or historical 
sightseeing places around Xiamen City (Figure 2).  
According to the survey answered by these students, 
many of the students indicated positive opinions 
towards the purposes of the program such as 
experiencing factory tours in China and working on 
some simple collaborative tasks with XUT students.  
(Now, all of four departments of NIT-SC provide 
students with chances to join overseas factory tours 
when students are fourth graders.  Two departments 
visit Taiwan, one visits Singapore, and one visits 
Xiamen, China, to have factory tours. )  

 

 
Figure 2. Students visiting factory of Japanese company  
at  Xiamen City in China. 
 

At the end of every school year, an international 
forum was held either in Sasebo City or in Xiamen City.  
After presenting the outline of the program and 
outcomes of each activity in the forum, the survey was 
carried out to collect the data of the audiences’ 
evaluation.  Every year, the result showed the audiences 
evaluated the program very highly (Sasebo National 
College of Technology, 2011, 2012)(5)(6).  When the 
third international forum was held in Xiamen City, 
Chinese participants evaluated the program very highly 
saying that “this program has very good influence on 
students’ education, and that it is worthy to continue the 
program from now on.” 
 
2. Cooperative Problem-Based Learning with 

Chinese, Korean, and Swedish Students from 2009 
to 2011 

 
At the end of every fiscal year, a special school 

activity evaluation committee, most of whose members 
were outside scholars and engineers, was held. While 
the program succeeded in getting high evaluation 
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among them, some important refinements were pointed 
out (Morishita et al. 2012)(7): 

 
(1) There need to be more chances for students to use 

English to communicate.   
(2) There need to be opportunities for students to 

engage in more technical tasks or more practical 
internship. 

(3) The program can be more global when it involves 
not only Chinese university but also others. 

 
Then, to broaden the scope of the program, NIT-SC 

furtherly sought the partnership with some other 
Chinese university, a Korean University and a Swedish 
University. In addition, as for this new program, NIT-
SC decided to put more foci on international 
collaborative activities in which students with different 
mother language and cultural backgrounds were to 
discuss environmental issues or energy issues so as to 
deepen their understanding of engineering science and 
improve their communication skills in English.  

Based on the previous program, NIT-SC started 
“International Engineer Course” with a view to 
supporting students to improve their problem solution 
abilities and communication skills using English.  In 
this program, small group activities were emphasized so 
that each student would contribute to the success of the 
group works, as a result of it, experience the feeling of 
achievement with English.  Such activities were 
expected to raise the level of each student’s motivation 
of further study.  The main activities were as follows: 

 
  (1) “International Engineer Course” started for 4th 

graders and advanced course students, who were 
interested in working overseas. 

    (2) The mutual student exchange course would be 
planned not only with XUT but also with other 
universities. 

  (3) Problem-based activities would be integrated into 
the program so that students could work together 
towards the solution with foreign students using 
English.   

  (4) Small-group activities were emphasized so that 
each student could understand their role of joining 
discussions and assigned tasks. 

  (5) “Cross-Cultural Laboratory was prepared so that 
students could engage in communication activities 
using Skype or e-mails. 

 
    In starting the next program, NIT-SC established its 
academic relationship with Peking University, China, in 
2007, Royal Institute of Technology, Sweden, in 2009, 
and Inha University, Korea, in 2010.  This expansion 
was expected to provide students with wider varieties on 
the topics which students would discuss in small group 
works.  As for the new program, problem-solving 
activities were also introduced in order to make 
students’ discussions more active and practical.  Such 
activities were expected to let students recognize 
present social and engineering problems, analyse them, 
and seek for their own original solutions working with 

foreign students sharing the same interests as future 
engineers. 

In January and December, 2011, 4 Chinese 
students, 2 Korean students, and 1 Swedish student were 
invited to NIT-SC so that they could join collaborative 
tasks with 6 NIT-SC students.  In this collaborative task, 
they were divided into two groups and worked on the 
different assignments.  Later on, each group was to do 
the presentation about their assignments.  Though there 
was only one student from Swedish University, the 
number of Chinese, Korean, and Japanese students were 
placed evenly in each group so that they would find 
themselves in the situation which required them to use 
English as their common language. There were two 
themes of the assignments; one was about energy issues 
and the other environmental issues.  

As for the discussions, however, Japanese students 
couldn’t join the discussion as actively as other foreign  
students did at the first meeting in January, 2011 (Figure 
3).  It turned out that they hesitated speaking out in 
English because they were not confident to engage in 
such kind of activities whether they really could or not.  
Considering this problem, before the second meeting in 
December, 2011, Japanese students had special lectures 
on how to participate in the discussion in English and 
using Web communication devices such as Skype or e-
mails. As a result, Japanese students could speak out 
their opinions or ideas in the discussion more often and 
enjoyed more contributing to the fulfilment of 
collaborative tasks than the first meeting.  It also turned 
out that the content of their discussion was more 
technically-oriented. 

 

 
Figure 3. Discussion session at NIT-SC. 
 

At the final day of the second meeting in December, 
2011, the international forum was held in Sasebo City.   

Figure 4 shows a scene at the forum in which 
students delivered the results of their discussion to the 
audience.  After the forum, the special school activity 
evaluation committee of NIT-SC evaluated the program 
as follows: 

 
(1) This program is effective to promote international 

friendship and understanding among students. 
(2) It is impressive that each student tried to contribute 

to his/her group to complete their task. 
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 (3) It seems that the two themes are rather abstract.  It 
may be easier for students to focus on the task if 
the theme is more specified.  

 (4) Though this program is good, the number of 
students is very limited.  It should plan to involve 
more students. 
 

 
Figure 4. The international forum held at Haustenbos? 
in Sasebo City (2011). 

 
3.   International exchange program involving other 

Colleges of Technology in Kyushu-Okinawa Region 
in 2014 

 
As for 2012 and 2013, the mutual student exchange 

programs were carried out between NIT-SC and XUT, 
China, just like before.   
     Then, in 2014, it has been a decade since NIT-SC 
started the mutual student exchange program with XUT, 
China, to encourage students to pay attention to 
international societies as their possible future working 
places.  To celebrate the 10th anniversary of the program, 
with cooperation of XUT, NIT-SC held a 
commemorative ceremony and the international forum 
in Sasebo City on June 28th, 2014.  
    In the forum, Ex-president of NIT-SC, Dr. Masahiro 
Inoue delivered the main speech of what would global 
engineers be expected. (Dr. Inoue was the president of 
NIT-SC when the original program started.)   Then, 
NIT-SC graduate, Mr. Naoki Kono, who joined the 
original program and visited XUT in 2007, delivered the 
speech about what he learned through this program and 
it is very useful in his present working career, which he 
has carried out several projects with Chinese companies 
(See Figure 5).   
 

 
Figure 5. The 10th commemorative international forum 
in Sasebo City (2014). 

On that day, as a part of cooperative program of 9 
Kyushu-Okinawa Colleges, all of which belong to 
National Institute of Technology, these 9 colleges 
（including NIT-SC）and XUT reached the agreement 
of the new mutual student exchange treaty. (In Figure 6, 
the left is Dr. Zhu Wenzhang, the vice president of 
XUT, and the right is Dr. Mitsuhiro Nakao, president of 
NIT-SC.) . 

 

 
Figure 6. A signing ceremony of the Memorandum of 
Understanding between XUT and the nine colleges of 
National Institute of Technology in Kyusyu-Okinawa 
Region, Japan. 

 
     The brand new start of the international mutual 
student exchange program involving more universities 
and colleges than when NIT-SC originally started the 
program, it is expected that this new treaty will enable 
student exchange program to be more fruitful, and 
contribute to the promotion of fostering engineering 
who can play active roles in international societies. 
 
4.   Conclusion 
 
     Based on the firm historical relationship between 
Sasebo City and Xiamen City, the program of fostering 
practical engineers was planned and carried out by NIT-
SC.   At the evaluation committee, the first program 
could get high evaluation.  Following the success of the 
program with XUT, the next program was planned and 
carried out with Chinese, Korean and Swedish 
universities, with focusing more on technical 
engineering education.  In addition, as for the revised 
program, more emphases were also put on letting 
students engage in collaborative tasks whose themes 
were about energy issues and environment issues.  At 
the end of each fiscal year, the special school activity 
evaluation committee was held, and the program 
succeeded in getting high evaluation in the meetings.  
At the same time, several refinements were also 
suggested, and these suggestions were the essential 
driving force to make the program itself more beneficial.   

Considering students’ comment and judgements of 
the special school activity evaluation committee, this 
program can be summarized to be successful so far.  By 
involving all colleges of National Institute of 
Technology in Kyushu-Okinawa region, this program is 
expected to expand its scope and bring more success to 
students who will be engineers with global sense in the 
future. 
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Abstract 
 

Intellectual honesty is the most important thing 
when people learn, especially for students. The 
process that to realize question oneself and to find 
answers of them with possible way will make a deep 
understanding. And the ability of to realize questions, 
intellectual honesty, is must attitude to whole life. 

Almost Japanese students tend not to be able to 
ask you a question positively during class. In this 
study, the minute paper was adopted as the first step 
to make the situation that student could ask a 
question positively. The basic minute paper consisted 
of three part, part one: to write the point of the class, 
the opinion of students, part two: to write questions 
of the class and part three: exercises of the class. The 
time to write minute paper was kept last ten to 
twenty minutes of each class and the paper was 
returned next class. A teacher answered questions of 
students and marked the answers of exercises before 
the paper was returned. 

All students wrote keywords of the class to part 
one. Approximately half of students wrote some 
question, basic and sharp questions, a quarter 
students wrote “no question” and a quarter students 
didn’t write anything to part two. All students 
answered exercises on part three because the 
answers of part three’s exercise were evaluated as 
their marks. To stimulate a deep thought in stages 
with the way to cope with questions of students and 
to figure out a good way to the notice of questions 
will be connected to growth of students. 

The minute paper was started to answer for 
questions of students. However, it realized that 
intellectual honesty is more important for teachers. 
Sharp questions from students are including 
valuable ideas to development of teachers and class. 
The minute paper will be able to use to maintain to 
encourage students’ acute sensitivity of having 
questions for the development students’ faculties to 
be able to energetic in whole life. 
 
Keywords: Minute paper, understanding degree 
confirmation, active learning, sharp questions, 
development students’ faculties, intellectual honesty, 
 

Introduction 
 

Intellectual honesty is the most important thing 
when people learn, especially for students. The process 
that to realize question oneself and to find answers of 
them with possible way will make a deep understanding. 
And the ability of to realize questions, intellectual 
honesty, is must attitude to whole life. 

Almost Japanese students tend not to be able to ask a 
question positively during class. In this study, the 
minute paper was adopted as the first step to make the 
situation students could ask their questions positively. 
 
Materials and Methods or pedagogy   
 

The basic minute paper consisted of three parts 
(Table 1). Part 1 asked “What is the most important 
thing of today’s class?” The aim of the question is to 
catch the point of the class. Part 2 asked “What is the 
question about today’s class?” The aim of the question 
is to catch questions of inside of students. And part 3 
was exercises of the class. The size of the basic minute 
paper was A5 and it was B5 when more than two 
exercises on part 3. 

145 students, 40 students from the 2nd year, 42 from 
the 4th year, 36 from the 5th year, and 27 from the 
advanced course, completed the minute paper. The time 
to write minute paper was kept last ten to twenty 
minutes of each class and the paper was returned next 
class. A teacher answered questions of students and 
marked the answers of exercises before the paper was 
returned. 

A survey about the minute paper to show in Table 2 
was carried out to same students. Purposes of the survey 
were to grasp a student’s thought and impression, 
effectiveness of the minute paper to help notice a 
question for a student and improvements of my class.  
13 questions of the survey were graded on a scale of one, 
disagree, to five, strongly agree. There was the space for 
any comments or requests for improvement of the 
lecture and minutes paper. 
 
Results and Discussion about the Minute Paper 
 

All students wrote keywords of the class to part one. 
Approximately half of students wrote some question, 
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basic and sharp questions, a quarter students wrote “no 
question” and a quarter students didn’t write anything to 
part two. All students answered exercises on part three 
because the answers of part three’s exercise were 
evaluated as their marks. There were many students 
who filled in a question as the lower grades.  
 
Results and Discussion about a Survey 
 

Figure 1 to 6 shows results of the survey. 
 

Figure 1 and Figure 2 show minute paper helped 
students ask questions and find a problem easily, 
respectively. Figure 3 tells you that answering questions 
carefully by instructers makes them happy in learning. 

Figure 4 shows that the upper year you are in, the less 
understanding on what you should write on minute 
paper. These answers can also be found in a free 
description of questionnaires. This results tell you how 
important for instructors to create an atmosphere that 
makes it easier to ask questions when they are in lower 
year. Since we received positive feedback on minute 
paper as shown in Figure 5 and Figure 6, we will make 
efforts to improve it to assist students in learning.  
 
 
 
Conclusions 
 

The minute paper was started to answer for 
questions of students. However, it realized that 
intellectual honesty is more important for teachers. 
Sharp questions from students are including valuable 
ideas to development of teachers and class. The minute 
paper will be able to use to maintain to encourage 
students’ acute sensitivity of having questions for the 
development students’ faculties to be able to energetic 
in whole life. 
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Figure 1 Results of survey (1) I can write minute papers freely and easily. 
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Figure 2 Results of survey (5) Minute papers help me find a problem. 
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Figure 5 Results of survey (6) I am glad to have a feedback of what I wrote on minute papers. 
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Figure 6 Results of survey (8) I do not know how/what I should write minute papers. 
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Abstract 
 

Adequately dealing with secondary educational 
issues related to energy and environmental concerns 
has been difficult in Japan. A 3-year science and 
environmental education program (Ariake Next 
Generation Science Club for jr. high school students) 
was instituted locally to help these problems. The 
stated aim of the program was to cultivate future 
scientists with a high awareness of environmental 
issues. Students were given a different 
environmental problem based on learning task each 
year which they had to report on. The effectiveness 
of this program was measured using a self check 
evaluation questionnaire given to the students, and 
then collaborated by teachers, parents, and other 
staff who participated in the program. Participants 
generally had a good experience and were found to 
be motivated to solve the environmental problem 
presented, to develop the skills necessary to do so, 
and to indicate a desire to pursue a future related to 
science and engineering. Overall the program has 
been a success and we hope to continue the 
implementation in the future. 
 
Keywords: Science and Engineering Education, Career 
Education, Environmental Problem, Junior High School 
Student, Advanced Course Student 
 
Introduction 
 

Ariake National College of Technology (ANCT) is 
the sole industrial institution of higher education in the 
areas of southern Fukuoka and northwest Kumamoto 
prefectures. As such the school has struggled to 
maintain awareness of science and engineering in the 
minds of young people, the school has instituted a 
variety of events and lectures aimed at elementary and jr. 
high school students. However, the effectiveness of 
these one-off programs has been minimal. 

The program of “Arao Regional Revitalization 
Industry-University-Resident Cooperation Program - 
Food, Brewing and Community Development from 
Machinaka Laboratory -” was adopted as a theme of the 
Support Program for Contemporary Education Needs 
(Good Practice) from 2006 to 2008 [National Institute 
of Technology, Ariake College (2012), The Good 
Practice Executive in National Institute of Technology, 
Ariake College (2008)]. In the program, advanced 

course students, teaching staffs, citizens have tackled 
many regional regeneration problems in Arao city. 
However, after the support program expired, there have 
been few programs in which our college students could 
participate. Therefore, an opportunity for practical 
education in cooperation with an institution of higher 
education in the region has been needed.  

To respond to this need, ANCT proposed a 3-year 
science and environmental education program, “Ariake 
Next Generation Science Club (ANGS Club)”, for 
junior high school students [Ishimaru (2014), Tsubone 
(2013)].  This new program, which selects an 
environmental issue for a main theme, has been adopted 
by the Future Scientist Program of Japan Science and 
Technology Agency (JST) since 2012. The main aim of 
this program is to cultivate the future scientists with a 
high awareness of environmental issues, by giving 
students a chance to solve environmental problems and 
experience research procedures that scientists generally 
follow. The ANGS program steps are shown in Figure 1. 
For each of the three years, we chose a different 
environmental problem, i.e., “Energy Problem and Solar 
Cell” in first year, “Removal of Fine Laver from 
Wastewater in Laver Production” in second year and 
“Water Quality Improvement in Channels” in third year. 
The students in ANGS Club have tackled these themes. 
Through annual activities each year, the original aim 
was achieved to some extent. Particularly, the students 
had strong interests in science technology and 
environmental problems together with learning special 
knowledge and skills of personal computing including 
software applications, e.g., Excel and Power Point. At 
the same time, however, we also found some points 
which should be improved in the program. In addition,  

 
 

① Selection of 
students attending 

program

② Lecture on environmental 
problems and field work

④ Design and 
manufacture

⑤ Experiment and 
analysis

⑥ Discussion for 
experimental result

⑦ Preparation of 
presentation and 

practice

⑧ Oral 
presentation

③ Investigation of 
solving problem

Program to cultivate 
the next generation 

scientist for utilizing a 
feature of neighboring 

area around Ariake
sea

⑨ Evaluation

 
Figure 1  ANGS program steps. 
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it is noted that we employed the advanced course 
students of our college as teaching assistants to the 
program. They are studying engineering in our college 
and were role models for junior high school students. 
This exposure had significant effects on the student’s 
career education and goals. Furthermore, the advanced 
course students also received some benefits due to 
participating in the program over and beyond their areas 
of speciality. Both groups of students found it 
meaningful to interact and cooperate with each other 
and the community that they belong to.  

In this paper, contents and outcomes of the 3-year 
science and environmental education program are 
reported. In addition, the effect of this program on 
ability development of junior high school students are 
discussed below. 
 
Outline of 3-year science and environmental 
education program 
 
a. Theme Decision 

In this program, a different environmental theme 
was selected every year. The themes were “Energy 
Problem and Solar Cell” in the first year, “Removal of 
fine laver from wastewater in laver production” in the 
second year and “Water quality improvement in 
channel” in third year. Each theme was matched with 
the appropriate department at ANCT. The 
environmental problems were based on real needs of the 
surrounding location – Arao, Omuta and the Ariake Sea. 
 
b. Decision procedure of attending students  

The recruitment for junior high schools was 
conducted through the Arao city and Omuta city boards 
of education, home pages, newspapers, and so on. The 
applicants filled in an application form for five 
questions concerning: (1) Interest in the field of science 
and mathematics, (2) Environmental problems that you 
are aware of, (3) Contents that you want to study in 
ANGS Club, (4) Future occupation and (5) Self 
promotion. The contents were evaluated by the teaching 
staff and teachers in each city’s board of education. The 
students attending the lecture were selected based on the 
score of application form. 
 
c. Participants and staffs 

Recruitment for this program has been conducted for 
junior high schools in Omuta and Arao cities through 
each board of education. Participation expenses were 
free because all charges for the program were supported 
by Future Scientist Program in Japan Science and 
Technology Agency (JST). Many applicants responded: 
30 people for 10 subscribers (all the first grade students) 
in first year, 12 people for 4 subscribers (all the first 
grade students) in second year and 6 people for 5 
subscribers (3 first grade and 2 second grade students) 
in third year applied to ANGS Club.  Basic information 
of third year participants is shown in Table 1. Desire to 
continuously participate in the ANGS Club has been 
high because the ratio of participants to next year 
continuance was 96 %, and the 3-year continuance was 
90 %. Furthermore, although the lectures were given  

Table 1  The informations of participants in 2014. 
No. Grade Sex Area of junior high school 
1 Third Female Yanagawa city in Fukuoka 
2 Third Male Fukuoka city in Fukuoka 
3 Third Male Omuta city in Fukuoka 
4 Third Female Omuta city in Fukuoka 
5 Third Female Arao city in Kumamoto 
6 Third Male Nagasu town in Kumamoto 
7 Third Female Arao city in Kumamoto 
8 Third Male Arao city in Kumamoto 
9 Third Male Saga city in Saga 
10 Second Male Omuta city in Fukuoka 
11 Second Male Omuta city in Fukuoka 
12 Second Male Omuta city in Fukuoka 
13 Second Female Ooki town in Fukuoka 
14 Second Male Arao city in Kumamoto 
15 Second Female Arao city in Kumamoto 
16 First Female Kumamoto city in Kumamoto 
17 First Male Omuta city in Fukuoka 
18 First Male Omuta city in Fukuoka 
 
more than 10 times each year, the percentage of 
attendance to the lectures achieved very high value of 
95 %. 

Junior high school students, their siblings, their 
caretakers, their teachers and their boards of education, 
and so on also could join in the ANGS Club. In addition, 
5-7 teaching staff who were expert on mechanical 
engineering, electrical engineering, chemical 
engineering, mathematics and physics, and 5-7 
advanced course student/teacher assistants also were 
included. The speciality and the number of teaching 
staff and teaching assistants changed depending on the 
theme. 

 
d. Ability cultivated by ANGS Club 

ANGS Club aimed to develop the following 
abilities: 
 
(1) Interest in the field of science and mathematics 

The junior high school students were encouraged to 
use math and science through specialised fields of 
mechanical engineering, electrical engineering, 
chemical engineering, biology and so on. This practical 
application of math and science was hoped to increase 
their interest. 
 
(2) Knowledge on the field of science and 
mathematics 

The knowledge base of the students was hopefully 
increased through discussions and lectures that related 
to environmental problem they were ask to tackle. 

 
(3) Interest in environmental problems 

The themes selected by ANGS Club closely relate to 
environmental circumstances in the surrounding area. 
These familiar and local themes from the district make 
junior high school students more directly understand the 
importance of problem and increase their motivation. 
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(4) Knowledge of environmental problems 
Original text books made by the teaching staff every 

year were used in ANGS Club in order to study the 
chosen environmental problems. Particular attention 
was paid to the difficulty of the contents and manner of 
expression to insure that it matched the student level. In 
addition, the student got first hand experience of 
difficult nature of solving environmental problems 
through laboratory experiments. Furthermore, field 
work and research were included in the program. The 
student were required to study many things related to 
the environmental problem. 

  
(5) Interest in the professions of scientist or 
researcher 

The junior high school students conducted the 
survey, experiment and so on together with teaching 
staff and teaching assistants of advanced course students 
in ANGS Club. The teaching staff and teaching 
assistants have actual research experience so they can 
give good guidance. The junior high school students can 
have a broad experience through the many activities and 
receive a variety of influences from the teaching staff 
and teaching assistants. 
 
(6) Ability to think about things through a scientific 
and engineering point of view 

All the participants were encouraged to logically 
think through the environmental problems, discuss and 
then decide on the ways of solving the problems and 
conduct the actual experiments. 
 
(7) Ability to arrange and summarize the 
experimental results 

A notebook computer was lend to each junior high 
school student in ANGS Club. The students arranged 
the experimental data with Excel and summarize 
knowledge and data obtained from the experiments and 
share their findings in presentation materials using 
Power Point. 
 
(8)  Organization skill (Writing and presentation 
skills)  

The junior high school students made a presentation 
based on their experimental results and give oral 
presentations at the end of the annual program at the 
Children Environmental Conference. Furthermore, 
students kept a lab research notebook as shown in 
Figure 2. 
 
(9) Ability to field of the question and answer  

Each student in the ANGS Club has the chance to 
give an oral presentation followed by question and 
answer session where their mentors will ask them 
questions cultivating their ability to field questions and 
demonstrate what they have learned. 
 
(10) Attitude to act on initiative 

Students were divided into small groups and must 
work as a team. This was hoped to encourage initiative 
and to get them to perform various roles. They were 
also encouraged to engage in preplanning in their lab  

 
Figure 2  Example of research lab notebook used in 
ANGS Club. 
 
notebooks so that they were better prepared for group 
work and to help them formulate their own ideas. 
 
(11) Operating skill of internet and personal 
computer 

The students were encouraged to use the computer 
by collecting information on the internet, using 
Microsoft Office, and e-Learning. Moodle was used to 
encourage discussions and to further their research and 
communication skills. Students learned to upload and 
down load materials, and became more familiar with 
common computer functions and software. As an 
example, a Moodle exchange from the ANGS Club is 
shown in Figure 3. 
 

 
Figure 3  Moodle exchange from ANGS Club 
(http://utapau.ee.ariake-nct.ac.jp/angs/mod/forum/view. 
php?id=91). 
 
e. Schedule and contents of the program 

The program ran from 2012 to 2014. The schedule 
and contents of the program for 2014 are shown in 
Table 2. The students also attached a conference the 
next year, The Second Children Environmental 
Conference 2015. The program was 3 years long and 
had very good long term attendance rates with only one 
student opting to quit participation. 

The 2014 contents started with several ceremonies, 
and, lectures on environmental problems, basic 
knowledge, technical terms, and so on as shown in 
Figures 4-6. Then, the middle few times were recreation 
to deepen relationships among participants. The 
recreation, basic experiments and field work as shown 
in Figures 7-9. In the third year, graduate research for 
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Table 2  The schedule and contents of the program in 
2014. 

No. The date  
and time Contents 

1 Ju. 7th (Sat.) 
13:30-16:30 

【Lecture】ANGS Club entrance and 
opening ceremony, and invited lecture 

2 Jul. 13th (Sun.) 
13:30-16:30 

【Lecture】Topics of water and pollution 
materials, concept of concentration 

3 Jul. 26th (Sat.) 
13:30-16:30 

【Lecture】Problems of laver wastewater 
from the point of view of chemistry and 
treatment of wastewater 

4 Jul. 31st (Thu.) 
13:30-16:30 

【Lecture】Examples of water cleaning 
method・recreation 

5 Aug. 10th (Sun.) 
13:30-16:30 

【Experiment】(1) Experiment using 
activated carbon (adsorption), (2) 
Experiment using bacteria (biology), (3) 
Experiment using breaching agent 
(chemical material) 

6 Aug. 11th (Mon.) 
13:30-16:30 

7 Aug. 30th (Sat.) 
13:30-16:30 

【Graduate research】Plan and 
preparation of graduate research 

8 Sep. 6th (Sat.) 
13:00-17:00 

【Field work】Field work of channels in 
Ooki town 

9 Sep. 23rd (Tue.) 
13:30-16:30 

【Graduate research】 Preparation and 
experiment 

10 Oct. 18th (Sat.) 
13:30-16:30 【Graduate research】 Experiment 

11 Nov. 15th (Sat.) 
13:30-16:30 【Graduate research】 Experiment 

12 December 13th 
(Sat.)13:30- 【Overnight training】 Experiment, 

analysis of experimental data, discussion, 
preparation of presentation 13 Dec. 14th (Sun.)  

-12:00 
14 Dec. 27th (Sat.) 

13:30-16:30 【Evaluation】 Oral presentation 

15 Mar. 21st (Sat.) 
13:30-16:30 

【Presentation】 The Second Children 
Environmental Conference 2015 

 

 
Figure 4  The entrance and opening ceremony of ANGS 
Club in 2014. 
 

 
Figure 5  The invited lecture about water treatment by 
Prof. Jyoko. 

 
Figure 6  The basic learning on water treatment. 
 

 
Figure 7  The recreation (Bach Volleyball). 
 

 
Figure 8  The basic experiments to study water 
treatment. 
 

 
Figure 9  The field work at channels around Ooki town. 
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Figure 10  Results presentation of ANGS Club in 2014. 
 
 

 
Figure 11  Explanation of experimental devices with 
posters in ANGS Club in 2014. 
 

 
Figure 12  The Second Children Environmental 
Conference 2015. 
 
 
the ANGS Club students was included in the program. 
The students thought and planned way of solving 
environmental problems, and conducted the experiments 
in small groups. The experimental data was analysed, 
and the experimental results and obtained knowledge 
were summarized using Power Point. The students were 
evaluated on oral and poster presentations and 
explanation with posters and experimental devices as 
shown in Figures 10 and 11. Finally, the students joined 
The Second Children Environmental Conference 2015, 
and explained their research and discussed with many 
participants including teachers of education boards and 
junior high schools, their families, citizens and so on, as 
shown in Figure 12. 
 
 
 

3.0

3.5

4.0

4.5

5.0

1. Interest in the field of science and
mathematics

2. Knowledge on the field of science and
mathematics

3. Interest in environmental problems

4. Knowledge of environmental
problems

5. Interest in the profession of scientist
or researcher

6. Ability to think things through
scientific and engineering points of view

7. Ability to arrange and summarize the
experimental results

8. Organization skills (Writing and
presentation skills)

9. Ability to field of the question and
answer

10. Attitude to act on initiative

11. Operating skill of internet and
personal computer

Students
Parents
Teachers
Teaching staffs

Average
2014
2013
2012

2014

 
Figure 13  The evaluation results for the students in ANGS Club. 
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Evaluation Results and Discussions 
 

In the program, in order to grasp the students’ level 
of understanding, a 5 level self-check survey (5: highest 
– 1: lowest) was conducted for each student. Average 
values of self-evaluation were 4.3 in first year, 4.3 in 
second year and 4.4 in third year. Although the students 
have tackled very difficult problems, the values in every 
year were basically very high. If pressed, when the 
students needed to decide for themselves on the plan 
and think through the method of the research, which 
they had little experience, the self-evaluation showed a 
lower value of about 4.0. On the other hand, when what 
needed to be done was clear for the students, e.g. basic 
experiments prepared by teaching staff, data reduction 
and so on, the values were very high at 4.5-4.7. This 
data suggests that students could successfully 
understand most of the content in the program. 

In order to reveal the develop of the student abilities 
while taking part in ANGS Club after a year, 
questionnaires were given to the students, their parents, 
teachers of education boards and junior high schools, 
teaching staff and teachers of National Institute of 
Technology, Ariake College. The questionnaire results 
were compared with general and same grade junior high 
school students (5: very high - 3: same - 1: very low). 
The 11 target abilities for the evaluation are mentioned 
in section d. The evaluation results are shown in Figure 
13. Here, the students, parents and teaching staff 
evaluated the students through the annual program in 
ANGS Club.  

As a result, the ability development for the students 
were very high on the whole. Particularly, the 
evaluation numbers of (1) - (3) were excellent with 
values of 4.8, 4.5 and 4.5 in 2014, respectively. The 
results suggest that this program increased student 
interest in science, mathematics and environmental 
problems. 

By looking at each evaluator, the evaluations by the 
parents for number (11) and the teachers of education 
boards and junior high schools for number (6) were very 
high at 4.7. On the other hand, the evaluation by the 
students for number (9) was not as good as the results of 
the other evaluation numbers. The tendency was almost 
same in 2013 and 2012. 

In comparison with the evaluation results of 2012 to 
2014, many evaluation numbers were highly evaluated 
from 4.0 to 4.5 in every year. Although the theme 
changed every year, the educational program through 
the ANGS Club helped students develop their abilities. 
 

Conclusions 
 

In National Institute of Technology, Ariake College, 
a science and environmental education program, 
“Ariake Next Generation Science Club (ANGS Club)”, 
for junior high school students was suggested and 
conducted during 3 years from 2012 to 2014. In 
cooperation with education boards in Omuta city and 
Arao city, the surrounding junior high schools, the 
associations and groups on environmental problems, the 
committees in our college and so on, the educational 
program could be successfully carried out for the junior 
high school students having high interest in the field of 
science and mathematics. In addition, the educational 
effects of ANGS Club on developments of student 
abilities were clearly shown by the evaluation results. 
Particularly, it seems that the program strongly effects 
the students in their career goals. Furthermore, the 
advanced course students also obtained the opportunity 
to experience practical education in cooperation with 
their region. This program will be continued on and 
after 2015. 
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Abstract 

 
This paper summarises the approach and 

outcomes of a flipped classroom teaching innovation 
with a group of first-year students, identified as 
academically weaker, in a Digital Electronics module 
at a post-secondary institution. The paper outlines 
the pedagogic framework employed in the 
innovation and how high effect teaching methods 
were combined with appropriate educational web 
tools to create highly effective learning experiences 
for students. While a range of educational web tools 
were used in the design and delivery of the 
programme, the focus was on their ability to enhance 
aspects of the learning process. In this way good 
pedagogy was the basis of good design, from which 
technology could provide further enhancements in 
terms of the student learning experience and 
attainment opportunities. A 3-phase flipped 
classroom (pre-class, in-class and post-class) was 
implemented. Through a range of carefully 
structured active learning activities such as 
formative assessment quizzes, problem solving, and 
peer instruction, students engaged with complex 
digital electronics concepts. Educational web tools 
(e.g., screencast-o-matic, socrative and kahoot) were 
thoughtfully and creatively integrated (from an 
evidence-based perspective) throughout the 3 phases 
to enhance the student learning experience. The 
innovation was carefully evaluated to both assess the 
subjective experience of the students in terms of how 
they felt about the programme and their learning, as 
well as actual attainment levels in terms of meeting 
stated outcomes. Comparison was made between the 
flip and nonflip classes with results from the end-
semester examination indicating that the flip 
students were able to perform better than their peers 
and their results were comparable to the best cohort 
in the school. Of key importance is the 
understanding of what makes the learning 
experience one that fosters both a positive learning 
experience for the student as well as one that 
enhances attainment. Certainly, from this 

experience, it can be argued that the flip experience 
can become an effective format for student learning, 
but underpinning it, there must be a strong 
evidence-based pedagogy guiding the learning 
process and the selection and creative use of 
educational web tools. 
 
Keywords: flipped classroom, active learning, 
engineering education, peer instruction, education 
technology, evidence-based 
 
Introduction 
 

Digital Electronics is a fundamental module which 
all first year students in the School of Electrical and 
Electronic Engineering (EEE) have to study regardless 
of their prior knowledge. Based on past experiences, 
students with no “O” Level Additional Mathematics 
tend to get left behind and do poorly in this module. 
Teoh and Wan (2014) conducted a pilot programme for 
this module on a test group consisting of academically 
stronger students i.e. students who had done well in “O” 
Level Additional Mathematics and concluded that their 
flipped classroom teaching methodology had positive 
outcome on test results.  

 A separate pilot programme was conducted at 
Villanova University in Villanova, Pennsylvania 
(Bidwell, 2014). The pilot flipped engineering courses 
and found that the bottom third of students’ grades were 
more than 10 percent higher than in a traditional 
classroom. This encouraged us to continue the previous 
research and explore flipping course content for weaker 
students. The key research questions were (1) does the 
flipped classroom approach provide similar positive 
results with academically weaker students; and (2) what 
kind of modifications in pedagogic strategies and 
methods (if any) are most useful for such students?  
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Methods and Pedagogy 
 

The Case for Flipped Classroom Using Evidence-
Based Teaching Approaches 

 
Teoh and Wan (2014) demonstrated the 

effectiveness of a 3-phase Flipped Classroom approach 
and highlighted the uniqueness of their implementation 
as one that combined the best practices of other 
practitioners and functionally useful web tools, in terms 
of supporting different aspects of the learning process, 
and creatively adapting the learning experience to the 
situated context of the particular student groups.  

For this pilot implementation for academically 
weaker students, we decided to build on the success of 
the 3-phase flipped classroom approach and to reinforce 
the concepts of incorporating the best practices of other 
practitioners by adopting an evidence-based teaching 
approaches (e.g., Hattie, 2009; Petty, 2009; Hattie & 
Yates, 2014; Sale, 2015). 

As described by Petty (2009), evidence-based 
teaching is about adopting strategies that are known to 
have the greatest average effect on student achievement 
and to understand why these methods work so that we 
can adopt these methods to meet the unique needs of our 
learners, our subject and other important contextual 
factors. Additionally, constant review of our teaching, to 
see what works in our classroom and to have the 
creativity and judgement to decide on the best methods 
and be able to adapt them within the context of our 
teaching is essential.   

In our implementation, we adopted high effect 
teaching methods (e.g., feedback, problem-solving and 
peer instruction) throughout the 3 phases of flipped 
classroom. A range of educational web tools (e.g., 
screencast-o-matic, socrative, kahoot) were carefully 
selected and weaved into the 3 phases to enhance the 
students learning experience. The combination of high 
effect teaching methods and supporting educational web 
tools was constantly reviewed and modified, based on 
feedback, to enhance the students learning experience. 
The basis and methodology for such enhancement will 
be described in the next section.   

In our context of academically weaker students, lack 
of motivation had been identified as a potential barrier 
to students learning. Therefore, we deliberately focused 
on high effect teaching methods and educational web 
tools that seemed most likely get student attention and 
stimulate interest. This involved active engagement with 
the content learning and providing some fun to the 
learning experience. 
 
Implementation 

 
The implementation methodology was similar to the 

previous pilot as described in Teoh & Wan (2014). Key 
improvements includes: (1) reinforcement through 
evidence-based pedagogic design; and (2) high impact 
web tools were systematically applied to enhance the 
learning experience and attainment for the designated 
student group. 

 The module, Digital Electronics 2 (ET1004), chosen 
for this pilot is the second part of the module, Digital 
Electronics 1 (ET1003) used in Teoh and Wan (2014). 
ET1004 was the best alternative module available due to 
the pilot timing. ET1004 is a compulsory module for 
first year students in the School of Electrical and 
Electronic Engineering (EEE). Topics covered include 
counters and shift registers, signed numbers and 
arithmetic circuits and MSI logic circuits IC’s like 
decoders and encoders, multiplexers and 
demultiplexers. The traditional class consists of 60 
hours of instruction per semester of 15 weeks; divided 
into 30 hours (2 hours per week) of lectures, and 15 
hours each of tutorial and laboratory sessions (2 hours 
per fortnight of alternating tutorial and laboratory 
lessons).  Similar to the previous pilot, the 2-hour 
lecture was flipped.  

The pilot was implemented for 2 Electrical and 
Electronic Engineering (DEEE) classes for 15 weeks. 
The 2 classes selected for this pilot have an average 
GCE “O” level score of 21 and have not studied “O” 
Level Additional Mathematics. Altogether 35 students 
were involved in this pilot run. DEEE is one of the 7 
courses offered by the EEE School. The cohort size for 
DEEE is 23 classes.  

The overall structure of the implementation had 
three Phases: 

 Pre-Classroom Phase 
 Face-to-Face Classroom Phase 
 Post-Classroom Phase 
 

Pre-Classroom Phase 
 

The pre-classroom phase involved the 
familiarisation of basic concepts and key facts at the 
knowledge and comprehension level. This was done 
through a series of lecturer-created short videos using 
free software called Screencast-o-matic. Curated videos 
and cartoons from Youtube, relevant reading materials 
and Powerpoint presentations with voice-over were also 
used to add variety to learning.  

To check for students’ readiness for the face-to-face 
classroom phase, a free student response system called 
Socrative was used. Questions were posted through 
Socrative to validate students’ understanding of key 
concepts; the tool further allowed instant visualisation 
enabling us to identify areas of concern which could 
then be addressed during the face-to-face classroom 
phase.  

Throughout the 15 weeks, a communication tool, 
WhatsApp, was used to inform students of new 
resources, Socrative quiz deadlines and to maintain a 
two-way communication and feedback with the 
students. WhatsApp helped to add elements of “personal 
touch” in the pre-classroom phase which was critical in 
the building of rapport with the students.  

We observed that initially most students did not look 
at the pre-class materials or do the quizzes. For the first 
2 weeks, we had to meet them face-to-face to explain 
the rationale of the flipped approach and outline the 
goals or tasks in advance. We followed up with 
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WhatsApp to encourage them further. With the ongoing 
open and honest two-way communication and feedback, 
the students warmed up to the flipped approach, leading 
to higher student participation. 

 
Face-to-Face Classroom Phase 

 
The face-to-face classroom phase assumed that 

students have completed the pre-class assignments and 
come to class with the desired knowledge of the subject 
material or specific questions which they have difficulty 
in. Classroom instructional strategy was adjusted 
depending on the result of the Socrative quiz. 
Combinations of instructional strategies consisted of the 
following: 
 Mini lectures on topics which students did not 

perform well on in the quiz; 
 Engaging students actively in applying the content 

used to real work/world contexts through good 
thinking and simulated practice; 

 Introducing more challenging and intriguing 
problems for students to work on collaboratively 
and solve;  

 Increasing utilization of peer discussion and 
assessment while working on group tasks; 

 Mid-point quiz to test understanding and deal with 
learning concerns; and 

 Wherever possible, weaker students were provided 
with the necessary learning support to enable them 
to keep on track to mastery learning. 
 

What was done differently in this pilot was the use 
of Kahoot, an interactive game-based student response 
system, to conduct mid-point quiz. The tool was highly 
effective in terms of getting student attention and had an 
excellent von Restorff Effect (injected novelty into the 
learning experience). This hit the ‘sweet spot’ in terms 
of an appropriate motivation strategy for this student 
group. 

 
Post-Classroom Phase 

 
At the end of every face-to-face session, students 

were asked to do an exit poll using Socrative to evaluate 
the effectiveness of the learning experience and to 
identify areas which they did not fully understand. In 
situations where there were prevalent difficulties on a 
particular topic, a “Question and Answer” video was 
made using Screencast-o-matic to specifically answer 
areas of learning difficulty. This post-classroom phase 
was especially important in helping to close the learning 
loop (e.g., effectively connecting the new knowledge to 
prior knowledge) with the students before the next 
lesson. 

Students were also asked to provide feedback on 
areas that may help to improve their learning 
experience. Flipping the classroom is a dynamic process 
of reviewing and modifying the teaching practices to 
meet our students’ needs. The feedback received from 

the students as well as our own observations will help to 
enhance the methods used in the next lesson.  
 
Results and Discussion 
 

Student Feedback 
 

After 15 weeks of implementation, a student survey 
was conducted to assess the subjective experience of the 
students in terms of how they felt about the programme 
and their learning. Students were asked to respond to 
questions about each phase and also give their overall 
opinion of flipped classroom. 

Altogether 33 out of 35 students responded to the 
survey. The questions were on a 5 point Likert scale 
from Strongly Disagree (SD), Disagree (D), Neutral 
(N), Agree (A) to Strongly Agree (SA).There was also a 
free response question at the end of every section for 
students to give their comments and views freely. 

 
The Pre-classroom Phase  
1) I understand the purpose of the pre-class learning 
activities in Digital Electronics  
2) I understand fully the pre-class tasks that I have to do 
each week  
3) The learning material and videos produced are 
adequate for me to understand the material covered  
4) I have adequate contact with my lecturer, and support 
during this pre-class phase   
5) The pre-class learning tasks were too difficult & take 
too long to complete  
 

 
 
Student comments: 
“I think the pre-class stage is good because when I don’t 
understand a certain topic I could watch the videos 
again to understand. If I still don’t understand, there is 
class time to clarify my doubts.” 
“I loved the idea of this pre-class stage because it 
prepares the students ahead.” 
 
As this group of students did not study Additional 
Mathematics, the pre-class materials were helpful to 
them as they were able to view the materials repeatedly. 
This helped them to reinforce understanding of key 
concepts and to better prepare for the face-to-face 
sessions. One interesting result here was the high 
number of students strongly agreeing that they had 
adequate contact with their lecturer, and support during 
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this pre-class phase. Although we did not see the 
students during this phase, keeping contact through 
WhatsApp was vital. This made sure that the students 
did not feel alone in the learning journey and any 
immediate concerns could be addressed. 
 
The Classroom Phase  
1) The classroom activities in my DE class is more 
interesting compared to other modules as a result of 
flipped teaching  
2) I learn better in my DE class now compared to other 
modules  
3) I enjoyed the game-based Kahoot quiz 
4) The Kahoot quizzes made me more attentive in class 
5) I am more motivated to learn because chocolates and 
small prizes at the end of Kahoot game were given out 
 

 
 
Student comments: 
“The lesson is more fun than other modules because we 
get to play games where we also learn at the same time. 
We won’t fall asleep or talk about other things with our 
friends in class.” 
“Having class discussions and different point of views 
to solve a question” 
“We need to make sure that we can think fast during 
kahoot. It is a good way to get us involved in class as 
we are able to challenge each other competitively.” 
 
The positive results in the classroom phase were 
anticipated as the methods used were of high effect 
sizes (Hattie, 2009). The survey results and feedback on 
Kahoot suggested that gamification of content was an 
effective way to engage weaker students, as it provided 
a good attention grabber and injected some fun into the 
learning experience. 
 
The Post-classroom Phase  
1) I understand the purpose of the post-class learning 
activities in DE  
2) I find the post-class sessions in DE useful in 
addressing my doubts arising from the lesson in class  
3) The Post-class learning material and videos produced 
are adequate for me to clarify my doubts if any  
4) I have adequate contact with my lecturer, and support 
during this post-class phase  
5) The post-class learning tasks are too difficult and 
take too long to complete  
 

 
 
Student comments: 
“It helps me to understand what I learn in class. We can 
use this platform to clear our queries and doubts so that 
especially for some of us who may be too shy to ask 
during class. The EXIT poll let us ask questions without 
being shy.” 
 
Most students had understood the purpose of this post-
classroom phase and found that this phase was useful in 
clarifying their doubts. However, we noted that there 
was a slightly muted response with regard to the 
question if post-class activities consumed too much time 
or was too difficult. This was understandable since this 
3-phase flipped classroom approach had largely 
deviated from the standard module offering in the sense 
that where the students were expecting an end to a 
standard module, they were now being engaged in a 
post-mortem. Nevertheless, results indicated a positive 
effect of post-classroom phase in advancing course 
content.    
  
We noticed that there was a high number of students 
strongly agreeing to the statement that they had 
adequate contact with their lecturer, and support for 
both pre- and post-class phase. This suggested to us that 
teacher presence in and out of the classroom was an 
important factor in engaging weaker students. 
 
Overall  
Should the flipped teaching method be used in other 
modules?  
1) Most definitely no. It takes too much time and effort  
2) No, but it could be used sparingly in some lessons  
3) No opinion  
4) Yes, but perhaps not every lesson  
5) Most definitely yes. I learn better this way  
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The results showed that almost all the students preferred 
the flipped teaching method, with a slightly higher 
number highlighting their concerns if this method were 
to be implemented in every lesson. Informal 
conversations with students pointed towards their 
concerns about potential workload if all lessons were 
flipped. While they felt that they learnt better this way, 
the issues of workload, time management and self-
regulation are important factors to consider in the pre-
classroom and post-classroom phases. 
 

Student Performance 
 

Also, apart from what the students told us about their 
learning experience, we also wanted to find out the 
actual attainment levels in terms of meeting stated 
outcomes. The performance of students in ET1004 
module in the flipped classroom pilot were analysed and 
compared against both the entire cohort of students, and 
students from similar backgrounds.   
 
Module Results (ET1004, DE)  
Flipped class mean = 83.7 
Cohort mean = 76.8 
Cohort Standard Deviation (s.d.) = 14.1 
Outperformance of Flipped Class = 0.5 s.d. 
 
Mean of classes with similar students = 74 
Outperformance of flipped class = 0.69 s.d. 
 
Despite being academically weaker students, the pilot 
class outperformed the cohort mean by 0.5 standard 
deviations.  More significantly, when compared against 
students of similar backgrounds, the outperformance 
was larger – at 0.69 s.d. 
 
None of the students in this pilot class failed the module.  
The fail rate of the cohort and those of similar classes 
were 5.0% and 6.8% respectively. 
 
We thought it was instructive to also compare the 
performance of this pilot class against its peers in 
another technical module to gauge the effect of flipped 
teaching on the class.  ET1006 - Principles of Electrical 
and Electronic Engineering (PEEE) was chosen for this 
comparison.  All classes in this module were taught in 
the traditional way through a series of lectures, tutorials 
and laboratory sessions. 

 
Module Results (ET1006, PEEE)  
Flipped class mean = 60.7 
Cohort mean = 69.9 
Cohort Standard Deviation (s.d.) = 15.4 
Outperformance of Flipped Class = -0.6 s.d. 
 
Mean of classes with similar students = 64 
Outperformance of flipped class = -0.21 s.d. 
 
Here, the pilot class underperformed both the entire 
cohort and classes with similar backgrounds by 0.6 s.d. 
and 0.21 s.d. respectively.  
 
The fail rate for the pilot class in ET1006 was 22.8% 
while that for the whole cohort was 7.9%.  For classes 
with similar students, the figure was 11.6%. 
 
We did not analyse the reason for the underperformance 
of this class when compared to its peers.  But one reason 
could be that this class is weaker than originally 
thought. If so, this makes the outperformance in the 
flipped class in ET1004 all the more remarkable. This 
result reinforced that our selection of high-effect 
teaching methods and web tools were useful in 
motivating and engaging academically weaker students 
in the subject content and thus achieved better 
performance. 
 
Conclusions 

 
The flipped classroom, using evidence-based 

teaching principles and practices together with the 
effective use of appropriate web educational tools (e.g., 
Kahoot to check key understanding, provide two-way 
feedback and create some fun) are likely to foster both a 
positive learning experience and enhance attainment for 
students. Certainly, from this experience, it can be 
argued that the flip experience can become an effective 
format for student learning. However, underpinning it, 
there must be a strong evidence-based pedagogy 
guiding the learning process and the selection and 
creative use of educational web tools.  

In summary, a key success factor in this innovation 
was the use of motivational strategies throughout the 
whole learning experience, which required some 
creativity. This helped to create a psychological climate 
which was both success orientated and fun for the 
student involved. There is, of course, a strong evidence 
base to why and how this works (e.g., Jensen, 1996; 
Dewey, 1998; Mlodinow, 2012). 
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Abstract 
Since the first International Symposium on 

Advances in Technology Education was held in 2007, 
National Colleges of Technology in Kyushu-Okinawa 
Region and Polytechnics in Singapore have been 
promoting educational collaborations.   Kitakyushu 
College has been developed student/staff exchange 
programs with several Polytechnics.  With Republic 
Polytechnic, we have launched a joint Final Year 
Project (FYP) in which students of Republic 
Polytechnic are co-supervised by faculties of 
Kitakyushu College.  It should be noted that the 
subject “Thesis Research” in Kitakyushu that is 
chosen to be similar to FYP is related to the Republic 
Polytechnic’s projects, so that the students of both 
schools can collaborate easily during the semester 1, 
and continue their project topic in the semester 2.  
For the year 2015, the chemical reactor system is 
chosen to be a common platform of project.  Thus, 
students of both schools will design, fabricate and 
evaluate their systems as works of international 
collaboration.  For example, the students (sender) 
will send parts of system with an invoice/technical 
report prepared by themselves to another school 
students (receiver), and they will build the system 
and report the results, like a real international 
division of manufacturing production.  The details of 
program activities are discussed from the viewpoints 
of effective global education program. 
 
Keywords: International Exchange Program, Co-
supervior, Final Year Project (FYP), Thesis Research, 
International Division of Labor, Multiple Institutions 
Collaboration 
 
 
1. Introduction 

As the global education is a very creative and 
effective approach of raising students’ awareness of 
their own roles in the world, it really motivates the 
students to become active, responsible, collaborative 
and global citizens.  Therefore, many educational 
institutes of higher learning have been developing 
educational collaboration relationships in order to 
promote global education.  This symposium, the 
International Symposium of Advances of Technology 
Education (ISATE), is one of good examples of the 
institutional collaboration.  Since 2007, many faculties 
of educational institutes have exchanged and shared 
their pedagogy and future visons, as well as established  

 
international educator networks through ISATE.  One of 
successful outcomes is a Memorandum of 
Understanding (MOU) between five polytechnics in 
Singapore and the National Institute of Technology 
Japan (formerly Institute of National Colleges of 
Technology: INCT) signed in 2011. The MOU includes 
student and staff exchanges between the polytechnics 
and all National Colleges of Technology belonging to 
INCT and visits by polytechnic students to Japan and 
vice versa. Basing on this MOU, the first author was 
attached to Republic Polytechnic from September 2014 
to March 2015 to promote educational collaboration 
between two schools.  This paper discuss an 
international students’ collaborative project including an 
opportunity of short term exchange program as a global 
education implementation. The details of project are 
discussed. 
 
2. Method and Discussion 

National Institute of Technology, Kitakyushu 
College (formerly Kitakyushu National College of 
Technology) has been developed global education 
programs with several Polytechnics in Singapore and 
other foreign educational institutes.   These activities 
include short-term and/or long-term student exchange, 
international symposiums and faculty attachment 
programs.  The faculty attachment program is organised 
by the National Institute of Technology, and many 
college staffs have deepened the friendship and 
cooperation with other countries’ school staffs.  After 
the staff attachment to Republic Polytechnic 2014, we 
have launched a joint Final Year Project (FYP) in which 
students are co-supervised by faculties of Kitakyushu 
College.  
 
2. 1. Academic Calendar and Modules 

Table1 shows academic calendars of both schools 
and a scheme of this program. There are some 
difference, but both schools adopt the two semester 
system and the summer vacation is set to be mainly in 
September. During the semester 1 (from April to 
August), the project supervision to the students are 
provided through the web (video-meeting) as well as 
actual face to face meetings; The first face to face 
meeting was held in May. In the following semester 2 
(from October to February), the students are provided 
opportunities to be attached to Kitakyushu College as an 
international internship. 
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Table 1. Academic calendars of both schools and 
scheme of this program. 
 1st   

Semester  
Summer 
Vacation 

2nd 
Semester  

Kitakyushu 
College 

7 April  to 30 
September  

12 August  to  
23 September  

1 October to 
22 March  

Republic 
Polytechnic 

20 April to 
12 September 

13 September 
to  18 October 

19 October 
to 7 March 

This 
program 

Supervision via the Internet / 
Student Collaboration 

Student 
Attachment 

   
A telecommunications application software, Skype, 

is employed mostly to communicate with each other.  
Although the resolution of picture on a display was 
found to be not good enough to see the details, the 
materials sent as attached email supplement compensate 
the lower quality of pictures. Simple hand drawings 
during the meeting are also useful to explain and show 
the processes of project tasks. Through the meetings, 
both Kitakyushu College students and Republic 
Polytechnic ones exchange ideas regarding the project 
and enjoy conversation on their daily life as well as 
culture stuffs.   There is only one hour time difference 
between Japan and Singapore.  So, it is relatively easy 
to have video meetings via the Internet in terms of 
scheduling.  However, as we have a thesis research 
mainly on Thursday in Kitakyushu College and FYP on 
Wednesday in Republic Polytechnic, the meeting time 
duration tends to be confined.  If we have FYP on the 
same day, we can have the video meeting freely and it 
also enable us to make a bilateral experiment via the 
Internet. It should be suggested that educational 
collaboration between schools seems to be improved 
dramatically by adjusting class schedule. 

 

 
 

Fig. 1    A scene of video meeting. 
 

2. 2. Research topic 
The research topic of “Thesis Research” in 

Kitakyushu College was chosen to be similar to FYP in 
Republic Polytechnic’s project, so that the students of 
both institute can collaborate easily during the semester 
1, and continue their project topic in the semester 2.  For 
the year 2015, the chemical reactor system, a 
microreactor, was employed as FYP topics.  A 
microreactor is a micro-channel reactor in which 
chemical reactions are designed to take place in a 
confinement with typical lateral dimensions <1 mm (Fig. 
1).  Because of high energy efficiency, reliability, and a 

superior degree of process controllability, microreactors 
possess many advantages over conventional large scale 
(bulk) chemical reactors.   

Both school students design, fabricate and evaluate 
their own systems as works of international 
collaboration. In this semester 1, Republic Polytechnic 
students designed the micro-channel and send it by 
email. Then, Kitakyushu College students fabricated the 
channel basing on the received design and sent 
fabricated parts of system with an invoice/technical 
report prepared by themselves to Republic Polytechnic 
students (receiver).   Republic Polytechnic students will 
build the system and report the results, like a real 
international division of labor.    

 
(a)                                                       (b) 

     
 
Fig. 2   A example of  (a) microreactor and (b) micro-
channel 
 

A typical microreactor consists of micro-channels 
for mixing, a pumping system, and so on.  Thus, 
Kitakyushu College students and Republic Polytechnic 
ones collaborate together to develop their own 
microreactor.   Figures 3 (a) and (b) show the micro-
reactor design developed by Republic Polytechnic 
students.  This structure is fabricated on Acrylic resin 
plates using a Machining centre at Kitakyushu College.  
The prototypes with other elements sent to Republic 
Polytechnic will be assembled and be evaluated.    
(a) 

 
(b) 

 
 

Fig. 3 The microreactor (a) design developed by 
Republic Polytechnic and (b) Prototype microreactor  
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2. 3. Experience of international division of labor 
Since the microreactors are developed through the 

collaboration between two institutes in two countries, 
the students experience an international division of 
labor.  In addition, Kitakyushu College students try to 
prepare an invoice (bill) for shipments.  In the business, 
the invoice that indicates the products, quantities, and 
values for products is an important commercial 
document issued by a seller to a buyer as well as for the 
custom report.   As the invoice is a summary of their 
work and important to deliver the products to 
collaborator, they feel this is a good experience of 
business process and manner.   Although they talked 
with Republic Polytechnic students via Skype easily, it 
is still difficult to find the country code for international 
calling.  They also experienced to simulate checking the 
parameter sheet and the classification of Japanese 
export control regulation.  It should be noted that the 
export control is the important thing to keep in mind 
even for educational institutes.  Of course, our prototype 
microreactor that is a simple patterned Acrylic resin 
plate, does not fall under the category of regulation.  
Through the examination of export control regulation, 
the students could learn the responsibility of 
manufacturer for international collaboration.  It is better 
to note that the real examination of regulation was done 
by the faculty, not by the students.    
 
 

 
 
Fig. 4  An example of export control documents: Export 
Control Classification excel file that is similar to one 
students try checking. (in Japanese) 
 
 

 
 
Fig. 5 An Example of Invoice prepared by Kitakyushu 
College Students (Unfinished one) 

2. 4. Delivery of the parcel 
Efficient and fast delivery is very important in the 

world logistics.  It is surprisingly noted that less than 3 
days are needed to deliver the parcel from Kitakyushu 
to Singapore using the express mail service (EMS).  
Table 2 shows a list of Delivery Days for other 
countries from Kyushu region. Typical fees for EMS 
service are JPY1,100  for 500 g parcel and JPY1,800 for 
1000 g parcel.  This also tells the students facts that the 
world is connected closely and it is a small world where 
there is no distance between people and business. These 
activities provide opportunities to the students to learn 
the legal responsibility and a basic idea of international 
logistics.   
 
Table 2.  List of Delivery Days (EMS: Kyushu) 
Country/Area name Number of delivery days 
Indonesia 5 
Hong Kong 2 
Singapore 2 
Thailand 3 
Taiwan 2 
Malaysia 3 
(It should be noted that it takes about 7 days, if we use a 
normal airmail service)   
 
 
 
2. 5. Student Attachment to Kitakyushu College 

Through this project, the students begin to be 
interested in joining the partner school for further study. 
For Republic Polytechnic students, Kitakyushu College 
is preparing a short term exchange program up to 5 
months period.  Because of the duration of their stay, 
they have to obtain the student visa status in Japan. 
During their stay in Kitakyushu College, they are 
arranged to join some lectures in the advanced school, 
lab-work as well as continuing their FYP in the 
laboratory.  However, it should be noted that this 
program is an on going one, and the number of student 
coming to Japan has not been determined, yet. In 
addition, these opportunity is opened to the students 
who are not directly involved in the project, since the 
students in my laboratory feel familiar with Republic 
Polytechnic students and are ready to welcome them. 

To encourage their study in japan, the financial 
support is another key issue to be discussed.  For the 
short-term exchange students, there are only two 
possible founding for their living expenses: Sakura 
Science Program and Japanese Students Services 
Organization (JASSO) scholarship.  Last year, we could 
get Sakura Science Funding to invite Republic 
Polytechnic students, but it is for a short stay up to 20 
days.   Thus, the JASSO is suitable for this program.   
As this program was planned after the deadline for 
JASSO scholarship in October, we could not apply for it.  
For the continuity of the exchange program, we have to 
keep applying these scholarships in addition to other 
possible ones. 
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3. Conclusions 
In this paper, our collaborative project between two 

schools is presented.  The microreactor is chosen to be a 
common platform of the project, and the students design, 
fabricate and evaluate their systems like a real 
international division of manufacturing production. It 
seems that our students start to rise their awareness of 
being global engineers in the world.  The Internet video 
meeting provides opporunity to talk and to collaborate 
with foreign students easily.  Although it is not a real 
face to face meeting,  the video meeting seems to help 
students to be more involved  in the meeting/project 
emotionally.  Moreover, it makes both school students 
to be friends and collaborators.   It is quite obious that 
only text based exchang (i.e. e-mail) cannot provide 
such emotional involvement.   Althogh the students are 
familiar with ICT and social media, typical business 
processes (sending packages and writing invoices) are 
new for the students and are found to be a really good 
experience.  The following student attachment is an 
ongoing activity. We will find out the progress of our 
global education program later on.  It is suggested that 
the activities in this program can be used for further 
promotion of international collabration between 
educational institutes for higher education in many 
countries. 
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Abstract 
 

A new training program has been carried out in 
Electronic Mechanical Engineering Department in 
Yuge College since 2010. It is aimed to train 
students' creativity and to get closely connection 
with Kamijima City that is a local administration. 

A contract of cooperation for the area activation 
is made between the Kamijima City and the Yuge 
College. 10 percents of population of Kamijima City 
is concerned with the Yuge college, such as the 
students, teachers, staff members and their families.  

The Yuge College has become an important 
educational institution, which is responsible for 
higher education in this Kamijima City area. 
Kamijima City is located in the Seto Inland Sea 
consist of some isolated islands include with Yuge 
island. Furthermore, one of the key features of 
Kamijima City is that has higher educational 
facilities include with Yuge College on the Yuge 
Island.  

It is possible to study various lectures and 
practices in the Electronic Mechanical Engineering 
Department focused on electronics and mechanics. 
In addition, the traditional techniques such as 
welding or lathe can be mainly trained in the skill 
practice programs. However, there are few 
programs to acquire creative skills. 

Based on these backgrounds, this unique 
program aimed to train engineers who have the 
creative skills to make something new. The students 
design cup coasters with CAD tools on computers 
and a numerical controlled machine processes them 
in this program. Kamijima City presents them to 
visitors as novelties. All of their expenses are 
supported by Kamijima City. 

The target group for this program is third grade 
students. First, they can learn the operation of CAD 
tools and look into characteristics of Kamijima City. 
Then they draw some symbolic design of Kamijima 
City for the coaster using CAD. After that, they 
process stainless sheet using a numerical controlled 
machine with the CAD data. 

The result of questionnaire shows that the 
students worked on this training positively. 
Moreover, the other, few students can find who are 
using their coasters in and around Kamijima City. 
 
Keywords: cooperative education, creativity education, 
training program, engineering education 
 
Introduction 
 

A new training program has been carried out in 
Electronic Mechanical Engineering Department in Yuge 
College since 2010. It is not only aimed to train 
students' creativity but also aimed to get closely 
connection with Kamijima City that is a local 
administration. 

The Yuge College has become an important 
educational institution, which is responsible for higher 
education in this Kamijima City area. Kamijima City is 
located in the Seto Inland Sea consist of some isolated 
islands include with Yuge island. And 10 percents of 
population of Kamijima City is concerned with the 
Yuge college, such as the students, teachers, staff 
members and their families. More, one of the key 
features of Kamijima City is that has higher educational 
facilities include with Yuge College on the Yuge Island. 

It is possible to study various lectures and practices 
in the Electronic Mechanical Engineering Department 
focused on electronics and mechanics. Especially, the 
traditional techniques such as welding or lathe can be 
mainly trained in the skill practice programs. However, 
there are few programs to acquire creative skills. 

Based on these backgrounds, this unique program 
aimed to train engineers who have the creative skills to 
make something new. These three concepts such as 
“creativity”, “individuality” and “presence” are based to 
plan this training program. This training program is set 
up for the third grade students experiment. 

Students embody the features or characteristics of 
Kamijima City in their designs of the cup coasters. They 
design the cup coasters with CAD tools on computers 
and a numerical controlled machine processes them in 
this program. In this process, they can show their ability 
of creativity and individuality. 
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Kamijima City that is collaborated with us, presents 

the cup coasters to visitors as novelties and it makes 
city’s presence felt, the advantage of higher education 
and technology on Kamijima City over the vicinity. 
 
Some examples of the cup coasters 
 

Figure 1 shows the external appearance of the cup 
coaster. A cup coaster is packed with a thin plastic film 
with a sheet that is written on some publicity comments 
and contact address in Japanese. As shown in Figure 1, 
both symbol marks of Yuge College and the Kamijima 
City are printed on the package. 

The Kamijima cup coaster is made of a stainless 
steel plate based on a corkboard. The thickness of the 
stainless plate is 0.8 mm. The thickness of the 
corkboard is 2 mm and 90 mm diameter. 

Figure 2 shows the various designs of the cup 
coasters. The left one displays Yuge Bridge that is one 
of a symbolical structure in Kamijima City, waves and 
undersea view. The middle one shows a yacht mark and 
a cherry blossom that are used as symbols of Kamijima 
City. More, Japanese hiragana characters for 
“Kamijima” are shown in it. Similarly, the yacht mark 
and a compass mark that is the symbol of the Yuge 
College are shown in the right one. 

All of their expenses are supported by Kamijima 
City. 
 
  

Table 1 Material properties and sizes 
 
Base Cork 
Thickness 2 mm 
Diameter 90 mm 
Material Stainless steel (SUS 304) 
Surface finish # 400 polished 
Thickness 0.8 mm 
Diameter 90 mm 
Characters Sand blasted finished 
Particle White alumina # 200 

Figure 1 The external appearance of the Kamijima cup coaster 

Figure 2 The various designs of the Kamijima cup coasters 

Figure 3 The outline of the program procedures 
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The training program procedure 
 

Students plan something symbolic characteristics of 
Kamijima City. First, they look into features of 
Kamijima City before they draw their concepts by 
brochures, pamphlets and so on. Second, they draw their 
notion using CAD tools on computers. They have to 
cram their ideas and some restrictions of a wire cutter 
into their drawings.  They usually adapt their drawings 
to suit regulations of wire cutter. Then, they hold a sort 
of a competition to select the best drawing in each group 
that is consisted of seven or nine students. The only 
selected design can move on the third step. 

Third, wire cuttings, sand blastings and finishings on 
cork plates. Last, packaging and handling to Kamijima 
City. The outline of these procedures is shown in Figure 
3. 

The procedure of the wire cutting processes is 
shown in Figure 4.  Teachers prepared some stainless 
steel plates for wire cutter because of size limitation of 
the cutting machine.  

The students set the stainless steel plates on a wire 
cutter that is numerical controlled and make ten to 
twenty works of product for the group members and 
Kamijima City. They also make outer rings to print 
names of "Kamijima" city and "Yuge" college.  

Figure 5 shows the procedure of the process of outer 
rings. The templates for characters are prepared in 
advance. The template is cut the "KAMIJIMA" and 
"YUGESHOSEN" characters out. Students set one of 
them on the outer ring and process with sand bluster. 
The samples of outer ring are shown in Figure 5. 

It is very first time to manage to plan to product 
something for the students. Many students work harder 
in traditional practices. 

 
The presence of Kamijima City 

 
Figure 6 shows a festival named “Islander”. It is 

hold in Tokyo every year from more than fifteen years 
ago. The festival is held under the auspices of a Center 
for Research and Promotion of Japanese 

Islands/Ministry of Land, Infrastructure, Transport and 
Tourism, and aim to promote and encourage the isolated 
or remote islands. The Kamijima cup coasters are 
handed out to the festival visitors as novelties. 

The Kamijima cup coasters were introduced on a 
major newspaper as shown in Figure 7. It said that the 
coaster is made with the very essence of the most 
advanced technology. 

 
Results and Discussion 
 

The results of questionnaire are shown in Figure 8 
and 9. The students worked on this training positively. 
Through the training, about 70 percent of students got 

Figure 4 The procedure of the wire cutting process Figure 5 The procedure of the outer rings 

Figure 7 A feature story on a major newspaper 

Figure 6 A snap shot of “Islander 2012” 
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satisfaction in this training. It is considered that this 
training specialized in the contents that the students 
make things by themselves. This can also be shown in 
the result in Figure 8. The item for “interesting for the 
practice” is marked 4.3 and the item for “understanding 
of the contents” is also marked 4.5. However, the point 
for “motivation” is not increased. The reason is not clear 
but we guess that they hit a wall when they tried to 
design their ideas. Sometimes like this difficulty 
reminds them of negative feelings. Moreover, more, it is 
considered that they spent too much time tackling the 
work and little time discussing with each other. 

We expect that the creativity of the students are 
cultivated by to design the cup coasters in a some 
limitations on size, processing, cost, relationship with 
the Kamijima City and so on. For example, to make a 
prototype of the cup coaster is very difficult because of 
cost problem. The students have to make some meetings 
to get feedback from teachers or technical staffs before 
processing the cup coasters. The students have 
experience that can be the driving force to study in these 
feedback meetings. 

On the whole, a lot of students were very satisfied 
with the training. 

 
Conclusions 
 

Establishing the new training practice cooperated 
with a Kamijima City that is a local administration. This 
unique program aimed to train engineers who have the 
creative skills to make something new and more, to 
make the presence felt of Kamiima City by the products 
in the training practice. 

Main results obtained from questionnaire are as 
follows:  

(1) About 70 percent of students are satisfied with 
this training program.  

(2) The point of understanding of the contents, of 
the purpose and interesting for the practice in 
questionnaire increased after the practice. 

(3) However, the point of motivation for the 
practice dose not increased. The reason of 
this is not clear and it requires a further 
examination. 

 
Acknowledgements 
 

The authors want to thank the students of the third 
grade and all stuffs of Technical Support Center in 
National Institute of Technology, Yuge College. 
 
References 
 
K. Kashine, S. Iwasaki and T. Fujimoto (2014). Report 
on the subject of aqua-mechatronics training program in 
yuge national college of maritime technology, ISATE 
2014 International Symposium on Advances in 
Technology Education 24 – 26 September 2014, 
Nanyang Polytechnic, SINGAPORE 
 
T. Fujimoto and H. Sasaki (2013). Development of 
tribology educational experiment equipment. The 
Bulletin of the National Institute of Technology, Yuge 
College. Vol.36, 6 pp.38-45. (in Japanese) 
 
H. Tsuru, T. Tokuda, T. Naka, Y. Nakayama, K. 
Kashihara and T. Yamashita (2012). An approach to the 
experiment and workshop practice to be familiar with 
strength and fracture of materials. The Bulletin of the 
National Institute of Technology, Yuge College. Vol.35, 
5 pp.36-41. (in Japanese)  
 

Figure 9 The results of the questionnaire Figure 8 The results of the questionnaire for 
satisfaction 

　Back▲



Transactions of ISATE 2015
The 9th International Symposium on Advances in Technology Education

16-18 September 2015, Nagaoka, JAPAN

504

   
 

  
 

Education Program Development on Embedded Systems for Malaysian Students 
-Response of Malaysian and KOSEN Students to Introductory Commodity Gadgets- 

 
M. Inoue*,a and F. Kobayashib 

 
a Yonago College, National Institute of Technology, Yonago, Japan 

b Malaysia-Japan International Institute of Technology, Universiti Teknologi Malaysia,  
Kuala Lumpur, Malaysia 

 
*inoue@yonago-k.ac.jp 

 
 
Abstract 
 

By strong growth as a technology-oriented nation, 
Japan has been able to achieve the status of a pre-
eminent economic power in the world, although it is 
poor in natural resources and depends on import. 
This growth was realized by Japanese Engineers, 
who have not only high quality knowledge and 
techniques but also engineers' ethics which is a 
strong sense of responsibility for own works. To keep 
the status that Japan is recognized and praised in the 
world for years, engineers and KOSEN (National 
Institute of Technology) students who become 
engineers in the near future have to cultivate 
engineering design including both world-class 
technologies and high level of the ethics. 
Furthermore, for accepted foreign students and 
foreign institutes, to provide the engineering 
education promotes internationalization of KOSEN. 
In this paper, as an approach of the 
internationalization, a section of an embedded 
systems laboratory is provided for students in 
Malaysia (Universiti Teknologi Malaysia). The 
laboratory has been provided in Yonago KOSEN as 
the engineering education. As materials, the 
laboratory mainly uses several products that 
students has seen in real life, such as electronic 
billboard, weight scale, electronic organ, anti-
collision system and so on. For implementing these 
systems, students understand its mechanism, feel 
accomplishments, and are interested in embedded 
systems. Furthermore, engineers' ethics are grown in 
the uncompromised implementation for high 
performance systems. As results of providing 
introduction of the laboratory for Malaysian 
students, they show interest for making embedded 
systems like KOSEN students. Besides, they try to 
develop new products or extend the systems actively, 
and answer many idea of making systems in 
questionnaire. Consequently, in engineering 
education, to address the development of commodity 
gadgets is also effective for Malaysia students. In 
addition, there are many embedded products in 
Malaysia like Japan, thus, Japanese education tools 
such as materials and handouts can be reused with a 

few localizations. Future issues are cultivation of 
engineers' ethics with developing high level systems. 
 
Keywords: international cooperation, embedded 
systems, sensing and control, physical computing, 
Arduino 
 
Introduction 
 

Japanese engineers have high quality knowledge, 
techniques and responsibility for own works. Thereby 
Japan keeps status as a high-technology country. To 
maintain the level from now on, engineers and KOSEN 
students of future engineers have to cultivate the 
qualities. Besides, if KOSEN can practice the approach 
to foreign students and foreign institutes, 
internationalization of KOSEN is promoted. 

As an approach of the internationalization, 
introduction of an education program about embedded 
systems practiced in Yonago KOSEN is provided for 
Malaysian students, who are 3rd years of Department of 
Electronic Systems Engineering, Malaysia-Japan 
International Institute of Technology, Universiti 
Teknologi Malaysia. This program adopts a laboratory 
style that implements basic models of several products. 
Through the implementation, students understand 
mechanisms and their responsibility is grown. This 
paper explains the approach and shows Malaysia and 
Yonago KOSEN students' reactions for the approach. 
 
Outline of Education Program in Yonago KOSEN  
 

The education program is provided for 5th-year 
students of Department of Electronic Control 
Engineering, Yonago KOSEN. This is a 2 credits class 
named "Microcomputer Control". In this class, students 
learn following contents in laboratory style using 
commodity gadgets as material: 
(1) Introduction Section : digital and analog I/O 

Students built circuits and connect sensors on 
breadboard, to make cocking timer, weight scale and 
so on. 

(2) Application Section : motor controlling and 
wireless communication 
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Students embed and solder sensor circuit and motor-
driver circuit, build universal car-kit, and then 
assemble them with microcontroller board to make 
car equipped with automatic braking system and 
wireless-controlled car. 

Besides, in this class, Arduino board is adopted as 
microcomputer board. 
 
Program Methods and Materials 
 

For Malaysian students, introduction section of the 
program is provided for 1 hour a week 2 times. In the 
section, laboratory gives priority to obtain basic skills 
and to raise the interest for making systems. Therefore, 
following considerations are provided for students who 
are not good at programming or building circuits: 
 circuits consist of a few electronic devices and easy 

wiring, 
 next program is completed by editing only a few 

lines, as shown in Figure 1, 
 program uses only if, else and else if statements, 
 sensor is used only variable resistance type and 

controller implemented type. 
For the concept, students make following systems as 

exercise: 
(1) timer system using switch and LCD, 
(2) advanced: electronic billboard like information of 

LRT (one of main transportations in Kuala 
Lumpur), 

(3) weight scale using pressure sensor and LCD, 
(4) advanced: over-load warning in elevator (most 

students often take elevator in the university), 
(5) illumination controller using photo sensor and LED. 

Arduino boards, LCD boards and several sensors are 
got at the internet store in Kuala Lumpur environs. 
Other parts, such as resistors, jumpers, switches and so 
on, are sold at electronic parts shop in Kuala Lumpur. 
 
Results of the Program 
 

The education program is provided for 7 Malaysian 
students (Figure 2). Figure 3 shows questionnaire results 
for Malaysia students after finishing the laboratory for 
all 2 hours. Furthermore, results for 33 KOSEN students 
are also shown: 
(a) understanding level of the laboratory 
(b) level of difficulty about circuit building 
As the result, both students are able to understand this 
laboratory and circuits. Therefore, learning techniques 
little by little with expanding systems is effective. 
However; 
(c) level of difficulty about programing 
For Malaysian students, programing in the laboratory is 
a bit difficult. It is caused by difference of their 
curriculum. Malaysian students have programing class 
for a semester; KOSEN students have it for 4 semester. 
Hence, Malaysian students are inferior to KOSEN 
students in programing. 

Furthermore, other results are shown in Figure4: 
(a) experience of making systems before the laboratory 
Both students don't have enough experience of making 
systems. 

 
 
 
 
 
 
 
 
 
 
 
 

(a) Add Digital Output 
 

 
 
 
 
 
 
 
 
 
 
 
 

(b) Add Digital Input 
 

 
 
 
 
 
 
 
 
 
 
 
 

(c) Add Analog Input 
 

 
 
 
 
 
 
 
 
 
 
 
 

(d) Add Analog Output 
 

Figure 1. Procedure of the Laboratory 
 
(b) level of understanding about mechanism of 

products 
(c) interest for making products 
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Figure 2. Laboratory for Malaysian Students 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Level of Understanding 
 

 
 
 
 
 
 
 
 
 
 
 
 

(b) Difficulty of Circuit Building 
 

 
 
 
 
 
 
 
 
 
 
 
 

(c) Difficulty of Programing 
 

Figure 3. Questionnaire Results (General) 
 
 

By contrast, after the laboratory, they can understand 
and show interest for products and systems. In particular, 
Malaysian students are active for making products and 

extending systems, and answer many ideas in free form 
field. There are many students who have strong 
admiration for Japanese manufacturing in MJIIT, thus 
we think that the difference is caused by this disposition. 
Therefore, education program using several products as 
materials is effective to raise the interest for making. 
 
 

 
 
 
 
 
 
 
 
 
 
 

(a) Experience of Making Systems 
 

 
 
 
 
 
 
 
 
 
 
 
 

(b) Level of Understanding Mechanism 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) Interest for Making Products 
 

Figure 4. Questionnaire Results (Making Systems) 
 
 

Conclusions 
 

In this paper, education program for embedded 
systems practiced in Yonago KOSEN is presented. 
Furthermore, introduction part of the program is 
provided to Malaysian student. Questionnaire results 
show that the program is effective to understand about 
products used as material and to raise interest for 
making systems. 
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