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Abstract 
 

After students conduct the engineering 
experiments or learn programming, 
generally they have to submit reports to 
organize experimental results or deepen 
the understanding. This method is only 
submitted from a student to a teacher, 
and it is rare that students inspect the 
reports or programs of other students. 
Since a few years ago, we are keeping 
building the web system that students 
can mutually refer to the reports of the 
experiments or the program of the 
exercises in.	 Simultaneously, we are 
researching how long it is effective as to 
improvement of the interest and learning 
effects by using this system. The former 
system is not able to treat only the 
characters like program lists or the 
graphical output results which were 
obtained by programming. This work is 
to improve this mutual evaluation system 
that we developed so far, so that they can 
record the electronic circuits using the 
microcomputer which they made in their 
experiments and they can upload them to 
this system in order to comment later 
each other. We adopted following factors 
to use this system in an experiment this 
time. A) Students refer to the operation 
of the production circuit of a past 
student by recorded videos in the Web. B) 
Students upload the videos of the 
handiwork which students made by 
themselves to the Web, and evaluate 
them among the students. In A, we 
expected that it was helpful for the 

students to produce their own ideas of 
new circuits in reference to various 
videos of past produced examples. In B, 
effect of the collaborative learning among 
students was expected. Recently, 
education of physical computing with a 
microcomputer Arduino, sensors and 
actuators is focused on in engineering 
education. When the students created 
their circuits using a microcomputer in 
this lesson, we made them upload their 
works to this mutual evaluation system. 
We carried out a questionnaire to the 
students who worked on the experiment 
and inspected it about effects using this 
system afterwards. As the results 
obtained from this questionnaire, it 
became clear that there were 
improvement of the interest and learning 
effects to this experiment. 
 
Keywords: Mutual evaluations, Improvement 
of learning effect, Effect of video data, Physical 
computing, Engineering experiments 
 
Introduction 
After students conduct engineering experiments 
or learn programming language in a class, 
generally they have to submit reports, which 
deepen the understanding of contents of the 
class to organize experimental results or to 
make their program. In such a way, report is one 
directionally submitted from a student to a 
teacher, and it is rare that students inspect the 
reports or programs of other students’ individual. 
Since a few years ago, we are keeping building 
the web system that students can mutually refer 
to the reports of the experiments or the 
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programs of the exercises1)2). We realize that 
there is improvement of the interest and 
learning effects by using this system. In this 
study, we applied this system to an engineering 
experiment of the circuit production, so that the 
students can improve the gallery of their circuits. 
In late years, with the spread of smart devices, 
and the recording of videos became easy. 
Therefore, we decided to let students record 
video of their circuit production and report it. 
We report improvements of learning effect by 
using the video for the exercise. Also, we report 
influences of students’ learning will by mutual 
evaluation in students about their handiworks. 
 
Summary of the system 
Summary of the system is shown in Figure 1.  
Each student’s pages are made for mutual 
evaluation in the system. The pages are 
embedded videos of student’s handiworks that is 
recorded by them. And the pages are described 
illustration of the video.  
The mutual evaluation system, which includes 
them, is achieved on the web page in the local 
network environment. Other students refer to it 
and feedback an impression and suggestion to 
student as comments afterwards. 
 

 
Figure 1 Summary of this system 
 
Flow of the system 
The flow of this system is shown in Figure 2. the 
following flows were set by this system. 
1) Giving the student’s exercise to them 
2) Producing of a circuit using the kit of 

Arduino 
3) Recording a video of the operation of a 

circuit 
4) Uploading the video to Google Drive 
5) Generating pages of the contents on Web 
6) Mutual watching the pages of handiwork 
7) Comment on the other student’s handiwork  
8) Feedback to each student 
 

 
Figure 2	 Flowchart 
 
About Experiments  
The kit with put various kind of sensors and 
actuators, were prepared, and the students 
performed exercises for the purpose of the 
microcomputer using the learning kit. Sensors 
such as a Cds sensor and an infrared distance 
sensor, a triaxiality acceleration sensor and 
actuators such as a LED and a motor those are 
prepared in the kit of Arduino. After having 
performed the fundamental exercises to learn 
how to use about each sensor and each actuator, 
the students produce the circuit which students 
considered themselves as application of basic 
exercises. 
 
Introduction of Arduino1) 
Arduino is an open source platform for physical 
computing, and a development environment 
with simple input/output interface is 
implemented based on Processing language. It is 
open source hardware comprised of the board, 
which implemented a microcomputer chip, and 
the development system. 
 
Recording the video   
With the smart devices such as a smartphone, 
students record videos of the operation of their 
handiworks. Since most students possess 
various smartphones recently, they can create 
freely video data. If students don't possess such 
devices, they can rent the devices such as iPad. 
For watching many videos mutually, we advised 
student to record the video time from 10 to 30 
second. 
 
Uploading the video & its description 
The service of the Google drive is used for 
uploading the videos. The reason is that, all 
students are given Google accounts in our 
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college, and they are usually utilizing Gmail and 
any other Google services.  
Furthermore, their video data are shared easily 
among students and them are able to embed in 
the web page using their file sharing service of 
Google Drive. 
We let students add the description of their 
handiwork circuits their video data and submit 
it. The contents of the description are as follows, 
title of the handiwork, kind of the sensor and the 
actuator that are used, the description about the 
operation, and the points that students arrange 
their handiwork themselves, whether or not the 
operation of the circuit is according to one's plan, 
and a student’s impression of the exercise.  
Furthermore, we let students submit it to the 
source code that they made. 
The submitting method used input form of the 
original uploading in 2014 instead of email 
(Gmail) in 2013. 
 
Generation pages of the contents on Web 
The page as to the handiwork of the student are 
generated by submitting videos and texts 
A sample of the pages is shown in Figure 3. 
The pages are generated when students input 
sharing links of the videos and texts that are 
about the videos of descriptions from the web 
form by the script of a server side in 2014.  
Thus, students become able to start mutual 
evaluation immediately. In 2013, the pages of 
students were generated manually by script 
using data of emails that were send from 
students. Therefore, Students were not able to 
start mutual evaluation immediately.  
The pages were built to be easy to watch the 
videos and a text of the description. And video 
player is embedded in the pages for easy to 
watch the videos. As as a result, students are 
able to carry out mutual evaluation efficiently. 
In 2013, it is necessary to open a link of the 
video for to play in the pages. Since it is 
inconvenient, we improved the point.  
 
Mutual watching the videos in class 
After the upload of the videos were completed, 
and pages for reference are generated. Mutual 
watching the videos of each handiworks and 
comment were carried out in the class which 
students exercise in.

 
Figure 3 Example of  Student's page
（2014）  
 
Watching the videos which were recorded last year 
The exercise was performed for different classes 
in 2013 and 2014. We tried that we let the 
students refer to the videos of their handworks. 
 
About comments 
About the production circuit of the students, the 
system was built so that the other students 
comment. 
Two types of comment questionnaire for were 
carried out. One is the question-style in 2013 
and the other is free-description-style in 2014.  
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Application of the system 
This system was utilized in 4th year class of 
electric and electronic department of our college. 
 
Evaluation of the system 
The evaluation of this system was performed by 
some items. The items are as follows, the 
impression of that the teacher and staff used the 
system, the questionnaire result from the 
students and an analysis of the result. Also the 
analysis of the comments of the mutual 
evaluation was used for the evaluation of this 
system. 
 
Questionnaire contents 
We performed a questionnaire to students using 
the system. After having completed all exercises, 
we inspected the effects of it. Answers were 
obtained each class of 2013 and 2014. 
 
Questionnaire contents 
The questionnaire contents are as follows. 
Ⅰ.	 Referring the videos of the production 
circuit mutually. 
Ⅱ.	 The reason of the answer Ⅰ. 
These items were carried out for the purpose of 
getting the evaluation about the act to refer to 
become the basis of the system. 
Ⅲ.	 Recoding of the video, and a way of the 
upload of the video. 
Ⅳ.	 The reason of the answer Ⅲ. 
These items were established to guess an 
impression about the labor to affect presentation 
Ⅴ. Recording the video of the circuit which 
myself made. 
Ⅵ. The reason of the answer Ⅴ. 
This item was established for the purpose of 
evaluating the effect of using video. It is an 
important element of the system developed at 
this time. 
Ⅶ. Referring the videos of the produced circuits 
in last year. 
Ⅷ. The reason of answer Ⅶ. 
These items were established to judge whether 
referring to past handiworks affect the students 
who make new circuit from now on. This 
question reached for the student who worked on 
exercises in 2014. 
Ⅸ. Free description of impressive things 
through recording of the video, submitting, and 
referring it. 
 
Results and Discussion 
Review of teachers 
At first, we report feelings of using the system 
from the teacher and staff side. Review 1: “It is 
easy to grasp what kind of operating circuit 

students produced in comparison with normal 
reports.” 
Review 2: “The point that can examine the 
operation of the students’ handiworks in out of 
the time is good. In addition, the point that can 
perform a comparison evaluation to the 
handiworks without a limit of the time is good”. 
These show that this system includes useful 
point of the merit for the teacher and the staff 
side. 
 
Questionnaire result from users 
Questionnaire result was shown in Figure 3 to 6. 
Answers about questionⅠ. are as follows. 
Almost favorable answers were obtained in both 
years. It becomes 97% when the answers of good 
and the answer of good and the answers of very 
good are added. 
Answers about question Ⅱ. are as follows.  
We classified it about the answer to this 
questionnaire item when we greatly had a 
tendency towards two. As for the classification, 
as for the first, the item about reference  
 

 
Figure. 3 Result ofⅠandⅡof the 
Questionnaire 
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characteristics, the second are items about the 
interest. The answers about reference 
characteristics consists of “Because I can refer to 
it.”, “Because I can know ideas.” and ” Because, I 
can watch and know simply.”. It become over 
50% when these answers are added in both 
years. Then, the answers about the interest 
consists of ” Interesting.”, “To be stimulated". It 
become over 20% when these answers are added 
in both years. We were able to achieve a purpose 
that is the improvement of the learning effect 
from Questionnaire result. Additionally, since 
the system is made improvement for useful, it is 
thought that student became easy to understand 
to various merits in 2014.  
As for both years, there was a few following	 
answers,” I don't want to be seen my handiwork” 
and ” I am ashamed that I show it”. 
A few students have negative impression that is 
showing their handiworks.  
Answers about question Ⅲ. are as follow. 
Answer that “easy” and “difficult” are about the 
same values. 
 

 
Figure. 4 Result of Ⅲ  and Ⅳ  of 
Questionnaire 

Answers about question Ⅳ. are as follows when 
students answered “easy”, the reasons were “I 
am used to this method. ” and ” Because a 
document of how to submit was substantial.” in 
2013.On other hands, when students answered 
“difficult”, the reasons were “I am inexperienced 
in this method”. In addition, it was one of the 
reasons by length of the time for upload due to 
the much capacity of the videos. When students 
answered “easy”, the reasons that there was the 
most was “Because a document was substantial” 
in 2014. In contrast, when students answered 
“difficult”, the reasons were“There are many 
procedures”, and “A procedure is complicated”. 
It is thought that the difference of submitting 
method between 2013 and 2014 is caused by the 
fact that we changed it. The submitting method 
was relatively easy in 2013.the method was to 
send the email that attached video data. 
However, it became redundant in 2014. It was 
necessary to insert it in a form after having 
acquired the joint ownership link of the video. It 
is thought that it was reflected by an answer 
result that procedures increased by having 
changed the submitting method.  
Answers about questionⅤ. are as follow the 
answers were an approximately favorable 
opinion. 
Answers about questionⅥ. are as follow. This 
result provided answers characterized by ease of 
understanding and ease of illustration. The 
answers about the interest consist of "It’s 
comprehendible” and ” This method can explain 
that it is hard to illustrate by a sentence”. It 
become over 45% when these answers are added 
in both years. As for this, it is thought that the 
characteristic of the report using the videos 
strongly appeared when students use the videos 
for the reports. It is thought that students felt 
that they can illustrate production contents 
effectively. 
Answers about question Ⅶ is most students 
showed affirmative answers. 
Answers about questionⅧ. are the reason were 
shown such that “Because I can refer to it.” 
and ”I thought that those handiworks were good.”  
There were many reasons that were objective 
than mutual evaluation. 
Answers about question Ⅸ. are as follows. A lot 
of interest for the point that could refer the 
individual work of other students was shown. 
It is thought that this shows that a good theme 
of exercise of the affinity for this system reflects 
personality.  
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Figure. 5 Result of Ⅴ  and Ⅵ  of 
Questionnaire 
 
 

 
 
Figure. 6 Result of Ⅶ  and Ⅷ  of 
Questionnaire 
 

Tendency of the comment 
From the contents that a student commented on 
other students, we show it about the tendency. 
At both years, there are many impressions about 
the handiwork. In addition, there was less 
advice than an impression. And, there was the 
comment "I did not think of by myself". It is 
thought that it was possible for the confirmation 
of the objective achievement degree by 
comparing one's works with the others. 
 
Conclusions 
During a class of experiments, there are few 
opportunities that students watch the results of 
other students. We performed a trial to give the 
opportunity to students by using this system. 
It was recognized it was the almost good from 
the questionnaire result of students using this 
system. And we confirmed the usefulness of 
using of the videos, referring and evaluating 
mutually. 
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Abstract 

 
There is a serious shortage of engineers in 

Mongolia. It is said construction, mechanical and 
electrical engineers will be in high demand over the 
next 10 years. 

A group of people, most of whom studied in 
Japan have wanted to implement a “kosen” which 
means college of technology into Mongolia. 3 kosens 
have been established in Mongolia with the support 
of Japan since September 2014. We are belongs to 
one of them called “Mongol Koosen”. 

A kosen is a system designed to provide 
professional education in stages starting at 15 years 
old after accomplishing compulsory education. In 
the junior high school stage, 3rd year Mongolian 
students don’t know sufficiently about what 
mechanical engineers, electrical and electronic 
engineers and construction engineers do. In Mongol 
Koosen, the first year students are taught the basic 
manufacturing (Monozukuri) practice of 
aforementioned 3 departments as a general class, 
which is to make them understand the basics of 
engineering. After that, when students are 
sophomores they choose their profession.         

This paper describes how the student 
consciousness is changing from the time of 
admission, through a comprehensive Monozukuri 
practice and tries to explore ways of appropriate 
profession selection. 

We are discussing about the reason for choosing 
this kosen and situation before and after the 
implementation of the Monozukuri practice based on 
questionnaires and reports of students. 

According to the questionnaire, more than half of 
our students want to be construction engineers. The 
reason is Ulaanbaatar is constructing buildings very 
fast and It is visible before our eyes. Surely, we need 
more construction engineers. But, for our country’s 
future development, we also need engineers who can 
innovate new technology, new equipment, new 
manufacturing and operate what others have made. 
We can see that Monozukuri practice is changing 
some student decisions for the better from the 
questionnaire. 

We are trying to make students and their parents 
understand the demands of every engineering field 
and instruct students to become humane, creative 
and skillful engineers.  
 
Keywords: shortage of engineers, kosen, Monozukuri, 
professional education 
 
Present of Mongolian higher education 

 
Since the beginning of the 21st century there has 

been a shift in how students are trained. Previously there 
was very much a teacher centered method, but the main 
emphasis is much more on student or learner centered 
training. The student should be the main focus in the 
study and there needs to be a balance between learning 
the theory as well as gaining practical experience.  

On the web site of the Ministry of Education, 
Culture and Science, it is clear that the training results 
in higher education are not meeting the required 
standards. For instance: there are almost 20 thousand 
unemployed people with a bachelor degree, almost 5 
hundred unemployed people with a master‟s degree as 
well as almost 9 thousand unemployed people with a 
secondary education. The reason that so many people 
can‟t find work in their profession is due to their skills 
not meeting market requirements. It has become very 
obvious that we need to revisit the higher education 
system.  

On the other hand higher education in Mongolia has 
become a business. There are many state and private 
universities which are based on common interests of 
people. This means that the quality of training 
specialists is not good enough. The specialist the 
education system produces does not match what private 
industry needs. Far too many lawyers and economists 
are graduating. What Mongolia needs is more specialist 
in mining, construction, transportation, information 
technology, agriculture and engineering field. These are 
industries that are growing in Mongolia and in those 
industries we need new and more specialists.   

Most university curriculums are based on theory. It 
does not give students enough practical experience that 
is so vital for any successful study. Now, most 
graduates have to be trained on the job after they have 
been employed. Theory has its place, but there must be 
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a practical learning process that goes with the theory. It 
is becoming more and more obvious that the educational 
institutions need to work in cooperation with private 
industry so that they can produce specialist that the 
private sector is looking for. Now students have too 
much idle time and all along the teaching experience 
should be the coming together of teachers, students and 
industry.  

Research has found that about 30000 students 
graduate from Universities, Institutes and colleges 
(Universities) each year and that most high school 
students enter university. It shows that 25000 new work 
places must be created each year to absorb all the 
graduates. 150000 students are studying at university of 
which about 50000 students are from the countryside.  

For instance: A total of 37243 (23949 or 64.3% are 
women) students graduated from state and private 
universities in 2013. Following graph shows its 
professional field.  

 

Education
17%

Humanity, 
art
8%

Sociaty, 
business, 

law
38%

Natural 
science

6%

Engineerin
g

13%

Agriculture
2%

Health and 
care
10%

Service
6%

Graduates and professional field

     

   

183 184 180
170

162
154

146

113
101 99 100 101

48 49 49 48 47 48 42

16 15 15 16 16

128 129 125
116

109
101 99

92
81 79 79 80

0

20

40

60

80

100

120

140

160

180

200

Number of Universities, Institutes 
and Colleges 

Total State Private

     
      There were 184 state and private universities at 
national level in 2004-2005. 142 of them were located 
in Ulaanbaatar city. But in 2014-2015 there were 101 
universities, 92 of them are located in Ulaanbaatar city.  

About 140 thousand students study in Universities. 
That is equal to 15 percent of the Mongolian total 
working force. 41.8% of the graduate students from 
2013 had found employment. The other 58.2% of 
graduates joined the unemployed and had to find work 
in doing some business, drive taxis or maintenance 
work. Most new vacancies are in mining, infrastructure 
and factories. 

According to the survey the main reason why our 
young people joined the ranks of the unemployed was 
their lack of knowledge of the labor market. The skills 
they had required where not the ones that the labor 
market was looking for.   

From a survey of the Department of Labor and 
Social Welfare, 78 percent of companies which were 
asked said that it‟s very difficult to find people who 
meet the requirements. 80 percent of applicants don‟t 
meet the requirements and 67 percent have no practical 
skills. 70 percent of companies arrange training for new 
workers. So again it is apparent that practical training as 
part of your study is a vital pre-requisite for success in 
the labor market. 

Choosing the right profession is not easy. Many high 
school students think that “what profession should I 
choose?” when they finish high school. Some students 
study a profession not of their liking, but the one their 
parents advised them to study while others choose a 
common profession. It means they don‟t do some 
research to see what study will have the best chance of 
employment after graduation. Making a bad choice 
leads students to join the unemployed while having a 
professional diploma.  

 
Mongol Koosen and Monozukuri class  
 

Most primary, secondary and high schools of 
Mongolia are just in one place. They give lessons by 
turns due to the lack of classrooms. Primary school has 
5 years and secondary school has 4 year schooling. And 
then 3 years schooling depends on students interests.  

Kosen is a higher education organization which 
students are able to enter after they finish secondary 
school. 

The model class of Japanese style kosen started 
giving lessons in December, 2013 and “Mongol 
Koosen” kosen was established in September, 2014. 
Students study same lessons without choosing 
profession in the first grade. They had Monozukuri class 
which is a base of engineering lesson, and when 
students are sophomore they are divided into 3 
professional classes namely civil engineering, 
mechanical engineering and electrical and electronic 
engineering based upon their interests and lesson marks. 
So Monozukuri must have topics and contents which 
helps students to understand these professions. 

We will report the result of making observation to 
Monozukuri class in order to see how student‟s interests 
are changed since they enter our school and test that 
looking for the best way to choose a good profession.  

We have produced a summary as to why students 
choose kosen and conduct a survey about impression 
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before and after the Monozukuri class using 
questionnaire, report and observation of student‟s work. 

 
The graph-1 shows the result of student‟s survey that 

asked „what type of engineer do you want to be?” 94 
students got involved and results are shown by 
percentage. Most students chose civil engineering, 
followed by electrical engineering and mechanical 
engineering. There were 8 students who did not know 
what profession they should choose.  

 
     72 percent of students answered “my own decision” 
and 25 percent of them answered “parents decided” for 
the question on who decided to choose this profession. 
It shows that when students choose their profession their 
parents influence them a lot.  

 
     After 7 months, students were asked if they decided 
to change their profession. In March, 2015. 28 percent 
of students answered that their choice has changed. We 
studied what influenced them to change their choice.     

Graph-4 shows the result of which class influenced 
them to change their choice. The class most influenced 
was Monozukuri and it takes 56 percent. I heard that 
there are not enough materials and devices in secondary 
school and the students of Mongol Koosen are very 
active for this class. 

 
     Mongol Koosen has 35 weeks a year and 50 minutes 
per class. 1 credit means the class once a week is 
studied for 35 weeks. Monozukuri has 4 credits, 4 times 
a week, total 140 times.  

In the first semester (Sep to Jan) and second 
semester (Feb to Jun) all engineering classes are studied 
2 by 2. It means all students do 3 professional practice. 
30 students are included in one standard classroom and 
divided into 2 groups when having Monozukuri. The 
welding practice is done in short time using the 
appliances of the Institute of Engineering and 
Technology (IET) and taught by a Japanese specialist. 

Engineering 1st semester 2nd semester 

Practice base 
Safety training,  

report writing, 5S 
rule  

Mechanical 

Hand processing-
Making scriber 

and center punch 

Screw types, their 
names and 
measuring 

Measuring 
practice using 

callipers 

Screw threading,  
Making Dudu car 

Mechanical 
and Civil Arc welding  

Electrical 
and 

electronic 

Soldering 
practice, 

Solder art 

Making tester and 
its usage 

Makin IchigoJam 
and its usage 

Civil Surveying base,  
Making 3D map 

Reading technical 
drawing, making 
declivous road 

Usage of tools for 
wood 

United 
practice  

Connecting  
declivous road, 
Dudu car race 

Table 1. Monozukuri topics 
 
Let us explain about practice of every profession. 

1. Mechanical practice 
The base of mechanical engineering is to learn and 

understand to measure length correctly and hand 
processing. In the first semester, teach how to work with 
callipers and use 3 different callipers which are made in 
Russia, Japan and China and measure car parts and give 
understanding of measurement mistake. Students made 
scriber and center punch using iron saw and file.  
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Pic 1. Mechanical practice 

 

 
Pic 2. Center punch and scriber 

 
In the second semester, we had a practice to measure 

outer diameter of screw using callipers and learned how 
to call them. There is no factory that produces screws in 
Mongolia. Necessary things are come from foreign 
countries. So students will learn to name screws 
correctly.  

 

 
Pic 3. Students at the car design exhibition 

 

 
Pic 4. Making Dudu car body by wood 

 
The last practice was to make a Dudu car. We had a 

car design exhibition at IET in order to let students 
interest in cars. The picture-7 shows the engine design, 

car control system and the arrangement of pedal and 
brake. The body of Dudu car was made with junk 
woods using saw, file, chisel and plane. We learned to 
name screws and did practice to thread using tap and 
die. 

2. The united practice of mechanical and civil 
engineering or welding practice 
In Mongolia, the welders are very demanding. 

There‟s professional welder‟s class in IET. Equipment 
and devices are enough. So we added the welding class 
to the first grade. First of all welding practice is required 
safety. So we invite Japanese specialist and were taught 
well.  

 

  
Pic 5. Japanese specialist and safety training 

 
The students of model class are taught welding and 

participated in welding skill competition which is held 
in Saitama, Japan for the second year and become 
confident in themselves. 
 

 
Pic 6. Welding practice 

 
3. Electrical and electronic practice 

The base of this field is soldering. When you create 
electrical circuit, it is very important to connect parts 
perfectly using solder. If not the circuit doesn‟t work, 
explode or make trouble. To make soldering practice 
interesting, we put solder art in class. First, a group has 
to discuss about title and then they create.  

In the 2nd semester we had a practice to make tester 
and then learn how to use that. Also taught to build a 
microcomputer named IchigoJam, then to understand its 
usage students made stopwatch by themselves and used 
that in Dudu car race. In the 8th picture we can see how 
students showed time on screen.  
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Pic 7. Soldering practice 

 

 
Pic 8. Stopwatch made by students on screen 

 
4. Civil engineer practice 

In the first semester students took understanding 
about surveying and created 3D map. The map was 
painted to differentiate contours and heights and stick 
on styreneboard, cut with hot wire cutter and stick up in 
layers. Most materials are from Japan this time. 
Tomakomoi kosen‟s graduate student came and taught 
how to make it. 

 

 
Pic 9. 3D map 

 
In the second semester, we build declivous road. The 

height is a meter, length is 12 meters and have 9 
column. Picture 10 shows the united drawing and 
picture-11 shows the divided parts.  

When making divided parts, there should be 3 or 4 
students in one team and make model on a scale of 1 to 
10. Check well and draw the picture of parts. The 
materials are 10 mm and 5 mm thick board. The board 
is sawed and attached with wood screws. 
  

 
Pic 10. United drawing 

 

 
Pic 11. Divided part‟s drawing 

 

 
Pic 12. Model of declivous road 

 
5. United practice  

It‟s mentioned that every single Monozukuri course 
has certain topic. The declivous road was built in civil 
engineering practice, dudu car which races on declivous 
road was made in mechanical practice, and the 
stopwatch which measures time from start to end in 
electrical practice.  

It‟s forbidden to use actual car tire. Tire and spindle 
must be made by hand. Race car should be made with 
wood. Students learned to use wood tools from Japan. 
Cars can be made by team and a team can make several. 

DuDu car race organized on 12th of June as the 
closure of Monozukuri class.  Every car were different. 
Total 28 cars joined the competition and 8 of them 
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completed their action successfully. The car which took 
first place sped up 7.29 seconds 

 

Size 

Length Until 150 mm 

Width Until 130 mm 

Height unlimited 

Weight Until 1 kg 

Tires Not on sale, make by yourself 

Table 2. The requirements for race car. 
 

 
Pic 13. Opening of car care 

 

 
Pic 14. Fastest car is in the middle 

 
50mm bracket was made the 2 sides. It was very 

important that front and back tires connection should be 
straight, size of tires should be the same, bumper should 
be attached, to be stable when hit bracket, diminish the 
friction around spin part and adjust the weight. The 
teacher did not explain about these.  After the race, three 
cars were chosen for speed, also best technology, best 
design, best idea, best performance, special place were 
selected and awarded appreciation. 

 
Results and Discussion 
 

There are a lot of difficulties implementing kosen 
education system, such as, 
 There is no kosen law in Mongolia 
 Students are poor in math, physics and language. 
 Students lack verbal skills and find it hard to do 

assignments in a timely manner.   

 Some students may have come from dysfunctional 
families.  

 Training facilities, equipment are insufficient.  
We took survey of satisfaction and summarized that 

this is the best time to get the kosen education system 
into Mongolia and highlighted the following 
advantages. 
 Students have a solid base established for their 

studies in 1st year. 
 Students use modern equipment and devices and do 

all things authentically. 
 Universities and employers connect easily and 

students don‟t need to be trained after employment. 
 Have repetition if some students left behind. 
 Students will be able to make new creations, 

innovations and share them with others… 
As we get kosen we will be able to make following 

reform in engineering education 
 Implementing curriculum of technology and new 

education method 
 Intensify the teachers education potential and work 

of specialize 
 Improve the service to students 
 Improve the quality of students training and assist 

in any language difficulty 
 Bring together universities, graduated students and 

employers 
 
Conclusions 

Table 1 shows how Monozukuri was conducted. 
Students wrote comments that they found difficulties 
first in Monozukuri class. But after they have done it 
was cheerful and interesting. The research result shows 
Monozukuri influenced students to choose their 
professions. We had a result through practicing with 
possible equipment and devices. Therefore we would 
like to choose the topic that is expressive, effective and 
useful for students. 
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Abstract 
 

Recently, the Japanese government has been 
strongly promoting the globalization in the 
educational field, and they demand a drastic reform 
in the educational system. ‘English education’ is one 
of the keywords.  Therefore, KOSEN has firstly 
started it at Akashi and Ibaraki Colleges.  These 
colleges were awarded Grant-in-Aid for ‘KOSEN 
Global Model Project’.  Furthermore, the ‘Top 
Global University Project’ and ‘Tri-Institutional 
Collaborative/Cooperative Educational Reform 
Project’, represented by Nagaoka University of 
Technology and Toyohashi University of Technology, 
were adopted as a relevant project.  Special subjects 
in English have been gradually introduced to 
KOSEN and both universities.  Also, KOSEN has 
been interested in Active Learning because more 
effective educational methods are sought.  Under 
these circumstances, we participated in the 'Long-
term Faculty Development Program for nurturing 
global education and research abilities' to learn 
about teaching skills to conduct lectures in English 
as a second language. 

 
In this report, Queens College of the City University 
of New York (QC), a famous college for English 
education, and Franklin W. Olin College of 
Engineering, a well-known college for active learning, 
are introduced.  In addition, this report discusses a 
way for improving KOSEN education. 
 
A lot of educational tools are used at QC.  The 
Clicker, an audience response system, seems to be 
one of the most effective tools for active learning 
because almost all Japanese students would be 
nervous when they speak or listen to English.   Some 
lecture rooms of Olin College were equipped with 
white boards on every wall and many sticky papers 
were prepared at these rooms.  These teaching tools 
are so effective to make discussion.  We need to 
improve the environment of educational place to 
attract our students for participating in discussions. 
 

Keywords: Globalization, English teaching, Teaching 
Methods, American University’s education, Active 
learning 
 
Introduction 
 

The Japanese government has been strongly 
promoting the globalism in the field of education.  
There are some reasons; one reason is Japan’s policy of 
accepting international students, and another is 
acceleration of overseas transfer of Japanese factories.  
Also, Tokyo 2020 Olympic games may have given 
some influences to the globalization policy.  Therefore, 
the Ministry of Education, Culture, Sports, Science and 
Technology developed some projects to accomplish this 
ambitious objective.  The 'English Education Reform 
Plan Corresponding to Globalization' targets elementary 
and lower/upper secondary schools, while the 'National 
University Reform Plan' targets institutions of higher 
education: Japanese colleges and universities.  The 'Top 
Global University Project' and 'Tri-Institutional 
Collaborative/Cooperative Educational Reform Project', 
represented by Nagaoka University of Technology and 
Toyohashi University of Technology, were adopted as a 
relevant project.  Under these circumstances, we 
participated in the 'Long-term Faculty Development 
Program for nurturing global education and research 
abilities' to learn about teaching skills to conduct 
lectures in English as a second language (Iwashita, T).  
One of our purposes is to provide a lot of knowledge 
that we learned in the United States, such as the 
educational system of some universities, to KOSEN 
(Akazawa, S). 

 We collaborated with Queens College of the City 
University of New York (QC).  This college has an 
English courses for foreign students who want to learn 
English as a second language.  Since the courses were a 
good reference for planning our specialized course in 
English, these courses are firstly introduced.  Secondly, 
specialized courses for us at QC are explained.  Thirdly, 
education system of Olin College is describe.  The last 
section, a way for improving KOSEN education is 
discussed. 
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The English Language Institute at Queens College of 
the City University of New York 

 
Queens College of the City University of New York 

(QC) is located in Queens, New York City.  The English 
Language Institute (ELI) at QC is an institute that 
provides a comprehensive academic program for people 
who want to learn English as a second language.  The 
institute was established in 1945 and was the second 
oldest in the entire United States (Queens College, QC).  
The tuition of Full-time Day Program, Summer Two, 
which we participated in (about six weeks) is about 
$1,600 and the fall is about $2,700 (about 4 months). 

We participated in the ELI’s program. Before 
starting the courses, we took a placement test to assess 
our English levels.  There are seven levels from 
Beginning (1st level) to High Advanced (7th level) 
classes.  The number of students is about 10 to 20 per 
class and the course schedule is 4 days a week, 24 hours 
a week, and Monday through Thursday, 8:30-11:30 and 
12:30-15:30.  There were 4 categorized courses, which 
were Grammar, Writing, Listening/Speaking, and 
Reading in each class.  Also, these subjects were 
slightly overlapped each other.  Other students at the 
time came from different countries such as China, 
Korea, Taiwan, Iran, Turkey, Colombia, Venezuela, 
Cuba, and Japan.  There were students from nine 
countries in one class, for example.  Of course, some 
students had already started their life in New York. 

In terms of ELI’s lectures, essay writing was the first 
concern for the ELI students because it was one of the 
most important skills at the higher education institutions 
in the United States.  It was much different from Japan 
education system. If you are not able to write five 
paragraph’s essay within 30 min, you can never enter 
the high-level class.       

The desk of the class rooms was different from 
Japanese class rooms.  The desktop was combined with 
a chair.  Therefore, we were able to move the chairs for 
discussion quite easily as shown in Figure 1.  

The teaching methods in ELI courses were unique 
comparing with the courses in Japan.  Teachers often 
used movies, which were uploaded on YouTube or New 
York Times, to practice the listening ability.  It was easy 
for students to obtain the outline of the story because 
they can get information not only from the auditory 
sense but the visual sense.  This method seemed to 
encourage students to keep a concentration listening to 
English in class.  Another teaching methods were to 
have an opportunity to discuss with a group or pair.  
Students had lots of occasions to speak their opinions in 
English in the discussion training.  Actually, we felt we 
had to show our opinion with listening carefully to other 
opinions.  This discussion style required deep 
concentration on thinking in English through the whole 
conversation. 

Almost all foreign students in high-intermediate 
level were able to express their opinions and feelings in 
English even if their English grammar skills were lower  

 
Figure 1.  The ELI class’s discussion style. 

 
than ours. We felt a difference of educational system in 
Japan from that in foreign countries. 

One thing we would like to say is that Japanese 
teachers do not have to follow all the education systems; 
however, understanding the methods itself should help 
us. 

 
 
QC regular courses and educational tools   

 
Specialized courses of QC 
We took some regular courses in Fall Semester 

according to our speciality.  One, for example was a 
“Principles of cell biology” which was a subject for 
general biology, and the main target grade was a 
sophomore.  A title of the textbook in the course was 
“Essential Cell Biology, 4th edition” which was very 
famous in the world in this field, and there were about 
150 students taking the course.  The lecture style was 
very basic because the lecture was a lecturer centred 
style and the lecturer used only PowerPoint all the time 
during his lecture (Figure 2).  In another large class, 
however, a lecturer used an electric educational tool 
named “Clicker” which elicited a response from 
students.  The Clicker was a powerful tool for making 
most of the students participate.  The lecturer was also 
able to add the voted results to student's grade.  We 
were surprised at an exam style of the course because 
some of exams were a multiple choice type (answer 
sheet exam) and using mark sheet.  Actually, almost all 
large classes had introduced this exam style.  Also, the 
“BLACKBOARD”, which was education support 
system, had been introduced as the principal educational 
tool in the QC.  The BLACKBOARD is an educational 
platform service software and embeds an attendance 
book, exam making system, self-study system, grade 
management system, discussion board, and so on.   

This university was equipped with convenient 
systems for lecturers.  If our KOSEN introduce these 
systems, our educational strain may be reduced.  

 
Active learning of QC -Introduction of geology 
and Science and technology in New York City- 
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Introduction of geology offered students a field trip 
activity.  This was an integral part of this course.  The 
participants visited the site of the field trip of New York 
City (NYC) by bus (a two-hour ride) for learning the 
geologic history of their city on a weekend. 

Figure 2.  A large class at QC. 
 
Before the trip, we signed a letter of safety commitment.  
We spent a whole day and visited two places, one was a 
mountain side, and the other was a seaside.  We studied 
geological history of NYC based on handouts and 
learned knowledge so far.  Students had to study by 
themselves by handouts, which the teacher gave them in 
class before they had a survey trip.  Most of the students 
listened carefully to what the teacher said in the field, 
and some of them asked questions during the survey.  
We supposed that students learned this subject 
spontaneously when they were having experiences on 
the study trip.  In addition, they had precious 
experiences to obtain the geological knowledge that 
they’re not able to have in class.  Since this subject’s 
target was a freshman whose speciality was no limited, 
this event was more effective for improving motivation 
of students. 

Science and technology in New York City was the 
course to learn about biological basis of human health 
conditions, urban health issues, and so on (Holtzman, 
N). This course had an interesting event which was 
“Health Fare”.  The event was one of the mandatory 
tasks.  The students were separated into some small 
groups and set up booths dealing with the health issues 

Figure 3.  “Health Fare” at QC. 

provided as the themes of the day.  NYC Health Center 
joined the event and carried out AIDS inspection at that 
place free of charge.  Since the AIDS test was a quite 
popular service in the United States, many students 
utilized the inspection service.  Some booths dealt with 
alcoholic and drug poisoning problems (Figure 3).  We 
would never be able to see the situation in our College.   

These cultural or liberal arts topics are one of the 
good themes of active learning.  Surprisingly, the 
grading ratio of this activity was only 15%.  However, if 
the related plan added to the grading, the total grading 
ratio reached 30% (included such a website making).  
Since this subject caught up various evaluation points, 
even if there were some nervous students in the class, 
the lecturer would be able to evaluate the students, 
correctly.  It also will be an important viewpoint in our 
lecture. 
 
Visitation at Franklin W. Olin College of 
Engineering   
 

Franklin W. Olin College of Engineering is a famous 
college for active learning and Project-Based Learning 
(PBL), and the National Institute of Technology, Japan 
(NIT), which is upper organization of KOSEN, is 
focusing on the college education systems.   

The Olin College was founded in 1997 as a private 
institution.  The College is located at Needham in 
Massachusetts, and the annual tuition fee is about 
$44,000 (2014-15).  Also, the College is ranked at third 
of the “Best Undergraduate Engineering Programs in 
the United States” (U.S.News & World report, 
Education).   In this section, educational environment 
and content of lecture are introduced.  As for the lecture, 
“Six microbes that changed the world” is introduced as 
an example. 

We visited the Olin College, a famous college for 
active learning and PBL, for learning education style.  
The education style was very unique: for example, 
students must live in the dormitory, and they can take 
any subjects from any department regardless their major.  
This college adopts multidisciplinary education style.  
The admission policy of the college is “Innovative 
thinking in a creative environment creates a 
revolutionary education”.  The college does not have 
graduate program because of its policy of focusing on 
undergraduate education.  The education system 
integrates with active learning and PBL of many 
subjects.  At the first grade, the rate of these subjects to 
the whole subjects is about 20%, but the senior class 
achieves over 60% (Kobayashi, S).  The Olin College 
will be attempting to develop their students’ thinking 
mind through the specialized curriculum.   

One subject, which was a “Six microbes that changed 
the world,” in a course is explained here as a good 
example of the Olin College education.  According to 
the syllabus, this subject is an interdisciplinary course 
and they will use six influential microbes as a window 
into a rich study of the interactions between science and 
societal context.  This course will connect biological 
and historical knowledge through discussions, 
integrated assignments, presentations, and hands-on 

　Back▲



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

16-18 September 2015, Nagaoka, JAPAN

137

      
 

laboratory activities (Huang, J).  The main target grade 
was a junior.  The course had 39 lectures (3 
classes/week) including laboratory work in half a year.  
The course integrated with lecture and the laboratory 
experiment.  Furthermore, poster presentation was 
prepared at the last class.  Some of poster themes were 
provided by the lecturer, and the students were able to 
choose these themes according to their own interest.  
However, the themes were not novel topics.  It seemed 
important for the students to construct their own 
strategy and process for their poster presentation. 

 
Our Mission to Activate Global Education in Japan  
 

Nowadays, the introduction of active learning and 
lectures in English is demanded at many universities in 
Japan, and acclimation of the situation is required.  
Almost all Japanese students are nervous when they 
speak or listen to English.  In fact, according to the 
study of how to incorporate English into engineering 
undergraduate education (Wijeyewickrema, A), many 
students rarely speak English, and they will be nervous 
if they present their study in English.  Therefore, 
improvement of the educational environment is 
necessary so that our students can confidently 
participate in the class activities in English utilizing the 
information acquired from these examples. Also, we 
should adjust our teaching method.   

However, the most important thing is to improve our 
specialized skills or knowledge for research.  If we 
don’t have those skills, even if we can speak English 
fluently, nobody will have anything to do with us.  We 
must make an effort to develop our specialized skills 
and improve our students’ specialty. 

 
Conclusions 
 

The education style of Olin College is totally 
different from that of Japanese colleges and KOSEN.  
On the other hand, QC education system has some 
similarity to KOSEN, but learning tools were newer 
than those in KOSEN.  Those styles have been 
introduced to some of our colleges, and will be spread 
out all over our colleges within 10 years.  The purpose 
of these educational tools and techniques is to generate 
students’ motivation for study, eventually. 

We will need to develop and introduce various 
educational techniques to encourage students, 
continuously. 
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Abstract 

In the present higher engineering education, 
advanced inter-personal communication skills, doing 
creative thinking and working on complicated 
problems proactively must be strongly developed.  
However, such abilities are not developed sufficiently 
by studying knowledge in scientific and technological 
contexts and performing experiments and exercises 
only inside the world of the school.  In order to 
develop such abilities, going through the process of 
facing real world problems outside the world of the 
school is necessary.  Engineering education 
introducing this process is called social 
implementation education in this paper.  In colleges 
of technology (KOSEN), on the other hand, fifth-
year or final-year students of the regular course 
work on graduation research for one year.  
Therefore, graduation research can be seen as a 
good opportunity to perform social implementation 
education.  This paper introduces three examples of 
graduation research based on social implementation 
education (GRBoSIE), compares GRBoSIE with 
conventional graduation research and examines the 
differences between them, and reviews the 
educational effects of GRBoSIE.  In addition, we 
mention some important points to consider for the 
future development of GRBoSIE.  There seem to be 
two important things which have to be done as prior 
education for GRBoSIE.  One is that students need 
to get used to finding problems by themselves and 
learning willingly and actively.  The other one is 
students must have strong motivation toward social 
implementation.  In order to have motivation, the 
theory of pedagogy shows that cultivating students' 
confidence is necessary.  Therefore, our department 
is trying to do special hands on exercises applying 
microcomputers and electrical circuits.  In the hands 
on exercises, each student has a different goal, that 
means each student works on designing and making 
a various small-sized microcomputer system based 
on his/her interests and ideas.  We have seen that 
having experience of completing their projects 
through hands on exercises leads to cultivating their 
confidence.  
 

Keywords: graduation research, social implementation, 
motivation, confidence, real world, hands on exercises 
 
Introduction 
 

We have entered an era where a fundamental change 
in higher engineering education is required. In this 
era, advanced inter-personal communication skills, 
doing creative thinking and working on complicated 
problems proactively must be strongly developed 
through engineering education.  However, such abilities 
are not developed sufficiently by studying knowledge in 
scientific and technological contexts and performing 
experiments and exercises only inside the world of the 
school.  Going through the process of facing real world 
problems and trying to solve them is necessary.  
Engineering education introducing this process is called 
social implementation education in this paper (e.g. 
Asano (2014)). 

Social implementation education is composed of 
four steps as follows; firstly, discovering problems in 
the real world and proposing new devices and services 
to improve or solve them, secondly designing and 
making them, thirdly operating them in the real world, 
and finally getting feedback from real users and going 
back to the former steps to improve the services and 
devices.  The second, third and fourth steps are repeated 
many times (NIT, Tokyo College (2015)).   

In colleges of technology (KOSEN), fifth-year or 
final-year students of the regular course do one year of 
graduation research under the guidance of a supervisor 
in their engineering.  Therefore, this graduation research 
can be seen as a good opportunity to perform social 
implementation education.  This paper, firstly, 
introduces three examples of graduation research based 
on social implementation education (GRBoSIE), 
secondly, compares GRBoSIE with conventional 
graduation research and examines the difference 
between them on how to implement this graduation 
research, thirdly, review the educational effects of 
GRBoSIE.  Finally, we mention some important points 
to consider for the future development of GRBoSIE. 
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Examples of Graduation Research Based on Social 
Implementation Education  
 

Graduation research based on social implementation 
education (GRBoSIE) has been performed in our 
laboratory since 2012, and some examples are 
introduced here. 
 

Development of a daily activity monitoring system for 
elderly people living alone:  

This theme was set in response to the following 
suggestion by the supervisors to the students: “Let’s 
work on a problem in the real world, and propose 
something that will solve the problem and be of use to 
someone. You can design and make anything you want, 
but under the condition that you must operate it in the 
real world. I want you to think about any theme that 
satisfies this condition.” 

The students proceeded by setting themes based on 
that suggestion. They thought long and hard, and 
decided on the problems of an aging population, which 
is a huge issue for Japanese society at present.  Finally, 
they focused on the development of a “senior watch 
system”—a daily activity monitoring system for elderly 
people living alone.  The students tried to develop a 
system that does not make elderly people feel as if they 
are under surveillance but also give a sense of security 
to the family who are watching over the elderly people.   

As shown in Fig. 1, a motion-detecting sensor module 
has been developed by combining a microcomputer, an 
acceleration sensor, a wireless communication module, 
and dry batteries in a small box-shaped case. The sensor 
module can be attached to a living room door (as shown 
in Fig. 2), toilet door, living room chair, chest of 
drawers and so forth.  The sensor module responds to 
the movements of the doors, chairs, or drawers during 
the daily life of the elderly people living alone.  The 
information on what moved at what time is transmitted 
to a small computer installed simultaneously with the 
sensor modules within the home.  Analysis of that 
information can reveal the living patterns of the elderly, 
and if unusual living patterns are detected, family 
members can be notified by email. 

This monitoring system has been developed over a 
three-year period with improvements added every year.   
The social implementation of this monitoring system 
has been carried out in the homes of elderly people in 
the local community.   The students need to build a 
good relationship with the elderly to install the system 
and to obtain evaluation of the system at the end of the 
social implementation.  The period of social 
implementation started at around 2 weeks at first, and 
was extended to 3 months, and currently has been 
extended up to 6 months. 
 
 
 

 
 
Figure 1 :  A motion-detecting sensor module 
combining a microcomputer, an acceleration sensor, a 
wireless communication module, and dry batteries, and 
a box-shaped case to store it 
 
 

 
 
Figure 2 :  A motion-detecting sensor module attached 
to a living room door. 
 

Development of Man–Machine Interface for Severely 
Handicapped People:  

This theme was set as a result of a visit to a care 
facility for children with severe mental and/or physical 
disabilities near our school.  When several students in 
our laboratory took a tour of the facility, a therapist 
working in the facility explained the role of the facility 
and the services it provides.   During the explanation, 
some of the problems faced by the facility were 
mentioned.  After the tour, several proposals to solve 
the problems were made through the discussion between 
the students and the therapist.  In the end, one proposal 
to focus on a patient with a disability of the limbs was 
picked up.   He has a daily routine of watching TV, but 
has to rely on others to turn the TV's power on/off, or 
change the TV's channel.  Therefore, the development 
of a switch to turn the TV’s power on/off according to 
the patient's necessity was set as the theme. 

Fig. 3 is an example of a switch that has been 
developed after repeated trial and error. The switch 
works as follows.  Pushing an empty mayonnaise 
container with a body part causes a change in the air 
pressure inside the left-side container.  If a 
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microcomputer in the left-side container detects the 
change in the air pressure, then it sends a signal to TV 
using a wireless communication module to switch the 
TV's power on/off.  Currently, improvement is in 
progress to add a channel-switching function. 

 

 
 

Figure 3 : An example of a switch developed for 
severely handicapped people  
 
 

Study of a Rehabilitation Effect Measurement Device 
Using Surface Electromyogram:  

This theme was set as a result of our tour of a hospital 
with a rehabilitation department near our school.  Our 
laboratory has conducted research related to 
electromyogram (EMG) measurement, and the tour was 
intended to allow students to observe the actual use of 
an EMG measurement device in the rehabilitation 
department, as well as the use of the device by doctors.  
In the department, rehabilitation was being conducted 
by a physical therapist; however, an EMG measurement 
device was not being used, and rehabilitation was being 
conducted based on the experience and intuition of the 
physical therapist.  When a student in our laboratory 
asked, “Why isn’t an EMG measurement device being 
used?” the physical therapist replied that the device is 
expensive, and that the department had a lack of 
experience looking at EMG or using the device.  This 
student exchanged some opinions with the physical 
therapist and decided on the theme of developing a 
cheap and easy-to-operate EMG measurement device 
specialized for rehabilitation. 

 Fig. 4 shows a device designed to measure 
myoelctricity. The number of myoelctricity 
measurement locations is minimized to keep the cost 
low, and the measured wave data are recorded and 
displayed on a laptop.  This device was actually tested 
by the physical therapist in order to gain opinions on its 
usefulness: opinions gathered included that the laptop 
was too complex to control, making it difficult to use, 
and that it might be useful for videotaping the process of 
measuring EMG. 

Further improvements were made in response to the 
above opinions.  The number of buttons on the laptop 
screen was reduced, and a function to record a webcam 
videotape was added.  The function enables the device 

to display both the EMG waveform and the process of 
measuring the EMG simultaneously as shown in Fig. 5.   

A device equipped with this function was tested by the 
physical therapist again, and then applied to a patient 
during actual rehabilitation.   As a result of its use, the 
patient can monitor the rehabilitation process through 
the videotape and confirm which part of rehabilitation is 
insufficient by consulting with the physical therapist.  
Thus, a cheap device to measure the effect of 
rehabilitation was realized.  Students could also observe 
this process and thereby identify points how the device 
could be improved. 
 

 
 
Figure 4 : A Device to measure myoelectricity 
 
 

 
 
Figure 5 : Simultaneous display of both EMG 
waveforms and a captured video of rehabilitation. 
 
 
Difference Between Conventional Graduation 
Research and That Based on Social Implementation 
Education 
 

Table 1 presents a summary of the differences 
between conventional graduation research and that 
based on social implementation education on how to 
conduct graduation research; broadly speaking, in the 
latter, students are required to work proactively from the 
stage of theme making, because they need to gather 
information by talking with users, and learn a wide 
range of knowldge to solve the real world complicated 
problems.  And the responces obtained from users spur 
the students to work harder.   
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Table 1 Difference Between Conventional Graduation 
Research and That Based on Social Implementation 
Education 
 Conventional 

Graduation 
Research 

Graduation Research 
Based on Social 
Implementation 
Education 

How to 
decide the 
theme 

The supervisor 
prepares several 
research themes 
from his/her 
specific research 
field, from which 
the students make 
a selection 

The students need to 
have some 
connections with 
society, discover 
problems in the real 
world, and decide the 
theme through 
discussions with the 
supervisor 

Scope of 
special 
knowledge 
to solve 
the 
problems 

Almost entirely 
covered by the 
special knowledge 
of the supervisor 

As two or more 
fields of special 
knowledge are 
needed to solve 
problems in the real 
world, the 
supervisor's specialty 
alone is therefore 
insufficient 

What to 
do  at the 
beginning 

The course of 
research activity 
is mostly guided 
by the supervisor 

The course of 
research activity is 
vague  

Prior 
informatio
n or 
investigati
on relating 
to the 
problem 

Normally, 
materials and 
information 
relating to the 
problems are 
provided by the 
supervisor at the 
beginning of the 
research 

The students 
themselves need to 
gather information 
by talking with users 
to investigate their 
problems in the real 
world 
 

Attitude of 
the 
students 
for the 
graduation 
research  

The students tend 
to become 
passive, waiting 
for instructions 
from the 
supervisor 

The responses 
obtained from users 
in the real world spur 
the students to work 
on the graduation 
research proactively  

 
Effect of Graduation Research Based on Social 
Implementation Education 
 

Now we would like to look at the educational effects 
of GRBoSIE from the perspectives of both the students 
and the supervisors. 

What have the students learned from their GRBoSIE?  
The four students who experienced GRBoSIE were 
asked the question; “What have you learned from the 
GRBoSIE?”  The following replies were obtained:  (1) I 
have learned the importance of finding out the real 
needs of the user, and also that what the user says is not 
always what the user really wants, and the difficulty of 
knowing what the user really wants.  (2) I have learned 
the importance of processes, such as, actually operating 
the developed device and system in the real world, 

obtaining the user's evaluation, and making further 
improvements.   (3) I have experienced the necessity of 
having a wide range of knowledge without adhering to 
my own special field. 

On the other hand, we supervisors consider GRBoSIE 
as follows.  Its' themes are decided through students' 
proactive thinking, and there always exist target users in 
the real world.  Therefore, students can always get 
feedback from the users about the device and/or system 
designed by themselves.   Through this process, students 
can really feel the relationship between their work and 
society, and gain an awareness of how they could be 
useful to others.  In consequence, students can maintain 
high motivation for the graduation research, working on 
it proactively.  

Considering the circumstances mentioned above, it 
seems that GRBoSIE is a suitable method for 
developing advanced inter-personal communication 
skills, doing creative thinking and working on 
complicated problems proactively.  
 
Discussion: Future Development of Graduation 
Research Based on Social Implementation Education 
 
From the Perspective of Students: 

In GRBoSIE, students are required to work on 
thinking about the theme proactively.  This may seem 
like a big hurdle for students who are used to being 
given problems or tasks by supervisors and just solving 
or completing them.  Furthermore, the process of 
gathering a wide range of information by talking 
directly with the target users, discovering the problems, 
proposing new services and devices to solve problems, 
designing and making them, operating them in the real 
world, and finally getting feedback from the users, 
requires strong motivation.  

Therefore, there seems to be two important things 
which should have to be done as prior education for 
GRBoSIE.  One is that students need to get used to 
finding problems by themselves and learning willingly 
and actively.  The other one is that students must have 
strong motivation toward social implementation 
education.  According to the theory of pedagogy, the 
following factors are required for motivation before 
learning.  (1) Attracting students' attention, (2) having 
them understand the relevance to the learning, and (3) 
cultivating their confidence that they can accomplish the 
task if they try.  And (4) giving them satisfaction after 
learning maintains the learning effect.  This theory is 
called the ARCS theory (e.g. Matsuda (2013)).  

Applying the theory, the following educational 
activities, for example, are considered as prior education 
linking to GRBoSIE.  That is, talking about the 
necessity or significance of social implementation 
education during daily lectures and 
experiments/exercises, and explaining how the materials 
being studied now are related to the social 
implementation education to be conducted during the 
final year.  Moreover, having students who have already 
finished GRBoSIE talk to junior students about their 
experence seems to be effective.  The opportunity for 
junior students to participate in Q&As with students 
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who have experienced social implementation education 
should allow the junior students to familiarize 
themselves with the social implementation education. 

In addition, in order to cultivate students' confidence, 
our department is trying to do special hands on 
exercises applying electrical and electronic engineering 
subjects such as microcomputer engineering and 
electronic circuits.  The hands on exercises are 
performed by making use of experiments or exercises in 
a schedule of classes.  The key point of the hands on 
exercises is that each student has a different goal, that 
means each student works on designing and making 
something based on his/her interests and ideas.  An 
example to practice this kind of hands on exercise is to 
provide students with the rough instruction to design 
and make something that entertains people or improves 
your daily life.  In this case, students need to think what 
to make, and students can decide what to make by 
themselves.  It is not easy for each student to complete 
his/her project.  However, we have seen that having this 
experience of completing and operating their work 
based on their interest and idea leads to cultivating their 
confidence (Aoki (2015), Koike (2011)). 
 

 
 
Figure 6 : Hands on exercises using microcomputer and 
electronic circuits, students design and make something 
based on their interests and ideas.  
 
From the Perspective of Supervisors: 

In contrast to conventional graduation research, the 
distinctive feature of GRBoSIE is to deal with problems 
in the real world, where real users always exist.  The 
examples described in this paper were performed in 
cooperation with the senior’s club and rehabilitation 
facility/hospitals for people with severe mental and 
physical disabilities near our school.  A great amount of 
cooperation between our laboratory and each institution 
was required for things like talking to or exchanging 
opinions with the students from an early stage, or 
evaluating the developed device/system during the 
social implementation stage.   For the above reasons, 
supervisors need to build a network to be able to 
cooperate with local communities, various kinds of 
institutions outside the world of the school and 
specialists in other fields.  

Furthermore, how to guide students in GRBoSIE 
differs from the conventional graduation research.  

Rather than teaching something within the laboratory, as 
is usually done, it would be more important to have 
students broaden their outlook, and thus to provide a 
place or environment where students can face the 
problems in the real world and put social 
implementation into practice. 
 
Summary 
 

In this paper, we introduced three examples of 
GRBoSIE, and compared it with conventional 
graduation research on how to conduct the research.  
Then, we mentioned the educational effects obtained 
through the examples.  Consequently, GRBoSIE is a 
suitable method to develop advanced inter-personal 
communication skills, doing creative thinking and 
working on complicated problems proactively.   In 
addition, we consider some key points of the future 
development of GRBoSIE from the perspectives of both  
the students and the supervisors.  With regard to the 
former perspective, to provide students with motivation 
is important in prior education linking to GRBoSIE.  As 
for the latter, each supervisor needs to build a network 
to be able to cooperate widely with local communities, 
various kinds of institutions outside the school and 
specialists in other field.   
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Abstract 
 

Organic chemistry is one of core areas of 
chemistry and also a challenging course for many 
chemistry major students.  We surveyed how 
Japanese undergraduate students study organic 
chemistry and what obstacles and requests they have 
in studying and understanding the subjects.  
Responses were collected from 807 students at 4 
Universities and 4 Colleges of National Institute of   
Technology (KOSEN).  We also conducted the same 
survey at the University of Memphis to compare 
with the U.S. students.  Japanese undergraduate 
students spend an average of 0.6 hours per week for 
2 hour-lecture class which is far less than expected 
for a college education standard, whereas the U.S. 
students spend 7 hours per week for 3 hour-lecture 
class.  In the class at the Univ. of Memphis, they’ve 
just started the “flipped classroom method” and this 
teaching style demands students prepared.  This 
result vouches the report by the Central Council for 
Education at the Ministry of Education, Culture, 
Sports, Science and Technology (MEXT). In 
Japanese Universities, undergraduate students are 
expected to finish most of their course work by 3rd 
year and to involve intensively in research at their 
senior year with their advisors.  In curriculum of 
many universities, the course work is so dense 
especially for the first and second years that it might 
take away study time from students.  Many Japanese 
students study organic chemistry by reading 
textbooks and reviewing their lecture notes rather 
than solving problems.  Grading is mainly based on 
the mid-term and final exam, and some assignments.  
The teachers don’t give students many quizzes so 
that they are not urged to study and focus on the 
materials.  Moreover the graded exams and the 
answer keys are seldom given back to students.  So 
they cannot know what their problems are.  Despite 
their lack of study hours and passive style of 
studying, many Japanese students made comments 
that they want to learn the subjects and need the 
feedback and the answer keys of exams and 
homework assignments. 
 
Keywords: organic chemistry, undergraduate students, 
study hours, student engagement, understanding level  
 

Introduction 
 

According to the Japanese University Establishment 
Standards, one Academic credit hour represents 45 
hours of studying the subject including direct faculty 
instruction in class and student preparation time.  
Although the institutions can determine the amount of 
students’ work per credit hour, most universities adopt 
the composition of 15 hours of lecture and 30 hours of 
student preparation.  At the Colleges of National 
Institute of Technology (KOSEN), the lecture time may 
account for more than half in 45 hours.   

The Central Council for Education of MEXT 
reported the Japanese college students need to increase 
their study hours up to the international level (2013).  
Many believe that science major students study 
relatively harder than non-science major students in 
Japan. We have conducted the survey of chemistry 
major students at 4 (2 National and 2 private) 
universities and 4 KOSEN colleges about how they 
study organic chemistry from 2010 to 2014.  Responses 
were collected from 807 students.   We also conducted 
the same survey of 91 students at the University of 
Memphis, Tennessee. 
 
 
Study Survey 
 

The survey is paper-based and has 8 questions which 
enable the students finish within 10 min so that it can 
minimize interference of the lecture time.  At the 
University of Memphis, the instructor gave the students 
who answered the survey extra points to their final 
exam.   The questionnaire is as follows: 
 
Q1.   Please rate your level of understanding of the 
Organic Chemistry course content?  Circle the number 
of scale 1 to 6. 
 
Q2.   On average, how many hours per week do you 
spend studying for this course? 
 
Q3.   How much do you use your textbook including 
solution manuals to study Organic Chemistry?  Circle 
the number of scale 1 to 6. 
 
Q4.   When you have questions during studying Organic 
Chemistry, you usually 
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□ Do nothing.          □ Read textbook or other books. 
□ Ask friends.          □ Go website. 
□ Ask instructors.    □ Ask TAs.     
□ Others (  ) 
 
Q5.   Do you think quizzes during the course are helpful 
for your understanding Organic Chemistry? 
□ Yes           □ No  □ Not sure 
 
Q6.   How do you allocate your study hours for Organic 
Chemistry?  Please specify some of them. 
 
Q7.   What difficulties do you think there are when you 
study Organic Chemistry? 
 
Q8.   Please identify any helpful features of the Organic 
Chemistry course to improve your understanding. 
 
 
Results and Discussion 
 
Study Hours 
 

All the Japanese universities and colleges at which 
we conducted the survey have a 2-hour organic 
chemistry lecture per week.  The actual lecture time 
varies from 90 to 100 minutes.   At the University of 
Memphis, they have 85-minute lecture twice a week 
which is equivalent to 3 hour lectures per week.  The 
study hours mean how many hours the student spends 
for studying for organic chemistry lecture every week.  
That doesn’t include the lecture time itself nor the study 
time in the summer vacation and spring break.     
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Figure 1.  Study Hours of Japnaese University Students 
 

Fifty percent of Japanese university students spend 
less than 1 hour to study organic chemistry for 2-hour 
lecture.  These are so-called reputable, high ranked 
universities in Japan.  Another aspect which we cannot 
ignore is the portion of students who don’t study at all.  
On the other hand, the average of study hours of 
American students at the Univ. of Memphis was 7.1 
hours per week and there was no student who doesn’t 
study at all for the lecture.  Seven point one hour is 
more than twice as long as the lecture time and this 
meets the University standards.    

The KOSEN students spend even less hours than the 
university students.  Majority of KOSEN students spend 
less than 30 minutes for 2-hour lecture and about 30 % 

of students don’t study at all.  At KOSEN colleges, their 
academic curriculum challenge to finish the 3 year high 
school and 4 year college education in 5 years.  They 
have about 40 hour lectures per week (8 hour lectures 
every day) which is similar to high school.  They study 
the same advanced science materials as the universities, 
but physically they don’t have enough time to prepare 
for all the courses.  While the university students 
cooperated in this survey are sophomores and they are 
around 20 years old, KOSEN students are in the third 
year and most of them are 18 years old.    
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Figure 2.  Study Hours of College (KOSEN) Students 
 
 
Understanding Level 
 

The survey asked the students to rate their own 
understanding level of the course content ranging 1 to 6.  
The number 1 means he or she doesn’t understand at all 
and the number 6 means he or she understands very well.  
Figure 3 shows the ratio of students who marked 1 to 3, 
which means they don’t understand well and who 
marked 4 to 6, which we categorize that they understand 
relatively well.   The many students of University B 
spend the longer hours among four universities and 
show the highest portion of saying they understand 
course content well.   

 

47%

73%

88%

65%

53%

27%

12%

35%

0% 20% 40% 60% 80% 100%

Univ.D

Univ.C

Univ.B

Univ.A

Understand Well Do not Understand Well
 

Figure 3.  Understanding level of University Students 
 
 
In the case of the KOSEN colleges, there was not 
obvious correlation between the study hours and their 
understanding level.  One possible reason might be the 
difference of their scholastic ability and spending more 
time in studying doesn’t necessary result in better 
understanding the materials. 
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Figure 4.  Understanding level of College Students   
 
 
Textbooks 

 
The designated textbooks were used at Organic 

Chemistry classes of the Universities and Colleges 
surveyed (Table 1).  At three KOSEN colleges, they use 
less paged, short course textbooks.   
 
Table 1.   Organic Textbooks  

Institutions Textbook 
University A McMurry 
University B Clayden, Greeves, and Warren 
University C Vollhardt and Schore 
University D Vollhardt and Schore 
College E McMurry* 
College F Hart* 
College G McMurry 
College H Bruice* 
*short course textbook 
 
 

Many students cannot understand the lecture by just 
attending the class.  They need to read the textbook 
carefully in order to complement their understanding the 
materials.  Figure 4 shows the correlation between the 
usage of textbook and the understanding level.  The 
more students read textbook, the more they understand 
the lecture.   
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Figure 5.  Reading textbook helps understanding the 
lecture 

Study Style 
 

How do students usually study organic chemistry?  
Most Japanese students reported that they study organic 
chemistry by reading textbooks, reviewing notebooks, 
and trying to solve some problems in textbooks.  On the 
other hand, the students at the Univ. of Memphis 
reported doing homework and assignments are the main 
part of their study.  It seems that Japanese students 
spend the most of time in digesting the lecture materials 
and the American students spend more time in solving 
the problems.  The class of the Univ. of Memphis has 
just started the flipped classroom.  In the flipped class, 
the students are required to see the short lecture video in 
advance to grasp the concept of the next lecture.   In the 
classroom, the instructor don’t spend much time to 
explain the content but rather focus on making students 
think about the approaches to solve the problems.  Does 
the difference of study hours come mainly from the 
flipped class method?  It is true that active learning such 
as flipped classroom demands dedication and more 
hours of studying.  According to Smith and Jacobs 
(2003), however, the organic chemistry students 
reported that spending an average of 5.8 hours per week 
for 3-hour lecture.  They spend 3.3 hours for reading 
textbooks, 2.1 hours for solving problems and 0.4 hours 
for web site and it is before the trend toward flipped 
classroom.   

Organic chemistry is a dense, content-filled subject 
and the many students are easily drowned in the sea of 
information and try to memorize them at random.  
Reading textbook and reviewing notebooks are passive 
ways of studying.  Shifting to solving problems is 
necessary for Japanese students to learn more actively.  
In the United States, the instructor provide the plenty of 
assignments and quizzes during the semester to make 
students study.  Teaching assistants (TAs) always help 
the instructor to reduce the teaching heavy load.  In 
Japan, we have rarely see the TAs working at colleges 
and universities because of the limited budget in 
education.   

 
 
Comments and Requests 
 

Students’ comments and requests on the lectures 
were also collected in the survey.  There are little 
difference of teaching styles in Japanese colleges and 
universities.  Some instructors use PowerPoint but most 
of them prefer the classical style using chalk and 
blackboard.  Surprisingly there are no negative 
comments from the students on their teaching styles.  
Many university students complain there are not enough 
practices during the lectures and no answers of 
problems provided.  This is a typical situation seen at 
universities in Japan for many years that the graded 
assignments or exams are not returned to the students.  
The students cannot verify their answers right or not.  
One reason is a concern that everybody would make 
photocopies of problems and solutions. The instructors 
are afraid of being unable to use the problems in the 
next year.   
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The textbooks they use are originally written in 
English and translated to Japanese.  The study guide and 
solution manuals are available in bookstores but they 
are not written in Japanese and the prices are as high as 
the textbooks.  The university students also made 
comments of teaching assistants.  They want to have 
TAs to ask questions without reserve.  The professors 
are not accessible for many students.   

On the other hand, at the KOSEN colleges, the 
physical and psychological distance between the 
professors and students are much less than universities.  
That might be resulting in no request of TAs appeared 
on the survey.  The instructors at KOSEN try to give 
more practices and quizzes to students to improve their 
understanding.  Some of them answered that they 
review the quizzes before exams.   

In the details of organic chemistry, the many 
students of both the universities and the KOSEN 
colleges feel the difficulty of understanding reaction 
mechanisms. Memorising thousands of pieces of 
information doesn’t help much to understand the 
mechanisms of organic chemistry.  They cannot get 
used to draw the curved arrows describing the 
movement of electrons which is a key tool to rationalize 
the each reaction.    
 
 
Conclusions 
 

The students survey revealed the fact that Japanese 
chemistry students spend hours far less than expected by 
the University Establishment Standards.  On the other 
hand, we found American students study the same 
subject several times longer than Japanese students.  
There are several possible factors and reasons why 
Japanese students don't study.  The biggest one is that 
universities haven't provided the good study 
environments which force them to study.  Proper 
amount of homework and quizzes, the feedback of 
exams and assignments are essential to encourage 
students to study materials.    

While Japanese university forget making students 
busy, the KOSEN colleges may need to explore the 
different approaches.  They are already busy working on 
reports and assignments.  The students need to use their 
limited time effectively and focus on the essential topics 
rather than cover all the details. 

The survey also told us that the students have 
eagerness to learn organic chemistry in their mind 
although they don't spend enough time to study for now.  
It is time to think the environments of higher education  
more seriously in order to keep proud of being one of 
the greatest countries in science and technology.   
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Abstract 
 

KOSEN (Colleges of Technology) is one of the 
higher education facilities in Japan. KOSEN has 
Advanced Course and the students can earn 
bachelor’s degree from the National Institution for 
Academic Degrees and University Evaluation 
(NIAD-UE). But KOSEN does not have a graduate 
school. The advanced students go to graduate schools 
of other universities if their will to learn and to 
research more is there. We dedicate an engineering 
education via “Research Projects” at the advanced 
course. The advanced students make their research 
by themselves, get a lot of knowledge that is needed 
for their research and learn how to think at a 
research. Their engineering senses are built in the 
process. We arrange some works for increasing the 
student’s motivation at their research. The 
arrangements are an extracurricular activities 
“Mecafe (Mech. Cafe)” for 1st-4th year regular 
course, “Oral presentation at KANSAI branch 
conference for students of the Japan Society of 
Mechanical Engineers (JSME)” for 5th year regular 
course, “Member of steering committee for the 
JSME KANSAI branch Student Association”, 
“Project assistant of a short term exchange student”, 
“Oral presentation at international conference” and 
“Explainer at exhibitions” for the advanced students. 
The all arrangements aim to give the students 
opportunity to communicate with a lot of people 
through making presentation about their research 
results and mechanical engineering topics which they 
found out by themselves. If they could translate their 
thought to other people in this opportunity, the 
experience leads to increasing their motivation for 
research. A total of 29 mechanical engineering 
students of Nara College made presentation at 
KANSAI branch conference for students of the 
JSME during the past 5 years. Three students got 
“Best Presentation Award (BPA)” at the conference. 
All of them entered the 3rd year regular course of 
universities and went on to graduate schools. 
KANSAI branch conference for students of the 
JSME is conducted by the JSME KANSAI branch 
Student Association. A total of 18 mechanical 
engineering students of Nara College sat the steering 
committee during the past 5 years. Percentage of 

who went on to graduate schools of its students 
increase every year. 
 
 
Keywords: Student motivation, Advanced student, 
Presentation, Research Projects, Graduate school 
 
Introduction 
 

KOSEN (Colleges of Technology) is one of the 
higher education facilities in Japan. KOSEN has 
Advanced Course and the students can earn bachelor’s 
degree from the National Institution for Academic 
Degrees and University Evaluation (NIAD-UE). But 
KOSEN does not have a graduate school. The advanced 
students go to graduate schools of other universities if 
their will to learn and to research more is there. The 
feature of KOSEN is “early engineering education”. The 
students are from 15 years old to 20 years old in the 
regular course and from 21 years old to 22 years old in 
the advanced course. The curriculum of the regular 
course is almost same to that of the universities. We 
dedicate an engineering education via “Research 
Projects” at the advanced course. Because graduation 
research increase student’s motivation (S.Kono, 
H.Hamada, K.Oowada, R.Saeki and J.Yoshino, 2012). 
The advanced students make their research by 
themselves, get a lot of knowledge that is needed for 
their research and learn how to think at a research. 
Furthermore their engineering senses are built in the 
process. It will lead to their jobs as engineers in future.  
Therefore, we arrange some works for increasing the 
student’s motivation at their research. The all 
arrangements aim to give the students opportunity to 
communicate with a lot of people through making 
presentation about their research results and mechanical 
engineering topics which they found out by themselves. 
In this paper, we thought about the effects of the 
arrangements. 
 
Arrangements for increasing the student’s 
motivation   
 

Numbers of students who go to advanced course is 
not many. We have arranged some works depending on 
each year student as shown in Table 1. Because we 
think that a lot of times need for increasing the student’s 
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motivation. We mainly discussed the arrangements for 
the advanced students and the effect in this paper. 

 
Table 1 Arrangements for increasing student’s 

motivation 
School year Arrangements 
1st-4th year 

regular course Mecafe (Mech. Cafe) 

5th year 
regular course 

Oral presentation at KANSAI 
branch conference for students of 
the Japan Society of Mechanical 
Engineers (JSME) 

Advanced 
course 

students 

Member of steering committee for 
the JSME KANSAI branch Student 
Association 
Project assistant of a short term 
exchange student 
Oral presentation at domestic 
conference and international 
conference 
Explainer at exhibitions 

 
Mecafe (Mech. Cafe): This arrangement is an 

extracurricular activity for 1st-4th year students. In the 
activities, the students can realize their will for 
manufacturing something (Y.Taniguchi, M.Ozaki, 
T.Sasayama, H.Shimada, T.Inoue, K.Kodama and 
H.Fukuoka, 2014). Motivation which grew in the wake 
of the activities has led to research activities of the 
students. Some students became to have will for 
studying mechanical engineering more. Some of them 
went to universities or the advanced course. 

 
Oral presentation at KANSAI branch conference for 

students of the Japan Society of Mechanical Engineers 
(JSME): This conference is the first chance for the 
students of KOSEN to make a presentation at a 
domestic conference of a society. The presentation topic 
must be their graduation research. Therefore almost 
presenters are 4th year student of universities in 
KANSAI area of Japan. In case of KOSEN, 5th year 
student and 2nd year of advanced course students can 
submit to the conference. It is basically for 5th year 
student in department of mechanical engineering, Nara 
College. 

A total of 29  mechanical engineering students of 
Nara College made presentation at the conference 
during the past 5 years. Three students got “Best 
Presentation Award (BPA)” at the conference. Figure 1 
shows a scene that one of them made a presentation. All 
of them entered the 3rd year of universities and went on 
to graduate schools. BPA seems to be one of the 
motivations for the graduation research. 

 
Member of steering committee for the JSME KANSAI 
branch Student Association: KANSAI branch 
conference for students of JSME is conducted by the 
JSME KANSAI branch Student Association. The 
association consists of graduate students of universities 
in KANSAI area of Japan and students of KOSEN. In 
Nara College, some of the advanced students become 

the members of the steering committee. A total of 18 
mechanical engineering students of Nara College sat the 
steering committee during the past 5 years. Numbers of 
the steering committee members of Nara College are 
shown in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 A scene that a recipient of BPA made a 
presentation at KANSAI branch conference 
for students of the JSME. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Numbers of JSME KANSAI branch Student 

Association and the percentage of entering 
graduate school in case of Nara College. 

 
Exhibition of “MechaLife World” is managed by the 

Student Association too. The exhibition is held in Kobe 
every year. A lot of children come to the exhibition 
every time and they enjoyed to touch and watch some 
machine elements and to make some toys concerned 
with mechanical engineering. The steering committee 
members made a presentation about the topics and 
helped the children to make the toys. The steering 
committee members seem to have a fun through these 
experiences. Their interesting for mechanical 
engineering become strong and the motivation to their 
research activities seem to grow up.  

The meetings of the steering committee were held 
about 8 times a year. The advanced students talked with 
a lot of graduate students in the meetings. So the 
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advanced students had a wide perspective and their will 
to learn and to research more. As shown in Figure 2, 
percentage of who went on to graduate schools of its 
students increase every year.  

All the members of Nara College got the 
contribution award from the JSME during past 5 years. 
The members of two academic years are as shown in 
Figure 3. 

 
 
 
 
 
 
 
 
 
 
Figure 3 Advanced students who were the members of 

steering committee of the JSME KANSAI 
branch Student Association got the 
contribution award.  

 
Project assistant of a short term exchange student: 

Nara College accepted two short term exchange 
students last year for the first time. One of them made a 
research about a manufacturing design with CAE. Some 
advanced students assisted him as shown in Figure 4.  

The short term exchange students cannot speak 
Japanese. So the language of their communication is 
English. Some international students come to 3rd year 
of Nara College every year even until now. The 
international students can speak Japanese. So the 
language of their communication is Japanese. The 
situation that there were short term exchange students 
needs to speak English. It was better for the students of 
Nara College. 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 4 Short term exchange students and the students 

of Nara College. 
 

Oral presentation at domestic conference and 
international conference: Total numbers of oral 
presentations at domestic conferences are 10 during past 
2 years. Total numbers of oral/poster presentations at 
international conferences are 16 during past 5 years. 
Four cases are shown in Figure 5. An advanced student 
who made a presentation at an international conference 
in Okinawa in 2011 got “Young Scientist Award”. An 
advanced student who made a presentation at a domestic 
conference in 2014 got “Student Best Presentation 

Award”. Such awards contribute to the improvement of 
the student’s motivation for their research activities. 

Explainer at exhibitions: We participate in the 
exhibition about once a year.  Students create a panel of 
their own research and explain it at the exhibition. The 
scene that an advanced student explained her research 
and her experience at an international conference is 
shown in Figure 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Oral presentations at international conferences. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 1st year advanced course student explained her 

research and her experience at an international 
conference in KOSEN girls forum. 

 
 
Conclusion 
 

We think that continual arrangements has improved 
student motivation. 
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Abstract 
This study aims to examine students’ approaches to 
learning and self-direction in learning as they 
transition to a Problem-based Learning (PBL) 
environment. A total of 122 first-year engineering 
polytechnic students on completion of one semester 
of study participated in a survey. Overall, the 
students rated their use of the deep approach lower 
than the surface approach to learning. The deep 
approach to learning was found to be positively and 
significantly correlated with self-direction in 
learning. The deep approach to learning was also 
found to be a significant predictor that discriminated 
students with high and low self-direction in learning. 
The study findings shed light for educators that 
while the PBL could potentially promote deep 
approach to learning and high self-direction in 
learning among students, it takes time and students 
need to be well supported to develop these learning 
characteristics when making the transition to the 
PBL environment. Implications for practice, along 
with future research directions are discussed in the 
paper. 
 
Keywords: Learning approaches, self-direction in 
learning, problem-based learning, engineering, 
polytechnics 
 
Introduction 

Recent reports on engineering education are 
recommending teaching and learning approaches that 
equip engineering graduates with the desired 
competencies to meet the challenges of the 21st century 
(Jamieson & Lohmann, 2009; Sheppard, Macatangay, 
Colby, & Sullivan, 2009). Engineering graduates today 
must be self-directed, flexible and life-long learners to 
avoid having obsolete technical skills and knowledge. 
Faced with complex, multifaceted problems in the 
world, engineering graduates also need to be effective 
problem solvers with deep and long lasting conceptual 
understanding, skilled communicators and team players.  

Towards this end of producing engineering 
graduates with the desired competencies, it is worth 
examining the learning characteristics among 
engineering students in a polytechnic that employs 
problem-based learning as its main pedagogical 
approach, which is believed to promote the deep 

approach to learning and high self-direction in learning 
(Dolmans, Wolfhagen, & Ginns, 2010; Schmidt, 2000). 
 
Literature Review 
Deep and surface approach to learning 

Approaches to learning refer to what students do 
when they go about learning and why they do it. Marton 
and Säljö (1976) were one of the first to introduce the 
distinction between the deep and surface approach to 
learning. In the deep approach, the learner intends to 
understand, relates new ideas to previous knowledge, 
supports conclusions with evidence and examines the 
logic of arguments. The learner has an intrinsic 
motivation to learn, with intellectual curiosity rather 
than external reward driving the efforts. In the surface 
approach, the learner intends to complete task 
requirements and memorises information needed for 
assessments. The learner exhibits an extrinsic 
motivation to learn, such as learning in order to pass a 
test, to graduate or get a good job (Entwistle & 
Peterson, 2004).  

A number of studies (Meyer, Parsons, & Dunne, 
1990; Prosser & Millar, 1989; Ramsden, 2003) showed 
that the deep approach to learning contributed to the 
desired learning outcomes. Ramsden (2003) found 
longer information retention in tertiary students who 
took the deep approach to learning, as the information 
was learnt in context rather than by rote memorisation. 
Prosser and Millar (1989) found that first-year physics 
students who adopted the deep approach showed 
significant progress in the conceptual understanding of 
force compared to those using the surface approach, 
while Meyer, Parsons, and Dunne (1990) reported that 
engineering students who adopted a deep approach were 
more likely to pass the course compared to those using 
the surface approach.  
 
Self-direction in Learning 

Self-direction in learning had been widely 
researched in adult education (Candy, 1991; Knowles, 
1975; Long & Agyekum, 1983). A recent 
conceptualisation of self-direction in learning by 
Brockett and Hiemstra (1991) proposed that both the 
characteristics of the teaching-learning transaction (self-
directed learning) and the characteristics of the learner 
(learner self-direction) function together within the 
learner’s social context, and contribute to the outcome 

　Back▲

126



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

16-18 September 2015, Nagaoka, JAPAN

152

of self-direction in learning (SDL). The Personal 
Responsibility Orientation (PRO) model was later 
operationalised in an empirical study by Stockdale and 
Brockett (2011) to develop a validated 4–factor scale to 
measure self-direction in learning. Stockdale and 
Brockett (2011) identified the SDL factors as control, 
initiative, motivation and self-efficacy. In the PBL 
literature, Schmidt (2000) described SDL as the 
“preparedness of a student to engage in learning 
activities defined by him- or herself, rather than by a 
teacher” (p.243). Clearly, the current ideas of self-
direction in learning are important and play a crucial 
role in the PBL process. 
 
Linking self-direction in learning and learning 
approaches in PBL 

While there are numerous studies on learning 
approaches of students in the PBL context (e.g. 
Dolmans et al., 2010; Groves, 2005; Tiwari et al., 2006) 
and self-direction in learning in PBL (e.g. Blumberg, 
2000; Loyens, Magda, & Rikers, 2008; Sungur & 
Tekkaya, 2006), few studies examined the link between 
learning approaches and self-direction in PBL 
environment, particularly in the engineering discipline. 
Studies of PBL with medical undergraduates (Kek & 
Huijser, 2011) and nursing students (Ali & El Sebai, 
2010) reported that learners with the deep approach to 
learning also exhibited higher self-direction in learning. 
 
Learning approaches of first year students in PBL 
environment 

PBL is a departure from previous educational 
contexts for many first-year polytechnic students in 
Singapore. Other studies (e.g. Vardi & Ciccarelli, 2008) 
highlighted hurdles for students new to PBL to change 
previous habits of learning and to cope with the 
demands of greater ownership of learning. In studying 
the transition of first-year students to higher education, 
Donnison and Penn-Edwards (2012) found stronger 
tendencies for the surface approach, where assessment 
is a strong motivator for learning, and students’ learning 
strategies shaped by their previous schooling 
experience. 

Besides the learning context and students’ 
characteristics, it was found that students’ perceptions 
of excessive workload, unclear course goals and 
relevance of assessments that focused on reproducing 
information drove students towards surface approach to 
learning (Baeten, Kyndt, Struyven, & Dochy, 2010). 
While deep approach to learning is valued, Gijbels, 
Segers and Struyf (2008) cautioned that any 
interventions to promote deep learning takes time, 
especially if the initial approach to learning adopted by 
students is strongly surface. In a study of polytechnic 
students, Choy and Lim (2012) found that a notable 
increase in adopting the deep approach to learning 
occurred only after two or more semesters of study. 

There is currently a lack of studies on the learning 
characteristics of engineering students as they transition 
to polytechnic education in Singapore. Thus, this study 

aims to fill a gap in the literature by examining the 
learning approaches of first-year engineering students 
and investigating any relationships with self-direction in 
learning. 

 
Research Questions 

Based on the literature review, the following 
research questions were formulated and guided the data 
analysis in the study: 
(a) What are the reported deep and surface approaches 

to learning among first-year engineering students?  
(b) Are there relationships between deep and surface 

approaches to learning and self-direction in 
learning?  

(c) Can first-year engineering students with low and 
high self-direction in learning be distinguishable 
by their deep and surface approaches to learning? 

 
Methods 
Sample 

The sample for this study consisted of 122 first-year 
engineering students from three aviation engineering 
diplomas who had completed a semester of study in a 
polytechnic. Among them, 101(82.8%) were males and 
21 (17.2%) females, with a median age of 18.5 years. 
Instruments 

The questionnaire comprises a 20-item Revised 
Two-Factor Study Process Questionnaire (R-SPQ-2F) 
developed by Biggs, Kember, and Leung (2001) with 
items scored on a 5-point Likert scale, ranging from 1 
(never or rarely true of me) to 5 (always or almost 
always true) and the 25-item Personal Responsibility 
Orientation to Self-Direction in Learning Scale (PRO-
SDLS) developed by Stockdale and Brockett (2011) 
with items scored on a 5-point Likert scale, 1 (strongly 
disagree) to 5 (strongly agree). Demographic data such 
as gender, age and types of diploma were also collected 
in the questionnaire. 
Data Collection 
The data were collected using an online questionnaire, 
administered by the lecturers in class. All participants 
were informed of the purpose of the study, that their 
participation is strictly voluntary and they have the right 
not to participate in the study. Respondents took about 
20 minutes to complete the questionnaire. 
Ethics 

Ethics approval for the study was obtained from the 
Institutional Ethics Review Committee. The approved 
research protocol included informed consent by the 
participants and de-identified data for analysis. 
 
Results and Discussion 

Data from the questionnaires were analysed using 
SPSS 18.0 and AMOS 18.0. The R-SPQ-2F data were 
subjected to an exploratory factor analysis, with 
principal components factor analysis of the 20 items 
using varimax rotation. Results from the Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy was 0.80, 
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above the recommended value of 0.6, and the Barlett’s 
test of sphericity was significant (χ2(120) = 661.46, p < 
0.01), providing support for the factorability of the data. 
To select and retain items in the scale, we removed 
items of factor loading less than 0.5, and those on cross-
loadings with other items on the factor. This resulted in 
a 2–factorial structure comprising 16 items for 
measuring deep and surface learning approaches, 
accounting for 46% of the total variance. A 
confirmatory factor analysis was conducted to validate 
the factorial structure of the scale for measuring 
learning approaches. The model fit indices (χ2/df = 1.29, 
CFI = 0.95, TLI = 0.94, GFI = 0.90, RMSEA = 0.049) 
indicated the 2–factor model was empirically sound.  

Our initial analysis of all 25 items’ scores in the 
PRO-SDLS found that many students misinterpreted the 
11 negatively worded items. Thus, these negatively 
worded items were excluded from further analysis, and 
the remaining items analysed using corrected inter-total 
correlations. An overall score of self-direction in 
learning (SDL), comprising selected items from the four 
SDL factors of control, initiative, motivation and self-
efficacy, was computed for each student.  

Descriptive statistics consisting of the mean and 
standard deviation, reliabilities and correlations among 
the study constructs are shown in Table 1. Cronbach’s 
alphas () of the surface approach, deep approach and 
self-direction in learning constructs ranges from 0.79 to 
0.83, above the acceptance level of 0.70 (Nunnally, 
1978), indicating high internal consistency reliabilities. 

The surface approach to learning items had mean 
scores ranging between 2.87 and 3.83. On examining 
the individual items, high scores greater than the mid-
point of 3.00 on the 5-point Likert scale were found in 
items on surface motive, such as “I see no point in 
learning material not likely to be in the test” (M = 3.83, 
SD = 0.80) and surface strategy items, such as “I learn 
some things by rote, going over and over until I know 
them by heart even if I do not understand” (M = 3.52, 
SD = 0.81). The scores suggested that the majority of 
first-year students’ learning was driven by assessment. 

It is possible that these students employ learning 
strategies acquired in their previous education before 
enrolling in the polytechnic. This finding is consistent 
with other studies on first-year students’ transitioning to 
higher education (Donnison & Penn-Edwards, 2012; 
Wingate, 2007). 

The deep approach to learning items had mean 
scores ranging between 2.17 and 3.06. A closer 
examination revealed that scores for items on deep 
strategy for learning were low, for examples, “I make a 
point of looking at most of the suggested readings that 
go with the lessons” (M = 2.17, SD = 1.04) and “I find 
most new topics interesting and often spend extra time 
trying to obtain more information about them” (M = 
2.51, SD = 1.05). This suggested that first-year students 
did not carry out or follow through their deep learning 
strategies by spending time on suggested pre-readings 
and researching for more information. A study by Case 
and Marshall (2004) supported such possibility, where 
first-year students were found to be limited by their 
inexperience and inability to show all characteristics 
associated with taking the deep learning approach 
(McCune & Entwistle, 2000). 

Table 1 shows the correlations among constructs. 
The surface approach to learning was found to be 
negatively correlated with deep approach to learning (r 
= 0.17) and self-direction in learning (r = 0.09), and 
not significant. Deep approach to learning was however, 
positively and significantly correlated with self-
direction in learning (r = 0.61, p < 0.01). One plausible 
reason is that PBL uses authentic problems as contexts 
for learning, where engineering students are motivated 
not only to seek the knowledge that is needed to respond 
to the problem, but also spending time to understand the 
information well enough before applying it. This finding 
on the positive relationship between deep learning and 
self-direction in learning is consistent with other studies 
in the nursing and medical disciplines (Ali & El Sebai, 
2010; Kek & Huijser, 2011). 

 
Table 1 Descriptive statistics, reliabilities and correlations among constructs (N = 122) 

 Variables Descriptive Statistics  Reliabilities  Correlations  
  M SD  Α  (1) (2) (3) 
(1) Surface Learning Approach 3.43 0.56  0.83   - 0.17 - 0.09 
(2) Deep Learning Approach 2.72 0.74  0.81     0.61** 
(3) Self-Direction in Learning 2.77 0.66  0.79     

Note: **p < 0.01 
 
To determine if first-year engineering students with 

low and high self-direction in learning were 
distinguishable by their deep and surface approaches to 
learning, the students were categorised into low and 
high self-direction in learning (SDL) groups based on 
their overall mean scores in the sample. Students with 
low SDL were those with scores less than and equal to 
2.77, and students with high SDL had scores more than 
2.78. The two SDL groups were then plotted on a 

scatterplot with the surface approach to learning scores 
on the vertical y-axis and the deep approach to learning 
scores on the horizontal x-axis as shown in Figure 1. 
One pattern that emerged from the scatterplot was that 
students with high SDL tended to be high in deep 
approach in learning (right half of the scatterplot). 
Hence, this pattern needed to be examined closely by 
performing a discriminant analysis. 
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Figure 1. Scatterplot of SDL groups and learning approaches 

The mean and standard deviation of the surface and 
deep approach to learning scores in each SDL group are 
shown in Table 2. The difference for the mean surface 
approach to learning scores for the 2 SDL groups was 
found to be small (0.14) and not significant. However, 
the difference for the mean deep approach to learning 
scores between the 2 SDL groups was relatively large 
(0.76) and significant (Wilks’  = 0.732, p < 0.01), as 
shown in Table 3. 

These findings allowed us to proceed with the 
discriminant analysis by determining how well we could 

predict the group membership (high versus low SDL 
groups) based on the predictor variables of surface and 
deep approach to learning. The resulting discriminant 
function showed differentiation between students in the 
high and low SDL groups (Eigenvalue = 0.370, Wilks’ 
= 0.730, χ2(2) = 37.42, p < 0.01) with the deep 
approach to learning as a strong and significant 
predictor (standardised coefficient = 0.986) as shown in 
Table 3). 

 
Table 2. Means and standard deviations of predictor variables in the low and high SDL groups 
  Groups                                Predictor variables M SD N 
  Low SDL ( 2.77) Surface Learning Approach 3.50 0.54 59 

Deep Learning Approach 2.32 0.59  
  High SDL (> 2.78) Surface Learning Approach 3.36 0.56 63 

Deep Learning Approach 3.08 0.61  

 
Table 3. Significance of predictor variables and discriminant function coefficients 
Predictor variables Wilks’  Standardised canonical 

discriminant function coefficients 
Surface Learning Approach 0.984 0.085 
Deep Learning Approach  0.732*   0.986 

*p < 0.01 
 

The accuracy of the discriminant function’s 
prediction was tested, and the results in Table 4 showed 
that 73% of the original cases were correctly classified 
as low or high SDL based on their learning approaches 
scores. This was very close to the acceptable predictive 
accuracy level of 75% or better for a discriminant 

function, and much higher than the 50% chance 
prediction with two predictor variables (Burns & Burns, 
2008).  

This result is significant as it can predict whether a 
student is likely to have high or low self-direction in 

　Back▲



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

16-18 September 2015, Nagaoka, JAPAN

155

learning based on his or her reported score on learning 
approaches. Where students are found to be low in deep 
learning approach and low in self-direction in learning, 

appropriate intervention can be devised to assist these 
students in their learning. 

 
 
Table 4. Classification results using the discriminant function  
Levels of performance Predicted group membership 
  low SDL high SDL Total 

Original Count low SDL 43 16 59 
 high SDL 17 46 63 

% low SDL 72.9 27.1 100.0 
 high SDL 27.0 73.0 100.0 

Note: 73.0% of original grouped cases correctly classified. 
 
Implications for Practice 

Based on the findings discussed above, the 
following are some key instructional strategies that can 
be adopted by lecturers to develop deep approach and 
higher self-direction in learning among students during 
PBL lessons: 

(a) Support students to construct their understanding 
and changing their conceptions of learning. Lecturers 
could focus on how students arrive at their answers by 
asking them to articulate their understandings, and 
giving feedback on the progress of students’ learning. 

(b) Evaluate the amount of students’ workload, 
clarity of learning goals and how students are assessed. 
Feedback can be sought from students by the lecturer 
during the course on whether students’ workload is 
perceived as excessive, learning goals are unclear, and 
assessments are perceived to focus on reproducing 
information rather than understanding and application.  

(c) Develop learning support strategies that focus on 
building students’ self-efficacy. Learning activities and 
questions to scaffold understanding of concepts can be 
employed by lecturers to help students build self-
confidence. Flipped learning approach can be integrated 
with the PBL process, where students acquire some 
prior knowledge through pre-readings before attending 
the class to discuss and apply their knowledge, and thus 
building self-efficacy that they can successfully learn on 
their own. 

 
Limitations and Future Research  

This study has a few limitations which should be 
highlighted. First, the study involves a particular cohort 
of first-year aviation engineering students’ self-reported 
learning approaches and self-direction in learning. Thus, 
the findings might not be generalisable to other first-
year engineering students. Future research could include 
a larger sample of first-year students in other 
engineering diplomas. Second, the current study 
provides a snapshot of the students’ approaches to 
learning and self-direction in learning in a PBL 
environment. A longitudinal study to examine changes 
in these learning characteristics over the academic years 
with the same cohort of engineering students is another 
worthwhile area for further study. Third, since students’ 
perceptions of academic quality on workload and 

assessment could influence how students choose to 
study based on previous study (Baeten et al., 2010) a 
qualitative study employing focus group interviews to 
gain more insights into the reasons and motivations for 
first-year students adopting particular learning approach 
is worth undertaking. 
 
Conclusion 

This study is an attempt to examine the learning 
approaches and self-direction in learning of first year 
engineering students. The findings suggested that after 
one semester of study in a PBL environment, students 
still rated their use of the deep approach to learning 
lower than the surface approach to learning. The self-
direction in learning was positively and significantly 
correlated to deep approach to learning but not to 
surface approach to learning, and high self-direction in 
learning tendencies could be predicted in students who 
predominantly adopted the deep approach to learning.  

Overall, the findings show that immersing first-year 
students in a learner-centred environment such as PBL 
might not quickly result in the students adopting deep 
learning approaches and becoming self-directed in their 
learning. Deliberate instructional strategies and time are 
needed to support students in making the transition to 
the PBL environment.  
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Abstract 
 

The paper presents the design and development 
of an intelligent tutoring system to help students in 
learning computer programming. Effective 
tutoring by human is a guided and interactive 
process where students’ engagement is constantly 
monitored to provide remedial feedback and to 
maximize the motivation to learn. Learners exhibit 
a multitude of emotions which are integral to 
human learning, creativity and flexible problem 
solving. By responding appropriately to detected 
emotions, we will be able to sustain the students’ 
interest and optimize their learning. 

Hence, this research aims to design and develop 
an intelligent tutoring system that will provide 
adaptive hints to the students when they show signs 
of frustration. The intelligent tutor is able to assess 
the emotions of the student using unobtrusive 
techniques through facial expressions and 
keystrokes analysis in a naturalistic learning 
environment.  By responding to the student’s 
emotions expressed during the interaction with the 
intelligent tutoring system, it can prevent the 
potentially negative motivational state in which the 
student gives up working on the problem totally.  

Experimental and machine learning 
methodologies were used in creating the backend 
algorithms of the intelligent tutoring system. 
Results from a random sample of 60 students show 
that the increase in interest of learning computer 
programming using the intelligent tutoring system 
is statistically significant. This preliminary analysis 
suggests that the intelligent tutoring system is an 
effective tool in engaging students in their learning. 

The recommendation is to deploy the system for 
lecturers to use as an e-learning tool. The targeted 
students are the first year students taking 
programming modules in the School of Information 
Technology, Nanyang Polytechnic. The student’s 
inferred emotions and scores obtained for each 
topic will be collected and stored in the database, 
which can also potentially be mined to help 
instructors understand the topics which students 
are weak in and for further refinement of the 
tutoring system. 
 

Keywords: Intelligent Tutoring System, affective 
tutoring system, scaffolding, facial expression 
 
Introduction 

 
One-on-one human tutoring is highly effective for 

student learning (Bloom 1984). However, it is often 
difficult to achieve such a tutor-student ratio due to 
resource constraints. This motivates the creation of an 
intelligent tutoring system (ITS), which embodies the 
intelligence of a human tutor and provides immediate 
and intelligent instruction or feedback to learners, 
usually without intervention from a human teacher to 
optimize the learning of the learner.  

Recent advances in intelligent tutoring system 
(ITS) research such as examining learner emotions 
during tutoring continue to enhance the effectiveness 
of ITSs (Kort 2001, D’Mello et al. 2010, Arroyo et al. 
2009). Pekrun (2002) reported that emotions which 
occurred during learning are largely neglected and he 
conducted a series of qualitative case studies to 
investigate further into this. He concluded that learners 
experience an assortment of positive and negative 
emotions and positive activating emotions such as 
enjoyment of learning generally enhance academic 
motivation whereas negative deactivating emotions 
(e.g. boredom) have a negative effect on the 
motivation to learn. This finding highlights the 
importance of incorporating models of learner 
emotions into ITSs to provide students with more 
effective learning experiences. 

Predicting student affect thus becomes an essential 
step towards developing an intelligent tutoring system 
with affect capability. A promising means for 
predicting student affect is by analyzing student’s 
facial expressions. Recent investigations have also 
identified facial expression configurations that relate to 
students’ emotions (D’Mello et. al. 2010, Craig et al. 
2004, McDaniel et al. 2007). Although there is no 
comprehensive catalogue of students’ emotions to 
date, the occurrences of confusion or frustration are 
highly relevant during learning (Graesser et. al. 2003).  

Specifically in the study of Information 
Technology, attracting and retaining students has 
been an ongoing concern and keeping the students 
engaged through the learning process is an important 
endeavor for our school. Students experience 
frustration in the learning of computer programming 
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and prolonged frustration will lead to loss of 
confidence and eventual disinterest in the learning 
itself (Hansen & Eddy 2007).  The modeling of 
frustration is thus important as it informs on the 
appropriate time to intervene so as to achieve 
effective learning for the student. Thus, in this paper, 
we present our methodology and results on the 
modeling of students’ frustration. 

From our literature survey, most of the studies on 
the investigation of emotions during learning are 
conducted using obtrusive sensors which are strapped 
on the participants to observe their emotions. The 
complexity and hassle involved in setting up these 
ITSs limits their usability. Hence, we propose using 
unobtrusive sensors in which a simple webcam would 
suffice for our ITS.  

To model frustration, we use the following features 
in our predictive model: 1) facial expressions, 2) 
keystroke logs and 3) contextual information of the 
question which the student is working on. Although 
there are a number of studies on affect detection, to the 
best of our knowledge, none of the studies utilizes a 
combination of contextual information, keystroke 
analysis and facial feature recognition for the detection 
of frustration. 

We present in this paper the modeling approach 
based on the experiment data which we collected 
during the tutoring session. Each tutoring session 
captures facial expressions and latency between 
keystrokes for each question as a sequential set of 
observations. The goal is to predict unseen 
observations based on prior observations. A number of 
modeling techniques may be appropriate for this task 
and our findings show that the logistic regression 
model is promising in predicting student’s frustration.  

The rest of the paper is structured as follows: The 
next section describes the system design of our ITS, 
followed by the methodology section that describes the 
modeling approach which utilizes the contextual and 
keystroke features that are logged during the 
student’s interaction within the ITS. Subsequently, 
the results and the evaluation of the results are 
discussed and the final section concludes this work. 

 
Overview of System Design  
 

The system design of our ITS is as shown in Figure 
1. As the student works through a problem, his or her 
facial emotions, keystroke and contextual logs will be 
collected by our system and stored in a centralized 
database. This raw data about student interactions with 
the system feed all our intelligent modules to prompt 
hints that will be helpful for the student and the 
tutoring system in general.  

Before the system can provide adaptive hints to the 
learner based on the automatic elicitation of the 
learner’s emotions from the facial and keystroke 
sensors, we will first need to collect data to build the 
adaptive tutoring response. Figure 2 shows the user 
interface of the tutoring system which was used in 
collecting the training data. 

 
 

Figure 1: System Design 

The tutoring software contains instructional pages 
and exercises grouped by topics. Students can choose 
to read the conceptual instructional pages first, 
possibly to refresh their memory on the various 
programming syntaxes before attempting the exercises. 
The student’s actions, keystrokes and the respective 
time stamps in which each action or keystrokes occur 
within the tutoring software will be logged in the 
database. The adaptive tutoring response module will 
then provide prompts when frustration is detected. The 
details of the modeling techniques used in predicting 
frustration will be elaborated in the next section. 

 

 
Figure 2: User Interface  

 
Finally, the learning progress reporting module 

model the student's knowledge on an ongoing basis to 
provide effective help, there have been only 
preliminary attempts to incorporate knowledge of 
student group characteristics (e.g., profile of cognitive 
skills, gender) into the tutor and to use this profile 
information to guide instruction (Shute, 1995; Arroyo 
et al., 1999). Hence, this learning progress module will 
help lecturers to have a better understanding on the 
topics which students are weak in and the profile of 
students for topics which requires more help. 

To verify if this system would be helpful to 
students in their learning of computer programming, 
we conducted a random survey of 60 students from the 
School of Information Technology at Nanyang 
Polytechnic. The students were first asked to indicate if 
they like to learn computer programming, using a 
Likert scale of 1 to 10, with 1 being Strongly Disagree 
and 10 being Strongly Agree. Subsequently, the 
students were informed of this intelligent tutoring 
system and were asked again if it would help to 
increase their interest or liking in learning computer 
programming. The Paired T-Test result shows that the 
increase in interest of learning computer programming 
using the intelligent tutoring system is statistically 
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significant (p-value<0.0001). This preliminary analysis 
suggests that the intelligent tutoring system is an 
effective tool in engaging students in their learning of 
computer programming. 

 
Methodology 

 
Data 

 
The data collected from the students in the School 

of Information Technology at Nanyang Polytechnic 
were used in this work. The study was conducted in 
computer labs where students were enrolled to work 
on programming exercises in a Java programming 
tutoring software. The tutoring software was 
developed by the first author. It consists of 6 topics 
and a set of 2 programming exercises per topic, giving 
a total of 12 exercises to be completed. The topics 
cover the basics of Java programming and include the 
use of variables, loops, conditional statements and 
arrays. Most of the students who participated in this 
study have undergone a foundational Java 
programming course in their first year of study. 
Conceptual instructional pages are also provided per 
topic and students can choose to read the conceptual 
instructional pages to refresh their memory on the 
various programming syntaxes before attempting the 
exercises. 

Each exercise is preloaded with a set of Java code 
with gaps in between (denoted with a comment stating 
that code to be inserted) and students will have to fill 
in the missing lines of code to complete the exercise. 
Within each exercise page, students can click on a 
“Submit code” button to submit the code for 
compilation. They can then check the output window 
for the compilation output or errors. The compilation 
output will be verified against the required output 
when the student clicks on the “Check answer” button 
and will be marked as completed if the correct output 
is obtained. The students are free to choose the 
sequence of working on the exercises and topics and 
they are also allowed to switch from one exercise to 
the next even if they have not completed the current 
exercise.  

The student’s actions, keystrokes and the 
respective time stamps in which each action or 
keystrokes occur within the tutoring software are 
logged in the database. Some examples of the actions 
that are logged include the start and end time of each 
exercise, the time stamp of each “Submit code” action 
and the time when the exercise was completed. 
Copying and pasting of code from other sources is a 
common behavior among the students and that is 
captured in the keystroke logs as well.  

 
  Contextual features 

 
The contextual features used are the completion 

status of the exercise, the number of submissions for 
compilation of the exercise, the number of switches 
between the exercise and other exercises, the difficulty 

level of the exercise and the self- perceived effort. The 
completion status is a categorical variable that denotes 
whether the exercise attempt was completed. A 
completed exercise attempt is one that produces the 
correct program output. The number of submissions 
for compilation is a discrete variable that denotes the 
number of times the student has submitted the code for 
compilation for the designated exercise. An observed 
behavior is that students click on the submit for 
compilation button a number of times within a span of 
two seconds, thinking that clicking more will help to 
speed up the compilation time. To prevent duplicate 
counting, all submissions for compilation logs (by the 
same student for the same exercise) time-stamped 
within duration of two seconds are only counted as one 
submission for compilation. 

Students are allowed to switch between exercises 
to recap even if they have not yet completed the 
current exercise. The number of switches is a discrete 
variable that tracks the number of switches to other 
exercises from the designated exercise. 

 
  Keystrokes 

 
Keystrokes are captured only when the students are 

working on the exercises. The raw keystroke files are 
processed to derive details such as the keystroke, 
timestamp, duration of the key and whether modifier 
keys such as shift or control keys are depressed. The 
duration of the key is the duration from the time a key 
is depressed to the time when the next key is 
depressed. The duration between keys refers to the 
flight time (the duration from the time one key is 
depressed to the time the next key is depressed) and 
the wait duration refers to the duration in which no key 
was depressed. 

 
  Video annotation 

 
The study included 14 students with a gender 

breakdown of 7 males and 7 females. They are 
students currently undertaking a diploma course in 
information technology and have an average of about 1 
year of programming experience between them. Both 
their screens and their facial expressions were 
recorded using web camera and each session lasted for 
an average of 81.3 minutes. The recordings were used 
for a retrospective annotation of frustration by an 
observer. This retrospective observation technique was 
employed by a number of prior studies (Cetintas et al. 
2010; Graesser et al. 2006; Rodrigo & Baker 2009). 
Some examples of the frustration behaviors noted in 
the session includes the use of expletives, long sighing, 
excessive gesturing and roughly ruffling through hair 
while visibly distressed. The observations were 
recorded with a time stamp and this time stamp is used 
for synchronizing with the captured contextual and 
keystroke logs. In this study, the granularity of the 
detection of frustration is on a per exercise level 
(N=56).  
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  Modelling Technique  
 

Logistic regression is used as the mathematical 
model to detect the occurrence of frustration in this 
study. It is used here as it is generally well-suited for 
describing and testing hypotheses about relationships 
between a categorical outcome variable with one or 
more categorical or continuous predictor variables. The 
data set is divided into a training set (80% of the data 
set) and a test set (20% of the data set).  

 
 
Results and Discussion 
 

With the Logistic regression model, we obtained an 
overall accuracy of 66.7% for the test set. For precision 
and recall, the results were 0.625 and 0.833 
respectively. F1 measure is 0.714 while AUC is 0.722. 
The high recall performance measure indicates that our 
model is able to identify accurately the incidences of 
frustration. The F1 and AUC figures further confirm the 
adequacy of the performance of our model. 

There are however two primary limitations that 
should be noted. First, as the manual annotation of 
facial expressions is very labor intensive, automated 
techniques are actively being investigated. Second, the 
predictive models require large amounts of data to 
produce better accuracy which can be deployed to a 
larger population. Further experiments and validations 
are necessary to evaluate the accuracy of predictive 
models on students’ frustration and their use in the ITS 
in naturalistic environments e.g. library or public study 
area. 

The overall performance of our model looks 
promising. As more training data are gathered, the 
overall accuracy will increase further. Hence, the plan is 
to deploy the system for lecturers to use as an e-learning 
tool. The targeted students are the first year students 
taking programming modules in the School of 
Information Technology, Nanyang Polytechnic. The 
student’s inferred emotions and scores obtained for each 
topic will be collected and stored in the database, which 
can also be mined for further refinement of the tutoring 
system. 

 
 

Conclusions 
 
In this paper, we presented the system design nad 

development of our ITS with affect capability. The 
analytical techniques to predict the occurence of 
frustration will help us determine the time for the ITS 
to intervene and provide prompts to the students. A 
number of possibilities exist to extend this study.  A 
higher granularity or time resolution of detection will 
be useful for scaffolding the student in his or her 
learning. To achieve this, we may need to incorporate 
other input modes such as mouse clicks and explore 
the use of other machine learning algorithms. Future 
research will be undertaken to investigate this 
possibility. 
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Abstract 
 

The PISA test revealed that Mexican students 
had a low performance in logic and mathematical 
thinking. There must be some explanations: the 
excess of themes that inhibit the students to learn the 
mathematical basic concepts, and the myths about 
the difficulty of learning mathematics and its 
application in the real world. At the University of 
Guanajuato High School programs, all the students 
must take four mandatory courses: Algebra I and II, 
Geometry and Trigonometry, and Analytical 
Geometry. The students enrolled in Engineering and 
Sciences must take Differential Calculus and 
Integral Calculus. However, there are no s pecific 
courses for developing the computational thinking in 
students. The acquired skills help the students to 
understand how to solve problems through 
reduction, integration, transformation, 
decomposition, and simulation. Also, i t helps to 
improve planning, searching, programming and 
logical thinking which are all related to 
computational thinking. The PISA tests revealed 
that students need additional  support to learn 
mathematics. It utilized a non-traditional 
methodology to develop computational  thinking in 
High School Students by creating  mathematical 
games. The freeware Scratch from Massachusetts 
Institute of Technology was employed. The Algebra 
II students created interactive games to understand 
and practice basic mathematical operations such as 
solving quadratic equations. These games 
familiarized the students with the computational 
thinking, and the pleasure of learning. The games 
and student performance were assessed by using the 
Google forms tool. Before this project, the polls 
showed that 31.4%  of students believed that 
mathematics was boring, and there was no 
interaction with other disciplines such as Natural or 
Social Sciences. After using Scratch, 85.6%  of 
students mention that mathematics is useful and 
interactive, and 76.6%  of them were considered 
skilled in the use of computers. Before the activi ty, 
74.2%  of students preferred to work individually 
and 66.8%  considered themselves with moderate 
computer abilities. After using Scratch, 77.2%  of 
them preferred teamwork and 78.1%  thought that 
the computers are important tools to learn and to 
practice mathematics. Finally, we can conclude that 
computational thinking helped the students to 

improve the performance in mathematics and 
promote skills such as teamwork, organization and 
activity planning. 
 
Keywords: Computational Thinking, mathematics 
learning, logical thinking, teaching learning process, 
programming  
 

Introduction 
 

The results of standardized tests such as PISA or 
EXCALE have identified problem in the Mexican 
educational system. The main objective of these tests is 
to provide information in order to compare educational 
levels in different countries. The test of quality and 
educational attainment (EXCALE), developed by the 
National Institute for Educational Evaluation (INEE) 
and the test of the Programme for International Student 
Assessment (PISA) o f the Organization fo r Economic 
Co-operation and Development (OECD), are examples 
of these standardized assessment tools. 

In the National context, the test EXCALE 
establishes that students with a grade of "insufficient" 
have important deficiencies in  the domain of knowledge 
and academic skills, which result in a limitation to keep 
progressing satisfactorily in the subjects evaluated. The 
results of this test in 2008-2009 showed that 14.7% of 
students at the elementary school level did not have the 
necessary knowledge to continue studying mathematics. 
Moreover, 52% of students at the junior high school 
level were located in the insufficient level.  

In the PISA test, different levels of student 
performance are established. Level 2 means that the 
students have the minimum knowledge to continue 
studying at higher educational levels or to integrate into 
the labor market successfully. Students who are not at 
this level will have serious problems to keep learn ing. 
The results of this test in 2012 showed that 23% of 
students were below level 1 and 32% of students were 
located at Level 1. Thus, 55% of students in High 
School were below level 2 and they did not show the 
minimum knowledge to continue studying.  The results 
obtained in 2012 are very similar to the results recorded 
in 2009. 

Bagur (2011) makes this distinction, “Although 
PISA test and EXCALE test are not related, both tests 
show similar results in the context  of our country. Over 
50% of our students are in the later levels of the scales 
of assessment. We are below the levels that our 
students can achieve.” 
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Bagur (2011) established that this problem is 
multifactorial. Besides, we cannot reduce the problem to 
a single cause and we should not treat it in  a d ispersed 
manner attacking separately possible causes. We need to 
find solutions that target all causes of these levels of 
mathematical incompetence. Possible causes of these 
math deficiencies are: we have saturated the contents of 
the curriculum with knowledge that prevent students 
learn the basics, there is a deficit of mathematical 
knowledge at all levels of study, better preparation of 
teachers in the area of mathematics is necessary, 
students do not find use for all subjects of mathematics 
and so they forget them easily and the mathemat ics are 
surrounded by myths and it has become difficult to 
teach. All these causes are related to the curriculum, the 
training of teachers, lack of freedom for teachers to 
teach their students using different strategies, the use of 
mathematics in everyday life and the mathematical 
culture of our nation. The impossibility of not being 
able to get children and young people to learn 
mathematics means depriving them of basic skills such 
as reflection for decision-making, the ability to 
anticipate what might happen, the ability to say with 
certainty, learning to learn and to understand other 
disciplines. 

Bagur (2011) considers that at present the teaching 
of mathematics is complicated; despite the wealth of 
informat ion and tools that are available to almost 
everyone on the Internet. Use of these resources would 
make it easier and fun to understand the concepts and 
solving exercises. Besides, many proposals maintain 
that the teaching of mathemat ics should not be so 
complex and it must take into consideration the 
characteristics of the age of the students. We must 
remember that children learn through play, the youth 
through group participation and challenges and adults 
through the application of knowledge to generate new 
ones. Finally, Bagur proposes that our country needs 
children and youth with reflective thinking and ability to 
use mathematics and to make decisions in their daily 
lives.  

Nowadays, there are freewares available on the 
Internet developed with the aim of making the teaching-
learning process more dynamic, fun and efficient. Some 
of the tools are Scratch, Educaplay and Googleforms. 
Scratch is a project of the Lifelong Kindergarten Group 
at the MIT Media Lab. It is provided free of charge. 
Scratch helps young people learn to think creatively, 
reason systematically, and work collaboratively — 
essential skills for life in the 21st century. When people 
learn to code in Scratch, they learn important strategies 
for solving problems, designing projects, and 
communicat ing ideas. Scratch is designed especially fo r 
ages 8 to 16, but it is also used by people of all ages. 
Nowadays, students are learn ing with Scratch at all 
levels (from elementary school to college) and across 
disciplines (such as math, computer science, language 
arts, social studies). Millions of people are creating 
Scratch projects in a wide variety of settings, including 
homes, schools, museums, libraries, and community 
centers. On the other hand, Educaplay is a platform to 
create multimedia teaching activities. It is provided free 

of charge, too. In order to create these activities, you do 
not need any kind of software, besides, the activities 
generated by Educaplay can be integrated on e-learning 
platforms. In Educaplay you can create  interactive 
maps, riddles, crosswords, wordsearch puzzles, Quizzes, 
jumbled words, etc. Educaplay is a contribution of 
adrformaciom.com to the education community. Finally, 
googleforms is an app of google drive with which we 
can make questionnaires and surveys to gather 
informat ion on the opinion of a group of people. This 
tool can be used in all areas of our life. We can use it in  
areas such as: education, employment, social, business 
or just leisure. The tools mentioned can make the 
teaching-learning process easier and fun, besides they 
can help students to understand the concepts and solve 
exercises more efficiently. 

At the University of Guanajuato High School 
programs, all the students must take four mandatory 
courses in the area of mathematics: Algebra I and II, 
Geometry and Trigonometry, and Analytical Geometry. 
The students enrolled in Engineering and Sciences must 
take Differential Calculus and Integral Calculus. 
However, there are no specific courses for developing 
the computational thinking in students.The introduction 
of computational thinking in the curricu lum is important 
because the skills developed through it helps students to 
work on mathematical thinking, improving their 
mathematical skills. Besides, the computational thinking 
helps the students to understand how to solve problems 
through the reduction, integration, transformation, 
decomposition, and simulation (mathemat ical logical 
processes). Also, it helps to improve planning, 
searching, programming  and logical thinking, all related 
to computational thinking.  

There is no doubt that educational programs should 
be adjusted to a new reality in order to obtain better 
results in the teaching-learning process. The use of 
innovative tools, based on computational thinking and 
playful aspects, represents an attractive alternative for 
solving the existing problems in  the area of 
mathematics. 
 
Materials and Methods  
 

 Basogain (2014) established that in solving 
problems associated with the natural sciences and 
mathematics, the tradit ional methodology proposes to 
find the solution we must analyze the informat ion and 
environment, to think over about the situation and to 
make appropriate actions. Thus the problem structure is 
summarized in Figure 1.  

 
Figure 1. Elements of the traditional approach to 
problem solving. 
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 The results of standardized tests show that there are 
deficiencies in students associated with the skills to 
problem solving, (EXCALE 2008-2009 and PISA, 
2012) so the traditional approach to solving problems 
need to be modified.  Basogain (2014) establishes that a 
new methodology known as problems based on multip le 
processes suggests that the solution to a problem must 
have an open approach. Examples of these problems 
are: to design a car driving along on a track, to build  a 
prototype, to implement a game or to create an animated 
story. These problems are closer to the problems of 
everyday life and are more relevant for students. Thus 
the problem structure based on mult iple processes is 
summarized in Figure 2.  

 
Figure 2. Elements of the approach based on multip le 
processes to problem solving. 

 
Basogain (2014) recognizes that computational 

thinking is applied appropriately  in prob lem solving 
based on multiple processes. This kind of thinking is 
defined as the recognition of aspects of computing in 
the world around us and the application of tools and 
techniques of computations to understand and to reason 
about natural and artificial systems, Figure 3. Besides, 
we must use computational thinking in  order to solve 
problems based on mult iple processes because this 
approach promotes creativity, logical thinking and 
collaborative work. We mustn’t forget students learn 
better through games, challenges and teamwork. 

 
Figure 3. Elements of the Computational thinking used 
in solving problems. 

 
According to Bagur (2011), the construction of 

knowledge in people is given by one of the following 
reasons: 

a) Because they need to solve an important problem 
in order to subsist or to achieve a goal. Necessity 
is the mother of science. 

b) Because they can’t exp lain  an interesting or 
amazing fact.  

c) Because someone tells them what they can learn. 
d) Because they don’t know something and they 

need to learn  to be like everyone else (social 
learning). 

e) For the pleasure of learning. 

Furthermore, the natural learning requires the 
convergence of the five above causes. It is important to 
note that the third cause is not sufficient for learn ing a 
topic despite being used by the traditional methods. The 
problems based on multiple processes and 
computational thinking combines two of the best 
strategies of learn ing, learning based on projects and 
solving problem, Figure 4. In this way, when we design 
a project to solve a problem in our environment, we 
give importance to knowledge and we achieve the skills, 
knowledge, att itudes and values to converge and to 
solve the problem. 

Figure 4. Advantages of different strategies of learning, 
 

The results of standardized tests, mentioned in the 
introduction, revealed that students need additional 
support to learn mathemat ics. In this project, it utilized a 
non-traditional methodology to develop computational 
thinking in High School Students by creating 
mathematical games. Tools such as Scratch, and 
Googleforms were employed. The Algebra II students 
developed projects aimed at creating interactive games 
to understand and practice basic mathematical 
operations such as solving quadratic equations. These 
games familiarize the students with the computational 
thinking, and the p leasure of learn ing. For the 
realization of the projects the students had to develop 
the following stages: 

a) Integration teams composed of 4 people. 
b) Selecting a topic included in the curriculum and 

research and reflection on the subject. 
c) Generation of ideas and development of a flow 

chart for the selected idea, Figure 5. 
d) Writing the code and initial testing, Figure 6.  
e) Presentation of the project and writ ing the final 

report. 
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f) Evaluation and feedback of the pro jects. This 
stage development through oral presentations of 
the project and through polls of 30 questions 
developed in Googleforms. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 
5. Flowchart for the process of solving quadratic 
equations. 
 

 
Figure 6. Modular structure of the code developed from 
scratch for the process of solving quadratic equations. 
 
Results and Discussion 
 

Table 1 provides a description of the sample o f 
students participating in the project. Characteristics such 
as age, gender, education level, ability to use computers 
and Internet access are included. Furthermore, Table 1 
and Table 2 show important aspects associated with the 
vision that students had about math before developing 
this project. Before this project, the results showed that 
68.9% of the students were unsure of the benefits of 
using technology in learning. Besides, the polls showed 
that 38.6 % of students believed that mathemat ics was 
boring. 

In addition, 42% of students are unsure of their 
usefulness for success in their life or for understanding 
other subjects. About 30% and 52.5% of students 
believe that mathemat ics is not useful in the exact 
sciences and the social sciences respectively. 

 
Table 1. Description of the sample of students 
participating in the project. 
 
Total Students Male Female 

 
120 

 
47 % 

 
53 % 

Average Age  15 years old 
Level of 

education  
High School (Grade 10) 

Tech gadgets at home  
 

Device  
 

Yes/(% Students) 
 

No/(% Students) 
Desktop 79.5 20.5 
Lap top 82.1 17.9 

Tablet or Ipad 53.8 46.2 
Smartphone 66.7 33.3 

 
Internet access at 

home  
(% students) 

 
Yes/(% Students) 

 
No/(% Students) 

84.6 15.4 

Tech gadgets in the classroom  
 

Device  
 

Yes/(% 
Students) 

 
No/(% Students) 

Projector 100.0 0.0 
Desktop or Lap 

top 
100.0 0.0 

 
Ability to use 

computers 
(% Students) 

very 
skilled 

Skilled moderately 
skilled 

unskilled 

7.1 21.2 66.8 4.9 

What do you 
prefer? 

Teamwork   
25.8 %  

work 
individually 

74. 2 % 
 

Initial 
Q uestionnaire/ 

(% Students) 

 
I 

agree 

         
  Undecided 

 
I disagree 

 
Do you consider 
the use of 
technology in 
education has 
benefits? 

 
26.7  

 
       68.9 

 
              4.4 

Do you think math 
is boring? 

31.4  30.0 38.6 

The mathematics 
are useful for 
success in your life 

17.5 40.0 42.5 

The mathematics 
are useful for 
understanding 
other subjects 

19.8 38.0 42.2 

Mathematics are 
easy to learn 

35.9 10.3 53.8 

To learn 
mathematics you 
need to work hard 

70.0 15.0 15.0 

The mathematics 
are incompatible 
with the use of 
technology 

80.0 7.5 12.5 

The Mathematics 
are useful in the 
exact sciences 

35.0 32.5 32.5 

The Mathematics 
are useful in the 
social sciences 

20.0 27.5 52.5 
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The results in table 2 show that most of the students 
believed that "know math" means knowing many 
definit ions, formulas, theorems and mathematical 
processes, get good grades on tests, to know how to 
resolve exercises and demonstrate and manipulate 
formulas. In  addition, students thought that a 
mathematical problem is an exercise proposed in order 
to know if they have learned a definit ion, a formula or 
procedure. It is not always applied to a situation, and it 
does not involve learning new knowledge and skills, to 
plan activit ies, to develop strategies and to connect 
knowledge from different areas. 

Before the project, 74% of students preferred to 
work indiv idually and 66.8% considered themselves 
with moderate computer abilit ies. After using Scratch in 
order to create mathematical games, 77.2% of students 
preferred the teamwork and 76.6% considered 
themselves skilled in the use of computers.  

Besides, 82.8% considered that mathematics is 
useless in the real world  and 78.1% that the computers 
are important tools to learn and to practice mathematics. 
Around 90% of students mentioned that mathematics is 
useful for understanding other subjects and it is related 
closely with other areas of knowledge such as the 
natural sciences. Student motivation for learning 
mathematics was increased. Hence 85.6% of students 
mentioned that mathematics is funny and interactive. 

After this project, the students keep considering that 
"know math" means knowing many definit ions, 
formulas, theorems, mathemat ical processes, to know 
how to resolve exercises and demonstrate and 
manipulate formulas. However, students changed the 
concept of what should be a mathematical problem. 
They think that a  mathematical problem must be an 
exercise based on a real situation and it must involve 
learning new knowledge, skills and attitudes. Besides it 
must promote planning activit ies, strategy development 
and connection of knowledge from different areas, 
figure 7. 

No. Description of  the Topics 
1 It must be associated a real situation. 
2 It must motive students to learn new knowledge 
3 It must motive students to learn new concepts, plan activities, develop 

strategies and propose solutions. 
4 It must connects knowledge from different areas. 
5 The solution of a problem requires creativity. 
6 The solution of a problem may be general or particular. 
7 The solution involves the relationship of concepts previously studied  

 
Figure 7. Evolution of the concept of what should be a 
mathematical problem. 

Table 2. Vision of students about math before 
making the project. 
 
Question   
What does it mean “to learn 
mathematics”? 

*Scale of degrees of Certainty/  
(% students) 

1 2 3 4 5 
 
To know many definitions, 
formulas and theorems. 

 
10.0 

 
7.5 

 
12.5 

 
17.5 

 
52.5 

To Know many procedures in 
order to solve exercises. 

10.0 15.0 10.0 37.5 27.5 

To decide the importance of a 
mathematical concept. 

7.5 7.5 7.5 42.5 35.0 

To apply creative processes to 
different situations. 

25.6 38.4 23.1 5.2 7.7 

To get good grades on tests 5.0 7.5 5.0 30.0 52.5 
To solve the exercises quickly 7.5 7.5 7.5 37.5 40.0 
To demonstrate and manipulate 
formulas 

7.5 5.0 5.0 40.0 42.5 

Question   
What is a mathematical 
problem? 

*Scale of degrees of Certainty/  
(%students) 

1 2 3 4 5 
 
An exercise which the teacher 
propose in order to know if the 
student has learned a definition, a 
formula or procedure. 

 
7.5 

 
7.5 

 
15.0 

 
42.5 

 
27.5 

An exercise in which we can 
apply a mathematical procedure 
to a real situation 

17.5 20.0 32.5 20.0 10.0 

A situation that motivates 
students to learn new definitions, 
formulas or procedures. 

10.0 27.5 32.5 20.0 10.0 

A situation that allows students 
to develop new skills. 

2.5 35.0 30.0 15.0 17.5 

A situation that motivates 
students to learn new concepts, 
plan activities, develop strategies 
and propose solutions to real 
situations. 

25.0 27.5 30 10.0 7.5 

A situation which connects 
knowledge from different areas 

20.0 35.0 22.5 10.0 12.5 

A situation that involves the 
development of competencies 
(knowledge, skills and attitudes) 

2.5 27.5 20.0 37.5 12.5 

Question   
Which are the main features of 
a mathematical problem? 

*Scale of degrees of Certainty/  
(% students) 

1 2 3 4 5 
 
There is only one correct answer 

 
0.0 

 
23.1 

 
17.9 

 
20.5 

 
38.5 

There is only one correct 
procedure 

12.5 20.0 10.0 22.5 35.0 

The solution of a problem 
requires creativity 

17.5 22.5 40.0 10.0 10.0 

The solution of a problem does 
not depend on the procedure 
used 

0.0 2.6 44.6 12.8 40.0 

The problems must solve useful 
and practical situation 

0.0 15.0 25.0 30.0 30.0 

A problem can be solved more 
quickly with the use of 
computers 

5.0 10.0 25.0 40.0 20.0 

The solution of a problem is 
specified 

15.0 25.0 20.0 17.5 22.5 

Question   
If you want to solve a 
mathematical problem which 
aspects need to consider? 

*Scale of degrees of Certainty/  
(% students) 

1 2 3 4 5 

 
You must be able to recognize 
the relevant data contained in the 
statements 

 
0.0 

 
10.3 

 
12.8 

 
51.3 

 
25.6 

You need to make the 
mathematical operations required 
by the method of solution 

0.0 25.0 15.0 30.0 30.0 

The most important element to 
solve a math problem is to 
discover that operation must 
calculate 

0.0 12.5 30.0 37.5 20.0 

The solution involves the 
relationship of concepts 
previously studied and 
understood 

0.0 25.2 33.7 21.1 20.0 

No. Topic 
1 It must be associated a real situation. 
2 It must motive students to learn new knowledge. 
3 It must motive students to learn new concepts, plan activities, 

develop strategies and propose solutions. 
4 It must connects knowledge from different areas. 
5 The solution of a problem requires creativity. 
6 The solution of a problem may be general or particular. 
7 The solution involves the relationship of concepts previously 

studied.  
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Finally, we identify benefits about the development 
of projects associated with computational thinking from 
surveys and evaluation reports. These benefits are 
included in table 3.  

 
Conclusions 
 

The inclusion of the computational thinking in 
developing projects helps the students to improve their 
performance in mathemat ics and promote skills such as 
teamwork, organization, planning activities, strategy 
development and connection of knowledge from 
different areas. Besides, when we design a project 
focused on solving a problem, we indirectly attach 
importance to knowledge and we converge knowledge, 
skills, attitudes and values in the same activ ity. 
Furthermore, solving a math problem promotes the 
development of creativity and imagination, which 
involves fundamental processes such as research, reflect 
and discover that generate satisfaction in people and 
increase their knowledge. The development projects 
associated with computational thinking requires that 
students think and propose solutions. Students will learn 
more if they are able to offer a  greater number o f 
attempts to solve the problem because every time they 
propose an alternative they reflect on what works and 
what does not. Finally, taking a mathemat ical challenge 
and finding a solution implies satisfaction, which makes 
us look for new challenges and with each challenge 
more experience is gained. 
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Table 3. Benefits about the development of projects 
associated computational thinking. 
 
Feature/ % of students I 

agree 
I 

disagree 
They provide meaningful learning 86.7 13.3 
They develop communication and values 76.7 23.3 
They promote teamwork  82.2 17.8 
They promote creativity  88.6 11.4 
They motivate to learn new concepts, plan 
activities, develop strategies and propose 
solutions 

83.3 16.7 

They promote learning of new knowledge and 
develop new skills 

78.3 21.7 

They connect knowledge from different areas 90.0 10.0 
They promote the generation of multiple 
solutions 

88.4 11.6 

They involve real problems 70.8 29.2 
The solution takes time and often is of a 
general nature 

91.2 8.8 
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Abstract 
 

Originally, Community Language Learning 
(CLL), developed by Charles Curran, is a Language-
teaching method, based on the Counselling-approach, 
where students work together to develop skills of 
their target language. Getting hints from this 
learning style from the community, I revised and 
developed it into a totally different method of 
learning. 

This study attempts to provide evidence that 
there is a distinctive effect of my “new”, “different”, 
“unique” and “challenging” CLL method in the 
students’ learning acquisition process.  

The outline procedure of this method was as 
follows: 

1.  Students close the textbook and listen to the 
text on CD.  

2. The teacher reads one full sentence or a part of 
the sentence according to the length of it, ONLY 
ONCE. 

3. One student repeats the sentence after the 
teacher. 

4. If the repetition is correct, the students 
continue repeating it until the fourth student repeats 
it correctly. After 4 correct repetitions, all the 
students in the class repeat it in unison. 

 What effects does this CLL practice bring to the 
learners? First, taking advantage of the community-
like environment, they can memorize the sentences 
correctly. This leads them to nurture a sense of 
solidarity. A student who succeeds in repeating can 
be a role model and even educate the whole class. 

Secondly, even after one student succeeds in 
repeating, he or she might have to say the sentence 
again, which makes a rousing atmosphere in the 
class. He or she cannot relax nor lose concentration 
because they might be given the task to repeat it 
again. Students’ attention is held and there is a good 
kind of tension maintained in class.  

Thirdly, by repeating and listening to the same 
sentence, the students can enhance “retainability” 
naturally. It is a quite natural process for them not 
only to acquire grammar and word order but also to 
brush up pronunciation, intonation and fluency.  

 In order to prove how effective this CLL practice 
is, I’ll present the results of mini tests and 
questionnaires from the students as sources for 
analysis, introducing some real case study. I’ll 
analyse the effects of this CLL practice both from 
quantitative and qualitative points of view. 

    
Keywords: CLL, community, retainability, acquisition 
process, repetitions, concentration, spontaneous 
memorization 
 
1. Introduction 
 

Putting aside the CLL method developed by Curran, 
this study attempts to provide evidence to show how 
effective this “new” CLL is in the students’ learning 
acquisition process. This original CLL method was 
conducted in 4 English Communication Ⅱclasses for 
the 1st year students in  National Institute of Technology, 
Kure College. The total number of the students was 172 
in 2015. 

As sources for analysis, I’ll present the results of 
mini tests data and their questionnaires on CLL in order 
to prove how effective this CLL practice is.  
Surprisingly some students have started filling in the 
blanks with their retained phrases right after CLL 
practice. This is evidence to show the possibilities of the 
natural and spontaneous acquisition with the use of this 
method.  To be more persuasive, I’ll analyse the effects 
of this CLL practice both from quantitative and 
qualitative points of view in this presentation. 
 
2. What is the “new” CLL method?   
 

The procedure of this method is as follows: 
1. Students close the textbook and listen to the text 

on CD.  
2. The teacher reads one full sentence or a part of the 

sentence according to the length of it, ONLY ONCE. 
3. One student repeats the sentence after the teacher. 
4. If the repetition is correct in terms of grammatical 

accuracy, intonation and pronunciation, the students 
continue repeating it until the fourth student repeats it 
correctly. After 4 correct repetitions, the teacher 
says, ’everyone’, and all the students in the class repeat 
it in unison. 
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 The goal is to follow this procedure without any 
incorrect repetitions. However, there were occasions 
where students could not repeat after the teacher 
correctly or could not repeat it at all.  

Some possible cases were as follows: 
Case 1: When students cannot repeat correctly or 

cannot repeat at all, each student is asked to repeat again 
until the correct repetition ensures. When the correct 
repetition is attained, we go back to the students who 
couldn’t repeat it accurately. This ‘coming-back-
situation’ makes for a stimulating class. 

Case 2: Even while we are going back to the 
students quickly, some of them might forget the 
sentence or make mistakes with the original sentence. In 
those cases, we go on until we get the right sentence 
again. 

Case 3: When all the students repeat the sentence 
incorrectly or forget the sentence, the teacher has to read 
the same sentence again. This ‘around-the-class’ 
situation happens occasionally.  

 
3. What are the merits of the “new” CLL 
method? 

What effects does this CLL practice bring to the 
learners? There are 4 points of merit to be pointed out.  

1. To nurture natural ‘retainability’ 
By listening to the same phrases or sentences many 

times repetitiously in a community, the students can 
enhance ‘retainability’. It is a quite natural process for 
them not only to acquire grammar and word order but 
also to brush up pronunciation, intonation and fluency. 
The students will memorize them quite naturally. 
Taking advantage of the community-like environment, 
they can simultaneously acquire not only the 
expressions themselves but also the intonation and 
pronunciation correctly with their ears.  

2. To nurture grammatical skills through the ears  
When the word order was incorrect or hard-getting 

subtle sounds such as “a”, “the” or “ed” were dropped, 
the students were asked to repeat correctly. While 
skipping incorrect repetitions and going on to reach a 
student who could utter correct phrases, they 
themselves started to assume which part was wrong and 
what words or sounds were missing.  This attitude of 
self-assumption can develop a good grammatical sense 
through the ears.  Eventually they came to perceive a 
difference between a correct phrase and an incorrect 
one by listening only with some short hints, without any 
grammatical explanation from the teacher. 

3.  To maintain both tension and concentration 
Even after one student succeeds in repeating, he or 

she might have to say the sentence again, which makes 
a rousing atmosphere in the class. He or she cannot 
relax or lose concentration because they might be given 
the task to repeat it again. When some successful 
students might forget the sentence or change it into an 
incorrect one, the turn of the repetition task might come 
back all the way to the very first student. Under this 
‘coming-back-situation,’ they have to concentrate on 
listening to their classmates’ repetitions carefully and 

retain the sentence.  Students’ attention is held and there 
is a good kind of tension maintained in class.  

 
4.  Encouraging community warmness 
They even start checking if the classmates’ sentence 

is correct or not and if it is not correct, some students 
cannot help saying ‘Almost!’ or ‘Close!’ The students 
even applaud when their classmate gets over difficulty 
in repeating it and manages to succeed in repeating it 
after many hard trials. These attitudes nurture 
cooperative and encouraging community warmness in 
class. The students who succeed in repeating act like 
teachers, and this leads to develop their confidence 
more. The cooperative atmosphere among the students 
can eventually build autonomy. 

 
4. Analysis on the effects of the “new” CLL  

Two sources to analyze the effects of this “new” 
CLL method are as follows: 

Source 1. Mini Tests of filling in the blanks on 
checking their memorization immediately after CLL 
practice 

Source 2. Questionnaires on CLL from the students  
The students: 1st year 4-different-course students in 

2015 
Majors: 39 students major in Mechanical 

Engineering (M); 46 major in Electrical Engineering 
and Information Science (E); 45 major in Architecture 
and Structural Engineering (A); 42 major in Civil and 
Environmental Engineering (C) 

The total number of the students: 172  
Concerning the Source 1, every mini test is designed 

with a maximum 10 points in order to check how well 
they retain English phrases after CLL practice. The 
average scores in 4 different courses are as follows: 

 

 
Figure1: The Transitional Scores of Mini Tests on 

checking memorization right after CLL practice 
 
As the English levels of text goes up, scores in M 

course goes down, while scores in C and A courses 
remain steady during these three tests.  Scores in E 
course goes up at the 2nd test but fall by 1.4 points at the 
3rd test.  E course shows 3.9 points at the 2nd test, falling 
to 2.5 as the same scores as M. 

However, a difference between tests right after CLL 
practice and ones a few days afterward is distinctive.  E 
course shows 0.6 points difference between 3.8 points 
right after CLL practice and 3.2 points a few days 
afterward.  C course shows 0.5 points difference 
between 3.2 points right after CLL practice and 2.7 
points a few days afterward.  It can be said that 
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‘retainability’ was higher right after CLL practice than 
that that was shown a few days after CLL practice. 

Questionnaires as Source 2 were conducted when 
they had completed a 3-month-practice of CLL in July 
2015.  

 
Figure 2: Questionnaires on CLL from the students 
 
For each question, the students answered in the style 

of 5 multiple choices such as ‘Yes, very much,’ ‘Yes,’ 
‘I can’t say which,’ ‘Not, very,’ and ‘Not at all.’  In the 
question ‘Do you think your listening ability goes up?’ 
more than half of the students in 3 courses (A (58%), M 
(51%), and C (84) ) answered ‘Yes (very much).’   In 
the question ‘Could you memorize English words or 
phrases naturally?’ more than half of the students of all 
courses answered ‘Yes (very much).’  In the question 
‘Do you want to study English through CLL practice 

more in the future?’ the high rate of the students in all 
courses (E (65%), A (72%), M (72%), C (92%)) 
answered ‘Yes (very much),’ which shows the students’ 
high expectation on CLL practice.   

In their free writing, many answered ‘I enjoy the 
practice,’ ‘I’m happy to memorize English naturally,’ ’I 
want to continue,’ ‘It can be an effective practice by 
listening to the same sentence many times,’ ‘I can 
concentrate on listening to English and acquire the 
correct pronunciation with rhythm,’ ‘Thanks to this 
CLL practice, the class atmosphere got warmer and 
better,’ ‘It was helpful to study for the term test,’ ‘I can 
check the spelling and sound in the mini test right after 
the CLL,’ and so on. 

The results from these questionnaires describe how 
the students are enjoying the practice and beginning to 
feel certain and natural development on their English 
ability.  

 
Conclusions 

Through this new CLL method, the students can 
naturally acquire English phrases by listening to 
repetitious phrases in their community many times.  
They can retain a certain tension and concentration in 
class, helping, supporting, encouraging their classmates 
who cannot repeat correctly. A student who can get over 
his or her difficulty in repeating are admired with 
applause. A student who can repeat correctly can lead 
the class as a role of a teacher.  This nurtures autonomy 
in class as a merit of this practice.   

Many students hope to continue to learn English 
through this new CLL practice. I hope to be able to 
broaden the horizons in the search of more effective 
ways to utilize this CLL practice in the future.   
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