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Abstract
Academic analytic was proved to help students in
studying. From the data of the academic department
reveals that from 2007-2015, 34% of students are
fully graduated, whilst resigned rate is 7% and
academic disqualification student is 16%; it shows
that graduation rate is not acceptable.
This paper uses data mining technique with
association method to discover knowledge from
TNI’s registration system, by selecting only the data
from 2007 to 2015 of the Faculty of Information
Technology (IT). The aim of this study contributes
to an improved quality of the third year and fourth
year TNI’s IT students by proposing a discovered
knowledge from data mining system that assists
students in selecting an appropriated elective course
based on their profile and past’s course outcome.
The results of study found that some groups of
elective
courses
associate
with
academic
performance. The relationship can be classified into
four groups: the first group of elective courses
promotes academic performance when students
study following the courses in this group, the second
group of elective courses adversely affect academic
performance when students study this group and the
third and the fourth group of elective courses do not
associated with academic performance.
This research enables teacher to track and
analyse students’ past performance and proposes a
guideline to select a proper elective courses at the
right time based on the development framework. In
addition, the results from mining provide educators
with the ability to give a good consult by giving
students a choice for learning plan.
Keywords: Data mining, Educational
Classification, Academic Performance

Figure 1: A ratio graph of student’s status on TNI’s
registration system during 2007-2015

Figure 2: A graph of TNI’s IT students graduate in 4 years
rate.

From figure 2, it also reveals that percentage of
graduated students in 4 years of study program compare
with the new entrant students have been declined
steadily from 75% (2011) to 50% (2015) in the latest
year. The criteria for students graduate of four-year
program is GPA greater than 2.00. However, from
information as shown in figure 2 inspired us to find out
what went wrong in our teaching system, our
curriculum or the study planning of students.

Research,

Introduction
From information of Thai-Nichi Institute of
Technology (TNI)’s registration system shows that the
rate of graduated students in four-year program for
faculty of Information Technology's graduated students
is just 63% and over 4 years is around 10% as shown in
figure 1.
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In Thailand, industrial people recruit a new staff
from academic performance. Especially, TNI is a
private university, higher GPA is necessary for TNI
students comparing to students from government
university. For this reason, TNI’s lecturers have to find
out the solutions in order to help the TNI students to get
a higher grade for attracting the employers.
Thus, this paper aims to create recommended plan of
study for students. The study planning in this paper
means the appropriate group of elective course for
selecting in each semester according to their profile and
in their course registering record

Based on the key factors, researchers use them for
data selection process and identify the attribute for
analysis as listed in table 1.
Table 1: The attributes for data mining (Charoenpong, 2016)

Attributed Name
STUDENTCODE
COURSEGROUP
COUSECODE
ACADEMICYEAR
SEMESTER
GRADE
GRADELEVEL

Materials and Methods or pedagogy
This paper is continued work from previous study
which presented at International Conference on
Business and Industrial Research, Thai-Nichi Institute
of Technology, Bangkok, Thailand, 2016 as shown in
figure 3.

Description
Student's identification number
The group set classify by 4MAT
Subject code from TNI sysetem
Academic year that student enrolled the course
Semester that student enrolled the course
Student's grade from the course
Criteria to classify level of study

This paper applied data mining for extraction of
implicit and interesting patterns from registration data to
find out an information from mining to use as a tool to
solve a business problem. In this study, we followed the
mining steps as shown in figure 3, which are
1. Data selection and collecting from TNI REG.
(December 2015 – February 2016)
2. Data cleaning (March – April 2016)
3. Data structuring (May – June 2016)
4. Data classification using an algorithm analysis
(June – July 2016)
to proposed a group course for an elective course.
Data selection and collecting from TNI Registration
system
This paper selected data from TNI’s registration
system, we scope this work for only IT students’ data.
For relevant attributes used for analysis, we chose
“Student Code”, “Student Status”, “Academic Year”,
“Semester”, “Course Code”, “Grade” and “GPA” as
shown in table 2.
Table 2: The Student Academic Record from TNI REG.

Figure 3: Framework to classify the relationship of elective
courses and academic performance with data mining
(Charoenpong, 2016)

This framework (Chen and Tsai, 2016) explains the
key factors and variables for understanding the relation
between course grades and elective course enrolment
from TNI’s registration data through the usage past
record on students’ academic performance. The key
factors are proper time for registering, skill competency
(4MAT) and mathematics related issues.

For this step, data were exported from system as an
excel format in separated file. (16 files). After checking
accuracy of data for the first times, we joined this file by
using MS Access using student code as a primary key.
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This step is an important step in the data mining
process.
Data Cleaning

Table 4: Data for mining by WEKA

Data cleaning is an extremely important step in the
data mining process to avoid GIGO (garbage in,
garbage out). Generally, data are always coming with
inconsistent value including missing data, null value. In
our case, we also found missing data such as the grade
that are not in suitable format (e.g., A, B+, B, C+, C,
D+, D, F), GPAX of graduated students’ is lower than
2.00. Thus, the cleaning data steps is essentially
required for this work. Tasks are listed as following;
1) Merging 16 files using MS Access and some
files are by MS excel.
2) Create the backup file and keeping original
data in separated file.
3) Rearrange the data into tabular format. Each
student has one record for their information and
academic record.
4) Filtering inconsistent data and delete them.
5) Delete some grades that meaningless.
6) We changed the grades of each course to be
“Yes” and changed blank value to be “No” for the
meaning of “Enroll” and “Not Enroll”.
7) Check the data by comparing them with the
data in online TNI’s registration system to ensure that
they are accuracy.
After this step, we have 811 records of graduated
students to be the training data for mining.
The verification of data quality was also done by
checking for example missing data, data error and
sample of inconsistent data are illustrated in table 3.

At the end of this process, we got 811 records and 27
columns (attributes) for mining using classification
algorithm as illustrated in table 4.
Data mining using an Association Rule Learning
(Kotu and Deshpande, 2015)
This paper used association rule learning for
discovering interesting relations between elective
courses and required courses in REG. This technique
use algorithm that finding the set of association of item
set which is often similar At this step, we have to
prepare the training set which developed based on
observed data from year 3 and 4 only, where the
prediction attribute is whether or not the students had a
academic records problem. (Data mining concept, 2016)
as shown in table 5.

Table 3: Sample of Inconsistent data from REG

Table 5: The example of student training data set.

At this point, this paper derived a rule set from
mining that we can use for solving our problems. In this
section, we demonstrate the twenty kinds of rule sets as
following figure;

Data Structuring
At this point, data structuring is a step for organizing
data to suit to a studying purpose and also choosing an
algorithm of data mining that suited our questions.
Moreover, at this step, we also prepare data by
categorizing courses based on core course, required
course and elective course, social science course and
language course. Then we merge this new data with
cleaning data. After that, we chose only courses that we
used them for mining by choosing only core course,
required course and elective course.
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taking courses in pattern 1 since the number of students
who received the average of grades lower than 2.0 is as
low as 16%.
Conclusions
This study shows an opportunity from mining
information from REG data using association rule. In
this study, the proposed algorithm ‘‘The Apriori
Algorithm” (Kotu and Deshpande, 2015) has been able
to extract itemsets for understanding a group course
that be used for counselling students in choosing a
proper course for good academic performance. The
novelty of this study is that we will use this techniques
for further study in all faculty and then develop an
application for students to help their registration.
Acknowledgements
Figure 4: Rule base from association technique by WEKA
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Figure 5: Comparison of average grade from each rule sets.

According to Figure 5, pattern 2 is recommended to
the students because the number of students who
received the average of grades greater than 3.0 from the
three courses is as high as 41%. Students should avoid
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translation methods generally employed. Thus most
classes are taught by non-native speakers using a
grammar translation technique. This is apparently
ineffective as indicated by the poor scores reported
above.
As a result, the authors have decided to try a
completely different approach that is rooted in both
sound pedagogical theory and suitable for students with
an engineering mindset and engineering ambitions. A
method that should be comfortable for teachers and
amenable to the larger system in which it has to be used.
This technique is three-fold. Ostensibly, it is a sentence
diagramming technique that is meant to raise student
consciousness of English grammar. This is what is sold
to the students and curriculum gatekeepers but there is a
hidden idea at work, namely that the students will be
learning about this diagramming IN English. This will
make English both a tool for learning and the object of
learning. Finally the sentences used for diagramming
will heavily feature COCET vocabulary aimed at
science and engineering students to improve
engineering relevant vocabulary, Kameyama et.al
(2011). This last point is often difficult to address as
most scientific and technical English text books are
aimed at students with much higher scores. It is hoped
that this three-pronged teaching technique can improve
the efficiency of English education in KOSEN. The
technique will be more completely described below.

Teaching English to future engineers has been an
ongoing struggle in KOSEN, whose students tend to
score quite low on TOEIC and other standardized
English tests. In an effort to improve the English
performance of these students, an original take on
sentence diagramming based loosely on Chomsky’s
generative grammar has been developed. The
example sentences utilize engineering themes to
increase exposure to keywords in scientific and
engineering fields. The diagramming itself is taught
in English thus increasing student exposure and need
for the target language. Sentence diagramming was
found to be a valuable pedagogical technique to
encourage greater interest and learning in English
classes. Sentence diagramming as a teaching method
was popular in the past for teaching native students
grammar but has rarely been used for ESL (English
as a second language) or EFL (English as a foreign
language) despite many teachers learning about
grammar through the technique. However, sentence
diagramming has been reexamined and modified to
creating a simplified system that is meant specifically
to help EFL students learn about important features
and rules of grammar. Sentence diagramming as a
method to teach English to engineers was shown to
be a way to get otherwise disinterested engineering
students interested in English grammar and help
them better learn relevant vocabulary and grammar.
This technique is both a grammar consciousness
raising technique and a vehicle for teaching IN
English. Evidence of the technique’s effectiveness is
anecdotal at the moment, but future research will
certainly clarify its efficacy. Data to test the
hypothesis will be collected after the students’
exposure has been sufficient (towards the end of the
school year). Thus, this research is a work in
progress and definite results cannot yet be given.
Though a preliminary survey of student attitudes
towards the technique indicates that students find
the material engaging and helpful as compared to
other English classes.

Pedagogy
The pedagogy employed by this technique is three
fold: using sentence diagramming to raise grammatical
consciousness, teaching this method IN English, and
using technical and scientific vocabulary in the example
sentences as recommended by COCET. It is hoped that
this three pronged approach will both improve upon and
scaffold on the grammar translation method that is
already in use in most Japanese classrooms and
reinforce the vocabulary Engineering students need for
success in their fields. Since Japanese teachers of
English already often use many of the concepts required
in sentence diagramming due to their normal grammar
translation pedagogy it was hoped that both teachers
and students would be comfortable with the idea of
teaching and learning sentence diagramming in English
and they would already have the basic knowledge
needed to succeed. Also as engineering students, they
likely already use other kinds of diagrams in their major
course work, so they may find a certain amount of
comfort in using diagrams to help them with English
grammar. Sentence diagramming is also a more
interactive and visual technique than grammar
translation, so it will engage them in ways they have not
previously used in English class but have had success
with in their major course work. Let us look at each of
the 3 prongs of the approach separately so that we can
have a better understanding of how each works.
The first prong of the approach and around which
every other portion is built, is a modified version of tree
style sentence diagramming based loosely on
Chomsky’s X Bar theory, Chomsky, N. (1980) and as
presented in Burton Roberts, N. (2011). The material
was presented to the students using a textbook created

Keywords: EFL, English, ESL, Grammar, Kosen,
Pedagogy, Sentence Diagramming, TESOL
Introduction
English education has been an ongoing challenge for
teachers at KOSEN, where students frequently lack
motivation and/or ability as reflected in their poor
TOEIC scores, often scoring even lower scores when
they finish their 5 year education with a KOSEN than
when they began, Tokuda et. al. (2008). The 5th year
students who participated in this study had a mean score
of 326 on the TOEIC before beginning the class - their
last English class before exiting the system. This puts
them well behind the already minimal goal of 400 on
the TOEIC - a score very few students successfully
achieve. It is assumed that teachers have tried many
different techniques over the 8 year course of their
education. However, institutionally, so far nothing has
gained much traction to replace the traditional grammar
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by the authors, Engineering English, Grumbine, Furuike
(2016). As mentioned before it is hoped that this
approach appeals to engineering students as sentence
diagramming is more analytical and visual in its
approach and scaffolds on the grammar translation
systems to which they have already been exposed but
with which they have generally had little success. The
basic concepts and vocabulary presented should already
be familiar to the students but the technique itself will
be fresh to them. This combination, it is hoped, will
allow the students to build on past knowledge and
increase their motivation to learn. While the exact
diagramming technique will be new, the idea of
diagramming itself to make complex systems easier to
understand should be a familiar exercise for them as
well.
The exact system for diagramming the sentences
was created by the authors with the aim of raising
grammatical consciousness of the diagrammer. The first
step in diagramming is to identify and label the basic
grammatical building blocks of English - the parts of
speech. From these blocks, the students will learn how
they can be arranged into larger chunks or phrases
which they will also label and see show how these
phrases relate to each other to form clauses and coherent
sentences by using a tree style diagram. Students must
label the forms (clauses and phrases), functions
(subjects, objects, complements, adverbials etc), and
other details (tense, voice, count, plural, etc) and their
relationships in the diagram thus forcing students to pay
attention to many important aspects of grammar that
they might not normally pay attention to or understand.
This will serve to raise students’ grammatical
consciousness and help them better understand common
patterns of English. The rules of grammar will take on
a more analytic and visual form, hopefully making this
information more accessible and memorable to them.
The puzzle like aspect of diagramming also makes the
activity a bit more interesting and can be done in small
groups, encouraging team work and the sharing of
knowledge. See the diagram in Fig. 1, below for an
example of a basic sentence diagram.

have to identify details associated with the words
previously labeled in brackets: proper noun, ps; present
tense verb, pres; non-count noun, nc; and coordinating
conjunction, c. Then they have to work top down to
identify the clauses that make up the sentence and label
them in capital letters, identifying the independent
clauses, IC, that make up the compound sentence. Then
they must identify the noun phrase, NP, and verb phrase,
VP, that make up the subject, (S) and identify the
predicate as transitive (t). Then they have to identify
the noun phrase after the transitive verb and label it NP
and identify it as the object of the verb, (O). Functions
are indicated with capital letters in parentheses and
predicates patterns are identified with lower case letters
in parentheses. They also have to show the hierarchical
structure of the sentences by connecting the parts
appropriately using straight lines, showing which forms
are, parents, daughters, or sisters etc.. Recognizing
these relationships draws their attention to the forms,
functions, and important details of a sentence that they
might otherwise ignore.
The second prong of the technique is to teach the
information IN the target language. The diagramming
technique being new to the students is something that
they will HAVE to learn in order to succeed in class.
This learning is to be done IN English. This forces the
students to USE the target language to acquire the skills
they need to pass the tests given in class. Learning in
the target language is believed to be one of the best
ways to learn a foreign language, Krashen (1981). Thus
the students will be both learning ABOUT English and
learning IN English. This should make the learning
MUCH more effective and satisfy both institutional and
student expectations about English class. Since the
basic concepts will be familiar to them, and the idea of
diagramming is something they already have some
experience with, this new information should not be too
challenging for them to acquire IN English. Likewise,
they will also be encouraged to ask questions in English
and to produce their own original phrases and sentences
in English, thus increasing their output in the target
language.
The very limited and repetitive input of sentence
diagramming has proven anecdotally to be a viable level
of English to use in class. Few students shut down and
most seem to follow what is being taught. And as the
actual diagramming information is new they must
maintain some focus to succeed.
The last prong of the approach is to use relevant
vocabulary for engineering students as most textbooks
are not geared towards this kind of student. The
vocabulary employed will mostly be taken from the
COCET 2600 word list, so students will be using words
that should be helpful and apply directly to their more
technical studies without being too difficult. This will
make the lessons more relevant to their studies and
match their interests and future needs.
This three prong technique is currently being used to
teach all 5th year KOSEN students at the National
Institute of Technology, Ariake College. The students
are taught by a single teacher in groups of roughly 40
per class in 1.5 hours blocks once a week for 32 weeks
with each class focusing on a particular grammar
feature. The classes generally follows a regular

Fig.1.

Sentence Diagram
In the diagram above, Fig.1, students have to first
label the parts of speech in the sentence with lower case
letters: noun, n; verb, v; conjunction, con. Then they
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文の系図化（センテンス ダイアグラミング）
は、他の英語の授業よりも好きだ。

procedure: A short review of the previous weeks work
(usually in the form of interactive Q&A). Then several
example sentences presented that feature the grammar
point being explored that day with students encouraged
to discover the patterns and relevant details and to build
on what they already know by labeling the parts of the
sentence. Then the remaining “new” forms or ideas are
explored and taught including any new labels and
diagramming techniques. After this has been presented
thoroughly, the vocabulary is reviewed. And finally the
students are broken into small groups (4-6 students) to
work on diagramming more example sentences. When
they are finished, groups are called to the board to
present their diagrams which are then examined as a
class for accuracy. A short review of the important
points follows and finally a quick Q&A to check for
understanding. Tests are given quarterly.

The results of this survey were as follows:
Total number to which the survey was given: 163
Total number of responses: 162
Total number of disregarded responses: 5 (students who
gave responses other than 1-7 i.e. 0,8 or 9 , etc., or who
gave exactly the same answer to all questions including
those not included here - it was assumed they did not
give serious answers - i.e., just filled in #1 across the
computer card).
Total number of used responses: 155
Mean scores:
Question #1 = 2.41
Question #2 = 2.51
Question #3 = 2.00
Question #4 = 2.49
Question #5 = 2.66

Results and Discussion

These results show that the technique is thought by
students to be more interesting, helpful, enjoyable, and
preferred to their other English classes. Of course these
are rather subjective elements of the class.
Unfortunately these students are not required to take any
standardized English test while they are 5th year
students (they took the TOEIC test when they were 4th
year students and had a mean score of 326 as reported
previously). Their test scores on classroom exams has
been good with a mean score of 77% with a 60% score
being passing (and several students getting perfect
scores) but this is not objective enough to be used as
solid evidence and there is no control group so the
evidence is only anecdotal at this point. Far more
students are getting high passes than failing scores (high
pass is 80% or better at a ratio of about 4 to 1 - in past
classes it has been more like 1 to 1).

After 12 weeks the students were asked to take a
short 7 point Likert like attitude survey to measure how
they felt about this sentence diagramming technique.
The survey was presented in both English and Japanese
to make sure they fully understood what was being
asked of them. (Twenty additional diagramming
questions were also given just to get a feel of how well
the material was absorbed. This portion of the results
has not yet been evaluated at the time of printing.) The
relevant survey questions are given below:
Diagramming Survey
Using a scale of 1 through 7 how much do you agree
or disagree with the following sentences (1= completely
agree and 7 = totally disagree):
下の文章にどのていど同感できるかを１から７
の尺度で表して下さい。（１はとても同感でき
る、７は全く同感できない）

Conclusions
Sentence diagramming is mostly seen in a positive
light by students, and they tend to feel that this method
is more effective than those employed in their other
English classes. Employing the method should not be
too difficult for most teachers who already have a strong
grasp of grammar and are familiar with the relevant
vocabulary. The current largest stumbling block is the
availability of ready made teaching materials and basic
experience with the technique. To fill that void the
authors are working on a textbook that is currently in
beta form and was used in all the classes in this study.
But the findings in this research are mostly anecdotal so
further study will be required to appraise the true
objective effectiveness of this 3 pronged technique.
Such research and the required testing is planned for the
near future.

1. I found sentence diagramming to be more
interesting than my usual English classes.
文の系図化（センテンス ダイアグラミング）
は、従来の英語の授業よりも興味深いと思った。
2. I felt that sentence diagramming was more helpful
than my usual English classes.
文の系図化（センテンス ダイアグラミング）
は、従来の英語の授業よりも英語学習に役立つと
感じた。
3. I found sentence diagramming to be more
enjoyable than my usual English classes.
文の系図化（センテンス ダイアグラミング）
は、従来の英語の授業よりも楽しいと思った。
4. I feel that sentence diagramming will help me
with my future English studies.
文の系図化（センテンス ダイアグラミング）
は、今後の英語の学習に役立つと思う。
5. I prefer sentence diagramming to other English
classes.
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Introduction

This study evaluated and analyzed the active
learning pedagogy applied during the course of ‘Law
and Economics’, an elective offered by the National
Institute of Technology, Tokyo College, where
students learn about the theory of economic analysis
of the rationale behind the legislative system. In the
first half of the term, 11 students (10 male and 1
female) were taught on the theory of ‘Law and
Economics’ and report writing. To encourage
students to engage in proactive thinking and crossexamination, and to ascertain that students had
prepared for their lessons, they were tested prior to
classes before being asked to prepare reports for
their presentations. In the second half of the term,
students reviewed each other’s reports through
group work before presenting their reports
individually. In addition to asking essential questions
about the presentations that reflect critical thinking,
students also had to collaborate with the presenter to
come up with good answers. This group work is
therefore a simulation of the actual presentation in
which students could polish their presentation skills
by analyzing the reactions and responding to the
questions of the audience. The contents of the
students’ presentation reports were analyzed to
evaluate their progress in various skills. Results
indicated that students’ overall presentation skills,
self-expression and communication skills were
significantly improved. In addition, students
conducted peer-evaluation using a rubric assessment
where one of the descriptors was “Characteristics of
an excellent presentation”. Presenters would receive
high points for clear and effective self-expression. As
the scoring system used is a point-addition scoring
system (no points are deducted), students were
therefore more motivated to perform better as they
could see their efforts being appraised positively
from the increased points. Students who were able to
accurately explain and describe the characteristics as
to why the presentation was excellent would also
receive high points. This study described the
combination of group work and presentation utilized
in the framework of active learning in “Law and
Economics” and analyzed various relevant outcomes
in a small setting of 11 students.

The National Institute of Technology, Tokyo
College, is a science and technology college and
currently offers an elective titled ‘Law and Economics’
to all final year students where they study the
‘Economic Analysis of Law’: a research method
whereby microeconomic theory is applied to the
analysis of laws and regulations (such as withdrawal
rights) to validate the generated benefits in an
economical way. An example is the analysis of
economic efficiency regarding the regulation of
property rights by comparing between two hypothetical
societies with and without property rights. The
regulation of property rights is considered to be
economically justified if the benefits generated by the
society with property rights are larger than the one
without. Students learn the foundation of economic
analysis of law (Eidenmüller, 2011) in this elective
course by studying European withdrawal rights in
English, which is defined by Article 9 of Directive
2011/83/EU of the European Parliament and of the
Council of 25 October 2011 on consumer rights,
amending Council Directive 93/13/EEC and Directive
1999/44/EC of the European Parliament and of the
Council and repealing Council Directive 85/577/EEC
and Directive 97/7/EC of the European Parliament and
of the Council [2011] L304/64, as “the consumer shall
have a period of 14 days to withdraw from a distance or
off-premises contract, without giving any reason, and
without incurring any costs”. Although consumers are to
keep their promises in the usual event (pacta sunt
servanda), they are allowed to withdraw from the
contract within the specified withdrawal period if the
consumer deemed the contract broken. In other words,
consumers, entitled to their withdrawal rights from the
agreement established in distance selling, may return the
goods and get refunds from the seller. Students are
introduced to Eidenmüller’s (2011) economic
distinction between experience goods, search goods and
credence goods, which forms the basis of withdrawal
rights. Eidenmüller advocated that withdrawal rights are
necessary for experience goods and supported it with an
example of purchasing clothes through distance selling
(i.e., mail order), where the consumer has to purchase
the good before knowing whether it is comfortable or
not. On the other hand, withdrawal period is
unnecessary for search goods (such as unpacked fruits
as the quality can be immediately ascertained) and
credence goods (such as medical services since the nonprofessional consumer will find it difficult to ascertain
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the quality at any rate). However, in the case of
experience goods, ‘information asymmetries’ (an
economics term describing insufficient product
information) between the seller and the buyer lead to
market failure due to ‘adverse selection’ (i.e., consumer
selects a low-quality good due to information
asymmetries instead of selecting a high-quality good in
a functioning market). In such a situation, consumers
only pay low prices for experience goods of which they
cannot ascertain its quality, and high-quality goods
remain unsold, thereby leading to a market collapse. An
effective solution for this situation is ‘signaling’ (i.e.,
indicator providing information indirectly). For example,
if the buyer is unable to obtain accurate information
about the good directly, he/she will expect the ‘signal’
(information conveyed by the seller about the good’s
supposed high quality) to be accurate. Withdrawal rights
thus function as ‘signals’ in such situations since the
consumer can withdraw from the contract after making
the purchase even without product information. This
way, sellers are able to sell goods without much product
information by sending signals, consumers will not
withdraw from the contract as long as they are not
unpleased, and high-quality goods sellers will not have
to contend with high withdrawal rates or the associated
expenses. Eidenmüller also explained why mandatory
law is inappropriate for withdrawal rights in the distance
selling context since consumers want the good’s price to
be lowered if they are not entitled to withdrawal rights.
Unlike doorstep transactions where the consumer is
compelled to buy under pressure from surprise visits,
Eidenmüller posited that withdrawal rights should not
be made mandatory, but voluntarily in distance selling
to respect the consumer’s wishes.
There are not many students in the Tokyo College
who take this social science elective as it is outside of
their natural science majors, and those who take this
course naturally have low study motivation. The main
purposes of this study are to apply the active learning
pedagogy onto ‘Law and Economics’ in an attempt to
enhance students’ motivations and skills through a
combination of group work and oral presentations, and
to analyze the various relevant outcomes. Despite the
fact that ‘Law and Economics’ is not an engineering
course, students still stand to benefit from this course as
studying an elective from a different field would not
only enhance their overall education but also help them
in applying what they learned in their fields and achieve
better research achievements. For example, the logical
thinking skills required for studying economic
efficiency and the self-expression ability required of this
elective would no doubt help students in their natural
sciences research pursuits. The active learning
pedagogy is thus believed to enhance students’ skills
and motivations, and this paper describes the teaching
method used and its results.

comprehension of subject matter, only 3 students
understood the concept of experience goods while 5
students mentioned ‘information asymmetries’ with
reference to why ‘withdrawal rights are necessary in
distance selling’. In addition, none of the students
demonstrated perfect understanding of ‘reasons behind
the inappropriateness of mandating withdrawal rights’.
Only 1 student could answer that ‘prices would increase
if withdrawal rights are mandatory’ while the remaining
students were still unclear. In an attempt to improve
students’ comprehension, they were tested in the
subsequent three classes to expound important terms
and phrases, and to ascertain whether they prepared for
classes beforehand. In the first test, they were asked to
complete this sentence: “Given the high quality of the
product, the associated ( ) costs are comparatively ( ).
Along those lines, withdrawal rights can also be
explained as a ( )”. The answers were ‘guarantee’,
‘low’ and ‘signal’. Through this test, students get to
review these terms and understand the importance of
‘the cost of signals in the form of guarantee will be low’.
Similar tests were conducted in the second and third
rounds to respectively explain the concepts of ‘there are
consumers who wish to buy at low cost without
withdrawal rights’ and ‘large retailers tend to offer
withdrawal rights to consumers’.
In the second half of the term, students were teamed
up and asked to submit, present and grade each other’s
presentation reports in English in the following format:
1) overview of Eidenmüller’s paper, 2) justification for
withdrawal rights and why mandating it is inappropriate,
3) providing specific examples, 4) personal opinions, 5)
questions to partner, and 6) answers to questions.
Students were allowed to use photographs and
illustrations as long as it did not infringe on portrait
rights or copyrights. They were also briefed on the
assessment criteria of the rubric (Table 1) in order to
help them to clearly establish goals and effective
learning plans. Students were graded on their
understanding, logical explanation and ease of
comprehension of various concepts (economic analysis
of goods, relationship between information asymmetries
and market, relationship between information
asymmetries and signaling, difference between distance
selling and doorstep transactions, efficiency of signals),
extent and volume of research performed, volume and
pace of their voices during oral presentations, and
finally, integrity of their answers. Since a point-addition
scoring system (no points deducted) was employed,
there were situations where both ‘graders’ and
‘presenters’ received more than the full score of 100
points. The submission guidelines and passing criteria
of their reports are as follows:
1) Accurately explain Eidenmüller’s (2011) article,
2a) Explain and justify why withdrawal rights are
necessary in distance selling using the same article.
Students must demonstrate understanding of the
relationship between experience goods and market
failure, and that signalling is able to decrease
information asymmetries and prevent market failure,
2b) Explain why ‘not mandating withdrawal rights is
better’ with respect to ‘mandatory law is inappropriate’.

Pedagogy
11 students (10 male and 1 female) took this course
and were not given any homework during the first two
classes. When tested at this juncture for their overall
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Students must demonstrate understanding that waiver of
this withdrawal right will lead to lower goods prices,
and consumers’ decision-makings are not twisted in
distance selling as compared to doorstep sales,
3) Explain in detail the rationale behind this justification
using specific examples (such as specific legal system,
products, settings, and clothes purchase). The use of
illustrations and photographs will facilitate ease of
comprehension,
4) Accurately explain and describe their opinions,
5) Prepare questions and corresponding answers for
their partners,
6) Prepare answers based on questions submitted by
their partners.
Table 1. Assessment criteria of rubric
Descriptors

Criteria (3 = excellent, 2 = satisfactory, 1 =
slightly unsatisfactory, 0 = unsatisfactory)
3

2

1

Points
0

Comprehension and expression of the basis of
justification of withdrawal rights
Comprehension and expression of the reasons why
mandatory withdrawal rights are inappropriate
Relevance, ease of comprehension and expression of
specific examples
Relevance, ease of comprehension and expression of
personal opinions
Relevance, ease of comprehension and expression of
questions
Relevance, ease of comprehension and expression of
answers
Characteristics of an excellent presentation

(Students to fill in)
understanding of the ‘justification of withdrawal rights’;
another 5 students could understand and describe
information asymmetries but 1 student remained unclear.
Overall, the skills of 6 students were improved from
group work. With regards to the ‘reasons behind the
inappropriateness of mandating withdrawal rights’, only
1 student demonstrated perfect understanding; the other
9 students managed to point out that ‘prices will
increase if withdrawal rights cannot be waived’ while 1
student remained unclear. Again, the skills of 6 students
were improved from group work. Analysis of students’
descriptions of ‘Characteristics of an excellent
presentation’ from the rubric assessment revealed that
the main characteristics included ‘specific explanations
with illustrations’ and ‘presentations were accurate,
simple yet easy to understand’. Even when more than
half of the students did not perfectly understand the
topic, they achieved more than 100 points for selfexpression during their oral presentations. On the other

Results and Discussion
To validate the results of the initial test, students
were again tested on their comprehensive understanding
of the topic before the commencement of group work. 2
students demonstrated perfect understanding of
‘justification for withdrawal rights’, 5 students could
understand and describe ‘information asymmetries’ but
4 students were unclear about the difference between
distance selling and doorstep sales. None of the students
could explain that ‘consumers’ wishes are not twisted in
the context of distance selling’ with respect to ‘why
mandating withdrawal rights is inappropriate’. While 5
students indicated that ‘prices would increase if
withdrawal rights are mandatory’, the remaining 6
students remained unclear.
Results from the rubric assessment of 11 students
revealed that only 5 students demonstrated perfect
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hand, there were many students who were unable to
grade poor presenters on the ‘Characteristics of an
excellent presentation’. Overall, student’s presentation
skills, self-expression and communication skills were
significantly improved and they were also motivated to
perform better since their efforts were positively
appraised with the point-addition scoring system.
Conclusions
Active learning pedagogy employed for this ‘Law
and Economics’ elective in a small setting of 11
students has clearly demonstrated that the combination
of group work and oral presentation reports helped
students to improve their presentations skills by
analyzing real-time reactions and responses of the
audience. Students’ comprehension, self-expression
skills were similarly boosted through this simulation of
presentation while the implementation of group work
and evaluation tests at each and every level also enabled
students to recognize their own improvements. Students
came to realize the need for simulation (practice) before
their actual presentations and that this experience would
be the most beneficial of all. One noteworthy mention
was a student who enthusiastically commented,
“presenter's analysis was very clear”, suggesting that
students find this helpful and interesting and should be
incorporated as one way to engage them in learning.
Overall, active learning, combined with the pointaddition scoring system unique to the Japanese
education system, has produced excellent results from
the students than originally expected. This scoring
system (with no upper limit) is thought to be effective
since students are encouraged and motivated to study
harder. Although it is difficult and impractical to
implement such an evaluation system with no upper
limit in schools (the maximum allowable score is 100
points), this should be considered for further
investigation.
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In this paper, I propose a new and effective
method of class for lower grade students by using a
little new experimental device made by their seniors.
In the department of maritime technology, we teach
and train students who will become navigation
officers or engineers. To play an active part as
engineers of the ship, they must study a wide range
of academic knowledge. Especially, they are required
to have a practical knowledge of mechanical
engineering to treat various machines mounted on
the ship. To show the autoignition phenomena to the
lower grade students in the class, some students in
my seminar and I tried giving the preliminary
experiment using a simple device which was already
on the market. In conclusion, some problems were
revealed. A device was only able to visualize
autoignition, and did not have other functions.
Moreover, it has structural defects from the
viewpoint of stability and safety of experiment. In
the seminar, students made an experimental device,
which is able to visualize autoignition and measure
the temperature of the internal space. This device
was made from an acrylic pipe, a stainless steel rod,
two aluminium blocks and a thermocouple. The
temperature was recorded by the data logger. First,
students researched the autoignition points of the
tested samples (paper, cotton, etc.) and calculated
the temperature of the air after compression. Then,
they decided the compression ratio and structure of
the device based on the calculation and problems as
mentioned above. Next, students designed and
manufactured an experimental device by their own
hands. After the assembly, they ran the experiment,
and observed autoignition and got the temperature
data. Then, I set up an opportunity for them to give
a lecture on autoignition in my class. This class was
held for 3rd grade students, and seminar students
lectured for them. In result, the autoignition
experiment succeeded, and the 3rd grade students
deeply understood autoignition phenomena and
temperature increase by compression. On the other
hand, seminar students acquired skills of planning,
designing, manufacturing and lecturing through this
activity. Moreover, they achieved a sense of
accomplishment, contributing to the lower grade
students’ deep understanding of the phenomena.

Introduction
In the department of maritime technology, we teach
and train students who will become navigation officers
or engineers on the ship, for example container ships,
petroleum tankers, LNG ships, ferries and so on. The
department of maritime technology consists of the
nautical science course and the marine engineering
course. The students of the engineering course study the
handling of various machines mounted on the ship,
mechanical engineering, electrical engineering, material
science, drawing and so on. Especially, to treat the main
engine, engineers have to have a deep understanding of
thermal dynamics and combustion phenomena
occurring in the diesel engine.
I give lectures mainly about the diesel engine to all
grade students of the marine engineering course, and
feel the difficulty of teaching the mechanism of the
diesel engine to the junior students. They can’t imagine
the phenomena occurring in the engine, because they
were junior high school students until quite recently,
and they don’t have enough scientific knowledge and
boarding experience. So I show animation and movie
and the actual pars of the diesel engine to help their
understanding, and take a long time to explain politely.
As a result, most of the lower grade students understand
the mechanism of the engine. On the other hand, it is
true that some students’ understanding of diesel
combustion
(injection-autoignition-combustion)
is
inadequate. There are more than a few lower grade
student who has doubts about the mechanism of the
diesel engine like the following. In the past, the same
could be said with 5th grade students (senior students)
in my seminar.
 Why does the temperature rise by air
compression?
 How is the compression ratio related to the auto
ignition and the in-cylinder temperature?
 Why does the fuel ignite by air compression?
 What is the difference between the adiabatic and
the polytropic change?
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Then senior students and I decided to make a device
which can help the understanding about diesel
combustion completely. As a trial implementation of the
teaching method like a “learning assistant”, which has
spread among universities in recent years, senior
students tried to plan, design and manufacture the
device. Finally, they gave a lecture to the 3rd grade
students (junior students). This activity was conducted
as part of the graduate research of senior students.
Experimental device
1. Design concept
The senior students conducted preliminary
experiments using the autoignition experiment device
on the market. And then, some problems were revealed.
Problems were as follows.
a) Low success rate of autoignition
b) Wobble of the device at the compression stroke
c) Difficulty of cleaning the inside of the cylinder
d) Little functionality
With these matters in mind, the students set concepts
as follows and designed the device.
a’) Higher temperature after the compression stroke
b’) Setting of firm foundation
c’) To make both ends of the cylinder possible to be
opened
d’) Measuring the air temperature inside the cylinder
and piston displacement
To meet the concepts mentioned above, the students
planned to provide sill (under the piston), thermocouple
(inside of the cylinder) and high speed camera (to shoot
motion of the piston). By measuring the temperature, we
can research the autoignition point of the tested samples
approximately, and observe the increase of the
temperature in the combustion process. Moreover, by
measuring the piston displacement, we can do the
exercise of polytropic change based on the obtained
values by the experiment.

Fig.1 Schematic diagram of experimental device.
Table 1 Principal specification of device.
Wide, Depth,
Height (TDC~BDC)
Cylinder diameter (outer)
Cylinder length
Cylinder thickness

100×100 mm
300~430 mm
φ 20 mm
150 mm
5 mm

Fig. 2 Manufacturing of equipment parts.

2. Manufacturing
Fig. 1 shows the schematic diagram of the
experimental device which was made in the present
activity. The cylinder was made of an acrylic pipe. The
piston was made of a stainless steel rod. To prevent
leakage of air in the cylinder, two O-rings were
mounted on the tip of the piston. On both ends of the
cylinder, alminum caps were mounted. R thermocouple
covered with the insulator penetrated through the
bottom cap. Temperature data was recorded by the data
logger. The principal specifications of the experimental
device are shown in table 1.
The students used a lathe (Fig. 2), a drilling machine,
and a milling machine. It took 10 hours in total to
manufacture the autoignition experiment device.

the cylinder, and we closed the caps mounted on both
ends of the cylinder. Then we pushed the piston quickly,
in-cylinder temperature increased. If it went well, auto
ignition of cotton occurred.
Initial in-cylinder temperature was room temperature
(about 300 K), and pressure was atmospheric pressure.
Piston stroke is about 130 mm at maximum, and the
compression ratio was about 15 at maximum in present
activity.
2. Experimental result
Before the lecture by senior students, they tried auto
ignition experiment by using the device which they
made. Fig. 3 is continuous photos of the autoignition. At
the start of the experiment, the piston was placed on the
top of the cylinder, and it was pushed downwards
quickly. After that, if the in-cylinder temperature rose
over the auto ignition point, the tested sample (cotton)
was ignited.

Experiment
1. Experimental method and conditions
In this activity, cotton was employed as tested
sample. An appropriate amount of cotton was putted in
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(a)

(b)

Fig. 3 Continuous photos of auto ignition.

In-cylinder emperature K

1000

Start of compression

900

(c)

800
700
600
500

Autoignition

400
300
-0.1

Failure of ignition

0

0.1

0.2
0.3
Time s

0.4

Fig. 5

0.5

Fig. 4 Time histories of in-cylinder temperature.

(a) Demonstration of the experiment.
(b) Competition.
(c) Lecture and discussion.

In this class, the junior students (19 people) were
separated into four groups, and they competed each
other to increase the compression temperature and the
success rate of ignition. Before the experiment, they
discussed and made strategies. Main contents of the
discussion were as follows.
 Compression stroke, speed
 Inbricants (oil or grease or no use)
 Volume of cotton
They gave a short presentation about their strategies,
and conducted the experiment (Fig. 5b). The students
were allowed 5 attempts per group. After the
experiment, the senior students showed the graphs of
the in-cylinder temperature, and they gave each group
the value of the compression temperature.
To summarize, each group had the data as follows,
where V is volume of a cylinder.
:About 300 K
 Initial temperature T1
 Compress. temperature T2 :Obtained data
 Compression ratio ε (=V1/V2):Obtained data
(Observation using digital camera)
Assuming the simple polytropic change, the relation
between the temperature and the volume of the cylinder
is expressed in the following equation (1), where n is
polytropic index.
n 1
n 1
(1)
T1V1  T2V2
Equation (1) is deformed as follows.
(2)
T1 n 1  T2

Fig. 4 is part of the temperature data obtained by the
thermocouple and the data logger. The vertical axis is
the in-cylinder temperature, and the abscissa is the
elapsed time based on the time of starting compression.
The solid line (in red) is the result in case of success of
ignition, and the dashed line (in blue) is the case of
failure. When the auto ignition succeeded, the incylinder temperature rose from 300 K to 500 K by
compression (Fig. 4: Time=0.06 s). Immediately after
that, the auto ignition occurred, and the in-cylinder
temperature rose to about 900 K (Time=0.13 s). Then
the piston returned to initial point, and the temperature
decreased gradually. On the other hand, when the
increase of temperature was not enough, the auto
ignition did not occur.
Class
1. Autoignition experiment and discussion
First, the senior students explained the purpose and
aim of this class to the junior students. The aims of this
class were that the junior students would become able to
explain the details of the auto ignition and the increase
of the in-cylinder temperature, and to estimate the incylinder state. After that, senior students explained the
structure and the functions of the device, and how to use
it (Fig. 5a).
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By substituting the initial and obtained value (T1, T2,
ε) into the equation (2), the junior students can calculate
the polytropic index n. The index “n” differed
depending on the groups. Moreover, all of these values
are smaller than the specific heat ratio. The junior
students discussed reasons for these differences. After
the discussion, the senior students explained the reasons
for these differences, and I added some auxiliary
explanation. Then, this class was over.

Q. 1

Q. 2

Q. 3

2. Impressions
2.1. 5th grade students
Through this activity, senior students of my seminar
commented as follows.
 I could tackle to this activity with a great sense
of responsibility for juniors.
 I acquired skills of planning, designing,
manufacturing and lecturing.
To accomplish the purpose of helping junior
students understand the diesel combustion phenomenon,
they made efforts to study various things actively and
deeply. A sense of responsibility for juniors was one of
the important factors which motivated them in this
activity. Of course, this sense is effective at what kind
of class that senior students give to junior students.

Q. 4

0

Actively

A little actively

Not much actively

Deeply understanding
Not understanding

Little understanding

Deeply understanding
Not understanding

Little understanding

Deeply understanding
Not understanding

Little understanding

20

40

60

80

100

Percentage of students %

Fig. 6 Results of class evaluation questionnaires.

2.2. 3rd grade students
After the class, the questionnaire was conducted by
secret ballot. Questions were as follows. Figure 5 shows
aggregate results.
Q. 1 : Did you tackle this class actively?
Q. 2 : Did you understand auto ignition phenomena
by the experiment?
Q. 3 : Did you understand differences between
adiabatic and polytropic change?
Q. 4 : Did you understand the formula of polytropic
change by calculation using obtained data?
Looking at the result of Q. 1, it is shown that there
were a small number of students who were not active.
Looking at a result of Q. 2, it is shown that all of the
students understood auto ignition phenomena on one
level or another. I think, it is because of the experience
that the junior students ignited cotton by their own
power without ignition source. Looking at results of Q.
3 and Q. 4, it is shown that most of the students
understood differences between adiabatic and polytropic
change, and calculation as to polytropic change.

Fig. 7 Schematic models of future activity.
the foundation of knowledge, high degree
comprehension can be expected in the future class.

of

2. Future work
Fig.7 shows the schematic models of future activity.
In present activity, two senior students and I determined
the contents of the lecture one-sidedly, and two students
gave a lecture to their juniors. I am going to try to
change the system of this activity as follows.
 The number of senior student is about twenty
(This is all of the 5th grade student of the
engineering course). They make groups consisted
of 3 or 4 people.
 Senior students conduct interviews with juniors,
asking them what knowledge they want to
acquire, or what kind of skills related to internal
combustion engine engineering they want to get.
 Each group determines the activity theme, and
plans how to advance the activities.
 Each group prepares for the lecture. If necessary,
they manufacture teaching materials.
 Each group gives a lecture to juniors.
 After the lecture, Senior students make out a
report about this activity.
It may be very difficult to make all of the students
have an interest, be active, understand deeply. However,
it will be possible with more ideas and efforts to get to
the ideal class.

Conclusion
1. Achievement
I think, this activity has an educational effect on
both senior students and junior students. The senior
students tackled this activity with a strong sense of
responsibility, and they made an effort to enhance
various skills.
On the other hand, most of junior students
understood auto ignition phenomena, thermal dynamics
deeply. These themes are very important to learn
internal combustion engine engineering. By solidifying
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Design (CAD). The deliberate effort in actively
engaging students’ learning within a meaningful
service learning context has produced positive
outcomes and deeper learning.

Engineering courses traditionally focus on
domain discipline knowledge that is often termed
“technical” knowledge”. However, over the years,
the traditional model of engineering studies is
increasingly seen as not addressing the needs and
demands of today’s fast-changing innovation
economy and complex world. Employers are
increasingly looking for graduates who are not only
excellent in their technical knowledge, but are also
able
to
offer
human-centred
engineering
considerations in addressing complex problems.
Critical and creative thinking, clear communication
and an awareness of global perspectives are also key
attributes expected of engineering diploma
graduates. To prepare our students for the future
engineering workplace, the Design Thinking and
Service Learning philosophy was infused into the
curriculum of the Diploma in Clean Energy
Management (CEM) course, to cultivate in our
students a purposeful learning experience and a
passion for lifelong learning.
Design Thinking offers a process for students to
infuse user-centred considerations into engineering
projects before a product or service is conceived.
Service Learning puts a human face on the otherwise
cold and hard engineering products and technical
solutions. These two pedagogies provide the vertical
integration of modules students study from the first
to the fourth semesters.
This paper outlines the framework CEM has
piloted for the past two years to achieve a more
holistic approach to learning design and delivery. In
the process “Connecting the Dots” to bring about a
better appreciation of how the learning in the
various modules are interlinked. The key modules
include Clean Energy and A Sustainable
Environment (CESE), Electrical and Electronic
Practice Skills (EEPS), Clean Energy Mini Project 1
(CEMP1) and Clean Energy Mini Project 2
(CEMP2). These modules are supported by
Innovation Toolkits (INNOVA8), Power Electronics
Applications and Practice (PEAP), Computer-Aided

Keywords: Design Thinking, Service Learning,
Engineering Education, Human-centred Engineering,
Project-based Learning
Introduction
The Diploma in Clean Energy Management (CEM)
was introduced in 2009 as a result of government and
industry consultations regarding the long term skilled
manpower needs for the CleanTech sector [1] of the
Singapore economy. The diploma is offered as one of
the engineering diploma under the Ngee Ann
Polytechnic, School of Engineering’s twelve diploma
courses in the Electrical Engineering Division (EE). The
diploma focuses on clean energy technology and energy
management. The diploma’s curriculum was formulated
in consultation with relevant industry partners and
institutions of higher learning. Course reviews carried
out every three years indicated that while the course
content have adequately addressed the needs of the
industry, students were lacking in the ability to relate
contents of earlier semester’s modules with later
semester’s modules. Students are learning content in
silos and are not able to see the “big picture” or how
their learning can impact the community. This results in
students who are able to achieve good grades for their
individual modules but unable to make use of module
content learnt in an earlier semester to better understand
a new module.
This “isolated” manner of learning is in contrast to
the graduate outcomes that Ngee Ann Polytechnic wants
to achieve. In 2015, Ngee Ann Polytechnic announces
our Ngee Ann Graduate Outcomes - Passionate
Learners, Big-hearted Persons and Global-smart
Professionals. In line with this initiatives, NP seek to
infuse into our course curriculum more learning
opportunities for our students with the community at
large. The Design Thinking and Service Learning
pedagogies were identified to create such learning
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opportunities for our students. Design Thinking offers a
process for students to infuse user-centred
considerations into engineering projects before a
product or service is conceived. Service Learning puts a
human face on the otherwise cold and hard engineering
products and technical solutions.
In view of the need to enable students to learn in a
holistic manner and to see how their content knowledge
has real world application, the CEM team decided to
revise their curriculum to infuse Design Thinking and
Service Learning into their diploma, with the intent to
allow students to appreciate how their content
knowledge is applicable to daily life and can support the
needs of the community.

Design Thinking
The Stanford Arts Institute [2], described Design
Thinking as “The process that first defines the problem
and then implements the solutions, always with the
needs of the user demographic at the core of concept
development. This process focuses on need finding,
understanding, creating, thinking, and doing. At the
core of this process is a bias towards action and
creation: by creating and testing something, you can
continue to learn and improve upon your initial ideas.
The design thinking process consists of these 5
steps:

The CEM Course Curriculum
The Diploma in Clean Energy Management
curriculum covers several core fundamental engineering
modules. These are Electrical Technology (ELTECH),
Engineering Mechanics (ENGMEC), Engineering
Mathematics (EG1) and Computer Programming
(COMPRO) in the first semester of studies. In addition,
students also study the module Clean Energy and A
Sustainable Environment (CESE) and the module
Innovation Toolkit (8INNOVA). During the second
semester, CEM students take Electrical and Electronic
Practical Skills (EEPS) and 9INNOVA modules. In the
third semester, CEM students take the Clean Energy
Mini-Project 1 (CEMP1) and Power Electronics and
Applications (PEAP) modules in addition to their core
modules. And for the fourth semester, they take Clean
Energy Mini-Project 2 (CEMP2) and Computer Aided
Design (CAD) modules.
8INNOVA module focuses on exposing students to
various skill sets in the innovation journey & gives
students practical insights into design thinking. It aims
to foster their creative confidence through an emphasis
on observation, ideation techniques and market
validation skills.
9INNOVA module enables students to apply skills
earlier acquired in 8INNOVA for the School of
Engineering (SOE) Creativity and Innovation Week.
During the Creativity and Innovation Week, students
will showcase and present the final outcome of their
design thinking journey.

Figure 1. Design Thinking Stages
•

•

•

•
•

EMPATHIZE: Students understand the experience
of the user i.e. gardeners, receptionists, service
crews, and the resort guests in Siloso Beach
Resort (SBR) [3] through observations and
interactions.
DEFINE: Students process and synthesize their
observations and findings from their empathy
work in order to form a user point of view that
they will address with their proposed solution.
IDEATE: Students explore a wide variety of
possible solutions, allowing them to step
beyond the obvious and explore a range of
ideas.
PROTOTYPE: Students transform their ideas by
building a prototype to realize their proposed
solution.
TEST: Students test their circuits (prototype) and
use observations and feedback to refine their
prototypes.

CEM Module Alignment for Design Thinking
Design Thinking was explored in April 2013 as a
potential pedagogy to provide the linkage and build
understanding between various modules in the
curriculum. Design Thinking was chosen as the
identified anchor and support modules have learning
activities which can be aligned with the various stages
of design thinking as outlined by the Stanford Arts
Institute.
CEM anchor modules are designed with lectures,
assignments, projects and workshop sessions with
specific focus on key stages of the design thinking
processes. Table 2 shows how various anchor (core) and
support modules are mapped into the design thinking
process.

Table 1. The CEM Course Curriculum Map
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society. This module serves as the kick-off core module
for the diploma as it builds up the core knowledge to
support subsequent modules relating to clean energy
and energy management. This module provides the ideal
module for students to start their design thinking
journey. Students also learned the various key skills in
their corresponding Innovation Toolkit (INNOVA8)
modules
on
Spotting
Opportunities
through
Observations. It is also during this semester, where
students are introduced to Siloso Beach Resort (SBR)
which is a Resort on the Island of Sentosa in Singapore.

Table 2: CEM Module Alignment for Design
Thinking

CEM Year 1 students learn key processes
(Empathize, Define and Ideate) through the various
learning activities in the CESE and EEPS anchor
modules supported by 8INNOVA and 9INNOVA
modules.
CEM Year 2 students learn key processes (Ideate,
Prototype and Test) through the various learning
activities in the PEAP, CEMP1 and CEMP2 anchor
modules supported by CAD module.

Introduction to Design Thinking: Contextualising
Students’ design thinking learning journey starts
with an off campus visit to the award winning Siloso
Beach Resort (SBR) on Sentosa Island during the
induction week of their first semester in Ngee Ann
Polytechnic. This is to expose students to the concept of
off campus learning implemented in this course. The
Resort is an important industry partner in our learning
roadmap for our students as it provides the real-world
context for the students to see how the content they
learnt in the classroom has practical application in the
real world. This is especially so when much of the visit
at the resort is an off campus Eco Tour to learn more
about the Resort’s various green initiatives which are
directly relevant to the course.
The key highlight of this trip is the Eco-Tour which
brings students throughout the Resort showcasing the
various efforts to save water and energy. The Resort
features a heat recovery system whereby heat from the
air-conditioning system is recovered for hot water
heating. It also features the use of spring water and
water saving features in all the Resort’s rooms. A
wormery with almost a million worms provides organic
fertilizers and pesticides for the extensive greenery area
in the Resort. This Resort will form the backdrop to the
design thinking journey which students will embark on
in the second semester of this course.
In Semester 2, students who take EEPS module which
prepares them for the required electrical and electronics
skillsets, will start their design thinking journey by
visiting SBR again. They visit on their own in teams of
3-4 students where they will begin their Design
Thinking process by observing the Resort to identify
possible projects and solutions that they can undertake
as part of their “EMPATHIZE”, DEFINE and IDEATE
stages of their project. These students will continue
their Design thinking journey through Semester 3 and 4,
where students complete their IDEATE, PROTOTYPE
and TEST stages of the design thinking process in the
various other core modules.

Anchor Modules and Support Modules – Creating
the connection between modules
A “Connect-the-Dots” table is shown in Table 3 to
better illustrate the relationships between the various
anchor modules and support modules over the four
semesters. The relationship between the modules will
require students to bring knowledge from one module to
another. This means that students now have to make
their own mental linkages between the different set of
content and to learn to see them as a whole rather than
just individual modules or topics as they are expected to
draw on their previous content knowledge to progress in
their project in the modules.
Table 3: CEM Curriculum Module Linkages.

In Semester 1, the anchor module Clean Energy and A
Sustainable Environment (CESE) introduces students to
the causes and impacts of global warming and climate
change, and the urgency for clean energy alternatives to
current sources of energy. It covers fundamental
knowledge on energy, environmental sustainability and
the interrelations among energy, environment and

Implementation, Learning Activities and Outcomes.
a) CEM Year 1 Semester 1: EMPATHIZE
CESE, INNOVA8 Modules.
Students are introduced to the Siloso Beach Resort
during their first off campus visit. They get to learn
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about the Resort’s various eco-friendly initiatives and
how they have actively incorporated corporate social
responsibilities into their everyday activities. Sites
visited in the Resort include a roof top garden, a nochlorine used swimming pool, a wormery and a resort in
a garden design concept.

or electronic application using clean energy at the end
of the module. Students are guided in each workshop
practice to learn about various practical electronics and
electrical circuits, batteries charging and discharging
circuits, microcontroller and microcontroller interfacing
with sensors, relays, switches, serial and network
devices. The Power Electronics and Applications
(6PEAP) Module introduces to students the principles
of operation and analysis of power conversion circuits
such as AC to DC converters, DC to DC converters, DC
to AC converters and AC power controllers. Students
learn to apply their knowledge in power semiconductor
applications to the control and conversion of electric
power. Students will learn build and test their circuits as
part of their solution.

b) CEM Year 1 Semester 2: DEFINE and IDEATE
EEPS, INNOVA9 Modules
Students learn to document their observations guided by
the acronym POEMS#. They also learn to doodle and
share their observations. All observations are
documented in a learning journal. Students working in
teams make several trips to SBR on their own to interact
with staff of SBR and make on-site observations of
activities in the Resort. They are allowed to take
photographs to capture the situations they have
observed. Students brainstorm proposed solutions to
address identified ‘pain-points’ as documented in their
learning journal. They present and share their proposed
solutions with their classmates.

d) Year 2 Semester: PROTOTYPE and TEST
CEMP2, CAD Modules
Students integrate sub circuits into a complete project
solution in the Clean Energy Mini Project 2 Module.
This module aims to allow students to deepen their
knowledge and skills in developing a clean energy
application or an energy management system. Students
work on mini-projects using skill-sets learnt in Clean
Energy Mini Projects 1 to gain hands-on experience and
understand how different clean energy technologies are
deployed and managed to convert clean energy sources
to electrical power. Here, the students assemble and test
circuit with a live PV system installed at our Solar
Technology Centre in the Polytechnic. Students are also
required to use their AutoCAD knowledge to document
their circuits and systems by creating digital drawings to
be included in their final project reports.

#

An acronym introduced in the INNOVA module for
students to be guided during their “Opportunity Spotting
through Observations” exercise. POEMS stands for:
P - Process Explanation
O - Objects used by the users
E - Emotion
M- Multiple Perspectives
S - Services Rendered

Figure 2. Summary of Year 1 Design Thinking
student learning activities.
c) Year 2 Semester 3: IDEATE and PROTOTYPE
CEMP1, PEAP Modules.
Students learn to translate their proposed solutions into
electrical and electronic circuit diagrams using the
knowledge they learned from two anchor modules.
Students will need to make connections between the 2
modules and propose a workable design that meets the
users’ needs. The Clean Energy Mini Projects 1
(CEMP1) Module guides students to build an electrical

Figure 3. Summary of Year 2 Design Thinking
student learning activities.
Service Learning: Using their learning for the
Community
The adoption of Service Learning in the curriculum
is also part of the process to develop our students into
“Big Hearted Persons” that cares for the community,
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and the willingness to use what they have learnt to serve
others.
Service learning was piloted during the April 2014
and April 2015 Induction Week for Year 2 students.
Service Learning elements has been added to the course
curriculum guided by the following service learning
principles. [5] Service Learning activities will involve
students in community service activities and applies the
experience to personal development. Service-learning
occurs when there is "a balance between learning goals
and service outcomes". Service Learning differs from
internship experience or volunteer work in its "intention
to equally benefit the provider and the recipient of the
service as well as to ensure equal focus on both the
service being provided and the learning that is
occurring". Service Learning course objectives are
linked to real community needs that are designed in
cooperation with community partners and service
recipients. In Service Learning, course materials inform
student service and service informs academic dialogue
and comprehension.
Service Learning engages students in a three-part
process: classroom preparation through explanation and
analysis of theories and ideas; service activity that
emerges from and informs classroom context; and
structured reflection tying service experience back to
specific learning goals.
On their first trip to the Senior Activity Centre,
students engage the seniors in several activities such as
serving them afternoon snacks, perform song and dance
items to entertain them, help them in the making of
small projects and spend time chatting with them to
better understand their life and challenges faced. This
stage is important as the observations from the visits
would allow students to reflect on the areas in which
they can make a difference in the daily lives of the
Seniors.
During follow up visits, students will start to use
their learning from the course to design and develop
small projects that can help the Seniors cope with their
daily life.

Discussions
With the infusion of Design Thinking and Service
Learning pedagogies into the course, module experience
survey results ( refer Table 4 below) have shown
improvements across the board. This survey examines
students perception of their learning experience and the
improvement was seen in terms of Feedback and
Materials which are the areas that are usually low in the
scores as inidcated in the table below.
This result also shows that a change in the T&L has
allowed for more interactions between the students and
also encouraged students to be thinkers and learners
rather than just passive recipients of knowledge. More
significantly, the use of Design Thinking and Service
Learning have not dilute the content that is being taught
as students have indicated that their understanding of
the content has not reduced instead the quality of
feedback and materials have improved. This indicates
that students are taking more ownership of their learning
and are using the opportunity provided by the Design
Thinking and Service Learning processes to be more
engaged in their learning through discussions and
consultations ingwith lecturers rather than just be
passive listerners in the lecturer theatre.
Another benefit of infusing Service Learning into
our course curriculum is the opportunity for our students
to interact with a segment of the Singapore population
which is projected to increase over the next few years,
i.e. those aged 65 years old and above, and living alone.
According to The Straits Times [7], Singapore's national
English newspaper publication, this segment grew from
19.2% in 2000 to 31.3% in 2014 and is projected to
grow over the next few years.
Table 4: NP Module Experience Survey: CEM

The seven survey questions are shown in the Appendix
(A). In addition, students’ feedback has mainly been
positive. They found that design thinking gives them a
sense of purpose when they develop their projects.
Some students’ non quantitative feedback is listed in the
Appendix (B).
Conclusions
The need for a flexible learning design in curriculum
delivery has been well documented.[6] Student
feedback from these new blended learning models has
been mainly positive. However an appropprite level of
blending of the traditional classroom-workshop based
learning model and newer pedagogies is essential for
effective learning to take place in the 21st century.
Finding a good balance will always be a challenge as

Figure 4. Summary of Service Learning student
learning activities.
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technology changes have brought about a huge change
in the availability of content for learning any time any
place. Infusing Design Thinking and Service Learning
philosophy into the curriculum are just small steps taken
in response to the changing education landscape and
thinking, the course curriculum must remain flexible
and relevant to the changing expectations of the learners
and the industry. The new curriculum design encourages
students to take ownership of their learning and enables
students to make connections between different
modules. Students are also more aware of how their
content knowledge is applicable in the real world and
the impact it can have on the community.
Although it is early days, we are certain the infusion
of the Design Thinking and Service Learning
pedagogies into the curriculum will benefit our students
and will bring about the desired learning outcomes in
our graduates so that they are better equipped for their
next learning journey and future career beyond the
Polytechnic.

Appendix
A: NP Module Experience Survey Questions

B: Samples of our students’ survey feedback.
I liked that we had a CEMP1 and CEMP 2 projects in
our year 2 semester and it was a challenging
experiences having to juggle with other modules and the
project. I learned a lot during the project as we had to
make our own system of our choice and connecting it
with a stand-alone solar panel system. Improvements.
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Abstract

1. Introduction

Mentoring is a management technique to enhance
both team performance and the each member’s
performance in a company. When I was in a
company, I was applied by my boss as 20s and I also
used the technique for young engineers beyond I
took the training class.
Since 2011, I have joined in present university
and have conducted students in a lab as a lecturer.
Then, I tried to apply the mentoring technique on
them through a probe chip manufacturing project.
The probe chip is the typical product in the lab.
The first step was to let them know the purpose
of the project. The purpose is to succeed the
traditional process technique. However each student
had individual research subject. The manufacturing
project was a side work for them. In that case, I
suggested them a sense of achievement that they did
for one project as one team. They understood the
purpose slowly along the team building.
The second step was to let them have a
responsibility. The manufacturing process was
divided and was assigned each to 2-student group. I
trusted each group. The senior student executed
mainly the processing and showed the attitude to
young student. He (or she) felt a duty that completes
the process, and the young student learned the
process skill. In next year, the young one must feel
same responsibility as previous senior one when he
(or she) becomes senior.
The third step was to let them have a confidence
to what they achieved. Some processes had often
unexpected result. In such the case, I gave a hint and
let them propose the mitigation plan. We discussed
and I basically agreed their plan. When they fixed
the problem by their plan, the success experience
became their confidence. Also the confidence grows
them up to a reliable engineer both for individual
and for the team.
I recommend you to apply the mentoring
technique on any teams and the members who are
expected to step up, not only in the lab student case.

In first 10 years I joined a company as a fresh man, I
experienced product introduction in a fab, failure
analysis for yield enhancement and new product
development in R&D in Austin, TX. Those were
focused on my individual performance improvement.
After I came back in Japan, I had to work as a leader
for a young engineering team. However, it was difficult
for me to make a good output from the team, not only
myself.
Thereat, I took “Mentoring and Coaching” class as a
manager’s training subject in the company. Mentoring is
a management technique to lead young engineers step
up and to enhance the team performance as the result. In
the class, I remembered that my former bosses put on
me the mentoring technique when I was young. So, I
understood at last that they guided me to use my ability
fully for their team in each case in past.
Later, when new products were transferred from US,
I led the product engineering team as the sub-project
leader and applied the mentoring technique on them. I
thought we became good team at that time.
In 2011 when East Japan Earthquake occurred, I left
the company and have joined present university from
the October.
In this paper, the mentoring technique and my
experiences are introduced in the university. The
mentoring effects on a student and a team are verified.
And social style and continuous team growth cycle are
also discussed because those are important factors for
mentoring.
2. Mentoring and the skills
Mentoring is a technique and a process which makes
team members’ relationship to coordinate each member
and the team, and achieves the team target as the result.
The manager who leads the team members is called
“mentor”, and the members are called “mentee”.
Mentoring includes 5 skills1), Coaching, Counselling,
Teaching, Role Modelling and Championing.
(a) Coaching
The mentor discusses with the mentee to set the
team target. At this point, the mentor must let them up
motivation to the target. Coaching is to enhance the
motivation in each mentee until the achievement.

Keywords: mentoring, team building, achievement,
responsibility, confidence, step up
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technique. In 2015, former M1 became M2 and new M1
students joined.

(b) Counselling
Counselling is a feedback method to the mentee. The
mentor hears mentee’s opinions then gives suitable
advises both good and even bad points openly and
honestly. It shows the mentor’s attitude that he always
keep them in touch and makes liability each other.

+

VLS growth is a selective crystal growth method
that source material is applied as a Vapour, solves in
catalytic material as a Liquid and precipitates from
the saturated liquid as a Solid.

(c) Teaching
Teaching is to give knowledge and skills to the
mentee basically. In mentoring, teaching is also to share
the value for the target achievement. And it also expects
that the mentee will be able to teach them the other
members later.

Revealed metal tip

(d) Role Modelling
The mentor shows a model performance for a job
and the mentee learns the role seeing it. Role modelling
expects that the mentee will be able to play the role
instead the mentor.

1um

Insulator 10um
film

(e) Championing
The mentor assigns a mentee as a champion for a job.
At the first moment, the mentee may not be the
specialist for the job. He must learn the job with some
advises from the team members. Championing shows
trust relationship between the mentor and the mentee,
and expects that the mentee will become real specialist
for the job.

10um

3. Students in the college lab
From my view point which experienced over 25
years as an adult worker, college lab students who just
joined there look too young to take a responsibility.
Back in memory, I was also incompetent at that time.
They have learned many subjects in the classes. In
some cases, they know the latest knowledge which I
didn’t study at same age. And they are using Internet
and the application tools naturally. In our generation, we
also use the tools recently. However, young students
master new tools much faster than us.
However they haven’t gotten an attitude yet to apply
the knowledge on actual fields. Even if they know the
theory in their head, they cannot make an image how
the experiment to be executed. So it must be learned
through a lot of experiences.
Thus, I applied mentoring technique on them in
order that they take the attitude until they graduate. The
experiment environment was explained as below.

Toyohashi Probe (array-type)

Fig. 1 Toyohashi Probe
4-2.Shttle project
The probe chip manufacturing is basically Integrated
Circuit (IC) wafer processes those are film growth or
deposition (Depo) - photo lithography (Photo) - wet or
dry etching (Etch) repetition (see Fig 2). Our university
has the tools and facilities those achieve the processes.
We named the manufacturing Shuttle project. The
process flow was divided to 9 steps in 2014 and 12 steps
in 2015, and they were assigned to a M2-M1 student
group each as shown in Fig. 3.
Only VLS growth at step 6 was executed by me and
doctor-course student Kb. Because the growth process is
the most important that determines the probe shape like
very narrow needle. Further, the growth tool operation
is so very complicated that limited students can succeed
the technique every other several years.

4. Experiment condition
My mentoring experiment was tried in 2014 and in
2015, 2 times.
4-1. Object students (as mentees)
In 2014, they were master-course 1st –grade (called
M1) and 2nd –grade (called M2) students belonged to a
lab which makes neuronal probe chip (named
Toyohashi Probe see Fig. 1) using VLS growth +
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marked down as a side work for them. If no action
applied, they grow isolated in the lab even with each
skill up (see Fig. 4(a)).

Film
Substrate

Photo Resist

(a) Film Depo

Each project
achievement
(b) Photo Resist
patterning

M2
M1

M2
M1

(c) Film Etch
& Resist Removal

Shuttle
project

Individual
projects

4(a) Shuttle project as side work for each project
Each project
achievement

Fig. 2 Basic IC process cycle
4-3. Experiment expectations
M2

Through the projects with mentoring techniques, I
expected that the students felt following subjects;
(i) Team building,
(ii) The project purpose,
(iii) Responsibility and
(iv) Confidence.

M1

M2
M1

Shuttle
project

Individual
projects
4(b) Shuttle project as shared work in the lab team

5. Results

Fig.4 Team building effect with common
project purpose

This experiment results could be seen only on the
students (as mentees) the behaviour and the attitude
change through the project.

In this case, I suggested them with (a) coaching
technique, a sense of achievement that they did for one
project as one team. The coaching process was as
follows. Their process skill up is good progress for each.
If they could share the traditional process technique in
the lab members, the lab’s baseline skill would also be
improved by all the members. It would make them up
one team that they share the common purpose project.
Further, each individual project should’ve also achieved
better result on the wider baseline than before (see Fig.
4(b)).
They suspected my suggestion at first because they
worried their own research time reduction. However,

5-1. Team building with the project purpose
The first step was to let them know the purpose of
the project. The purpose is to succeed the traditional
process technique and share in the lab. As told in the
above, our university has the process tools and can
realize an IC chip along our design. Only, the tool
operation must be trained by the actual users’ handling.
On the other hand, each student had individual
research project. They have to spend their time on their
project at 1st priority. Therefore, the shuttle project was
Au
SiO2
Si<111> substrate
Si needle

Metal
Insulator
film

Fig. 3 Shuttle Process Flow and Assignment
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they had been feeling the effect in weekly lab meeting
when every process step succeeded. Finally, they
understood the purpose, to succeed the traditional
process technique, along the lab team building.

5-3. Confidence
The third step was to let them have a confidence
toward what they achieved.  Just doing the process
becomes cumulative experience for the students. As
stepping up, the confidence which they can do the
process, is gotten through the difficult situation.
In shuttle project, some processes had often
unexpected result. Even if same condition as last year
was applied, different result may come out on our tool.
Because the tool condition itself might be fractured by
any other experiment records in past time.
In such the case, we discussed about the progress in
the process with (b) counselling technique. At first, I
heard their explanation without any objection. Next, we
extracted good points and bad points on the story, and
sorted the truths along the time line. The sorting is very
useful for us the root cause finding of the trouble.
From the sorting result, I gave a possible hint with
(c) teaching technique to the students, and let them think
some proposals to solve the problem. We discussed
their proposal and I basically agreed their plan even if it
was not the best way I thought. I believed them and just
observed their proposal trial.
When they fixed the problem by their plan, the
success experience became their confidence. Also the
confidence grew them up to a reliable engineer both for
individual and for the team. Unfortunately, when the
trial failed, we were back to the discussion and repeated
trial persistently until the problem fixed.

5-2. Responsibility
The second step was to let them have a
responsibility. The manufacturing process was divided
and was assigned each to M2&M1 2-student group.
M2 students had already some experiences of the IC
processes in his their M1 period on their project.
However, in the beginning of the M2 period, they were
not so matured yet to teach the process to the M1
partner. And they had not felt the responsibility in each
process step yet.
In that case, I told each group with (e) championing
technique, I trusted they can do it. This was also my
expectation that senior M2 student so mastered the
process that they teach it others and young M1 student
learned the process for succeeding next year. Further, I
encouraged them with (a) coaching that it would be an
important contribution for the project and the lab team.
From the encouragement, the M2 student was doing
the process mainly with the partner M1 student. Even if
the M2 student did the process clumsily at this time, he
(or she) tried to execute the process until completion. So,
he (or she) felt a duty on the process step, their group
must do it by themselves.
In the same time, the partner M1 student saw the M2
student’s attitude to the process and learned the process
skill. In fact, the M2 student played (d) roll modelling as
a mentor, instead of me. However, the M1 student might
not feel same responsibility as the M2 student’s one at
this moment.
Year: 2014
Mentor

6. Discussion
From some examples, the validity of the mentoring
effect on the students and the team was verified.
6-1. Total effect on a student

Championing

M2

Coaching

For instance, Metal photo process in 2014 is
introduced as follows.
1. Ym(M2) and Mt(M1) tried Metal photo process
but found particle on the pattern (see Fig. 6).
2. They reported the particle problem.
3. I suggested photo resist (PR) removal and rework.
4. They proposed PR renewal with the bottle washing
before the rework.
5. Their proposal fixed the problem and made clear
metal pattern (see Fig. 7).

Roll Modelling
M1

Year: 2015
Mentor

Championing

M2
Roll Modelling

Coaching
M1

Fig. 5 Responsibility grown by championing
The learning effect at M1 period came out in next
year, M2 period. He (or she) became senior M2 and in
same position as former M2 students in previous year.
When new shuttle project started in the year, I
encourage the M2 student and the partner M1 student.
At the time, the M2 student must’ve felt same
responsibility as previous senior M2 student (see Fig. 5).

Fig. 6 Particle on the sample
after Metal photo
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Thus, I believe that the mentoring was effective also
for all members and the team through the common
purpose shuttle project.

Mt learned the process skill and had confidence
from the problem fix success at the M1 period in 2014.
Next year 2015, he became M2 and could teach some
process steps to M1 students with the responsibility (see
Fig. 3). Therefore, he achieved the shuttle project
purpose, to succeed traditional process technique in the
lab team.
And he also showed some evidences of mentoring
effect. He got the leader’s sense, confidence and
responsibility in the lab team. Further, he so grew up
that he could teach the other students instead of me.
These were the expected result for me as their
mentor. Thus, I guess that the mentoring was effective
on him through the shuttle project.

6-3. Social style factor
Mentoring effect depends on the mentee’s social
style strongly because mentoring is interaction between
the mentor and the mentees each other.
Social style is a personal tendency plotted on 4
quadrants with assertiveness x-axis and responsiveness
y-axis defined by Merrill and Reid2). Strong assertive
and high responsive is Promoting (P) style. Weak
assertive and high responsive is Facilitating (F) style.
Strong assertive but low responsive is Controlling (C)
style. And weak assertive and low responsive is
Analytical (A) style.

6-2. Total effect on the team
For another example, Spray Resist Coating in 2015
is introduced as follows.
1. Ym and Kb who supported for Sk and Yh, tried
spray resist coating to protect the probe needle
from etching damage at step 10. But the resist
coverage failed on the probe tip.
2. They reported the coverage failure on the tip.
3. We discussed the possible root causes around
stickiness condition as I suggested.
4. The other student found that the resist
production lot was renewed from previous one.
And the viscosity looked much lower than
previous one.
5. Ym and Kb proposed resist dilution ratio
reduction to increase the viscosity.
6. Mt and the other team members also tried the
resist dilution experiment for the process step.
7. Finally they succeeded to cover the probe tip
with new resist dilution ratio.

Probe

1um

(a) Dilution Ratio = 1:4

Promoting
style
Strong

Facilitating
style

Assertiveness

Weak

Controlling
style

Analytical
style
Low

Fig.9 Social Style Matrix
Motivation is enhanced by different needs for each
social style. P style wants praise from the team members,
thus P style person tries all-new trial easily. F style
wants acceptance, thus F style person collaborates with
the other members. C style wants achievement on time,
thus C style person uses any resources as much as
possible. A style wants assurance based on past result,
thus the A style person takes all data in the work.
It is not important which style is the best. Any team
with some members must be consisted of the 4 styles
combination. The team leader or manager as a mentor
also has individual social style. Each person may have
the strongest style and the 2nd strong style. Thus the
team behaves influencing the members with individual
social styles each other.
Therefore, understanding the social style importance,
mentor should keep in touch with the mentee along his
(or her) social style to enhance the motivation. And
mentor should also sometimes rearrange the other team
members to extract the best team performance as much
as possible.

Resist

Probe

Responsiveness

Resist

Revealed tip

High

1um

(b) Dilution Ratio = 1:3

Fig.8 Resist coverage on the probe tip
In this case, the problem was fixed by all team
members’ cooperation. M2 students recognized that the
resist coverage problem was the common issue also for
their individual project. M1 students also worked
together excited by M2 student attitude.
And, since that, the new resist dilution condition has
been shared by all team members and the other lab
students also. It was good result as the team.
The lab members showed these evidences of
mentoring effect. It meant that they were built up as a
team and so stepped up that they could make better
result than each member alone.
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P style

The new phase 1 may be started up by new team
leader who was assigned the champion in previous
phase and empowered by previous team leader. The
team would trace same declined phase 1 as previous
cycle. However, the new team leader tries to grow up
the team again in new phase 2 with the new idea and
mentoring technique which learned from previous
leader.
These are continuous growth curve cycle with
periodic empowering shown in Fig. 11. Even if the team
did not restart new phase 1, the team could grow up for
a moment during the matured method is still effective.
But the old method has no longer made new result and
has been just a load for the team. Finally the team
descends down and would be eliminated. It looks like a
big company’s up and down that the 1st president made
it and the 2nd president grew it but the 3rd president close
the company by just eating up.
In the shuttle project, I assigned doctor-course
student Kb as the champion for the key process, VLS
growth, and let him try to lead the lab team in the 2
years. At last year end, I empowered him as the next
project leader. Now he is playing the new role with his
original idea in the lab team.
Therefore, the empowerment timing to new leader is
very important for the continuous team growth. Only,
until the transfer, the current team leader has to grow
next leader managing the team and the other members
in parallel with the mentoring technique.

F style
Team members

C style

A style

Fig. 10 Any team consists of 4 style members
6-4. Empower for innovation
In order to keep the team growing up, the team
leader or manager has to transfer the competence to
young champion person in the team every other several
years. The champion is expected to make new
innovation in the team. It is similar way to a long-lived
company on the growth curve3) (see Fig. 11), for
instance, the president turns over.
The team starts up with the team leader’s idea in the
team policy forming phase (Phase1). In the phase, the
team members might be confused or react to the new
method, thus, the team performance does not rise up as
the leader’s intention.
Growth

Phase 2
Norming

Phase 1
Forming

New
Phase 1

New
Phase 2

Phase 3
Integration

New
Phase 1

7. Conclusion
From the examples and evidences, the mentoring
technique is effective for each student and the lab team
through the common project and the purpose. And they
and the team can grow up and step up more than on
each isolated project.
I recommend you to apply the mentoring technique
on any teams and the members who are expected to step
up, not only in the lab student case.

New
Phase 2
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PREPARING STUDENTS FOR THE WORKFORCE THROUGH WORKING ON
REAL WORLD PROJECT
Steven TAN Yih Min
Singapore Polytechnic
School of Mechanical and Aeronautical Engineering, Singapore
steventan@sp.edu.sg
Abstract

present their working model to the end user. They
were promptly rewarded when the end user was
impressed with the successful proof-of-concept and
gave MDC the go-ahead to develop the complete
automated machine for their organization.

Graduates joining the workforce in the present
context are expected to have industry-relevant and
soft skills that allow them to be effective in their
workplace. This is especially important in the new
national Singapore initiative of skillsfuture. To
better prepare students to develop such skills and be
more ‘work ready’, it is ideal to provide them with
opportunities to work on potential or real world
projects.

Keywords: Design Thinking, CDIO, final year project,
automation and robotics, real world projects
Introduction
Employability of graduates is one of the key
concerns of institutions as shown from the findings
carried out by numerous research firms. Table 1 shows
key concerns of 400 companies by a survey conducted
in 2015 by The Institute of Engineering and Technology
(IET) (UK) on ‘Skills & Demand in Industry’.

Machine Development Centre at Singapore
Polytechnic (MDC@SP), a Centre at the School of
Mechanical and Aeronautical Engineering (MAE),
works closely with the industry by providing turnkey
automation and robotics solutions to improve their
quality and productivity. Final year project students
attached to MDC are given opportunity to work
alongside staff, industry partners and suppliers on
real world projects.

Table 1: Key Concerns of Engineering Employers in the
United Kingdom (UK)
No.

This paper shares the experience on how an industry
project’s enquiry with an initial doubt on its
workability was taken up by the students as their
final year project. The project was carried out by
two groups of project students over two semesters. It
was closely supervised by MDC staff and the
students were guided through the different phases of
the project using design thinking and ConceiveDesign-Implement-Operate (CDIO) framework.

1
2
3
4
5

To ensure students learning, the process of carrying
out the project is benchmarked to the final outcome
of the proof-of-concept on the critical areas
highlighted by the end user. 3D CAD software, with
suppliers’ catalogues downloaded into the program,
is used in the design of the prototype. Students were
required to incorporate the range of skills learned
across the course to validate the design concepts
before selecting the appropriate components for
their design. The actual prototype building process
was monitored closely with regular feedback given to
the students to ensure the correct assembly and
troubleshooting techniques were applied.

Concerns
Are concerned that the education system
will struggle to keep up with the skills
required for technological change
Say a shortage of engineers in the UK is a
threat to their business
Are most concerned about graduate skills (of
all types of engineering recruit)
Claim technical degrees don’t develop
practical skills
Feel that engineering and technology
degrees do not meet industry needs

%
66%
64%
61%
57%
28%

In another research by The British Chambers of
Commerce's Workforce Suvery 2014, it shows that 76%
of employers believed that the graduates lack of
working experience made them unprepared for the
workforce.
The current curriculum for training of engineering
students is adequate in the areas of theoretical and
laboratory works. Students are required to work on
projects as part of their requirements by institution to
enable them to put into practice the theoretical
knowledge they have acquired in the classroom sessions
Skills such as teamwork and communication are also
required in carrying out these projects. This approach
enables the engineering students to have a better

The students were able to successfully prove the
workability of the prototype within schedule and
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integrated understanding of the concepts learnt,
relevance in application contexts and opportunities to
practice other generic competences such as
communication skills. However, unless the institution
has vast industry contacts that provide industry related
projects, most of the projects carried out by the students
are typically in-house proposed projects. These projects
may lack the stringent requirements and urgency as
compare to industry projects that has implications if the
project is delayed or not successfully implemented.
In a report by Dr Robert N. Charette for The Source
(2016), he mentioned that there is no shortage of
Science, Technology, Engineering and Math (STEM)
graduates but institutions are not producing STEM
graduates that are workforce ready. The report also
mentioned that multiple surveys of employers reveal
that it is not necessarily STEM graduates with technical
prowess that they prize most, but graduates who
demonstrate leadership ability, have the capability to
work in teams, possess written and oral communication
skills, have proven problem-solving and criticalthinking skills, as well as exemplify a strong-work ethic.
To prepare the graduates to be workforce ready,
many institutions have started to collaborate with
corporations within the industry to work on industryrelated or sponsored projects with the intention of
bridging the gap that institutions lack in their in-house
projects. The institution-industry collaboration benefit
the students as they are exposed to the industry and
understand the expectation of companies through
working on the projects. Internship at companies are
also being promoted as it provides the students with a
vital working experience in a company during their
course of study. The companies also have the
opportunity to evaluate suitable students that may be
offered employment upon their graduation.

functioning according to specification.
For some
projects, students were also involved together with
MDC staff for reviews with end users on their
specification and updates. Some students may even have
the opportunity to involve in the installation and
commissioning at end user's site.
This approach of training is to enable the students to
be competent in various areas and be ready for the
workforce.

Fig 1: Turnkey Automation project involve Mechanical,
Electrical and Software program
Singapore Polytechnic incorporates the CDIO
(Conceive-Design-Implement-Operate)
Engineering
Education Framework and Design Thinking as a
significant part of its overall holistic education model.
CDIO is an international initiative, originally conceived
at the Massachusetts Institute of Technology (MIT) in
Cambridge, Massachusetts in the late 1990’s. In 2000,
in collaboration with the Swedish universities of the
Wallenberg Foundation, Chalmers University of
Technology, Linkoping University and the Royal
Institute of Technology, the CDIO initiative was
formed.
The initiative represented a response by engineers in
industry, government and academia to a concern about
the present state of engineering education. Essentially,
engineering education was seen as over prioritizing the
teaching of theory, especially mathematics and science,
while not paying enough attention to the real world of
engineering practice and the need for skills such as
design, teamwork and communications. As Crawley et
al (2007) summarized:
...we identified an underlying critical need – to
educate students who are able to Conceive-DesignImplement-Operate
complex,
value
added
engineering products, processes and systems in a
modern, team-based environment. It is from this
emphasis on the product, process, or system
lifecycle that the initiative derives its name-CDIO.
(p.1)
The importance of Conceive-Design-ImplementOperate, as an organizing frame for engineering
education is further explained by Crawley et al (2007:
Modern engineers lead or are involved in all phases
of a product, process, or system lifecycle. That is,
they Conceive, Design, Implement, and Operate.
(p.8)
Central to the curriculum approach is the specified
CDIO learning outcomes, derived from extensive

Methodology
Machine Development Centre (MDC), a Centre at
the School of Mechanical and Aeronautical Engineering
(MAE), was setup to train and equip students with
relevant skillsets required by the industry. MDC staff
have the relevant industry experience and assist
companies with improving the productivity and quality
of service through the automation and robotics projects.
Most of the projects secured were turnkey in nature and
involve
mechanical,
electrical
and
software
programming skills, Fig 1. MDC students are assigned
to the different groups to work on the project. Staff in
the respective area of expertise will be guiding and
mentoring the students to build and deepen their
skillsets in the assigned area. The mechanical group will
focus on mechanical design using 3D CAD software,
assembly of standard and fabricated parts, module
intergration and troubleshooting of the system.
Electrical group focuses on electrical and control
design, module and system wiring, and troubleshooting.
The alogrithm for the logical functioning of the whole
machine is developed by the programming group. The
testing and troubleshooting of the complete machine is
carried out by all groups to ensure the system is
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user’s site for commissioning. It will be operational
once the machine is commissioned.

stakeholder collaboration and tested by peer review,
which form the basis for program design and
assessment. Crawley et al (2007) summarizes as
follows:
A CDIO programme creates a curriculum organized
around mutually supporting technical disciplines
with personal and interpersonal skills, and product,
process and system building skills highly
interwoven. These programs are rich with student
design-implement experiences conducted in modern
workspaces. They feature active and experiential
learning and are continuously improved through a
robust, quality assessment process. (p.3)
The approach in executing the automation project is
according to the CDIO framework as shown in Fig 2.
The stages are as follow:
1. Conceive
During the conceive stage, the problem statement is
defined, and the specifications discussed and agreed
with end users. Brainstorming sessions are carried
out to determine the best approach in solving the
problem and concepts are presented to end user for
approval. The brainstorming sessions are repeated
until the final concept is accepted by end users.
2. Design
Once the concept is approved, detailed mechanical
and electrical design are carried to identify the
standard components to purchase and drawings for
fabrication are send to the machining shop to
fabricate.
3. Implement
Upon receiving the standard purchased components
and fabrication parts, the mechanical and electrical
assembly are tasked to carry out the assembly of the
whole machine. The machine is then troubleshoot
and tested to ensure it works according to
specifications.

Project Opportunity
With the changing economic environment
worldwide, it is important for a country like Singapore
to stay competitive through raising productivity and
creating
value-added
jobs.
Mr
Tharman
Shanmugaratnam, Deputy Prime Minister and Minister
for Finance (2014) emphasized that:
It is a very important challenge: for us to be able to
raise productivity while providing jobs and
opportunities for all our citizens. It is a much bigger
challenge than raising productivity by shedding jobs.
That is what has happened in many countries.
With the intent to improve productivity and not make
their staff redundant, one of the organisation approached
MDC to look into the possibility of automating one of
their mundane process carried out by three of their
office staff. The staff has been working for the
organisation for many years and the current nature of
the work is to scan with either single or double-sided
barcoded cards. The scanned information is transferred
to a server at the end of the day for data consolidation
and verification. The process is repetitive with
minimum skill needed and there is no advancement
prospects for the workers. If the project is successfully
implemented, the staff will be redeployed to a higher
value-added job with better prospects and training
opportunities to upgrade their skills.
As the organisation has limited exposure to factory
automation, there were numerous discussions between
the organisation and MDC on the followings;
i. to have a better understanding of the existing manual
process of card scanning
ii. the best strategy to automate the process
iii. understand potential issues that may pose problem to
automating the process
There were three key area of concerns raised by the
organisation and they were apprehensive on automating
the process. The concern areas are
i. ability to scan barcodes on both sides of the card
ii. handling of cards for scanning by scanner
iii. sorting of good and bad cards automatically
Proof-of-Concept Project
The apprehensiveness by the organisation has
provided an opportunity for MDC as the technical area
of concerns can be taken up as a final year students
project and also as a ‘proof-of-concept’ (POC) to
ascertain the workability of the project.
The area of concerns fitted nicely into the domain
knowledge required by the students as part of their
training in solving real world problems. Table 2 shows
the relevant skillsets required to solve the issues and the
corresponding approaches are described in the following
section.
a. Scan barcodes on both sides of card
Knowing the standard commercially available
industry product is an important skillset as all

Fig 2: Typical approach of an automation project and its
relation to CDIO framework
4. Operate
Once the machine is fully tested, the end user will
conduct the user’s acceptance test. Upon end user’s
acceptance, the machine will be installed at end
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theoretical calculation required for an application will
not match exactly to the commercial product. Rather,
the theoretical calculation serves as a minimum required
that the product has to meet.
Table 2: Skillsets training for students
Problem
a. Scan barcodes
on both sides of
the card

Approach
Evaluate
commercially
available
product

b. Conveying of
cards across
scanners
c. Sort good and
bad cards into
respective bins

Mechanism
design
Translation of
theory into
application

Domain knowledge
Understand commercially
available product for the
project.
Product evaluation.
Dealing with suppliers
Analytical thinking and
problem solving

Fig 4: Scanner’s Reading Range
b. Conveying of cards for scanning
To ensure the number of cards to be scanned can
meet the required quantity, the cards has to move
continuously without stopping. After numerous
brainstorming sessions by staff and students, the
proposed method is to have the cards moving in a
continuously motion on a mini-conveyor belt (Fig 5)
and pass through the scanners so that the barcode
information can be captured.
Detailed design considerations were taken to ensure
the card can be conveyed smoothly through the guide
rails by the belt. 3D CAD design with application of
Geometric Dimensioning and Tolerancing (GD&T)
learned in classroom were applied.

Application of proven
theory.

To be able to scan the barcodes on the card, the size of
the card has to be determined. The commercial available
product is sourced and discussions with various vendors
are carried out to determine the most suitable product to
use. Once the appropriate product is confirmed, the
selection is based on vendor’s catalogue to facilitate
mechanical and electrical design. It is also important to
assess the feasibility of the scanning by conducting an
evaluation.

Fig 5: Card moving continuously on mini-conveyor belt
c. Application of proven theory
An initial analysis of the mechanism to sort good
and bad cards shows that the oscillatory motion is
similar to the Quick Return Mechanism (Fig 6), Vinodh
Reddy Chennu (2016).
Fig 3: Setup of Top & Bottom Scanners to scan both
sides of card
With the card’s dimension of 86mm (Length) by
54mm (Wide), it was found that the Keyence’s barcode
scanner, model SR-710, is suitable as it can read the
barcode information from a distance of 100mm to
125mm as shown in Fig 4.
To ensure the card can be scanned on both sides, it is
necessary to place two scanners, one on each side of the
card as shown in Fig 3. With this setup, the operator is
able to load the cards without worrying on the correct
orientation and will also improve the productivity. The
team did an evaluation with the vendor to provide the
scanners for the testing. A mock-up similar to Fig 3 was
set up to evaluate the workability of the scanners at the
sensing range. The result was positive and the detail
design was proceeded to emulate the setup.

Fig 6: Quick Return Mechanism
The Quick Return Mechanism converts rotary
motion into reciprocating motion, but unlike the crank
and slider, the forward reciprocating motion is at a
different rate than the backward stroke. At the bottom of
the drive arm, the peg only has to move through a few
degrees to sweep the arm from left to right, but it takes
the remainder of the revolution to bring the arm back.
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Detailed study of the quick return mechanism was
done and the corresponding components needed for
flipper unit were identify and included. The conceptual
flipper unit design is shown in Fig 7.

competencies, they were able to have experiential
learning of such skills as teamwork, communication and
problem-solving, and the necessary attitudinal
components to get things done under real work
conditions.

Fig 7: Flipping Unit Design
The finalised design for the proof-of-concept
prototype was shown in Fig 8. The prototype includes
all the necessary mechanism for automating the process
of card scanning.
The operation of the card scanning is as follows;
i. The cards to be scanned are loaded into the
magazine unit.
ii. The mini-conveyor belt will convey the card and
passed through the top and bottom scanners. (This
allows the cards to be placed without the need for
proper orientation.)
iii. The card information will be captured by the
scanners and transmitted to the computer to compile.
iv. The scanned card will be sorted accordingly as it
dropped into the flipper unit.

Fig 9: Completed POC project displayed at 2016 SP’s
Engineering Show
Evaluation
Over the past three years, 37 students have had the
opportunity to participate in three turnkey automation
and robotics projects secured by MDC.
As to yet a detailed evaluation framework has not been
employed to ascertain, in either quantitative or
qualitative terms, a detailed profile of all aspects of the
outcomes of these projects. Rather, the successful
completion of the projects and positive feedback from
employers and the students involved has provided a
high level of face validity for the approach taken.
Similarly, compliance to the CDIO Engineering
Education Framework, especially key standards relating
to the importance of skills beyond technical
competencies (e.g., problems solving, teamwork and
communication), integration of content knowledge and
skills, and a focus on active and experiential learning,
are key validating frames.
There were many industry visitors during the 2016
SP Engineering Show and the frequent comments that
were heard from the visitors were of the kind
“We are impressed by the students work and it is
comparable to industry standard”.
The end users who were present at engineering show
were also impressed by the students’ work and
commented that
“We are glad that the prototype has proven that the
concept is workable and we are confident and
looking forward to MDC to build the fully
automated machine”.
From observation and conversations with student
faculty noticed that students working on these real
world projects were generally more engaged and

Fig 8: Conceptual design of card scanning unit prototype

Results and Discussion
Through close supervision and mentorship by the
staff, the students were able to acquire and apply their
theoretical and practical knowledge successfully to
complete the project in time for the 2016 SP’s
Engineering Show, Fig 9. It attracted numerous industry
and schools visitors who were impressed with the
project.
The students also had the opportunity to present to
the end users the completed POC project. The customer
was impressed by the high standard of work done by the
students. MDC and the students were elated when the
customer gave the team the go-ahead to build the fully
automated card scanning machine.
The project successfully incorporated the key stages
of CDIO, providing these students with a real world
engineering experience. Apart from applying technical
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motivated, and would spend time beyond the curriculum
hours designated.
The real world projects have also provided students
with opportunities to work collaboratively with
academic staff, industry partners and suppliers, and
participate in discussion with end users. These authentic
learning experiences led one of the students to comment
that:
“Working on the real world project has helped her
gain confidence to lead, delegate and liaise with
companies.
She added
“These are the skills that I will not be able to learn
from lectures and tutorial lessons. I am really
grateful for the opportunity given to me and the
experiences gained from working on the project will
better prepare me for the workforce.”
From a faculty standpoint it was satisfying to see how
the students were energized and working hard to solve a
‘simple’ machine problem arising from a real world
project. The staff mentoring the students were also able
to gain satisfaction in seeing students apply the
theoretical knowledge into project as shown in Table 2
presented earlier. The staff were particularly encouraged
when two of the students who had completed their
studies in March 2016 continued still coming back to SP
to observe and learn from the staff working on the fully
automated machine.
Future research will employ a more extensive and
focused evaluation approach to identify more precisely
which features of the project experience have been most
beneficial in terms of enhancing learning and
motivation. In this way, we may be able to extend such
project opportunities to more students than presently.

The author sincerely appreciate the support from the
following;
i. Mr. Dennis Sale, Senior Education Advisor of
Singapore Polytechnic for his review and
constructive comments on this paper.
ii. MDC staff for their support and guidance to the
students for the project.
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work on the demanding industry project.
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Abstract
We have already proposed Social Implementation
Education (SIE) that aims to develop advanced
inter-personal communication and creative thinking
skills, as well as to promote proactivity in addressing
complicated problems.
SIE involves Conceive,
Design, Implement and Operation (CDIO) concepts,
and emphasizes the application of such concepts to
real-world problems. SIE is composed of four steps:
first, discovering problems in the real world and
proposing new services and devices to improve or
solve them; second, designing and implementing
these services and/or devices; third, operating them
in the real world; and finally, obtaining 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 multiple times.
However, these steps are too difficult for students
without prior education, because many students are
not accustomed to finding problems independently
and actively trying to solve them.
We considered that the students need to
experience the entire CDIO process before they face
real-world problems. This paper demonstrates that
doing special hands-on exercises using a small-sized
microcomputer system is an effective tool to be used
in experiencing the CDIO process. The hands-on
exercises allow students to create anything of their
choosing under certain limited conditions. Students
must plan decide what to create independently.
Some students plan to create something that solves
an inconvenience in their daily life, while others
create objects used for entertainment. Every student
sets a different goal for his or her hands-on exercises.
They are required to complete their projects by a
specified deadline. Students work on designing and
implementing something based on their interests and
ideas.
According to a questionnaire given to the students,
the results shows that doing the hands-on exercises
cultivates students’ confidence and teaches them that
they can accomplish the task if they put in the
requisite amount of effort. Students’ confidence is
based on their experience of finding problems or
inconvenience in their daily life, and improving or
solving them through the hands-on exercises. As a

result, they become prepared for working on realworld problems.
Keywords: social implementation education, creative
thinking, confidence, hands-on exercises, real world
problems, real users, CDIO
Introduction
In the twenty-first century engineering education,
advanced inter-personal communication skills, doing
creative thinking and the promotion of proactivity in
addressing complicated problems must be strongly
developed.
However, such abilities do not get
developed sufficiently through the study of scientific
and technological contexts in a school setting. Thus it is
necessary to go face real-world problems and try to
solve them. Engineering education that introduces this
process is called social implementation education (SIE)
(e.g. Asano (2014)).
SIE is composed of four steps: first, discovering
problems in the real world and proposing new services
and devices to improve or solve them; second,
designing and implementing these services and/or
devices; third, operating them in the real world; and
finally, obtaining feedback from real users and
reflecting upon users’ opinions and revising the services
and/or 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 regular course students do one year of
graduation research under the guidance of a supervisor
in their engineering department. This graduation
research can be seen as a good opportunity to perform
SIE. However, there seems to be a big hurdle for
students who are used to simply solving the problems
given to them by their supervisor. In SIE, students are
required to work proactively. We propose that prior
education for performing SIE is necessary. It provides
fourth-year students with the opportunity to become
accustomed to finding problems independently and to
learning actively and willingly, which in turn develops
their confidence.
This paper demonstrates that doing special hands-on
exercises using a small microcomputer system is an
effective component of students’ prior education in the
field of Electrical and Electronic engineering. Students
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experience the entire CDIO process in engineering
workspaces prepared in our school before facing realworld problems.

shown in Figure 2 and Figure 3. Finally, students affix
a speaker and an acrylic board to the universal board
with screws to complete this exercise as shown in
Figure 4.

Special Hands-on Exercises using a small-sized
microcomputer system
In these hands-on exercises, a Peripheral Interface
Controller (PIC) microcomputer is used as a teaching
material.
The hands-on exercise using the PIC
microcomputer is comprised of three stages: the first
stage (Stage 1) consists of a four-hour long class once a
week for four months; the second and third stage (Stage
2 and Stage 3) consists of two-hour long class once a
week for two months, respectively.
Stage 1-Special Hands-on Exercises:
In Stage 1, students learn basic information about a
PIC microcomputer, how to build programs and how to
handle electrical components such as LED, a seven
segment LED, an eight times eight LED matrix, a tact
switch and a piezoelectric loudspeaker, etc. They also
acquire necessary skills to create anything of their
choosing. Each class consists of a 45-minute lecture at
the beginning of the class and a 135-minute experiment
and accompanied by exercises. Basic knowledge and
theory is presented in the lecture. After the lecture,
students make a circuit on their breadboard as shown in
Figure 1, and are immediately thereafter assessed on
what they have learned in the lecture. Some examples
of programs and exercises are provided to students.
Students gradually deepen their understanding of the
knowledge and theory by performing exercises. They
become accustomed to making programs by partly
modifying the programs that are given to students.
Furthermore, they acquire the knowledge related to the
microcomputer through exercised-based learning.

Figure 2: A student works on soldering.

Figure 3: Soldered wiring of the components on the
rear of the universal board. This circuit is the same as
the one wired on breadboard as shown in Figure 1.

Figure 1: An example of a circuit wired on a
breadboard.
At the end of Stage 1, students work on an
implementation exercise. A diagram of a specified
microcomputer circuit is given to students. Then,
students think and decide on the arrangement of the
electronic components on a universal board, and solder
wiring of the components on the rear of the board as

Figure 4: Surface of the universal board for the
completed work.
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LED on three white LEDs at the bottom. A player must
avoid those obstacles by moving left or right by flipping
two white switches.
Another example shown in Figure 6 is referred to as
“playing tag”. There are fifteen LEDs that form a
horizontal line. Shining an LED on the line shows a
player’s position. This game machine can detect a slope
of itself. If the player tilts this game machine leftward,
the shining LED moves leftward, and vice versa. The
LED on the left side is connected to the one on the right
side. Then, an ogre symbolized by a flashing LED
appears and follows the player. The player escapes
from the ogre by manipulating the game machine
leftward or rightward.
At the end of Stage 2, all games that students
designed and implemented are put on public display, as
our school holds a school festival at the time of the year.
Many people in the local community near our school
enjoy playing these games and vote on which game they
deemed to be the most fun (Figure. 7). The result of the
vote is later reported to back to the students. Obtaining
feedback from people in the local community is part of
the operation process that corresponds with the CDIO
concepts.

Stage 2-Special Hands-on Exercises:
In Stage 2, an exercise that urges students to think
freely and creatively is conducted. At the beginning of
Stage 2, the following instructions are given to students:
“conceive an original game that entertains people, and
then design and implement it using what you have
learned in Stage 1.”
The task urges students to think creatively about
what kind of game they wish to make. At this point,
students have already learned in Stage 1 how to make
use of electronic components such as LEDs, a tact
switch and a piezoelectric loudspeaker with a
microcomputer. In addition, they have also acquired
skills such as soldering and assembling components to
carry out their ideas. They are ready to design and
implement their original games based on their ideas.

Figure 5: An example of their original game,
“obstacle race.”

Figure 7: All games are displayed at the time of
school festival. Many people enjoy playing them and
vote on which game they deemed to be the most fun.
Stage 3 - Special Hands-on Exercises:
In Stage 3, students perform the second special
hands-on exercises to strengthen their understanding of
professional knowledge and theory. At the beginning of
Stage 3, students receive simple instructions to
“conceive of something that entertains people or solves
or improves upon a daily inconvenience, and then
design and implement it using what you have learned so
far.” The object of the hands-on exercises in Stage 3 is
not limited to a range of games. Every students sets a
different goal for his or her hands-on exercises.
Our department provides workspace to facilitate these
special hands-on exercises as shown in Figure 8. The
workspace is open to students after school.

Figure 6: Another example of their original game,
“playing tag.”
The examples of their original completed games are
shown in Figure 5 and Figure 6, respectively. The name
of a game shown in Figure 5 is “obstacle race.” An
obstacle is identified by shining a red LED on its
location. Obstacles move down vertically from top to
bottom, one after another, on each red line at a random
time interval. A player’s position is shown by a shining
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Figure 8: Workspace for the hands-on exercises.
Figure 9 shows an example of a completed
electronic device called an “Electronic music
generator.” It has an eight times eight LED matrix, in
which each horizontal line corresponds to sol-fa
syllables: do, re, mi, fa, sol, la, ti, do from top to bottom.
After repeating the selection of the musical scale sixteen
times using a blue switch to select a musical scale and a
red switch to move on to the next musical scale, this
device makes sounds automatically according to the
selected musical scale information.
Figure 10 shows another example of a studentcreated device called a “Shinning sandglass.” The
student who conceived of this device often eats instant
noodles for his lunch. He thought that counting time
after pouring hot water is very important to make good
noodles. Therefore, he wanted to make a stylish
electronic sandglass by himself. This device has a
switch to select one-minute timer or three-minute timer.
It starts counting time when upon being turned upsidedown. It controls the LED display as if sand falls
during the counted time.
At the end of Stage 3, all students demonstrate and
explain their designed and implemented devices to
third-year students, who are supposed to conduct these
hands-on exercises in the next year, as is shown in
Figure 11. Fourth-year students share useful advice
with third-year students, such as their challenges and
what they deem to be important points in proceeding
from these hands-on exercises. Thus, third-year students
can prepare for the next year’s education. This
opportunity corresponds to an operation process related
to the CDIO concepts.

Figure 9: An example of an electronic device of the
hands-on exercises named “Electronic music generator”

Figure 10: Another example of an electronic device
that was created during the hands-on exercises, named
“shining sandglass”

Results and Discussion
Figure 12 shows the result of questionnaires
conducted in both 2014 and 2013 at the end of the
hands-on exercises. In response to the question, “Have
you been interested in these special hands-on
exercises?” About half of the students answered that
they were “very interested,” and more than two-thirds of
students reported that they were interested in these
hands-on exercises. They worked on them willingly
and proactively. Figure 13 also shows the result of
another question: “Do you think your ability to design
and implement something improved?” In response to
this question, more than two-thirds of students answered
“Yes.”

Figure 11: All students demonstrate and explain their
designed and implemented devices to third-year
students.
We can see from these results that doing special
hands-on exercises enables students to cultivate their
confidence in their abilities to accomplish task if they
put forth an appropriate degree of effort. The
experiences they received in finding problems or
inconvenience in their daily lives, and solving or
improving them is effective. In addition, almost all
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students prepare for their own tool box willingly as is
shown in Figure 14, though the instruction to prepare
for the tool box is not given to students. There are
various kinds of electronic components and tools in the
tool box. Students always carry them when they move
during the period of these hands-on exercises. Thus,
they are prepared to work on real-world problems.

According to a pedagogical theory (Matsuda (2013)),
cultivating students’ confidence is required in order to
motivate them to work on new challenge, such as social
implementation projects.
Therefore, it follows that
these special hands-on exercises are an effective
component of their prior education that is needed before
they conduct social implementation.

Not
interested

Summary
In this paper, we introduced special hands-on
exercises using a PIC microcomputer system. The
hands-on exercises consist of three stages. In the
second, and third stages, students repeat the CDIO
process twice. Through these hands-on exercises,
students become accustomed to independently finding
problems and to learning actively and willingly.
Performing the hands-on exercises enables students to
cultivate their confidence in their abilities to accomplish
self-directed tasks. This prepares them for working on
real-world problems. It follows that hands-on exercises
are an effective form of prior education for performing
social implementation.

Not very
interested
Interested

Very
interested
2013

2014

Figure 12: The result of a question, “Have you been
interested in these special hands-on exercises?”
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Abstract

Introduction

The Finnish government has strong belief in
digitalization. It is one of their current key action
lines. They are emphasizing especially the
digitalization of education and digital awareness and
capabilities of teachers. The strategy of Turku
University of Applied Sciences emphasizes
digitalization as part of the technical innovation
university of the future too. Excellence Center in
Digitalization in one example how we have reacted to
the strategy. Another established activity in Turku
University of Applied Sciences is Innopeda Tech Lab
which focuses on supporting faculty development in
ICT skills. This training answers to the requirements
of CDIO standards in faculty development too.
Innopeda Tech Lab is a co-effort of our university and
Microsoft. The aim of the Innopeda Tech Lab is to
promote our pedagogical approach together with upto-date digital skills. Innovation pedagogy contributes
to the development of new generations of
professionals, whose ways of producing, adopting and
utilizing knowledge make innovative thinking and
creating added value possible. The development of
new generation of professionals requires that
university staff is operating in same digital level as the
young generation. Innopeda Tech Lab is an effort to
narrow that cap between our lecturers, coaches and
students. Turku University of Applied Sciences has
introduced Office 365 environment for both staff and
students, but it seems that working with clouds and
other new tools is more natural to our students than
to our staff. Innopeda Tech Lab focuses on daily
operations with office tools, clouds, group activities
and communication tools. Innopeda Tech Lab
training have been running since autumn 2015 and a
good number of staff have participated these
trainings. Still, our university is not satisfied with the
level of digital skills among our staff and we want to
further boost this. Our university is starting a
strategic activity called “Digitalization leap” on
improving digital skills among staff. In this paper, the
Innopeda Tech Lab concept is introduced and the
Digitalization leap initiative is described and
discussed.

Digitalization is changing the world rapidly.
European Commission estimates that the digital
economy is growing at seven times the rate of the rest of
the economy. (European Commission, 2014). Education
is not isolated from this change either. Actually,
education cannot be outside of this development of
digitalization, rather it has to be inside the transform
preferable even guiding the change (Hietikko, Ilves, &
Salo, 2016). Digitalization is changing the labor markets
and affecting the demands on universities, but at the
same time the educational system is also going through
a digital transformation of its own (Top of Digital
Europe, 2015). A recent study in Finland says that
digitalization changes higher education significantly
(Elinkeinoelämän keskusliitto, 2015): a) working life
expectations are changing, because professions as
changing, b) working life expects digital skills and
awareness for knowledge creation and interpretation, c)
the concepts of information and skills are changing due
to all the time available information and d) the
expectations of students are changing when sharing
information is no longer a bottleneck. Although we see
the changes that digitalization is bringing to education,
the real contributions ICT can make to teaching and
learning are not yet fully realised and exploited (OECD,
2015). Very often the digitalization in higher education
is connected with increasing online education and
MOOC (Massive Online Open Courses). Digitalization
certainly has an effect on these areas of higher
education, but before a higher education institute can
reach these a crucial factor is the digital skills and
awareness of those producing and using these
possibilities.
Nowadays almost an unlimited number of different
digital technologies are available for teaching and
learning. There are social media tools, online games,
different applications, multimedia tools, cloud
computing and all mobile tools. Digital tools enable
different types of learning and teaching. For example,
technology can enhance experiential learning, foster
project-based and inquiry-based pedagogies, facilitate
hands-on activities and cooperative learning (OECD,
2015). Digital tools affect the pedagogies used in
teaching and learning and can result in blended learning,
virtual learning, collaboration locally and globally just

Keywords: Digitalization, Teacher’s training,
Faculty development, Innovation pedagogy, CDIO
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to name a few. Technology can be seen as supporting
element to new pedagogies that focus on learners as
active participants (OECD, 2015). In digital world
students become more like part of the learning process
and less like teaching targets (Jungner, 2015).
Digitalization is very high on every policy maker
and governments’ agenda too. OECD (2015) is urging
countries to create a convincing strategy for building
teachers’ capacity in digitalization. In Finland
digitalization is one of the key action lines of Finnish
government and it has connections to education as well
(Prime Minister's office, 2015). European Commission
(2013) highlights the importance of digital skills in their
report too: Digital skills are fundamental to an effective
use of ICT. A recent report about the influence on ICT
in the productivity and economic growth in Finland says
that Finland has good preparedness to increase
productivity and economic growth with digitalization
(Pohjola, 2014). Still, there is a strong need for
teachers’ skills in ICT, virtual teaching and learning
(Eskola-Kronqvist, Mäki-Hakola, Mäntylä, & Nikander,
2015; Prime Minister's office, 2015). This is another
skills gap that is mentioned in (European Schoolnet &
DigitalEurope, 2015) – there is a need to raise the basic
level of digital skills and everyone must be equipped
with the skills required for using digital technologies.
This is identified in the Turku University of Applied
Sciences too. Digitalization is one part of our strategy
within the future technical innovation university
(Kontio, 2015). We have seen that there is a need for
strengthening personnel skills in modern ICT-tools that
can support teaching and learning. One solution to
answer this need is the Innopeda Tech Lab. In this
paper, we first focus on faculty digital skills. After that,
we describe the theoretical backgrounds of Innopeda
Tech Lab and introduce the concept. Finally, we discuss
and conclude TUAS experiences.

Digital Europe, 2015). A Finnish study (Hietikko et al.,
2016) shows that majority of teachers see their digital
skills moderate or even weak. The digital skills they
possess mostly focuses on using the basic technology
and office software. Use of digital tools and skills to
improve learning and pedagogy is much weaker. The
same result was reported on (Morris, 2010): Teachers’
knowledge of technologies is often at a basic level.
Innovation Pedagogy with CDIO
Our pedagogical approach in the Turku University
of Applied Sciences is innovation pedagogy (Kettunen,
2011; Kontio, 2015). The objective of innovation
pedagogy, developed at the Turku University of Applied
Sciences (TUAS), is to provide the students with
innovation competences in order to enable them to
participate in innovation processes in their future
working places and develop them (T. Penttilä & Kontio,
2016). In the Faculty of Business, ICT and Chemical
Engineering of Turku University of Applied Sciences
innovation pedagogy is implemented with the CDIO
approach (CDIO, 2014a). Both innovation pedagogy
and CDIO are not new to our university rather we have
been working with them many years. Our university
joined the CDIO initiative in 2007. Still, the latest
strategy is our first that truly combines the strengths of
both. Actually innovation pedagogy and CDIO
complement each other well (Kontio, 2012; T. Penttilä
& Kontio, 2014; Taru Penttilä, Kontio, KairistoMertanen, & Mertanen, 2014). Innovation pedagogy
integrates entrepreneurship, applied research and
development, and internalization with education and
working life (Kettunen, 2011). CDIO on the other hand
emphasizes educating students with deeper working
knowledge of the technical fundamentals and educating
engineers that a capable of leading the creation and
operation of new products and systems.
The three key elements of the CDIO approach are
understanding the context of engineering education,
understanding the abilities needed by contemporary
engineers and reforming education to ensure that
students learn these abilities. (E. Crawley, Malmqvist,
Östlund, Brodeur, & Edström, 2014) The abilities are
described as a reference model in the CDIO Syllabus (E.
F. Crawley, Malmqvist, Lucas, & Brodeur, 2011) and
the education program reform guidelines are expressed
as CDIO standards (CDIO, 2014b). The CDIO syllabus
does not have direct references to digitalization, but it
does have several references to topics that can be
understood to contain issues relating digitalization too.
There are sections such as 2.5.4. Staying Current on the
World of Engineering, 4.2.3. Technical
Entrepreneurship and 4.2.6. New Technology
Development and Assessment. CDIO standards 9 and
10 focus on faculty development. Faculty digital skills
development fits well into the ideas of CDIO Standard
10. Standard 10 emphasizes actions that that enhance
faculty competence in providing integrated learning
experiences, in using active experiential learning
methods, and in assessing student learning.

Faculty digital skills
European Commission’s Digital Agenda for Europe
(2014) states that more than 90 % of professional
occupations nowadays require some ICT competence
and ICT practitioners are a key pillar of the modern
workforce across all sectors of the European economy,
with demand growing annually by 3 %. Having a future
that looks like that places pressure on education too.
Digitalization might make you think about the
technology and the tools, but like OECD report
confirms faculty pedagogical skills are still the key
success factor in good teaching and learning. The report
summarises that technology can complement teaching,
but not even a good technology can replace bad
teaching (OECD, 2015). A challenge is that education is
not entering into the digital era before our teachers
move there (Hietikko et al., 2016). Another challenge
we have is that our teachers are mostly digital
immigrants. Prensky (2001) defined digital immigrants
as those of us who were not born into the digital world
but have during their lives adopted many new
technologies. There is a need to give teachers the tools
and skills to include ICT in their teaching (Top of
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Innopeda Tech Lab

Special attention has been placed on communication
tools such as Skype for Business, Yammer and Outlook,
but also applications such as OneNote. In addition, the
concept of clouds and possibilities of them has been
explained, taught and experienced. Depending on the
group participating the training there have been
different emphasis areas. Due to the limited time
available the trainings mostly only touched the surface
of the tools and possibilities, but still the participants
have got some practical and useful hints to start working
with right away. In addition to these organized trainings
group of teachers started a self-study group to learn the
features and possibilities of OneNote.
Through Innopeda Tech Lab piloting new
technologies in teaching have been tested and new
models to utilize technology in learning and teaching
have been introduced. Our students started with
Office365 earlier than our personnel and this possibility
has been utilized with several pilot groups, courses and
modules. All students have been encouraged to use
online Office applications, Skype for Business
messaging and OneDrive cloud. One group of Business
students has tested especially OneDrive as a common
working area for sharing documents with fellow
students and their teachers too. One course in
Healthcare program was taken strongly towards raising
the digital awareness and gaining experience on
Office365 tools while learning the actual topic. A
collaborative learning task has been introduced and
piloted in OneNote Online and feedback on the
experiences and needed guidance has been collected.
Skype for Business has been introduced as a possible
thesis guidance tool both in Business and Healthcare
programs. Skype for Business and shared folders have
also been used as a tutoring tool both for individual and
group tutoring.

First step towards Innopeda Tech Lab was taken in
the autumn of 2014 together with Microsoft. They had a
learning environment – The Microsoft Customer
Immersion Experience – for their updated tools where
interested companies could come and learn upcoming
new features and tools in a hands-on introduction
workshop running in a simulated company environment.
After this workshop, we started planning a similar kind
of learning environment, but targeted to public
organizations and especially to education sector. We
had special interest to this since our university was
moving to Office365 solutions and we understood the
need to organize trainings to our personnel. This
learning environment was named Innopeda Tech Lab Laboratory for Innovation Pedagogy and Pedagogical
Technologies. The aim of the Innopeda Tech Lab is to
promote our pedagogical approach together with up-todate digital skills. The goals we defined at the beginning
were following:
1. Development new models of learning – make
technology support learning and teaching
2. Pilot new technologies in teaching
3. Train teachers to new technologies and digital
skills.
At the beginning Microsoft participated actively in
the planning and creation of the Innopeda Tech Lab.
They offered valuable insights and help in the startup
phase. Nowadays when we have activities running
Microsoft has stepped backwards, but is still helping for
example in our trainers’ education.
We can describe Innopeda Tech Lab as a training
and learning environment which focuses on supporting
faculty development in ICT skills. It is our effort to
narrow that cap between our lecturers, coaches and
students. Innopeda Tech Lab is a physical and virtual
environment. We have physical room equipped with upto-date tools such as personal computers, tablets and
mobile phones, but at the same time we have a cloud
based virtual environment to simulate the new
possibilities of digital technologies and tools. The
technical environment is separate from the “production
environment” of our university and it is a little more
versatile Office365 environment with some additional
tools available that we have not taken into active use
yet. This simulation environment has independent user
accounts and profiles which encourage the participants
to test and try different features and tools without being
afraid of mixing up their active user accounts. Innopeda
Tech Lab focuses on daily operations with office tools,
clouds, group activities and communication tools.
Innopeda Tech Lab trainings have been running since
autumn 2015 and during the first year several activities
have been carried out to answer the goals we defined at
the beginning.
Innopeda Tech Lab has arranged a good number of
training sessions and thus we have improved the digital
skills of our personnel. A typical training session last
three to four hours and it can take around 15
participants. The trainings have so far focused mainly
on the new O365 environment and the tools it provides.

Discussion
Turku University of Applied Sciences has recognized
the need to improve digital skills among the faculties.
Innopeda Tech Lab was our first very concrete reaction
to the identified gap of our digital immigrants, our
personnel. Innopeda Tech Lab has trained a good number
of our personnel, but we have seen that this training is not
enough. One identified challenge has been that the skill
level of our personnel has quite high variance. Innopeda
Tech Lab started partly to introduce the new technologies
to our university personnel, but as important or even
more important factor is the changing role of working life
and requirements there. For example, we should be able
to work from anywhere, we should be able to work
together and share ideas easily, information should
always be available in one place and we can join
meetings online.
Introduction of Onedrive has decreased the number of
papers moving between students and teachers too.
Sharing documents online has proved the power and
possibilities it has although we had some technical
problems with configurations at the beginning. In
addition, we see that some short communication has
moved from email to Skype fro Business. Furthermore
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online meetings are nowadays a reality and increased
number of online meetings are held. Personnel have
learned to ask for an online possibility which has
influenced positively to our travel costs and it has also
saved some time for them. Online meetings have had
some challenges too. Typical challenges have related to
the poor network connection and voice coverage, but we
are all the time learning in here as well. Another problem
at the beginning was that we couldn't invite people
outside our university to join Skype for Business
meetings.
The simulation environment we have used so far has
independent user account and profiles needed in place,
but what should still be improved are the use cases that
can really help the participants to realize the possibilities
of these digital tools. The tools that we are offering in our
university Office365 package are shown in Figure 1.

for our personnel, but at the same time we are creating
modules in digitalization for our students too.
Together with the training program we are
introducing general principles of enhancing digitalization
in daily activities of our university. Several principles
have been discussed, but these are not confirmed at the
moment. Some of the principles discussed are:
- aiming for a paperless office
- all TUAS personnel use of Outlook calendars
- active and versatile use of smartphones
- always provide a possibility to join a meeting
online
- sharing and working with documents online.
In addition, we are working with our information
architecture consisting of technologies, networks and
information systems.
Conclusions
Digital skills are essential in nowadays working life
and higher education is transforming as the reports cited
earlier in this paper have shown. The steps we have taken
in Turku University of Applied Sciences have moved us
in the right direction, but we still have quite a long way
to go. Innopeda Tech Lab is a wonderful concept, but we
should have put much more effort and time to reach wider
change in the digital skills of our personnel.
Digitalization is part of our strategy, but we did not fully
connect Innopeda Tech Lab there. We had it there, but it
has been mostly dependent on the personnel's own
interest to join the trainings. Innopeda Tech Lab should
have been made a mandatory part of personnel training
and development. With the latest initiative,
“Digitalization Leap“, we are hopefully getting the right
emphasis and attention to the digital skills of TUAS
personnel. Maybe with our activities and support our
personnel become so fluent in digital skills that we can
forget speaking about digital immigrants rather we can
just ne proud of their digital skills.
This paper has described one case study which shows
how an university has started to improve the digital skills
of their personnel. This case has shown that it is not a
simple task rather it requires time and effort. Based on
our experience we strongly encourage other higher
education institutes to take steps to bridge the digital
skills gap if no activities have yet been taken.

Figure 1. Office365 tools in use in TUAS.

Although the awareness of technology possibilities
and practical skills in using the tools has clearly
improved, it has become clear that we need more goaloriented and better planned training to answer the
challenges presented earlier in this paper. Therefore a
new training program, “Digitalization leap”, has been
proposed in the Spring of 2016. The aim of this new
training program is to raise the awareness of
opportunities with selected technologies and improve the
digital skills of personnel. This training program will
hopefully shift TUAS personnel into the next level in
digital skills. This program has three modules starting
from different level of skills and competences of the
participants. The program is going to start in the autumn
of 2016 and will continue along with our other personnel
development training. The training program is targeted
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Abstract

program (JABEE) and it is evaluated from this
organization formally.
Keywords: Creative Engineering, cross-departmental,
preliminary step of graduation research, Japanese
Accreditation Board for Engineering Education
program (JABEE)

Since 2000, the education program “Creative
Engineering” has been set in National Institute of
Technology, SUZUKA college (NIT SUZUKA
college). The purpose for the course was to switch on
students to be creative as well as productive-oriented,
so that they would play important roles as creative
engineer in the 21st century. We aimed to cultivate
them, so that each of them could create brand-new
values in the future. Before this program started
there were some classes for creative education in our
college, such as Problem Based Learning, Project
Based Learning, Team Based Learning. However,
they were just fundamental and small scale trials by
some individual teachers and most of them were
carried out as elective class or subject. On the other
hand, our country and industries were standing at a
crossroad where we were trying to change our
scientific and engineering attitude and mindset from
catchup-type to value-creative one. Those needs of
times combined with the new trials, and the brandnew programs for the whole of our college was
established 2003. Our Creative Engineering Classes
have two unprecedented characteristics mainly. #1:
They are compulsory courses for all 4th graders and
cross-departmental at the same time. #2: The classes
are open for them at the same time frame. Students
are divided to each small group to design, evaluate,
set and solve problems by themselves. Teachers play
the role of adviser, coach and supporter. In recent
years, retired engineers who experienced Core
Manufacturing Technology (MONODUKURI) have
been invited as adjunct teachers. The theme and
content differ from department to department, such
as creating devices and machines, programming,
improving elemental technologies etc. However,
students can acquire same abilities, such as
application, self-solving, presentation, report
creating. Their abilities and results are evaluated by
interim and final reports and presentations.
Furthermore, the final outcomes are disclosed to
public at school festival (KOSEN-SAI). Creative
Engineering has been the important preliminary step
for 5th graders’ graduation research activities, so
that they would be more effective higher qualitative.
This program meets the standard of the Japanese
Accreditation Board for Engineering Education

Introduction
National Institute of Technology, KOSEN, was
founded in 1962, in response to the strong demand from
the industrial world for engineers to support Japan
through its period of high economic growth starting in
the mid 1950's, and to make contribution to further
development of science and technology1). Since then,
the requirement for many professional jobs has been
changing. Concretely speaking, highly advanced
knowledge  skills and interpersonal services
emphasizing personality indicating highly professional
human resources were needed in industrial world as
Core Manufacturing Technology “MONOZUKURI”.
From this background, KOSEN’s education had to be
reformed, inevitably. In 1991, students who completed
of associate degree program could be awarded as
associate degree, and advanced course was installed.
Since then, KOSEN students entering advanced courses
have been able to get bachelor degrees, when they pass
an examination given by the National Institution for
Academic Degrees and University Evaluation after their
completion of advanced course students2). The reason
for these educational reforms, should be attributed to
that the industrial society requires KOSEN graduates
problem solving skills and design ones in addition of
conventional technical ones. From the viewpoint,
traditional classes, such as catch-up type lectures and
experiments, were difficult to develop the human
resources who were required from industrial world. Of
course in NIT SUZUKA college, there were some
classes for creative education3,4). However, there were
just fundamental and small scale trials by some
individual teachers. Therefore, a completely different
curriculum system was needed to realize more higher
and full scale creative engineering education. Although
graduation research belongs to the category, it had been
provided the final associate graders only in one year.
Therefore, new class which was able to foster the
creative engineer were set at 4th grade as “Creative
Engineering”. In this report, we introduce to content and
the result of “Creative Engineering”.
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Materials and Methods or pedagogy

Table 1 Knowledges and Abilities can be learned.

㻌

・ Students can recognize the matters which they
should prepare, and they can learn continuously.
・Students can grasp the problems to be solved, and
they can learn to the solution autonomously.
・Students can proceed strategically challenges aware
of the goals of the theme.
・ Students can be innovation and ingenuity in the
process of advancing the theme by yourself.
・Students can make the announcement, which was
devised and easy to understand, and they can
discuss accurately in interim and final reports and
presentations.
・Students can report logically.

“Creative Engineering” has two properties,
#1: They are compulsory courses for all 4th graders and
cross-departmental at the same time. #2: The classes are
open for them at the same time frame. The reason of #1
could be attributed to that the 4th grade students have
basically abilities, since they already have experiences
many professional lectures and experiments. In addition,
“Creative Engineering” could serve as preliminary step
of graduation research. Therefore, some important
educational tools, Problem Based Learning, Project
Based Learning, Team Based Learning, can be used at
more advanced level. The reason of #2 could be
attributed to that all department students can take part in
interdisciplinary area project such as Robot competition
(ROBOCON), Design competition, Eco-Car project.
These educational projects will be reported at another
opportunity.
The purpose of “Creative Engineering” is
described in syllabus as “Students should solve
problems and projects which are established by teachers
or themselves, and find solutions by experiments.
Students should cultivate and improve engineer’s pride
(motivation, passion, challenging spirit, etc.), and they
should acquire abilities, such as planning, application,
5)
self-solving, presentation, report creating” . Table 1
shows knowledges and abilities that can be learned by
this class. These abilities and knowledges meet the
standard of Japanese Accreditation Board for
6)
Engineering Education (JABEE) program . “Creative
Engineering” has 180 minutes each time and it
continues for 15 weeks. The 1st week is the guidance,
and teachers explain about the contents of “Creative
Engineering”. Then students select theme and they are
divided to small groups. Next, students discuss and
hypothesize solution of theme’s problem (Figure 1 (a)),
and they start to solve and improve the problem of
theme (Figure 2 (b). Teachers play the role of adviser,
coach and supporter. For example, they teach how to
use the instrument and make clear everything about the
problems (Figure 1 (C)). In recent years, retired
engineers who have already experienced Core
Manufacturing Technology (MONODUKURI) have
been invited as adjunct teachers. The theme and content
differ from teacher to teacher and department to
department, as for creating devices and machines,
programming, improving elemental technologies etc.
The contents of each department are introduced.

㻌

㻌

㻌

㻌

㻌

㻌

(a) Discussion.

(b) Approach.

(c) Support.

・Department of Mechanical Engineering
Mechanical Engineering students create
electromechanical game machines and demonstrate
them at School festival. In our class, students learn to
take priority of customer satisfaction (CS) of visitors
and acquire skills in fabricating machines which should
work two days without breaking down. In designing
machines, we attach importance to proper difficulty,
easily understandable rule and safety, taking into
consideration the fact that a wide age range of visitors
stay shortly to see the performance. Students learn in

Figure 1 Scenes of Creative Engineering.
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Dept. ME

2D games development by game development platform
Dept. EE&E

Dept. E&IE

Dept. MS&E

Figure 2 Scenes of each department.
groups of two to five the whole process: they discuss
ideas, build design specifications, design roughly and
then in detail, purchase materials, machine parts,
assemble parts, make parts adjusted, operate the
machine and dispose of the waste. They use 3D-CAD:
SolidWorks for designing. School festival is an ideal
opportunity for students to listen to users’ opinions
directly through the operation of machines that they
developed by themselves. They learn one of the
pleasures of designing machines when they see people
enjoy their performance as well as difficulties. They
learn also how to handle the problems that they could
experience in the actual work place.

(e.g. Unity, Android studio, Swift), Wireless
communication system and the instrumentation and
control system by credit-card sized computer
(Raspberry Pi) etc. Students create using the
brainstorming ideas of their device. Figure 2 shows that
electric wheelchair by microcontroller module. It is
unique that was used trackball as an operation method.
The students were studying their own the electronic
circuit fabrication, the microcontroller motor control
and its control program.
・Department of Chemistry and Biochemistry
In the Department of Chemistry and
Biochemistry (Dept. C&B), the students are working on
the themes originated with themselves or their
supervisors. The subjects listed in 2013 are as follows;
new proposal for the preparation and application
methods of photo-catalysts, fabrication of liquid crystal
coaster, environmental analysis on the mudflat, dynamic
nano-structural model for understanding the functions
and the structures of microbes, production of ecological
paper, web-site creation for the studies of organic
reaction mechanisms, fabrication of airship, swimming
power measurement using simplified apparatus. Here,
the subject of “environmental analysis on the mudflat”
7)
(Yamaguchi et. al., 2014) has been briefly introduced .
There are three educational purposes intended by the
staffs. First, the subject is suitable for the
encouragement of autonomous learning of the students
because they are interested in the chemical and
biological analyses, environmental issues, and so on.
Second, they will understand that the knowledges and
techniques learned in the classes, such as titration,
absorption photometer, and so on, can be also used
practically. Third, the practice program will cover
chemistry, biology, and environmental science, which
are the educational and research topics of the
department. The main topic of this subject is the

(b)Department of Electrical and Electronic
Engineering
Department of Electrical and Electronic (Dept.
EE&E) students manufacture machines system and
game programs, in order to raise recognition and
familiarity for Electronics. The Electronics from power
electronic to control and signal circuit is very widely
fields, such as programing, electronic circuit,
semiconductor devices and communication system. At
school festival, they demonstrated the shooting game
which is body-sensitive game by vibration and sound.
The concept was “Providing game abundant in
ambiance by feeding back the result of game proceeding
or the result of actions by a player to the player in a
more real manner.” The machine was designed by 3DCAD system, and processed by a laser processing
technique.
(c)Department of Electronic and Information
Engineering
The students in department of Electronic and
Information Engineering (Dept. E&IE) develop a device
using information engineering, electronic control, and
the integration of those technologies, such as electric
control by microcontroller (e.g. Arduino, AVR), 3D and
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environmental analysis on the mudflat near the mouth of
Tanaka River in Mie, that is, identification and
quantification of inhabited
animals
(2012),
examinations of water (2012), sediment microbial fuel
cell (sediment MFC) using the mud on this mudflat
(2013) and discussion of the relationship between
them. It has been found that different kinds of crabs in
this mudflat should have different environmental
preference, the amount of phosphate in the mud and the
distribution of inhabited animals show a certain degree
of correlation, negative electrode potential of sediment
MFC should be strongly affected by both the amount of
microbes and sulfite ions in the mud, and so on. The
questionnaires for the students in 2012 reveal that three
educational purposes intended by the staffs shown
above should be accomplished in general.

(a) Presentation.

(b) Demonstrate in school festival.

・Department of Materials Science and Engineering
The students in department of Material Science
and Engineering (Dept. MS&E) created processing,
devises
and
manufacture,
utilizing
material
characteristics, such as colourful mirror by metallic
process, synthesis of jewel, Fuel Cell, Solar Cell etc.
Students measured performances of devises and
evaluated material properties by some analytical
instruments. Figure 2 shows that students extracted dye
from vegetables and plants. They evaluated cell
performance from dye absorption and tried to fabricate
Dye Sensitized Solar Cell (DSSC) having high
performance and design. DSSC could be fabricated very
easily. On the other hand, it was suitable for the
teaching materials, since it could incorporate some
academic elements, such as Electrochemistry,
photochemistry, physical chemistry etc. In this case,
they found an efficient extraction method of the dye,
and investigated the relationship between the colour
change and solar cell characteristics due to pH. They
manufactured the Future Eco-House model and
demonstrated these results at our school festival, and
they exerted a powerful appeal to the importance of
energy for visitors.

Figure 3 Scenes of presentation and demonstration.
who do not have expert knowledges. Therefore, higher
level of the presentation skills is needed for students,
since it is very difficult for them to talk in front of
students and teachers who have expert knowledges. This
experience should lead to graduation research and job
interview at 5th grade. Especially at job interview, the
experience should work well when they would write
their resume etc.
Furthermore, from the results of the
questionnaire, it is found that the students can recognize
by their own that their abilities could be improved.
Figure 4 shows that result of questionnaire last year.
Most of students could answer that their abilities have
been improved such as techniques, knowledges,
improved problem-solving skills, presentation skills,
cooperativeness and motivation. We think about that
purpose of Active Learning, such as Problem Based
Learning, Project Based Learning, Team Based
Learning,
enhance
self-learning
motivation,
improvement of performances and recognize these
factors by student themselves. From these result, we
can conclude that our original aim and goal should be
achieved sufficiently by Creative Engineering.

Results and Discussion
Abilities
and
results
obtained
through ”Creative Engineering” are evaluated by
interim and final reports and presentations. Figure 3 (a)
shows the scene of presentation. They generally share
the presentation in group, and make announcements at 2
to 3 minutes for each presentation. Students should talk
their original ideas and call attention with their results to
the audience in a certain presentation time. As a result
of such trial and error, it leads to improvement of their
presentation capabilities. Other students diligently listen
to the presentation by other students. And not only
teachers but also students join discussions in question
and answers time positively. In addition to these
evaluations, the final outcomes are disclosed to public at
school festival. Figure 3(b) shows the scene of school
festival exhibition. In school festival exhibition,
students should explain their result for general visitors

Conclusions
About 15 years have passed, since the
education program “Creative Engineering” has been set
in NIT SUZUKA college. The purpose for the course
was to switch on students to be creative as well as
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Q.(A)

Q.(B)

Q.(C)

Q.(D)

(A) Did you get the skills, knowledges and voluntarily learn attitude?
(B) Did you improved problem-solving skills and presentation skills?
(C) Did you learn the importance attached to the roles yourself and cooperation of the members in the group?
(D) Did you try to actively understand the contents of your theme?
Answer is (a):Excellent, (b):Great, (c):Good, (d):Not so good, (e): Bad, and number is the number of
respondents.
Figure 4 The result of questionnaire to students who have been taken “Creative Engineering” in last year.
productive-oriented, so that they could play important
roles as creative engineer in the 21st century. More than
2,500 students completed the this program alraedy, and
they are already active as enginieer in domestically and
overseas of universities and companies where are
needed to “MONODUKURI”. We wish the graduates
and the future graduates be continued success and
prosperity, and we will challenge to active learning
education that students are satisfied and improved.
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Abstract

a corporate university under CP All PLC., is one of the
private higher education institutions with 9 Faculty and
one international college. PIM was first established in
order to provide higher continuing education for the
Diploma students form Panya Technology College
(PTC) also owned by CP All PLC. So, there were
initially only Faculty of Business Administration and
Faculty of Management Science with about 500
students and 50 staff. The concept of work-based study
has been experimented successfully in PTC and has
since refined and continuously improved with the
application of the DJT Model and quality management
system in PIM.

The curriculum of engineering education in Thailand
is regulated by the Office of the Higher Education
Committee, the Engineering Council, and the Dean of
the Faculty of Engineering Meeting. The 4-year
curriculum consists of about 140-145 credits with
general education, basic of engineering, engineering
core courses, free electives, and about 3-6 credits of
engineering practices. Recent report from the education
reform committee stated that, 3 to 4 students out of 10
high school graduated entering the university education.
Finally, only one out of these 3 or 4 graduated could get
a job after graduation. General survey from private
sector indicated that almost all of these graduated
needed to be trained for at least 6 months to 1 year
before they would be ready to work as full time staff.
Panyapiwat Institute of Management or PIM, one of a
few corporate universities in Thailand, employs a new
model called DJT with Work-Based Learning or WBL
methodology for all our students including the
engineering ones. Out of 48-week courses, students
attend 30 weeks of lecture and laboratory practices with
18 weeks of practices in the private sectors. There are 3
classes of engineering graduated since the year 2012
with 100% job placement. On the other hand, ThaiNichi Institute of Technology or TNI, employs the
Monozukuri Education concept modeled after Japanese
practical way of education. The DJT model and
Monozukuri Education application to university study
and the appropriateness for the present and future
engineering education will be discussed in detail
comparative study.

Historical Background
Panyapiwat Institute of Management or PIM is
founded with the funding from Sueksapiwat Company
Limited, a subsidiary of CP All PLC. CP All PLC is a
distribution arm of Charoen Pokaphand (CP) Group, a
global conglomerate based in Thailand with operation
and investment in agribusiness, distribution, and
telecommunication. On March 9, 2007, PIM was
granted the permission and license for the establishment
of Private University (License N0.4/2550) by the
Ministry of Education through the Office of Higher
Education Commission and has since been operating as
a higher education institution, offering fully accredited
bachelor’s and master’s degree programs since June 1,
2007 and a doctoral degree program since October 1,
2012. [1] The university is located at Nonthaburi, a
province north of Bangkok with the area of about 1.8
hectare. PIM has been expanded year by year from two
Faculties in 2007 to 9 Faculty and one International
College, from 500 to over 10,000 students and from 50
to 500 staff in 2016. There are twelve administrative
units of which the six major units to provide supports
and services to students. These are the Office of
Educational Promotion, the Office of Student Affair, the
Office of Information Technology, the Office of Arts
and Cultural Promotion, the Office of Student
Development, and the Office of Organizational
Communication. There are an administrative building, a
multi-purpose building, and a 15-floor CP All Academy

Keywords: work-based learning, monozukuri
education
Introduction
There are 84 National or government supported
university, institutes and/or colleges in Thailand. The
private university, colleges, or institutes are about 34.
Out of these nearly 130 units, 34 have a Faculty of
Engineering for both undergraduate and graduate
program. Panyapiwat Institute of Management or PIM,
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building for lecture rooms, laboratories, faculty staff
offices, meeting rooms, library, and canteen. The P in
PIM came from Panyapiwat which means prosperity of
intellect, characterized by academic and moral
excellence. The philosophy of PIM is “Education is the
Matrix of Intellect” focusing on Practicality. Innovation
and Morality. The motto of PIM is “Create
Professionals by Professional.
The vision of PIM is that it is aspired “To be
Thailand’s leading institution of higher education in
retail, management, and technology that focus on
learning through experience and creating innovation. To
realize this vision, there are 5 items in the mission,
namely,
1.
To provide quality work-based learning
programs and produce graduates with requisite
knowledge, skills, and competency sought by
employers.
2.
To produce high quality research in various
fields of study and develop new bodies of knowledge
and creative innovations for the betterment of the
Institute, Society, and the Country.
3.
To provide academic services to businesses,
communities, society, and the country.
4.
To protect, preserve, and promote the arts and
culture of Thailand and foster cross-cultural
understanding and exchange.
5.
To enhance organizational capacity to increase
efficiency
and
effectiveness
and
strengthen
competitiveness to ensure sustainable growth and
workplace happiness.
“Work-Based Learning” or WBL at PIM is a system
that supports and inspires students’ growth in all aspects
through a combination of classroom and workplace
training together with opportunities to cultivate a wide
range of skills including social competencies, life skills,
and higher-order thinking skills. These combinations of
grown-up skills exhibited the strong identity of PIM’s
graduates.
Thai-Nichi Institute of Technology or TNI is founded
with the funding from Technological Promotion
Association (Thailand-Japan) or TPA. [2] The
permission and license were granted on September 29,
2006 and the education program was started from the
educational year 2007, the same period as PIM. The
institute is located at Pattanakarn Road in the eastern of
Bangkok Metropolitan. There are three main buildings
housing administrative and faculty offices, library, and
fully equipped learning and research laboratories. As the
offspring of TPA, whose philosophy is “Dissemination
of academic knowledge to create the bases of economy,
the philosophy of TNI is “Development of academic
knowledge and supporting the industry to contribute for
economic and social well-being”. The vision of TNI is
that it is aspired “To be the leading private university in
technology and management science focusing on
communication skill with strong domestic and overseas
networks, to achieve academic excellent and application,
and to be a center of knowledge dissemination to the

society”. To realize this vision, there are 5 items in the
mission, namely,
1.
To provide higher professional education
program corresponding to the demand of business and
industrial sectors with focusing on academic excellent,
practicality, and actual application.
2.
To foster students with knowledge and
integrity, requisite knowledge, responsibility, and social
awareness.
3.
To produce research, creativity, technology
development, and new knowledge that supports the
education and the development of business and industry.
4.
To disseminate advanced knowledge and
technology contributing to the creation of
competitiveness in business and industry.
5.
To protect, preserve, and promote the arts and
culture of Thailand and foster cross-cultural
understanding and exchange.
The Bachelor Degree program consist of three
faculties, namely , Engineering; Information
Technology; and Management. The Master Degree
program consists of 5 programs, namely, Engineering
Technology; Information Technology; Industrial
Management; Executive Enterprise Management; and
Japanese Business Administration. The Faculty of
Engineering offers 5 fields of undergraduate study, i.e.,
Automotive Engineering (AE), Production Engineering
(PE), Computer Engineering (CE), Industrial
Engineering (IE), and Electrical Engineering (EE) with
one Master Program in Engineering Technology (MET).
As of 2016, there are about 500 faculty staffs and 4000
students. The strong relationship between TPA, the
mother organization, with the Japanese public and
private sectors, resulted in the strong support from
overseas and domestic Japanese organizations. For
example, the Japan Chamber of Commerce provides a
number of scholarships for students. The networking
with several Japanese university paving the way for
sending students for internship in Japan too.
DJT Model with Work-Based Learning
Work-Based Learning at PIM based on the DJT
model of education uniquely created and refined over
the year through quality management system of PDCA
or Plan-Do-Check-Action. Each letter in the DJT came
from the name of a country that exhibit uniqueness of
working and living style. It came from Deutsche Japan
Thailand Business Model. Though PIM based its
education system mainly on German or Deutsche’s
Work-Based Learning, the system has been modified by
combining the strength of Japan and Thailand together.
PIM believes that this combination could create
appropriated body of knowledge and thus, qualified and
well-trained graduates for the country.
D for Deutsche or German is a country that excels in
fostering human resources through Work-Based
Learning, continuously pursuing innovation, best
practitioner of productivity improvement and
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perfectionism.
J for Japan is one of most industrious nations, excels in
marketability, cultivation and application of information,
and continuous development of technology.
T for Thailand is a country with creativity, flexibility,
and relaxation culture. [3]

Thailand.
Components and indicators for internal quality
assurance shall be developed based on the Manual
for Internal Quality Assurance in Higher Education.
4. The Institute shall set up its own quality assurance
agency to be responsible for internal quality
assurance.
5. Each academic and administrative unit shall
appoint a responsible person for internal quality
assurance tasked with coordination and preparation
of annual reports to be submitted for review by the
Institute to measure the progress achieved against
the internal quality assurance components and
indicators established. The results of internal
quality assurance assessment are to be
communicated to the Institute’s executives in each
academic and administrative unit to carry out
further and continuous improvement.
The Faculty of Engineering and Technology or ET is
the third faculty established at PIM. In 2009, the faculty
offered only one degree program in information
technology (IT) and was known as the Faculty of
Science and Technology. With the launch of two new
degree programs in computer engineering (CPE) and
industrial engineering (IE) in 2011, the faculty’s name
was changed to its current name. In 2014, the faculty
launched two new degree programs in automotive
manufacturing engineering (AME) and master degree
program in information technology (MSIT). As of
present, there are 4 bachelor degree and 1 master degree
programs. There are 30 teaching staffs and 14
administrative staffs with about 400 undergraduate
degree students and 4 master degree students. Similar to
all other faculty, the curriculum of the ET consists of
both coursework and internship or professional
development program over the 4-year period. The ratio
between coursework and internship is 60% to 40% or 30
months of coursework and 18 months of internship.
Total credits for every engineering undergraduate
program are about 140 with roughly 20 to 25 credits for
internship. In contrast, the engineering curriculum for
other university in Thailand consists mainly of
coursework with only 1 month for internship in ordinary
program or 3 to 6 months of internship for cooperative
program. Study and/or internship periods in PIM are
organized as 2 block courses per one semester. So, PIM
student will have a very short vacation period, about a
week between each block. This is a major reason why
PIM could provide longer time for internship for the
student. Table 1 shows study and internship plan for the
ET student.
3.

Monozukuri Education
TNI employs the Japanese Monozukuri ways of
education in the curriculum. The principle values of
TNI consists of 6 items, namely,
1.
Monozukuri …..ability to think and make.
2.
Kaizen…….. continuous improvement
3.
Hansei……self-reflection
4.
Honest …loyalty and integrity
5.
Respect….oneself and others
6.
Public-Interest
Conscious…awareness
of
common interests.
The Monozukuri ways of education emphasizes the
important of Professional Competency, Language
Competency, Basic Management Skills, and Basic
Skills for Society Members.
Quality Assurance System
No matter what kinds of model applied in the work
processes, quality assurance system is a crucial factor to
continuously deliver the best outputs and outcomes.
Establishing and implementing an effective system for
quality assurance has been a priority for PIM in order
to:1.
Assure the public confidence in the academic
standards and quality of academic program offered by
the Institute;
2.
Ensure that the Institute’s academic standards
and quality of graduates are recognized by society;
3.
Assure standards and quality in every aspect of
the core missions of the Institute including research,
provision of academic services to society and promotion
of the arts and cultural heritage.
To enhance the Institute’s educational service quality,
PIM Internal Quality Assurance Regulation B.E. 2556
has been developed based on the quality assurance
framework established by the National Education Act of
B.E. 2542 (1999) and Amendments (Second National
Education Act B.E. 2545 (2002) and the Ministerial
Regulation on System, Criteria and Methods for Internal
Quality Assurance in Higher Education B.E. 2546
(2003) and promulgated and adopted by all Institute’s
academic and administrative units.
The Internal Quality Assurance System and
Mechanisms specified that:1. The Internal Quality Assurance Board shall be
appointed by the Institute to oversee institutional
quality assurance.
2. The Institute’s internal quality system shall be
established in a structured and continuous manner
in line with the spirit and educational standards of

Table 1 Study and Internship Plan for ET student
Y1

S:12 W

S:12W

B

S:12W

P:13W

B

Y2

S:12W

S:12W

B

P:12W

S:12W

B

Y3

S:12W

S:12W

B

S:12W

P:1W3
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Y4

external party, namely, representative of an alliance
company. The agenda consists of apprentices and/or
internship period, detail of project work, expected
outcomes, scoring scheme and responsible evaluators
from each party, student’s per diem (if any),
accommodation and transportation (if applicable). The
score is distributed among the project accomplishment,
written report, and oral presentation. The outcomes of
the final presentation at the end of the fourth year are
one of the most important factors for graduation.

P:12W P:26W
Y= Year, S=Study, P=Practices W=Week, B=Break
Internship plan for ET student of PIM and
engineering student of TNI
As can be seen from Table 1, there is internship or
professional development period in every academic year
for ET student of PIM . The detail plan is:Year 1 – 3-month of training at a 7-Eleven store to
develop service mind, creative thinking skill, and to
learn the store technology system.
Year 2- 3-month internship in student’s chosen area of
study.
Year 3- 3-month internship to strengthen work
competencies and problem solving skills.
Year 4- 9-month of professional placement. [4]
CP All PLC owned an exclusive license to operate 7Eleven convenience stores in Thailand so that PIM
could organize the stores as initial training sites for all
of its students. For the second to fourth year students,
network of alliances company has been built over the
past 8 years for professional training sites. So, from the
second year, the IT and CPE students could practice as
programmer, system engineer, or documentation
specialist in a software house. The IE students could be
trained in logistic, environment, or production
management in manufacturing plants. The AME
students could be trained in assembly lines, parts
production, or service centers.
To create professional awareness and real life
working situation, Project-Based Learning is applied
over the whole internship period. Students would work
individually or with group of partners to submit
proposals of work place or process improvement in the
first year. For the second year, the project will be more
focus on corresponded area of their study and report on
implementation is required. The third and fourth year
projects will be more comprehensive as a senior
graduation project.
The internship or professional development program
for the engineering student of TNI can be divided into
two categories. About 30% of the students enter into the
2-month summer apprentices program with the private
sector. Another 70% enter into the so-called 4-month
co-operative internship program, also with the private
sector, during the fourth year semesters. Project-Based
Learning in the same manner as PIM student is also
applied over the whole apprentices or internship
program. [5]

Results and Discussion
The graduate number from ET of PIM between
academic year 2012 to 2015 are 18 (IT), 28 (IT), 61 (16
CPE, 26 IE, 19 IT), and 76 (27 CPE, 21 IE, 28 IT)
respectively, totally 183 persons. Immediately after
graduation, 112 persons has been employed by
companies outside CP group or established their own
business, 69 persons by CP and Subsidiaries Company
and 2 persons decided to continue studying for Master
Degree. Under the global economic recession situation,
these nearly 100% employment of the graduated
reflected the strong demand for the “ready-to-work”
graduates with minimum training required in the
workplace.
The graduate data from TNI between academic year
2012 to 2015 compared to 2 nd year student are 63% for
AE, 64% for PE, 61% for CPE, and 48% for IE and
30% for MET. With the exception of IE graduated in
which the data is under collection, 100% of the
graduated from TNI were employed immediately after
graduation.
In addition to the internal quality assurance of the
institution, the Office of Higher Education annually
performs third party surveillance audit as internal
quality assessment. Then every 4-year period, the Office
of Academic Standard would perform third party
surveillance audit as external quality assessment. The
internal quality assessment has been done since 2010.
ET of PIM achieved the score of 4.42 in 2010, 4.65 in
2011 and 4.81 in 2012 out of the full score of 5. The
score over 4.5 signified the very good level. As for the
round 3 external quality assessment done in the year
2014, ET achieved the highest score of 4.67 out of 5
among all Faculty of PIM. The average score for overall
institution was 4.52. So, ET achieved very good level
for both internal and external quality assessment by
third party. [6]
In case of TNI, users of graduated assigned the
evaluation score (out of 5) as 4.13 for AE, 3.97 for PE,
and 4.03 for CE.
Since the industrial revolution, the speed of change
in the private sector, the user side of human resources, is
getting higher and higher year by year. Meanwhile, the
change in educational institution is still very slow. For
example, it would generally takes about 3 to 4 years to
change the curriculum in the higher educational
institution. Needless to say that, the curriculum

Evaluation of Professional Development
Generally speaking for both PIM and TNI, the
apprentices and/or internship program for student
begins with the discussions among two internal parties,
namely, the student’s academic advisor, representative
from the Office of the Student Development, and one
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including the teaching and learning practices rarely
reflected the up-to-date situation in the private sector.
So, for the countries like Germany and Japan, internship
program and closely collaboration between university
and private sector are the keys to success in fostering
qualified and well-trained human resources to satisfy
the immediate needs of the user side. As a corporate
university under one of a global conglomerate, PIM
realized the significant roles of Work-Based learning to
provide best quality graduate corresponded to the needs
of the private sector.
The DJT Model with Work-Based Learning has been
created, modified, and continuously refined over the
past 8 years through internal and external quality
assurance system and PDCA cycle. The main ingredient
of the model is the internship program or professional
development plan. Detail planning between internal
units and alliance companies, couple with annual
internship period resulted in “ready-to-work” graduates
with 100% employment right after graduation.
The initial 12-week training at 7-Eleven convenient
stores provides significant character development and
basic understanding of working culture to the student.
Lack of communication skill in almost all technical
students could be alleviated by conversation practices
with roughly 400 customers during each working shift.
Instill of discipline during internship is done through the
system of three-shift work. Student has to be on time for
their shift. Dedication to the duty is also instilled as the
student has to stay in the store after the shift ended to
transfer the duty to the person who works in the next
shift. Student is also trained to be honest as they must be
responsible for all the money received from the
customers. Last but not least, working in the store with
hourly wages would help student to fully realize the
hardship of earning their own money. After this 12week internship, the thinking and manner of the
students are remarkably changed from just a learner to a
real practitioner and from childhood to adulthood.
Consecutive training for another 15 months over the
next three years will further hone their skill to be
“ready-to-work” engineer when they are graduated.
The monozukuri education employs by TNI
exhibited the excellent outcomes of graduated who
could get a good employment almost immediately after
graduation. The evaluation score by users of graduated
of TNI at the level of 3.97/5 to 4.13/5 reflected that TNI
education system could foster high quality human
resources whose skill could satisfy the requirement of
the employee quite well.

work-life awareness to actual career training. On the
other hand, TNI employs the monozukuri education
system which also emphasizes the important of
practices through apprentices and/or co-operative
program.
The practical training period for TNI
engineering student is about 1/9 to 2/9 of the PIM ones.
The training period of TNI student is either in the
summer semester of the third year for apprentice or in
the first or second semester of the fourth year for cooperative program. Almost 100% of graduated from
TNI and PIM were employed immediately. Compared
with the report from the education reform committee,
only one out of 3 or 4 graduated from other university
could get a job soon after graduation. Also, the general
survey from private sector indicated that the graduates
from other university would require the training period
of at least 6 months to 1 year before they would be
ready to perform their duty. So, both WBL and
Monozukuri could foster better graduated than the
traditional education system employ in other domestic
university.
References
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Conclusions
PIM, one of a few Thai corporate universities,
employs the work-based learning system or WBL which
required engineering students to spend at least 40% of
the time in the internship program. The internship
period has been designed to spread out over the 4-year
program. The targets of the training period range from
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A scientific mind-set and logical thinking is very
important for modern engineering education. In
order to foster these competencies, we encourage
students to learn on their own and think by
themselves. However, we find almost first-year
students have no experience of any research based
on self-direction in secondary education through our
questioner’s survey. Moreover, in our Kosen,
academic quarter system have been adopted and
carried out a curriculum overhaul in 2015 academic
year. As the result, the number of physics and
applied physics classes is decreased by about 20%,
thus we cannot carry out class plan as before.
Therefore, in order to foster students’ scientific
mind-set and logical thinking, and to encourage
students to learn on their own and think for
themselves, we try new physics class “Introduction to
Essential Physics (hereafter, IEP).
Each IEP class progress fully group activity, thus
we are not “teacher” but also “coordinator”. In IEP,
we set two learning goals to students; 1) learn the
relationship between body feelings and the meanings
of physical quantities, 2) debate with the friends
(team member) to get answers. In order to attain of
these goals, we prepare a task that has many
potential answers and enough time to debate each
other. For example, “Measure the volume of your
classroom without tape measure”, “Guess how many
people in restrooms at this very moment in Japan in
a scientific way.” Students summarize the process of
how they find their solutions, the conclusions they
reach, and how they evaluate their conclusions to
A3-sized blank paper calls ”labo-note“ (short word
of “laboratory notebook”) each group. “Labo-note”
have no format except the space to write the team
members name. Thus students can obtain
opportunity to acquire how to write a scientific
paper, i.e., how to describe purpose, methodology,
results, conclusions, and recommendations through
the process of making “labo-note”.
We have so far get positive response from
students. The present approach is deeply related to
self-direction inquiry introduced into our Kosen
since the 2015 academic year.

Introduction
In order to foster scientific mind-set and logical
thinking, we encourage students to learn on their own
and think by themselves. Therefore, introducing active
learning method in physics class is very important.
However, students’ learning style is not prepared for
accepting active learning.
In almost Kosen in Japan, a uniform examination in
physics for third graders is carried out in every January1).
Table 1 indicates that score ratio of our Kosen to
national average in this uniform examination. From
table 1, we find that the score of uniform examination is
decreased by about 30% in 2015 year in our Kosen.
Table 1. The score ratio of our Kosen to national
average in uniform examination for third graders.
Academic year
2013
2014
2015
Score Ratio
1.27
1.26
0.93
(National average =1.0)
In our Kosen, we carried out simulation test for this
uniform examination in a physics class until 2014 year
(Niwa et al. 2016), but we terminated it from 2015 year.
Thus, we consider that this result correlate strongly with
stop of simulation test. In addition, this result also
indicates that many students completely depend on rote
memorization to study physics. Moreover, we find
about 70% first graders have no experience of any
research based on self-direction in secondary education
through our questionnaire survey. On the other hand, in
our Kosen, academic quarter system has been adopted
in 2015 year. At the same time, curriculum overhaul
also carried out. As the result, the total number of
physics class and applied physics class is about 27.3%
less than before introducing academic quarter (Table 2).
In paticular, applied physics class decreased by 50%.
Table 2. Decrease ratio of physics class and applied
physics class
Physics (for
Applied Physics
Total
younger than
(for elder than 4th
3rd graders)
graders)
0%
50%
27.3%
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Fig 1. A typical example
of “labo-note” (in order
to privacy protection,
we edit name field).
Students can edit freely.
This is a result of task of
“Rrealization of uniform
velocity motion
experimentally”. In the
right side, students
describe the definition
of uniform velocity
motion and method of
realization. In the left
side, we find illustration
of experiment device.
Moreover, students also
describe about difficulty
of realization caused by
friction in the box.

From these facts, present situation surrounding our
Kosen is serious to foster scientific mind-set and logical
thinking. This indicates that we have to change our
physics class to active learning approach from lecturebased learning. In addition, we find that if we carry out
active-learning type class, we need to introduce it in
lower grade as soon as possible from a result of
curriculum overhaul. Therefore, we try new physics
class “Introduction to Essential Physics (hereafter,
IEP)” for 1st-year students. In this paper, we will
introduce about IEP class activities.

Table 3. Prepared tasks for IEP class in 2015 -2016 year
Related
Task
goal
(1)
•
Measure the volume of your
classroom without tape measure
•
Determine “10 meter” and “5
kilogram” using your body feeling.
•
Find value of “π” without
mathematical formulae related in π.
•
Estimate probability that the head of
the coin comes out
•
Measure the speed of propagation of
human’s reflex nerve
(2)
•
Guess how many people in restroom
at this very moment in Japan in a
scientific way
•
Measure the gravitational
acceleration
•
Realization of uniform velocity
motion experimentally
•
Realization of uniform acceleration
motion experimentally

Overview of IEP class
The IEP have offered in first-quarter since 2015 year,
comprising a total of 7 lessons. There is two learning
goals; (1) learn the relationship between body feelings
and the meanings of physical quantities, (2) debate with
the friends to get answers. IEP is fully progressing
group activity. Each group contains three or four
students, and does not change till the end of IEP class.
Each group members address task during the class.
Students may collaborate other group to complete tasks
and to share experimental data. If students finish a task,
they summarize as a report that called “labo-note” and
some groups make a presentation about results.
In order to evaluate performance of students, we
evaluate perfection level of “labo-note” instead of
result of paper-based examination.

Summarizing “labo-note”
If students finish a task, they summarize results to an
A3-sized blank paper calls ”labo-note“ (short word of
“laboratory notebook”) each group. Students can edit
freely only except name field. However, we demand
students summarize three topics to labo-note; (1) the
process of how they find their solutions, (2) the
conclusions they reach, and (3) how they evaluate their
conclusions. These are correspond to “introduction and
method to solve problem”, “results and discussion”, and
“conclusion” in scientific paper. Thus, students can
learn and train how to write scientific paper naturally.

Tasks in IEP class
In order to attain of two learning goals, we prepare a
task that has many potential answers and enough time to
debate each other. Table 3 is list of task for IEP.
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Figure 1 shows a typical example of labo-note. This is a
results of task of “Realization of uniform accelerated
motion experimentally”. The definition of uniform
accelerated motion and method of realization is
described in the right side. On the other hand, in left
side, they describe a part of results and discussion, and
they also draw illustration of experiment device
produced by them. From this fact, this labo-note
satisfies our demand at least. In IEP class, labo-note is
most important evidence for their activity; thus,
perfection level of labo-note is verification to determine
students’ academic results.

relationships physics and mathematics completely. This

Role of academic in IEP
In each IEP classes, we are not teacher but also
“coordinator” or “facilitator”. We never teach answers
about each task directly. Our main role in IEP class is
mediation of discussions among groups.
We have responsible for passing along a fact about
physics. However, discussing each other to find answer
is more important than teaching answers directly.
Therefore, we give students some facilitating questions
during the presentation to lead the answer.

Fig 2. Many groups collaborate with each other to
solve a task of “Measure the speed of propagation of
human’s reflex nerve”.

Education effect in IEP
Figures 2 thru 4 are pictures of a part of IEP class.
Figure 1 shows students trying the task of “Measure the
speed of propagation of human’s reflex nerve”. Many
students collaborate with each other to measure speed of
propagation. At first, students were trying this task in an
each group; however, students realize a limitation to
conduct answer of this task. As this result, many groups
collaborate with each other spontaneously. After this
experiment, students share obtained data, and began to
discuss about speed of propagation including errors and
accuracy of experiment.
This scene indicates that we attain the two learning
goals at a time. First, students find that physical
experience through their body feelings (human’s reflex
nerve) can convert fundamental physics quantity (speed
of propagation). In addition, figure 2 and 3 show scene
of presentation. We can find students participate in an
active discussion and consider many students realize
the ”joy of discussing each other” from the look of
discussion. Moreover, we have so far get positive
response from students through description of
impression in their reports.

Fig 3. Scene of presentation (1). Students participate
in an active discussion.

Results and Discussion
In order to evaluate learning effect of IEP
quaititatively, we investigate the score of paper-based
test of phycics class for 1st graders (Dynamics I) which
open directly after academic period of IEP in 2015 year.
As this result, examination pass rate of Dynamics I is
57% in average. In other words, almost half of students
failed in a test of Dynamics I.
This indicates that mathematical exercises are
insufficient in IEP (and Dynamics I) class. In other
words, students may be not able to understand about

Fig 4. Scene of presentation (2). Students are preparing
their presentation about the task of “Find value of “π”
without mathematical formulae related in π”.
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the relationship between mathematics and physics. This
is main problem to improve IEP class.
Conclusions
In this paper, we introduce a new approach in
physics class activities to foster the scientific mind-set
for first graders in academic quarter system. We
consider our attempts are largely successful. However,
we remain some problems especially insufficiency of
mathematical exercises. In addition, quantification of
learning effects are not yet. These are discussed
continuously as a future issue.
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Abstract

This paper will present the way of implementation of
Monozukuri for students and for teachers in Thai-Nichi
Institute of Technology (hear after referred as TNI) as
the example model. The best practices will be
demonstrated to show the good performance of the
implementation. The PBL (Problem Based Learning)
system will be discussed as a function of Monozukuri
concept.

This paper will present the implementation of
Monozukuri concept for students and for teachers.
The best practices will be demonstrated to show the
good performance of the implementation. PBL
(Problem Based Learning) system will be discussed
as one of the key issue.
Keywords: Monozukuri, Hitozukuri, Human Resource
Development, PBL

Basic Concept of Monozukuri in Manufacturing
The main objective of Monozukuri in manufacturing
is to produce good quality products that matched with
the need of customers. It is also to reduce the production
loss and lower the cost. In order to obtain this objective,
the following production process is said necessary.

Introduction
Monozukuri is a unique Japanese word which has the
original concept meaning for manufacturing style as
creating things with spirit of innovation and
craftsmanship. The word can be generally translated as
“the Japanese way of production”, reflecting Japan’s
status as the first country in the world that successfully
developed the manufacturing industries with high
quality products. The Toyota Way is one of the most
successful Monozukuri’s examples. It is a set of
principles and behaviours that underline the Toyota
Motor Corporation’s managerial approach and
production systems. Its philosophy of manufacturing is
to continuous improvement and respect for people.
Nowadays, Monozukuri concept is widely used in
various aspects, therefore the question arose as to what
Monozukuri really is. In year 2008, the Science Council
of Japan announced the definition of Monozukuri as
“Monozukuri is the manufacturing of products
(including software products) by humans to make life
easier. It covers concept, design, production, usage,
disposal, recovering, recycling and work systems in an
organization. The products made with Monozukuri must
have social and economic value and minimal impact on
humans and ecological systems.”
Accordingly, the human resource development (or
Hitozukuri in Japanese word) regarding to Monozukuri
is very important. That is recently implemented of
Monozukuri into education systems. Thai-Nichi
Institute of Technology is one of the education institutes
that implement the concept of Monozukuri with the
principle of “nurturing intellectual and emotional
intelligent students who will have both theoretical and
practical skills”. The students can think and create their
work and innovation with responsibility and doing in
team work.

Task1: Continuously improve the production system in
order to reduce the defect and error.
Task2: Produce high quality products that match the
need of customers.
Task3: Implement eco technology and sustain creative
production process.
On the other hand, Hitozukuri is to produce good
quality human resource for societies. Figure1 shows the
equivalence of Monozukuri and Hitozukuri.

Figure1: Equivalence of Monozukuri and Hitozukuri
It is clearly to say that the “human” mentioned in
Hitozukuri based on education is “student”. This is the
initiative motivation of implementing the concept of
Monozukuri or Hitozukuri in TNI’s education system in
order to produce good quality students that match with
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The cooperative program with industry or company
is designed in three categories as follows.

the requirement of employers. Figure2 shows the
relation of Monizukuri in manufacturing and in
education. That is to produce products in good quality,
the manufacture need good skill workers. To achieve
good workers is the aim of Hitozukuri. This requirement
will feed back to education sectors to pay attention and
emphasis on the strategy of producing good quality
graduated students. TNI strongly consider prioritize this
matter regarding to the design of study curriculum.

(1) By lecture:
- Invite expert from industry to give a lecture
and workshop.
- Invite expert from industry to give special talk.
(2) By training:
- 4 months internship program at industry.
- 2 months summer training program at industry.
(3) By observation:
- Study visit real sectors related to subject.
Moreover, the teachers are always encourage the
students to participate technical competition whenever
they have chance. The university will support some
necessary financial to students for preparing, tutoring,
and attending the technical competition.
The TNI’s education system also included 5-GEN,
one of the keys function of Monozukuri. 5-GEN means
Genba (現場): actual place, Genbutsu (現物): actual
thing, Genjitsu (現実): actual condition, Genri (原理):
principles or theory and Gensoku (原則): fundamental
rules. The internship, summer training and factory visit
are designed in according to 5-GEN. The students will
have opportunity to study in actual company, actual
material and equipment under real condition and
principles, and learn working rules for safety.

Figure2: Relation of Monuzukuri in Manufacturing and
in Education.
Design of Study Curriculum based on Monozukuri
The aim of the bachelor program of TNI is to
educate and produce good quality graduated students
who have both technical and soft skills. The technical
skill means theoretical knowledge and real practical
experience. The soft skill means creative thinking,
teamwork, honest and punctuality. Therefore, almost of
the learning subjects will be designed with two or three
hours lecture together with 3 hours workshop or
practice. The workshop and practice can be done inside
and outside the class room. Some subject will assign the
students to work in group and solve the problem
together which called as PBL (Problem Based
Learning). The Figure3 shows the outline of course
designing. The other ways to achieve the technical skill
for students is cooperative program with industry.

The designing of Internship Program
The industries internship program at TNI is 4
months compulsory course that all students have to
perform during the first semester of 4 th year. The
program is divided into three phases, i.e. before, during
and after internship.
<Before internship>
- Matching appropriate company or industry to a
student in according to his/her major.
- Orientation on the principle of internship program
- Lecture on necessary manner, discipline, ethics,
practice and safety during internship.
<During internship>
- The responsible teacher will visit the site of
internship at least once a month to investigate,
observe and discuss with company or industry
advisers.
- The responsible teacher is always ready for
consulting whenever the problems are occurred.
<After internship>
- The students submit internship report and present in
front of 3 referees.
- The evaluation is S:successful or U:unsuccessful.
- For student who achieves S will obtain 6 credits.
- For student who achieve U will be assigned doing
internship again.

Figure3: Structure of TNI’s curriculum designing.
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Role of Teachers based on Monozukuri Concept

Results and Discussion

It is obviously to say that teacher and his teaching
method are the most important factors to produce good
quality graduated students. The model of teaching at
TNI is shown in Figure4.

The internship program shows a very good outcome.
The evaluation demonstrates that students had gained
very useful experience and skill. They had chance to
apply the knowledge learnt from the lecture to the actual
works. Some students had shown their good manner and
hard work so that the company willing to employ them
after graduation. Figure5 shows the example of
internship in actual company and environment.

Figure4: Monozukuri teaching process at TNI.

Figure5: Example of TNI internship program.

The teacher at TNI will be assigned to use PDCA
(Plan, Do, Check and Action) for designing his/her
teaching content, context, methodology, etc., as follow.

According to the reflection and improvement of the
teaching content and teaching methodology by using
PDCA algorithm, the teachers have more confidence in
teaching. The study behaviour of students is improved
and their technical skill performance is also increased
significantly. Finally, we assure that the aim of
producing good quality graduated students can be
achieved in term of target students, who can think,
design and create by themselves (Figure6).

<Plan process>: The teacher has to design the content
and context of subject based on the level of the target
students.
<Do process>: The teacher has to consider and prepare
the appropriate teaching methodology that allows the
student to understand the content easily. The lecture
should include practice or workshop. The PBL will be
implied in the course in order to nurture students to have
the skill of self-thinking, self-creation and responsibility
of working in group.
<Check process>: The teacher has to design how to
evaluate the study performance of each student. It can
be done together with examination test, report
presentation, group discussion, exhibition etc.
<Hansei process>: Hansei (反省) is a Japanese word
means reflection. In this state, the teacher has to
consider the performance of each student. If there is any
matter decreases student’s performance due to teaching
strategy, then it should be improved for better.

Figure6: Target graduated students of TNI.
<Performance Evaluation>

<Action process>: Reflection will be forwarded to
improvement. In this state, teacher has to analyse the
problems to see what to be improved, such as teaching
content, teaching methodology, infrastructure and
materials. This state is called Kaizen (改善) in Japanese
word which means improvement.

We annually made the survey on the satisfaction of
employing TNI’s graduated students. The questionnaire
included the following items;
(1) Identities of TNI’s students
(2) Moral and Ethics
(3) Professional Knowledge and Skill
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(4) Intellectual Skill
(5) Interpersonal and Responsibility
(6) Skill of Numerical Analysis and ICT
(Information and Communication Technology)

Table3: Moral and Ethics
Items
Responsibility
Punctuality
Adherence to ethics
Diligence and commitment
Patience to work
Honesty
Mannered, humble and
tactful
Total

Here, let us discuss about the results of performance
evaluation survey that has been performed for 2015
academic year. The questionnaire has been sent to
various organizations where TNI’s graduated students
were employed. There were 309 organizations replied
with effective answers. The types of 309 organizations
are shown in Table1 individually.
Table1: Type of organization that replied questionnaire.
Type of Organizations
Number
%
Automotive Manufacturing
93
30.1
Information and
45
14.56
Communication Companies
Fabric and Clothes
43
13.92
Manufacturing
Service Enterprises
25
8.09
Steel and Machine Industries
Import/Export Companies
Electronics and Electrical
Industries
Education Institutes
Logistic Corporations
Associations
Financial and Stock Institutions
Others
Total

23
19
14

7.44
6.15
4.53

7
2
1
1
36
309

2.27
0.65
0.32
0.32
11.65
100.00

Satisfaction
levels
Good
Good
Good
Good
Good
Excellent
Good

4.38

Good

Table4: Professional Knowledge and Skill
Items
Average Satisfaction
score
levels
Ready to work immediately
4.09
Good
Skill in operation
4.01
Good
Skill of development and
4.05
Good
apply
Total
4.05
Good

Table5: Intellectual Skill
Items
Planning ability and time
management
Ability to analyze and
improve performance
Creativity at work
Total

As shown in the Table1, most of TNI’s graduated
students (98.4 %) were employed by private business
sectors. The evaluation results for each item are shown
in Table2 – Table7, respectively. The scores for
showing the satisfaction levels of employers are
designed as follows.

Average
score
3.87

Satisfaction
levels
Good

3.86

Good

3.95
3.89

Good
Good

Table6: Interpersonal and Responsibility
Items
Average
score
Adaptability at work
4.23
Leadership
3.80
Personal development
4.02
Total
4.02

The maximum average score is 5.00.
average score 4.50 – 5.00 = Excellent
average score 3.50 – 4.49 = Good
average score 2.50 – 3.49 = Moderate
average score 1.50 – 2.49 = Fair
average score 1.00 – 1.49 = Poor
Table2: Identities of TNI’s students
Items
Average
score
Discipline
4.23
Professional knowledge and
4.05
skill
Contribution of best quality
4.35
work
Skill of work in team
4.29
Japanese language skill
3.48
Total
4.08

Average
score
4.30
4.31
4.37
4.37
4.33
4.55
4.41

Satisfaction
levels
Good
Good
Good
Good

Table7: Skill of Numerical Analysis and ICT
Items
Average Satisfaction
score
levels
Numerical analysis and the
3.96
Good
implementation of ICT
Communication and
3.87
Good
presentation skill
Saving resource / energy4.01
Good
efficient utilization
English language skill
3.66
Good
Total
3.88
Good

Satisfaction
levels
Good
Good
Good
Good
Moderate
Good
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From Table2, it shows that most of the employers
satisfied TNI’s graduated students to have good
discipline, good professional skill and knowledge, hard
work for good quality, know how to work in team. Even
though their Japanese language skill is moderate, but
overall satisfaction regarding to this category is 4.08 or
81.6%. When mention only on professional knowledge
and skill which the score is 4.05 (see Table4), that
means TNI’s graduated students are acceptable to work
immediately with their job assignment. This is one of
the successful achievements of Monozukuri education.
The Japanese language of TNI’s graduated students
was evaluated as “Moderate”. This is because all of
TNI’s students have to learn Japanese language as the
compulsory subjects for 15 credits.
As seen from Table3, Most of TNI’s graduate
students have good moral and ethics so that employers
evaluated their honesty as a level of excellence.
Moreover, due to the Monozukuri education, they
were evaluated to have good intellectual skill,
interpersonal and responsibility (see Table5, Table6).
And according to the PBL workshop in and outside
classroom together with internship program, students
can achieve good skill of numerical analysis and the
implementation of ICT (see Table7).
Let us summarize the overall performance from
Table2 to Table7 as shown in Table8. It is obviously
that the employers evaluated TNI’s graduated students
with satisfaction level “Good” and gave average of
satisfaction point “4.05” or 81%.
Table8: Overall Performance
Main Items
Average
Point
(a) Identities of TNI’s 4.08
students
(b) Moral and Ethics
4.38
(c) Professional
4.05
Knowledge and Skill
(d) Intellectual Skill
3.89
(e) Interpersonal and
4.02
Responsibility
(f) Skill of Numerical 3.88
Analysis and ICT
Overall average 4.05

%
81.6

Satisfaction
levels
Good

87.6
81.0

Good
Good

77.8
80.4

Good
Good

77.6

Good

81.0

Good

Figure7: Overall evaluated performance in histogram of
academic year 2015.
Conclusions
The implementation of Monozukuri concept into
education system is introduced. TNI’s education system
is discussed as an example. The evaluation of the
implementation of Monozukuri is performed in term of
satisfaction on TNI’s graduated students. The annual
evaluation is always done by sending questionnaire to
organizations where TNI’s students are employed. The
evaluated result for academic year 2015 (for graduated
students in March 2016) is presented and discussed. The
results show that most of employers satisfied TNI’s
graduated students in all aspects with average “Good”.

Overall performance in Table8 is converted into
histogram in Figure7. Each main item is represented by
bar (a), (b), (c), (d), (e) and (f), respectively.
Accordingly, it can be confirmed that the highest score
is moral and ethics (b) with 87.6% of satisfaction. Even
though, the evaluation averages of intellectual skill (d)
and skill of numerical analysis (f) are closed to the
middle level of “Good”, but in overall, it can say that
employers satisfied to employ TNI’s graduated students.

Figure8: Comparison of satisfaction levels.
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Figure8 shows the overall evaluation results in the
past 4 years, from academic year 2012 to 2015. The
overall satisfaction levels are 3.7, 3.77, 3.92 and 4.05,
respectively. According to annual PDCA on teaching
process and methodology, the satisfaction level of
employers increases significantly. This demonstrates the
important benefit of implementing Monozukuri concept
into education systems. The core competency and
moral of TNI’s graduated students are recognized by
almost employers.
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Though Japan is a technology-oriented nation, the
percentage of the child who doesn't have an interest in
science is increased in recent years, and Japanese high
technical strength will be difficult to keep up from now
on. “Science festival for children” is held at every
region of the country as one of the matches children ask
to have an interest in science. Many elementary school
children participate in the events because it's possible to
experience a scientific phenomenon through an
experimental stage and construction there. As the effect
of such scientific events, the children have been
interested in science subject, even though 60 % of 6th
grade elementary school children like Japanese and
mathematics, 80 % of them like science by the whole
country scholastic aptitude survey result of learning
situations that was held by the Ministry of Education,
Culture, Sports, Science and Technology. On the other
hand all the subjects become equal with 60% about the
result when the children were a 3rd grader of junior high
school, and to lose interest to science shows
conspicuously. Therefore even if short-term interest
and pleasure in the place are felt by a scientific event,
there is a problem that it isn't developing into interest to
long-term science taking that as a start.
So a main school is also taking out the booth every
year in this event, and it's expected that it may connect
to long-term interest to science by holding admiration
when the student with the close age is to explain the
study contents and a making thing to children, and
children would like to come to be a student of a
technical college. Local engineers of an enterprise and
student are to wrestle about the new plan produced
jointly and hold admiration to the person of an
enterprise who works as a grown-up engineer as well as
admiration to a student in particular about recent 2 years,
and it's expected to come near and get interest to longterm science. It's possible to be to produce items jointly
with engineers and experience practicing development
process for a student.
I thrust at the manufacturing plan and the making
thing performed jointly with an engineer of an
enterprise with writing, describe details and describe
consideration about the educational effect of the student.

Introduction

Science Festival for Children

In Japan, there is a problem that children turn
away from science, so that developing interesting
science education for children is an important issue.
In Kumamoto city, a science festival for children has
been held every year, where children can try various
scientific experiments to be interested in science.
Our school has also cooperated in this event,
especially from 2014, a plan began to carry out
manufacturing projects by our students and
engineers of local company, and it has contributed as
one of the highlights plan of the festival. The theme
of this project is “making things to delight the
children in the venue,” and our students discuss
what they make, then manufacture it by two months.
In 2014, two items, “a voice conversion device of bow
tie” and “an electric skateboard,” are manufactured.
These are very famous items in Japanese animation.
Especially, the electrical skateboard was featured by
Fukushima TV, so that it was modified to improve
power and make larger size for adults, then the
special TV program was broadcasted for various
areas.
In 2015, our students manufactured
“Daruma-san fell robot” which is the robot to realize
a famous child's play with the robot, and "personal
hovercraft" as the future of the vehicle. On the day
of the event, these things are presented on a stage,
and there was always long que around our exhibition
booth. Since that shows popularity of these things,
the children looked like so happy actually. It seemed
that this approach improved leadership and
teamwork of our students, because they were able to
experience the process of a product development
through the manufacturing project from order to
delivery. Although this project has a risk to depend
on the ideas of students, they can do important
experience and improve important skills through
only two months.
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Japan has grown as a scientific technology-oriented
nation. It's the most important problem that the
creativity which put on scientific thought brings
abundant human resources up also to contribute to the
world with science and technology from now on. On the
other hand it's apart from child's science, it's a social
problem that the machine which experiences naturalness
and a scientific wonder decreases, and can be named as
1 of its cause. So "scientific festival for young people"
is held as the event which can experience colorful
experiment and construction at 1 meeting place from
1992. The "stage" etc. which spends enough time by the
"booth" where an experiment and construction can be
experienced by a short time over the counter and the
limited number of people and does "workshop" and the
experimental show which can experience those is
prepared there. For example there is a theme of slime
making using wash starch and HOU sand and the one
which makes an object floating by static electricity.
Staff are the engineers who work by the teacher, the
student and the enterprise by which local elementary
schools are junior high schools and high schools, etc.,
and there is a person who wrote a book about an
experiment during it, too. The number of visitors is
different depending on areas, but it's the scale of tens of
thousands of people from thousands and there are a lot
of family, grandparents and grandchild mainly.

 The student who participates in a project can think
the high educational effect is obtained as PBL because
it's possible to experience a discussion with an engineer
and a practicing product development process.
Work on Manufacturing Project in 2014
After idea stock was performed, I'm going to
reproduce the item which appears on the animation
children like very much. The 1st is the bow tie type
strange voice airplane, and it's possible to be to speak
through this and issue different person's voice by an
animation. However, I decided to limit to the height of
the voice and manufacture a strange voice machine
because it was difficult to copy person's voice. Figure?
A picture of the NI produced strange voice machine is
indicated. The size is big because a substrate is being
installed in the back of the bow tie but it's possible to
wind on a neck like an ordinary bow tie. Is a system
configuration a figure? The speech signal input from a
microphone is to pass the pace change IC so that NI
may be indicated, and the height of the voice is adjusted.
Speech signal is sent by an FM transmitter by a radio
and is to receive by a mini stereo with the FM radio
function, and the sound to which the height of the voice
was adjusted from a loudspeaker is output.
Another was a skateboard with a turbo engine, but
actual condition decided to reappear as an electric
skateboard. For a child to take it, we assumed that safety
was taken top priority and the max speed was made 5
km/h. The student who participates in development was
investigating various documents by themselves, was
questioning a physical teacher and was coming into
action very actively because it was lacking in
knowledge about a mechanical design. The electric
motor which can be bought personally was limited, and
I had a hard time with buying a selected motor, but I
decided to find out that something used for an electric
driver is suitable and make using this. A picture of the
produced electric skateboard, figure? NI is indicated.
The appearance is quite close to something to leave in
an animation, but it's necessary to grasp and operate the
one which connected by a cable by hand because a
trigger of an electric driver is being diverted about an
operating method. Is a system configuration also a
figure? It's very simple as it indicates NI.

Manufacturing Project with Working Engineers
A common manufacturing project with technical
college draft beer has started with a scientific festival
Kumamoto meeting newly with an enterprise engineer
from 2014. Children were to include a student in a staff
by a scientific festival up to now, and expected your
elder brother with the close age and elder sister to hold
admiration and get in touch to a long-term motivation to
science only in the place, not interest. It's to add an
enterprise engineer newly by this project and is the
image children do using science and technology to have
a long-term interest to science, and is expected. To
produce items, the student who makes the subject this
time made the wide knowledge which connects with
both of hardware and software the 3rd grader of control
information system engineering department he has. The
match contents in detail are as follows.
(1) The engineer lectures on a process of product
development especially and tells the flow which is
"from receipt of order delivery" to a student.
(2) A student receives the order for the request to
which the event host side says "He wants the
children who come to make a scientific festival
something to rejoice.".
(3) Students share an idea and decide about a theme.

Figure 1 Bow tie voice changer

(4) I'm conscious of a process of learned product
development, work on manufacturing and deliver
goods by a stage announcement of the event day.
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Figure 2 Electric skateboard

Figure 3 Robot for children's game

Work on Manufacturing Project in 2015
I'm going to put this project into effect next because a
result of the 1st year was very popular. After idea stock
was performed, I'm going to challenge to achieve the
backlash of the child by a robot. There is something to
which I say "Mr. daruma doll fell down." by Japanese
traditional play. Only while it faces to the rear, if it's
possible to move and a player touches a demon, a
demon calls a basic rule a win. I decided to manufacture
the robot which serves as this idle demon. The technical
factor purchased by a demon is 3 mentioned below.
(1) "Mr. daruma doll fell down." finish reading by
random speed.

Figure 4 Personal hovercraft

(2) Look back and move.

Results

A stage announcement was performed about the
respective making things on the event day. The
presentation and the short play which used a slide for
the purpose which are the children who arrived by a
stage announcement, mechanism of a crop made of the
conduct was explained clearly. Children experienced a
making thing at the booth.
The students who participated in making, "It was fun
to advance a policy while checking it by oneself as well
as the thing learned at the session.", and, "A girl had
come much, too, so, I'll have an interest in science
taking the event as a start and want you to play an active
part in the future as a science faculty girl.", impressions
of etc. were described.

(3) When looking back, detect a moving player.
I decided to record 10 patterns of voice onto a local star
and play at random by a program by cooperation of a
television station about (1). The bottom of cooperation
in the robot computer part, a motor and the sill which
makes a doll revolve using a microcomputer were
manufactured about (2). I took a picture of a player
using a camera about (3) and made the program in
which a movement is detected by image processing.
 Another is the oneseater hovercraft indicated on
figure o. A small pool for domestic use was installed as
a skirt and 400W blower for cleaning was installed as
output for leap. On the other hand the driving force nose
fry to move ahead and a person have to push it.

Figure 5 Presentation on stage

616

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai

Discussion
 When the contents in the 1st and the 2nd are
compared, image processing as well as mechanical
mechanism are included in a system in the 2nd, and the
technical level seems to have improved. That
concerning with an engineer has been strengthened can
be named as this factor. The chance to confirm the way
passage was just held twice in the 1st, but the chance to
present at the stage designed after idea excuse was held
newly in the 2nd. It's the beginning by this, it moves,
begin very early, the picture in detail of a making thing
could be bound with the early stage compared with last
year. On the other hand to do idea stock based on a wide
theme as "the one which can please the children who
arrive", the point that it's difficult to predict a making
thing beforehand is a problem.
A student can learn empirically very thick because it's
possible to experience a process of product development
briefly from idea excuse to a decision of a way, a design,
supply, making and an announcement. Future will be a
problem to utilize concerning with an engineer more
effectively.
Conclusions

 Common manufacturing with the engineer of an
enterprise who went as a plan of a scientific event was
described at a main school. After he wrestled for 2 years,
a student wrestles in the 2nd and also improves the
technological level of the contents, and can experience a
series of flow of product development from receipt of
order to delivery, too, and it seems possible to learn a
practicing skill. There are also a case that a student can't
expect a proposed idea and a temporal problem, but it's
valuable to learn through communication with an
engineer, and I'd like also to continue the activity from
now on while improving about a way with concerning
more effectively.
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Abstract

indicate that student academic motivation improved
by using the Gakuzai system.

We have been developing a next-generation
editable electronic textbook education system called
Gakuzai. In the Gakuzai system, an electronic
textbook (e-textbook) is provided to teachers and
students. In the Gakuzai system, user can electrically
hidden the unimportant part of the long description
of the electronic textbook although leaving only the
important part. Teachers will be able to make in a
short time the teaching material for the class;
students can easily create their own notebook.
During class time, important words or equations
can be marked up electronically in the e-textbook by
the students. These functions can be useful when
students review or do homework. Using the etextbook, notes can be taken more easily than with
pater notebook methods. In addition, the e-textbook
facilitates more effective memorization and solving
of problem exercises. As a result, education can be
improved. Note that the Gakuzai system can also use
electronic blackboards and can support traditional
educational styles.
Two web applications have been developed for
the Gakuzai system. One application is used to edit
the e-textbook, and the other is used for self-learning
based on edited e-textbook data. The Gakuzai system
provides an environment that supports all study
processes, including teacher led classwork and
homework. The e-textbook con-tent is written in
HTML, and the Gakuzai system has been developed
using PHP, JavaScript, and a MySQL database.
Therefore, the proposed system can be used with any
ICT platform.
Trial lesson were conducted using the Gakuzai
system. One half of the students used paper
textbooks and paper notebooks, while the other
students used the Gakuzai system. At the end of the
lesson, all students answered a quiz and a
questionnaire. The average scores for each group
were compared by Welch’s t-test. No significant
difference was observed. This means that the
Gakuzai system is not inferior to the conventional
learning method. The results of the questionnaire

Keywords: ICT-based learning, editable e-textbook,
reduction edit, learning style, home work, reflection
Introduction
In education style using a blackboard, teachers
describe textbook content and write important words,
while students copy the blackboard content to their
notebooks. This is one-way knowledge transfer from the
teacher to the student. The disadvantage of this style is
the significant effort required by the students. In some
countries, national projects are attempting to improve
education using information and communication
technology (ICT) and related electronic equipment in
the classroom, and researchers have evaluated the
effects on education of the ICT-based learning and the
e-textbook based learning. Only use the ICT-based
learning or the e-textbook, will us improve the quality
of education?
Bonham, Deardorff and Beichner (2003) set students
either paper or web-based homework to compare their
study performances. They found “no significant
differences between the groups,” concluding that “the
change in the medium itself has limited effect on
student learning.”
Sun, Flores and Tanguma (2012) examined the
relevant experiences of college students in terms of how
the use of e-textbooks may enhance their learning. They
found that e-textbooks are perceived to enhance a
student’s learning experiences in two complementary
ways: (1) an e-textbook’s helpfulness enhances
students’ learning outcomes directly and (2) student
involvement plays an important mediating role between
e-textbook helpfulness and learning outcomes when
students use e-textbooks in class.
Rockinson-Szapkiw, Courduff et al. (2013)
examined the relationship between textbook format, i.e.,
printed textbook or e-textbook, and 538 university
students’ grades and perceived learning scores. They
found that “there was no difference in cognitive learning
and grades between the two groups, suggesting that the
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e-textbook is as effective for learning as the traditional
textbook. The mean scores indicated that students who
chose e-textbooks for their education courses had
significantly higher perceived affective learning and
psychomotor learning than students who chose to use
traditional print textbooks.”
These results indicate that there is little to no
difference in the learning outcomes with e-textbooks or
e-homework compared with traditional homework or
printed books. It is difficult to improve education
dramatically by simply computerizing the learning
environment. We propose that to significantly improve
education, new educational styles that incorporate
electronic technology are necessary. In addition, active
learning has been attracting attention as a technique that
can improve education. However, any changes to
education must take into account the older generation of
teachers who may not be aware of modern educational
techniques, such as active learning.

blackboards, so that can support traditional educational
styles.
Gakuzai system overview: Two web applications
have been developed for the Gakuzai system. One
application is used to edit the e-textbook, and the other
is used for self-learning based on edited e-textbook data.
The Gakuzai system provides an environment that
supports all study processes, including teacher led
classwork and homework. The e-textbook content is
written in HTML, and the Gakuzai system has been
developed using JavaScript, PHP, and a MySQL
database. Therefore, the proposed system can be used
with any ICT platform.
The Gakuzai system has the following functions. (1)
The e- textbook can be quickly edited during lessons.
(2) The content can be reproduced. (3) The content is
learnable at home. (4) The system must facilitate
collaborative learning.
With these functions, the students can hide the
corresponding content in the e-textbook. The e-textbook
is rewritten to note that only important terms remained
for students. Since these operations can be quickly, the
note-taking time is shorter than the conventional note
take. As a result, students can focus on description of
class. The image is shown in Figure1. In the creation of
time, more detailed explanation, simple experiment, can
be performed with high quality learning such as the time
to solve the exercises.
It will lead to the improvement of the learning
efficiency. Note that individual and group study can be
supported using these functions. The Gakuzai system
has adopted HTML, because it is operating system and
device independent, and can be easily customized. The
Gakuzai system includes a server that distributes the etextbooks and maintains edited e-textbook data. The
Gakuzai system server was developed using PHP and
JavaScript.
Quickly editing function: Screen shots of the
Gakuzai system are shown in Figure 2. In Figure 2, the
left and right images show e-textbook content from
before and after a lesson, respectively. In the right
(after) image, a long description, which was in the upper
part of the left (before) image, has been replaced by a
short sentence. Unnecessary parts can be hidden or
replaced using a short phrase or single word or one
blank character. It can also be undone by clicking.
Important words can be marked (e.g., text color,
underline, and highlights). This feature can be used in
place of a coloring by the conventional marking pen.

Gakuzai system
E-textbook reduction processing method: We
propose the reduction processing method (ERP method)
and the Gakuzai system, which provides a new
educational style based on ICT (Shiba, Ueta et al. 2013).
By the ERP method, an editable e-textbook is provided
to teachers and students. When the student develops
understanding of a teacher's explanation, they can hide
the corresponding content in the e-textbook (leaving
only the important terms). As a result, the e-textbook is
rewritten to note that only important terms remained for
students. Because this work time is shorter than to copy
blackboard content, the student is expected to quickly
acquire knowledge. The e-textbook is then rewritten
using an electronic operation, and the understood
content can be obscured.

Figure 1 An improvement image of note take time
shortening with the ERP method. Upper side show a
timeline of traditional lesson; lower side show a time
line of lesson with the ERP method.
Self-learning support: During class time, important
words or equations can be marked up electronically in
the e-textbook. These functions can be useful when
students review or do homework. Using the e-textbook,
notes can be taken more easily than with traditional
methods (i.e., paper notebooks). In addition, the etextbook facilitates more effective memorization and
solving of problem exercises. As a result, education can
be improved.
The Gakuzai system a ICT-based learning system
that realise ERP method and self-learning support. Note
that the Gakuzai system can also use electronic

Figure 2 Screen shots of the Gakuzai system: e-textbook
content before editing (left) and after editing (right) a
lesson [e-textbook content taken from MOUNT
VERNON: Cherry Tree Myth]
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The questionnaire result show in Table 2. Note that
the values in parentheses are answers from students who
did not use the Gakuzai system. The average value for
the answers to Q.3 is 3.18, Q.4 is 2.10 and Q.5 is 3.15.
Many students considered that the system had poor
usability and that it should be improved. However, the
average values for Q.1, Q.2 and Q.6 are very high; they
are expected that this system improve their academic
achievement. There were 21 free impression comments,
of which 18 focused on usability improvements. The
cause of the low average quiz score for the system
users’ group was therefore likely the difficulty of
operating the Gakuzai system. To examine the effect of
the Gakuzai system, a longer observation period is
required. The results of the questionnaire indicate that
we must improve the system usability; the results also
showed, however, that student academic motivation
improved when using the Gakuzai system.

Takedani, A., Ueta, K. et al. (2015). Gakuzai: Editable
Electronic Textbook Education System. Proc. of The
2015 International Conference on Frontiers in
Education: Computer Science & Computer Engineering,
274-278.

Conclusions
We have been developing an editable e-textbook
education system, called the Gakuzai system. By trial
lesson and quiz, there was no significant difference
between average scores of the Gakuzai system users and
paper notebook users. This means that the Gakuzai
system is not inferior to the conventional learning
method. The results of the questionnaire indicate that
we must improve the usability and student academic
motivation improved by using the Gakuzai system.
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Abstract
This action research paper presents a simulated
practice based case study for teaching the Computer
Architecture (CA) and Operating Systems (OS) or
CAOS module. The CAOS module is offered to first
year students in the Diploma in Infocomm Security.
We had used a blended learning teaching model
composed of a set of learning objects with smaller,
self-contained, interactive, re-usable units of
learning for a cloud computing module. However, we
have found that the complex dynamic processes
presented in CAOS are difficult for students to grasp
from static diagrams and text description alone. In
addition, as the complex dynamic processes operate
at speeds greater than one billion operations per
second, students are not able to experience how they
operate step-by-step in the human scale of time. We
have found that by combining our blended learning
teaching model with simulated practice we have
increased student learning, enabled deeper
understanding and enhanced student motivation. In
comparison, the module content had been presented
through lectures in the past with little or no handson for students to practise. The mode of assessment
used in the past was primarily written tests and
assessments. With the new blended learning with
simulated practice teaching model, we have greatly
enhanced the module delivery. Simulations are used
for every topic in the syllabus for the module.
Background theoretical concepts are briefed to the
students, followed by hands-on practise with
simulations, thereafter students are debriefed on the
main learning points from the simulation. We use a
variety of simulators that recreate and mimic the
actions of a modern computer and OS but at much
slower human scale speeds. In this paper, we present
representative CA and OS simulators used in this
case study. We use different simulators that focus on
different aspects of a modern computer system
without overloading students with information. The
initial results have been positive and we will discuss
the benefits in terms of student motivation, deeper
understanding and assessment. We have used
simulated practice in the module over two semesters.
The median grade 80 students had increased by one
grade.

Introduction
The study of computer architecture is challenging
because of the high complexity and dynamic
interactions between different components involved in
any computer system. In addition, these complex
interactions occur at speeds of a billion interactions per
second. Students who are studying the Computer
Architecture and Operating Systems (CAOS) module
face a daunting task as they have no familiar prior
frames of reference. To ease this complexity, different
tools have been developed allowing different computer
architectures to be simulated, examined and modified.
This simulated practice approach is beneficial to
students approaching computer architecture for the first
time as it enables them to see the execution of low-level
programs in the architecture at a controlled speed. When
students are learning Operating System (OS) concepts,
OS simulations are used to aid students in understanding
the complex interactions within the OS. The hierarchy
of simulation tools used are embedded within the core
of a pool of learning objects (LO). Students make use of
the simulation based LO to understand concepts
otherwise difficult to comprehend.
Researchers have found that learning objects (Kay,
R. H., & Knaack, 2009) offer considerable potential as
effective learning tools. However, a sound pedagogic
design and selection process is required in creating
learning objects. Some characteristics of good LO
include: (a) requiring students to construct and
manipulate, (b) providing rich feedback, (c) providing
concrete representations of abstract ideas and (d)
supporting students in learning weaknesses such as
limited working memory. In addition, the key to
successful use of LO are instructional strategies that
pedagogically support the use of specific learning
objects, which requires a well thought out combination
of instruction, exploration, practice and reflections
(Kay, R. H., & Knaack, 2009).
This paper documents a case study for the teaching
of a computer architecture and operating systems
(CAOS) module, which has systematically employed a
varied and differentiated collection of learning objects
as key pedagogic tools in supporting the learning
process (Beck, 2010). The learning objectives are
largely achieved through interactions with learning
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objects at different levels of complexity. The main
pedagogy employed in this module is simulated
practice. Each learning object used is built around the
core of a simulator suited to the learning objectives.

such languages hard for students to understand. In
addition, student may not be able to distinguish between
manufacturer specific features and more generally
useful features from perspective of computer
architecture. The technical documentation for these
processors are also written in a very technical language
which is difficult for students to understand. An analogy
for this is trying to learn the Japanese language by using
a Japanese dictionary. Such as dictionary has its place,
and would be very useful in the hands of an expert.
However, it is too hard a starting point for novices.
Any good learning model aims to teach students by
introducing them to new concepts in an incremental
fashion. The subject matter must be analysed and a
learning path developed with the aim of keeping the
learning difficulty threshold as low as possible at each
stage. Learning of concepts is strongly reinforced by
direct hands-on experience. This is perhaps the strongest
argument for the use of simulated practice, as students
gain a deeper level of understanding of the material. It
also has implications for assessment, as students can
demonstrate their knowledge of new concepts through
direct manipulation instead of traditional written tests.
Such reinforcement with hands-on practice should be
introduced as early as possible. Any course in which
weeks of background material must be introduced
before students can undertake realistic exercises is
likely to be considered “too theoretical”, or perceived as
being “difficult”.
In our model, we have carefully selected a series of
simulators with incremental levels of difficulty. We
have wrapped the LO for each topic around these core
simulators. Content LO are the videos tutorials, slides
and notes that accompany a particular simulator.
Content LO also inform students on what are the key
concepts which they are learning through the use of the
simulator. Practice LO are hands-on tasks on the
simulator to reinforce the concepts introduced in the
Content LO. Communication LO are additional tools
such as Facebook groups, Google hangouts, and
discussion boards which aid in faculty-student
interaction and student-student interaction. Finally,
Assessment LO are particular Practice LO that have a
graded component which requires individual attempts
by students.
Figure 1. Simulated Practice with Learning Objects
shows a learning model where students are continually
interacting with the learning objects and being
supported through facilitation by the teaching faculty.
The key is the optimized pedagogical design of the
learning objects to enable the students’ to maintain an
active and collaborative learning approach, supported
by teaching faculty when needed, in mastering the
desired learning outcomes. LO can be customized to
suit individual capability, competence and prior
knowledge. However, this individualized customization
has been left to future work. Instead, each Practice LO
has been configured with varying levels of difficulty:
easy, normal and challenging tasks catering to different
student ability.
In the dynamic process of learning, reflection and
sharing of learning experiences, additional LO, from the

Table 1: Simulated Practice Learning Objects

Topics

Types of LO used in
the case study

Core
Simulators

Components
of Computer
Systems
Instruction
Set
Architecture
(ISA)
Micro
architecture

Content LO
Practice LO
Communication LO
Content LO
Practice LO
Assessment LO
Communication LO
Content LO
Practice LO
Communication LO
Content LO
Practice LO
Communication LO
Content LO
Practice LO
Assessment LO
Communication LO
Content LO
Practice LO
Assessment LO
Communication LO
Content LO
Practice LO
Communication LO
Content LO
Practice LO
Assessment LO
Communication LO

LMC

Software
or
Service
SaaS

CPU Sim
ARMSim
NASM

Software
Software
Software

EDUMips64
ProcSim

Software
Software

LMC
JPACS

SaaS
Software

Yasp

SaaS

SoSIM

Software

OSSIM

Software

OSSIM

Software

Memory
Systems
Interfacing
(I/O) and Bus
OS Processes

OS Virtual
Memory
System
OS I/O
System and
File System

Table 1 shows the different LO and simulators used in
the different topics. A hierarchy of simulators are used
ranging from simple to more complex. This is
intentional as a single complex simulator that is able to
aid every topic would quickly overwhelm the student
with its complexity in the more fundamental topics.
Conversely, simple simulators like the Little Man
Computer (LMC) (Yurcik and Osborne, 2001) would
not adequately aid understanding for the more complex
topics. Some of the simulators must be installed as
software packages. Other simulators are available online
as Software as a Service (SaaS). Wrapped around each
core simulator are content, practice, assessment, and
communication LO.
Model for Simulated Practice
Computer Architecture is traditionally considered to
have a high difficulty threshold for learning. This is in
part due to the difficulty in teaching the subject in an
incremental and hands-on fashion. One reason for this is
due to inappropriate tools being used for hands-on
practice. A common approach is to use the in-built
assembly language of a real processor to provide handson practice. These assembly languages were not
designed as didactic tools. They were designed to be
programming tools for experienced users who already
have a firm grasp of computer architecture. This makes
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pool of resources, are introduced when needed and
facilitated according to student need. The importance of
appropriate feedback is fundamental to supporting
students’ learning (Hattie, 2009) and is a key part of the
ongoing instructional approach. The learning outcomes
are evaluated by teaching faculty to continuously
identify the learners’ needs, and optimize the learning
experience by reconfiguring the pool of LO. The model
provides a continuous learning process, which allows
the teaching faculty to add new learning objects, or
reconfigure the sequence of the learning objects to meet
the students learning needs.

Case Study: Using Simulated Practice for teaching
Computer Architecture and Operating Systems
Computer Architecture and Operating Systems
(CAOS) is one of the key modules which characterizes
the curricula of the Diploma in Infocomm Security. One
of the most critical aspects on teaching this discipline is
how to support the theoretical concepts of the subjects
with appropriate practical experience, usually organized
as laboratory assignments.

Figure 1 Simulated Practice with Learning Objects

Figure 2

The interactions between each component in the
simulated practice learning model (see Figure 1) is
enumerated and examined further.
 Teaching faculty—LO interaction: Identify the
students’ learning difficulties in achieving the
learning outcome. Is it a problem with the simulator
itself or some conceptual misunderstanding by the
student? The teaching faculty must carefully
configure the set of learning objects to address
different learners’ competency. Some students need
may need to perform all easy and normal tasks in
the LO, while others can go on the challenging
tasks level.
 Teaching faculty—student interaction: Faculty need
to provide timely feedback to the students. Such
feedback is the key to facilitate students in using
the simulated practice LO. A shared repository of
simulator input files facilitates this interaction.
 Students—LO interaction: Self-paced learning is an
interactive mode of learning that each learner does
on his or her own, at his or her pace and in his or
her time. The student can do this with either
software installed on their laptops or accessing the
SaaS through the internet. During class time, the
teaching faculty can model the correct procedure to
students. Students then use the LO on their own to
complete the rest of the practice LO.
 Student—student interaction: Peer to peer
interaction allows the students to share the learning
experience, such as problems encountered, possible
attempts and solutions. In the simulated practice
learning model, communication LO are used to
provide supportive feedback comments. Students
can share files via the shared repository.

Little Man Computer Simulator

The teaching faculty determines the learning
objectives, and provides a set of learning objects for
student activity through the 15 weeks using the campus
wide learning management system (LMS). The learning
objects are built around a core simulator. Figure 2 show
the Little Man Computer (LMC) simulator which
provides a highly simplified computer system that had
been devised for teaching. The LMC is used in the first
few topics in computer architecture.

Figure 3

YASP Simulator

Figure 3 shows the Yasp simulator which is used to
understand interfacing between the external world and
the computer system.
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Figure 4

Figure 5

In the classroom sessions, the lesson begins with a
briefing session by the teaching faculty. The faculty
would explain the main objectives to be achieved in
using the simulated practice LO in the lesson. The
associated Content LO are used to introduce the
students to the new concepts. After the briefing,
students work individually or form small groups to work
collaboratively. The task of the teaching faculty is to
facilitate the learning process, identify the individual
learning difficulties, and direct the students to think
more deeply and creatively.
One of the aims of our model is to teach
incrementally in order to lower the learning threshold.
New learning objects with higher difficulty levels are
gradually introduced when appropriate and to ensure an
incremental learning process. As students provide
solutions and present their ideas, the teaching faculty
provides the necessary feedback. Finally, the teaching
faculty evaluate their instructional approach and the
learning objects involved in order improve their
practice, renew learning objects, and modify the way
they facilitate the learning process.
Following the briefing session, students would work
on the hands-on practice to reinforce the concepts that
they have just been briefed on. The students may start
their learning by following the provided notes on google
document, which allows students to write comments.
When students face difficulties, lecturers may guide
students individually. Students can then extend their
learning by watching related online videos selected for
their relevance to the content and outcomes of the
practice session. Students then attempt the online quiz
for self-assessment. In cases where the students are in
doubt, they can refer to an online tutorial.
At the conclusion of the class lesson, students have a
debrief session by the faculty. The teaching faculty
would recapitulate the main objectives to be learnt from
using the simulated practice LO. The teaching faculty
would also address any question by students and
provide feedback on their solutions presented.
Some of the key learning points are as follows:
 Incremental learning using the pedagogical model
outlined earlier: This is important for establishing a
sense of learning continuity with the students. In
addition, it lowers the learning threshold when new
concepts are introduced.
 Detailed Documentation for the LO: Detailed
documentation for the learning objects, and
simulators are important for student in the selfdirected learning mode (such as during online
learning). The teaching faculty’s time would also
be freed up to provide better feedback to the
students.
 Linking simulated practice with previous class
room activity seamlessly: When learning online,
students may work on the learning objects, which is
based on the previous class room activity.
Similarly, the e-learning experience can be used as
a resource for class room learning. This is
facilitated through shared repositories.

EduMIPS64 Simulator

ProcSim Visual MIP 2000

Figure 4 EduMips64 and Figure 5 ProcSim are used
for teaching the students about the microarchitecture or
internal organization of a processor chip. Figure 6
OSSIM is one of the simulators used for the operating
system topics. The teaching faculty identifies the
learning difficulties and insufficiencies of the applied
methods by examining the activities and establishes
links between prior concepts with the new concepts to
be taught.

Figure 6

OS Simulator for File System
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favour of the simulated practice or find it helpful in their
learning. Student motivation also improved.
The initial results have been positive. We have used
simulated practice in the module over two semesters.
The median grade 80 students had increased by one
grade. This is an indicator that students have a deeper
level of understanding. Students are also using the
Assessment LO to demonstrate their knowledge by
direct manipulation instead of traditional written tests.
Through the Asseessment LO we are better able to
assess student ability to apply their knowledge to
problem solviing.

Use of shared repositories: To link class activity
with online learning, students need to be able to
share their work output with the teaching faculty as
well as with other students. A combination of
google drive and github accounts could be used to
create shared repositories for simulation input files.
All the simulators used support saving the input
model as files. Most of the files used are text files
containing assembly code. Some of the files are
xml files that contain code and configuration
information. By sharing these input files via the
shared repositories, the teaching faculty could
examine them and provide feedback. Other students
could also look at them and provide comments too.
SaaS is preferred over software installation:
Software may not be available on all platforms that
the students use. Student laptops may be running
OS X or Windows 10. SaaS overcomes the need to
different software versions. However, many
educational simulators are provided as installed
software instead of SaaS.
Simulator fatigue: Some students provided
feedback that there were too many simulator
software to install. This is another reason SaaS is
preferred to software installation. It is also
important for the teaching faculty to link the use of
different simulators so that students don’t see each
simulator as a standalone exercise.

Related Work
Yehezkel describes the use of the Little Man
Computer, RTLSim, and EZCPU (Yehezkel et. al.
2001) used in the teaching of computer architecture. A
hierarchy of simulators with different complexities was
used to fit different learning situations. Nikolic
performed a survey to find suitable simulators for the
teaching of computer architecture (Nikolic et. al., 2009).
Yurcik described the use of the Little Man Computer in
teaching Computer Architecture (Yurcik and Osborne,
2001). Maia presented the use of SoSIM for teaching
operating systems (Maia et. al., 2003). Macia provides a
simulator for other OS features such as disk scheduling
and file systems (Macia, A, 2016).

Evaluation of Simulated Practice Model

Conclusions

The evaluation for the case study for teaching
computer architecture and operating systems using the
simulated practice learning model supports the
importance of sound pedagogical design in order to
facilitate the students’ active and interactive learning.
The lecturer’s role both as a designer of the learning
experience and as a facilitator in the learning experience
are key factors for success.

The use of simulated practice help to reinforce the
teaching of computer architecture and operating systems
with timely hands-on practice pitched at the right level.
Wrapping learning objects around the simulators help to
reinforce their use for teaching. A key success factor is
to identify and address the students’ needs both in
classroom and e-learning mode, through continuous
improvement of the pool of learning objects, which
provides a differentiated learning path for each student.
The choice of the simulator tools is important in
order to lower the threshold for learning. Simulator
tools designed to be didactic tools are more effective in
learning new computer architecture concepts than using
real processors. Incremental teaching using increasingly
levels of complexity in the simulator also help students
to learn the basic before advancing to more difficult
concepts.
Most fundamental to success is good pedagogic
design, which we have drawn from the work of Hattie,
2009, who synthesized over 800 meta-analyses of the
influences on learning, identifying those methods that
typically worked best in terms of enhancing student
attainment. For example, the importance of activating
students’ prior knowledge, setting challenging goals and
providing ongoing two-way feedback, have been
extensively incorporated.
Further work includes exploring ways to run all the
simulations required as an integrated SaaS platform
instead of having the students install different
simulation software on their laptops. One issue faced in
using multiple simulators is the many different user

Figure 7

Survey on use of simulators

The evaluation data to date strongly suggests that the
simulated practice model used in the teaching of this
module has successfully engaged the students in the
learning experience. The design and building of
appropriate learning objects, which can fully address the
learning needs and difficulties of students, is a critical
success factor for this approach. The survey of the
students indicate that the majority of the students are in
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interfaces that students need to learn. Another pitfall is
the time consumed to install and test out the simulators
on each student's laptop. We would explore having a
single integrated SaaS platform to launch all the
simulations as well as explore new ways to encourage
students to share ideas, give and receive feedback in the
learning experience (Daniel L. 2011). The integrated
SaaS platform would also allow us to gather student
data for learning analytics as well as to integrate the
information into an intelligent question and answer
tutoring system which uses machine learning
algorithms.

http://search.proquest.com/docview/205853481?account
id=40699
Macia, A. (2016). OS Sim (OS Concepts Simulator).
Retrieved May 29, 2016, from https://sourceforge.net/
projects/oscsimulator/
Maia, L. P., & Pacheco Jr, A. C. (2003, November). A
simulator supporting lectures on operating systems. In
FIE 2003 33rd Annual Frontiers in Education, 2003.
(Vol. 2, pp. F2C-13). IEEE.
Nikolic, B., Radivojevic, Z., Djordjevic, J., &
Milutinovic, V. (2009). A survey and evaluation of
simulators suitable for teaching courses in computer
architecture and organization. IEEE Transactions on
Education, 52(4), 449-458. IEEE.
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Abstract

database system which enables students to visually
evaluate their degree of attainment. In academic
year 2015, we developed a database system to
visualize the learning content conducted outside the
campus and started operations.

Since 2001, with the help of the operating support
fund from the Ministry of Education, Culture,
Sports, Science and Technology (MEXT), our college
has placed personal computers in the fourth-year
classrooms, so that every student has exclusive use of
a personal computer. However, in our fourth
replacement of the entire system made last year, the
fourth-year classrooms were reborn as classrooms
where active education can be practiced. At the same
time, the number of the seminar rooms of the
Information Processing Center was increased from 3
to 5. Last year's activities related to the
“Acceleration Program for Rebuilding of University
Education (AP)” were to install equipment such as
electronic blackboards primarily in the second and
third-year classrooms, while promoting active
education simultaneously in the second and thirdyear classes as well as in the first-year classes;
equipment such as electronic blackboards was
installed in the first-year classrooms two years ago.
This year’s activities are to install equipment such as
electronic blackboards in the fourth and fifth-year
classrooms, while promoting active education
simultaneously in the classes of all years in all five
departments.
In academic year 2015, we promoted active
education mainly by making specific, elementarylevel teaching materials, based on the items
suggested by some senior graduates of our college
working in Japanese industries. The teaching
materials
made
from
senior
graduates'
recommendations had a different focus from those of
our teachers. Also, in our college, we are aiming that
students will acquire the ability to describe matters
related to engineering in English, while promoting
the interactions between the teaching of technical
English and that of the specialized subjects through
active education. The activities of our college in
visualizing our educational content are promoted by
clearly showing the learning content of each student
conducted outside the campus and developing a

Keywords: ICT-driven Education, Active Learning,
Learning Environment, Creation of an Educational
Environment, Educational Content, Learning Tools
Introduction
National Institute of Technology (NIT), Gifu
College has been promoting an approach to practice
ICT-driven education in all of the fourth-year classes by
placing personal computers in the fourth-year
classrooms of all five departments, so that every student
can use one exclusively. Also, forming a consortium
with more than 20 colleges and universities within Gifu
prefecture, we have been practicing distance education
using e-Learning under the credit transfer agreement.
Moreover, we have been providing another consortium,
which is run under the credit transfer agreement, with
some e-Learning lectures. The consortium, which our
college participated in when established, covers colleges,
universities, graduate universities, the Open University
of Japan in addition to NIT, Colleges.
As just described, for more than fifteen years, our
college has created an educational and learning
environment capable of utilizing ICT and supported
students’ voluntary learning. We applied for and
successfully acquired the “Support Program for
Contemporary Educational Needs (GP)” of MEXT in
2004, and its three-year major financial support helped
build the foundation of the latter consortium as the
“credit transfer project” using e-Learning. The project
has successfully continued until today, and the number
of NIT, Colleges which have participated in it has
reached almost half of the total.
In 2014, MEXT inaugurated the AP with the aim of
rapidly developing the projects of higher education
institutions which have been successfully continued
after the acquisition of “GP”, etc. We applied for and
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successfully acquired the AP in 2014, when it was
inaugurated. Financially supported through the AP by
MEXT, we are promoting a higher level of collegewide
active education at an accelerating rate.

Establishment of an Educational Environment
through the AP Project
The AP, now having five different themes, is an
open-type project which MEXT inaugurated with the
purpose of promoting the educational reform of
Japanese higher education institutions at an accelerating
rate. Theme I of the AP is “the practice of active
learning”, Theme II is “the visualization of the
learning outcomes”, and our successfully adopted
project covers both Theme I and II. Now, entering the
third year since our AP project started, our college is
planning to install electronic blackboards in all
classrooms from the first to the fifth year which will
realize interactive function between teachers and
students through a wireless LAN.
The above-mentioned system was introduced into the
5 classrooms of the first year two years ago, into 10
classrooms of the second and third years last year, and
will be introduced into 10 classrooms of the fourth and
fifth years this year.
The introduction of ICT-driven equipment into all
classrooms of all the five departments will create a
practical educational environment where students’
voluntary, active learning will be promoted.
Our college is utilizing two different kinds of LMS:
Moodle, which we independently introduced as LMS,
and Blackboard, which the head office of NIT, Japan is
providing for nationwide NIT, Colleges. Each of them is
suitable
for
the
above-described
educational
environment and is useful for promoting active learning.

Renewal of the Fourth-year Classrooms and the
Seminar Rooms of the Information Processing
Center
In our college, ICT-driven equipment of the fourth
year classrooms of all five departments, which we
mentioned in the Introduction, has been replaced every
five years since it was first introduced. In the fourth
replacement done last year, we changed each of the
fourth-year classrooms of all five departments into a
flexible classroom environment where active learning
can be practiced by using tablet/notebook computers,
connecting to classroom wireless LAN. Prior to that, the
system of the fourth-year classrooms was the same as
that of three seminar rooms of the Information
Processing Center. See Lage, Platt, and Tandreglia
(2000), Begmann & Sams (2012), Khan Academy
(2006), and Bonwell & Eison (1991) for various AL
methods.
We expected, however, that the change of the
fourth-year classrooms into a flexible classroom
environment for practicing active learning by using
tablet/notebook computers would make it almost
impossible to practice programming/CAD. Before that,
the students were learning them by using highspecification desktop computers with high memory
capacity, high-speed arithmetic processing capacity and
advanced drawing performance which were installed in
the fourth-year classrooms. In order to deal with this
situation, in this replacement we increased the number
of the seminar rooms of the Information Processing
Center from 3 to 5. (Figure 1)

Teaching Materials Made from Senior Graduates’
Viewpoint
We refer to old-time graduates of our college as NIT
senior graduates (NITsg). They have long contributed to
the development of Japanese manufacturing industries,
and have an understanding of what is expected of
human resources NIT, Colleges have provided to the
industrial world. Therefore, they are invaluable to our
college, having an idea of the needs and seeds of
technological education in Japan. The cooperation
between old-time graduates and the field of education is
the task imposed on NIT, Colleges today.
We are making teaching materials in cooperation
with NITsg, while incorporating their suggestions about
what students should learn. The suggested 45 subjects
were categorized into the introductory, intermediate and
advanced levels. (Table 1)

Figure 1 The whole image of the seminar rooms of the
Information Processing Center and related facilities
after the replacement
Through the replacement of the Information
Processing Center the following were introduced and
distributed into 5 seminar rooms: 242 Client PCs
(DELL: OptiPlex 3020 SFF), 4 Servers (DELL:
PowerEdge R430), 1 NAS (Dell Storage NX3230), 10
Printers (Canon Laser Beam Printer Satera LBP8710), 5
Document Cameras (EPSON: ELPDC12).
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Table 1 The list of teaching materials made based on subjects highly recommended by corporate engineers (progress of
making teaching materials as of July 7, 2016)
Ｎ
ｏ

Subject

AL
Content

Introductory

Intermediate

Advanced

The
Presence of
Cooperation
with
Graduates

16

FMEA/FTA

○

○

17

PLC/programmable
controller

○

○

Liberal Arts
1

2
3
4

Pollution Issues
and Contemporary
History
History, Politics
and Economics,
Law
The Constitution
of Japan
Modern History of
Neighboring
Countries

○

○

○

○

1

○

2
○

○

○

○

○

×

○

○

○

3
4

5

Chinese Classics

○

○

○

○

×

6

How to Write
Numbers in
Japanese

○

○

○

○

○

7

Social Ethics

○

○

○

8

Engineering English

○

○

○

9

Writing Skills in
Japanese

○

○

○

○

×

2

Standard Deviation

○

○

○

×

○

○

4

3D Printer

○

○

5

IT Engineer
Examinations

○

○

○

○

6

7

Arithmetic Mean
and Geometric
Mean
Examples of How
to Utilize
Numerical Integral

○

○

○

○

○

9

yard, pound

○

○

○

○

○

12
13
14
15

Human Error
Multiple
Classification
Analysis
Design of
Experiments
5S

Feedback Control
Operational
Amplifier
Vector Control of
Three-Phase
Induction Motor

○

○

○

○

○

○

○

○

○

○

○

×

×

The Basis of the
Finite Element
Method

○

○

○

5

Time Constant

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

8

2
○
3
○

○

4

1

○

11

○

○

On-the-Spot
Design Chart with
a Nomograph
Phase Delay
(Velocity) and
Group Delay
(Velocity)
Characteristic
Impedance

○

×

Environment

Linear Planning

10

○

○

6

×

8

Physical Meaning
of Correlation
Coefficient
Orthogonality
between
Longitudinal Wave/
Transverse Wave
and Function

○

○

1

×

○

○

6

7
○

○

○

3

○

○

○

○

○

○

Diagrammatic
Drawing Used in
Thermodynamics

2

Moment of Inertia

○

Heat Calculation

○

1

How to Write
Formula of
Thermodynamics
Law of
Thermodynamics
Energy in
Thermodynamics

Electronics

○

○

JIS Material Mark

5

Natural Science

Scatter Diagram
and Regression
Analysis

○

Practical Mechanics

○

3

○

○
4

○

○

○

○

○

○

○

○

○

○

5

Processing Test of
the Activated
Sludge Method and
Measurement of
Water Quality
Management Items
How to Proceed
with Soil
Contamination
Countermeasures
The Membrane
Isolation Activated
Sludge Method
Harmful Chemical
Substances
Contained in
Materials
Industrial
Activity/Daily Life
and Environmental
Issues ( Various
Environmental
Cleanup
Technologies)

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

×

○

as study-support content when students learn the
challenges corporate engineers tackle, we intend to
promote development of the teaching materials.
We plan to use the teaching materials we make in
specific classes and also in various related classes. In
addition to these, we are going to provide them as
autonomous learning materials for students who prepare
for life after graduation. Moreover, we are promoting

The 45 subjects shown in Table 1, which were highly
recommended by corporate engineers, are used for
developing the learning support content in consideration
of a link with the Model Core Curriculum provided by
NIT, Japan. However, some parts of the content do not
completely conform to some class subjects of our
college curriculum. On the basis that they will be used
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the making of the materials with a view to using them at
“School for Fostering Core Human Resources”, a
recurrent education for mid-level engineers in the
community

far in the Department of Electrical and Computer
Engineering, with those of the same department
collected in a server on a trial basis, in terms of acquired,
average points per person. As a result, it turned out that
the acquired points, among others, of the third year
students had increased. (Figure 2) Every year, the
number of points registered in the third year is very high
in the department, for the number of accumulated points
at the time of the third year decides on the course
students take in the fourth and fifth years. Even so, the
increase in the academic year 2015 when the system
was introduced was especially conspicuous.

Visualization of Learning outside the Formal
Curriculum
Aiming at establishing a system of visualizing
students’ learning activities performed outside the
formal curriculum based on a points system, we
discussed what kind of student activities are to be
evaluated in all the departments of our college. Then,
we selected the items to which the “practical
engineering points” are to be given and determined the
details. As a result, when students perform learning
activities outside the formal curriculum, the activities
started to be evaluated just like learning activities in the
formal curriculum according to the rules of the
respective department. So, we made up a system with a
database with the purpose of visualizing these activities.
When implementing a database, we made it possible
to work under a versatile environment and separate the
database and the website. The program was written with
PHP and JavaScript, the operating software for the
server was Cent OS, Linux-based OS, web management
software was Apache, and the database management
system was MySQL. When implementing them, we
separated data and appearance by using the different
programs for connecting to the database and in the
display area. By doing this, it will be easier to transfer
the database into a different management system in
future.
Users access the database through a web browser.
The website of the system was designed to authenticate
the students and the faculty with the campus
authentication server in order to protect against
unauthorized access. The acquisition of username after
authentication made it possible to create a page
specifically for the faculty.
We performed operation verification of the system
in a test server for campus use only and compared the
students’ acquisition conditions of points collected so

Conclusions
In the modern era of expanding globalization, not
only natural resources but also knowledge, technologies
and human resources have already become borderless.
While providing education to produce human resources
with social competencies for survival who are capable
of responding to the wave of globalization in future,
NIT, Colleges are expected to provide education to
contribute to local communities. In this project, we have
established education systems to evaluate learning
activities outside the formal curriculum, cultivate
students’ autonomy and initiative through development
of teaching materials supported by NITsg with work
experience, and develop students’ innovative spirit
through practice of active learning.
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Abstract
Lecture of modern physics is deeply related to novel
technologies, such as a superconductor, laser and
nuclear application and important subject for
engineering student in the advanced level.
However, there are a lot of difficulties for
information systems and software engineering
student to imagine or understand theoretical law of
modern physics such as quantum mechanics and
nuclear structure.
The major fact is that most students who decide the
information department to study IT, some students
think that physics has no relation to their engineering
life. Another fact is that in the case of the conventional
teaching method, the laws of physics had been shown
in the blackboard in the lecture format. Information
systems student imagines being not tied to application
products based on modern physics which has the
possibility for them to be involved in the future.
Therefore, conventional way is not enough contents
for students to understand the important meaning to
learn modern physics.
In this study, Active Learning (AL) in the
introduction of the modern physics class with
information systems students through joint work the
groupware, Microsoft Office365, to be used in their
computer will be reported.
To understand application devices, collection of the
information about a given subject, such as LED,
nuclear plant, superconducting application and so on,
for each group was conducted in real time by using
Excel Online. In addition, Posters presentation was
carried out based on summarized information thanks
to group ware PowerPoint Online. In this paper,
result enhancement of the interest of the attendees of
novel physics and IT communication tool will be
reported.

Introduction
Lecture program of novel physics is a field of study
that uses many different notations to explain concepts
and problem to overcome by using technology.
Since 2015, National Institute of Technology (NIT)
provides online group working space and web based
application through Microsoft Office 365.
Microsoft Office 365 is a web-browser version of
Microsoft's Office suite of enterprise-grade productivity
applications.
However, the use of these applications is not
maximized because many students who do not know how
to utilize Office365. And they have never been taught
how to work together through cloud material.
Therefore, the purpose of this study is to apply the
features of Office365 to novel physics class students in
Toyota College. For this study we have started with
information engineering student because they have
already used to handle computers and office application.
Overview of Institute and class
National Institute of Technology, Toyota College
(NIT, Toyota) has approximately 1000 students in 5
engineering departments. 50 graduated students in three
advanced courses. Toyota College has been more than 50
years since founded in 1963.
NIT, Toyota has set the following three educational
goals:  striving to search for the truth, contribute to
industry with a frontier spirit, and dedicate ourselves to
the welfare of human beings
The academic calendar of NIT, Toba follows the
Japanese fiscal year, class starts in April and ends in
March. It is consisted two of 15-week semesters.
In FY2015, class of novel physics was a lecture
courses throughout the year. In FY2016, the class was
shortened to the half-year subject which was offered from
April to end of July with 1 week in September.
Insufficient learning amount must be compensated at
home learning.
The point of this active leaning is that using online
group ware helps student to understand key technology
and application following the phenomena and equations.

Keywords: Groupware, Applied physics, Poster session,
research, Group work
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important in order to pass the basic image of the notation
in the lecture. Detail of those topics are as follows.
Guidance: Introduction of the lecture was explained in
the first class which includes how to login and use of
office 365 will be announced in the guidance. The group
will be organized by following 11 themes which are
related themes with realistic physics. Each group was
consisted with 3-4 students.

Figure 1 Poster session requires group discussion and
teach to others

Information gathering: Figure 3 shows a window of
computer that a student attempting the work to collect
resources following theme. Basically web resource was
referred for the information. Each group collected around
100 webpages. Therefore, students are required to shift
through that information.

Figure 2 Model of active learning class.

Poster fabrication: Figure 4 shows a preparation of a
poster presentation using PowerPoint online.

Table 1 List of Theme offered in the class
Theme
A
B
C
D

Name pf Application
Nuclear power
- Nuclear physics and power generation system
Thermal power generation
-Phase transition and the Rankine cycleLight-emitting diode (LED)
- Types and their structure Superconductivity
- Principles and application equipment

E

Laser beam
- Light amplification by stimulated emission -

F

Solid-state imaging device
- CCD, CMOS image sensors

G

Radiation therapy
-Radiation of the type and treatment methods -

H

Fusion energy
- Nuclear structure and its application-

I

Accelerator
- Structure and principles and their applications Air conditioning
- Air conditioning of the principles and the phaseSolid physical
- Band theory and conductive materialRadiation dating
- Principle and type-radioactive elements

J
K
L

Poster session: Figure 5 shows a poster session. One
person has 4 times of presentations in 3 minute
presentations and 1 minute question time.
Lecture: Lecture will be offered to students in the
different week.

Figure 3 Information collection of specialty theme using
Excel Online in Office 365

Microsoft Office 365:
Office 365 is delivered to users through the provided
storage space on Microsoft's cloud storage service
OneDrive. Web-based versions of the traditional
Microsoft Office suite of applications, Outlook for email,
SharePoint Online for collaboration and a suite of Office
Web Apps can be used through 365 portal websites
Model of the AL class
Learning Pyramid charts were shown in the Figure 1 with
the average retention rate for various methods of teaching.
In this study, the part of aggressive larning was covered
by poster presentation, preparation and discussion with a
group member by using office 365. After presentation,
detailed contents including mathematical calculation will
be lectured in the class
Figure 2 shows the model of the active learning class.
First 5 weeks follow guidance, information gathering,
poster making and poster session. Those four topics are

Figure 4 Collaborative editing of the poster using
Powerpoint Online in Office 365
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Figure 5 Poster session

Figure 6 Interest before and after class

Figure 8 Individual students
Interest before and after class
Figure 8 shows in the case of individual students. Most
of student was satisfied through the work and scored
higher point to each theme which makes the lader chart
become bigger the before. For Student A, score of
interest for technical part of the lecture become higher
than before the class. For student B, all of the score
become higher than before especially about the physics
subject itself. Student C has high interest to the
groupware ordinary. After the experience of the practical
use through the information gathering and poster
preparation, Student C still keeps the motivation of study
using office365. Few students marked as shown in
Student D, highest score in the all theme.
Few students were resulted in the other way from
expected. 2 student marked as show in Student E.
Students E was not fit to the way of the class with group
work. The score of the paper test was good enough but
the student did not agree with the way of the class.
In the case of Student F, the student originally not good
at physics, and did not fit the style of the Active Learning.
In the future, way to help this kind of student by lecture
or group work need to be considered.

Figure 7 Interest before and after class
(standardization before implementation)
Result and discussion
Change of interest before and after the poster session.
Effect has been verified by taking the questionnaire 5 stage evaluation questionnaires in each theme. Red circle
shows the interest before the class and Blue circle shows
after the poster session. Figure 6 and 7 shows the average
score and standardized value of interest. As shown in
Figure 7, all of the items were expanded by 1.5 times.
Because the students in the class were belonging to
information engineering department, interest of the
groupware was higher even before the class. Use of
Office 365 gives students to experience in cooperative
working style.

Conclusions
Introduction of the modern physics class with
information engineering students through joint work with
the groupware, Microsoft Office365, was conducted. To
understand novel physics through applied devices such
as LED, nuclear plant, superconducting application and
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so on, collection of the information was successfully
carried out in real time by using Excel Online. In addition,
posters presentation was carried out based on
summarized information thanks to group ware
PowerPoint Online. The combination of physics and
group work through poster session supported by web
based groupware can enhance the interests of the topics
offered in the lecture.
From the result, active leaning using online groupware
about key technology and application of novel physics
help to understanding of the phenomenon and the
equations.
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Abstract

of the digital language of computers, videogames and
Internet (Prensky, 2001).
As the technology evolved, the teaching
environment in a traditional classroom has also been
changed significantly over the years, we have moved
from chalk board to white board; transformed from
transparencies pairing with incandescent overhead
projector to computerised slide presentation with colour
overhead projector. Education practitioners have been
continuously trying to make use of latest technology for
enhancing the teaching quality and learning experience
in a traditional classroom setting for students. In the
above mentioned changes, we focused onto improving
the visual aids in traditional classrooms with an
intention to make the delivery of information more
attractive and interesting and therefore, helped to
engage students. The enhancement was not solely on
visual aids but various teaching methods were also
being introduced over the years.
Price (2009) suggested that active learning methods,
as opposed to a more traditional lecture-only format,
would be more acceptable by Millennials. She pointed
out that Millennials have grown up in an era in which
they were constantly engaged (with the Internet). When
they are not interested, their attention quickly shifts
elsewhere (with the Internet).
There are many suggested forms of active learning.
Bonwell (1991) "states that in active learning, students
participate in the process and students participate when
they are doing something besides passively listening”.
In vocational education context of building services
engineering education at Higher Diploma level, we have
adopted various active learning sessions in the
curriculum, e.g. laboratories, design projects, work
place attachment and work place projects, etc. These are
formed as an integral part of the holistic learning
experience for our students. This curriculum design has
been proved to be appropriate to match with the
requirements of relevant professional institutions, e.g.
the Hong Kong Institution of Engineers, the Chartered
Institution of Building Services Engineers, UK, etc.
However, when facing with the Millennial Generation,
we considered it is the right time and the right moment
to inject something new to suit our students.
As a form of active learning method, game-based
learning approach is believed by many to be highly

The application of digital games and gamification
mechanics to non-gaming contexts have emerged as
one of the prime subject interest in different sectors,
such as education, marketing, health, technology
design, etc. in recent years. Game-Based Learning
approach in higher education has drawn teaching
academics increased attention. Many believe that the
game play approach could offer many benefits
including, socialization, engagement, and problem
solving to the millennial students.
In engineering education at undergraduate level,
new methodologies and tools are being developed
using game dynamics to present scientific evidence in
many different engineering disciplines, e.g.
mechanical
engineering,
civil
engineering,
manufacturing etc.
In this paper, a literature review relevant to
gamification and game-based learning approach in
higher education for engineering is conducted. A
discussion on some of the examples regarding
engineering education is given. Game techniques,
gamification practices applying to building services
engineering training are critically evaluated.
Keywords: building services engineering, game-based
learning,
gamification,
vocational/professional
education and training, BIM.
Introduction
For those who were born between 1981 and 1999 are
typically referred to as the Millennial Generation. This
is a generation which is the first to grow up with the
new digital technology, i.e. personal computers,
videogames, digital music players, video cameras, cell
phones, and all the other gadgets of the digital age.
Their daily lives are totally integrated with computer
games, cell phone, instant messaging, blogs, etc. As a
result of constant exposure and intense interaction with
this modern environment, the millennial generation
thinks and processes information in a fundamental way
very differently in comparison with their previous
generations. This new generation can be referred to as
“digital natives” in whom they are all “native speakers”
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beneficial to millennial students. Gamifying in
education is well known for its obvious benefit of
increasing students’ engagement and for some cases of
improving students’ short term learning retention. This
is a very attractive active learning approach which has
been explored by various education professionals at
different levels.
However, as workplace practices and workplace
environment have been simulated in vocational training
context, we have to be very cautious when applying
games-based learning approach to the curriculum or to
individual modules that the industry working standard
can be preserved. We definitely do not want to train
students to play in the workplace. Game-based learning
approach is intended to make the learning more
interesting such that they have a better learning
retention in a long run. In vocational education context,
how far we could utilise game based approach to
enhance teaching quality to students? How far would
our employers tolerate their staff members playing
games when performing assigned duties in a work place?
Clearly, a balance between students and employers, we
have a find a balance very carefully.
On the other hand, gamification, defined as the use
of game mechanics, dynamics, and frameworks to
promote desired behaviours, has found its way into
domains like marketing, politics, health and fitness, and
very recently to education. Game players voluntarily
spend hours in developing their problem-solving skills
within the context of games (Gee, 2008). They
recognise the value of continual practice, and develop
personal qualities such as persistence, creativity, and
resilience through extended play (McGonigal, 2011).
Gamification applying to education attempts to harness
the motivational power of games and apply it to realworld problems.
With the determination to continuously improve and
enhance the teaching quality and learning experience for
our students, we are committed to investigate on the
game based approach to our present Higher Diploma in
Building Services Engineering curriculum. This paper
looks at relevant works relating to gamification in
engineering education and explores the ways on
gamifying the Higher Diploma of Building Services
Engineering programme in Hong Kong so that our
millennial students could be benefited from this gamebased learning approach.






Make classrooms more fun and engaging
Motivate students to complete activities
Help students focus and be more attentive to
what they are learning
Allow students engage in friendly competitions
with peers

From the above definitions, gamification is focused
on fun and engaging students rather than learner’s
knowledge retention. In this respect, gamifying
classrooms could be regarded as using game-like
elements to design activities that help to enhance the
motivation of learner to complete certain activities.
While game-based learning (GBL), according to
Wikipedia, is a type of play that has defined learning
outcomes. Generally, GBL is designed to balance
subject matter with gameplay and the ability of the
player to retain and apply said subject matter to the real
world.
It is the use of, predominately, video games for
teaching a subject matter. The idea is to get students to
play with games either ready-made or bespoke to fulfil a
learning objective.
Deshpande and Huang (2011) provided a very
comprehensive review on previous works relating to
simulation games applied to engineering education.
They concluded that simulation games would change
the learner’s role from passive to more active than in
traditional learning. Simulation games also encouraged
the learners to invest more time on the analysis of the
topic learned. They surveyed 50 previous works
between 1969 – 2006 on topic-based simulation games
relating to civil engineering, electrical engineering,
computer
engineering,
chemical
engineering,
mechanical engineering, industrial engineering and
environmental engineering, 7 major engineering
disciplines.
Of these 50 previous works, 16 related to industrial
engineering. That makes industrial engineering is the
most popular area of engineering in terms of applying
simulation games in education. Civil engineering
applied simulation games in education can be traced
back to 1969 and 1976, according to Deshpande and
Huang (2011).
Mechanical engineering and electrical engineering
are both relating to a single subject or topic only. No
simulation games for the whole systems can be found.

Summary of Literature Review

Building Services Engineering Vocational
Professional Education and Training (VPET)

There are numerous definitions regarding
gamification and game-based learning (GBL).
Gamification can be taken as when game design
elements, e.g. points, leader boards, and badges, are
used in non-game contexts to promote user engagement
(Attali & Arieli-Attali, 2015).
In education, game design principles can be used to
change non game-like classrooms into fun and engaging
game-like environments, for the purpose of motivating
and changing learner behaviours.
Jones (2013) suggested gamifying class can have the
following benefits:

and

Building services engineering is a very unique
engineering discipline which integrating mechanical
engineering and electrical engineering into the building
relating environment. It is a well-developed engineering
profession originated from the UK and then dispersed to
some other former Commonwealth members.
Building services engineering covers all mechanical
and electrical services in buildings and these can be
typically categorised into four main systems which can
be commonly found in buildings, i.e. heating,
ventilating and air conditioning systems, fire services
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systems, plumbing and drainage systems and electrical
installation systems. In North America, building
services engineering sometimes refers to as mechanical,
electrical package (MEP) or architectural engineering.
In Hong Kong, building services engineering
education includes programmes designed for training
craftsmen, technicians and engineers. From diploma to
higher diploma to degree level of awards, students could
study progressively to gain knowledge and experience
in building services engineering through different
awards. This discussion in this paper would be
concentrated at the higher diploma level in which it is
intended to train students to fit the rank of technicians or
assistant engineers to help engineers to perform drafting,
design calculations, documentations, etc.
A higher diploma (HD) programme which has at
least 60% of the curriculum consists of specialised
content in specific disciplines, professions or vocational
skills. An associate degree (AD) programme, which is
also pegged at the same Qualification Framework level
in Hong Kong, has at least 60% of curriculum consists
of generic contents (e.g. language, information
technology, general education, etc.).
A higher diploma, by the above definition, should be
a trade orientated programme in which the graduates of
the programme should be able to work in the relevant
industry without much difficulty on the required skills,
attitudes and knowledge.
Computer-aided design (CAD) software is a vital
tool for every building services engineering students in
their normal working life. Currently, we use mostly 2D
drafting to present the design of building services
systems in buildings. However, the practice has
changed very recently from 2D to 3D. This latest
development is called Building Information Modelling
(BIM).
In Hong Kong construction industry, Building
Information Modelling (BIM) is a new tool which could
probably revolutionise the current practice. With the
lead from the Department of Housing, Hong Kong
Government SAR, BIM is now a compulsory
submission requirement for the design phase of all the
Department’s new projects. This new tool allows
drawings produced from various design and
construction teams to be shared in 3D, instead of 2D in
the past. During the design phase, this standard 3D
drawing presentation format can be an efficient way to
allow various design parties to communicate in this
common platform, such as, clashes can be checked and
detail information about the building elements can be
stored in the tool, etc.
To provide proper vocational training to our students,
despite the use of BIM in Hong Kong is yet to be a
mainstream, we have included an elective module to
introduce BIM focusing on building services design in
our HD curriculum. Further integration of BIM with
other existing design related modules could be expected
in the near future once the construction industry in
Hong Kong has becoming more receptive with BIM as a
common tool for design, construction and facilities
management for buildings replacing the traditional 2D
CAD drawings.

From all the information gathered above, BIM
would be an appropriate tool to implement gaming to
relevant design project modules in the existing HD in
Building Services Engineering curriculum. It is obvious
that the industry is in the path to utilise BIM as a tool to
enhance communication effectiveness among different
design, construction and facilities management parties.
However, as this is a new tool, training for teaching
staff is also very important for sustaining the
development of this new tool and potentially for
implementing gaming for some modules in the
curriculum. Apart from training of teaching staff,
applied research on the use of BIM for enhancing
industry efficiency has to be encouraged, so that the
new tool could be a training media for both students of
pre-employment and practitioners of the industry.
Discussion
Alanne (2016) gives a very detailed study on
applying game-based learning to building services
engineering education. The following is a discussion
based on Alanne (2016) work taking into account the
situations of Hong Kong‘s vocational and professional
education and training (VPET) in particular on building
services engineering industry.
With the advance of mobile technology, we are
constantly connected with the Internet by Wi-Fi or other
connecting devices. It is therefore normal to deduce that
the motivation of study could be increased when
learning can be taken place everywhere according to
one’s will. The future of game-based learning
environment could be so called ubiquitous learning (Ulearning) or mobile learning (M-learning). That means a
ubiquitous learning environment is that learning
processes are present everywhere, and the learners are
totally enclosed by the environment or even without
being aware of learning.
To create an ubiqutious game-based learning
environment, the use of augmented reality (AR) could
provide a possible solution for building services
engineering education. AR can blend the real world and
digitial information, e.g. overlaying images, audio,
video or haptic sensations over a real-time environment.
Wang et al. (2012) propose a conceptual framework to
integrate BIM with an AR application to make
construction activities or tasks to be visualised in real
time. Johansson et al. (2014) provide a tested prototype
on immersive visualizations in the building design
process integrating BIM with AR. Their model is aimed
to help the design team members with different design
culture and background, e.g. Architect, Structural
Engineer, and Building Services Engineer, with an
improved communication platform. This would reduce
significantly the problems of insufficient collaboration
and information sharing during the process. They argue
that the ability to allow design team members to
navigate freely through 3D scenes from a first-person
perspective, it is possible to alleviate problems
described above. BIM is therefore a good candidate for
giving the handy 3D data from the architect's own
design environment for this application.
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The use of CAVE (CAVE Automatic Virtual
Environment) and Powerwall are considered to be
expensive and a large physical space is required for
these systems to be installed and to be used as a fully
immersive AR system. For CAVE, three walls and a
floor are required for one person to operate the system.
For a class of 30 students, the number of CAVE
required to be built to reduce student's idling time
during the class would become a hugh and risky
investment. Powerwall is simply a high revolution large
screen which required a big conference room to allow
its functionality fully explored. A group of people can
be gathered in the conference room to collaborate at the
same time using the big screen. These two systems have
to be installed in a fixed location which makes the
collaboration of various design team members have to
be met physically. The most problematic of these
systems to be used in building design process is the
limited BIM-support.
A portable system for immersive BIM visualization
is then developed using three main components: (1) the
Oculus Rift Head Mounted Display (HMD), (2) an
efficient real-time rendering engine supporting large 3D
datasets that is (3) implemented as a plug-in in a BIM
authoring software. This is a low cost system as
comparison with CAVE and Powerwall. No dedicated
facility is need for this portable system. The specially
developed rendering engine is capable of managing
large and complex 3D datasets and be able to be
implemented as a plug-in to a authoring BIM software.
However, from their test results, the time required to
complete the rendering and to make iterations for every
input, time delay is still very noticeable. This suggests
future work is required for shortening the time delay for
rendering and iterations between design inputs.
Nonetheless, Jonansson's proposed portable system
is still an attractive system for implementing gamebased learning for design project modules of the HD in
Building Services Engineering curriculum. The system
is low cost and is affortable to be setup in numbers for a
class. The use of the Occulus Rift HMD makes it a
game-like system in which the HMD is very often being
used as a game-play essential equipment. The Occulus
Rift is not being used by the gaming industry but it is
also can be used in the actual building design process.
That piece of equipment if being used by students
would make them feel like in a game rather than in a
classroom. Students could be benefited from
collabrating with others in a design team for different
mechanical and electrical services in a 3D building
during the design project modules using the above
proposed portable system in a traditional classroom.

reward system. If they perform well, students “level
up“ at the end of every academic year.
Given these features, it would seem that school
should already be the ultimate gamified experience.
However, something about this environment fails to
engage students. In contrast, video games and virtual
worlds excel at engagement (McGonigal, 2011).
Gamifying individual modules or the programme
curriculum seems to have a brighter future for our new
millennal students with increased engagement and
problem solving skills.
BIM would become a new industry standard after
CAD for building services engineering in the near future.
Using BIM coupled with AR to enhance the learning
experience of students and to impletment the gamebased learning approach is an ideal platform. Training
to be provided at VPET on BIM and AR with
gamification would provide a seemless transformation
from education to employment.
We have reviewed some previous works relating to
game-based learning for building services engineering.
Our next work would take a step to gamify some of our
modules based on some of the ideas given here and to
focus on students' performance and learning retention.
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Conclusions and Future Work
Traditional classroom education already has several
game-like elements. Students get points for completing
assignments
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These
translate
to
“badges,“ more commonly known as grades. Students
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Abstract

that we have to improve/develop materials for
student's effective learning.

The National Institute of Technology(NIT) has
been promoting an active learning (AL) education
such as interactive lectures and/or flipped
classrooms (FC) in order for students to possess
what the government refers to as "21st century
skills". Faculty members of Hakodate college
(Hakodate Kosen) have also been conducting various
educational improvements/developments. In this
report, we'd like to present a case of AL approach in
an engineering subject, Electrical measurement
engineering II (4th year, dept. of elec. elec. eng.) In
this class, students had an exploratory activity and a
presentation about their topics, that is a flipped
classroom style, in the first half of semester. These
topics have various levels, for example, easy topics
whose answer can be investigated immediately on
the Internet, average difficult topics which students
are required to examine and consider. Since these
problems/topics had been uploaded into Blackboard,
which is a learning management systems (LMS),
they were able to tackle them with their group
members not only during but also before and after
classes. After their presentation, they had to upload
their materials as evidence of their effort into BB;
then, the instructor checked them again, marked,
graded their reports. They learned the other half
semester in groups, that is, they tried to solve applied
problems by themselves as a small project-based
learning. In both cases, BB helped students' active
learning. Since interactive lecture styles require
more time while encouraging initiative to allow for
students' deep discussion, such tools which help
students to learn fundamental topics are useful for
both lecturer and students; they can study when it is
convenient for them. According to the result of the
questionnaire, the number of the positive evaluations
(e.g. "group works were good", "I focused well")
was 36 answers. In contrast, the negative ones (e.g.
"achievement of group works depended on the
members", "I like the traditional lecture style") was
only 10 answers. In conclusion, it is our firm belief

Keywords: Interactive teaching, Active learning,
Flipped classroom, LMS, Blackboard
Introduction
Education style has been drastically changing from
"what do professors teach?" to "what did students
learn?", that is, we must focus on outcomes (Barr and
Tagg. (1995), Barkley (2005)). Students possess actual
learning outcomes the fact that students can apply the
various knowledge for practical problem solutions.
Therefore, not only liberal arts and fundamental
engineering knowledge but also various types of skills
which is called "21st century skills" (e.g. information
and communication skills, global awareness and crosscultural skills, presentation skills, critical and inventive
thinking, relationship management and problem solution
skills) are required (this concept was proposed by
Ministry of Education, Singapore, 2010). Many
university and National institute of technology (NIT or
KOSEN), of course including our college have applied a
project/problem based learning (PBL) in order for
students to possess 21st century skills (e.g. Moriya
(2012)). The 21st century skills are also called generic
skills with almost the same meaning. In this report, we
use the word of "generic skills" instead of the "21st
century skills".
The "Active learning (AL)" trend is one of the recent
main stream in Japanese education (e.g. Kawai-Juku
(2014)). In the AL style education, students can learn
fundamental knowledge and how to apply it for problem
solutions with training their generic skills. Additionally,
various ICT tools well encourage a students' active
learning; especially, learning management system
(LMS) well encourages students learning before and
after classes and reduces the teacher’s time spent
grading. NIT, Hakodate college (Hakodate Kosen) has
been promoting an active learning (AL) education such
as any interactive lectures (e.g. Kobayashi (2015),
Shimogohri (2015)). Faculty members of Hakodate
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Kosen have also been conducting various educational
improvements/developments with AL and ICT.
In this report, we'd like to present a case of AL
approach in an engineering subject.

program, authors strongly recommend that you catch
that chance. We should encourage an active learning,
NOT active teaching. Figure 2 shows examples of their
note.

Pedagogy and Materials
Class: Electrical Measurement Engineering II, 4th
year, department of electrical and electronic engineering,
42 students, core subject 1 unit, 2 credits/week, 15 times
in the first semester.
Subject design: First four weeks: flipped classroom
style about the fundamental principle of an oscilloscope.
Next six weeks (included a midterm exam): lectures and
AL activities (a group discussion and a presentation)
about fundamental properties of operational amplifier
and their basic circuit. Last four weeks: lectures and AL
activities about actual electrical noise problems.
Instructional design: Although students tends to
want more solution/discussion time, a facilitator needs
to manage time schedule according to an instructional
design sheet. In the AL style, it is often considered that
actual lecture time wasn't enough because deep
discussion needs more time. Therefore, we need to
manage each lecture, a basic element of instructional
design. The instruction design is especially required for
AL style.
Group discussion & Presentation: Each group
included 5 or 6 students whose seats were near (Figure
1).

Figure 2. The examples of their discussion note. Each
group make one report together with group members.
Then, some groups were chosen to solve and
explain each problem on the blackboard in front of all
students (Figure 3 upper and lower photos). Because
each group was sometimes given the different problem,
students needed to pay attention other group's
presentation to understand all problems. Students can
ask or discuss if they had questions and/or an opposite
opinion. Presentation and discussion are also quite
significant for both their comprehension and their
generic skills.

Figure 1. Group discussion. Each group had five or six
students.
Group members were fixed during through the semester
except for the flipped classroom. In each class, each
group tackled practical/applied problem after they got a
fundamental lecture. Although they can use any
connected devices such as smart phones, tablets, laptops,
to investigate the problem or to get useful information,
they weren't allowed to communicate with the other
groups in the first 20min. The lecturer should encourage
student who are not good at communication with other
members (Takeda, (2014)). Additionally, the lecturer
needs to be just a facilitator during group discussion
time, which means he/she is required not to speak;
however, this is quite difficult for lecturers because we
tend to want to explain more details. If you have an
opportunity to participate in a facilitation training

Figure 3. Upper photo: some groups were chosen to
solve the problem on the blackboard after discussion.
Lower panel: then, they explained their solution or their
opinion. Each student in group was given their roles.
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This class had 8 groups, however, only three or
four presentations could be given in class. Thus, groups
were chosen randomly by electronic dice which was
made by students of Robot engineering club (Figure 4).

Blackboard (BB) as a LMS (e.g. Kobayashi (2000)). All
materials involved in the class can be downloaded and
students can also use it with smartphone. Additionally,
students can upload their reports and presentation files.
The lecturer can also check their activities and conduct
a quiz on the BB. Such ICT tools well assist AL style
teaching especially flipped class. Of course, LMS is
NOT absolutely necessary for AL style education, it's
just one of convenient tools. Figure 6 is the example of
BB contents.

Figure 4. The electronic dice. After the number of class
students is set, the dice randomly displays a number.
Each number is used one time only.
Flipped classroom: In order to use the class time
for their comprehension, studying before and after class
is very effective, which is a flipped classroom (e.g.
Berrett D. (2012)). However, choosing the level of each
problem is very important and difficult; it needs to be
interesting, not too easy, not too tricky, and the
materials involved in it needs to be prepared. Since
preparation and presentation is not an easy task for
students, their efforts should be evaluated for subject
grade. A balance in each group’s ability is also
important. Although each group should have a student
who has active attitude, a leader type student must not
decide all. Figure 5 shows the examples of student’s
presentation.

Figure 6. The example of BB contents (this is the 2016
version). LMS is useful for both students and lecturer.
BB is one of LMSs, any LMS must encourage students
and lecturer.
Results and Discussion
Students’ grade: Figure 7 shows their final grade
distribution compared with a previous non-AL style
class.

■$/ $YH）
■1RQ$/ $YH 

Figure 7. Final grade distributions of AL and Non-AL
style. Subject and contents were same, but students
(populations) were different.
Interestingly, although average scores were almost
same value, the score distributed in the shape of a twohump camel in AL style class. This result indicates that
the students of intermediate grade group could
understand because the students of intermediate grade
group had studied interactively or taught each other in
group works. Of course, although subject contents were

Figure 5. Examples of student’s presentation. All
students have to talk about their associated part.
Materials on LMS (Blackboard): Because students
needed to study before and after class, we have to
encourage their learning. Hakodate Kosen adopted
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almost same, the grades couldn't be directly compared
because students belonged to different years. The
comparison above shows a tendency, but has not been
statistically proven yet; however, it seems to confirm
our initial expectations.
Unfortunately, some students in each class didn't
understand enough.

The LMS well assist students’ active learning
during, before, and after class. ICT tools are good and
convenient materials for especially AL style.
It is sometimes said that some subjects are proper
for AL style (e.g. English, math, social studies) but
some subjects, for instance a specialized subject, are not.
However, this class was specialized class in electrical
engineering. The interactive, AL teaching has various
methods as you know. Every subject could adopt proper
AL methods. The group work and/or the discussion are
NOT necessarily needed for whole of class. If we need
to explain, we should explain through the class. The
significant point is "which is better for students'
comprehension?" We have to improve/ develop
teaching methods and materials for student's effective
learning.

Students’ opinions: A questionnaire about AL style
was conducted. The number of the positive evaluations
was 36 answers, in contrast, the negative ones were only
10 answers. Typical students' opinions both of positive
and negative evaluations are shown below. They
seemed to feel AL style was good practice for generic
skills. However, because some students thought
"achievement of group works depended on the
members", group members should be remixed.

Acknowledgements

Positive opinions:
 Group works were good.
 I focused problems well.
 It was fun!
 Every student could understand due to group
discussion.
 I could understand deeply.
 We got many types of skills!
 I didn't get sleepy.
 We tackled “so so” difficult problems, so that I
didn’t feel the examination was difficult.

This activity is supported by MEXT Grant-in-Aid
for "Program for Promoting Inter-University
Collaborative Education: Quality Assurance by
Outcomes based Learning for Subject Benchmark
Statement".
Additional statements
All student gave their permission to use the photos.
References

Negative opinions:
 Achievement of group works depended on the
members.
 I like the traditional lecture style.
 I’d like more discussion time.

Barkley E. F., Cross K. P. and Major C. H. (2005),
Collaborative learning techniques. John Wiley & Sons.
Barr R. B. & Tagg J. (1995), From teaching to leaning:
A new paradigm for undergraduate education. Change,
27(6), 12-25.

Conclusions

Berrett D. (2012), How ‘flipping’ the classroom can
improve the traditional lecture. The Chronicle of Higher
Education,
Retrieved
from
http://chronicle.com/article/How-Flipping-theClassroom/130857/

The purposes of AL style education are 1) students
understand more fundamental knowledge than a
conventional teaching and can apply to practical
problems, 2) students possess the generic skills
(especially active and curious attitude for the problems
solution) through discussion and active investigation.
Authors have been attempting various interactive
teaching methods in order to achieve these purpose.
How much did this class achieve?
According to their grade and questionnaire results,
they could understand fundamental content about
Electrical Measurement Engineering. Although students
of the middle grades might well understand thanks to
AL style, class needed an improvement for the students
of lower grades. Students seemed to participate and
discuss actively with group work. We know students
study hard in groups before their examination, which
indicates that they also understand group work is
effective method for deep learning; a keyword is
students' "mutual teaching". Meanwhile, group work
depends on group members. In other words, facilitation
or instructional design is quite important. We'd like to
research better facilitation skills from good case reports.

Kawai-juku (2014), AL: Quality Assurance of learning,
Toushindo (ISBN 978-4-7989-1233-2).
Kobayashi J, Isami H, Noguchi K, Ikeda K and Kojima
T. (2015). Quality Assurance by Outcomes based
Learning for Subject Benchmark Statement III: effects
of LMS on engineering education. JSEE annual
conference international session proceedings. pp.538539.
Ministry of Education, Singapore (2010), 21st century
skills,
Retrieved
from
https://www.moe.gov.sg/education/21cc/
Moriya K, Fujiwara T, Yamashita J, Kobayashi J, Hama
K and Iwakuma T (2012), Evaluation of Recent Project
Based Learning Education on Advanced Courses of
Hakodate National College of Technology. Proceedings

644

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai
of 6th International Symposium on Advances in
Technology Education, pp.264-268, 2012.
Shimogohri A, Morimoto M, Uehara N, Isami H,
Ichitsubo M. (2015). Quality Assurance by Outcomes
based Learning for Subject Benchmark Statement IV:
suggestion for group work of engineering subjects.
JSEE annual conference international session
proceedings. pp.540-541.
Takeda Masanori (2014), Theory of learning facilitation,
Gakuji (ISBN978-4-7619-2050-0).

645

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai

4408

Using data mining to reduce the drop out of the second year student:
Suggestion for required course
T. Yatsungnoen*, P. Chertchom and P. Charoenpong
Thai-Nichi Institute of Technology, Faculty of Information Technology, Thailand

*tanasin@tni.ac.th
Keywords: Data Mining, Education Technology,
Education
Research,
Student
Performance,
Classification Technique, Decision Tree

Abstract
With the accountability of university for student
success, data analytics of academic must be done for
helping fulfilling their academic missions. From
Registration’s data of Thai-Nichi Institute of
Technology (TNI), it shows that dropped out student
from TNI’s starting of operation of Information
Technology (IT) students is 403 of 1,775 which is
22.70%. Thus, student retention and graduation are
the most important tasks for institution from this
evident. The objective of this research is to reduce
the number of student being dropped out from
second year by applying a data mining technique
using the framework of data classification. We also
developed framework for mining the past data of
TNI registration system from 2008 to 2016, by
selecting the student data from the Faculty of
Information Technology (IT) in second year students
only such as grade point of average (GPA), grade
point of require courses and grade point of standard
courses. The conception framework was evaluated
by 5 experts who were previously been publishing
and experiencing in data mining technique and
educational and training business. The result of
evaluation is 3.80/5. Then we applied this framework
and use selected data for discovering knowledge that
provides the pattern of group of course (Require
course) that student must enroll to avoid dropping
out. The results from data mining give a suggestion
for required course for enrollment as following; First
group of good result of academic performance
consists of Internet Technology course, Japanese
course and Introduction to Computer Programming
course. Second group consists of Internet
Technology course and Japanese course.
Generally, students with high academic
performance and with predicted probability of good
planner were able to manage their studying,
however, some students still do not understand how
to choose appropriated course for studying in the
same semester that may facilitate their success.
Thus, from this research’s outcome, it provides a
guideline for student to choose or avoid an
unexpected result of academic performance from
group courses selection.

1.

Introduction

Today, there are twenty-three information
technology (IT) faculties in Thailand. Thai-Nichi
Institute of Technology (TNI) is one of those university
that provided this program. For admission score of
TNI’s IT student ranges from 10,000-12,000 points
which closes to the five famous universities in Thailand
as shown in table 1.
Table 1. The score of admission testing in 2015 of
university in Thailand. (Association of University
Presidents of Thailand, 2016)

Range of
Admission Score
in 2015

University
King Mongkut's University of
Technology Thonburi (KMUTT)
Suranaree University of
Technology (SUT)
Khon Kaen University (KKU)

16,755-14,612

Chiang Mai University (CMU)

16,963-14,322

Thai-Nichi Institute of Technology
(TNI)

12,000-10,000

15,275-11,418
15,575-13,276

The number of applicants for TNI’s IT is
approximately 500 undergraduates every year and we
can accept about 300 seats. Additionally, the number of
IT’s applicants have been growing up every year, but
the number of dropped students is also linearly
increased in the numbers as shown in table 2.
Table 2. Drop out of IT student from registration system
Year
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Number of IT Student

Dropped out

2008

33

8

2009

122

23

2010

171

31

2011

223

63

2012

255

71

2013

216

84

2014

217

57
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2015

286

83

2016

251

32

From figure 1, CRISP-DM (Cross-Industry Standard
Process for Data Mining) is a data mining standard
process that we used in this study. The six phases are
listed below:
1. Business understanding and
2. Data understanding,
3. Data preparation.
4. Data modelling.
5. Data evaluation.
6. Data deployment.

From table 2, it presents that dropped out student’s
rate is a bit high comparing to number of existing
students. Especially, in 2013, a number of IT student is
216 and dropped out is 84 students, equal 38.8%. The
data from registration system also shows us that there
are totally 1,774 students for faculty of Information
Technology since 2008-2016 and total dropped out
students is 452, which is 25.47 %. The rate of dropped
out could be reduced if there are some information to
allow us to know the causes.
Thus, this study aims to develop the
recommendation system from mining the past to reduce
dropped out the second year student from a suggestion
for registered required courses at a proper time.

1. Business Understanding
This is the first process of data mining, which also
includes determining business objectives, establishing
data mining goals, and developing a project plan. For
the problem definition of this study, we started from
finding the big volume of dropped out students at the
second year of study. Thus, the aim of this research is to
analyze data form TNI’s registration system to discover
the associated pattern of the first and second years’
course with academic performance.

2. Literature Review and Technology used
2.1 Data Mining
Data mining, namely knowledge discovery and data
(KDD) is the process of extraction of implicit and
explicit patterns from large data. It can find out different
perspectives and summarize for business used. (Klösgen
and Zytkow, 2002) Data mining is a tool in which
several businesses apply a paradigms convergent for
example decision tree construction, rule induction,
artificial neural networks, instance-based learning,
bayesian learning, logic programming and statistical
algorithms to increase revenue, cuts costs, or both by
transform its information from mining to visualized
data. (Romero et al., 2008)

2. Data Understanding
The second process is data understanding which
consist of collecting initial data, data describing, data
exploring, and data verifying. After understanding the
problem area, researchers discussed with officer from
academic service department for available data for
mining. This steps involve exploring the structure of
table, its attribute and also determining the data quality
in order to verify to be sure that the data in registration
system(REG) are enough to mining for our study.
Researchers received a registration data in MS excel
format and they are 16 files separated. In this case,
merging these file is the first important task for us to
begin this paper.

2.2 Data Mining Process Model
This research uses six processes of CRISP-DM to
discover the relation between pattern of study plan and
TNI student academic performance.

3. Data Preparation
The third process is preparation data from REG that
contains three sub processes
Data cleaning:
This step not only remove the inconsistent data or
noise, but also collect necessary information from
REG. The incompleted data are removed such as blank
cells, unstructed data, etc. The verification of data
quality was also done by checking for example missing
data, data error and sample of inconsistence data are
illustrated in table 3.
Table 3. Sample of Inconsistent data from REG
STUDENTCODE

COURSE CODE
(Missing data)

50121002-5
50121003-3

(Null)

COURSE
CODE
(Error data)
K
NC

From table 3, sample of inconsistent data that we found
from REG

Figure. 1 CRISP-DM Reference Model (IBM SPSS
Modeler CRISP-DM Guide, 2011)
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This paper applied decision tree (Quinlan 1993;
Hastie et al. 2001; Duda et al. 2001). to classify data.
The process started from supervising the training data
set. for being a model to predict the result of the
data. Decision tree consists of two main parts which are
nodes and branches Node is able to handle both
numerical and categorical data, i.e., it can be labeled by
many types of the attributes. Each node is capable of the
multiple outputs depend on the training dataset. Next,
brances bring the decision from the ancestor node to the
predecessor node, i.e., step down to the next level of the
tree. The node that do not have any branches will be
called leaf node and it, on the other hand, is called root
node. This paper uses a statistical classifier, C4.5,
algorithm to generate the decision tree. At the final
state, the rule bases are created by the decision trees as
shown in Figure 3.

Missing Data - There are no data in that field
such as course grade, some contain blank and
some contain “Null” or contain “-”.
 Error data are data in field that fielded in with
appropriated symbol such as Course grade that
must be “A or B or C or D or F” but it does
have “K” or “NC”. For this error data, we
need to clean it up before mining.
Those inconsistence data may be from human error
and system error, in this paper, we use MS excel in
cleansing.
Data Selection:
Following from data cleansing, the process of data
selection is to employ the data fields or attributes which
are listed below;
- The student status data, i.e., normal or retired.
- The course enrolled list for the 1st and 2nd students
- The enrollment results of them.
Data transformation:
Data was converted into a suitable format for
analysis. Students data are rearranged and sorted into
new table as shown in table 4.


Table 4. The example of student data transformation

STUDENTCODE

ENL-101

ENL-102

ENL-201

GPAX

50121002-5
50121003-3

C
A

C+
B

C
C+

Fair
Good

…………..

…….

…….

…….

…….

4. Data Modelling
At this point, this paper spent a lot of time to determine
which type of modelling that can answer our questions.
Although we have some ideas for our techniques to be
used in this research, we still have to consider the
pattern of data training set (table 4) and proper type of
mining model to meet the criteria for “goodness” of a
model. The model is implemented in the Weka
software as shown in figure 2 as the following steps;
1. Import new table from preparation process (.CSV
format) into the Weka software. (Weka 3 - Data Mining
with Open Source Machine Learning Software in Java,
2016)
2. Choose the feasibility attributes to construct the
model.
3. Choose the data mining approach which is
decision tree for this paper.
4. Simulate data to create the model.

Figure 3: Decision Tree C4.5, algorithm (Quinlan, 1986)

5. Evaluation
At this point, this paper could only be useful if the
information we derived from mining model becomes a
knowledge that we can use for solving our problems. In
this section, we demonstrate the kinds of rule sets
extracted from the C4.5, algorithm as shown in figure 4
below.
Rule Base from C4.5 algorithm
INT-105 = B+
| JPN-101 = C+
| | ITE-302 = C+: Fair
| | ITE-302 = B: Good
| | ITE-302 = A: Good
| | ITE-302 = D+: Fair
| | ITE-302 = C: Fair
| | ITE-302 = B+: Good
| | ITE-302 = D: Fair
| | ITE-302 = F: Fair
| | ITE-302 = W: Fair
| JPN-101 = B+: Good
| JPN-101 = A: Good
| JPN-101 = C: Fair
| JPN-101 = B
| | ENL-101 = B+: Good
| | ENL-101 = A: Good

Figure 2: Weka application
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| | ENL-101 = B: Good
| | ENL-101 = C: Fair
| | ENL-101 = C+: Fair
| | ENL-101 = D+: Fair
| | ENL-101 = F: Retired
| | ENL-101 = W: Retired
| | ENL-101 = D: Fair
| JPN-101 = D+: Fair
| JPN-101 = F: Retired
| JPN-101 = W: Retired
| JPN-101 = D: Fair
INT-105 = B
| INT-101 = C: Fair
| INT-101 = A: Good
| INT-101 = B: Fair
| INT-101 = D+: Fair
| INT-101 = B+
| | JPN-101 = C+: Good
| | JPN-101 = B+: Good
| | JPN-101 = A: Good
| | JPN-101 = C: Fair
| | JPN-101 = B: Fair
| | JPN-101 = D+: Fair
| | JPN-101 = F: Good
| | JPN-101 = W: Retired
| | JPN-101 = D: Fair
| INT-101 = C+
| | ENL-101 = B+: Good
| | ENL-101 = A: Good
| | ENL-101 = B
| | | INT-102 = D+: Fair
| | | INT-102 = A
| | | | INT-202 = A: Fair
| | | | INT-202 = B+: Good
| | | | INT-202 = C+: Fair
| | | | INT-202 = B: Good
| | | | INT-202 = F: Good
| | | | INT-202 = C: Fair
| | | | INT-202 = D+: Good
| | | | INT-202 = W: Good
| | | | INT-202 = D: Good
| | | INT-102 = C+: Fair
| | | INT-102 = C: Fair
| | | INT-102 = D: Fair
| | | INT-102 = B+: Good
| | | INT-102 = B: Fair
| | | INT-102 = F: Fair
| | | INT-102 = W: Fair
| | ENL-101 = C: Fair
| | ENL-101 = C+: Fair
| | ENL-101 = D+: Fair
| | ENL-101 = F: Retired
| | ENL-101 = W: Retired
| | ENL-101 = D: Fair
| INT-101 = D: Fair
| INT-101 = F: Fair
| INT-101 = W: Fair
INT-105 = A: Good
INT-105 = C+: Fair
INT-105 = D+
| JPN-101 = C+: Fair

| JPN-101 = B+: Fair
| JPN-101 = A: Fair
| JPN-101 = C: Fair
| JPN-101 = B: Fair
| JPN-101 = D+: Fair
| JPN-101 = F: Retired
| JPN-101 = W: Retired
| JPN-101 = D: Retired
INT-105 = C: Fair (326.61/68.8)
INT-105 = F: Retired
INT-105 = D: Retired
INT-105 = W: Retired
Figure 4: Rule Base from Decision Tree
6. Deployment
To use the knowledge acquired from mining, we
need to develop the application of a model for
prediction to new data. We plan to present a prediction
by the way that students can use it for study planning
in this section, it is a future work that we are going to
ask our students what platform and technology they are
familiar with and usually use it in order to make use of
the acquired models from this paper.
Result and Discussion
Dropped out figures from REG encourages us to
find out pressures on students of push and pull dropout
factors. Normally, students plan to drop out from school
when facing situations with low academic performance
lead to consequences, resulting in dropping out. Doll
et al., (2013) supported this evidence from their writing
that students falling out of school, when a student
cannot get a significant academic performance. The
results from our study also imply to their study that
dropped out students from TNI’s IT are from their low
academic performance. From mining, we found courses
that result in dropping out students as following;
1st rule: If INT-105 is B+ and JPN-101 is F.
2nd rule: If INT-105 is D+ and JPN-101 is F.
3rd rule: If INT-105 is D+ and JPN-101 is W.
4th rule: If INT-105 is D+ and JPN-101 is D
5th rule: If INT-105 is F.
6th rule: If INT-105 is D.
7th rule: If INT-105 is W.

Figure 5: Dropped out rule base from Data mining
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Shearer C. (2000), "The CRISP-DM model: the new
blueprint for data mining.", Journal of data
warehousing, vol. 5.4, pp. 13-22.

From mining rule using decision tree, we found that 2
courses that highly effect to push students dropping out
are INT-105 Internet Technology and JPN-101 Business
Japanese 1.

Weka 3 - Data Mining with Open Source Machine
Learning Software in Java. (2016). Retrieved July 15,
2016, from http://www.cs.waikato.ac.nz/ml/weka/

Conclusions
The results from this study implies that courses that
have a strong relationship with dropped out students
are INT-105 Internet Technology and JPN-101. For the
future work, we will apply this finding knowledge
from data mining to be a application system. This
system will be a tool for helping and consoullling
students. However, for completion of consoullling,
other factors required to including in analysis such as
semester of studying, family status, students attention in
studying, students’ responsibility, family expenditure
with acedemic fee and university’s admission schedule.

Yatsungnoen, P. (2016). Framework of mining the past
to reduce drop out of the second year student:
Suggestion for required courses. Paper presented at
International Conference on Business and Industrial
Research Thai-Nichi Institute of Technology, Bangkok,
pp. 309-314
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