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This paper describes a novel approach for
engineering experiments for third grade students. It
was developed with the goal of improving the
motivation in low-grade students and was introduced
in 2013. The new contents were specifically adapted
to the needs of current students. A “Line Tracer”
was chosen as the focus of the new engineering
experiments and was used to support the learning
hardware production and C programming. The
students assembled and soldered both the chassis
and the motor driver circuit. The chassis comprised
a plastic plate, a gearbox, and wheels, all of which
are available in commercial stores. The motor
driver circuit was included two motor driver ICs, a
peripheral interface controller (PIC), and three
switches. The students were able to learn the design
of an H-bridge circuit. The optical sensor circuit
required in a line tracer was made from lower grade
materials as compared to those in previous years.
The use of cheaper components allowed the students
to keep the completed projects. Most students
succeeded in assembling the line tracer within three
to four weeks. After assembling, to control the line
tracers, students had write programs in C. Although
the students were given lessons on operating the PIC,
they were not provided with algorithms for the line
tracer. Two to three weeks were scheduled to
complete the programs. Finally, each student’s
completed line tracer took part in a time trial in the
final week of the course. Most line tracers were able
to complete the entire course. Students competed
against each other in the time trials both for
personal satisfaction and because the result reflected
in their evaluation. The time trial provided the
students with a sense of responsibility, and most of
the students found it engaging. Key factors in
student satisfaction with the novel material were that
each student completed a line tracer and was able to
take it home.

Introduction
The authors introduced new curricula at Department
of Electronic Control Engineering in the Institute of
Technology, Hiroshima College in 2010, because the
needs of students entering the department change year
by year. Moreover, some of the experiments used in the
engineering course were changed in parallel. Simpler
lessons were introduced for freshmen, and expanded
lessons were provided for students in the higher grades.
Experiments were chosen that were interesting to the
students. This helped third grade students to learn better.
A problem encountered by the department was that
the students were not motivated by the experiments that
formed part of the course material. A survey revealed
that some students were dissatisfied with the
experiments, which were perceived to be too difficult by
these students. When analyzing the results of the
experiments conducted by students, the authors
concluded that a key reason was that most students in
the lower grades were not reading the textbook
description of the experiment before the class and were
relying solely on the lessons provided while performing
the experiments. Conversely, there were many students
who expressed interest in the experiments, as most of
students enjoyed working with their hands.
We
concluded that most of the students did not wish to
avoid doing the experiments. We, therefore, developed
new educational experiments to motivate students to
learn better.
Development of the Educational Content
The New Experiments
The goal of the new experiments was to help
students to cope up with lessons independently. The
working time and perfection level of an experiment
depends on a student’s abilities, and we were aware that
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students become demotivated if they are unable to
complete the lesson. Conversely, the difficulty level
could not be set as per the abilities of the weaker
students, as this would make it too easy for students
who prefer a higher level. We therefore selected a line
tracer as the new experimental content, as this was not
difficult and allowed students to try repeatedly to
achieve better results. The line tracer was designed
using a peripheral interface controller (PIC) and motor
driver IC to simplify the hardware and to shorten the
working time without lowering the difficulty
level. Each student built one line tracer and wrote a
program for the tracer in language C.
The line tracer is used as educational tool for
experimental work by the National Institute of
Technology, because it comprises several elements that
are required for electronic control(1-4). The goals of
these experiments were that every student would be able
to understand higher level lessons(1, 2), and that
beginners would acquire a basic understanding of
electronic control(3,4). Our new experiments also had the
additional feature of providing higher-level students
with fulfillment while improving the motivation of
intermediate students.
A key goal of most systems of education is that they
encourage students to learn independently. In the
conventional coursework, students were required to
complete four experiments over a three weeks period at
three hours per week. In the revised curriculum, the
working time of one experiment was extended from
three weeks to six weeks, giving students sufficient
working time to complete the experiment. We believe
that this working time is more reasonable and
appropriate. Previous studies(1, 3) suggested that the
experiment should be completed within six weeks, as a
longer time would have an adverse effect on the
experiments.
A design goal was that experiments must be
sufficiently attractive to encourage students to learn the
engineering basis independently. First, the difficulty
level intended to inspire the students’ sense of
curiosity. A microcomputer was selected for the
experiment, giving students experience of using C
programming(1-3). A previous study(2) and our own
experience suggested that creating competition among
the students is an effective pedagogical technique,
encouraging commitment and motivation. We therefore
included a time trial as part of the evaluation.
Students were required to build one line tracer,
which they took home with them after completion. This
provided a sense of fulfillment, as the students were
able to show their line tracers to their parents and
friends.

A motor
dirver circuit
Batteries

A gearbox
under the circuit
Fig. 1 Line tracer. It has a chassis, wheels,
batteries, a motor driver circuit, and an optical
sensors circuit.
2.
3.
4.
5.
6.

Students will be able to understand methods for
controlling a motor using an H-bridge.
Students will be able to control the input and output
(I/O) ports of a PIC using C.
Students will be able to drive DC motors and
control the rotation speed using pulse width
modulation (PWM).
Students will be able to write a program to enable
their line tracers to run an entire course.
Students will be able to understand the behavior of
the line tracer and optimize the program for the
better.

Previous experiments also included lessons on a line
tracer. However, as this used a commercially supplied
Z80 board and motor drivers with stepping motors, it
satisfied only goals 3, 5, and 6. Our new experiment
included goals 1, 2, and 4. Student attainment of all
goals was used as progress evaluation, including a
ranked time trial and the production of two experimental
reports.
Design of the Line Tracer
The elements required were purchased from a fund
collected from our students. This allowed them to keep
the line tracer when completed. A key requirement,
therefore, was that the line tracer must be designed to
have a low price. Figure 1 shows the line tracer
designed for the new experiments. It comprised an
electronic circuit board for the PIC, an optical sensor
board, a chassis, a gearbox, and wheels. The optical
sensor board was fabricated by lower grade students. It
had four photo reflectors to detect a white line on a
course. The authors designed the optical sensor board,
whereas the students drew the interconnections using
CAD software, assembled the board, and checked the
current and voltage of the circuit. The lower grade
students undertook this over three weeks.
The PIC and two motor driver ICs were attached to
the electronic circuit board. PIC16F1827 (Microchip
Technology Inc., Chandler, Arizona, USA) was selected
for use in the experiment because easily available and it
has a capacity to extend the experiment to a higher
level. The program written by the students
was transferred to an EEPROM in the PIC through an
ICSP connecter. C was used to control the line tracer

Attainment Goals
The attainment goals of the experimental material
were as follows.
1.

An optical
sensors circuit

Students will be able to use electronic elements
properly and assemble a circuit with these elements.
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in the experiment because the students had already
learnt this language in an earlier course.
The authors selected a low cost double gearbox
(TAMIYA Inc., Shizuoka, Japan) to provide an
appropriate rotational frequency, and an H-bridge
circuit to control the motors. The H-bridge circuit
is often used in robotics as it allows a DC motor to run
forwards and backwards. Motor driver IC TA7291
(TOSHIBA, Shibaura, Tokyo, Japan) was selected to
reduce the complexity and the working time needed to
assemble the electronic circuit. The electronic circuit
required a voltage higher than 4.5 volts, because the
typical voltage of the DC motor was 3 volts, and
the motor driver IC took 1.5 volts from the supplied
voltage. Four nickel-hydrogen rechargeable batteries
were used in series, generating the 4.8 volts required as
the power supply.
The chassis of the line tracer comprised an acrylic
plate fabricated within our college.

Start / Goal

Fig. 2 Course for a time trial. It has a straight,
ライントレーサ用コース（2014
年度） a
loop, and
curves, a lane C3change,
a slalom,
crossroad.

用紙寸法 A3
縮尺 1:10

of space limitations in the workroom. Each student in a
group made the electronic circuit, while students in
another group assembled the gearbox, wheels, and the
chassis. The electronic and mechanical parts were
completed first.
However, this took longer than
expected, and many students were unable to finish
building the line tracer in the two weeks allotted. We
concluded that this was due to the students being unable
to observe the full assemble process. The next twentyfour students, therefore, were not divided into two
groups. Almost all the students in the second group
batch completed building the line tracer. We concluded
that students benefited from able to track their progress,
and from sharing skills with each other. After finishing
the build, the students moved to another workroom to
write the program.

Overview of the Experiment
The students assembled each element of the line
tracer in the first two or three weeks of the six weeks
course. We estimated that the students would need two
weeks to assemble the hardware, including
checking. However, some students proved to have
insufficient skill in assembling solid models, even when
using commercially available kit. In these cases,
students were allowed enough time to assemble the
hardware.
Next, the students learned to designate the I/O ports
of the PIC and to control the rotation of the motors
using C. Control of the PIC was learnt from a textbook,
using small step lessons while writing their own
program. The students also wrote a program for the
time trial. All students took part in the time trial, and
the fastest time achieved by each student was recorded.
Figure 2 shows the course for the time trial. The
length and width of the course plate were 3,640 mm and
1400 mm, respectively. The course had straight, curves,
a lane change, a slalom, and a loop including a
crossroad. The course was built from four wooden
plates, and was able to be divided into four parts,
allowing the order of the course to be changed and
different plates to be added.

Programming Lessons
The students learned to write programs though
lessons that included the use of LEDs, inputs from
switches and sensors, rotating motors, and PWM
control. The program, to enable the tracing of a line,
was developed in the course of the lessons. Most
students completed the lessons within four weeks, and
then started to write their own program for the line
tracer. Slower students independently sought out the
course supervisors to seek permission for extra time to
complete the work. This autonomous initiative on the
part of the students had never been observed before.
Some of the students who had completed the project
within the time also came to ask for extended time to
improve their performance in the time trial, on their own
initiative.
As students were allowed to save their program to
their USB storage devices, they were able to extend and
to modify their programs when out of college. However,
they were not able to compile or transfer the
programs. We believe that this helped avoid the
problem of students failing to prepare for the
experiment.

The Experiment
Assembling the Line Tracer
The authors introduced the new experiments for
third grade students at the Department of Electronic
Control Engineering in the National Institute of
Technology, Hiroshima College, staring in 2013. A
total of 134 students (including seven female students)
have completed the course over three years. Students in
each grade were divided into four groups, with about
twelve students in a group. Before 2013, students had
done various experiments as part of their coursework.
In the new approach, twenty-four students built the line
tracers. They were broken into separate groups, because

A Time Trials
The course plates for the time trial were prepared in
the fifth and sixth weeks. Trial times were measured in
the sixth week, and results were written on a public
whiteboard. There was no limit on the number of times
that students could compete. As the students began to
compare their times with those of other students, they
200

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

014 2015
0

0

0

0

0

0

1

4

1

11

30

9

11

9

2

2

1

3

0

1

0

0

1

1

0

0

0

0

0

0

0

1

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

60

50
2015
2014
2013

40
30

A number of students

0

0

Number of the students

0

20
10
0

50
40

Q (ii) 2014

Q (i) 2013

Q (ii) 2013

30
20
10
0

0

Q (i) 2014

No
Answer

20 40 60 80 100 120 140

1

2

3

4

5

Point

Fig. 4 Evaluations of the experiment from students.
An average was 4.40 points for the question (i), and
an average was 4.06 points for the question (ii). It
suggests that many students evaluated the
experiments as good.
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Fig. 3 Histogram of the time trial since 2013. The
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repeatedly modified their program to improve their
times.
Figure 3 shows a histogram of the time trials
conducted since 2013. The fastest time was 20.3
seconds, the slowest time was 148.4 seconds, and the
average time was 41.2 seconds.
Many students
recorded times in the late twenty or early thirty seconds,
suggesting that the new course material was not too
difficult for the students, and that students competed to
improve their performance.
Ninety eight percent of the students completed a trial
time over three years. Although the remaining students
were well motivated, and worked on their programs
until the end of the allotted period, they were unable to
complete a trial time. However, even those students
who were unable to complete the experiment gain
experience using the new course contents.

The average response to question (i) was 4.40 points,
with most students rating the contents more than
four. This confirmed that the new material was viewed
favorably by the students. Their comments suggested
that they had obtained a sense of accomplishment,
because their line tracers were able to run the entire
course. Many students reported that competing with
others for the fastest time had increased their interest.
(ii) Did you gain experience from the experiment?
5 pt: Very good experience
4 pt: Good experience
3 pt: Neutral
2 pt: Lower experience
1 pt: Waste of time
0 pt: No answer

Evaluations

The average response to question (ii) was 4.06 points,
confirming that many students recognized that they had
acquired skills, techniques, and experiences from the
new experiment. The students reported that the contents
helped them to understand programming, and that they
gained experience in deriving the workflow of the entire
project.
Finally, students were asked to compare the new
course content with another experimental course run
simultaneously by a different professor, in which
students worked in groups of four or five to write a
program for an inverted pendulum robot with two
wheels.

The students submitted two experimental reports, on
the H-bridge and on the programming. Each submitted
report contributed ten percent to the evaluation, and an
additional point was added for an excellent
report. Student attendance and participation in the
experiment were also marked. Up to twenty points were
added to their score from their rank in the time trial.
Evaluation of Educational Content
1
Eighty-four students in 2013 and 2014 completed an
anonymous questionnaire to investigate their
satisfaction with the new experimental material. Figure
4 shows the responses to the following questions, based
on five-point Likert scales.

(iii) How did the educational contents of the two
courses compare?
5 pt: Very good, it should be continued
4 pt: Better than the other
3 pt: As good as the other
2 pt: Worse than the other
1 pt: Only the other should be offered

(i) Were you interested in the educational contents?
5 pt: Very interested
4 pt: Interested
3 pt: Neutral
2 pt: Slightly interested
1 pt: Not interested

The results are shown as Fig. 5. The average evaluation
was 4.00 points. Only one student evaluated the new
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Fig. 5 Evaluations of the experiment compared with
another experiment in the same semester. An
average was 4.00 points for the question (iii). These
answers suggest that they evaluated high the
experiment than the other.
contents at one point. The students rated the new
experiment
more
highly
than
the
other
experiment. Comments suggested that students rated
highly the fact that every student built his/her own line
tracer, and were able to let it run the entire course. The
comments suggested that not all students completed the
lessons in the other experimental course, and that many
students did not understand the contents. The goals of
the novel approach were to improve the motivation of
the students and to allow them to tackle the experiment
independently. We consider that these educational
goals were achieved based on the results of the
questionnaire and observations of the independent
activities of the students.
It was also confirmed that almost all students
achieved the attainment goals defined above. All
students achieved goals 1, 3, and 4, and most students
accomplished goal 2 by submitting their report on the
hardware. Students whose line tracer succeeded in
running the entire course achieved goal 5. Goal 6 was
also achieved by students optimizing their programs,
and many students were able to write reports on their
software that were original, detailed and concrete.
Conclusions
New educational contents were developed to help
students work with high motivation on the experimental
material.
The novel material was introduced in
2013. The experience of the students who used the new
materials for conducting an experiment was evaluated
by asking them to fill a questionnaire. Students
appeared highly motivated to work on the experiment
on their own. The results of all evaluations
demonstrated that the course contents achieved the
attainment goals.
In the future, this material will be used to enable
third grade students of our college in their experiments,
and the authors will continue to research on the
educational benefits.
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This paper describes a novel approach for
engineering experiments for third grade students. It
was developed with the goal of improving the
motivation in low-grade students and was introduced
in 2013. The new contents were specifically adapted
to the needs of current students. A “Line Tracer”
was chosen as the focus of the new engineering
experiments and was used to support the learning
hardware production and C programming. The
students assembled and soldered both the chassis
and the motor driver circuit. The chassis comprised
a plastic plate, a gearbox, and wheels, all of which
are available in commercial stores. The motor
driver circuit was included two motor driver ICs, a
peripheral interface controller (PIC), and three
switches. The students were able to learn the design
of an H-bridge circuit. The optical sensor circuit
required in a line tracer was made from lower grade
materials as compared to those in previous years.
The use of cheaper components allowed the students
to keep the completed projects. Most students
succeeded in assembling the line tracer within three
to four weeks. After assembling, to control the line
tracers, students had write programs in C. Although
the students were given lessons on operating the PIC,
they were not provided with algorithms for the line
tracer. Two to three weeks were scheduled to
complete the programs. Finally, each student’s
completed line tracer took part in a time trial in the
final week of the course. Most line tracers were able
to complete the entire course. Students competed
against each other in the time trials both for
personal satisfaction and because the result reflected
in their evaluation. The time trial provided the
students with a sense of responsibility, and most of
the students found it engaging. Key factors in
student satisfaction with the novel material were that
each student completed a line tracer and was able to
take it home.

Introduction
The authors introduced new curricula at Department
of Electronic Control Engineering in the Institute of
Technology, Hiroshima College in 2010, because the
needs of students entering the department change year
by year. Moreover, some of the experiments used in the
engineering course were changed in parallel. Simpler
lessons were introduced for freshmen, and expanded
lessons were provided for students in the higher grades.
Experiments were chosen that were interesting to the
students. This helped third grade students to learn better.
A problem encountered by the department was that
the students were not motivated by the experiments that
formed part of the course material. A survey revealed
that some students were dissatisfied with the
experiments, which were perceived to be too difficult by
these students. When analyzing the results of the
experiments conducted by students, the authors
concluded that a key reason was that most students in
the lower grades were not reading the textbook
description of the experiment before the class and were
relying solely on the lessons provided while performing
the experiments. Conversely, there were many students
who expressed interest in the experiments, as most of
students enjoyed working with their hands.
We
concluded that most of the students did not wish to
avoid doing the experiments. We, therefore, developed
new educational experiments to motivate students to
learn better.
Development of the Educational Content
The New Experiments
The goal of the new experiments was to help
students to cope up with lessons independently. The
working time and perfection level of an experiment
depends on a student’s abilities, and we were aware that
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students become demotivated if they are unable to
complete the lesson. Conversely, the difficulty level
could not be set as per the abilities of the weaker
students, as this would make it too easy for students
who prefer a higher level. We therefore selected a line
tracer as the new experimental content, as this was not
difficult and allowed students to try repeatedly to
achieve better results. The line tracer was designed
using a peripheral interface controller (PIC) and motor
driver IC to simplify the hardware and to shorten the
working time without lowering the difficulty
level. Each student built one line tracer and wrote a
program for the tracer in language C.
The line tracer is used as educational tool for
experimental work by the National Institute of
Technology, because it comprises several elements that
are required for electronic control(1-4). The goals of
these experiments were that every student would be able
to understand higher level lessons(1, 2), and that
beginners would acquire a basic understanding of
electronic control(3,4). Our new experiments also had the
additional feature of providing higher-level students
with fulfillment while improving the motivation of
intermediate students.
A key goal of most systems of education is that they
encourage students to learn independently. In the
conventional coursework, students were required to
complete four experiments over a three weeks period at
three hours per week. In the revised curriculum, the
working time of one experiment was extended from
three weeks to six weeks, giving students sufficient
working time to complete the experiment. We believe
that this working time is more reasonable and
appropriate. Previous studies(1, 3) suggested that the
experiment should be completed within six weeks, as a
longer time would have an adverse effect on the
experiments.
A design goal was that experiments must be
sufficiently attractive to encourage students to learn the
engineering basis independently. First, the difficulty
level intended to inspire the students’ sense of
curiosity. A microcomputer was selected for the
experiment, giving students experience of using C
programming(1-3). A previous study(2) and our own
experience suggested that creating competition among
the students is an effective pedagogical technique,
encouraging commitment and motivation. We therefore
included a time trial as part of the evaluation.
Students were required to build one line tracer,
which they took home with them after completion. This
provided a sense of fulfillment, as the students were
able to show their line tracers to their parents and
friends.

A motor
dirver circuit
Batteries

A gearbox
under the circuit
Fig. 1 Line tracer. It has a chassis, wheels,
batteries, a motor driver circuit, and an optical
sensors circuit.
2.
3.
4.
5.
6.

Students will be able to understand methods for
controlling a motor using an H-bridge.
Students will be able to control the input and output
(I/O) ports of a PIC using C.
Students will be able to drive DC motors and
control the rotation speed using pulse width
modulation (PWM).
Students will be able to write a program to enable
their line tracers to run an entire course.
Students will be able to understand the behavior of
the line tracer and optimize the program for the
better.

Previous experiments also included lessons on a line
tracer. However, as this used a commercially supplied
Z80 board and motor drivers with stepping motors, it
satisfied only goals 3, 5, and 6. Our new experiment
included goals 1, 2, and 4. Student attainment of all
goals was used as progress evaluation, including a
ranked time trial and the production of two experimental
reports.
Design of the Line Tracer
The elements required were purchased from a fund
collected from our students. This allowed them to keep
the line tracer when completed. A key requirement,
therefore, was that the line tracer must be designed to
have a low price. Figure 1 shows the line tracer
designed for the new experiments. It comprised an
electronic circuit board for the PIC, an optical sensor
board, a chassis, a gearbox, and wheels. The optical
sensor board was fabricated by lower grade students. It
had four photo reflectors to detect a white line on a
course. The authors designed the optical sensor board,
whereas the students drew the interconnections using
CAD software, assembled the board, and checked the
current and voltage of the circuit. The lower grade
students undertook this over three weeks.
The PIC and two motor driver ICs were attached to
the electronic circuit board. PIC16F1827 (Microchip
Technology Inc., Chandler, Arizona, USA) was selected
for use in the experiment because easily available and it
has a capacity to extend the experiment to a higher
level. The program written by the students
was transferred to an EEPROM in the PIC through an
ICSP connecter. C was used to control the line tracer

Attainment Goals
The attainment goals of the experimental material
were as follows.
1.

An optical
sensors circuit

Students will be able to use electronic elements
properly and assemble a circuit with these elements.
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in the experiment because the students had already
learnt this language in an earlier course.
The authors selected a low cost double gearbox
(TAMIYA Inc., Shizuoka, Japan) to provide an
appropriate rotational frequency, and an H-bridge
circuit to control the motors. The H-bridge circuit
is often used in robotics as it allows a DC motor to run
forwards and backwards. Motor driver IC TA7291
(TOSHIBA, Shibaura, Tokyo, Japan) was selected to
reduce the complexity and the working time needed to
assemble the electronic circuit. The electronic circuit
required a voltage higher than 4.5 volts, because the
typical voltage of the DC motor was 3 volts, and
the motor driver IC took 1.5 volts from the supplied
voltage. Four nickel-hydrogen rechargeable batteries
were used in series, generating the 4.8 volts required as
the power supply.
The chassis of the line tracer comprised an acrylic
plate fabricated within our college.

Start / Goal

Fig. 2 Course for a time trial. It has a straight,
ライントレーサ用コース（2014
年度） a
loop, and
curves, a lane C3change,
a slalom,
crossroad.

用紙寸法 A3
縮尺 1:10

of space limitations in the workroom. Each student in a
group made the electronic circuit, while students in
another group assembled the gearbox, wheels, and the
chassis. The electronic and mechanical parts were
completed first.
However, this took longer than
expected, and many students were unable to finish
building the line tracer in the two weeks allotted. We
concluded that this was due to the students being unable
to observe the full assemble process. The next twentyfour students, therefore, were not divided into two
groups. Almost all the students in the second group
batch completed building the line tracer. We concluded
that students benefited from able to track their progress,
and from sharing skills with each other. After finishing
the build, the students moved to another workroom to
write the program.

Overview of the Experiment
The students assembled each element of the line
tracer in the first two or three weeks of the six weeks
course. We estimated that the students would need two
weeks to assemble the hardware, including
checking. However, some students proved to have
insufficient skill in assembling solid models, even when
using commercially available kit. In these cases,
students were allowed enough time to assemble the
hardware.
Next, the students learned to designate the I/O ports
of the PIC and to control the rotation of the motors
using C. Control of the PIC was learnt from a textbook,
using small step lessons while writing their own
program. The students also wrote a program for the
time trial. All students took part in the time trial, and
the fastest time achieved by each student was recorded.
Figure 2 shows the course for the time trial. The
length and width of the course plate were 3,640 mm and
1400 mm, respectively. The course had straight, curves,
a lane change, a slalom, and a loop including a
crossroad. The course was built from four wooden
plates, and was able to be divided into four parts,
allowing the order of the course to be changed and
different plates to be added.

Programming Lessons
The students learned to write programs though
lessons that included the use of LEDs, inputs from
switches and sensors, rotating motors, and PWM
control. The program, to enable the tracing of a line,
was developed in the course of the lessons. Most
students completed the lessons within four weeks, and
then started to write their own program for the line
tracer. Slower students independently sought out the
course supervisors to seek permission for extra time to
complete the work. This autonomous initiative on the
part of the students had never been observed before.
Some of the students who had completed the project
within the time also came to ask for extended time to
improve their performance in the time trial, on their own
initiative.
As students were allowed to save their program to
their USB storage devices, they were able to extend and
to modify their programs when out of college. However,
they were not able to compile or transfer the
programs. We believe that this helped avoid the
problem of students failing to prepare for the
experiment.

The Experiment
Assembling the Line Tracer
The authors introduced the new experiments for
third grade students at the Department of Electronic
Control Engineering in the National Institute of
Technology, Hiroshima College, staring in 2013. A
total of 134 students (including seven female students)
have completed the course over three years. Students in
each grade were divided into four groups, with about
twelve students in a group. Before 2013, students had
done various experiments as part of their coursework.
In the new approach, twenty-four students built the line
tracers. They were broken into separate groups, because

A Time Trials
The course plates for the time trial were prepared in
the fifth and sixth weeks. Trial times were measured in
the sixth week, and results were written on a public
whiteboard. There was no limit on the number of times
that students could compete. As the students began to
compare their times with those of other students, they
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repeatedly modified their program to improve their
times.
Figure 3 shows a histogram of the time trials
conducted since 2013. The fastest time was 20.3
seconds, the slowest time was 148.4 seconds, and the
average time was 41.2 seconds.
Many students
recorded times in the late twenty or early thirty seconds,
suggesting that the new course material was not too
difficult for the students, and that students competed to
improve their performance.
Ninety eight percent of the students completed a trial
time over three years. Although the remaining students
were well motivated, and worked on their programs
until the end of the allotted period, they were unable to
complete a trial time. However, even those students
who were unable to complete the experiment gain
experience using the new course contents.

The average response to question (i) was 4.40 points,
with most students rating the contents more than
four. This confirmed that the new material was viewed
favorably by the students. Their comments suggested
that they had obtained a sense of accomplishment,
because their line tracers were able to run the entire
course. Many students reported that competing with
others for the fastest time had increased their interest.
(ii) Did you gain experience from the experiment?
5 pt: Very good experience
4 pt: Good experience
3 pt: Neutral
2 pt: Lower experience
1 pt: Waste of time
0 pt: No answer

Evaluations

The average response to question (ii) was 4.06 points,
confirming that many students recognized that they had
acquired skills, techniques, and experiences from the
new experiment. The students reported that the contents
helped them to understand programming, and that they
gained experience in deriving the workflow of the entire
project.
Finally, students were asked to compare the new
course content with another experimental course run
simultaneously by a different professor, in which
students worked in groups of four or five to write a
program for an inverted pendulum robot with two
wheels.

The students submitted two experimental reports, on
the H-bridge and on the programming. Each submitted
report contributed ten percent to the evaluation, and an
additional point was added for an excellent
report. Student attendance and participation in the
experiment were also marked. Up to twenty points were
added to their score from their rank in the time trial.
Evaluation of Educational Content
1
Eighty-four students in 2013 and 2014 completed an
anonymous questionnaire to investigate their
satisfaction with the new experimental material. Figure
4 shows the responses to the following questions, based
on five-point Likert scales.

(iii) How did the educational contents of the two
courses compare?
5 pt: Very good, it should be continued
4 pt: Better than the other
3 pt: As good as the other
2 pt: Worse than the other
1 pt: Only the other should be offered

(i) Were you interested in the educational contents?
5 pt: Very interested
4 pt: Interested
3 pt: Neutral
2 pt: Slightly interested
1 pt: Not interested

The results are shown as Fig. 5. The average evaluation
was 4.00 points. Only one student evaluated the new
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Fig. 5 Evaluations of the experiment compared with
another experiment in the same semester. An
average was 4.00 points for the question (iii). These
answers suggest that they evaluated high the
experiment than the other.
contents at one point. The students rated the new
experiment
more
highly
than
the
other
experiment. Comments suggested that students rated
highly the fact that every student built his/her own line
tracer, and were able to let it run the entire course. The
comments suggested that not all students completed the
lessons in the other experimental course, and that many
students did not understand the contents. The goals of
the novel approach were to improve the motivation of
the students and to allow them to tackle the experiment
independently. We consider that these educational
goals were achieved based on the results of the
questionnaire and observations of the independent
activities of the students.
It was also confirmed that almost all students
achieved the attainment goals defined above. All
students achieved goals 1, 3, and 4, and most students
accomplished goal 2 by submitting their report on the
hardware. Students whose line tracer succeeded in
running the entire course achieved goal 5. Goal 6 was
also achieved by students optimizing their programs,
and many students were able to write reports on their
software that were original, detailed and concrete.
Conclusions
New educational contents were developed to help
students work with high motivation on the experimental
material.
The novel material was introduced in
2013. The experience of the students who used the new
materials for conducting an experiment was evaluated
by asking them to fill a questionnaire. Students
appeared highly motivated to work on the experiment
on their own. The results of all evaluations
demonstrated that the course contents achieved the
attainment goals.
In the future, this material will be used to enable
third grade students of our college in their experiments,
and the authors will continue to research on the
educational benefits.
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Abstract

Introduction
Filmmaking is a complex and collaborative process.
Filmmaking students usually take on different roles and
work together to make short films. The assessment plan
and goals of students tend to focus on the end product the short films. While the films reveal the creativity and
technical knowledge of the students, they do not reveal
the cognitive processes students went through during
the process of making their films.
In an effort to improve student learning from their
filmmaking experiences, Kolb’s (1984) experiential
learning cycle of reflective observation (RO), abstract
conceptualization (AC), active experimentation (AE)
and concrete experience (CE) was adopted for teaching
the filmmaking module ‘Location Production’. The aim
is for the students to not simply have the experiences of
‘doing’ or making a film, but to also reflect, process,
think and further understand this process of ‘doing’
(Fry, Ketteridge and Marshall, 2009).
One way to hone our students’ reflective abilities is
for them to pen their thoughts and experiences in a
reflection journal. Ong (2004) compared ‘writing’ in the
reflection journal to a distillation process that requires
students to gather, filter, process, organize, reconstruct
and feel the experiences that they have gone through. As
a graded assessment, the reflection journal can be
structured to guide students to think critically and be
more aware of their own learning. These journals as
written artefacts also reveal students’ thinking (Luidens,
1997) and thus, can serve as a window into the students’
minds (Ong, 2004).

Filmmaking students usually take on different
roles and work together to make short films. The
process is intense, requiring the synthesis of their
creative, technical and cognitive know-how. While
the films reveal the creativity and technical
knowledge of the students, their films do not make
transparent the cognitive processes they went
through during this creative process. In order to
examine first-year Mass Communication (MCM)
students’ cognitive development while undertaking
the filmmaking module ‘Location Production’,
students were tasked to write an 800 to 1000-word
individual reflection after their production of a 5minute short film.
This sequential exploratory mixed methods study
analysed the reflection journals to examine the
students’ thinking and whether the summative use of
the journal helped students critically reflect on their
learning experiences. Out of 88 students who took
the module, 60 reflection journals were examined
and 83 students’ perceptions of the reflection journal
were obtained by a survey.
The qualitative analysis of the journals revealed
differences in the quality of reflection between
students. Some could critically evaluate their own
learning and performances while a few mostly
recollected their experiences. For those who could
self-evaluate, the self-evaluation process generated
internal self-feedback and deepen their learning.
The quantitative survey found that 71% of the
students felt that writing the journal has made them
learn much more from their filmmaking experiences
and 78.3% felt that writing the reflection has
provided self-feedback towards their own learning.
There were also 3 students who disagreed with the
benefits of using the reflection journal.
This small perceived negativity from the survey
and the skills gap identified in the analysis
warranted future intervention to explain the use of
the reflection journals so that all students can
effectively reflect and learn from their experiences.

Literature Review
Many scholars have encouraged the use of reflection
in education (Dewey, 1997; Gustafson and Bennett,
2002; Ong, 2004; Quinton and Smallbone, 2010). Moon
(2002) suggested that reflection could enable learners to
see their core strengths and weaknesses and acquire a
questioning mind. Andrusyszyn and Davie (1997) found
that reflection as a deliberate cognitive activity can help
learners connect their experiences, thoughts and feelings
gained from their learning activities. But the lack of an
agreement over its meaning or definition makes the
discussion of reflection difficult (Quinton and
Smallbone, 2010; Denton, 2011).
Regardless of the different definitions, the fact is students need to think to reflect. They also need time to
reflect - to move through the layers of thinking needed
from describing experience to analysing experience to
formulating an action plan (Gibbs, 1988). In a way, this

Keywords: reflection journals, cognitive development,
critical reflection, filmmaking
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also means that the students’ reflectivity can be pursued
at many different levels (Parkes and Kajder, 2010).
Van Manen (1977) was the first to discuss the
different levels, or strata, within reflection. He stratified
reflection into three levels, with the first level focusing
on practical means, rather than the ends. His second
level involved analysing and clarifying experiences and
the highest third level included questioning preestablished knowledge, conventions and experiences
(Parkes and Kajder, 2010).
Regardless of the number of levels in the different
frameworks by different researchers, the different levels
always serve as steps to guide the students towards the
highest level, which always seems to point the students
towards being ‘critical’ of their own experiences and
learning (Van Manen, 1977; Hatton and Smith, 1995;
Larrivee, 2008). The construction of these levels into
rubrics can help students see their own progress in
developing a reflective outlook (Fernsten & Fernsten,
2005). This is crucial as Denton (2011) found that many
educators are interested in the study of using reflection
to improve learning. Authors such as Parkes and Kajder
(2010) in teachers’ training and Taylor-Haslip (2010) in
nursing education found reflection useful in improving
their students’ learning. On the same note, this research
on the use of reflection journal can help filmmaking
students improve their cognitive learning and, at the
same time, add literature to the area of film education.

and address the following research questions:
1) Can first-year students critically reflect on how
they overcame the difficulties that they faced during the
process of making their films?
2) Can the student filmmakers demonstrate a high
level of reflectivity in their reflections?
3) Can the reflection journal as an assessment tool
encourage students to evaluate their own learning and
thus deepen their learning?
Quantitative Survey: 2 weeks after submitting their
journals, 83 students participated in a survey to study
their perception on reflection at certain stages of their
learning. 5 students were absent during the survey.
The Likert-scale survey consists of 10 questions and
is structured to guide students to think chronologically.
Some questions were designed to affirm earlier findings
in the qualitative analysis. The students would have to
indicate whether they strongly agree (SA), agree (A),
neutral (N), disagree (D) or strongly disagree (SD) to
the questions shown in table 1. The following research
questions were addressed by the quantitative survey:
4) Do male and female students perceive the use of
the reflection journal differently?
5) Do students performing different roles during the
process of production perceive the use of the reflection
journal differently?
6) Do students perceive the use of the reflection
journal positively?

Research Method and Questions
Participants: They were 88 first-year students taking
the filmmaking module ‘Location Production’ in the
Diploma in Mass Communication (MCM) program in
the School of Film & Media Studies (FMS) at Ngee
Ann Polytechnic. Distributed across 6 practical classes from P101 to P106, most of them were 17-years old and
had little or no prior experience in filmmaking.
The students took on different roles, like director,
producer, cinematographer, editor and sound to create a
5-minute short film. After completing their films, they
had to write an 800 to 1000-word individual reflection,
which formed 10% of their final grade. The assignment
brief tasked the students to discuss two difficulties that
they encountered during the filmmaking process. They
had to describe, analyse and evaluate the measures that
they took to overcome these difficulties.
Research Design: The sequential exploratory mixed
method design was used in this study. Hence, there were
two parts to the research.
Qualitative Analysis: 10 journals were chosen from
each class randomly. For identification, these journals
were assigned a number. E.g., reflection journals from
practical class ‘P101’ were assigned ‘A1’ to ‘A10’, for
‘P102’ - ‘B1’ to ‘B10’ and so on. In all, 60 journals
were analysed. The analysis studied their thoughts and
experiences - how they identified the two difficulties
and how did they reach a solution to these difficulties.
The analysis also looked for common critical incidents
that the students reflected on as well as statements of
cognitive thinking that showed higher order thinking.
These statements of cognitive thinking could reveal the
common themes articulated by students in their journals

Results and Discussion - Qualitative Analysis
Three themes emerged from the analysis of the
reflection journals.
1) Complex and collaborative nature of filmmaking
All students had no problems identifying difficulties
or issues, as the filmmaking process is complex and
involves collaboration between participants and creative
input. Different groups also encountered difficulties of
various degrees, ranging from technical failure and poor
planning to cooperation issues and creative argument.
The reflection below best described and summed up the
complexity and collaborative nature of the filmmaking
process. New to filmmaking, sometimes the challenges
they faced seemed insurmountable.
“Despite being able to complete the
project on time, the journey was not
exactly a walk in the park. Instead, the
project was akin to a mountainous range,
full of ups and downs with many
challenges and difficulties. Some were but
small hills with gradual slopes, easy to
overcome. Others were steep mountains,
requiring patience, perseverance, critical
thinking and an open mind to conquer.”
[Student D3]
The analysis revealed that even though the students
were freshmen new to filmmaking, they could overcome
different challenges that the filmmaking process threw
at them by working together. The easier problems were
solved individually, e.g. one student used a trolley bag
to lug around heavy equipment while another student
went online to learn from video tutorials to improve
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Factors that influence the quality of reflection
The analysis identified three factors that could affect
the quality of student reflection. These three factors had
also emerged from the different definitions of reflection
coined by different researchers (Denton, 2011).
Time: The first factor is time. Gustafson and Bennett
(2002) defined reflection as thinking “for an extended
time about a set of recent experiences looking for
commonalties, differences, and interrelations beyond
their superficial elements” (p. 1). Though the amount of
time spent on reflecting did not linearly equate to better
and more effective reflection, not spending enough time
to reflect would be detrimental to the reflective process.
Some of the poorly written and edited journals were
results of last-minute work and provided the evidence to
support this argument that the amount of time spent on
reflecting affect the quality of the reflection.
Gustafson and Bennett’s (2002) definition suggested
time for a thorough exploration of one’s experiences.
This thorough exploration could suggest depth (Denton,
2011). Perhaps the longer students spent thinking about
their experiences, the more thorough or deeper their
understanding of what they had learnt from those
experiences. Denton (2011) suggested that depth refers
to “one’s sophistication of understanding and ability to
apply knowledge to new problems and environments”
(p. 840). Perhaps those students who only recollected
what they had encountered did not spend enough time to
explore and think deeper into why they had solved their
problems in a particular way. They could only think
critically about how they had solved their problems.
They did not think about their own critical thinking.
Meta-cognition: or thinking about one’s own
thinking is the second factor identified. This arose from
philosopher John Locke’s (1974) (as cited in Denton,
2011) definition of reflection as “that notice which the
mind takes of its own operations”. It meant ‘did the
students notice their own thinking’ - who recollected
experiences and who critically analysed learning? The
analysis showed that the written journals could reveal
such students’ thoughts or meta-cognition to the faculty.
These thoughts could then serve as evidence from which
conclusions could be drawn about a student’s progress
(Ong, 2004). In a way, students who merely recollected
their experiences explained more about their problem
solving while students who went deeper spent more
time evaluating what they had learnt from their
experiences. This difference in meta-cognition
differentiated the quality of the reflection as well.
The analysis revealed two interesting observations
on students’ meta-cognition or what Ong (2004) termed
as ‘thinking about thinking’. First, students’ thoughts
could be guided through the framing of the reflection
criteria. The assignment tasked students to reflect on the
difficulties they had encountered during the filmmaking
process and what they did to overcome the difficulties.
This reflection framework generally guided the students
towards Van Manen’s (1977) second level of reflection
- making students concerned with the analysing and the
clarification of their experiences.
Students who merely recollected their experiences
remained at the first level. Their reflections explained

his/her own editing skills. For tough problems or what
student D3 termed as ‘steep mountains’, students
usually pooled their resources together and dealt with
the challenges collaboratively. Overall, the analysis
suggested that the first-year students could critically
reflect but in varying degrees on how they overcame the
difficulties that they faced during the process of making
their films.
2) Reflection on Teamwork
There were quite a lot of reflection on the social
dimension of teamwork and working well as a team. It
was evident that students were aware that filmmaking is
a collaborative effort, as seven in ten students cited the
importance of teamwork. These students felt that with
the help of everyone, the tasks at hand became easier.
Using the words of student D5, the word ‘TEAM’ stood
for ‘Together Everyone Achieves More”. Some also
reflected on how their teammates helped them learn and
this appeared to be a significant learning point for them.
“Conflicts are a big part of any team
because of the amount of people working
as a team. Each person must realize that
his or her idea is not always right. This is
the joy of working in groups. You get to
learn and grow a lot.”
[Student F3]
3) Distinct difference in the quality of reflection
There were distinct differences in the quality of
reflection between the students. Some could critically
evaluate their performances and project outcomes while
a few merely recollected what they had encountered or
did while making their films. For students who reflected
well, their statements of learning indicated thinking of
the higher order from analysis to evaluation. They could
draw analogies from their learning and be critical about
themselves. In the examples shown below, the students
were self-critical and identified their own mistakes and
weaknesses. They had reflected and evaluated their own
thinking and decided on a change in their mind-sets in
order to gain more learning. This self-realization to gain
transformative change are indicators that their learning
and reflection generate important internal self-feedback
that will benefit their future filmmaking endeavours and
personal development.
“The above problem was all stemming
from one simple problem that I faced:
hubris. I was far too proud and confident
in my skills in writing that I did not want
to see the errors in the script… I should
not be satisfied with my first attempt, as
there are always improvements that can
be made…”
[Student B2]
“Everyone’s working together and trying
to help one another without complaining
about their own roles, so what right do I
have to be so self-centered and think I
was the only one suffering?... I was, only
thinking about myself.”
[Student E6]
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more of their journeys and less on what they thought
about their learning. Focusing the reflection on practical
skills also put the students at the first level, unless they
had sought further clarification. The question that these
students should reflect on was ‘why’. Focusing on
practical skills also tended to make the reflection less
self-evaluative as well.
Students who had critically evaluated their learning
would move towards Vanen’s third level of reflection questioning pre-established knowledge, conventions,
and experiences (Parkes and Kajder, 2010). Student B2
was a good example when he/she analysed his/her own
excessive self-confidence which resulted in mistakes in
the script. This realization and transformative change in
attitude is the higher order thinking and higher level of
reflection that the journal had sought to encourage.
Second, the journals revealed the students’ critical
thinking used to solve problems that they encountered.
In fact, the journals could be used to demonstrate
Schön’s (1983) ‘reflection-in-action’. This is usually
called upon when challenges arose during the process of
accomplishing the task. The example of how student
C3’s team as seen below tried to work around the rain
was a good example.

in sight for discussion, rendering their reflection
inactive, non-persistent and with nothing to contemplate
about. Thus, the outcome was expected. The student
who decided to discuss about the transportation of
heavy equipment was a good example.
Students who evaluated their own learning tended to
dig deeper and chose challenges that required them to
actively and persistently think about and contemplate
over. The outcome tended to be more psychological.
Student B2’s discussion on getting over his/her own ego
was a good example.
Overall, the qualitative analysis has shown that the
student filmmakers can demonstrate a high level of
reflectivity in their reflections. However, not all of them
could. Those who could not - did not spend enough time
to think about what to reflect on, and did not evaluate
what they had learned and changed as a result of the
problem-solving process.
The students who could - actively spent their time
asking themselves what they had learnt - to try and use
reflection to bridge between theory and practice (Schön,
1983) and use reflection to reinforce their experiencemeaning connection (Dewey, 1997). This was
highlighted in the reflection of Student F3 below:

“Nevertheless, no time went to waste as
we used the time during the delay to fill
up some of the forms required for
submission and actors got to analyse their
script in more detail. I have learnt that
although such situations like bad weather
conditions are far beyond my control, I
have to make the best out of any
situation…”
[Student C3]

“In analyzing my work, I feel that this
assignment compelled me to work out of
my comfort zone and do extensive
research, subsequently building on my
practical knowledge.”
[Student F3]
By writing/focusing on the critical incidents, the
students had demonstrated their ability to analyse and
evaluate their experiences and connect experience with
meaning. If they did not reflect on their experiences,
these experiences might remain only as experiences and
not become concrete learning points. Thus, the
reflection journal has provided a platform for the
students to cement their experiences into learning and
provided them with opportunities to ask themselves
critically ‘where was the learning’. This self-evaluation
process helped students to deepen learning instead of
merely applying their learning.

Student C3’s team was reflecting-in-action. They
reshaped what they were working on, while they were
working on it. They experimented on shooting indoor as
a solution to cope with the rain. When their thinking-inaction (Schön, 1983) told them that their sound
recording was distorted, they ‘reflected’ and decided to
spend the enforced delay on other productive aspects of
the production. They did what Schön (1983) termed as
‘reframing’ the situation. This ‘thinking-in-action’ while
the students ‘reflect-in-action’ could be seen in the other
journals when the students described how they tackled
and resolved their problems. In this way, the reflection
journal made student thinking visible.
Reflection-on-action: The third factor that affects the
quality of reflection arose from Dewey’s (1997)
definition of reflection as an “active, persistent and
careful consideration of any belief or supposed form of
knowledge in the light of the grounds that support it,
and the further conclusions to which it tends” (p. 6).
This seems similar to Schön’s (1983) reflection-onaction, “thinking back on what we have done in order to
discover how our knowing-in-action may have
contributed to an unexpected outcome” (p. 26). In our
case, it is whether the students chose the ‘small hills’ or
‘steep mountains’ as the critical incidents for discussion.
Students who merely recollected their experiences
tended to choose challenges where a solution is readily

Results and Discussion - Quantitative Survey
Coefficient alpha was computed to obtain an internal
consistency estimate of reliability for the survey. The
coefficient alpha was .76, indicating the reliability of the
survey to be acceptable.
Independent-samples t tests (one for each question)
conducted found that male and female students did not
perceive the use of the reflection journal differently,
except before they joined the course. One-way analyses
of variance (one for each question) conducted also
found that students performing different roles during the
filmmaking process did not perceive the use of the
reflection journal differently. This is vital and supports
the reflection journal as a valid assessment instrument.
This will also mean that though the students performed
in different roles or were of different gender, their
filmmaking experiences did not contribute to any
unequal opportunity for reflection.
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Descriptive statistics (one for each question) were
conducted to see how the students perceived ‘reflection’
and the use of the reflection journal. The results are
shown in table 1 below.

results pointed to a positive perception towards using
the reflection journal to document their learning.
For question 5, 31.3% felt that they were unlikely to
reflect on their own if the reflection was not part of the
assignment, with 25.3% neutral. This meant that more
than half (56.6%) had benefitted from reflecting on their
experiences with the reflection journal as an assessment.
This is important as in question 6, 84.3% of the students
felt that they had used the reflection journal to critically
reflect on their filmmaking experiences. This suggested
that the journals do have value as an assessment for the
students to think critically.
Overall, the results showed that students perceived
the use of the reflection journal positively. 71.1% felt
that writing the journal made them learn much more
from their filmmaking experiences (question 7). 78.3%
felt that writing the journal provided self-feedback
towards their own learning (question 8) and 80.7% felt
that writing the journal has been beneficial towards their
learning (question 9). This is in line with the findings in
the qualitative analysis that the students can critically
reflect and writing the journal served as self-feedback
for them to deepen their thinking and learning.
However, only 61.5% agreed that the journal should
continue as an assessment (question 10). The 6% who
disagreed might not like writing or felt that there were
better ways to assess them.
The overall survey results showed that most students
felt that they could reflect. But there were a few who
felt that they could not. This perceived difference in the
skills of reflection could have caused the difference in
the quality of student reflection found by the qualitative
analysis. This has implications to the teaching and
learning of the filmmaking module and warrants
intervention so that more students can use the reflection
journal effectively.
To overcome this perceived difference, more class
time can be allocated to teach reflection to bring
students to an equal footing. This is congruent with
Quinton and Smallbone’s (2010) argument that
insufficient class time is currently given to reflection.
Tutors always find time for the delivery of disciplinary
content than for the reflection on learning. Denton
(2011) also cautioned against focusing too much on
technical interest and neglecting the cultivation of other
essential dimensions of human learning, specifically
skills related to reflection.
Some students might be quite reflective on their own
but curriculum pressure, hectic social life and maybe
even part-time employment might have cost them the
time to reflect (Quinton and Smallbone, 2010). Time, as
discussed earlier, is important for them to have a deeper
and thorough exploration of their experiences. Bringing
reflection into the learning space as an expectation will
thus make the difference. Students need to know that
they can all reflect, but that it may not be a habit that
some use in a conscious manner (Moon, 2006). But it is
a habit worth cultivating.

Table 1: Survey Results - Descriptive Statistics

SA
A
N
D
SD
Q1 - Before I joined the course, I know how to critically
reflect on the experiences I have encountered.
Frequency
7
44
26
6
Valid Percent
8.4
53
31.3
7.2
Q2 - Before I start my filmmaking project, I actively think
about what I want to write in my reflection journal.
Frequency
3
19
33
22
6
Valid Percent
3.6
22.9
39.8
26.5
7.2
Q3 - During the filmmaking process, I encountered
challenges, which I feel that I can learn from.
Frequency
41
39
3
Valid Percent
49.4
47
3.6
-

-

Q4 - The reflection journal allows me to look back at my
experiences in dealing with the challenges and learning from
them.
Frequency
26
46
8
3
Valid Percent
31.3
55.4
9.6
3.6
Q5 - If the reflection journal is not part of my assignment, I
am unlikely to reflect on my own experiences in making the
film.
Frequency
7
19
21
29
7
Valid Percent
8.4
22.9
25.3
34.9
8.4
Q6 - I feel that I have critically reflected on my filmmaking
experiences while writing my reflection.
Frequency
19
51
11
2
Valid Percent
22.9
61.4
13.3
2.4
Q7 - I feel that writing the reflection journal has made me
learn much more from my filmmaking experiences.
Frequency
17
42
21
2
1
Valid Percent
20.5
50.6
25.3
2.4
1.2
Q8 - I feel that writing the reflection journal has provided
self-feedback towards my own learning.
Frequency
17
48
16
1
1
Valid Percent
20.5
57.8
19.3
1.2
1.2
Q9 - Overall, writing the reflection journal has been
beneficial towards my learning.
Frequency
17
50
14
2
Valid Percent
20.5
60.2
16.9
2.4

-

Q10 - The reflection journal as an assessment tool should be
continued.
Frequency
14
37
27
3
2
Valid Percent
16.9
44.6
32.5
3.6
2.4

Results from question 2 revealed an interesting note
about students’ knowledge on reflection. It is actually
difficult for students to actively think about what they
want to write in their journals before they start on their
projects, as there were no experiences to reflect on. The
high number of students agreeing and neutral suggested
that some students did not know how the journal should
work for them. This could offer an explanation to the
difference in the quality of the reflection.
Results from question 3 affirmed the finding in the
analysis that all students had no problems in identifying
issues or difficulties. And together with question 4, the

Conclusion
Learning by doing and reflecting are key strategies
used in experiential learning to teach filmmaking. One
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can say that ‘doing’ is ‘Yang’ and ‘reflecting’ is ‘Yin’.
This research has showed that reflecting back on their
filmmaking journeys helped students internalize their
critical thinking used to solve problems while the selfevaluative process helped them think deeper into how
they had changed and learnt more about themselves.
While many scholars and researchers encouraged the
use of reflection in education (Dewey, 1997; Gustafson
and Bennett, 2002; Ong, 2004; Quinton and Smallbone,
2010), not all students are keen nor know how to reflect
effectively. The small perceived negativity in the survey
and skills gap identified in the analysis warranted future
intervention to explain the use of the reflection journals
so that all students can effectively reflect and learn from
their experiences.
A line in T. S. Eliot’s (1943) The Dry Salvages, “We
had the experience but missed the meaning” reminds us
that sometimes the connection between experience and
meaning is weak or totally absent (Denton, 2011). We
need to reflect to encourage and reinforce this
experience-meaning connection (Dewey, 1997). Only
then can we truly say that we have understood how we
think and how we learn.
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Locke, J. (1974). An essay concerning human
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Abstract
Although many instructors support their lectures
with the method of Active Learning, not all attempts
have been successful at encouraging students to be
creative, persistent, or independent. What seems to
be lacking is a discussion on the readiness of students
rather than the efficiency of the methods in lectures.
Hence, we formulated an approach that would
facilitate students’ fundamental competencies
through homeroom activities. This study aims to
discuss the significance of establishing students’
basic skills for Active Learning. Our proposed
Method for Active-learning Skill Training, or MAST,
is based on the concept, “Fundamental
Competencies for Working Persons,” defined by the
Ministry of Economy, Trade and Industry in 2006 as
the basic abilities required in working together with
various people in the work place and in local
communities, which consists of three competencies:
(1) Ability to step forward (action), (2) ability to
think through (thinking), and (3) ability to work in a
team (teamwork). The improvement of fundamental
competencies through homeroom activities that
incorporate holistic aspect of non-curricular
education may stimulate learning motivation to
produce proactive students. This study employs
three approaches: (1) analysis of self-assessment on
Fundamental Competencies for Working Persons,
(2) individual supports and understandings recorded
in a datebook (action/thinking), (3) improvement of
homeroom
activities
to
enhance
students’
interpersonal skills (teamwork). The realization of
these approaches will allow students to improve their
fundamental competencies. MAST may not
immediately reinforce teaching methods in
particular subjects; rather, it will gradually help
promote students’ intrinsic motivation to be creative
and independent. Thus, our capital suggestion is to
revitalize lectures aimed at Active Learning. Further
research on MAST would clarify the association
between homeroom activities and academic
achievement.

Introduction
Concern over the implementation of Active Learning
has been growing, and many teachers have been
improving their lectures using several strategies, such as
group work, pair work, and discussions. However,
attempts have not yield unilateral success in terms of
effectively encouraging students to be more “active,”
not only because teachers do not take the appropriate
methods but also because the students cannot be
creative, persistent, or independent learners. In addition,
there are ambiguities in conducting non-curricular
activities, such as homeroom activities. Therefore, the
main purpose of this work is to discuss how to enhance
students’ fundamental competencies as basic skills for
Active Learning through homeroom activities. We call
our strategy MAST, which stands for “Method for
Active-learning Skill Training.”
MAST is based on the concept, “Fundamental
Competencies for Working Persons,” which consists of
three competencies with 12 competency factors and
defines the basic abilities required in working with
various people in the workplace and in local
communities, set forth by the Ministry of Economy,
Trade and Industry in February 2006. In our increasing
diversifying society, competencies must be enhanced
along with basic scholastic ability for technical
knowledge. Homeroom teachers of first- and secondyear undergraduate students face problems related to
shortage in such competencies.
Although it is difficult for first-year undergraduate
students to obtain sufficient competencies to administer
their personal and educational lives, homeroom teachers
may provide some opportunities for students to train
their basic skills for self-administration. Hence, we
experimentally introduce a datebook called Foresight
Furikaeri-ryoku koujou (improving the ability to review)
Techou, based on The 7 Habits of Highly Effective
People by Stephen R. Covey. This datebook allows
students to review their daily-lives in the short and long
term from the viewpoint of the plan-do-check-action
(PDCA) cycle.
In our college, beginning in 2016, first-year students
are organized into five classes that consist of different
major students so that they can establish relationships
beyond their majors and realize interdisciplinary
approaches in the future. Emphasis is given to
encouraging students to deliver their own opinions,
build interpersonal relationships, and control their stress

Keywords:
Active
Learning,
Fundamental
Competencies for Working Persons, homeroom
activities, initiative, planning, stress control, teamwork,
plan-do-check-act cycle
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levels. Therefore, we have to enable the socialization of
students in each homeroom class.
Our ultimate goal is to produce creative and
independent persons with initiative. Thus we stimulate
their motivation for learning by improving their
fundamental competencies with MAST. This approach
is employed in three first-year classes (126 students) in
the National College of Technology, Oyama campus
beginning in April 2016.
Materials and Methods
MAST is carried out with the following three
approaches.
Analysis of Self-Assessment of Fundamental
Competencies for Working Persons, to clarify the selfawareness of the 126 first-year students
Individual coaching with the datebook, Foresight
Furikaeri-ryoku koujou (improving the ability to review)
Techou, to improve Ability to step forward (action) and
Ability to think through (thinking)
Improvement of homeroom activities to enhance
students’ interpersonal skills for Ability to work in a
team (teamwork) with strategies based on Structured
Group Encounter (SGE) and Neuro-Cognitive
Enhancement Training (N-COGET)

Figure 1 The Rader Chart of 12 Competency Factors

The mean values were high for “Ability to listen
closely and carefully,” “Flexibility,” and “Ability to
apply rules and regulations,” but low for “Planning
skill,” “Creativity,” and “Ability to deliver message.”
The detected standard deviations were small for
“Initiative,” “Ability to detect issues,” and “Ability to
apply rules and regulations,” but remarkably large for
“Ability to influence,” “Creativity,” and “Ability to
control stress.” Individual differences in “Ability to
control stress” were notable: 3% of students marked “1”
for all the three questions for this competency factor.
The results of “Ability to influence,” “Execution skill,”
“Planning skill,” “Ability to grasp situation,” and
“Creativity” were bimodal or trimodal (Figure 2.).
Moreover, many students evaluated these factors
significantly low. Individually, those who reported low
ratings in this self-assessment tended to rate “Ability to
deliver massage” low. This finding indicates the need
for teachers to approach them proactively because these
students would not take actions even if they have
serious problems. In addition, this result has a low
correlation with their learning performance in the
midterm examinations held in June.

Results and Discussion
Fundamental Competencies for Students. In July, we
carried out a questionnaire, the self-assessment of
Fundamental Competencies for Working Persons, in the
three first-year classes. The students were asked to
evaluate 36 questions using four scales: 4 corresponds
to “Strongly agree,” 3 to “Agree a little,” 2 to “Disagree
a little,” and 1 to “Strongly disagree.” The results are
shown in Table 1 and Figure 1.
Table 1 Results of the Self-Assessment of Fundamental
Competencies for Working Persons
Three Competencies
Action

Thinking

Teamwork

Ave.

Dev.

Initiative

12 Competency Factors

2.94

0.545

Ability to influence

2.99

0.624

Execution skill

2.95

0.594

Ability to detect issues

2.93

0.553

Planning skill

2.82

0.581

Creativity

2.87

0.666

Ability to deliver message

2.85

0.569

Ability to listen closely and carefully

3.18

0.561

Flexibility

3.16

0.595

Ability to grasp situations

2.94

0.622

Ability to apply rules and regulations

3.36

0.516

Ability to control stress

2.94

0.756

Figure 2 Frequency Distribution of the Extracted Six
Competency Factors

There is room for further investigation, given that this
assessment was rather subjective; the results may have
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been influenced by students’ personalities. More
objective researches and comparative analysis with
learning performances or other psychological tests (e.g.,
the Uchida‐Kraepelin psychodiagnostic test) will be
needed to realize further support depending on the needs
of individuals.
Datebook for 7 Habits of Highly Effective People.
In April, five first-year classes were recruited for this
attempt, which was assisted by a lecturer from the
publishing company that developed the datebook. We
inspected their datebooks and offered individual advice
necessary.
We encouraged the students to utilize this datebook
as a means for compiling their To-Do lists, learning
portfolio, and drafts of their reflection on their learning
plan for examinations. A number of students mentioned
that after using this datebook, they became motivated
and able to study systematically (Figure 3).

a number of students cannot reflect their habits in the
PDCA cycle.
We have begun distributing handouts that make it
easier for students to schedule, such as learning plans
for examinations. Many students may thus acquire the
capability to manage their schedule in their own ways
with one datebook in the near future.
Homeroom Activities. After entering college, students
have to discuss and determine many topics, such as the
division of duties in homerooms, school festival events,
and players for ball games. These tasks are often
difficult for them when they barely know their peers. Of
course, such a situation can be reframed as valuable
opportunities to train the competency of “Teamwork.”
Instructors can promote arguments, discussions, or
conversations, with appropriate support. Figure 5 shows
one of the handouts designed to help the activities,
particularly when discussions reach a standstill.

Figure 3 Example of a Weekly Schedule Sections

Figure 5 Example of A Handout for the School Festival
Presentation

This datebook has a monthly schedule section. In
using these pages, students exercised their ingenuity
(Figure 4).

The handout is based on published resources; similar
handouts are published in many books and easy-to-use
materials, such as SGE. However, it is necessary to
revise the activities or handouts and adapt them to the
occasion and targeted students.
Although these strategies promote active arguments
or discussions, students may not able to relate with
others. Therefore, we are currently interested in
adapting N-COGET, which helps reinforce cognitive
function. This module may be useful in training
students’ Ability to work in a team (teamwork).
Conclusion
The results of the Self-Assessment of Fundamental
Competencies
for
Working
Person
partially
substantiated our hypothesis on our failure experiences
in Active Learning or non-curricular education.
Individual coaching with a datebook and the
improvement of homeroom activities have produced
notable achievements to enhance the three fundamental
competencies, as the homeroom activities incorporate
the holistic aspects of non-curricular education.
However, further investigations and approaches are
needed. Presently, our school counselors are
interviewing all first-year students, mainly based on the
results of the Uchida-Kraepelin psychodiagnostic test.

Figure 4 Example of a Monthly Schedule Sections

For a number of teachers who do not have lectures in
their Homeroom classes, this datebook can be a
valuable tool to communicate with students. The use of
this datebook has revealed large differences among
individuals, such as whether they can make the most of
the many functions in this datebook. We have found that
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This tool would be a great help to our analysis of our
approach and to improving strategy to facilitate
students’ development.
MAST does not promise immediate results in
reinforcing teaching methods in particular subjects. It
aims to help gradually promote students’ intrinsic
motivation to be creative and independent learners.
Consequently, our capital suggestion is to revitalize
lectures aimed at Active Learning. Further research on
MAST would clarify the association between
homeroom activities and academic achievement.
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Abstract

LSH effects for the students in the PBL-based class
because of their excellent processes, achievements,
and abilities development.

In recent years, a student needs to learn not only
specific skills in the specific fields but also generic
skills such as problem solving, critical thinking, and
communication, which are essential to adapt a recent
complex social organization. To learn such skills,
active learning is one of the best instructional
approaches. In the active learning, problem-based
learning (PBL) has been frequently used in the world.
While PBL can develop several generic skills
through student activities, the necessity of
facilitation ability as PBL teacher makes things
difficult. In order to resolve the problem, this study
attempted to introduce a large-sized handout (LSH)
to “Production Design Engineering Practice”, which
is PBL-based class (once per week in first semester)
for 1st grade students of Advanced Engineering
School (20–21 years old) in National Institute of
Technology, Kitakyushu College. Because the LSH
describes facilitative information (just simple
template) on the larger sized paper (>A3 sized
paper) as distinct from blank paper, we can easily
use the LSH for any PBLs, and expect the promoting
of students leaning process. Therefore, utilization of
the LSH enables to facilitate student group work
with only larger sized papers and a simple template,
and the LSH results can be used for presentation
directly. In the PBL-based class, we grouped 8 teams
(4–5 students per team) from 39 students of 3
courses (Control Engineering Advanced Course,
Production Engineering Advanced Course, and
Materials Science & Chemical Engineering
Advanced Course). The teams included members
from at least 2 fields of experts to keep diversity. We
prepared problem solving scenarios as: 1) the
students are employees in Kitakyushu technology
company capitalized at $10,000, 2) the students team
need to design new projects for the company, and 3)
project
concepts
are
assistive
technology,
environment, or disaster prevention. Using LSHs for
PBL-based class, we could decrease our facilitation
time, and students actively attempted to resolve the
problem using LSHs' guide and direction. Although
the class has not been finished, we could observe the

Keywords: Problem-based learning, Active learning,
large-sized handout, Group work, facilitation
Introduction
Based on rapid globalization and technological
advancement of today’s world, novel student’s skills are
required in our society, which are called as generic
skills. Assessment & Teaching of 21th Century Skills
(AT21CS) project defined the skills into four categories
as ways of thinking (i.e. problem-solving and creativity),
tools for working (information and communication
technology literacy), ways of working (communication
and collaboration), and ways of living in the world (i.e
citizenship
and
personal/social
responsibility)
(AT21CS, http://www.atc21s.org). To accomplish
development of such skills, “active learning” is one of
the best instructional approaches, which provides
learning environments with positive encouragement and
close interaction between students and teachers in
several ways (Prince, 2004). In the active learning,
problem-based learning (PBL) has been frequently
applied to group works for their problem-solving
abilities improvement (Hmelo-Silver, 2004). While the
several benefits for students can be observed, the
necessity of facilitation ability as PBL teachers and
students in the team makes cautious to perform PBLbased class (Hmelo-Silver, 2004; Hmelo-Silver &
Howard, 2015).
To support the facilitation skills of PBL reachers, we
prepared a large-sized handout (LSH), which describes
facilitative information (just simple template) on the
larger sized paper (>A3 sized paper) (Aburatani et al.,
2016). Besides, the previous study reported that LSH
enabled to support our facilitation of class, promote the
students learning processes, and produce presentation
document on the LSH directly.
In this study, we introduced the LSH to “Production
Design Engineering Practice”, which is PBL-based class
in National Institute of Technology, Kitakyushu College.
In doing so, we attempted to develop students’ abilities
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such as problem-solving, communication, and learning
process. And, we evaluated the LSH effects to the
students in the PBL-based class from the viewpoints of
their processes, achievements, and abilities development.
In this study, we report the PBL achievement and
evaluation results by interim presentation of the class.

Table 1. Outline of the class contents
Class
1th
2th
3th
4th
5th
6th
7th

Materials and Methods or pedagogy

PBL class contents
Brain storming and presentation of students' projects using LSHs
Project planning and presentation
Concept mapping of the project
Continuation of project concept mapping and presentation
Business planning
Preparation of presentation documents
Interim presentation

mins
90
90
90
90
90
90+extra time
180

Large-sized handout (LSH)
A1-seized LSHs were prepared in every class, which
describes facilitative information for students group
work. The LSH format was prepared according to
Aburatani et al. (2016) (Figure 1). In most of the class,
students performed presentation using LSHs products
directly.
Production Design Engineering Practice
Production Design Engineering Practice class is
performed (once per week in first semester) for 1st
grade students of Advanced Engineering School (20–21
years old). In the class, we grouped 8 teams (4–5
students per team) from 39 students of 3 courses
(Control Engineering Advanced Course, Production
Engineering Advanced Course, and Materials Science &
Chemical Engineering Advanced Course). The teams
included members from at least 2 fields of experts to
keep diversity. We prepared problem solving scenarios
as: 1) the students are employees in Kitakyushu
technology company capitalized at $10,000, 2) the
students team need to design new projects for the
company, and 3) project concepts are assistive
technology, environment, or disaster prevention.
Students attempted to plan their innovative idea using
LSHs in every class. The class outline of this study is
shown in Table 1. At the 6th class and extra time,
students prepared the documents for interim
presentation, and presented at 7th class for 10 minutes
(with 10 minutes question time).

Figure 1. The format of large sized-handout (LSH) in
this study.

Questionnaires for evaluation of students development
We provided the 3 questionnaires to students at
interim presentation of the class (7th class). In order to
evaluate the students development and LSHs
effectiveness, we performed the 9 questions for selfevaluations and groups-members-evaluation (Figure
2A). Besides to 9 questions, we prepared the free space
to write the students’ arguments. The questionnaires
were prepared based on generic skills definition and
"model core curriculum in National Institute of
Technology” (National Institute of Technology, 2012).
In addition to generic skills questionnaires, students and
class teachers also evaluated their presentation and
achievement using different types questionnaires
(Figure 2B and 2C).
Figure 2. Questionnaires for students and class teachers.
(A) For generic skills evaluations of students, (B)
Presentation evaluation by class teachers, and (C)
Presentation evaluation by students.

Data analysis
Raw questionnaires data was analysed using scatter
plots correlation test using interim presentation data
(project and presentation) by students and PBL teachers
and average of 9 generic skills evaluation by self- and
groups-members-evaluation. For scatter plot correlation
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test, we used average value as PBL teachers evaluations
data of the interim presentation. Welch’s t-test was
performed using 9 generic skills evaluation between
self- and groups-members-evaluation.
Results and Discussion
The Production Design Engineering Practice class
was performed for 1st grade students of Advanced
Engineering School in National Institute of Technology,
Kitakyushu College. Despite the facilitators (class
teacher) performed few minutes simple facilitation in 90
minutes class, the students actively attempted to resolve
the problems written on the LSHs in every class (Figure
3). PBL teachers encouraged and interacted during the
class. The business planning types of 8 teams shows in
Table 2. The 8 teams planned 4 disaster prevention
projects, 2 environmental projects, and 2 assistive
technological projects.
At the interim presentation, each team presented
using power points for 20 minutes in front of 8 PBL
teachers. And, students and PBL teachers evaluated
their presentation and project contents using the
questionnaires B and C of figure 2. Based on the
correlation tests between students and PBL teachers,
project and presentation evaluations are strongly
correlated because of R2 values (> 0.8), suggesting that

Figure 4. Correlation tests based on scatter plots of
questionaries.
(A) Project evaluation in the interim presentation, (B)
Presentation evaluation, and (C) 9 generic skills
improvement evaluation. Numbers in the figures show
each team.

Figure 3. Students’ achievement using LSH. This LSH
shows the result of project concept mapping.
Table 2. The lists of students team in the class

Team
1
2
3
4
5
6
7
8

No. of
students
5
5
5
5
5
5
5
4

No. of
women
3
0
0
0
0
0
0
0

Project planning types

students can seriously evaluate each other (Figure 4A
and 4B). On the other hand, PBL teachers evaluations
were relatively lower than students’. Thus PBL teachers
strictly evaluate students presentation compared with
students according to teachers’ knowledge, major, and
experiment. While the correlation between self- and
group-members-evaluations of generic skills indicated
that students lowly evaluated themselves, this scatter
plots also strongly correlated (questionnaire A).
Therefore, students may recognize themselves

disaster prevention
disaster prevention
Environment
Environment
disaster prevention
Assistive Technology
disaster prevention
Assistive Technology
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Table 3. Average values of 9 generic skills evaluation
Q1

Q2

Team S* T** S

T

Q3
S

T

Q4
S

T

Q5
S

T

Q6
S

T

Q7
S

T

Q8
S

T

Aburatani, H., Kuroda, K., Okada, M., Nakamura, S.,
Yamaguchi, T., Ichitsubo, M. (2016). Use of Largesized handout (LSH): A template for group learning and
active learning, 8th International symposium on project
approaches in engineering education (PAEE) & 14th
Active learning in engineering workshop (ALE), 356–
364.

Q9
S

T

1

3.6 3.7 3.4 4.2 3.6 3.9 2.8 3.8 3.6 4.0 3.6 4.0 3.6 4.0 3.8 4.0 3.0 4.0

2

3.8 3.7 3.8 4.2 3.8 3.9 3.0 3.6 4.0 4.1 4.3 4.2 3.5 3.9 4.0 4.4 3.8 4.1

3

2.8 3.7 2.8 3.8 2.8 4.0 2.6 3.7 2.8 3.9 3.2 3.8 2.8 3.7 3.2 3.7 3.0 3.8

4

4.8 4.9 4.6 4.7 4.6 4.5 4.8 5.0 5.0 4.8 4.4 4.5 4.6 4.7 4.8 4.7 5.0 5.0

5

3.4 3.5 3.4 3.2 3.0 3.3 3.2 3.5 3.8 3.2 3.0 3.6 2.4 3.2 3.0 3.2 3.6 3.4

6

4.6 4.9 4.4 4.9 3.8 4.7 4.2 4.8 4.4 4.8 4.0 4.9 4.4 4.6 4.4 4.9 4.6 4.8

7

4.0 4.4 4.2 4.5 4.0 4.5 3.6 4.4 3.8 4.3 4.0 4.5 4.0 4.3 4.2 4.8 3.8 4.3

8

4.3 4.3 4.3 4.7 4.0 4.6 3.3 4.2 3.8 4.0 3.3 4.3 3.5 4.3 4.5 4.5 3.5 4.0

ALL

3.9 4.1 3.8 4.2 3.7 4.1 3.4 4.1 3.9 4.1 3.7 4.2 3.6 4.1 4.0 4.2 3.8 4.2

Garrison, D.R., Akyol, Z. (2013). Toward the
development of a metacognition construct for
communities of inquiry, Internet and Higher Education,
17, 84–89.

*S: Self evaluation
*T: Third party (group members) evaluation
Q1–9: 1. critical thinking, 2. collaboration, 3. communication, 4. creativity, 5. problem seeking/
solving, 6. information gathering, 7. consensus building, 8. team work, 9. engineering design

Hmelo-Silver, C.E. (2004). Problem-based learning:
What and how do students learn?, Educational
psychology review, 16, 3, 235–266.

objectively, whose ability is one of the important skills
because it enables to overcome a hurdle of their life
(Garrison and Akyol, 2013).
Table 3 shows the results of 9 generic skills
improvements questionnaires according to Figure 2C.
Based on Welch’s t-test using raw data of Table 3, Q2
collaboration, Q3 communication, Q4 creativity, Q6
information gathering, Q7 consensus building, and Q9
engineering design were statistically different between
self-evaluation and group-members-evaluation (p < 0.05,
n > 35). Besides to the Welch’s t-test, average values of
9 generic skills evaluations by group members were
higher than self-evaluation (Table 3). A previous study
reported that the LSH use might facilitate creativity
ability compared with blank paper use for group work
(Aburatani et al., 2016). Although this study has no
candidate control such as blank paper in previous study,
their creativities could be improved because of higher
value (4.1) by group members evaluation. Moreover, all
group-members-evaluation of generic skills are higher
than 4.0. Therefore, in respect of metacognition, we
should make effort to assimilate their abilities
improvements between self- and group-membersevaluation.

Hmelo-Silver, C.E., & Howard S.B. (2015). Problembased learning: Goals for learning and strategies for
facilitating. Essential Readings in Problem-based
Learning, Purdue University Press, 69–84.
National Institute of Technology (2012). Model core
curriculum (draft proposal).
Prince, M. (2004). Does active learning work? A review
of the research. Journal of Engineering Education, 93, 3,
223–231.

Conclusions
In this study, we attempted to use LSH into PBLbased class, and evaluated students' generic skills
improvements. Despite the class has not been finished
in this semester, the students felt their achievements of
the class, and positively performed project planning
using LSHs. In addition to students feeling, PBL
teachers have realized facilitation possibility of LSH
formats. Continuously, we will evaluate the LSH effects
to the students in the PBL-based class from the
viewpoints of their processes, achievements, and
abilities development.
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technical English is. Our three main points in this paper
are as follows (I) ~ (III):
(I) As a definition of technical English, considering
Pearsall (1975), “Japan Society for Technical
Communication (=JSTC)” defines the fundamental
principles of technical English as “3Cs (=Correct, Clear,
Concise)”. To put it into practical teaching, we need to
investigate the actual conditions of English users.
(II) As a factual investigation, we held a technical
English seminar for a selected local company.
Interestingly, we found out that a basic sentence pattern
such as “S+V+C (O)” would be most required in their
workplace. Eventually, the problem is whether or not
English teachers can understand working environment
and basically similar English use there. They have to do
the actual case study of student’s place of employment.
Hence the teaching of technical English can allow
students to seek their own identity as an engineer, and
also help to promote their career enhancement through
English study based on the actual case study.
(III) In conclusion, we constructed a model of the
teaching of technical English for NIT. For the practical
teaching of technical English, English teachers are
certainly required to understand and cooperate closely
with teachers of technical education as well as engineers
at local firms. Therefore, the illiberal dichotomy
between the humanities and science course should be
transcended.
Upon these three essential points, firstly, we would
like to set the background of this study roughly through
the past research.

Abstract
In this paper, we are going to discuss the teaching
of technical English for NIT students as future global
engineers. Our three main points are as follows (I) ~
(III):
(I) The fundamental principles of technical
English are defined as “3Cs (=Correct, Clear,
Concise)”. To put it into practical teaching, we need
to investigate the actual conditions of English users.
(II) As a factual investigation, we held a technical
English seminar for a selected local company.
Eventually, the problem is whether or not English
teachers can understand their graduates’ working
environments and what kind of English is used there.
The teaching of technical English should allow
students to seek their own identity as an engineer,
and also help to promote their career enhancement
through English study based on the actual case study.
(III) In conclusion, we constructed a model of the
teaching of technical English for NIT students.
Notice that this paper is a part of achievements
supported by a National Institute of Technology
subsidy for research of 2015 -18.
Keywords: English Technical Writing Test, Training
Global Engineers, Regional Activity, English Language
Teaching, Career Enhancement
Introduction
Generally speaking, despite the prevalence in Japan
of “practical English” indispensable to global engineers,
it seems rather difficult for teachers of NIT to encourage
their students to understand the importance of English
study. Actually, many NIT students do not entirely
believe in a considerable advantage of having a good
command of English. As a reason, they cannot imagine
how technical English could be used in their future
workplace. It can be said that “a serious gap” between
teachers and students exactly exists here. Accordingly,
we should illuminate how important the teaching of

The Background of This Study
As we have already mentioned, the importance of
English has been widely prevailed among the people in
Japan. Apart from its judgement, the teaching of English
has an important role and variety in Japanese
educational system. In this much enthusiasm, the notion
of “practical English” tends to be regarded as very
important. In the case of NIT, “English for specific
purposes (=ESP)” can be its equivalent. As teaching
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Grade 3rd, and Grade 4th. Some of the questions of those
are shown as follows:
As the name “English Technical Writing Test” itself
means, the question pattern of ETWT is simple and
fundamental such as technical term translation or word
understandings. All the questions of “Pre-Grade 2nd”,
“Grade 3rd”, and “Grade 4th” have to be answered on the
mark sheet. We can say ETWT is especially useful for
the writing and reading of technical English. Some of
the questions of ETWT are shown as follows (I)~(VI):

staff committed to the teaching of English for the
students majoring in engineering, we need to define
what kind of English our NIT students need to learn.
We have already considered what kind of curriculum
can be regarded as a suitable one for teaching English at
national institutes of technology. An improvement of
English education as a project had been conducted for
two years (2012-4 academic year) at the advanced
course of National Institutes of Technology, Fukui
campus. In this project, firstly, we tried to set TOEIC®
as the most important target.
In this study, our students were encouraged to get an
average score (400 points) of TOEIC®, although it was
not enough to meet the demand by students themselves.
Even if we taught them that TOEIC® was foremost
“practical” for their future, they could not or would not
fully understand it as their merits. That was why we set
another target for the students. As a different approach
to teaching English suitable for global engineers,
teaching presentation in technical English had been
introduced as a compulsory curriculum of the subject
“Current English”. In other words, we faced much
difficulty to define “technical English” itself through
teaching English at advanced course at NIT in this study.
That was because we have also tried to show mainly
how we designed a new subject “Technical English for
Global Engineers” through this project.
As a first step in this study, we examined what kind
of technical English needed to be taught through the
introduction of “English Technical Writing Test
(=ETWT)” into our curriculum. In the next chapter, we
would like to analyse ETWT.

(I) Translation into Japanese
There is no known useful formula that sets apart all
of the prime numbers. . . . The first result in that
direction is the prime number theorem, proven at the
end of the 19th century, which says that the probability
that a given, randomly chosen number n is a prime is
inversely proportional to its number of digits, or to the
logarithm of n. (105th Exam, Grade 1st, November 15th
2015)
(II) Sentence Combination (i)+(ii)
(i) Higashijima Island is the only known home to the
incredibly rare Bryan's shearwater.
(ii) This is a bird that until recently was feared to be
extinct. (104th Exam, Grade 2nd, July 25th 2015)
(III) Paraphrasing (i)=(ii)
(i) Thre robot is capable of placing the parts precisely at
the right places on the table.
(ii) The robot is capable of ( *one word ) the parts
precisely on the table. (105th Exam, Grade Pre 2nd,
November 15th 2015)

“English Technical Writing Test (=ETWT)”

(IV) Composition
If (1. stops 2. of 3. operating, 4. devices 5. these 6.
you 7. any ) should think about replacing them all.
(105th Exam, Grade 3rd, November 15th 2015)

In this chapter, as most qualified materials for a
teaching of technical English, we introduce “English
Technical Writing Test (=ETWT)” widely held in Japan.
Kyono (2010) explains about ETWT as follows:

(V) Word choice
You can lose control of the car (1. how 2. if 3. unless )
you press the accelerator hard.
(105th Exam, Grade 4th, November 15th 2015)

(ETWT is) provided by the Japan society of
Technical Communication and emphasizes the
importance of the active skills, mainly focusing on what
skills should be taught in the future and how to develop
these skills. This paper also stresses the necessity of
learning rhetoric-related skills, concept of the 3Cs
(Correct, Clear, and Concise) as a means to develop
technical writing skills for engineers. (Kyono 2010:18)

As some notable characteristics of Grade 3rd and
Grade 4th examinations, it is very important for the
examinees to acquire essential technical terms. We
show some of the terms used for the questions of Grade
3rd and Grade 4th (105th Exam, November 15th 2015) as
follows (VI):

At first, we give an outline of ETWT. There are five
levels in ETWT; “Grade 1st”, “Grade 2nd”, “Pre-Grade
2nd”, “Grade 3rd”, and “Grade 4th”. Generally speaking,
The levels of “Grade 1st” and “Grade 2nd” normally
require those examinees to have the actual business
experience. We could suggest that those two grades are
rather difficult for NIT students. As a result, many
acquisitors of Grade 1st and Grade 2nd intend to be
necessarily limited to actual engineers or patent
translators. Therefore, NIT students, normally, and high
school to undergraduate level: 15-20 years old,
majoring engineering are strongly encouraged to obtain

(VI, i) Grade 3rd (translation into Japanese)
refine, irreversible, secrete, disintegrate, covert
(VI, ii) Grade 4th (translation into Japanese)
harden, odor, alloy, width, axis
Here we acknowledge that writing English clearly,
correctly and concisely is foremost important in the
preparation of ETWT and this would be effective for
teaching of technical English. Pearsall (1975)
maintains that “Technical Writing may be defined as the
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As to the above programmes (I)~(III), any students
can participate the programme freely
Joining EC was completely separated from the usual
English classes as compulsory subjects. In each class,
about 10 students constantly joined, and seemed to
enjoy EC. As a result, this gave great effects on the
teaching of technical English. As below, we show the
brochure on the programme (Figure 1).

presentation in written form of technical and scientific
information with clarity and precision on a level suitable
to the intended audience”. We can define ETWT as a
concrete gate for the learners of technical English.
As to the question patterns for Grade 3rd and Grade
th
4 , a large vocabulary of technical terms is essentially
needed. In other words, different from other English
proficiency tests, NIT students need to imagine the
actual work place in which such terms could be
regarded to use. Learning technical English means to
nurture the so-called engineering mind. This can be said
a great contribution through English teaching for
training global engineers. TOEIC®
To promote NIT students’ self-study, under the
support by the Japan society of Technical
Communication, we made the list of the essential
English sentences for NIT students (I) as digital version
last March and uploaded on our college HP. Everyone
can access it worldwide. It consists of 100 sentences and
covers the Grade 3rd and Grade 4th. We are planning to
upload the next version as the list (II) until next March.
Certainly, ETWT is one of the best learning
materials for NIT students, but more importantly, we
need to encourage NIT students to study technical
English at the daily level. To many NIT students, it
seems that learning English is understood not as the
continuous, but special levels. We need to eliminate the
so-called “Englishphobia” or the allergy for English. To
do so, it is essential for NIT students to get used to
English in their daily campus life.
Next, we report how we tried to construct the global
atmosphere at our college campus. We promote this
through the facilities named “English Café”. Our
another intention is to inspire students’ motivation, and
tutor them for ETWT through this system

Figure 1 A brochure on the programme
(IV) For the staff as well as students, we planned to hold
a technical writing seminar. This aimed to prompt them
to write their thesis in English, and help to join in an
international conference.
A technical translator was invited as a special
lecture. The programme consisted of two parts; two 1.5
hours lectures. Those lectures focused on the principles
“3Cs (=Correct, Clear, Concise)” in writing technical
English, and gave many examples of the actual errors
collected by the special lecturer.
12 teachers and technical assistants participated in
this seminar. We show an example of the responses to
the questionnaire from staff as below (Figure 2).
The questionnaire was a descriptive one, and
reading the participants’ comments, we understood that
this kind of lecture was urgently needed by researchers
majoring in engineering. They understand the
importance of technical English as well as the so-called
practical English (TOEIC®). Here we should admit the
balance between the two kinds of approaches: technical
and practical ones.

“English Café” at NIT
Promoting students’ self-study, we opened the
facilities named “English Café at NIT, Fukui campus
(=EC)” in April 2015. EC is intended to give any
students the opportunities to be familiar with English
study and to ease their “Englishphobia”, or hesitation
and reluctance in using English and to feel confident to
use English as much as possible.
We planned to offer the special educational
programmes as follows (I) ~ (IV)
(I) English conversation class (1 hour) was regularly
held once in a week, and a native speaker as a facilitator
was invited to the classes.
(II) A special lecture was held in Autumn, and an
associated professor at Tohoku university was invited as
a special lecturer. He gave a 1.5 hours lecture about the
introduction to the comparative cultural study between
Japan and Canada.
(III) Special preparation classes for ETWT were held
during the summer vacation and just before the
examination day of ETWT in January.

Figure 2 An Example of the Responses to the
Questionnaire (From staff).
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As a result, all participants from NIT had a suitable
opportunity for learning what is needed for global
engineers by desirable interactions with the others from
different universities. The results of a questionnaire to
the participants proved this programme was able to
yield educational benefits as an introduction of active
learning.
Notice that this programme was a part of
achievements supported by a government subsidy for
aiding scientific research of 2013-2016.
Considering the training of NIT students as future
global engineers, it is no doubt that basic
communication skills are foremost required of them.
Generally speaking, English language education can
be regarded as a major role in it. However, the
collaboration between the training of global engineers
and English education can be difficult to design. As one
of the main reasons, we can say many students easily
tend to jump to the conclusion that the poorer their
English ability is, the worse their aptitude for global
engineer is. Needless to say, teachers should have them
feel secure about their ability, and design the suitable
educational curriculum for the students.
Based on career education, we mainly discussed the
design of an English teaching programme in a career
seminar for NIT students as future global engineers
Setting “career education” as important, we sought a
suitable educational programme.
At first, for generalizing the notion of globalization,
we picked up some NIT graduates’ opinions about ideal
global engineers. They expressed their ideas about the
ideal image of global engineers in the book. We
summarize the common opinions among them as the
following (I) ~ (III):
(I) English should be regarded as an essential and
important skill for global engineers.
(II) English as communication skills needed in the
globalized world should be centred in English language
teaching.
(III) Teaching English for global engineers must be
taught mainly through a school curriculum, and so
English teachers should have responsibility for it.
By developing these opinions, we shaped the notion
of the English teaching programme for “Fukui
Kigyogaku (= A of Globalization and Locality in Fukui
Enterprises)”. In short, after considering the requisite
English for this programme, we decided that “Fukui
Kigyogaku” should motivate the participants to realize
English as important skills in the globalized world for
improving their career prospects. This met the object of
the programme. Here, it can be said that the
collaboration of career education and teaching English
could be rather suitable for the training of global
engineers.
This kind of educational and career programme
would become effective to NIT students if we aptly plan
to make a collaboration of English study, career
guidance, and PBL on the basis of regional activity. As
a result, “Fukui Kigyogaku” helped to promote the
teaching of technical English.
Figure 3 was a brochure delivered for the recruit of
“Fukui Kigyogaku 2014”.

In this chapter, we demonstrated how we tried to
give NIT students the opportunity to get used to English
in their daily campus life. As a next step, we thought out
that students should need to have an actual experience
of using English in the atmosphere of collaborating with
other universities and local companies. Beginning in the
learning ETWT, NIT students gradually expanded their
learning community within their own campus to the
outside of the campus. This style of learning can be
classified as an active learning method.
In the next chapter, we focus on an instance of
career education for NIT students as future global
engineers, and seek the possibility of teaching technical
English.
A Career Education
Teaching English

Programme

through

As a good example of practical English programme,
we would like to illustrate an instance of career
education for NIT students as future global engineers.
We published a research paper about this programme in
ISATE 2015 Proceedings. We would like to explain the
outline of the programme by extracting some parts from
the paper. Although the quotations would be too long,
we are sure to need the outline once again in this paper
as follows:
By collaborating between the institutions of higher
education in Fukui prefecture, a two-day seminar named
“Fukui Kigyogaku (=A Study of Globalization and
Locality in Fukui Enterprises)” for NIT’s and
universities’ students was held in 2014 and 2015. This
seminar was presented by “The Division of Promoting
the Development of Universities and Private Institutions
of Learning at Fukui Prefectural Government (Fukui
government)”, and academics from those higher
institutions as a team arranged the whole programme. It
can be defined as career education. We deal with how
this seminar was planned and held last September.
“Fukui Kigyogaku” was characterized by the
following:
(I) This programme was aimed at offering each
participant the opportunity to think about globalization
as a member of local community. In short, they were
able to realize the important relationships between
globalization and locality. In fact, through this seminar,
the participants tried to cultivate not only their global
mind but also their senses of locality. Therefore, we
would like to maintain that a global perspective should
be attained through a local one in career education.
(II) This programme was organized by the joint staff
of NIT and universities in Fukui prefecture, Fukui
government, Junior Chamber International Fukui and so
forth. Therefore, this can be a suitable example of
Regional Activity at NIT.
(III) This programme mainly consisted of the two
parts: some lectures including group discussions
planned by a few leading local enterprises and English
lectures. The head author of this paper was responsible
for a plan of the English lectures, and also served as one
of the chief coordinators.
220

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai
(iv) The company (“Fukui Byora”) is a local based one,
and has many foreign branches.
(III) As the next step, we ask the company to offer an
example of document in English usually circuited
among the International branches.
(IV) We asked a full-time lecturer at JSTC to be the
lecturer of this programme.
(V) This programme consisted of two parts (90 mins x
2) and 30 employees joined this programme.
A questionnaire to the participants about the
programme was conducted and the results were shared
among the staff.
This questionnaire asked a few discriptive simple
questions mainly about the actual correlation between
their workplace and the use of technical English. We
present a part of text book (Figure 4) and some of the
responses to the questionnaire (Figure 5) as below.
A part of the results of this questionnaire was
summarized as follows (I) ~ (V):

Figure 3 A brochure on the programme
As a final instance, we would like to show a practice
of planning technical English programme at a regional
company.
Technical English Seminar at a Local Company

(I) 20 of all the participants were conscious of the
connection between their workplace and English. In
short, many participants thought that studying English
should be needed for them in this case.

Next, we focus on regional activity, and seek the
possibility of teaching technical English through
regional activity.
We also consider how a teaching staff of liberal arts
at “National Institute of Technology (=NCT)” should
practice “the educational and research contribution to
the local community (=Local Contribution)”
So far, we have shown three instances (I) ~ (III) as
follows:

(II) Around half of all complaint their English
curriculum which they took in their high school or
university years. That is why we must admit that the
serious gap certainly exists. This could lead to
“Englishphobia”.

(I) a course for NIT students preparing for taking
ETWT in Practical English Proficiency

(III) Judging from their image of ideal English
curriculum, there would be a variety. Some wrote that
practical conversation training would be desperately
needed, and on the contrary, others mentioned that
writing would be very essential to their workplace. To
them, as a basis, English is “a skill”, so we have to think
the balance is very important.

(II) planning a two-day seminar for NCT and university
students in Fukui prefecture
(III) “English café”: constructing an atmosphere of daily
English use

(IV) From the document uesd in the company, we found
out that a basic sentence pattern such as “S+V+C (O)”
would be most required in their workplace.

Through the practice, we would like to maintain that
a global perspective should be attained through a local
one in career education at NCT. The process was as
follows (I)~(V):

(V) 20 people of all (30 people) thought that technical
English would be essential in their workplace.

(I) After consulting with staff belonging to the
department, and some local companies, we chose one
company for the model case.

As a result, although social demand for English
education has a variey, we need especially focus on
technical English and English conversation as the
participants' demand. As to regional activity, these two
aspects should be regarded as teaching materials.
In spite of the pervail of the communicative English,
what we can say is to teach to write correct English so
that a extent of grammar teaching should be needed. For
example, Koike (2010) points out this stand through
nationwide cunducts. This is also regarded as essential
in the fundamental principles of technical English as

(II) Some main reasons why we chose the company
were (i) ~ (iv) as follows:
(i) There were only a few graduates who work for the
company.
(ii) The chosen company was very much interested in
recruiting NIT students.
(iii) The company is classified as a manufacturing
industry, and manufacture precise parts and as such.
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“3Cs (=Correct, Clear, Concise)”. Here, we can point
out the improtance of technical English teaching.

Conclusion
As a conclusion, we would like to confirm the
outline of this paper.
In this paper we reported the main five achievements
as follows (I) ~ (V):
(I) “English Technical Writing Test (=ETWT)”: to
encourage NIT students to study technical English.
(II) “English Cafe”: to promote the autonomous
learning by a construction of global atmosphere for the
daily use of English
(III) “Fukui kigyogaku”: to introduce new type of career
education programme for NIT students to learn
autonomously and concretely how and where technical
English is generally uesd
(IV) To plan and offer an educational programme for
technical English to local company and the staff at NIT.

Figure 4 A Part of the Textbook

(V) Through the above (I) ~ (IV), NIT students can
concretely imagine how English learning could be
useful in their future.
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Introduction

Abstract

Thai-Nichi Institute of Technology (TNI) is the only
university in Thailand that requires all undergraduate
students to learn Japanese language for at least 5 courses
as shown in table 1.

According to official statistics from the Japanese
Chamber of Commerce, Bangkok(JCC), Thailand's
figure of Japanese corporation’s membership equals
1,615 companies last year and becomes 1,715
companies in 2016. (100 companies increased) and the
data from Thailand’s board of investment also
supported that Japan is the top foreign-investor for
more than 10 consecutive years, aligns with JETRO’s
information that Thailand still has a good
infrastructure, technical skills, quality of engineers,
supporting industries and transparency of
investment-related law.

Table 1: Five courses of Japanese language at TNI
Course Code
ENL-101
ENL-102

Thus, cultivating students with Japanese
competencies is a major requirement to serve
Thailand-Japan business. as mentioned before.

ENL-201
JPN-101
JPN-102
JPN-201
JPN-202
JPN-301

The purposes of this study are
1. Using data mining to discover knowledge for
developing a study plan of Japanese language
connecting with Science, Technology, Engineering
and Mathematic (STEM) education.

Course name
English for Communication
1
English for Communication
2
English for Communication
3
Business Japanese 1
Business Japanese 2
Business Japanese 3
Business Japanese 4
Business Japanese 5

Year of
Study
1
1
2
1
1
2
2
3

At first year, Japanese language and Information
technology course are the new experiences for freshly at
TNI. These programs might take a great effect to TNI’s
IT student for academic result. Supporting this evidences
from previous study of TNI’s registration data
(Chertchom, 2016) shows that the average GPA (Grade
point Average) of IT students is just 2.84. (GPA 4.0
scale)
Kosit Tiptiempong (2016), the lecturer at Tokyo
University of Foreign Studies wrote in the article that
Japanese people does not study Japanese language but
they study kokugo. (国語；kokugo) which they call
national language. He stated that Japanese language that
foreign student study is just for communication, while
Japanese learn a culture of their nation for understanding
their lineage and to be live in their own society. Thus,
the way of getting deeply understanding for Japanese
language of foreign student may be not align with the
core value of Japanese language.
In addition, from a study by Aungtrakul (2009) for
studying of Japanese education problems at University in
Northern Thailand, she found the problems as listed in
table 2.

2. Using discovered knowledge to increase
Japanese language competency for Information
Technology (IT) students at TNI.
The research also used the partial correlation to
discover patterns of course planning that reflect to
students’ academic performance and Japanese
proficiency. Based on our applied techniques we
found that
1. The left and right brain dominance theory
affected IT students’ academic achievement in
Japanese learning.
2. The finding result implies that we need to
reorder the study sequence of STEM and Japanese
courses to balance between Japanese and STEM
courses for better academic performance.
Finally, this research provides the faculty with a
new method from research to strategic planning for
set up an appropriate program plan and tools
according to discover knowledge and it also gives the
opportunity of the future educational planning.
Keywords:
Data mining, Japanese language
competency, STEM education, Information Technology
student, study plan, academic performance
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Table 2: Problems of Japanese education at University in
Northern Thailand
Problems
1. The teaching and learning for Thai student is
difficult due to unequal basis of Japanese
language.
2. Not enough class activity due to a lot of
contents.
3. Too many students in class result in class
practicing

In addition, the average GPA of Japanese, Science,
Technology, Engineering and Mathematics courses are
2.88, 2.85, 2.83, 2.76 and 2.56 respectively as shown in
table 4.

Level of
problem
High

Table 4: Descriptive Statistics for Average GPA

High
High

While TNI’s IT students have to study Japanese
during at the first and the second year, a STEM course is
also new to them at the same period of learning that use
different skill in learning (Nielsen et.al, 2013)

Std.Deviation

N

2.87

0.48011

353

AVG.Japanese

2.88

0.66941

353

AVG.Science

2.85

0.79335

353

AVG.Technology

2.83

0.43779

353

AVG.Engineering

2.76

0.58512

353

AVG.M athematics

2.56

0.72275

353

Thus, this research uses data mining with association
technique to discover knowledge for developing a study
plan of Japanese language connecting with Science,
Technology, Engineering and Mathematic (STEM)
education and also used the partial correlation to identify
a relationship reflecting to students’ academic
performance.

Table 3: Sample of STEM Courses for TNI’s IT
students
Science
Technology
Course
Course Name
Name
- Science
- IS Project
and
Management
Technology - Business
Software
Project
Management
- CRM
- ERP
- SCM
- MRP
- BPM
- IT Audit and
Control

M ean
GPA

Engineering
Mathematics
Course Name Course Name
-OO
-Business
Programing
Mathematics
-OO
-Discrete
Programing
Mathematics
Lab
-Mathematics1
- Data Structure -Mathematics2
and Algorithm - Math for
- Analysis
Computing
Modeling and
Design

Related Materials and Methods
Japanese versus Thai language structure
There are very significant differences between
Japanese and Thai, particularly in sentence structure.
(Japan Foundation, 2016) The Japanese writing uses
three main scripts: Kanji (characters of Chinese origin),
Hiragana (a syllabary*) and Katakana (a syllabary)
while Thai language contains all the information of
sentence in the written form to let people work out tones,
emphasis, short/long vowels.
Thai is a tonal language, while Japanese has 5, pure
vowel sounds that may be short or long. In all these
aspects Japanese is different from Thai Language.
Moreover, at TNI, students have to study Japanese
languages for 5 courses at the first and the second year
and this courses are new to most of TNI students. In order
to develop better curriculum and sequence of study
program, researchers used the past records of Japanese
language’s grade in computation model for
understanding the interaction between it and STEM
courses.

Align with the evidences from previous study of
TNI’s registration data as mentioned earlier (Chertchom,
2016) that the average GPA (Grade point Average) of
IT students is 2.84 and most of IT students fall into the
average GPA with lower than 2.00 and between 2.00 and
2.50 as shown in figure 2.

STEM Courses
STEM education is believed to be a new way of
construction of courses that will used to drive students to
be a problem-based thinker. STEM consists of the four
disciplines subjects which are science, technology,
engineering, and mathematics. According to U.S.
Immigration and Customs Enforcement (STEM
Designated Degree Programs, 2016), they classified

Figure 1: Number of student and GPA by year (N=1,774- all
IT student’s status)
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course and degree that are STEM disciplines for
example;
Information
Technology,
Computer
Programming/Programmer, General, Web Page,
Digital/Multimedia and Information Resources Design,
Computer Graphics, Computer Systems Networking and
Telecommunications, Information Technology Project
Management, Web/Multimedia Management and
Webmaster etc. Thus, in this paper, researched
categorized STEM course at TNI for faculty of
information technology as following in table 5.

ITE-307 IT Seminar
ITE-308 E-Commerce
ITE-309 Multimedia Technology
ITE-401 CRM
ITE-402 ERP
ITE-403 SCM
ITE-404 MRP
ITE-405 Computer Simulation in Business
ITE-406 GIS
ITE-407 Network System Security
ITE-408 Network Design
ITE-409 Advance Topic in DMS
ITE-410 Data WH & Mining
ITE-411 KM
ITE-412 Computer Animation
ITE-413 Mobile Apps Development
ITE-414 Computer Graphic Design
ITE-415 Game Development
ITE-416 Special Topic in IT1
ITE-417 Special Topic in IT2
ITE-418 Data Structure and Algorithm
ITE-419 OS
ITE-420 Fundamental of Wireless Communication
ITE-421 Network System Security
ITE-422 Network Design
ITE-423 Computer Animation
ITE-1,258 Computer Graphic Design
ITM-503 Information System Project Management
ITM-504 Computer Network Technology
ITM-505 IT Seminar
ITM-616 Data and Information Management
ITM-617 IS Strategic planning
ITM-618 KMS
ITM-619 E-Business Technology and Development
ITM-624 Image and Video Processing
ITM-626 Modern multimedia Technology
ITM-636 Web Based App and Internet Programming
ITM-671 Advance Topic in IT
ITM-672 Advance Topic in IT2
ITM-673 Oversea IT Seminar
MTE-101 Principle of MT
MTE-102 MT Practiced
MTE-103 Introduction to OO Programming
MTE-104 Introduction to OO Programming Lab
MTE-105 Fundamental of MT Programming
MTE-301 MT Communication
MTE-302 Digital Signal Processing
MTE-303 Human Computer Interaction
MTE-306 MT
MTE-401 Advance programming for MT and Animation
MTE-402 AI for Game Design
MTE-403 3D Game Development
MTE-410 Advance Computer Animation
MTE-411 3D Animation and Special Effect
MTE-412 Computer Animation
MTE-413 Media Art
MTE-414 Computer Graphic Design
MTE-415 Game Development
MTE-416 Mobile Apps Development
MTE-417 Multimedia Design for Advertisement
MTE-418 Virtual Reality
MTE-419 Digital Video Editing
MTE-420 Digital Video Processing
MTE-421 MT Retrieval
MTE-422 Pattern Recognition
MTE-423 Data Compression
MTE-1,258
MT Applications
MTE-425 Storage Media Technology and Design
MTE-426 MT Design and Authoring
MTE-431 Computer Vision for MT
MTE-432 Digital Image
MTE-433 Special topic in MT 1
MTE-434 Special topic in MT 2

Table 5: STEM-Designated Course Program List
Engineering = 16 courses
BIS-103 OO Programing
BIS-104 OO Programing Lab
BIS-107 Data Structure and Algorithm
INT-101 Intro to Programming
INT-102 Intro to Programming Lab
INT-103 OO Programming
NT-104 OO Programming Lab
INT-105 Internet Technology
INT-106 Computer Structure
INT-201 Computer Network
INT-202 Computer Network Lab
INT-204 System Analysis and Design
INT-301 Database
INT-302 Database Lab
INT-303 Software Engineering
ITM-502 Analysis Modeling and Design
Mathematics = 10 courses
BIS-101 Business Mathematics
BIS-102 Discrete Mathematics
BIS-203 Financial Accounting
ITM-501 Statistic and Research methodology
MSC-107 Mathematics1
MSC-108 Mathematics2
MSC-126 Math for IT
MSC-127 Math for MT
MSC-201 Math for Computing
MSC-202 Statistics and Probability
Science = 1 course
MSC-112 Science and Technology
Technology = 101 courses
BIS-105 Introduction to IS
BIS-106 Computer System and Organization
BIS-202 Web Service Technology
BIS-301 IS Project Management
BIS-305 Business Software Project Management
BIS-401 CRM
BIS-402 ERP
BIS-403 SCM
BIS-404 MRP
BIS-405 BPM
BIS-406 IT Audit and Control
BIS-407 IT Innovation and New Technology
BIS-408 IT Consultancy
BIS-416 Special topics in BIS 1
BIS-417 Special topics in BIS 2
BIS-418 Special topics in BIT 1
BIS-419 Special topics in BIT 2
ITE-201 Computer System Admin
ITE-202 Web Services Technology
ITE-203 Web Services Technology Lab
ITE-204 Computer Network and Communication System 2
ITE-205 Computer Network and Communication System 2 Lab
ITE-301 Web Design and Development
ITE-302 Web Design and Development Lab
ITE-303 Information Technology Center Management
ITE-304 MIS
ITE-305 Software project Management
ITE-306 Multimedia Technology

In this study, researchers collected GPA of each
course as shown in table 5 for analytic.
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Brain functions and The left and right brain
dominance theory

The first steps of this paper (figure 3) present a task
of retrieving data from TNI registration system. The
second task is to organize data for example cleansing and
checking of accuracy to transform data that was collected
in forms other than numbers, and turned into quantitative
data for analysis by using Rapid Miner tool.
Then, after processing of data validation to ensuring that
a study’s data are clean, correct and computable, we used
WEKA for data mining with classification technique to
analyse data.

Figure 2 right-brain and left-brain personality traits
(EarthSky, 2013)

Association Rule Learning

Nielsen et al., (2013) makes this distinction that
individuals have ‘right-brain and left-brain’ (figure 2)
which are responsible for different manners of thinking
or cognitive style. From the study, they found that a “leftbrained” typically associated with logical thinking,
analysis, and accuracy and “right-brained” with
aesthetics, feeling, and creativity.
In particular, learning language is associated with
using right brain much more than left brain. On the other
hand, learning STEM uses left brain for thinking,
analysis rather than feeling and creativity.
Thus, in this paper, researchers tried to see the
relationship of Japanese language and STEM based on
this theory to see how we develop IT students to use a
proper “right-brained” to increase their Japanese skill.

Association rule learning (Romero et al., 2008) was
applied to determine the relationship of the data. This
research used the Association Rule Learning for
analyzing and predicting the GPA’s pattern between
Japanese score and STEM’s courses score to finding all
possible association rule that each rule is a binary
partitioning of a frequent item set. This paper used
Apriori Algorithm for finding meaningful patterns of
Japanese language and STEM’s GPA result. The sample
of Apriori Algorithm is illustrated in the diagram below.
Null

a

Infrequent itemset

Relationship modelling with the partial correlation

e

ab

ac

ad

ae

bc

bd

be

cd

ce

de

abc

abd

abe

acd

ace

ade

bcd

bce

bde

cde

abcd

Scholars apply multiple the partial correlation
models for data analysis. One of benefits of the partial
correlation is, for instance, it is used to identify the
interconnection between two variables while controlling
for a third variable. The researchers apply this technique
to find the unique variance between two factors while
eliminating the variance from a control variable. In
addition, some paper uses it for observing a control
variable how it impacts to the results. Moreover, we use
more than 1 control variables in model. (Yang and Wang,
2011; Jung and Chang, 2016).

d

c

b

abce

abde

acde

bcde

Pruned supersets
abcde

Figure 4: An example of the Apriori Algorithm.(Parallel
Data Mining, 2016)

From the results of this algorithm Analysis, we will
use it to develop a study plan of Japanese language
connecting with Science, Technology, Engineering and
Mathematic (STEM) education.
Research Methodology

Using data mining with classification technique to
analyse data.

Design of Framework

Figure 3 Framework of data mining with Association Rule

Figure 5: Framework of research construction (By Author)

Learning
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The framework of research (figure 5) started from a
curiosity from my previous study that why TNI’s IT
student graduated with low grade average. Thus, the first
step of this paper started from obtaining data from
registration system.
In these framework, the interaction between STEM
and Japanese and the related factors such as brain
function and sequence of study program are indicated to
see an influence among them.
The second step, we used descriptive and inferential
statistics tools to analyze basic data and relationship to
understanding information of this academic performance
by observing interaction between Japanese and STEM ’s
courses.
The third used more tool to deeply find association
of studying courses such as the partial correlation and
data mining technique. (Kalaitzopoulos et al., 2016)
Fourth, this paper proposes strategic planning for set
up an appropriate program plan and tools according to
discover knowledge and it also gives the opportunity of
the future educational planning.

Table 6: The partial correlation analysis between
Japanese language and STEM Courses.

df = 1,250
J Average GPA Japanese Laguage

Measurement
The analysis of data in this study is adapted from the
five steps of academic analytics (Campbell et.al, 2016 .
(As shown in Figure 6) to turn data into information, and
information into insight for develop a strategic plan to
improve a studying program.

Validate

Associated
Rule
Learning /
Predictive

S Average GPA Science Course

0.07

T Average GPA Technology Course

0.209

E Average GPA Engineering Course

0.187

0

M Average GPA Mathematics Course

0.023

0.423

0.013

Average GPA of
(Engineering,Technolog
y and Mathematics)
Average GPA of
(Science,Engineering
and Mathematics)
Average GPA of
(Science,Technology
and Mathematics)
Average GPA of
(Science,Technology
and Engineering)

Output from table 6 is for seeing the relationship
between "Japanese language" and "STEM Courses"
while controlling variables were shown in the last column
of table. From this table we can predict how strength
of a relationship between Japanese language and those
variables. The third column of the table 6 represents the
bivariate correlation between "Japanese language" and
"STEM Courses", r = .070, p = .013, r = .209, p = .000,
r = .187, p = .000 and r = .023, p = .423 respectively.
While statistically significance value is lower than a p value of 5%, it means that correlation value can explain
the result.
It obviously determines that the degree of
relationship between them are weak related. In addition,
while controlling for a third variable (Omitting the effect
of other variables), there is no sign in change due to third
variables. Thus, we can imply that if the change in
Japanese language’s GPA is not accompanied by a
change in the well of learning STEM courses. It is
interesting to note that although the type of relationship
between them are not negative relationship, it can say that
there may use different skill in learning. In summary, this
paper used additional data mining tool to discover in
more deeply to see other association among them.

The registration data was obtained from department
of academic affair of Thai-Nichi Institute of Technology
from year 2007-2015. In this study, we only focused on
graduated IT student’s data and the total sampling of
students in the study was 1,258 rows. We use Microsoft
Excel and Microsoft Access to organize the data and
Rapid Miner with WEKA for analytic and for data
mining process.

Organize

Control Variables

1

0

Data collection

Collect

The Patial Correlations
Average GPA
Japanese
Significance (2-tailed)
Laguage

Table 7: Result of data mining (Association Rule
Learning using Apriori algorithm by WEKA)

Action

Figure 6: Analytic process flow (by author)

Rules
1
2
3
4
5
6
7
8
9
10

In addition, the extraction of data also used
inferential statistics (using SPSS) that is a partial
correlation analysis to analyse.
Results and Discussion
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No.
302
284
284
371
516
379
335
365
331
270
3,437

Association Rule Learning - Apriori
Japanese Science Technology Engineering Mathematics
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Good Good Good

GPAX
Conf.
Fair 301 1
Fair 282 0.99
Fair 278 0.98
Fair 371 0.98
Fair 503 0.97
Fair 366 0.97
Fair 335 0.96
Fair 368 0.95
Fair 331 0.95
Good 256 0.95

%
0.09
0.08
0.08
0.11
0.15
0.11
0.10
0.11
0.10
0.08
1.00

0.92
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Good
Fair
Low

>=

GPAX
2.00
0.00

studied in the third or fourth year after students get in
touch with STEM course in the first and second year .

3.00
2.99
1.99

Acknowledgements

From table 7, Apriori, the association rule mining
algorithm was applied to process of determining the
frequency of occurrence for characteristics of TNI ’s IT
students. There are 3,437 transactions and 10 items in
the data set. 92% of students fall into a rule no. 1 to no.
9 while only 8% of students was doing well for current
curriculum.
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the perspectives of FFI (Doughty, 2003; De Graaf &
Housen, 2009; Long & Robinson, 1998). This line of
inquiry has led to continuous modification of FFI,
increasing its positive effects on L2 classroom
instruction in the Japanese context and yielding strong
support for the hypothesis that a timely combination of
form-focused and communication-oriented instruction is
necessary for successful L2 development (e.g. Muranoi,
1996).
In the meantime, however, L2 pronunciation
instruction has not kept pace with the insights gleaned
from the development of FFI. The rationale for the
study stems from the question of whether the FFI is
unambiguously effective in L2 pronunciation instruction
(Abe, 2015a). FFI has generally been categorized into
two types, namely (a) focus on forms (plural; FonFs),
involving explicit types of FFI, and (b) focus on form
(singular; FonF), involving both implicit and explicit
types of FFI. The distinction, implicit and explicit type
of FFI, is demonstrated with several attributes in
Housen and Pierrard (2005): Implicit FFI ‘attracts
attention to target form, is delivered spontaneously (e.g.
in an otherwise communication-oriented activity), is
unobtrusive (minimal interruption of communication of
meaning), presents target forms in context, makes no
use of metalanguage, and encourages free use of target
form’ (p. 10, italics in the original), whilst Explicit FFI
‘directs attention to target forms, is predetermined and
planned (e.g. as the main focus and goal of a teaching
activity), is obtrusive (interruption of communication of
meaning), presents target forms in isolation, uses
metalinguistic terminology (e.g. rule explanation),
involves controlled practice of target form’ (p. 10,
italics in the original).
The treatment in the experimental group (EG)
focused on the phonetic form, encouraging learners to
observe the target feature and discovering the rule under
their own initiative, and in the production session, the
participants were expected to use the target
pronunciation in focus-on-form (FonF) practice, whilst
the control group (CG) followed a traditional formsfocused instruction (FonFs) in two sessions of
perception and production. Meanwhile, the present
paper further examines both qualitative and quantitative
modifications of vocalic elements in the acoustic data of
the weak forms, attempting to describe the difficulty to
reduce vowels in unstressed syllables in EFL.

Abstract
The study presents an acoustic phonetics analysis,
attempting to examine the difficulty in the
acquisition of weak forms by Japanese adolescent
learners of EFL at a technical college level. Weak
forms are also discussed from a pedagogical
perspective indicating its substantial role in the
Form-Focused Instruction (FFI). The rationale for
the study originates from just twenty years of
experience in teaching EFL to engineering-major
students, and an ongoing interest in the effects of
instruction on the development of foreign language
pronunciation. Japanese has traditionally been
classified as a syllable- or mora-timed language,
whereas languages classified as stress-timed, like
English, are known to reduce their vowels to the
extent of phonological neutralisation in unstressed
syllables. This poses a stumbling-block for learners
from many language backgrounds, who tend to
transfer their native language phonological habits to
foreign language pronunciation. Because of these
systematic differences, Japanese EFL learners find it
difficult to reduce vowels in unstressed syllables in
English, which might often lead to communication
break-downs. This study deliberately explores the
significant possibility that learners will be able to
work
together
toward
eliminating
their
pronunciation errors in a positive classroom setting,
as suggested in Abe (2015a).
Keywords: FFI, pronunciation, weak forms
Introduction
The paper offers further findings from the FormFocused Instruction (FFI) given to engineering-major
students during regularly scheduled classes taught by
the author at a college located in northern Japan. FFI is
defined as ‘any instructional activity which aims at
drawing learners’ attention to language form, where
“form” stands for grammatical structures, lexical items,
phonological features, and even sociolinguistic and
pragmatic features of language’ (De Graaff & Housen,
2009, p. 736). The last two decades have witnessed a
growing body of research in the effectiveness of
instruction on second language (L2) development from
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Weak Forms in Foreign Language Pronunciation

Form-Focused Instruction: EG vs CG

The acquisition of English weak forms has posed
difficulty to non-native speakers of English for long in
perception and production. Cruttenden (2008: 308)
states “If listening to native speakers, they should be
aware of the types of assimilation and elision which
have been described above; otherwise, they will find it
difficult to understand much of ordinary colloquial
English. This knowledge is particularly important
because a second language is often learned on a basis of
isolated word forms; in the speech of the native,
however, the outline of these words will frequently be
modified as has been seen”. The L2 English weak
forms have been examined from pedagogical
perspectives, yielding positive effects of instruction in
the formal setting (Bogacka, Scwartz, Zydorowicz,
Polezynska-Fiser, Orzechowska, 2006; Gómez Lacabex,
García Lecumberri, Cooke, 2009; Gómez Lacabex &
García Lecumberri, 2010; Nowacka, 2011; Gutiérrez &
Moroy, 2003; Porzuczek, 2010). Nonetheless, to the
best of the author’s knowledge, few studies have
examined the question why adolescent learners’
production ability has hardly exhibited marked progress
in the productive performance unlike university students.
The insufficient attainment in production could be due
to the degree of difficulty according to the type of weak
form vowel. After an investigation of their research on
connected speech modifications in English, i.e. linking,
flapping, vowel reduction and consonant cluster
simplification, Anderson-Hsieh, Riney, and Koehler
(1994) reported that ‘while the HP group approximated
the performance of the NS group in several categories,
the IP group often lagged far behind’ (p. 31), where HP
and IP stand for high-proficiency and intermediateproficiency respectively, and NS is an abbreviation of
native speaker. Anderson-Hsieh et al. (1994) further
argued:
An analysis of the forms used by the HP and IP
groups showed that both groups reduced their
vowels mainly in the definite and indefinite
articles. They rarely reduced vowels in words
such as you or to or in unstressed syllables in
words such as request. This failure to reduce
vowels may arise at least in part from native
language transfer, since Japanese vowels retain
their pure quality and are never centralized as
they are in English. (pp. 45-46)
Thus, the following research questions have been
formulated:
(1) Do instructed learning and exposure to foreign
language pronunciation under FFI contribute to
the increase in durational differences between
stressed and unstressed vowels?
(2) Can vowel qualities in unstressed syllables be
reduced as a result of instructed learning and
exposure to L2?

The treatment for both EG and CG has been
previously reported in Abe (2015b), thus just a brief
survey is provided below. This study was conducted
during a regularly scheduled class taught by the author
at a college located in northern Japan. The number of
participants were 30 in the EG and 31 in the CG. The
EG and the CG participated in a quasi-experiment, in
which the classroom experiment was conducted over a
period of three weeks and consisted of a pre-test,
treatment sessions, and a post-test. The pre-test took
place in week 1, prior to the perception and production
treatment sessions, which consisted of four class hours
in week 2, in both groups. Then, in week 3, the
participants took the post-test.
The perception instruction for the EG followed both
explicit and implicit FFI, encouraging learners to
observe a certain target feature and discover the
underlying rule on their own initiative.
In the
production sessions, the instruction of the EG shifted to
implicit FFI, based on the premise that not only input
but also output-promoting tasks play a critical role in L2
learning experiences. Corrective feedback (CF) and
free production activities resulting in output of the target
forms during such instruction can enable learners to
modify their knowledge in meaningful communicative
activities. In this way, it was assumed that phonetic
negotiation of form (CF) would help participants to
discover rules governing the use of weak forms or to
gain declarative knowledge of weak forms more
successfully than merely presenting the target forms
even with an explicit explanation ,
For the CG, the perception sessions, like those for
the EG, were devoted to explicitly presenting the target
forms in context, as well as asking participants to
identify the target forms in prepared dialogues, with the
aim of helping them to comprehend the target weak
forms. In doing so, the author played a crucial role in
explicitly informing participants of the rules underlying
the target prosodic features. This helped them gain
declarative knowledge of weak forms by means of
FonFs or a synthetic approach (Wilkins, 1976), in which
sequenced and fragmented items are presented to
learners in a stepwise manner. The lesson ended with a
pair reading-aloud activity in which the participants
were asked to pay particular attention to what they had
learned in order to reflect it in their reading.
The production test consisted of recording of two
subtests: reading a passage and a picture description
task. The samples were digitally recorded and saved as
an audio file on a PC computer at 22 kHz with 16-bit
resolution using Olympus Sonority Plus for Editors, LS11. A spectrographic analysis was undertaken by means
of Praat (Boersma & Weenink, 2011).
Results and Discussion
This finding seems to correlate with the previous
scholarship: unlike university students, adolescent
learners might be able to perceive weak forms after
instruction. Thus far, learners’ production ability has
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hardly exhibited marked progress in the performance
(Bogacka et al., 2006; Gómez Lacabex & García
Lecumberri, 2010; Gutiérrez & Moroy, 2003). The
findings of Anderson-Hsieh et al. (1994) and the result
of production of this study might support the
assumption that the pronunciation of weak forms in to
[tә] is a demanding modification in L2 vowel reduction.
Another challenging reduction for learners concerns the
competence of the timing control of weak and full
vowel contrast.
To examine this issue, an acoustic analysis of the
weak and full vowels of a randomly selected 20
participants was conducted (n=10 from the EG and CG
respectively), and participants’ data were compared
with that of the instructor, who is at approximately
advanced level, at the post-test stage. According to
Rojczyk and Porzuczek (2012), who extensively
reviewed the past 50 years of L2 vowel reduction
research, ‘unstressed vowels were roughly half the
duration of the stressed vowel…’ (p. 210). As in the
following Table, the duration of participants’ EG and
CG varied in the range of 70 ms and 250 ms for both
weak and full (stressed) vowels, which did not indicate
a marked difference between weak and full stressed
vowels. In other words, while the instructor exhibited
approximately half duration for the full vowel, for
instance, 68 ms in weak forms and 135 ms in full
vowels in Reading, and 30 ms in weak forms and 80 ms
in full vowels in Dialogue, the participants in the EG
and CG rarely demonstrated the weak and full vowel
contrast in production either during the post-test, or the
pre-test. However, the between-group comparisons for
weak forms in the post-test, deploying a Mann-Whitney
test, at least revealed a significant main effect of
instruction with a large effect size at the level of p<.049,
r=.62 in the Reading and p<.03, r=.68 in the Dialogue.

generally around CEFR A, might not be able to
pronounce accurate weak forms from the developmental
perspective; that is, it is not simply that they have had
insufficient time and effort to practice the weak forms.
Meanwhile, despite the acknowledged benefits of
FFI demonstrated by L2 research in the past decade, the
second problem regarding the adequacy of FFI still
remains. The cognitive and interactional model of L2
acquisition, upon which FFI is based, assumes that
learners are willing to engage in communicative
activities and that, in so doing, teachers encourage them
to accelerate the acquisition process over a short-term
period, which is not always the case. According to
MacIntyre, Clement, Dorney, and Noels (1998), learners
often risked losing communicative competence because
of L2 anxiety or worry, for instance, by thinking ‘I
might lose face when I make a mistake in the class’, and
thus barely moving beyond a rudimentary
communication level. Baran-Lucarz (2014) reported
that the higher the level of anxiety about L2
pronunciation, the less eager the learners are to engage
in oral communication tasks in their foreign language
classroom or outside of it. Thus, it seems pertinent to
suggest that the attainment of L2 pronunciation in FFI
might be affected by learner variables, with a range of
cognitive, affective, and social factors, which have
unfortunately been neglected in the mainstream FFI and
L2 pronunciation research until now. This will help us
develop pedagogical intervention for FFI, so that more
learners could actively get involved in the outputpromoting task and thus achieve higher attainment in
foreign language pronunciation (Abe, forthcoming).
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Table
Mean Duration of Weak Forms and Full Vowels of the
EG and the CG

Reading
EG
CG
Instructor
P
Dialogue
EG
CG
Instructor
P

Weak

PRE

Full

POST
Weak
Full

111

140

130

160

130

160

0.17

0.7

171
68
0.049

180
135
0.186

120

130

154

70

130

120

0.57

0.34

250
30
0.03

110
80
0.006
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Abstract

initiatives successfully. These three phases, while
reported in the study as distinctively separate, were
actually interrelated and not mutually exclusive of
each other.

Temasek Polytechnic’s (TP) policy of developing its
students’ TransCultural Mindset is an integral
component of its Desired Graduate Profile (DGP,
2014), aligned with a Global Citizen’s DNA and
Singapore’s SkillsFuture initiative.

The study provides fresh insights into transforming
living places as learning spaces that ‘frame
interactive behavior, and impact on social
interactions critical to student engagement and
learning’ (Harrison and Dourish, 1996). It also
provides insights into how ‘the physical learning
environment is an influential element in the complex
and highly contextualised nature of learning,
characterised by dynamics and interactions between
the learner, teacher, content … (OECD, 2013).

In response to this, TP’s Centre for TransCultural
Studies (CTS) developed a 45-hour Transnational
Studies (TNS) module.
Given the potential of using living places as learning
spaces in enhancing the TransCultural mindset of
learners, TP introduced a 2-week residential stay as
a mandatory out of classroom learning experience
component of the TNS module.

Keywords: Living places, learning spaces, residential
stay, TransCultural mindset, Global Citizens.

The aim of this qualitative study was to generate
theory regarding how students undergoing the TNS
module ‘dealt with’ their 2-week mandatory
residential learning space experience. Ball’s (1994)
policy trajectory model was selected to frame the
broad parameters of the study. The central guiding
question and a series of sub-guiding questions based
on the principles of symbolic interactionism were
used for gathering data.

Introduction
Temasek Polytechnic’s (TP) policy of developing
its students’ TransCultural Mindset is an integral
component of its Desired Graduate Profile (DGP, 2014)
aligned with a Global Citizen’s DNA and Singapore’s
SkillsFuture initiative.

Data was gathered from more than 700 students
undergoing their residential learning space
experience through semi-structured interviews and
documents. Grounded Theory approaches were used
in data analysis.

In response to this, TP’s Centre for TransCultural
Studies (CTS) developed a 45-hour Transnational
Studies (TNS) module.
Given the potential of using living places as
learning spaces in enhancing the TransCultural mindset
of learners, TP introduced a 2-week residential stay as a
mandatory out of classroom learning experience
component of the TNS module.

The substantive theory generated from the study was
that the students, in ‘dealing with’ their residential
learning space experience, went through three
phases: culture shock phase; challenge and confront
phase; and, change and transform phase. In the
culture shock phase, students encountered various
challenges living together with similar and ‘other
cultures’. In the challenge and confront phase
students explored initiatives to ‘deal with the
challenges’. In the third change and transform
phase,
students
realised
their
personal
transformation resulting from the use of explored

Institutionally, TP’s Desired Graduate Profile
(DGP, 2014) spells out TransCultural Skills as a key
exit outcome to be realised through two in-process
outcomes: firstly, students should be able to firstly
recognise and respect cultural diversity which includes
national, ethnic, and workplace diversity; and secondly,
demonstrate ability to interact and communicate
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the learners - students living and learning with
one another in their respective apartments
during the scheduled 2-week mandatory
residential stay as well as follow-up tutorial
sessions.
b) the content – involves students applying what
they have learnt in their Transnational Studies
module lectures and tutorials, namely
Trompenaars-Hampden Turner’s 7-Dimensions
of Culture model living and working together
in apartment project groups to complete the
assigned project while in residence. The
intention
was
to
deepen
student’s
understanding of cross cultural differences
needed to operate more effectively in
multicultural contexts both personally and
professionally.
c) the educators – tutors who facilitate face to
face learning of content during lectures and
tutorials
d) the resources – students’ transnational studies
lecture and tutorial notes and activities,
students and target country Intercultural
Assessment Profiles (IAP), students’ research
on target countries assigned for each project
group, project briefs and intermittent
consultations provided by teaching team and
most importantly each project group’s
residential space.

appropriately in diverse cultural settings, whether in
Singapore or abroad.

a)

These outcomes align with one of the key qualities
expected of a Global Citizen, who ‘respects and values
diversity” (Oxfam, Canada). Hunter (2004) highlights
that “having an open mind while actively seeking to
understand cultural norms and expectations of others,
plus leveraging this gained knowledge to interact,
communicate and work effectively outside of one’s own
environment” is essential to being and becoming a
Global Citizen.
Nationally, in Singapore, there has been several
initiatives both by government agencies, educational
institutions as well as community–based agencies to
foster the embracing of diversity, cross-cultural
communication skills, and appreciation of other cultures
with whom Singaporeans need to interact with socially
and professionally given the cosmopolitan make-up of
our population. SkillsFuture is a national movement to
enable all Singaporeans to develop to their fullest
potential throughout life. At a national level,
SkillsFuture will play an important part in charting
Singapore's next phase of development towards an
advanced
economy
and
inclusive
society
(http://www.skillsfuture.sg/).
Methodology

Current literature review available internationally
focussing on connections between learning places in
schools and student outcomes (Temple, 2007;
Blackmore, et. al, 2010), reveal that most research on
learning places focus on the design phase, rather than on
the later phases or on the people that use the space –
practitioners and learners. There also seems to be
limited literature available on possible conceptual
frameworks that could be effectively applied to
understand the lived experiences from students’
perspectives on how they deal with their residential stay
experience.

The OECD Centre for Educational Research and
Innovation defines learning environments as “an
organizational form that covers the particular learning
arrangements for a group of learners in context over
time, in which the learning taking place is an integral
part” (OECD, 2013).
The learning environment of the students who are
enrolled in this course comprise:
a) Physical learning spaces comprising lecture
theatre and classrooms where they engage in
formal learning via face to face lectures and
tutorials;
b) cyber learning space where they engage in
online self-assessment and learning;
c) out of classroom learning space - the residential
living apartments where they engage in living
with others as a social community with all its
diversities and working on out of classroom
activities e.g. international buffet preparation;
group project work;

The study reported here therefore utilised
Ball’s (1994) policy trajectory model. This model
comprises the context of influence (where interest
groups struggle over construction of policy discourses),
the context of policy text production (where texts
represent policy, although they may contain
inconsistencies and contradictions), and the context of
practice (where policy is subjected to interpretation and
re-creation by key stakeholders).

This study focuses on the students’
perspectives of how they ‘dealt with’ their
experience living and learning in the residential
learning space.

The study focused in particular on the third
context within the policy trajectory model, namely, the
context of practice to generate theory regarding how TP
students undergoing the TNS module ‘dealt with’ their
2-week mandatory residential learning place experience.

The key elements and the relationships which
form the “pedagogical core” of this learning space,
(OECD, 2013) are:

The particular notion of ‘context’, which is a
key feature in qualitative research resulted in the study
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being situated within the natural learning environments
(O’Donoghue, 2007).

Regarding culture shock arising from differences in
value orientations, students attributed the greatest
culture shock to differences they experienced in the
following
5
dimensions:
IndividualismCommunitarianism orientation (preference of cultures to
work individually or in groups); Time especially
sequential-synchronic orientation (preferences in how
cultures organize time); specific–diffuse orientation
(preferences of how cultures prefer to communicate);
neutral–affective orientation (preferences as to how
cultures prefer to manage their emotions) and finally
universalism-particularism oriented (preferences of
cultures regarding how they value rules vis-à-vis
relationships).

The non-linear nature of Ball’s comprehensive
policy model calls for a qualitative approach to research
and tends towards the descriptive rather than the
numerical.
The particular qualitative approach deemed
appropriate for the study reported here is that based on
interpretivism. Proponents of the interpretivist
viewpoint share the goal of understanding the complex
world of lived experience from the point of view of
those who live it (Schwandt, 1994, pp. 118-37).
The symbolic interactionist perspective within
the interpretivist paradigm chosen to underpin this
research enabled me to capture the students’
perspectives regarding their lived experiences in the
residential space and the learning that came out of it.

Regarding culture shock caused by IndividualismCommunitarianism,
communitarianism
oriented
participants who had experienced the benefits of
working in teams commented that ‘it was unbelievable
that many of our room-mates just did not want to work
in teams especially when it came to our project work’
(22). On the other hand, individualism oriented students
responded that ‘it is more unproductive to work in
groups when I could do my part quickly’ (35); ‘I do not
see how working in groups will work because at the end
of the day, after all the discussion, I still have to do my
part!’(76).

Empirical data was gathered from more than
700 students involved in ‘dealing with’ their 2-week
residential learning space experience through their
reflection-in-residence posters which had prompt
questions to be completed throughout the duration of
their two-week stay, and reflection documents used for
their debrief sessions which had prompt questions at the
end of the course. Grounded Theory approaches were
used in data analysis.

Regarding culture shock caused by Time
dimension, the sequentially oriented students responded
that ‘there was just too much to be completed within
such a short span of time – sometimes I just had no time
to sleep by the time I completed each of the tasks set’
(83); some students also articulated that ‘the key
challenge was that our group did not keep to their word
of doing their project at the allocated time’ (64). On the
other hand those who were synchronically oriented tried
to juggle the many tasks but realized that as one
students expressed ‘although I am a multi-tasker, I
realized that I still needed to prioritise and stay focused
and not get distracted by the freedom I experienced
living in the apartments.’(117); while another student
commented that ‘time has always been a factor that
caused me to miss out on the fun that was happening in
the apartments’ (275).

Results and Discussion
The central theory generated in this study is that in
‘dealing with’ their residential learning space
experience, students went through three phases: culture
shock phase; challenge and confront phase; and, change
and transform phase.
In the first culture shock phase, students reported
experiencing culture shock due to two key challenges:
firstly, challenges arising from differences in value
orientations despite being of the same ethnic group, and
secondly, challenges arising from differences living
together with ‘other cultures’. We define culture shock
in this context as the feeling of disorientation
experienced by someone when they are suddenly
subjected to an unfamiliar culture, way of life, or set of
attitudes causing them confusion, anxiety, and
disenchantment
especially
without
adequate
preparation.

Regarding the culture shock caused by SpecificDiffuse orientation, students attributed it mainly to the
way they communicated with one another. The specific
oriented students often mentioned that they ‘spoke their
mind about what they felt about issues when they had a
conflict’ (549); however, several students also reported
that they were seen to be ‘insensitive’ (622); ‘blunt’
(107); and at times perceived to be even ‘rude’ (276)
and ‘uncooperative’ (413). The diffuse oriented
participants on the other hand expressed their difficulty
in ‘saying what they had in their mind without hurting
the others apartment mates’(633); or ‘keeping
silent’(715) till it came to a point where they ‘could not
tolerate the matter’ (516).

The first challenge that gave rise to ‘culture shock’
as articulated by students was that of recognizing that
despite their largely ethnic similarity they had
completely different value orientations. Students
explained this by using The Seven Dimensions of
Culture Model – one of the most recognized cultural
theory model co-created by Trompenaars and HampdenTurner (1997) which they had been taught during their
course of study in this module.

236

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai
Regarding the culture shock caused by neutral –
affective orientation, the neutral oriented students
attributed the challenge to their inability to express their
feelings of ‘anger’ (28) ‘frustration’ (57) and
‘disappointment’ (76) with their apartment mates
regarding their ‘non-sharing of household chores’ (90)
and ‘not delivering work on time’ (32); ‘not following
duty roster schedules’ (85). Further one student
articulated that ‘I am not very expressive when it comes
to emotions. I also take time to get comfortable and only
when I get comfortable and trust them do I really share
my feelings and thoughts’ (94). They were also shocked
by their affective room-mates ‘openly laughing,
shouting, screaming’ (623) when they were
happy/unhappy with any matter. One student
commented that ‘one of my apartment mates was very
affective. So we would have a lot of weird moments
during our stay as she was very expressive and we did
not know how to react or respond to her’ (292). The
affective oriented students on the other hand, expressed
that ‘I wished that my room-mates would be more open
with their feelings’ (54) and ‘show us how exactly they
feel’ (89) about certain apartment matters. They also felt
that ‘we had to often guess what they were thinking’
(76) or ‘what is going on in my apartment mates’
mind’(16). Many found it a ‘struggle to break the ice’
(32) or even ‘socialize and live with people who are not
affective like me’ (70).

often would get up and go to pray despite being in a
conversation with the rest of the roommates’ (119); ‘in
fact I was shocked and surprised that there were strict
rules to how he should pray and pray five times a
day…I was not used to this at all and it came as a shock
to me.’ (202). Further, one student also commented that
‘one of my apartment mates dresses in her ‘tudung’
(head dress) throughout the day but when at night we
were all together, she does not use it. It was indeed a
shock to me and my other apartment mates when we
first saw her without her ‘head cover’ – like she was a
totally different person (187). Yet another apartment
mate commented that ‘Although she explained to us that
she has to follow the strict dress code due to her
religion, I am still trying to understand her culture and
her cultural attire’ (267).
Regarding culture shock arising from cultural
dietary preference and practices, participants reported
experiencing shock due to the realization that ‘that my
Muslim room-mate cannot eat non-halal food’ (517);
while another student commented that ‘I did not realize
that my Buddhist and Indian apartment mates that I was
living with could not eat meat and beef respectively
(682); it was a real shock to me that they were so strict
with their diet’ (673). Yet another of our roommates
was ‘vegetarian’ although she was Chinese but she was
not a Buddhist; while another roommate was ‘Hindu
and not vegetarian’ (538). Yet another commented that
‘I thought only all Indians were vegetarians – so this
came as a real shock to me as we had to be very careful
what we cook now’ (538; 540).

Regarding the culture shock caused by the
universalism–particularism orientation, the universalism
oriented students felt that ‘it was unfair that because of
some of their apartment mates who disregarded the
apartment stay rules, the whole apartment had to be bear
the burden of the punishment’ (58). The particularism
oriented students on the other hand articulated as one
participant indicated ‘I am not used to such curfew or
rules at home. My parents never question me or punish
me when I am home late; so it was very challenging for
me to follow the rules’(47); another indicated that
‘coming home by 10.30 curfew was tough as I usually
come home very late’(472). Others reported that ‘ …had
lots of conflicts and disagreement when setting up and
following the rules’(547). ‘The universalists amongst us
forced us and stressed us to do work and finish it
according to the agreed time. We ended up doing more
work and less play’ (486). Another articulated that ‘the
universalists always stick to the deadlines for project –
they are very inflexible’ (622).

Regarding culture shock arising from their lack of
confidence levels interacting with other cultures,
students reported that they ‘really did not know how to
interact with another culture as I never had any friends
from another culture’ (74); ‘I was afraid to offend them
so kept conversations to a minimum and kept to only
small talk’ (97). Equally students of e.g. the Malay
culture who were in residential stay during their fasting
month reported that one of the challenge they faced was
‘waking up at 6.30 am for morning prayers to break fast
while my room-mates were still sleeping. I felt as if I
was disturbing them’ (436).
The above responses from students clearly indicate
that much of the culture shock arises out of they coming
into contact with people who are different for the first
time especially in close living quarters, their limited
interaction with other cultures and their reliance on their
own cultural lens to make assumptions about others
different from them. When they came across behaviours
and attitudes that are different from theirs, it
disorientated them, leading to culture shock. It also
resulted in students going through feelings of anxiety,
disenchantment and frustration in this stage.

Regarding culture shock arising from differences
living together with ‘other cultures’, students attributed
these to three factors: firstly differences in cultural
practices; differences in dietary preferences; and lack of
confidence interacting with other cultures.
Regarding culture shock arising from different
cultural practices, students reported that they were
shocked to see some of their ‘Christian friends spending
time reading the Bible’ (39; 76) and ‘praying for things
to be better’ (96); others reported that they were
shocked that ‘one of our roommates who was a Muslim,

In the second challenge and confront phase students
seemed to have gone through a process of responding to
the challenges through questioning of their own and
other’s values as well as taking steps to confront the
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challenges by exploring initiatives to ‘deal with the
challenges’. Two key themes emerged from the findings
in this phase: firstly the use of a range of life skills and
secondly the use of initiatives to develop their cultural
awareness to make things work in their respective
apartments.

Yet others reported that they decided to ‘adapt’
and/or ‘compromise’ to ‘solve the common problems
faced on a day to day basis’ (86); ‘give and take a little
here and there’(478). As one student put it ‘it does pay
to be a little flexible for everyone’s happiness’ (496).
Others reported that they ‘learnt to be independent’
and ‘began to take care of myself, my belongings’(596)
and ‘to look out for our roommates especially when
they needed help, especially if they were ill’ (140).
‘Sometimes when I am back late, I buy back food for
my roommates for the night as we always get hungry’
(67).

Regarding the use of a range of life skills, students
articulated that after about three to four days they began
‘to realise and recognise that the differences are here to
stay’ and that ‘it is something we need to do something
about especially if we are going to stay two weeks’ (50).
Students also reported that ‘not doing anything was not
going to help as we had to work together to do the
international buffet, group project and worse still peer
assessment’ (259). One student commented that the
‘stalemate situation was not getting us anywhere; we
were also losing time to complete our projects’ (373);
while another mentioned that ‘we just could not
continue the way we are – if we do, in the end all our
grades will be affected’ (422). Yet others commented
that ‘it was really no fun being in the apartment when
we just did not want to do anything with one another
because of our differences. Holding on staunchly to our
own preferences was not getting us anywhere. So I
decided that we need to break this ice’ (93).

Students also articulated ‘they learnt how to
communicate with one another, to prevent
misunderstandings’ (61) as it ‘really helped to discuss
with my apartment mates’ (275).
Others commented that they ‘actually began to
sweep the floor (22); wash the toilet which I have never
done in my life as my mum was always there to do all
this for me’ (329). It is this process many ‘began to
appreciate my parents and helper who mainly did all the
household chores’ (60).
Students also reported
experiencing ‘budgeting and shopping for basic
necessities’ (41) and in the process managing their
limited finances for the two weeks stay. Some students
reported that ‘planning and buying things for the
international buffet given the shoestring budget really
forced us to learn about budgeting to run our house’
(104; 716;62;47).

Hence their questioning of the ‘stalemate’ situation,
presence of strong motivational factors such as
assessment, personal discomfort, and/or personal
motivations to make things work for the better,
encouraged students to begin to confront the challenges
they were facing and explore ways to ‘deal with the
situation’ (56).

Regarding initiatives to develop their cultural
awareness, students reported that they explored
‘adapting to the needs of the different cultures they had
to live with (37); living with each other respectfully by
embracing differences for example respecting my
apartment mate’s need to eat only halal food’ (59);
coming to terms with the fact that not everyone is like
me especially if they are of a different culture, race or
religion’ (296). Students also reported that they ‘realised
the importance of keeping an open mind’ and ‘not to
assume or not to form my own opinions without
understanding’ (333) to deal with the cultural challenges
they faced.

Amongst the range of life skills used by students,
several reported that they resorted to ‘confront the
situation’ (24) through having ‘an open dialogue with
our apartment mates (44). One student reported that
their group ‘decided to have dinner together and have an
informal discussion on our state of affairs in the
apartment and explore how to make things better’ (88).
Others reported ‘having regular chit chat sessions to
find out more about each others’ preferences (258); yet
others ‘decided to work as a team’ (437); ‘adapting to
each others’ needs (567); ‘taking greater responsibility
for myself as well as my apartment mates’(636);
‘communicate more clearly with each other, especially
with my diffuse apartment mates’ (72); and ‘ respect the
rules of the residential stay’ for the benefit of my whole
group’(498).
Several students reported that they decided
‘drawing up a duty roster’(39); ‘help out each other to
do housework’ (172) and ‘learn from one another how
to cook different meals’ (42); ‘keep my belongings in
the room in order and not be so messy as I always am so
that I don’t cause my roommate any headache’ (93).
Others indicated that they decided to ‘organise and
share project tasks’ (269) and ‘plan as a team to
complete tasks when pressed for time’ (71).

Several students also reported on the increased
levels of confidence in interacting with different
cultures, races, and students with different religious
affiliations after adopting an ‘open-mind’ (59) and ‘take
an interest in getting to know their apartment mates who
are Malays and Indians better’(433). One student
reported that the more she learnt about different
cultures, the more she realised ‘how ignorant I was’
(723) but when ‘I actually got to know them, I realised
that we are similar in so many ways, despite differences
in our race and religions’ (678).
From the above responses, we can see the
development of a range of life skills as well as the
development of initiatives that enhanced students’
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cultural awareness. These arose as students challenged
their standpoints and took initiatives to confront their
challenges living in close proximity in the apartments,
to work together socially and professionally.
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In the third change and transform phase students
realised their personal transformation resulting from
their use of explored initiatives successfully. Two
themes emerged from the findings: firstly, realisation of
personal transformations relating to their life skills and
secondly, realisations of personal transformations
relating to their cultural awareness.

References

Regarding realisation of personal transformations
relating to their life skills, students articulated that
‘through this residential stay, I have learnt to be more
independent’ (79). ‘I used to get very upset at home
when things don’t go my way; this residential stay has
made me realise the importance of considering and
caring for others; and not to withdraw or fight to get my
way but to solve problems with resilience’ (683).
Others reported that it pays to be ‘adaptable to others
needs – there is never only one way to do things or
solve problems which I had always believed in’ (59);
another indicated ‘My mom always scolded me for
being so irresponsible – but this residential stay has
really taught me the meaning of taking responsibility for
myself’ (681).

Ball, S. (1994). Some reflections on policy theory:
brief response to Hatcher and Troyna. Journal of
Education Policy, 9(2), 171-182.
Blackmore, J. et. al, (2010). The connections between
new learning spaces and student learning outcomes: A
literature review, Department of Education and Early
Childhood Development, Melbourne.
Education for Global Citizenship: A Guide for Schools.
Oxfam. Oxford, Oxfam.
Harrison,S. and P. Dourish. (1996). Re-placing space:
The roles of place and space in collaborative systems:
Proceedings of the 1996 ACM conference on Computer
supported cooperative work, Boston, Massachusetts,
United States.

Regarding realisation of personal transformations
relating to their cultural awareness skills, students
reported the following:
appreciation of cultural
diversity (45), importance of cross-cultural friendship
building (90), greater awareness of other cultures (38);
interest in learning about other cultures (164); living in
harmony (80); resilience in coming to terms with culture
shock (70); applying their learning of the 7-D
framework to understand other cultures better (529), and
the ‘mindset that every culture is different’(716).

Hunter, W. (2004). Knowledge, Skills, Attitudes, and
Experiences Necessary to Become Globally Competent.
Pennsylvania, Lehigh University, unpublished doctoral
dissertation. Oxfam. (2006).
O’Donoghue, T.A. (2007). Planning your qualitative
research project. London: Routledge.
OECD (2013), Innovative Learning Environments,
OECD Publishing, Paris.

It is clear from the students’ responses that ‘the physical
learning environment is an influential element in the
complex and highly contextualised nature of learning,
characterised by dynamics and interactions between the
learner, teacher, content, …’ (OECD, 2013). It
facilitated students’ coming face to face with diversity,
motivating them to challenge and confront their culture
shock which in turn set in motion a process of personal
transformations in the students’ mindsets.

Schwandt, T. (1994). Constructivist, interpretivist
approaches to human inquiry. In N. Denzin & Y.
Lincoln (Eds.), Handbook of qualitative research (pp.
118-37). Thousand Oaks, CA: Sage Publications.
SkillsFuture (http://www.skillsfuture.sg/)
Temasek Polytechnic, (2014). Desired Graduate Profile.

Conclusions

Temple, P. 2007. Learning spaces for the 21st century:
A review of literature. Centre for Higher Education
Studies, Institute of Education, University of London.
Available at: https://www.heacademy.ac.uk/sites/
default/files/learning_spaces_v3.pdf

The study reported here provides fresh insights into
transforming living places as learning places that ‘frame
interactive behavior, and impact on social interactions
critical to student engagement and learning’ (Harrison
and Dourish, 1996). It is clear that purposeful use of
living places as learning spaces with clearly articulated
curriculum, student roles, structured to maximise social
and professional engagement opportunities via suitable
projects for students do lead to desirable student
learning outcomes.

Trompenaars –Hampden Turner (1997). 7 Dimension
Model of Culture.
https://sevendimensionsofculture.wikispaces.com/Trom
penaars%27+Seven+Dimensions+of+Culture

239

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

1401

USING ONDOKU-DOJYO TRAINING SUPPORT
TO PROMOTE ENGLISH LANGUAGE SELF-MONITORING
Mariko Okuzaki*,a, Masaya Narumia
a

General Education, NIT Hakodate Collage, Hakodate, Japan
*okuzaki@hakodate-ct.ac.jp

Abstract

GVC2, a pronunciation training software developed by
HOYA. The first Ondoku-Dojyo was held in 2015 was
held at the first language laboratory of the National
Institute of Technology (Figure 1), Hakodate College
from 16:30 to 17:15, Monday to Friday, over 24
sessions from October 1 to November 20 2015.
Participants were recruited from students identified as
having difficulty in a Communication English Ⅱ ,
class taught by the first author. Ten students voluntarily
participated in Ondoku-Dojyo after school as
preparation for the third examination, at which they
practiced reading an English textbook out loud using
GVC2. All participants gave permission for their
personal data to be used in this study.

This study investigates whether English Language
pronunciation training support improved novice
Japanese English as second language students’ selfmonitoring skills to learn English self-monitoring skills
and learning aptitude. Reading English aloud from
GlobalVoiceCall2 (GVC2), a pronunciation training
software developed by HOYA, this four-year research
project examines the changes in each participant’s selfmonitoring awareness of their oral reading. This study
aims to establish a training system that promotes
proactive after-school self-learning.
Keywords: language support, English, oral reading,
self-monitoring, autonomy
Introduction
In the first year of this research, the first term was
used to develop a new English language training after
school support called Ondoku-Dojyo. Thereafter,
participants were recruited, and the software was loaded
onto the nominated school’s computer system. Ten
second-year students lagging behind in terms of their
English grades were selected for the research and were
trained in Ondoku-Dojyo. The training was held 24
times from Monday to Friday after school for 45
minutes, October to November 2105, just prior to the
school year’s third examination week.
It was expected that the training would improve
participants’ grade on the English test in the third
examination period. However, the results revealed that
the training did not have a strong positive effect on the
grade. An aptitude test conducted in November 2015
indicated that their learning attitude compared with the
results from the same aptitude test in June 2015.
This study analyses why the learning support at the
first Ondoku-Dojyo had no or little effect and elucidates
those aspects of Ondoku-Dojyo that may have caused
the disappointing results. These findings summarize the
first-year’s Ondoku-Dojyo training and propose the
developments needed for the next training period.

Figure1 First language
laboratory entrance with
the sign for Ondoku-Dojyo

Figure 2 A
student’s training
using GVC2

Figure 3 The GVC2 indicator and
the numerical evaluations

The learning objective of the Ondoku-Dojyo
program was to gain the skills necessary to be able to
correctly and fluently read out loud eight pages of an
English textbook, which covered material for the third
examination. It was explained to the participants that
correct and fluent oral reading would promote their
comprehension skills which would assist them in
gaining a better grade in the third examination.
Participants sat at individual desks, and after listening to

Ondoku-Dojyo
Ondoku-Dojyo is an after-school training system
that develops English language oral reading skills using
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Figure 5  Participation rate of 10 participants and the English grade differences
between the second and third examinations㻌
the model English, they recorded their oral reading in
chunks on a computer (Figure 2). The recording was
numerically evaluated immediately after the recording:
if participants received a total score higher than 50
(Figure 3), they moved on to the next chunk. OndokuDojyo was explained to all ten participants and eight
voluntarily participated in Ondoku-Dojyo on the fifth
day. The participants appeared to enjoy reading orally
using the GVC2 with all giving positive feedback on the
GVC2 and the Ondoku-Dojyo support system at the
completion of the training. However, over the 24
sessions, the participation rate gradually decreased from
the fifth day. Figure 5 illustrates the participation rate of
the 10 participants and their English test grade
differences between the second and the third
examination. Over the four week Ondoku-Dojyo
training period, one participant came to the after school
training only once (Figure.5 Participant A) and two
participants (Figure. 5 Participant I and Participant J)
participated in 50 % of the classes. None of the
participants completed the eight English text pages over
the training period. Participant H completed four pages,
and the other nine students did not get beyond three
pages. Although Participant I, with 50 % participation
rate, had a lower grade in the examination, Participants
D, E, G, and H who all had lower participation rates, all
improved grades. Therefore, as the effect of the
Ondoku-Dojyo intervention was not apparent, the first
experiment was deemed a failure

participants’ were examined twice using the Academic
Adjustment Inventory (AAI), first in June (after the first
examination) and then in November 2015 (before the
third examination) with other classmates. None of the
10 participants showed any improvement in learning
motivation between the first and second AAI (Figure 6).

Analysis of the Failure of the first Ondoku-Dojyo
Figure 6 Changes in Ondoku-Dojyo participants’
learning motivation between June and November
2015

(1) Learning Aptitude of the Ten Participants
The learning aptitudes of the Ten Ondoku-Dojyo
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However, 10 students of the 200 second-year students,
ranked in the top 5% for English including the OndokuDojyo participants, had normal or strong learning
motivation in June, which had strengthened by
November (Figure 7).

motivation, and were unable to manage examinations.
(2) Set-Up for Ondoku-Dojyo
In 2015, Ondoku-Dojyo was held at the first
language laboratory on the third floor. The location was
near the students’ classroom and the experimental
laboratories. The session times were from 16:30 to
17:15 after school, which often overlapped with
students’ experimental activities and make-up
examinations for other classes. This lower accessibility
may be one cause for the poor participation rates.
Table1 Comparison between the average scores for the
two groups for the learning factors (1―5) contributing
to the learning examined in the AAI
Groups
of 10

Learning Factors
① learning
motivation
② time management
③ class participation
④ note taking
/reading
comprehension
⑤ memorization
skills
⑥ examination
taking skills
⑦ learning
environment at
school
⑧ learning
environment at home
⑨ persistent
application
⑩ self-control

Figure 7 Changes in learning motivation for the10 top
5% students between June and November 2015

In the AAI conducted in November, the 11 factors that
contributed to learning were evaluated on scale from
one to five: ① learning motivation, ② time
management, ③
class participation, ④
note
taking/textbook comprehension, ⑤ memorization skills,
⑥examination taking skills, ⑦learning environment at
school, ⑧learning environment at home, ⑨persistent
application, ⑩self-control, ⑪meta-cognition. Table 1
indicates the comparison between the average scores for
the two groups: the 10 Ondoku-Dojyo participants and
the 10 top 5% English students. Comparatively, the 10
Ondoku-Dojyo participants were weak in ⑨ persistent
application (2.9), ④
note taking and reading
comprehension (2.8), ⑧ learning environment at home
(2.7) and ⑩ self-control (2.7) because the scores were
less than 3 in the 1 to 5 range. Further, compared with
the top achievers, the average for the Ondoku-Dojyo
participants was lower than 1.0 for the five factors: ①
learning motivation, ④ note taking and reading
comprehension, ⑥ examination taking skills, ⑦
learning environment at school, and ⑧ learning
environment at home. Therefore, the Ondoku-Dojyo
participants did not have a good learning environment at
school or at home, low persistent application, were not
good at taking notes or reading, had a low learning

⑪ meta-cognition

(1)Average
of top5%
achievers 

(2)Average of
OndokuDojyo
participants

Difference
(1)－(2)

4.5

3.3

1.2

4.1
4.4

3.3
3.4

0.8
1.0

4.1

2.8

1.3

4.1

3.1

1.0

4.6

3.3

1.3

4.2

3.1

1.1

3.8

2.7

1.1

3.8

2.9

0.9

3.7
4.5

2.7
3.7

1.0
0.8

(3) Relevance of the Ondoku-Dojyo Learning Process
The learning objective of Ondoku-Dojyo was to
develop the ability to correctly and fluently read eight
pages of the English language textbook that covered the
materials tested in the third examination. The first
author explained to the participants that correct and
fluent oral reading would develop English language
comprehension skills, which would assist them gain
better grades in the third examination. Basically,
Ondoku-Dojyo was a self-learning process in which
participants were required to 1) monitor the model, 2)
record their attempt, 3) analyzed the GVC2 evaluation,
4) reflect on the differences between the model and the
self-recording, and repeat 1) to 4) until a total score of
50 or more was achieved. Taking the advice of the
GVC2 developers, in early days of the program, the
total score was set as 60. However, the Ondoku-Dojyo
participants were unable to achieve a score of 50 even
after 100 attempts. Therefore, the desired score was
lowered from 60 to 55 and then to 50 within the first
three days.
The lowered total score made the
participants feel that their progress was poor, making
them lose their initial motivation.
Observation of the participants revealed that they
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often started recording without fully listening to the
model. After struggling with the GVC2 about 10 times,
they began to compare their English with the model by
analyzing the diagrams on the monitor or monitoring the
sounds. Therefore, they did not follow the expected
learning process, as they spent little time monitoring the
model English or their own oral performances. Through
the observation, it became apparent that Ondoku-Dojyo
held in 2015 did not give sufficiently detailed directions
to allow the participants to fully understand the
importance of monitoring skills for better oral reading.
Furthermore, it did not provide a step-by-step learning
process that led to the acquisition of better monitoring
skills.
Participant J, who had the highest participation rate
at 80%, did 100s of oral readings from the English
textbook during Ondoku-Dojyo. However, his low test
scores indicated that he conducted kara-yomi, or
reading aloud without comprehension. Participant J’s
low examination results suggested that Ondoku-Dojyo
should have instructions to eliminate kara-yomi by
prompting them to make conscious efforts to better
comprehend the material and expand their vocabulary.

different classes, so they did not know each other.
Therefore, when participants were required to peer
evaluate, they lacked confidence. After four weeks,
there were only one or two regular Ondoku-Dojyo
participants. From this analysis, it was speculated that
participants were uncomfortable with the learning style
of Ondoku-Dojyo.
(5) Ondoku-Dojyo Surveys
At the end of 2015, 18 students, including the 10
participants from Ondoku-Dojyo who failed in the final
English examination, were given survey conducted by
the second author on the learning support provided by
NIT, Hakodate College (Table 2). From the answers to
Items 3 and 4, it can be seen that four participants
considered Ondoku-Dojyo to be helpful and six thought
that it was not helpful in preparing them for the English
language examinations. Participant J commented,
“Although I did hundreds of recordings, I could not
remember the English from the textbook well. I should
have written the English by hand many times for
memorization.” Reflecting on this comment, it could be
surmised that while Ondoku-Dojyo gave practice in
reading English aloud, it did not encourage content
retention. At this point, we realized that Ondoku-Dojyo
lacked a reflection phase that would allow the
participants and instructor to discuss what had been
learned and what had or had not been achieved.

(4) Ondoku-Dojyo Learning Style
The first language laboratory is a specific classroom
for English language learning in which each student
uses the computer at a fixed seat. For convenience,
participants were required to use the same seat in
Ondoku-Dojyo as in their regular English classes.
Therefore, participants were scattered throughout the
room, isolating them from others, and reducing the
collaborative learning atmosphere. The first author
circulated in the room, observed the participants, gave
advice and encouraged the English performances by
analyzing the figures on the screen. At the end of each
Ondoku-Dojyo session, each participant was required to
show their day’s results. If there were several
participants, they formed pairs and monitored each
other’s oral reading or tried to guess the total GVC2
scores. However, the 10 participants became from four

Results and Discussions
For Ondoku-Dojyo to be an effective after-school
learning support, several factors needed to be included
to facilitate active student participation. According to
Sato (2014)3, oral reading can be effective in increasing
the English competence of lower-ranked students.
However, Shoto (2015)6 indicated that the value of oral
reading in a teacher’s mind is often different from that
of the student’. Therefore, as Ishihara(2002) 1
established, teachers should demonstrate the
effectiveness of English oral reading for memorization.

Table 2 Survey on NIT Hakodate Learning Support and Ondoku-Dojyo
☆Choose the best answer to describe your condition or impression
1. What do you think of the final ①
No ② Not so ③nothing to ④Good
examination? (18 respondents)
good (9)
good
think of(5)
(1)
(3)
2. Describe your efforts on the
final exam. (18 respondents)

No
①
study (2)

②Not study
enough (6)

③ Studied
some (6)

④ Studied
hard (3)

3. Did Ondoku-Dojyo help your
learning? (10 respondents)

①No help
(0)

② Not so
helpful (2)

③So so (4)

④
(4)

helpful

⑤Very good
(0)
⑤ Studied
very
hard
(1)
⑤
Very
helpful (0)

4. Describe the reasons for the above in your words(10 respondents)
①-②: ”English was not flashbacked in the test. Hand writing would be more helpful for memorization.”
④-⑤: “I feel my English pronunciation has improved very much.” “GVC” enhanced my English skills.” “I
was able to remember English sentences within a short time.” “I was able to distinguish native English and
Japanese English.” “Through many trials to reach the target score, I was able to memorize the word order
and spelling of an English sentence.” “I answered test questions with what I learned through GVC2.”
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5．How was your feeling after
the final exam? (18 respondents)

①
very
bad (0)

②bad (2)

③stable (9)

④good (7)

⑤very good
(0)

6 ． After the final exam, did you ① not at ② not so ③same as ④changed ⑤changed
change your learning attitude (18 all (0)
much (4)
before (8)
some (6)
a lot (0)
respondents)
7．Free comments on Ondoku-Dojyo and NIT Hakodate learning supports after class.
“I prefer memorizing by writing rather than by Ondoku-Dojyo.” “I need handouts for the makeup tests.” “I
prefer studying in a compartment rather than in a large classroom.” “I want to learn within a small group.”
“I like Ondoku-Dojyo as it is new.” “ I don’t remember new words easily.” “At Ondoku-Dojyo, I noticed
weak points in my English pronunciation and was able to brush up my English pronunciation skills with the
training.” “I can’t get motivated to study at home after school, so it is good for me to be forced to study
after class at school.”
Table 3 Ishihara’s (2002) survey to educate students (first author’s translation)
When reading English aloud, you are

always
conscious of

sometimes
conscious of

little
conscious of

１
１
１
１
１
１
１

２
２
２
２
２
２
２

３
３
３
３
３
３
３

never
conscious
of
４
４
４
４
４
４
４

１

２

３

４

reading each word naturally and correctly
reading with natural intonation
reading carefully by meaningful chunk
②
reading while comprehending meaning
reading by recognizing grammar
③ reading to memorize English
reading as fast as possible
reading not by distinguishing each word but
④ by keeping English prosody in sentence
＊(①)-(④)were added by the first author

①

Table 4 Ondoku-Dojyo rubric evaluation plan
Learning
Excellent
Good
Not
Goal
required
Student
50 or more 40 to 49 on less than
records
on
pronunci40 on
English
pronunciation
pronunciby chunks
ation
ation
on GVC2
Student
Translate
Translate
Translate
reads aloud 80% or
60 to 70%
no more
by chunk
more into
into correct than 60%
to Ss or T
correct
Japanese
into
and
Japanese
Japanese
translates
into
Japanese
Student
Recite
Recite
Recite
writes
English
English
English no
down
correctly
correctly
more than
English
80% or
between 60 60%.
after moni- more.
to 70 %.
toring.
Student
To recite
To recite
To recite
recites
80% or
60 to 70 % no more
sentence
more of
of the total than 60%
by
the total
of the total.
maintainprosody.
ing English
prosody.

This is because students do not actively read aloud
even though they know it may be useful for their
English language learning. Ishihara (2002) noted that
positive activities were needed to make students aware
of the effectiveness and the meaningfulness of oral
reading in improving English competence. Table 3 is an
English translation by the first author of the survey used
by Ishihara(2002) to educate students on effective oral
reading. Kadota (2012)2 categorized oral reading
functions into four steps: ① oral reading to associate
sounds with letters, ② oral reading for comprehension,
③ oral reading to internalize vocabulary and grammar,
and ④ oral reading to make others comprehend the
meaning. Categorizing the eight items in Table 3
(Additional numbering of ①―④by the first author),
Ishihara’s(2002) items cover all four functions and is
well-designed as an oral reading learning procedure.
The next Ondoku-Dojyo plans to introduce
Ishihara’s(2002) educational oral reading concept by
combining Kadota’s (2012) four functions for oral
reading with a rubric evaluation (Stevens and Levi,
2013)4, which should promote student’ autonomy
toward oral reading and self-and peer monitoring skills
to improve their learning skills (Table 4).
Sugie (2011)5 suggested organizing problemsolving-oriented groups to promote autonomous study
by activating group dynamics. In the next OndokuDojyo, the learning support needs to ensure that the time
and location are suitable and that participants develop a
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collaborative learning community.
Conclusion
This study analyzed why the learning support in the
first Ondoku-Dojyo was unsuccessful. Furthermore, it
discussed the findings with the aim of improving the
following year’s Ondoku-Dojyo.
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ENGLISH AWARENESS IMPROVEMENT BY A VISIT TO SINGAPORE INCLUDING
THE EXCHANGE OF THE SP STUDENTS
T. Fukuda*, K. Nakashima*, H. Morikawa*, H. Nishiguchi*, H. Morita*
F. Matsuyama* and A. Fujita*
* National Institute of Technology, Sasebo College, Japan
*t-fukuda@sasebo.ac.jp
Abstract

Introduction

Recently, the ability for English conversation for
engineer is increasingly required by globalization.
After all the best method to improve ability for
English conversation is really to practice more
conversation with the foreigner speaking English.
For five years from 2011, our students of the
department of mechanical engineering in Sasebo
College have been visiting Singapore for school trip.
40 fourth year students had good opportunity to
have the interchange with the student of Singapore
Polytechnic(SP) and visit the Japanese companies in
Singapore. In addition, from 2015, approximately 10
SP students have been visiting our college. Then, our
students had more good opportunity and their
awareness for English is increasing more. In
particular, the exchange program with SP is effective.
When our students visit SP, SP is preparing the
manufacturing competition with our students. Our
students experience technical English conversation
with SP students from the program. When SP
students visit our college, our students make the
posters such as introductions of school or Sasebo city
or Japan, and explain it in English. Furthermore,
some of our students try to explain their research too.
Therefore, this program is the good opportunity to
practice English. After students participated in this
program, their feeling of resistance to English
decreased and their awareness for English increased.
As a result, four students did one year study abroad
for English. After studying abroad, they give a
briefing session to the lower-grade students of our
department. Then the lower-grade students
increased their interest of abroad more and some
students want to go abroad. It follows that awareness
improvement for English of the student increases by
providing opportunities to interact with a foreigner
as in this program to enable an engineer to work
abroad in future.

The fourth year students of our department have
participated in a school trip for one week. We had gone
to Nagoya or Tokyo in Japan before, but we changed to
a foreign country from 2008 and went to China first.
The visit to China was the good experience in knowing
the foreign countries. However, there were problems in
China such as an earthquake or the disease occurred,
and as for the most important problem, the language is
not English. Therefore we changed the visit from China
to Singapore from 2011. Table 1 shows the destination
for our school trips. During the visit to Singapore, our
students participated in the interchange with Singapore
Polytechnics(SP) students, visiting companies or
shopping. The next step is SP students are visiting our
college from 2015, and interchange with many of our
students. This program is the good opportunity to
practice English for our students. After students
participated in this program, their feeling of resistance
to English decreased and their awareness for English
increased. As a result, four students did one year study
abroad for English recently.
Table 1 Destination for school trip
Year

Country

～2007

Japan

2008～2010

China

2011～

Singapore

1. Visiting Singapore
The fourth year students of our department have
visited Singapore from 2011 for a school trip. Table 2
shows a schedule of the trip. First day, our students visit
Singapore Polytechnics. Singapore Polytechnics provide
lab facilities & campus tour, and is preparing the
manufacturing competition with our students. Our
students experience technical English conversation with
SP students from the program(1). Figure 1 shows the
appearances of visiting Singapore Polytechnics. Our
students have many chances to communicate with
Singapore Polytechnics students.
Second day, our students visit two factories which are
Japanese companies. Figure 2 shows the appearances of
the factories. Some Japanese engineers who graduated

Keywords: English Awareness, Visiting Singapore,
Exchange Program with Singapore Polytechnic,
Studying Abroad
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from National Institute of Technology like our students
are working in both companies. They show their activity
to our students. Since they graduated from National
Institute of Technology, our students understand that

they also have many opportunities to work abroad after
their graduation.
Third day, our students have free time, and go
sightseeing or shopping. They try to get on a train or
buy something using their own English ability. Our
students know immediately whether they can
communicate in their English.
Figure 3 shows the results of the trip questionnaires of
2015. The number of students is 42. Level 3 is a normal
evaluation and level 5 is very high, level 1 is very low.
Question① indicates that most of students had a good
impression toward Singapore. And from Question②～
④, visiting Singapore Polytechnics or companies were
also good impression. From Question ⑤ , however,
many students found that own command of English was
insufficient. And from Question⑥, they felt the need of

(a) Singapore Polytechnics

(a) Company A

(b) Campus tour

(b) Company A

(c) Engineering activity

(c) Company B

Figure 1 Visiting Singapore Polytechnics

Figure 2 Visiting Companies in Singapore .
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the command of English strongly. That is, students
found that they have to study English more hard,
vocabulary, grammar, listening, communication,
pronunciation, etc. From Question⑦, this trip was a
good opportunity to change their thinking for English.
They understood that English was important and
necessary for an engineer now, and the English
conversation is not possible by only learning of the
English grammar. Since they want to become able to
speak English freely, some students want to study
abroad. Question ⑧ is about the image for working
abroad. Recently, many engineers are working abroad.
Many of our students also will work abroad. In this trip,
they seem to understand about working abroad.
Figure 4 shows the evaluation of the trip by visiting

students. Students were asked to give an overall score
for the school trip. It is a histogram of one hundred
perfect score. It indicates that most of students
evaluated greater than 80 points. That is, this trip is very
useful for increasing their awareness for English and
most of students felt satisfied about the school trip.
2. Singapore Polytechnics Students Coming to Japan
Approximately 10 students  of Singapore
Polytechnics have been visiting our college from 2015.
Table 3 shows a schedule of their visit. First & fourth
days, they visit our college and have an exchange
meeting with our students. Our students make some
posters such as introductions of school or Sasebo city or
Japan, and explain to SP students in English(2). Our
advanced students also have the time to explain their
research. Furthermore, our fourth grade students who
are going to visit SP three month later interchange with
them finally. As a result, when our students visit SP, SP
students also host our students. Indeed, some our
students trade an e-mail with SP students.
Third day, we provide a short trip to Nagasaki where
is historical place. SP students learn about atomic bomb
and shipbuilding in there. Second & fifth days, SP
students have the time to see some nice sightseeing
spots in Sasebo. Figure 5 shows the appearances of
Singapore Polytechnics Students Coming to Sasebo.
In this way, this program is a good opportunity to
communicate with foreign people in English without
visiting abroad for our students. And SP students also
have wonderful time in Sasebo. Therefore many SP
students who belong to several departments hope to visit
Sasebo.

Q①: Impression of Singapore
Q②: How was the visit of the Singapore
Polytechnics?
Q③: How was the visit of MAKINO (company)?
Q④: How was the visit of DAIICHI-SEIKO
(company)?
Q⑤: Did you have confidence toward own
command of English?
Q⑥: Did you feel the need of the command of
English?
Q⑦: In this trip, did the way of thinking for your
English change?
Q⑧: How was the image for working abroad?

3. Studying Abroad
In this way, this program is the good opportunity to
practice English. After students participated in this
program, their feeling of resistance to English decreased
and their awareness for English increased. And some

Figure 3 Trip questionnaires of 2015

Figure 4 Evaluation of the trip
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students want to improve their English abroad. As a
result, so far four students did one year study abroad for
English recently. Table 4 shows the list of the study
abroad students. They look for studying abroad by
oneself and experience one-year studying abroad by an
own effort. After studying abroad, they give a briefing
session to the lower-grade students of our department.
Figure 6 shows the appearances of the briefing session
of the study abroad experience. Then the lower-grade
students increase their interest of abroad more and some
students want to go abroad.
It follows that awareness improvement for English of
the student increases by providing opportunities to
interact with a foreigner as in this program to enable an
engineer to work abroad in future.

(a) UK

(a) Poster session by students of English course

(b) USA & Australia
Figure 6 Briefing session of the study abroad
experience
(b) Poster session by advanced students

4. Conclusions
For five years from 2011, our students of the
department of mechanical engineering in Sasebo
College have been visiting Singapore for school trip. 40
fourth year students had good opportunity to have the
interchange with the student of Singapore Polytechnic
and visit the Japanese companies in Singapore. From
2015, approximately 10 SP students have been visiting
our college. Then, our students had more good
opportunity and their awareness for English is
increasing more. After students participated in this
program, their feeling of resistance to English decreased
and their awareness for English increased. As a result,
four students did one year study abroad for English.
It follows that awareness improvement for English of
the student increases by providing opportunities to

(c) Interchanging with 4th grade students
Figure 5 Singapore Polytechnics Students
Coming to Japan
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interact with a foreigner as in this program to enable an
engineer to work abroad in future.
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SPATIAL PEACE: THE ULTIMATE GOAL OF LIVING NON-EXISTENT
EXPERIENCES IN AN EDUCATIONAL CONTEXT IN MEXICO
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Universidad de Guanajuato / Salamanca High School, Full time professor, Salamanca, Mexico
artkitectonic@gmail.com
Abstract

Introduction

Last year we confirmed that there’s a bond between the
decline of the human relationships and the
impoverishment of the human space experience. That
link was stablished as the main subject or raw material
for a group of artistic practices that were called Art of
the human space experience. This year we want to share
a different perspective, one that complements our
original proposal and in which a beneficial human
relationship matches an enriched practice of the human
space. We refer to the way in which inclusivity feeds
one of the most enhancing experiences we can face,
spatial peace, a concept related to that of spatial justice
set forth by Edward Soja. The couple of pieces of art
presented in ISATE 2016 differ from those shown
before in the mindful use of a dissimilar strategy, but
also in the purpose of the new artworks: to encourage a
reflection on spatial peace.

This writing is structured in four sections. The first
one is Materials and Methods or pedagogy, in which a
retrospective of what we presented last year in ISATE is
done and a viewpoint that complements our previous
research is mentioned. Some notions that were essential
to develop the works of art that we produced this year
are included, such as Soja’s “spatial justice” and Webel
and Galtung’s “peace”. Also, this year’s pieces are
introduced and their objective is stated. The concepts
and precedents (Tiravanija and Reyes) that inspired
each composition, as well as the human and material
resources that contributed to each creation are described.
To conclude, the conditions required for this idea to
succeed are mentioned and the “artistic process” as a
methodology is described.
The second section is called results and discussion. In
it the number of the school community members that
visited each work of art is revealed, as well as the
impact that each oeuvre had, considering the pondering
that was fulfilled. Besides, the fact that some people
achieved deeper thinking is noted and some
photographs are provided to illustrate our proposal.
Finally, a fragment of a significant article for the
research is comprised.
The third section of this text is titled conclusions. An
overview of the project shows it as a successful effort to
generate deliberation on people, especially on our
students. Lastly, new initiatives are convened to
approach justice, and ultimately, peace.

The methodology followed to reach the aim was the
artistic process conceived by Luis Racionero. However,
since it was particularly hard to record the series’
footprint on the participants, we combined Racionero’s
qualitative approach with some quantitative tools. This
led us toward a more accurate result. Now we could
have a better idea of how many people were involved
and how many of them reflected, as well as the way that
they are willing to contribute to build spatial peace
experiences though their everyday actions as citizens
and professionals.
The proposed non-existent experiences differ between
themselves in the fact that they depart from diverse
ideas, and share that they end at a common result: some
of the community members participated and many of
them pondered and expressed their engagement to build
more human surroundings. The two works of art have
definitely had a positive impact on our school
population by helping some of its members be aware of
how we can live together even if we are different. We
would, without a doubt, recommend replicating these
experiences in other contexts so that we can get closer
to spatial peace every day.

Materials and Methods or pedagogy
In 2015, we identified a number of pieces of art that
share a common trait: they show the artist’s concern
about a link between human bonds and the practice of
the spaces that we inhabit. We brought them together
and called their production Art of the human space
experience. However, as our research continued, we
found out that we have focused on just one facet of this
group or artworks. Another viewpoint is missing, a
more optimistic one that highlights how improved
human bonds are related to an enhanced practice of the
spaces we live in. This time we would like to emphasize,
particularly, how inclusivity is related to spatial peace
experiences.

Keywords: peace, space, experience, art, Mexico.
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Following this spirit, we approached the concept of
spatial justice. American geographer Edward Soja
(2010) conceived this term to refer to “…what arises
from the enforcement of a critic spatial vision that is
commonly known as social justice” 1 , understanding
social justice as the equal distribution of what is
necessary to the growth of an individual in a community.
He also uses this expression to indicate the rapport that
exists between the spatiality of justice and human rights.
But how is justice related to peace? Justice is needed to
achieve peace. In fact, Charles Webel and Johan
Galtung (2007) defined peace as “…a linchpin of social
harmony,
economic
equity
and
political
justice…”“…peace denotes the simultaneous presence
of many desirable states of mind and society, such as
harmony, justice, equity…” 2 From this angle, the
ultimate goal of all of our actions, no matter what
discipline we belong to, should be peace. This is why,
even if the term “spatial peace” hasn’t been set yet, the
objective of our work is focused not only in raising
awareness on spatial justice, but also on spatial peace.
For the 2016 edition of ISATE, we are happy to
share two art pieces: Vaccination campaign against
classism and Mixed, both planned and executed this
year. They are very different from the ones shown the
last year because their intention, as we explained,
changed, just as the strategy we used this time,
especially because we decided to explore a more
hopeful side of our research. As you will see, both
works of art illustrate a whole new attitude as the
planning, production and result assessment were always
kept constructive.
When involving people of any economic status,
beneficial human relationships happen. These links are
associated to spatial inclusion as a kind of enriched
practice of the human space. This fact guided us toward
the creation of Vaccination campaign against classism.
As a style reference to produce this artwork we must
mention Pedro Reyes’ Sanatorium (2012). In this piece,
the Mexican artist presents a temporary clinic in which
he offers some treatments to cure urban illnesses such as
stress, loneliness and over-stimulation. Visiting Reyes’
Sanatorium begins with the check-in as a patient and it
continues with an interview. The visitor is diagnosed
and is given an appointment to experience at least three
of the sixteen therapies that are available.
The
treatments are new versions of Fluxus’ 3 actions and

include Gestalt 4 psychology exercises, warm up
exercises used in drama, conflict solving techniques,
trust-building
games,
corporate
counselling,
psychodrama5 and hypnosis. It is important to underline
that the check-in form that is filled out by each
participant at Sanatorium clearly reveals that neither the
therapies nor the therapists are real, and this gives each
one the freedom to believe or not. The experience that
Reyes suggests to the visitor has a transforming nature
because it encourages him/her to reflect about the way
he/she perceives his/her surroundings. Three elements
were borrowed from Reyes’ Sanatorium: fiction, as a
main feature of the piece; the connection of the oeuvre
with the health (in our composition, as described in the
next lines, classism is understood as an illness); and the
intention to achieve the visitors’ analysis about how we
see the context we live in.
To translate the previous information into shapes we
exaggerated the presence of classism by imagining that
it was a sickness. We proposed a spatial intervention
that actually happens with a certain periodicity in our
country: vaccination campaigns. Vaccination campaign
against classism consisted on the location of three fake
vaccination posts in the main square of our school
during one day. The three of them were devoted to
administer vaccinations against classism. To model this
intervention we used (written and spoken) words and
volumes (furniture). Twelve students collaborated in the
project by placing furniture where needed, setting signs
and identification cards, administrating placebos,
distributing informative and vaccination cards, and also
asking the attendants to register. Some material
resources were also needed. A campaign identification
ad was set and the next items were located in each
station: a registration table, 2 chairs, 2 lab coats, a
cooler, an eyedropper, a placebo container, an
identification card for the art work, a station
identification card, informative cards, fake vaccination
cards, a clipboard, registration forms and pens. It is
essential to mention that all the participants were
informed that the campaign and all of its components
were a simulation.
Moreover, when relating with people of any gender,
improved human bonds take place. These nexuses are
(2001). Performance Art. From Futurism to the Present
(p. 132). Singapore: Thames and Hudson.
4
The study of perception and behavior from the
standpoint of an individual's response to
configurational wholes with stress on the
uniformity of psychological and physiological
events and rejection of analysis into discrete
events of stimulus, percept, and response.
Retrieved from http://www.merriamwebster.com/dictionary/Gestalt%20psychology
5
An extemporized dramatization designed to
afford catharsis and social relearning for one or
more of the participants from whose life history
the plot is abstracted. Retrieved from
http://www.merriamwebster.com/dictionary/psychodrama

Soja, Edward W. (2014). En busca de la justicia
espacial (p.38). Valencia: Tirant humanidades.
2
Webel, C. & Galtung, J. (2007). Handbook of peace
and conflict (pp.5-6). New York: Routledge.
3
“…Dick Higgins, Bob Watts, Al Hansen, Geoorge
Macunias, Jackson MacLow, Richard Maxfield, Yoko
Ono, La Monte Young and Alison Knowles presented
very different performances at the Café A Gogo, Larry
Poon0s Epitome Café, Yoko Ono’s Chambers Street loft
and the uptown Gallery A/G, all of which came under
the general name of Fluxus, a term coined in 1961 by
Macunias as the title for an anthology of work by many
of these artists.” Retreived from Goldberg, RoseLee
1
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related to spatial inclusion too, as a kind of an enhanced
practice of the spaces we share. A remarkable example
of this positive approach is Soup/No soup (2012) by
Rirkrit Tiravanija. In this relational art piece, the Thai
artist offered soup for free to all of the exhibition
spectators, who became participants of a common
experience in which the human bonds that were made
stood out as the most important creation elements.
Following this idea, we planned and implemented a
second intervention of art called Mixed. In this point it
is important to mention that all the toilets of our school
are separated, nowadays, by gender. Our proposal was
to allow students, professors and administrative staff
members of any gender to use any toilet (in one of the
two sections of our school) during three days. There are
four modules of toilets in the section that we chose.
The shapes that we used were (written) words and
volumes (furniture). These components were combined
in a simple and clear language, according to our time
and having as a reference Tiravanija’s oeuvre. The
human resources that collaborated were fifteen students
who were in charge of placing furniture, setting
identification cards and signage, distributing
informative cards as well as inviting the attendants to
write some information on the registration clipboard.
The material resources that we used at each of the four
toilet modules were a registration table, a clipboard, an
identification card of the art piece, mixed toilets signage,
informative cards, registration forms and pens. None of
the participants, except for the professors who were
notified in advance, were informed about the mixed
toilets to get more natural results.
Concerning the conditions for the artworks to take
place, no special considerations were required for
Vaccination campaign against classism. On the other
hand, Mixed needed all of the urinals to be cancelled
during the days it was working, so that any student
could be exposed toward the other users, independently
of their gender.
The methodology that was followed to develop this
research and art project was the “artistic process” set by
Spanish writer Luis Racionero (1986), which has four
steps. In the first one, called “reality”, the artist takes
some phenomena from reality and brings them together,
respecting a current style (if he/she wishes to broaden
that style) or proposing a metaphor thought by
him/herself (if he/she is the creator of a new style). In
the second step, named “shapes”, the artist selects some
information and converts it into shapes, intensifying at
the same time some details of reality. He/she translates
thoughts in matter and looks for structures that must be
able to communicate what he/she has understood in an
expanded way. The shapes that are used can encompass
a very wide range, such as words, lines, colours, sounds,
volumes or even movements. The third step, “the
artwork”, must generate a deliberation by the spectator,
while the last step, “the spectator”, perceives the art
piece, internalizes it and does an analysis that can be
similar or different than the one that the artist had
reached. Finally, the observer compares that pondering
to reality and approaches to it in a mood triggered by

the work of art to verify if he/she remarks something
new and unknown in everyday settings.
The artistic profile of Vaccination campaign against
classism and Mixed, and experience as a subject,
demanded this research to follow a qualitative
methodology in which a description of the unique space
experience by each participant was presented. However,
the amount of visitors and the extended schedule in
which the toilets were functioning led us to include
quantitative tools. We used, therefore, a combined
methodology that could allow us to know how many
people visited the toilets and their characteristics, but
also to know if the piece achieved its ultimate objective:
to generate critical thinking about inclusivity as a
beneficial human relationship and how it matches and
spatial peace as an enriched practice of the human space.
Results and Discussion
After examining the information gathered in the
registration forms, some of the results that we found are
the ones mentioned in this section. Vaccination
campaign against classism was visited by 192 school
community members, according to the data on the
registration clipboard, which represents around 12% of
the whole school population. When they were asked “do
you considered it is fair or unfair to accept people from
any class at any station?” 185 participants indicated that
vaccination posts for people of any class were either fair
or unfair. Any choice implies that a decision was made,
which means that around 97% of the visitors pondered.
We also asked people “what class do you belong to? 52
considered themselves to belong to the upper class, 96
to the middle class and 37 to the lower class. When we
combined the results of both questions we got a hint of
the way our school community thinks. We found that
the opinions for and against class-free vaccination
stations are balanced among the upper class people and
unbalanced among the lower class people. In other
words, 43.7% of the upper class people thought it was
fair, while 56.3% thought it was unfair. 16.7% of the
lower class people thought it was fair, while 83.3%
thought it was unfair. Another fact that we discovered
was that even if a high percentage of the school
community rejects classism, there is a worrisome 25%
who think that people from diverse classes should not
share the same spaces.
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Figure 1. One of the collaborators administrating the
fake vaccine to a participant.

Figure 3. One of the professors visiting Vaccination
campaign against classism.

Figure 2. Students filling out a registration form.
Figure 4. A collaborator administrating the fake vaccine
to an attendant.
Some of the most important results of Mixed were
that it was visited by 235 people (including students,
professors and administrative staff members), which
represents around 15% of the total population of our
school. 94 of them were men, 134 were women, 2 were
transgender and 5 did not specify their gender. 213
participants marked the mixed toilets as a fair or unfair
space. Once again, either choice implies decision
making, which means the majority of the visitors
(around 91%) reflected. From those 213 visitors, 123
(around 58%) agreed that people of diverse genders
should share the same space, 60 of them were women
and 63 were men. It was interesting to find that the
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exact same number of women (60) didn’t agree about
the mixed toilets and that only 24 men were against.
In both artworks another question was made: “what
could you do as a citizen and as a professional to help
building more fair and peaceful surroundings?” Since
the answers had a very wide scope, they were not
included in this writing. Mentioning it is significant
however, because even if not all participants answered,
it definitely guided a deeper thinking process on some
of them.

Figure 3. Students filling out a registration form. In the
background, the signage that identified the mixed
toilets.
A few days after presenting Mixed, the New York
Times published the article “U.S. directs public schools
to allow transgender access to restrooms”. It was
relevant to find it as an indicator of what is happening in
the international context in what concerns to spaciatial
justice and thus, peace, related to gender. A fragment of
this text says “The Obama administration is planning to
issue a sweeping directive telling every public school
district in the country to allow transgender students to
use the bathrooms that match their gender identity. A
letter to school districts will go out Friday, adding to a
highly charged debate over transgender rights in the
middle of the administration’s legal fight with North
Carolina over the issue. The declaration — signed by
Justice and Education department officials — will
describe what schools should do to ensure that none of
their students are discriminated against. It does not have
the force of law, but it contains an implicit threat:
Schools that do not abide by the Obama
administration’s interpretation of the law could face
lawsuits or a loss of federal aid.”6

Figure 1. Students washing their hands in a mixed toilet.

Hirschfeld Davis, J. & Apuzzo, M. (2016) U.S. directs
public schools
to allow transgender access to
restrooms. Retrieved from
http://www.nytimes.com/2016/05/13/us/politics/obamaadministration-to-issue-decree-on-transgender-accessto-school-restrooms.html?_r=0
6

Figure 2. Students participating in Mixed.
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Vaccination campaign against classism and Mixed
were a couple of attempts made from art that
encouraged people, mainly our students, at elaborating
thoughts on the experiences we have in human spaces.
They also inspired all of us to promote inclusion as an
improved human bond, as well as to support the
building of spatial peace experiences as citizens and
from our own professional profile.
According to the outcomes shown in the Results and
Discussion section, our proposal was successful, but it
was an effort that is not enough. We need to repeat it in
unlike disciplines and in diverse contexts so that change
can occur. Peace has never been easy to achieve, but we
always have the chance to make the difference. Any
help to accomplish justice from a class, gender, race or
religion perspective is a step on our way to reach peace.
When we get our students to realize this, another step, a
bigger one, is taken.
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Abstract

of Huba and Freed (2000) who underlined that those
that are learning the most in a classroom are the
professors. Following the same authors the professors
reserved for themselves conditions promoting learning:
actively seeking new information, organizing it in a
meaningful way, and having the chance to explain it to
others. In this context the usual lecture format of the
majority of the courses presents many challenges to
both teaching and learning. Even if a traditional lecture
course allows an efficient presentation for a large body
of content to a large number of students, this "one-way
transmission of knowledge" often faces superficial
learning and do not stimulate students motivation. The
principal consequence of this model is that a part of the
students completing their education do not possess skills
that are important for their future integration and work
in companies. It is then obvious that new forms of
instruction must be find, by placing the students at the
center of instruction, in order to allow them to become
independent and critical thinkers.
The mechanical Engineering Department of the Lille 1
University developed the P2NT-GM project (active
pedagogy based on digital ressources and new
technologies in mechanical engineering) which is based
on the creation of new digital ressources and on the
construction of a technological innovative platform.
In this paper are presented the three digital ressources
realized between 2011 and 2014 in the framework of the
previously cited project. The question of the evolution
of the pedagogical content is equally adressed, because
these evolutions aim to propose good quality case
studies or courses for the concerned students. Several
aspects related to this approach are illustrated by
presenting some pedagogical experiments conducted in
this period with a group of students of the "eco-design
innovative products" vocational licence proposed at the
Lille 1 University, France.

The present communication addresses the
question of the evolution of teaching contents in the
technical and engineering fields for the Bachelor and
Master degrees in the French Universities by
developing active learning training approaches. In
order to propose to students new attractive and
useful ressources for training and learning, three
projects of digital ressources were recently
developed. The general idea of the created ressources
is to give free elements to teachers and trainers, who
can directly re-use them in their presentations or for
their teaching supports. The provided courses can
also be used in self-learning. The projects were
realized by integrating videos, self-assessment tools
or practical case studies realized by involving
students from the Lille 1 University and from other
partner universities from Nortehrn France. The
digital resources were then used and tested with
success in several courses, especially in the "ecodesign innovative products" vocational Bachelor at
the Lille 1 University. The present article has a
double objective; the first one is to describe the
elements which guided the instructional design that
contributed to the improvement of students
performance and attitude in training and learning;
the second objective of the paper is to illustrate and
discuss significant future challenges permitting to
other educators to learn and adapt their teachnig
ressources from our experience.
Keywords: active learning, training, learning, digital
ressources, student centered education, engineering.
Introduction
During the last decades, numerous authors underlined
the need for changes in pedagogical approaches,
especially in engineering science, by promoting the
active learning. This approach is essentially based on
meaningful and collaborative learning, case studies or
problem solving and critical thinking. Active learning
was developed to provide opportunites for learners to
think critically about content through a range of
activities that help them to prepare themselves for the
challenges of professional situations involving problem
solving. The startpoint is given by findings such those

An educational approach based on active learning
and the use of digital ressources
Active Learning based pedagogical approaches. It is
actually convenient to define the Active Learning as
anything that students can do to learn and train
themselves except taking notes and passive listening of
an instructor's lecture. A lot of research works proved
that this approach improves students' understanding and
retention of information and can be very effective in
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developing higher order cognitive skills such as critical
thinking and problem. However, restructuring a course
by using elements of active learning can sometimes
seem overwhelming for faculty with extensive time
commitments in other realms and little or no formal
training in pedagogy. In addition, adapting the content
and the structure of a teachning ressource with respect
to the actual standards and regulations or by centering
the treated case studies and the lectures content with
respect to the industrial requests and reality are tasks
which complicate a lot the preparation work and which
request a lot of time for the research to recovering
correct and usefull information to be used in the
teachning
activities
(especially
lectures
and
demonstrative works). The next section presents the
active learning approach developed at the Mechanical
Engineering department of the Lille 1 University .

train themselves thanks to the use of pedagogical
ressources with high level of educational interactivity.
We naturally decided then to take advantage of the
opportunities provided by the support offered by two
foundations (digital universities) and we participated to
several call proposals. Three of the proposed projects
were approved, this offered to us the opportunity to put
in practice our ideas and to develop new digital courses.
The design of these digital ressources will be presented
in the next sections.
The French digital universities UNIT and UVED. The
development and the promotion of active-learning
pedagogy is facilitateded and supported in France since
many years by the 7 digital universities working under
the guardianship of the French Ministry of Education.
Two of these digital Universities develop activities in
the environmental and engineering fields : the digital
University of Engineering and Technology (UNIT)
respectively the Digital University of the Environment
and Sustainability (UVED). These foundations provide
support for faculty committed for implementing activelearning strategies in their courses by proposing training
opportunities and by furnishing example teaching
ressources and materials readily available.
Objectives.The availability of digital ressources and
the training for the use of innovative tools are factors
strongly contributing to the development of autonomy
of students in the acquisition of knowledge. The
educational level of interactivity of the created
ressources must be strong; we decided then to realise
ressources of expository type, with an important use of
communication tools with the learner (forum, chat, etc)
and a strong presence of exercices, multiple choice
questionnaires, case studies and other activities centered
especially on the problem based apprenticeship or
similar to the serious game activities. Our choice
focused then on realizing numerical ressources of the
form of educational grains designed by abording several
fields of engineering sciences.
The realisation method. The project based approach
and the problem based methods (see Barret and Moore,
2011) are inductive unusual methodologies of learning .
It was then decided to arrange the tools already realised
or to come under the form of educational grains of two
kinds :
- sequential, where the information is detailed in one
grain
- parallel, under the form of worksheets associated to
elements giving the "theoretical" information attached
to the methodology and the practical information
declining its application to the case study.
The grains are imbricated and more other theoretical
or practical tools were added : links to other courses,
videos, examples of results, etc. The scope is to provide
a set of ressources conceived under the form of
toolboxes or libraries. These boxes are opeed by the
learner one by one to learn, to self-evaluate or to acquire
new knowledge and information. The more he will
advance the more he will enter in the methodology
details in order to find the right tool/information. The
interest of the proposed structure is the fact that
information will be very quickly find. The teacher's role

The P2NT-GMP educational project
Context and usefulness. Several reasons pushed the
pedagogical team of the Mechanical Engineering
department of the Lille 1 University to develop the
P2NT-GM project, which is centered on an active
pedagogy, based itself on the use of digital ressources
and innovative new equipments in the field of
mechanical engineering. We recall among these reasons
the students motivation and attitude or the miss of time
and specific tools (for trainers) dedicated to the
development of digital ressources. Given the previous
reasons and the willingness of the team to help students
in improving the success of their education, it was
decided to act on two distinct plans : on one side, create
an innovative technological platform (financed mostly
with our own ressources) and on the other side realize
new training and learning digital ressources by taking
advantage of the technical and financial support
provided by two French foundations working in the
engieering respectively the environmental fields. Note
however that the development of these ressources is not
enough to improve the quality and the content of our
lectures and ressources, this is why it was equally
decided to capitalize and to valorize our experience by
increasing the number of exchanges with our industrial,
educational and institutional partners, in order to get the
best feedback possible which can be used for a
continous improvement of our practices and tools.
The technological platform. The mechanical
engineering department develops since many years a
technological platform dedicated to the innovative
technical equipments. In this framework the University
financed the acquisition of innovative technical
equipments and devices such a 3D measurement device
and scanner, fab lab equipments and 3D printers,
industrial vision cameras and devices, foundry fournace
or computer numeric control machines. Note that a big
majority of these equipments are in free acces for
students.
The digital ressources. Linking the technical and
digital ressources (existing ones or to develop in the
future) is on the other hand an excellent mean
favoritizing student succes and which allow them to
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and contribution are essentally situated at the case study
level and in the project approach. He is the one who will
help the learner to address the good questions, who will
encourage him in opening one or another box, to make
new researches. The main goal is to bring the learner to
an important autonomy level, to help him in the
acquirement of the method, and to push him in
developing criticism with respect to the collected data or
to the obtained results.
Structure of the project. The project is therefore
inscribed in an active learning pedagogy and it is
divided in three axis. The first one consists in
pourchasing of new technical innovative means,
completed by the realisation of user guides and /or
technical worksheets allowing to the learner to selftrain. The second action concerns the development of
new digital ressources and educational kits allowing to
other trainers to adapt the proposed ressources with
respet to their needs and practices. Finally, the valuation
and the capitalization of the acquired experience and of
the developed tools are done by the redaction of a
"feedback guide" and by presenting the developed
approach at several events : congresses, symposiums,
(e.g. Gruescu, 2014 and Gruescu et al., 2014).
Target audience. The digital ressources we developed
have for target students of licence level (L1, L2, L3) or
master (M1, M2). The content was adapted with respect
to the public and indications are given to learners in
order to guide them to use the information associated to
their competences and knowledge. Initial, continuing
and apprenticeship training as well can be trained by
using the realised ressources, since the trainers have in
possession an educational kit.

Study design and course description. The course
restructuring we describe here pertains to the lecture and
tutorial classes of a two-semester course that typically
enrolls arround 100 students anually. This course was
taught in a standard lecture format in the previous years
and redesigned to emphasize active learning and
student-centered pedagogy. It proposes a set of activities
that aim a progressive simulation ofthe learner, which is
close to industrial reality thanks to which he or she will
acquire and improve the technological skills useful in
the organisation and methods department. He will be
able especially to know the different production
processes, their caracteristics and application fields. He
wil equally use his knowhow to define a production
process and to integrate in the production analysis the
quality, cost and delai constraints, in order to improve
the productivity.
This
digital
ressource
(http://www.analysefabrication.univ-lille1.fr/co/001_MOG_web.html)
is
positionned as an application field of the organisation
and methods department in a production workshop.
Structured in 4 main parts, it is composed of theoretical
presentations, videos, exercices and multiple choice
questionnaires. It concerns students from higher and
vocational education in initial or continuous training.
Any other vocational training can equally be done with
the help of this tool. Finally the Master students or
engineering students can use it for quick upgrading of
their knowledges. Concerning the teachnig public this
module concern all kind of teachning categories
developing their activities in echanical engineering
field. Since it was conceived under the form of
educational grains it can be exploited in totality or
partially. Project activities can also be proposed to
students on the basis of this module, sice self-evaluation
is possible thanks to the solved case studies or to the
divers applications proposed under the exercice forms at
the end of each chapter. We finally emphasize the
remarkable work which was done in order to complete
the ressource with videos of high technical quality and
which were realized based on realistic screenwritting.
The improvements in the course redesign. The first
point to emphasize in the redesign of the course is the
reorder of the course content. The presentation of the
course was reordered in four main chapters and enriched
in order to teach specific content within the context of
broad conceptual themes. For example, a new lecture
dedicated to the materials used for the machining tools
production was integrated, it was designed to serve as
an intellectual bridge between materials science and
machining by chip removing. The active learning and
the group problem solving were introduced in several
lectures. Students work now organized in small groups,
each case study needs several minutes of discussion in
order to correctly state the adressed problem. During
this period, the instructor would move from group to
group in the classroom to monitor student progress and
offer suggestions to the groups that are encountering
difficulties. Finally, note that we adopted several
additional strategies to create a more student-centered
learning environment. Every lecture includes a set of
learning goals made explicit to students in the lecture

The 3PM - EFAU project for the UNIT digital
university
We describe here the development and the
implementation of an instructional design that focused
on bringing multiple forms of active-learning and
student-centered pedagogies into a traditionally lecturebased introductory engineering course dedcated to
mechanical manufacturing. This course restructuring
was motivated by several perceived deficiencies which
are common to traditional lecture-based introductory
courses. The most pronounced concerns were poor
student involvement and attitude, feelings that were
shared by several faculty involved in the course
presentation. Both written or numeric responses on
course evaluations indicated in the past that students
were not satisfied with it and they did not recognized
equally the usefulness of the course content to their
education and future needs in professional work. For
example, very often the students qualified that the
lectures and the course materials were boring. In
addition, they recognized being more concerned with
their test scores than with gaining a thorough
understanding of the course material. Poor student
attitudes were reflected by limited participation in class,
poor attendance and almost unexisting individual
instructor–student interactions.
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PowerPoint slides. The exam are labeled with the
corresponding learning goals, in order to emphasize the
alignment with assessment. A set of vocabulary terms
was also included in the ressource to help the students
focus on important concepts. As part of the course
revision, and based by the use of a moodle platform, we
modified the assessment plan to include weekly quizzes.

fact was a very important constraint in the design and
realisation of the ACV Bat ressource.
Course description. The course was built to be not
only the methodological core of the LCA approach (see
Figure 1), but also as an application to the building
sector. Then it becomes possible to apply the
methodology to other industrial sectors without any
particular difficulty.

The ACV Bat and ECOPem projects for the UVED
digital university
The Digital University of the Environment and
Sustainability (UVED) promotes, accredits and supports
numerical ressouces projects related to environment or
to sustainability. It has a similar organisation to the
UNIT foundation and it's precisely in this framework
that we had the opportunity to develop two new
projects, one dedicated to learning of the Life Cycle
Assessment methodology and the second one presenting
the eco design approach. The choice for choosing these
topics is given on the recent and future industrial
evolutions (from the technical, economical and lawful
points of view) as well as the normalisation of the LCA
(Life Cycle Assessment) and ecodesign methodologies,
which are factors contributing to the development of
eco-design abilities for students integrating the technical
sector in the Bachelor's and Master’s degrees. Then, the
question of an evolution of the pedagogical content of
these degrees is asked. It was choosed to focus first on
using problem-based learning because these activities
tend to be more succinct and less open-ended than casebased studies. Thus it was easier to integrate problembased activities into our previously established lecture
organization by developing the ACV Bat project.
The ACV Bat virtual course (Introduction to the Life
Cycle Assessment) constitutes a common basis of work
of teachers from three differents universities. The main
goal of the project was to test if its possible to realize a
digital ressource useful for students in different
specialities (mechanical, energetics and textile fieds)
and for research and development departments in order
to acquire abilities in eco-design or LCA methodology
application using a Problem-Based Learning (PBL)
approach. The interest of this course is also to present
the LCA methodology by using real examples, contrary
to many trainings which just present a specific software
tutorial. The general idea is to give free elements to
teachers and trainers, who can directly re-use them in
their presentations or teachings supports. It can also be
appropriated by self-learning. Given the fact that the
treated methodology use compex tools and databases
the teams which are involved in such an approach must
have multidisciplinary abilities and knowledge. This
requirement has led to serious modifications of the
pedagogical course and methods, particularly in
Bachelor's and Master’s degrees, and to the creation of
new special fields and cursus. In France, this necessity
was identified few years ago by Puyou and Teulon
(2006) respectively Schiesser et al. (2010). Let us
finally notice that several international standards define
the principles and the methodology of life cyle
assessment methodology (the ISO 14000 cycle) and this

Figure 1. The structure of the ACVBAT ressource
(http://www.acvbat.univvalenciennes.fr/accueil/co/acvbat_010_accueil.html)
Inside the resource, the learner will find different
elements such as videos presenting LCA applications,
different examples, tests to validate the acquired level of
knowledge. Throughout the entire course different case
studies are presented, especially the case of a interior
door. Another case study is completely done and
presented, it was partly realized by students coordinated
by the authors and the results have been rendered in a
graphical tool called the ACVBAT radar (Figure 2).
This tool helps the user to validate his or her approach,
and can be properly used as a powerful communication
tool allowing to understand the meaning of the course
by only making 4 or 5 mouse clicks.

Figure 2. The corresponding ACVBAT radar
It must be emphasized that ACVBAT is not only a
classical course for students in universities, but also a
free-access numerical resource which can be used by
everybody in a professional context (eco-design for
example) or for self-training. This resource has been
used with a certain success in a few cursus, especially in
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the "eco-design innovative products" vocational licence
at the Lille 1 University, France (see the following
section) and
at the high school of engineering
ENSIAME, Valenciennes University, France.
The ECOPEM virtual course. Entitled "eco design
and environmental study of energy greedy products :
application to a household appliance product" the
ECOPEM digital ressource has as main goal to ensure
to the learners the ownership of a simple methodology
permitting to identify the main materials used in
household appliances as well as the appropriation of the
basic principle and the considerations to account in
ecodesign. It is equally proposed to the learner to use
the life cycle assessment methodology (LCA) to
evaluate the environmental footprint of the most
common household appliances. This step needs the
ownship of knowledges from several technical fields :
the LCA methodology, the energy, the design methods
and the materials science. Contrarily to ACV Bat,
ECOPEM is builded as a toolbox (see Figure 3) in
which the learner can freely search the informations
needed for the apprenticeship. This information is
available under the form of folders containing each
different chapters (worksheets) which are independent
and can be accessed separately. The ressource can then
be unwounded linearly but also sequentially according
to the wishes of the learner, to the educational method
used by a trainer or with respect to the learner's skills
and followed objectives.
The LCA methodology is applied to a concrete case
study, which facilitates the learning and which also
allows to use a specific tool called "coffee-break" (see
Menet, 2014).

contribute to the loss of some of our most talented
students, especially at the introductory level. The
primary goal of the courses restructuring was to
improve student attitudes, motivated by the hypothesis
that improved attitudes would lead to improved learning
outcomes. It was then observed that incorporating
active-learning and student-centered pedagogy into the
instructional design of our educational approach also
lead to increased student attitude and performance. The
courses redesign had another unanticipated benefit: it
improved not only the students' attitude toward the
course but also the professor's morale and enthusiasm.
Machining by chip removing has been for a long time a
problematic course for our department because of the
deficiencies such superficial learning, poor student
attitudes or suboptimal performance. As a consequence,
educators or instructors often losed enthusiasm for
teaching this course after a few years. It is obvious
actually that the interactive pedagogy (based on active
learning) and the positive student reactions made this a
much more exciting and rewarding course to teach. The
changes we implemented also have had an impact at the
departmental level. Based in part on the positive student
reactions to interactive and student-centered pedagogy
in the mechanical engineering courses, other collleagues
seriously thing about implementing the use of digital
ressources in their courses. Since the same author taught
the course before and after redesigning, the main
outcomes of the new approach are that student attitudes
and performance increased in response to the
instructional design that we implemented.
Pedagogical and training experiments
Beyond the “self-training” of designers in companies,
another question is to train students or auditors to this
methodology. This section deals with some experiments
which have been developed in two Nortern France
Universities via the numerical course ACVBAT. We
recall that this course proposes an academic
presentation of the LCA methodology, and describes
several case studies applied to the building sector. The
examples are treated using a free software called BilanProduit ® which was developed by the French National
Energy and Environment Agency (ADEME).
The general idea was to use a non-conventional
approach which is in any way the one which will be
discovered in the companies and in the organisations by
the students or the auditors as soon as they will start
their professional careers. This method is called the
Problem-based Learning (PBL) and is described in
many works (e.g. Barret and Moore, 2011). This
pedagogical method is more interesting for students and
auditors because it directly deals with real cases.
Besides, the student is no longer a “listener” but
becomes an actor of the methodology, which permits
him to acquire knowledge and abilities more quickly
and more durably. This method also deals with
“organisational learning” given the proposed
interactions between the working groups and given the
time constraints that each team has to face.

Figure 3. The structure of the ECOPEM ressource
(http://www.ecopem.univ-valenciennes. fr/)
Discussion and training experiments
Discussion about the 3PM-EFAU digital ressource. A
traditional lecture format in a large classroom presents
several disadvantages, as it was already emphasized in
the previous sections. There is reason to believe that this
deficit diminishes learning outcomes and may
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particularly useful in providing the opportunity to
discuss specific details of course redesign with
individuals highly experienced in implementing activelearning and student-centered pedagogical approaches.

The vocational bachelor’s degree in industrial
production, speciality "eco-design of innovative
products"
The students trained in this bachelor’s degree dedicated
to eco-design are privileged holders of an eco-designed
approach, in position to disseminate and implement in
practice its innovative concepts and principles. They are
trained to acquire technical, scientific and organisational
skills required by companies to implement the ecodesign in their practices. Within the company, they will
be in charge of improving the products performances :
energy consumption, optimal recycling, etc. by seeking
solutions that lowers the environmental impact. More
than 40 % of their courses are provided by industrial or
institutional partners. Integrated in the LMD scheme
(Licence-Master-Doctorate) this training is composed of
11 modules, totalizing 480 hours of training, spread
over two academic semesters and worth 60 ECTS
(European Credits Transfer System). The tutoredproject and all the courses related to materials-science
are realized by integrating the "learning by doing"
concept during almost 200 hours of activities. We recall
here the example of the materials identification
procedure used in evolutionary design (see Gruescu,
2014). The main outcome of this project is respectively
the evolutionary design. By accounting the market
needs, design requirements are formulated. The scope is
to design an energy-greedy household product and it's
packaging by increasing the performance, by decreasing
the costs and by considering its environmental footprint.
The need of process and materials data is underlined in
this context, especially with respect to their
environmental footprint. The design constraints are the
shape, the manufacturing, the cost and the eco-impact.
Several practical case-studies are considered, they allow
to students discovering new concepts such the design
for the environment, the design for sustainability and to
perform energy balances for the embodied energy, for
the process energy and for the end of life potential. In
addtion to the increased interest of the students for the
proposed approach it worths noting that the obtained
results were used for the development of the so called
ECO-PEM project (for the UVED University).

Conclusions
Active learning is a key aspect of the education
which can be applied to any learning environment from
online to standard lectures or as a blend of these. The
Mechanical Engineering department of the Lille 1
University works since several years in implementing
this approach in its educational system. The creation of
a technological platform dedicated to innovative
technical equipments and the reorganisation of existing
courses (or the introduction of new ones) are the main
initiatives to be emphasized in this context. The new
digital ressources were realized with the support of two
digital Universities, this allowed the reorganization of
some courses by using active learning and by centering
education on students. A good feedback and more
positive results in students evaluation illustrate how
changing the instructional design of a course, without
wholesale changes to course content, can lead to
improved student attitudes and performance.
With respect to the use of the Problem-Based Learning
methodology in the development of the ressources it
was shown that this approach permits in all the cases to
train students, auditors, or designers in place. Besides,
the results in terms of the appropriation of the subject
are better than those which could have been obtained
using conventional pedagogical methods. Sometimes,
these approaches lead to creativity, innovation, or
scientific results. This pedagogical approach has been
applied to mechanical manufacturing, eco-design and
Life Cycle Assessment courses but it is clear that the
aplication field is not at all limited.
In summary, we developed and implemented an
instructional design that focused on incorporating
active-learning and student-centered pedagogy in
courses which where previously traditional lecturebased teachnig activities. These changes led to
sustainable improvements in student attitudes and
performance. The course reorganization we described
provides not only a model for revision of an individual
course but can also be a catalyst for institutional
reforms. Note finally that the force of this project lies
not only in the interest of the aborded themes but
equally in its regional and national recogition.

The institutional context
The redesigned or newly intrduced courses that we
implemented in the framework of active learning
required significant time investment and consequent
financial support. Given the encountered problems it
worth capitalizing and valorizing the acquired
experience and the realized digital ressources in order to
allow to other colleagues to benefit of our advances and
to use at our turn their eventual feedback. Attendance at
national and international workshops or symposia, can
naturally provide significant background theory and
training. It was also possible to organize some regional
meetings with colleagues form other universities, these
occasions were as well opportunities to improve our
practices and experience. These symposiums were
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Abstract

Introduction

This paper describes the verification result and
discussion on the effect of a homework given before
enrolment to the department of electronics & control
engineering in National Institute of Technology,
Tsuyama College. Our department has provided
freshmen with the homework, in which students
investigate the things wondered scientifically in their
surroundings, before enrolment in order to foster a
positive and spontaneous way of learning contrary to
a taught and passive education for more than seven
years. The educational effect, however, had not been
verified. Therefore an investigation has started since
five years before by means of a questionnaire survey.
As a result, following conclusion was obtained: (1)
From the questionnaire survey to students, it was
found that they regarded the homework as helpful
and they has recommended the homework to their
junior, further many of them have determined their
theme by themselves, and the theme are roughly
divided two categories; science like ”why sky is blue”,
and the technology like the principle of LEDs. In
addition, the method of survey on their theme has
been changing from book and experiment to internet
search. (2) From the questionnaire survey to
teachers, it was found that the submitted works were
useful for making conversation in a group advisory
class especially at a beginning of the new term. (3)
After the presentation on the homework in the
homeroom class in the first year, it was found that
the mutual evaluation of the students are consistent
well with that of each other. It has been suggested
that the homework is a kind of problem discovery
and problem-solving education, further in a sense it
could be an e-learning since students tend to utilize
Internet as their survey tool. The tendency of
increasing in the use of web survey is agreed well
with the increase of personal computer and
smartphone penetration rate in junior high school
students.

Learning before admission has been generally given
to the students before enrolling to a high school from a
junior high school. The information on the learning has
been exchanged at a pearls of wisdom in Japanese
YAHOO [1] and similar web site [2]. Further the
preparation before enrolling high school are shown in a
home page managed by a cram school [3] as following,
・ The pre-study of high school textbooks and the
review of junior high school texts are recommended for
freshmen to high school, since high level characteristic
textbooks depending on the course or department are
used and the proceeding speed is fast in high school.
・The homework given at the explanatory meeting are
usually workbooks for reviewing junior high school
study, then confirmation tests will be conducted after
enrolment.
・ The pre-study of principle three subjects;
Mathematics, Japanese and English, are recommended
for the students in general course if the textbooks are
obtained.
In our college, home works of the three subjects
have been given to the students so that the fundamental
understanding in the contents learned in their junior
high school is achieved utilizing the period after
announcement of successful applicants, and the
confirmation tests have been carried out after their
entrance.
The other hand, there are no entrance examination to
university at eighteen years old in our national college
of technology unlike normal high schools, we discussed
on the home work which is helpful to make students
have an interest in science and technology, and to make
students find and solve their own challenges in addition
to the above three subjects. As a result, the following
three works were proposed.
・Homework A: Investigation on the theme in which
students are interested regarding scientific things.
・Homework B: Investigation on the topics in which
students are interested on the home page of our college.
・ Homework C: Idea memo showing the device or
improvement on the surrounding goods.

Keywords: homework, active-learning, e-learning,
problem-finding, solution-finding
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The verification of those challenges, however, have
not been discussed systematically although no problem
have been recognized by a series of questioners.
Therefore, in the present study the effect and the further
study on the home works before admission in our
department were discussed by analysing the series of
questioners to the students and teachers.

Some of the power points are shown in Fig.1 as an
example.
Homework B
This work aims at the smooth transition for the students
from junior high school to our college, although the
admission students have basically understood the
admission policy of our college. The students
investigate and understand well on the learning, school
life, organization facilities and dormitory and so on, of
our college and department by looking our homepage.
This work is not to expect such high level of
achievement as the home work A and B, but to make
students become familiar with our college. The topics
actually have been reported were on the activity of
sports clubs, subjects and dormitory and so on.
Homework C
As mentioned above, as the homework C is an idea
sheet imposed on the admission students by
recommendation, the submitted reports were handed out
only to their tutors for individualized teaching so that
the students are not identified as the admission students
by the recommendation or by achievement test, and the
reports were not used for any open investigation nor
guidance. However, in fiscal years of 2011 and 2012,
our college had joined a project related to intellectual
properties organized by Japan Patent Office, therefore
some survey results by questionnaire to the individual
students are remaining. In the homework, an “Idea
sheet” is given out to each student as shown in Fig. 2.
As the examples a few examples are shown in the
format, “A novel idea that the detection and informing
system of the difficulty in breathing of baby by lying
flat especially face downward” which has already
applied to a patent by a student in the national institute
of technology, and an idea “Equipment for creating
patterns like a character of cartoon by punching out a
dried laver seaweed, then the patterned dried laver
seaweed are placed on a rice in lunch box “. Some
students have proposed more than ten ideas, although
each student usually submits one idea. The present
homework C is a placement to the first step to the
proposal of patent or improvement (Kaizen) contrasting
to the homework A which is a first step to a study or
research, since the main work in homework A is to
survey a little novel things by themselves, and the
homework C is to device or give an idea by themselves.

Contents and Implementation status
Contents of the homework before admission
Our department of electric and controlling
engineering has given the three kinds of home works A,
B, C as mentioned above although all works were not
given in every fiscal year. The backgrounds and
contents will be explained below. The enrolee are
classified into two groups. One is a group of admission
students by recommendation which result is published
in the end of December, the other is a group of
admission students by achievement test in February.
The above mentioned home works A, B, C have been
given to both groups of students, and the C has been
given only to the students by achievement test.
Homework A
The purpose of this work is to expect that the students
find a problem then solve it by themselves. Concretely
speaking, it is a homework that students investigate
what they are interested in or wondered in their
surroundings by means of the use of library, the Internet,
experiment and/or prototyping by themselves, then
summarize in a report. However it may be difficult for
the students in the age of fifteen years old to perform
the homework, therefore a book “The wonder in our
surroundings” has been introduced as a reference to help
the students to set up their theme or to learn the way of
investigation. In the book, the themes in which adults
are interested as well as students are shown, for example,
“The rustic wonders found at sea, mountain and sky”,
“The rustic questionnaires found in machinery and
equipment”. The book is relatively cheap and easily
obtained in library.

Fig.1 Some of the examples of the homework A
prepared for presentation in their home room class.
After the entrance to our department, the freshmen
prepare a power point for presentation in the class of
home room for one month, then they give presentation
including their self-introduction in around June or July.

Fig.2 Some of the examples of the homework C
showing novel idea in the format.
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Result of Questionnaires

In fiscal 2015, although the questionnaire consisted of
five questions was different a little from the above
questions were also summarized as follows;
・Good, Understood, Interested and Impressed: 50%
・Hoped further or another investigation: 21%
(8)Should the homework be given to their junior?
The answer which the content of the homework needs to
be changed was small ratio of 16%, 0% and 0% in 2011,
2012 and 2015 respectively, suggesting that the support
from students has been obtained very well.
(9)Is the quantity of the homework appropriate?
Regarding the quantity, the answer was roughly good,
but in fiscal 2015 the large number of students answered
that it is better to reduce the quantity. The home works
on Mathematics and English are also given, further
generally it has been a mentally pressurised society. The
verification and discussion is required with regard to the
quantity considering the effect of homework.
(10) Will the report be better, if the students do the
homework A after presentation (3-6 months later)
It was found that the students think their report could be
better if they write it again indicating the educational
effect we expected, and it is the author’s pleasure.

Questionnaire to the students
Homework A
The items in the questionnaire are the following nine
items. The result in fiscal 2011, 2012 and 2015 which
are remained in details are shown in Fig. 3.
(1)How the theme was determined?
The students who determined their theme by
themselves were the largest number of 15% to 58%, and
the students who had a guidance from their friends or
the member of their family were the second largest
number of 4% to 40%, suggesting that the majority
found and determined their theme by themselves.
Therefore it has been confirmed that the initial purpose
we expected was achieved.
(2)What extent it took the period of?
The majority of students took three to ten days to
finish this homework A. However the ratio decreased
from 40%, 31% to 24% gradually, then the students
who took one to three days or less increased 54%, 46%
to 69%.
(3)How many hours was taken?
The largest number of students took 1 to 10 hours to
complete, but the students who took 1 to 1 hours
increased. The reason has suggested that the way of
surveying has been changing from book to the Internet,
resulting in shortening the preparation time for the
reports.
(4)What was used for the reference?
As mentioned in the above (3), the way of surveying
has been changing. The ownership rate in personal
computer or smart phone of junior high school students
has being increased rapidly, therefore it has been
suggested that such social phenomena influenced
heavily on the method for obtaining information using
the Internet.
(5)Was the observation, experiment or manufacturing
carried out for the homework?
The students who conducted the observation,
experiment or manufacturing by themselves tends to
decreased as shown in (3). The reason is also suggested
that the information to the investigation can be easily
obtained visually and virtually in short periods through
the Internet without observation, keeping the high
quality of their reports. However the further study will
be required to discuss the educational effects of the
Internet.
(6)Was the student’s view described?
The most students answered that they could write down
their opinion or idea, it is suggested that the expected
effect by the authors was obtained. When the result is
interrupted in good faith, and is also added to the
previous result, it could be possible to understand that
the time enough long to summarize their opinion was
appropriated owing to the Internet by obtaining large
information in short periods.
(7)Was the homework useful for the students?
The most the students answered that the homework was
useful, and the ratio of the favoured students tends to
increase as shown in (7). Thanks to the result of this
questionnaire, this homework has continued conducting.
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Fig.3 The result of questionnaire regarding the
homework A, in which the students find a problem then
solve it by themselves
Homework C
As above mentioned, although there are only
questionnaire data for two years, the answer showing
“Helpful for growing the creativity” was 51% to 76%,
and the answers showing “Got to be interested in
patent” was 44% to 62%. Therefore it was found that
the students supported the effect on the development of
creativity. However, “Got to be interested in patent was
44% to 62%”, “Not interested in patent was 22% to
29%” which was not overwhelming majority. Therefore
it has been suggested that homework A has highly effect
to motivate the student than homework C, probably due
to the unfamiliarity and difficulty for fifteen years old
students. However it should be noted that some students
were motivated to propose many excellent ideas, so the
motive on the problem discovering and solution
proposing was given to the students.

Fig.4 The result of questionnaire regarding the
homework C, idea sheet.

267

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

Questionnaire to the teachers
Homework A
Questionnaire to the teachers was conducted on
homework A after the fiscal year of 2015. The result are
shown below.
(1)Is the homework, in which students find their theme
and investigate by themselves, appropriate to prepare
for the specialized subject?
It was found that the most of the teachers regarded this
homework as “appropriate” or “neither appropriate nor
not appropriate”, probably because there are no hard
evidence to show the educational effect of the project
except for the result of questionnaire to the students
supporting the homework as shown in Fig.3. Further
there are one comment on this question, mentioning that
the fundamental subjects like mathematics and English
are more important in fifteen years old than the
homework A to understand specialized subjects. The
other hand, there are one comment addressing that the
anxiety before entrance to the new college would be
eliminated to manage to the homework rather than
tackling with the difficult and not interested in
mathematics and English in which memorization is
required.
(2)Is the homework useful for the teachers?
It was found that the most of teachers evaluated this
homework as useful, because such information
containing the interest of student and understandable
their characteristic in early period after entrance is
helpful to discuss in group advisory class and in
individual consultation. It is suggested that the contact
of teachers to students becomes easier by using this
system, which is important to obtain good practice
mentioned in a literature [4].

References
[1] http://detail.chiebukuro.yahoo.co.jp/qa/question
_detail/q1010870820
[2] http://k-zinsei.com/gokakugo-7-646/
[3]http://www.homemate-research-junior-highschool.com/useful/11290_junio_025/
[4] Chickering, A.W., and Gamson, Z. F.: Seven
principle for good practice in undergraduate
education. AAHE Bulletin, March 1987.

Conclusions
Our department has provided freshmen with the
homework, in which students investigate the things
wondered scientifically in their surroundings, before
enrolment in order to foster a positive and spontaneous
way of learning. As a result of questionnaire survey,
following conclusion was obtained: (1) From the
questionnaire survey to students, it was found that they
regarded the homework as helpful and they has
recommended the homework to their junior, further
many of them have determined their theme by
themselves, and the theme are roughly divided two
categories; science like ”why sky is blue”, and the
technology like the principle of LEDs. In addition, the
method of survey on their theme has been changing
from book and experiment to internet search. (2) From
the questionnaire survey to teachers, it was found that
the submitted works were useful for making
conversation in a group advisory class especially at a
beginning of the new term.
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Abstract

Domain method (FDTD) [1][2], Finite Element Method
(FEM) [3][4], and method of moment (MOM) [5][6]. Of
these three major methods, some knowledge of the firstorder approximation of the Taylor series expansion,
whichi is taught at the undergraduate level, is required
to unerstand the FDTD method. However, in the case of
the FEM or MOM, advanced knowledge of variational
method, the weighted residual method, and the integral
equation method are required to understand. So, it can
be said that the FDTD is an appropriate simulation
technique for beginners.

In this program, 2-D FDTD source code was
introduced with references for beginners so that a
progressive series of simulations including model
creation, source code modification, compilation,
results output on display while introducing some of
the specific analysis cases such as wire and reflector
antenna, waveguide, diffraction, scattering, shielding,
and cavity could be experienced. With this, it has
become possible to introduce specialized content at
the same level of researchers of about 20 years ago to
the current lab’s student experiments level. In the
future, this educational training will lead to the
development of a free electromagnetic field and wave
simulator that is suitable for practical use.

Theory
In electromagnetic problems, the governing
equations are the well-known Maxwell's equation set as
shown in Eq. (1). In this equation set, the first equation
shows Ampere’s law in differential form not including
the conduction current density J [A/m2] and the second
equation shows Faraday’s law in differential form.

Keywords: CEM, FDTD, educational, microwave,
simulation
Introduction
For electromagnetic engineers, it is most effective to
incorporate a triple combination of theoretical analysis,
measurement, and electromagnetic field simulation in a
given electromagnetic field problem. At higher
educational institutions, training excellent professional
technicians during early stages is an important task. So
systematizing these problem based approaches and
providing efficient learning content are indispensable.
In the case of electromagnetic field simulations,
commercially available electromagnetic field simulators
that can be said to be industry standard are used.
Although, these simulators are highly functional
including 3-D CAD applications with easy-to-use GUI's,
efficient computation algorithms, and colorful display
outputs of the results, the internal source code is
completely proprietary and has been obscured by a veil
like that of a black box. So we are still left with a
problem. For example, simulator beginner users who are
not familiar with the specific simulation principles may
commit grave errors through inappropriate condition
settings. To solve this problem, it is valid for students to
learn about the inter-workings of the electromagnetic
simulator by modifying the source code for themselves.
In the field of the electromagnetic field simulation, it is
known that three major numerical methods are used to
solve Maxwell’s equations, Finite Difference Time
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For the sake of simplicity in a theoretical explanation of
the FDTD method, the following description is limited
to the case of one-dimension (1-D) and is source free in
free space. Extension into 2-D and 3-D space is
straightforward. For a plane wave propagating in the zaxis and polarized in the x direction, Eq. (1) becomes a
set of simplified partial differential equations composed
of only two field components, the electric field Ex and
the magnetic field Hy as follows.

where  0 and 0 are the permitivity or permiability in
a vacuum. t is the time and z is the spacial axis. The
following constitutional relationships are used.
D   0E
(3)

 B  0 H
Dielectric or magnetic materials are taken into account
by substituting their medium-specific dielectric constant
 or magnetic constant  instead of  0 or 0 . An
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A schematic view of the calculation of the 1-D
partial differential equation in time and space is shown
on Fig. 1. In this figure, the electric field Exn(k) and the
magnetic field Hyn+1/2(k+1/2) are focused on. From Eq.
(5) the electric field Exn(k) is calculated using the
electric field at the same position of one step before Exn1
(k) and the magnetic fields at both sides of a half-step
before Hyn-1/2(k+1/2) and Hyn-1/2(k-1/2). And the
magnetic field at Hyn+1/2(k+1/2) is calculated using the
magnetic field at the same position of one step before
Hyn-1/2(k+1/2) and the electric fields at both sides of a
half-step before Exn(k+1) and Exn(k).
Absorbing boundary condition: However, it requires
a magnetic field outside the analysis space that does not
exist in the simulation when calculating the electric field
on the boundary at k = 1 and kmax, Therefore, Eq. (5) can
not be used in the calculation of the edge of the analysis
space. There are two ways to avoid this problem, one is
the use of the analytical one way wave equation [8],
another is to place a virtual wave absorption material
called a Perfectly Matched Layer (PML) [9]. In this
program the latter method was adopted. Details are
omitted here.
Source condition: As wave source excitations, there
are the conduction current J, magnetic current M,
electric field E, magnetic field H and, a combination of
these. The conduction current J is equivalent to the
magnetic field surrounding it from Ampere's law. And
the magnetic current M is equivalent to the electric field
surrounding it from Faraday's law. In other words,
inputting the conduction current changes the magnetic
field around it, and inputting the magnetic current
changes electric field around it. In this program, the
conduction current excitation is adopted by adding the

current term J to the right hand of Eq. (1). The
differential expression is made by adding Jxn-1/2(k) to Eq.
(5) as follows.

ideal electric conductor is expressed by forcing to zero,
the electric field at its surface and inside the conductor.
Frequency dispersion medium, anisotropic media, and
left-handed medium are outside the scope of this study.
Derivation of the differential equation: In the FDTD
method, Eq. (2) is directly discretized using a first order approximation of a Taylor series expansion. Here,
the special feature is that the electric and magnetic
fields are shifted by a half step in both the time and
spatial axis. This is called as Yee lattice [7].
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Here, n is the number of the time step, k is the number
of the space position on the z axis, t is the small time
width, z is the division mesh size in the z axis. Then
the electromagnetic fields are calculated at all points on
the discreteized meshes in a given time step using Eq.
(3). In general, z is determined less than  / 20 ,
where  is the wavelength, so that the nature of the
wave can be observed. t is selected so as to satisfy the
Courant-Friedrichs-Lewy (CFL) stability condition.
From Eq. (4), the electric field Ex at time step n and
position k, and the magnetic field at time step n+1/2,
and position k+1/2 are derived as follows.
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 t  H n 1 2 (k  1 2)  H n 1 2 (k  1 2) 
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In this program, the entire source code is composed
of nine files written in the F90 programming language.
An overview of the source code list is shown in Table 1.
The following is a brief description of each file.
1. ``fdtd_alloc_lib_2dtm.f90'' is called the module
file. In this file, common variables (global variables),
physical constants, are defined together using a run-time
allocation array. So to speak, this file plays the role of
the library or the header.
2. ``main_2dtm.f90'' is called main file. In this file,
the entire flow chart is written to determine the reading
order of the program blocks. So to speak, this file has
the role of the entire blueprint.
3. ``lattice_time_2dtm.f90'' is called the mesh size
and time step setting file. In this file, the size of the

z

z

 H y n 1 2 (k  1 2)  H y n 1 2 (k  1 2) 

Description of the source code

z

Ex n (k )

n-1



t

 0 z 

z

Fig. 1 Calculation procedure of the 1-D differential
equation in time and space. The vertical axis shows the
time step and transverse axis shows the space
discretization. The pink exes represent the electric field
Ex and the blue dots represent the magnetic field H y.
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entire analysis space, mesh size, and the computation
step time are determined. The total amount of memory
required for the analysis and the total iteration
calculation time is determined.
4. ``media_coeff_2dtm.f90'' is called the medium
file. In this file, the geometry and the material constant
of the medium, dielectric constant, magnetic
permeability, and conductivity are defined. With this,
setting of the spacial coordinate information with regard
to the medium is defined. This file has an equivalent
role to CAD if this text data information is visualized on
a graphic display.
5. ``eh_field_2dtm.f90'' is called the field calculation
file. In this file, the differential equation of the
Maxwell's equations is described. So to speak, it is the
core of the FDTD calculation.
6. ``eh_pml_wg_2dtm.f90'' is called the Perfectly
Matched Layer (PML) file. It has the role of arranging
the virtual electromagnetic wave absorbing material at
the edge of the analysis space so that the spurious
reflection is not generated by the edge of the analysis
space. The electromagnetic field sent to this PML file is
absorbed but decays exponentially.
7. ``source_2dtm.f90'' is called the wave source file.
In this file, the input conditions of the electromagnetic
field is determined. Speaking of the closed planar circuit
problem, it crresponds to voltage source or current
source.
8. ``output_field_2dtm.f90'' is referred to as the field
output file. It performs data output for display
visualization of the calculated results of the electric and
magnetic fields at every point on the mesh.
9. ``output_tdd_2dtm.f90'' is referred to as the timeseries output file. It makes the transient response data
output of the electromagnetic field. A DFT or FFT can
be applied to the time-series data for frequency
spectrum analysis.

internal processing block. For example, the
eh_field_2dtm.f90 file is composed of three subroutines
listed on the eighth to tenth lines in Table 2. The first
subroutine ``init_eh_filed_2dtm’’ has the role of array
initialization. The second subroutine ``e_field_2dtm’’
has the role of electric field calculation. The third
subroutine ``h_field_2dtm’’ has the role of magnetic
field calculation. The division method of these files or
subroutines is up to the discretion of the coding designer.
Table 2. Details of the source code. Some source code
files have several inner subroutines.
File name
fdtd_alloc_lib_2dtm.f90
main_2dtm.f90
lattice_time_2dtm.f90
media_coeff_2dtm.f90
eh_field_2dtm.f90
eh_pml_wg_2dtm.f90

source_2dtm.f90
output_field_2dtm.f90
output_tdd_2dtm.f90

Analysis example
In this program, a Luneberg lens antenna was
selected for an analysis example [10]. This antenna is
composed of a plurality of concentric dielectric layers.
This antenna can be used as a multi-beam antenna
because a focal point is formed on the opposite side of
the incident plane wave. An analytical model is shown
in Fig. 2. There are seven concentric dielectric layers in
the center of the analytical space surrounded by the
PML absorbing boundary. The current sheet source is
input from the left side of the analytical space.

Table 1. Overview of the source code files. File name
and its main role is descripted as follows.
File name
fdtd_alloc_lib_2dtm.f90
main_2dtm.f90
lattice_time_2dtm.f90
media_coeff_2dtm.f90

eh_field_2dtm.f90
eh_pml_wg_2dtm.f90
source_2dtm.f90
output_field_2dtm.f90
output_tdd_2dtm.f90

Inner classification
module fdtd_lib_2dtm
program main_2dtm
subroutine lattice_time_2dtm
subroutine media_coeff_2dtm
subroutine modeling_2dtm
subroutine circular_media
subroutine init_eh_field_2dtm
subroutine e_field_2dtm
subroutine h_field_2dtm
subroutine init_eh_pml_wg_2dtm
subroutine e_pml_wg_2dtm
subroutine ey_pml_calc
subroutine ez_pml_calc
subroutine h_pml_wg_2dtm
subroutine h_pml_calc
subroutine j_source_2dtm
subroutine output_field_2dtm
subroutine slice_yz
subroutine output_tdd_2dtm
subroutine tdd_ey
subroutine tdd_hx

Main role
Common variables (global
variables), physical constants,
the definition of the array
The entire flow chart
The size of the analysis space,
mesh size, and configuration of
calculation step time
Medium of shape and material
constant (permittivity,
permeability, conductivity) and
the definition of coordinates
Difference formula of Maxwell's
equations
Absorbing boundary condition
Input (sine-wave, pulse)
Definition
Electromagnetic field space
distribution output
Electromagnetic field transient
response output

y
y8

PML
Air
Dielectric
143
layers

250
(1.1-j0)

(y1+y8)/2

PML

PML

250×0.22
(2.025-j0)

J_source
y1
z1

The Source codes listed in Table 1 are further
divided into several subroutines depending on its

PML
(z1+z8)/2

z8 z

Fig. 2 Schematic view of analytial model of the
Luneberg lens antenna.
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The maximum radius of the outermost dielectric is 250
mm having the dielectric constant 1.1-j0 and minimum
radius of the innermost dielectric is 250x0.22 mm
having a dielectric constant 2.025-j0. In this figure, the
variables y1, y8, z1, and z8 represent the edge of the
analytical space for typical reference points. The total
physical size is about 700 by 700 mm and 2 mm square
mesh is used. The total mesh size of the analytical space
is a 350 by 350 excluding the PML layer. The analysis
frequency is 2.45 GHz ( 0 =122.45 mm). These initial
conditions are described in the subroutine
``lattice_time_2dtm’’ listed in Table 3 and subroutine
``source_2dtm’’ listed in Table 4.
Confirmation of the input data: An example of the
source code for creating the material is listed in Table 5.
In the source code, the electric and magnetic constants
are defined first in the upper half, then their geometric
shapes and space coordinate variables are defined in the
lower half. In this case, a new shape input subroutine
called, ``circular media’’ is prepared for modelling a
circular material using the coordinates of the center of
the circle and its radius. A confirmation screen shot of
the entered medium shapes is shown in Fig. 3. This
contour data is generated in the subroutine,
``modelling_2dtm’’. The free Linux based graph
drawing software called, “gnuplot” was used to
visualize the output data. In this figure, zero level means
free space and one to eight level represents the different
dielectric constants. Then the validity of the input model
can be confirmed though the PML layer and the current
source is not displayed on this figure. It is very
important to confirm the input text data through
visualization to detect any unwanted mistakes. Users
can create any shape by modifying this file. If another
shape is input, geometrical shape subroutines such as
linear, planar, rectangular, triangular, and parabolic are
prepared. Boolean operations are also possible with any
combination of these subroutines.

Table 5. A script example for material conditions.
subroutine media_coeff_2dtm
! ****** material constants ******
! id=0 vacume
eps(0)=eps0
sig(0)=0.0d0
mu(0)=mu0
! id=1 pec or pmc
! id=2 is dielectric media
eps(2)=eps0*(1.1d0)
sig(2)=omega*(eps(2)*0.0d0)
mu(2)=mu0*(0.0d0)
! id=3 is dielectric media
eps(3)=eps0*(1.25d0)
sig(3)=omega*(eps(2)*0.0d0)
mu(3)=mu0*(0.0d0)
. . . (media 4 to media 7 are omitted for simplicity.)
! id=8 is dielectric media
eps(8)=eps0*(2.025d0)
sig(8)=omega*(eps(2)*0.0d0)
mu(8)=mu0*(0.0d0)
!****** coordinates and geometric shape ******
! circular media 2
jcent=nint((yi(1)+yi(8))/2.0)
kcent=nint((zi(1)+zi(8))/2.0)
radius=250.0d-3
call circular_media_2
! circular media 3
jcent=nint((yi(1)+yi(8))/2.0)
kcent=nint((zi(1)+zi(8))/2.0)
radius=250.0d-3*0.92
call circular_media_3
. . . (media 4 to media 7 are omitted for simplicity.)
! circular media 8
jcent=nint((yi(1)+yi(8))/2.0)
kcent=nint((zi(1)+zi(8))/2.0)
radius=250.0d-3*0.22
call circular_media_8

Table 3. A script example for lattice size, time step, and
sinusoidal frequency condition. The variable ncpml
means the number of meshes in the PML.

subroutine lattice_time_2dtm
!****** lattice widths ******
dl=2.0d-3
dy=dl
dz=dl
!****** number of cells in pml (ncpml) ******
ncpml=8 ! number of cell in pml
tcpml=ncpml*dl ! thickness of pml
!****** sinusoidal frequency ******
freq=2.45d9 ! Hz

Table 4. A script example for current source conditions.
subroutine j_source_2dtm
do j=yi(1),yi(8)-1 ! for z propagation
k=zi(2)+2
id=id_ey(j,k)
ey(j,k)=ey(j,k) &
-(dt/eps(id))/(1+(sig(id)*dt/(2.0d0*eps(id)))) &
*(-2.0d0)/sqrt(mu0/eps0)/dz &
! J [A/m2]
*dsin(2.0d0*pi*freq*(time-dt/2.0d0))
end do

Fig. 3 Confirmation screen shot of the medium shapes
created by the text-based input.
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Program Execution
First, users have to download all the sample source
files into the working folder. Then they will modify the
subroutine ``lattice_time_2dtm’’ listed in Table 3 and
subroutine ``source_2dtm’’ listed in Table 4 and
subroutine ``media_coeff_2dtm’’ listed in Table 5 if
necessary. The commands for executing the procedure
are listed in Table 6. In this program, the Linux based
gfortran is used as the compiler. The ``-c’’ option means
the compilation of the module file and creating an
object file having the same name. Then, the objectfile
and all other source files are linked. Finally, the ``a.out’’
executable file is created in the same folder. The
program can be stopped at any time if Ctrl^c is pressed
while the program is running.

Fig. 4. Visualization example of the absolute electric
field distribution at steady state of the Luneberg lens
antenna. The focal point can be observed on the right
side having a size of half of a wavelength.

Table 6.
Commands for execution in the Linux
terminal. ``$’’ represents the command prompt.
$ gfortran –c fdtd_alloc_lib_2dtm.f90

Table 7.
Script image for visualizing the animated
field distribution for gnuplot.

$ gfortran fdtd_alloc_lib_2dtm.o main_2dtm.f90
lattice_time_2dtm.f90 media_coeff_2dtm.f90
eh_field_2dtm.f90 eh_pml_wg_2dtm.f90 source_2dtm.f90
output_field_2dtm.f90 output_tdd.f90

set parametric
set pm
set palette rgbformulae 33,13,10 # for rainbow-colored
set size ratio 1.0
unset surface
unset contour
set cntrparam levels 40
set view 0, 90
set cbrange [0:3]
set zero 0
splot 'field_yz0001' u 1:2:6 w l
pause 1.0 'Step : 1'
splot 'field_yz0002' u 1:2:6 w l
pause 1.0 'Step : 2'
splot 'field_yz0003' u 1:2:6 w l
pause 1.0 'Step : 3'
...

$ ./a.out
$ Ctrl^c

How to confirm the results
Figure 4 shows a visualization example of the
absolute electric field distribution at a steady state of the
Luneberg lens antenna. The strength of the electric field
is colored from 0 to 3 V/m when the input electric field
level is 1 V/m. A focal point constructed by interference
can be observed at the opposite side of the input plane
wave having a size of about half of a wavelength. Some
of the concentric circlar layers can be observed. These
field distribution data files are created in the subroutines
``output_field_2dtm'' and ``slice_yz''. Then, they are
visualized using the graph drawing software to make a
confirmation of the input data. A gnuplot script example
is shown in Table 7 for animating the field distribution.
An animation is started if this script file is loaded in the
gnuplot terminal. A succeeding GIF animation file can
be created if the graphic manupulation software GIMP
is used.
It is a significant feature of the FDTD method that
users can observe the change of the field distribution
from a transient state to a steady state. Then it can have
a high educational effectiveness for observing invisible
electromagnetic phenomena like reflection, transmission,
diffraction, scattering, radiation, and absorption of the
wave. It is difficult to obtain these transient features in
the case of a frequency domain simulation method like
FEM or MOM.

Another simulation examples
Several simulation examples using this program are
shown in Figure 5 and Figure 6. In Figure 5, the top left
shows a reflection pattern of a parabolic antenna and the
top right shows a horn antenna in receiving mode. A
focal point is observed on the right side of each pattern.
And the bottom left shows a quarter wavelength
monopole type wireless handset in transmitting mode. A
cylindrical wave radiation pattern and its directivity can
be observed. The bottom right shows a microwave oven.
Multi-resonant modes can be observed in the cavity. In
Figure 6, the top left shows the diffraction from a large
aperture. A large wraparound can be observed. The top
right shows the diffraction from a large aperture relative
to its wavelength in higher frequency. The wraparound
is small compared with low frequency cases. The
bottom left and bottom right show the interference
pattern generated by two small holes relative to its
wavelength in low and high frequency cases.
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and absorption of the wave can be visualized using
computer simulation.
In the future, this educational training package will
lead to the development of a free full featured
electromagnetic field and wave simulator that is suitable
for practical use in 3-D problems.
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Abstract

Introduction

Education of practical and creative engineers
who are active in a wide field, and innovative
evolution of monozukuri (advanced manufacturing
technology) are becoming important in recent years.
In this paper, we report on the practical information
processing education by group work that was
likened to the start-up companies. Technical
problems given to the students is the development of
an android app. One team is formed from 3-5
peoples, respectively. Some roles such as leader,
developer, presenter and designer are given for each
member of the team. After the team organization
they should work on the determination the concept,
development, interim report and a presentation.
Lecturer should be a mentor to support the students.
In addition, lecturer give an instruction that to be
aware of the start-up companies to students. This
seems to be the effect of increasing the motivation of
students.
We adopt the MIT App Inventor 2 as App
development environment. In general, because of
constraints of the course curriculum, it is difficult to
allocate sufficient time for application development.
However visual programming provided by this
development environment enable the development of
a short period of time. We also discussed ideathon.
Ideathon is a hands-on format of the seminar, and
participants of each team consider brainstormed
ideas along with a theme and combine them into
better idea. We adopted the logic tree method as a
way to organize a lot of ideas that has been issued by
the brainstorming.
It is difficult to assess activities of each student in
PBL-style classwork. We have defined a rubric for
self-assessment of learning outcomes in this lesson by
visualization of learning outcomes based on Bloom's
taxonomy. We consider the ideas proposed by
students and android apps developed by them and
the self-evaluation of goals and objectives.

According to the changes in the industrial structure
and the society, the importance of information
processing education is increasing. The one of the
faculties which required for future ICT engineers is the
ability to create new ICT services by themselves. In
order to respond to this challenge, Kitakyushu College
has performed reorganization in 2015. 5 departments
have been consolidated into one department of creative
engineering and five new courses have been established.
ICT professional education is carried out in the
Information System course. Here, we describe the
initiatives of "Exercises of Information Processing",
which is one of the subject of the Information System
Course. Fifth grade students take this subject.
This subject was designed along the guidelines
which has been established by NIT (National Institute of
Technology, KOSEN Headquarter). We have
introduced the practical use of ICT and LMS, group
discussion group work, presentation and PBL into the
subject as methods of active learning.
MIT App Inventor 2
App Inventor is a software to develop an androidcompatible application software. It is an epoch-making
concept that app can be created by simply combining.
The number of users is increasing with focus on
educational use.Figure 1 shows screenshots of design
interface for the app.

Keywords: Active Learning, Problem Based

Learning, Ideathon, App Inventor, Android App
Figure 1. Design of apps interface
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Week
1
2
3
4
5
6
13

Figure 2. Visual programming using blocks

14

Figure 2 shows screenshots of block mode for
programming.

15

Writing a proposal, App development
Interim report, Preparation for presentation
Presentation, Evaluation of the application,
Tuition questionnaire
Reflection, Tuition questionnaire

Table 1 shows schedule of this classwork. The
purpose of this lesson is to experience the process of
application development, project management, planning,
development, and presentation. Table 1 shows the
schedule of classwork.

Textbook
Most of the students who attend this classwork are
not experienced android application development. They
have not learned Java language yet, to say nothing of
experience of App Inventor or Android Studio. It can be
said that they have learned only the C language,
therefore, textbook selection is important. We have
selected a textbook which is plain and suitable for selfstudy. This textbook shows development process of 5
basic apps and 5 advanced apps. Figure 3 shows the
contents of these apps.
A.
A1.
A2.
A3.
A4.
A5.

Table 1. Schedule of this classwork.
Contents
Explanation of the syllabus, Orientation
Development Environment
Creating a Simple App
Team forming, Discussion
Ideathon

Team Forming
We carried out team forming in the fourth classwork.
1 team will be up to five from three. First, 10 students
apply for the leader of each team. Leader gathers the
necessary human resources who have a ability of
programs, presentations, proposals, graphics and
scenarios. Further, in order to get to feel the atmosphere
of the start-up company, job titles such as CEO (Chief
Executive Officer,) CTO (Chief Technology Officer)
and CMO (Chief Marketing Officer) are also explained.
In order to get working on app development actively ,
we provide them direction which is as following. “Let's
imagine. You guys will set up a small start-up
companies from now. On the basis of the new ideas,
please to develop an app that is required for many
users.“

5 Basic Apps
App to make a call by tapping the screen
Counter app
Pelmanism app
English word learning app
Browser app

B. 5 Advanced Apps
B1. App using an acceleration sensor
B2. App to calculate complex expressions
B3. App to save the data in the cloud
B4. App that slide show the image on the Web
B5. Customization of Google StreetView
Figure 3 Apps those creation procedure is described in
the textbook

Ideathon
We carried out ideathon in the fifth classwork.
Ideathon is a coined word that combined the “Idea“ and
“Marathon“. Ideathon is a hands-on format of the
seminar, and participants of each team consider
brainstormed ideas along with a theme and combine
them into better idea. Participants will be able to obtain
a large sense of accomplishment in proportion to the
time, because they concentrate on examining the idea in
a short period of time. The theme of ideathon is “App
that you want to use“. Table 2 shows the time tables of
this ideathon. It was carried out in the order of
explanation, brainstorming, organizing ideas and
presentation. A sufficient amount of simili paper, color
pen and post-it has been provided to each team.
Whiteboard, tablet, projector can also be available.
Brainstorming is a technique to expect the induction
of chain reaction and ideas of mutual crossing by ideas
provided from a group member. We explain to students
the principles of the ideathon such as "Not critique the
ideas of others", "novel and wild ideas are welcome",
and "anyway quantity than quality is the important".

Connection method of development for the PC and the
smartphone and distribution method of the application
has been explained in textbooks, it can be said to be
suitable for students' self-study. We describe the
development of the first three apps until the third
classwork, we confirmed all the students have the
capability to create these 3 apps.
Subject and Curriculum
We describe the subject in detail. “Excercise of
Information Processing“ is carried out once per week,
tuition of 90 minutes. It is carried out over a period of
15 weeks in the first term. This course of the students
are required to learn on a voluntary basis, even outside
of classwork time (3 hours per week a total of 45 hours).
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Table 2. Time table of ideathon
Explanation of the ideathon 10 minutes
Brainstorming
30 minutes
Organize ideas
30 minutes
Presentation
30 minutes
Figure 3 shows two principles and four rules of
brainstorming.

Figure 3. Two principles and four rules of brainstorming
There is a need to organize a lot of ideas.We adopted
the logic tree method as a way to organize a lot of ideas
that has been issued by the brainstorming.

Figure 5. Photos of Ideathon
Figure 4. An image of concept of logic tree

Figure 4 shows an image of concept of logic tree.
Figure 5 shows scenes of Ideathon.
Learning Objectives Based on Bloom's Taxonomy
NIT clarified the learning objectives that should be
accomplished from ideal technologist that society
demands. NIT define attained level for students based
on the Student Outcomes by ABET and the UK-Spec by
UK Engineering Council In order to ensure international
standards. This attained level in order to develop
practical engineers for society and industry, are defined
as 6 levels that are Knowledge and memory,
Understanding, Application, Analysis, Evaluation and
Creation.
At the level 1 (Knowledge and Memory), students
can recognize and recall the relevant knowledge). At the
level 2 (Understanding), they can understand the
meaning of important concepts and methods. And they
also should take advantage of if necessary (to interpret,
to illustrate, to summarize, to guess, to compare) in this
level. At the level 3 (Application), they can apply the
knowledge, theory and information in specific cases in
order to solve issues. At the level 4 (Analysis), they can
analyze complex issues by summarizing the issues, and
finding a structure. At the level 5 (Evaluation), they are

277

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai
able to evaluate and determine problem based on the
standards and norms (adjustment, discovery,
observation, verification, criticism and judgment). At
the level 6 (Creation), they can assemble new elements
in order to constitute a whole, or re-organize
(production, planning and design and product). Figure 1
shows dimension of cognitive processes by Bloom's
Taxonomy. Students up to fifth grade should achieve
the level 3, and advanced course students needs to
achieve the level 4 at least generally.

Figure 9. Screen shots of novel game app by Team 5

Results and Discussion
Here we will discuss app student team has created.
Table 3 shows the list of android application developed
by each team.
Figure 10. Screen shots of novel game app by Team 9

Table 3. The list of android apps developed by them

Team
1

Category
ToDo

2

Alarm

3
4
5
6
7
8

Game of Tag
Quiz (Game)
Novel Game
ToDo
Novel Game
Schedule manage
Vocabulary
learning
Board Game

9
10

Features and Notes
Focusing on the priority of the task
Prevention overslept using location
information
Location information
Learning support app test
School-themed novel game
Simple Interface
School-themed novel game
Simple Interface
virtual creatures assists learning and
keep motivation.
Simple board game collection

Figure 11. Screen shots of novel game app by Team 10
To Do app that allows customization of the priority,
alarm apps to prevent overslept using location
information, high-quality school-themed novel game
and so on, 10 apps based on the students' idea of were
developed. Especially vocabulary learning app that
virtual creature assist to keep users' motivation of the
user, its ideas and quality are excellent.

Figure 6,7,8,9,10,11 shows screenshots of apps by Team
1,2,3,5,9,10 respectively.

Visualization of Learning Outcomes
It is difficult to assess activities of each student in
PBL-style classwork. We have defined a rubric for selfassessment of learning outcomes in this lesson by
visualization of learning outcomes based on Bloom's
taxonomy.
Table 4. Rubric assessment sheet

Figure 6. Screen shots of ToDo app by Team 1

A. Independence
B. Responsibility
C. Logical thinking
D. Identify topics
E. Teamwork
F. Leadership
G. Communication
H. Consensus Building

Figure 7. Screen shots of alarm app by Team2

Lv1

A1
B1
C1
D1
E1
F1
G1
H1

Lv2

A2
B2
C2
D2
E2
F2
G2
H2

Lv3

A3
B3
C3
D3
E3
F3
G3
H3

Lv4

A4
B4
C4
D4
E4
F4
G4
H4

Lv5

A5
B5
C5
D5
E5
F5
G5
H5

Lv6

A6
B6
C6
D6
E6
F6
G6
H6

Table 5. Result of Rubric assessment sheet (%)
A
B
C
D
E
F
G
H

Figure 8. Screen shots of novel game app by Team 3
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Lv1

Lv2

Lv3

Lv4

Lv5

Lv6

N. A.

2.564

10.256

25.641

25.641

20.513

15.385

2.564

5.128

25.641

35.897

20.513

10.256

0.000
0.000

2.564

10.256

35.897

23.077

23.077

5.128

0.000

2.564

17.949

17.949

33.333

20.513

7.692

0.000

2.564

10.256

25.641

38.462

20.513

2.564

0.000

5.128

10.256

41.026

23.077

12.821

7.692

0.000

5.128

0.000

23.077

43.590

20.513

5.128

2.564

2.564

2.564

30.769

41.026

15.385

5.128

2.564
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E2.

Question A “Independence“

In the application development by the team, please answer about your
level stage of the "independence".
A1.
A2.
A3.
A4.
A5.
A6.

E3.
E4.

know that you have to think on your own and work by yourself
can show your solutions to team members.
can perform your tasks and can work by yourself
can explain how your self-directed activities have impact on
entire project and can explain that self-directed activities is
appropriate or not
can figure work and role that you should do
can plan that others should do proactively, encourage it, and
evaluate the self-directed activities of the members

E5.
E6.

Question F “Leadership“

In the application development by the team, please answer about your
level stage of the "leadership".

Question B “Responsibility“

In the application development by the team, please answer about your
level stage of the "responsibility".
B1.
B2.
B3.
B4.
B5.
B6.

F1.
F2.
F3.

know that you should tackle to the challenge
can explain and understand their role as part of a team, should
be responsible for their own actions
can understand your role as a member of the team, should be
responsible behavior
can understands your roles as a member of team, and can act
with responsibility and social common sense considering the
effect on the team
can recognize the role of engineer as a member of society, and
can self-evaluate with social responsibility
can practice a social responsibility as a member of society and
organizations, and can objectively evaluate and improve it.

F4.
F5.
F6.

In the application development by the team, please answer about your
level stage of the "communication".

In the application development by the team, please answer about your
level stage of the "logical thinking".

C2.
C3.
C4.
C5.
C6.

G1.

know that you have to propose a logical problem-solving
method.
can explain the problem solving method logically
can implemented in accordance with the proposed method
logically in order to solve problems
can propose implementation of a solution that is able to take the
logical consistency, even if issues are complex
can compared to other methods logically
can make an implementation plan by the best way in advance

G2.
G3.
G4.
G5.
G6.

Question D “Identify topics“

In the application development by the team, please answer about your
level stage of the "identify topics".
D1.
D2.
D3.
D4.
D5.
D6.

In the application development by the team, please answer about your
level stage of the "consensus building".
H1.
H2.
H3.
H4.
H5.
H6.

In the application development by the team, please answer about your
level stage of the "identify topics".
know that teamwork
collaboration.

is

important

in

advancing

can know that the method which facilitate communication
should be devised
can know that the method that facilitate communication have a
need to be devised
can explain own opinion and thoughts, and can tell ideas to
others using narratives, diagrams, texts, etc
can hear others' opinions, communicate while devising the way
depending on the opponent's own ideas and communicate
smoothly
can tell your own opinions and ideas taking advantage of the
features of the dictation, charts, text, etc, and can evaluate its
effectiveness
can propose and implement explanation which is able to gain a
deeper understanding from others

Question H “Consensus Building“

know that found problems, must be resolved, in order to
achieve the purpose
can identify gaps between current and desired due to the
references, and can demonstrate the need for its resolution
can find the gap between the current situation and objectives,
and show the cause-and-effect relationship clearly , and can
propose and implement specific solutions
can implement feasible ways to narrow from a number of
proposed solutions
can formulate and implement specific and feasible solution and
can verify its effectiveness and impact
can find completely new gap between the current situation and
purpose that has not been verified until now, show the causeand-effect relationships and priority clearly, while planning a
concrete and feasible solutions, verify the effectiveness and
impact, and implement the plan

Question E “Teamwork“

E1.

know the role of leader for advance the collaborative work
efficiently
can explain the leader's role which is needed for a collaboration
can encourage appropriate cooperative actions to others, to
work jointly
can indicates the direction of the team, understand the progress
and individual work situation, and can take informed decisions
and actions for the goals
can assess work status and progress of the team and the
behavior of the members
can selected the best human resources in the execution of the
project, to maximize the individual's ability, can promote joint
work

Question G “Communication“

Question C “ Logical thinking“

C1.

understand the needs, rules and etiquette for the team in order to
work together effectively
can respect the opinions of others as part of a team, and can
work together with the appropriate communication
can understand the goals of the team and the individual roles,
think himself the action to be taken to achieve the targets, and
carry out
can evaluate the progress and level of completion of the project
throughout the work
can promote duties as a team member by performance at your
full ability or aptitude

know some methods of consensus building and information
gathering, information utilization and dispatch of information
can explain each features of methods of consensus building and
information gathering, information utilization and dispatch of
information
can build a consensus, can gather information, utilize and
spread it, on the basis of a certain way
can choose what works best from several different methods
depending on the purpose, consensus building and information
gathering, information utilization and dispatch of information
can evaluate the effects of consensus building with particular
group, and information gathering, information utilization and
dispatch of information
can plan consensus building with non-specific populations, the
efficient method of information gathering, information
utilization and dispatch of information

Figure 12. Items of rubric assessment for activities on
PBL - Visualization of Learning Outcomes (Practical
Version)

the
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Figure 15. Tuition questionnaire on LMS
Conclusions
Figure 13. Bar chart of Rubric assessment

We carried out the practical PBL style classwork,
those theme is to develop an android app using App
Inventor. It was confirmed that students can develop
android apps in a short period of time. Each group has
developed an android app based on brainstormed ideas.
We have defined a rubric for self-assessment of learning
outcomes in this lesson by visualization of learning
outcomes based on Bloom's taxonomy. We confirmed
that most of the participants achieved the learning
objectives that we expect. In order to increase the
motivation of participants, we explained to them that
each group should be like startups. however, there still
remains many issues, we continue with this approach in
future.

Table 4 shows rubric assesment sheet, and table 5 shows
aggregate result using it. Figure 13. Bar chart of Rubric
evaluation sheet. 5 Items that are “Responsibility“,
“Identify topics“, “Teamwork“, “Communication“ and
“Consensus Building“ has been most marked as stage of
level 4. Overall, it can be confirmed that the Level 3 and
Level 4 is marked more than other levels. The obtained
results are close to the level that we assume beforehand.
Effective utilization of ICT in education
Here, we provide miscellaneous topics related to the
classwork. There is a sufficient number of Windows
PCs in the classroom, all students are able to use the PC.
We have confirmed the operation of the App Inventor
and its emulator using Google Chrome on each PC.
However, if possible, we recommend the use of actual
machine such as an android device. It is important to
ascertain the behavior of the application in the actual
equipment. Also, when your app uses sensors, actual
equipment is required to check the behavior of the
sensor. However, since it is difficult to prepare a
sufficient number of smartphones, it seems like the idea
that the recommendations of BYOD (bring your own
device) is worth considering to solve the problem. We
use cloud service and LMS actively to provide to
provide teaching materials to participants and tuition
questionnaire or submission of files. Presentation videos
of each team was provided using Google Apps for
Education. App project files, installation files, reports,
presentation files are submitted to the LMS.
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Abstract

provided to higher year students who have achieved
good grades in the nominated modules to function as
peer tutors to first year international students. One of the
objectives of such programme was to help these
students to adapt to differing cultural and educational
traditions. A two-hour workshop was included for the
tutors as a form of training to prepare them on the roles
and responsibilities of tutoring. In University of New
South Wales (Magin & Churches, 1995), there was a
need to change from traditional pencil-and-paper
engineering design subjects to a programme in which
design teaching was based on computer graphics. Due
to the limitation of workstations, one group of students
was the first to learn the computer graphics software.
They would then serve as peer tutors to the rest in the
same cohort, to bring up to the same level of mastery in
the use of the software. In University of Limerick
(Mahdi, 2006), the Department of Electronics and
Computer Engineering tried out peer tutoring as a nontraditional approach in courses that had high failure
rates. The intention was to provide an effective learning
environment and encourage students’ active selfdirectedness, involvement and critical thinking. Based
on faculty recommendation, a specially selected group
of higher year students attended a short training
programme in facilitation of study. After the training,
they volunteered as peer tutors to facilitate active
learning to a group of first year students. In University
of Utah (Colvin, 2007), a peer tutoring training course
was developed to address the social dynamics in peer
tutoring programme occurring among students, tutors,
and instructors. The course explored communication,
interaction, and identity concepts and also covered
diversity, research, socioemotional bonding, community
outreach, and instructional issues. Students enrolled in
the course, who wanted to practice what they have
learned, could apply for the tutor internship to serve as
mentors and facilitators in an introductory course.
As described above, institutions customised peer
tutoring programme to their specific situation and needs.
It may be difficult for other institutions to follow the
same programme entirely. As such, in RP SEG, a
taskforce has developed a peer tutoring programme,
which was tweaked to the situation and needs of the
students.

This paper discusses the challenges faced while
implementing a peer-tutoring programme. The
programme attempted to help students who would
score poorly in examinations. Students took a
qualitative survey after attending the programme.
The students have feedback that the programme was
beneficial to them. This paper discusses the
challenges of conducting the programme and
proposes recommendations.
Keywords: peer tutoring, collaborative learning,
engineering, examination
Introduction
Polytechnic students, during their course of study,
will always find certain modules difficult to learn and
do well in examinations. In Republic Polytechnic (RP),
School of Engineering (SEG), some of the engineering
and technology modules have high failure rates.
Students generally find these modules technically or
conceptually challenging. Peer tutoring can be one of
the ways to help this group of students. Various
institutions have adopted this learning approach as a
form of a supplementary programme in addition to their
regular ways of conducting classroom learning.
Research findings have found that peer tutoring was an
effective method of instruction (Beasley, 1997; Colvin,
2007; Magin & Churches, 1995; Mahdi, 2006).
According to Goodlad & Hirst (1989), this could be due
to various reasons. The peer tutor has the ability to give
more individualized instruction to his tutees. The
programme provides a climate in which tutees can feel
less inhibited about asking question and seeking help.
Lastly, the tutee can learn better from the tutor who has
an empathetic appreciation of what a tutee need to know
and do. Learning can be more effective when the
process fully involves the tutee in a supportive and nonthreatening environment strengthened by a collaborative
approach between students (Mahdi, 2006, p. 278).
Peer Tutoring Model
Various institutions adopted different ways in
conducting peer tutoring programmes. In Murdoch
University (Beasley, 1997), monetary incentives were
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Republic Polytechnic

who have shown weak ability to understand the
concepts covered in class. The lecturers would identify
these groups of students based on their performance in
the first two lessons of the module. Taskforce members
will conduct a briefing to the Volunteers by explaining
to them the expectation required in the programme and
the benefits they will gain through volunteering their
services. For the Learners, email notifications were sent
to them and lecturers of their respective classes would
inform and encourage the Learners to attend the
sessions.

RP has advocated and extensively use a type of
pedagogy approach called problem-based learning
(PBL) (O'Grady & Alwis, 2002). PBL is an
“instructional format requiring students to participate
actively in their own learning by researching and
working through a series of real-life problems to arrive
at a ‘best’ solution” (Arambula-Greenfield, 1996).
Through the implementation of PBL, RP devised a
learning process called one-day, one-problem approach
(O'Grady & Alwis, 2002, p. 3), where students are given
different but related real-life problems every day. On
each day, students will receive a lesson package
consisting of a problem statement, worksheet and
additional resources, such as video clips, simulation
software or customised scaffold program. They are
required to solve the problem as a group through
deliberation and experimentation within a day.
In RP, a Programme Chair, who is the person-incharge of a diploma programme, would oversee the
academic aspect of all the students taking the diploma
and also manage the modules that form the curriculum
of the diploma. A Module Chair, who is the person-incharge of a particular module, would design and
implement the module in accordance to the pedagogy
advocated in RP. In addition, the Module Chair would
perform the administrative, managerial, and logistic role
for the module. There are two summative assessments
conducted in each module, namely, Mid-Semester
Assessment (MSA) and End-Semester Examination
(ESE). MSA is normally conducted after the seventh
week of the module while ESE is conducted at the end
of the module.

Discussion
There were slight differences on the approaches
when conducting the programme across two semesters
in 2015. This paper seeks to discuss on the delivery of
the programme in Semester 2. For each module, there
were two sessions conducted before the Mid-Semester
Assessment (MSA) and three sessions conducted before
the End-Semester Examination (ESE). Module Chairs
will invite the students, who attended the last EPACE
session, to do a survey to give feedback of the
programme. In RP, a typical lesson for any module
stretches throughout the whole day for seven hours.
Hence, each module will have EPACE session once per
week for two hours after class lesson. There would be
cases where Volunteers and Learners would need to
attend two to three EPACE session per week for
different modules. Volunteers and Learners were
commonly grouped in a ratio of 1:5. During the EPACE
session, respective Module Chairs had the freedom and
flexibility in the mode of conducting the session. For
example, in E204 Linear Circuits and Control, students
came from two different diplomas. Thus, the Module
Chair grouped the Volunteers and Learners according to
their diplomas and classes. During the session, Learners
were familiar and comfortable with the Volunteers, as
they know each other from the same class. The Module
Chair would specify a few topics to cover for each
EPACE session and Volunteers would use the
worksheet questions, to guide the Learners. Another
example, in E114 Mathematics for Engineering, the
Module Chair would similarly assign the Volunteers to
the Learners according to their diplomas and classes.
There were extra revision questions given besides the
usual lesson package. Thus, the Module Chair would
suggest a topic range for the Volunteers to cover, and
make use of the revision worksheet to guide the
Learners.
There were eleven modules identified by
Programme Chairs of various diplomas in School of
Engineering in 2015 Semester 2. In these eleven
modules, there were a total of 244 Volunteers and 650
Learners recommended by their class lecturers through
observations of their class performance during the first
two weeks of the semester. Among the 244 identified
Volunteers, 133 of them expressed interest and willing
to step forward to serve as peer tutors. Figure 1 shows
the attendance of the Volunteers. About half of the
Volunteers attended three or more sessions. This shows
that the Volunteers were committed to volunteer their

Engineering Programme for Achieving Excellence
Engineering Programme for Achieving Excellence
(EPACE) is an initiative by SEG, to create a peer
tutoring platform with the objective of helping students,
who generally did not perform well at examinations.
The school setup a taskforce to coordinate this
programme. The taskforce piloted the programme in
2014 for a few modules. However, there was no survey
conducted and thus analysis could not be done to review
the effectiveness of the programme.
In 2015, a more systematic approach was in place.
The programme was conducted twice over two
semesters for different modules. The taskforce did not
select all the modules in SEG for the programme as it
was still in its pilot run. Programme Chairs of various
diplomas in SEG would identify the modules that they
perceived as technically challenging for the students or
the module had historically high failure rates. The
taskforce would brief Module Chairs of these selected
modules on the objective and tasks of the programme.
Module Chairs would then inform their lecturers, who
were teaching their modules, to observe and identify
two groups of students in their class, namely,
Volunteers and Learners. Volunteers were students who
have shown good capability to grasp concepts and were
actively participating in class. Learners were students
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service to help the Learners. Out of the 650 identified
Learners, 370 students attended at least one of the
sessions. However, only 67 students or 10.31% attended
three or more sessions. Figure 2 shows the breakdown
of the attendance for the Learners.

they do not know I will teach them. So through this
programme I learn how to teach.”
Student E: “I have a clearer understanding of the
problems as I have to teach the students step by step
which helped me understand the concepts clearer.”
Student F: “Through this programme, I have
motivation to learn all of the theory. Due to I have to
teach my peer and this is my responsibility to help them.
Therefore, I would make sure that I must understand all
of the theory and problem before teaching them.”
From the above feedback, they do concur with the
benefits shown in research findings that peer tutoring
offers tutors the opportunity to build up their confidence
as they could re-present the knowledge to their peers
(Colvin, 2007; Goodlad & Hirst, 1989, p. 61).

Figure 1: Attendance of the Volunteers

Challenges
As shown in Figure 2 above, the first challenge that
the programme faced was the poor attendance of the
Learners. Majority of the Learners either attended one
or two sessions or did not attend at all. There were
mainly two reasons based from feedback gathered from
the students. One group of the students commented that
they were unaware on the purpose of the programme
and the benefits they could reap from attending the
programme. Another group of the students stated the
reason that they need to work after class. Some of these
students have to work as they come from poor socioeconomic background. As such, they require additional
income to support themselves or their family. However,
working part-time after class can cause a vicious cycle
affecting their learning. They would have insufficient
sleep, as they normally need to work until late night and
have to wake up early the next day for class. They will
not be able to focus well in class during the day and this
will affect their learning ability. Thus, as the Learners
are not able to attend the programme, they would miss
the opportunity to improve their study skills.
Another challenge was the selection process of the
Learners. Lecturers will recommend their students
based on their performance in class during the first two
lessons. Feedback from the Module Chairs was that this
method of selection was subjective and might not be
able to identify accurately those students who really
need help. For these groups of students, when they
failed their MSA, they will be encouraged to join the
programme. However, they would have missed the
opportunity to attend the first two peer tutor sessions.

Figure 2: Attendance of the Learners

Through the feedback collated after the programme,
both group of Volunteers and Learners generally felt
positive on what they have achieved through the
programme. Three examples of the Learners’ feedback
are given below.
Student A: “I have more understanding and I got
help during the sessions to get more in depth about the
module.”
Student B: “I had some doubts and questions
regarding certain concepts from the module that I
needed to clarify. Therefore, through the programme,
my peers helped me out and I was able to have a better
level of understanding of those concepts. I also needed
help in solving certain worksheet questions and I am
glad that with guidance from my peer tutors, I was able
to solve the questions.”
Student C: “I was able to do more questions after the
programme with the help of my student coach. He gives
me sufficient help to be able to work out the questions
on my own and explain to me where I have make
mistakes in my answers.”
Three examples of the Volunteers’ feedback are
given below:
Student D: “Through this program I have achieved
in teaching my peer this module. When there is anything

Recommendations
One recommendation to heighten awareness of the
programme is to make use of a platform to introduce the
programme to all students. Normally, there is a PC
(Programme Chair) briefing held at the start of every
semester for all students. PC could make use of this
platform to explain the purpose and benefits of the
programme to the students and to show recognition to
the Volunteers of the previous semester by presenting
them a ‘Certificate of Participation’. This is a chance for
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the students to know the Volunteers and this may trigger
a start of their own peer tutoring group organically.
Another recommendation is to improve the selection
process for the Learners. One suggestion could be to
select students based on their cumulative grade point
average (GPA) as a first level of selection. Subsequently,
class lecturers can still identify their students who might
need help, based on class observation and include them
into the programme.

Magin, D. J., & Churches, A. E. (1995). Peer Tutoring
in Engineering Design: A Case Study. Studies in Higher
Education, 20(1), 73-85.
Mahdi, A. E. (2006). Introducing Peer-supported
Learning Approach to Tutoring in Engineering and
Technology Courses. International Journal of Electrical
Engineering Education, 43(4), 277-287.
O'Grady, G., & Alwis, W. A. M. (2002). One Day, One
Problem: PBL at the Republic Polytechnic. Paper
presented at the 4th Asia Pacific Conference in PBL.

Conclusion
This paper seeks to discuss on the challenges faced
through the delivery of peer tutoring programme
(EPACE) initiated by Republic Polytechnic, School of
Engineering. The objective is to help students who
would score poorly in examinations. While the
programme had good intention to help the students, one
of the biggest challenges was the poor attendance of the
Leaners. This paper cited various challenges and
proposed recommendations. Qualitative feedback has
shown that peer tutoring benefitted those students who
have participated in the programme, with the reason that
they can interact in a more open and less threatening
learning climate. In particular, Learners can make use of
this platform to acquire better understanding of the
subject matter and improve their study skills.
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Abstract

Needless to say, there are wide variety of forms to
use active learning in the classroom, for example,
cooperative learning, interactive learning, problembased learning(PBL), flip teaching, group works, case
studies, role playing, jigsaw discussions, brain storming,
self-assessment, clarification pauses.
In particular, active learning does not have to replace
traditional lecturing. To give an extreme example, a
rudimentary case of active learning introduce only few
active and cooperative learning exercises that work, so
teachers can break up long lectures and see if students
understood what they just taught them.
In Matsue college, some active learning activities
are introduced in recent years, such as engineering
design exercises through PBL model and the faculty
development workshop on interactive learning via some
question techniques.

In recent years, active learning is attracting great
attention in engineering education as innovative
education methods. The active learning can take
wide variety of forms, for example, PBL, flip
teaching, engineering design, group works and so on.
Engineering design exercises through PBL model,
faculty development workshop, and so on are introduced in Matsue college. This paper provides information regarding the possibilities of active and
interactive learning through some practical activities
in Matsue college.
Keywords: active learning, interactive
engineering design, faculty development

learning,

1. Introduction

3. What’s Engineering Design?
The international-standard accreditation for Engineering education, such as ABET(USA), JABEE(Japan),
IES(Singapole), ABEEK(Korea), IEET(Taiwan), BEM
(Malaysia) and so on, is proof that a collegiate program
has met certain standards necessary to produce
graduates who are ready to enter their professions.
The engineering design component of a curriculum
must include at least some of the following features in
those accreditations :
• development of student creativity
• use of open-ended problems
• development and use of design
In general, the engineering design process is a series
of steps that engineers take in creating functional
products. Strictly speaking, "Engineering design is the
process of devising a system, component, or process to
meet desired needs, specifications, codes, and standards
within constraints such as health and safety, cost, ethics,
policy, sustain-ability, constructability, and manufacturability"[2].
A typical design involves clarification of clients'
requirements, identification of both constraints and the
context in which the product will be used. Moreover,
development of one or more design concepts for
consideration by the client. Then, the process of
defining functions and specifications, detailed design,
and analysis of production issues follows[3].
On the other hand, though there are many text books
about engineering design in English(Figure.1), only 3

Active learning has become an important and
essential technique as innovative education methods
over past several years. In General, active learning can
take various forms, for example, PBL, flip teaching,
engineering design, group work and so on. In Matsue
college, some active learning activities are achieved and
the faculty development workshop was held to teaching
practices in the interactive learning.
In this paper, engineering design exercises through
PBL model and faculty development workshop in
Matsue college are introduced. Especially, the engineering design process is a series of steps that engineers take
in creating functional products and it is highly
interactive. Furthermore, question techniques were
practiced to improve student-teacher classroom interaction in the faculty development workshop in Matsue
college.
This paper provides information regarding the
possibilities of active and interactive learning through
some practical activities in Matsue college.
2. Active and Interactive Learning
Reference[1] says "Active learning is a process
whereby students engage in activities, such as reading,
writing, discussion, or problem solving that promote
analysis, synthesis, and evaluation of class content".In
short, active learning includes most activity that
students do in a classroom other than merely passively
listening to an instructor's lecture.
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text books are published in Japanese. One of text books
in Japanese (Figure.2) is translated by T.Beppu, who is
co-author of this paper[4].

Figure 4 Photograph of Poster Presentation
The Japan Accreditation Board for Engineering
Education(JABEE) defined engineering design as “an
interactive open-ended process of creativity“ to their
curriculum. Most universities and colleges added
exercises of creativity to their curriculum in Japan, they
do not teach the basics of the engineering design
process in their education program.
For example, as described in above chapter, ABET
defined “The process of devising a system, component,
or process to meet desired needs“. So, in this definition,
clearly defined engineering design process is developed
to meet the needs and requirements of customer or
client.
In Matsue college, the engineering design exercise
in the subject, which is System Engineering Experiment
1 of Table 1, with following procedure:
(a)Identify a problem and a need of customer or
client as a form of PBL model.
(b)Define requirements and constraints.
(c)Generate ideas or brainstorm for set possible
solutions.
(d)Use requirements and constraints to evaluate
possible solutions.
(e)Use the chosen solution to design and build a
prototype.
(f)Test and evaluate the prototype and modify if
necessary to finalize prototype.
(g)Communicate the results through some kinds of
presentation(design review).
Table 2 gives two specific themes of engineering
design execise through PBL in 2013 and Figure 4 shows
the photograph of poster presentation. Futhermore,
Figure 5 and 6 show examples of the poster(Theme 1).

Figure 1 Text Books of Engineering Design in English

Figure 2 Text Book of Engineering Design in Japanese
4.Engineering Design Exercises in Matsue College
In Matsue college, there are some engineering design
related subjects in 1st grade of advanced school(See
Table 1) and engineering education process of department of information engineering(See Figure 3).
Table 1 Engineering design related subjects
Subjects
Semester in 1st Grd Credits
Engineering Design
1st semester
2
Engineering Design
2nd semester
1
Semminor
Systems Engineering 1st semester
3
Experiments 1
Systems Engineering 2nd semester
1
Experiments 2

Figure 3 Engineering Design Education Process of Dept. Information Engineering
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The question in the class is an important process to let
the students participate in the educational activities.
However, ongoing interaction between students and
teachers using some question techniques is often
difficult to achieve. For example, when classroom
interaction occurs, a teacher may not be able to identify
all the relevant factors. Furthermore, there are class
sessions in which an instructor receives minimal
response from students in spite of following a lesson
content that got a great discussion in a previous class.
To improve teacher’s ability to interact with students
we must learn the effective teaching methods. The
question technique is one of them, however, it will give
a relatively big improvement by small efforts.
In Matsue college, some question techniques were
practiced to improve student-teacher classroom interaction in the faculty development workshop at 26
February 2016. The workshop was held to teaching
practices for 2 hours, and 36 teachers (include 4
teachers of Yonago college) participated(Figure 7).
Then, we are going to have a series of this workshop
at 25 November 2016.

Table 2 Themes of Engineering Design Exercise
No. theme
1
Development of fun and interesting toy for
children
2
Development of the security / crime restraint /
criminal arrest system
In engineering design exercise, each student group
must designs and develops a new product using the
above procedure according to given theme within 7
weeks, and the budget is only 7,000 yen (about 70 US
dollars) per each group. Finally, each group must give
the poster presentation as the design review of the
developed product.

6.Conclusion
Active learning is not a theory but a teaching
method that supports learning of students. The method
uses some techniques that promote analysis, synthesis
and evaluation that guide students towards achieving
learning objectives. This paper shows some active and
interactive learning activities which are introduced in
Matsue college. Especially, we think that engineering
design exercises through PBL model are effectively
achieved in Matsue college. However, measurement of
educational outcomes of engineering design education
and faculty development workshop is not done.
Therefore, this results leads us to analyse our active
and interactive activities form the point of view of
educational outcomes .

Figure 5 An Example of Poster(A)(Theme 1)

References
[1]Active Learning The Center for Research on
Learning and Teaching, University of Michigan:
http://www.crlt.umich.edu/tstrategies/tsal
[2]ABET-Criteria for Accrediting Engineering
Programs, 2016-2017:
http://www.abet.org/accreditation/accreditationcriteria/criteria-for-accrediting-engineeringprograms-2016-2017/
[3]T.Beppu: "Fundamentals of the Engineering Design
Education", Journal of Japanese Society for Engineering
Education,Vol.62,No.1,pp.14-19(2014).
[4]N.Cross: "Engineering Design Methods-Strategies
for Product Design", Wiley(2008).
(N.クロス(荒木光彦監訳，別府俊幸，高橋栄共訳):"
エンジニアリングデザイン－製品設計のための考
え方, 培風館(2008)" is Japanese version )
[5]JABEE-Handling of Engineering Design Education:
http://www.jabee.org/news_archive/news2009/2009
0318-2/2356/

Figure 6 An Example of Poster(B)(Theme 1)
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Abstract

to refresh and renew their own abilities constantly along
with these social changes. Thus, an ability to keep
learning actively has become much more significant now
than ever before. We are also facing complicated
problems that involve multidisciplinary issues require an
ability to cooperate with other fields of professionals to
tackle this complexity. Unfortunately, however, this level
of collaboration may be difficult to achieve in Japan due
to the declining birth rate and growing tendency of “play
alone” single child family.
As we hypothesize here, the necessary interaction
may require both positive emotions and negative
emotions from students for them to keep learning. In this
paper, we compare in the change of the emotions within
and between three classes. One class is the newly
introduced class in our college, “Co+work” which is
administered in a PBL style, and the second is a
traditionally employed lecture, “Politics and Economics”,
as is the third “Civil Engineering Materials”. We took
surveys of students’ emotions after each class by the
“review sheet” to capture their emotions, and attempted
to draw out the emotional keywords necessary for the
active learning.
Students rarely have a chance to cooperate with other
students enrolled in different departments. They are all
enrolled in one of four technical majors which are
mechanical engineering, electrical and information
engineering, civil engineering, and architecture. Thus,
our college started the new course, “Co+work” as a
compulsory credit to address the problem of that situation.
The course includes three grades students, 2nd, 3rd, and 4th,
year students from each of the four departments. In total,
523 students were enrolled in this course, and were
divided into 63 groups to match up with 63 faculty
members. As a result, each group contains 8 or 9 students,
and one teacher per group takes care of his or her group
as a coach.
This course aims to cultivate competency in
autonomy, cooperation, and creativity through the
interaction of students from the different fields as they
tackle the same project. The name “Co+work” is derived
from the thought of having a need to create something by
cooperating in practice. And we believe it is important to
have “co-” for communication, consensus, commitment,
cooperation, collaboration.
Similar exercises have been implemented in many
university and NIT colleges, but ours is unique in that the
students consider and decide their topics to tackle rather

It is widely agree that emotions affect the active
learning attitudes of learners or students, but this basic
formula is neither put into practice in higher education
nor well regarded as an index to consider how to improve
curriculum. This paper aims to investigate how various
kinds of students’ emotions can be analysed and turned
into a set of data that can be used for the improvement of
classroom lectures and PBL(Project Based Learning). To
clarify the relationship between the students’ emotion
and lectures and hands-on practices, this paper focuses on
two targets for students: (1) the ability to achieve things
themselves and (2) the competency to show their own
capabilities and talents in a group. First, we measured
their emotional changes in some lectures and PBL classes
using our review sheet. We also took data after
extracurricular social-oriented activities. The results so
far are: it is quite difficult to read the change of students’
emotion from visual observations made in the classroom
lectures alone. Therefore, it is not be easy to utilize visual
observations to think of the way to improve both teachers’
skills and what content to teach. On the other hand, it is
much clearer to read and understand their emotional
changes from the review sheet for the PBL. Upon review
of this data, we can effectively discuss how we may
improve teachers’ skills and focus on what content to
teach. We are also able to use the data of the review
sheets for improvements in the coaching measurements
as well as in reflections on the teaching by the teachers.
In sum, this paper recommends to use the review sheet to
improve teachers’ coaching skills especially with respect
to PBL, which may cultivate students’ competency,
under the circumstance that the students would generate
not just positive emotions but also negative ones, such as
nervous and regrettable, since it seems to be an effective
tool to function for change in the ways of our teaching.
Keywords: Change of students’ emotions, review sheet,
ability, competency, PBL
Introduction
We are facing rapid social changes due to the recent
circumstances such as the trends in which globalization
generates more people who have a wider range and more
diverse sense of values in which the progress of ICT
makes it faster to acquire information. This urges people
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First, we tried to use the review sheet in the classroom
lectures of “Politics and Economics” and “Civil
Engineering Materials” which are taken by second-year
students. We delivered it to the students of the civil
engineering department during the last 5 minutes of each
weekly class and they wrote what they learned and how
they felt.
Figure 1 illustrates the appearance ratio of the words
the students chose in week 1 through week 15 (week 8
was for mid-term exams, so 14 weeks were for lectures).
The total number was 475 words after all. The most
frequently appearing word was “fun” on the positive-side,
followed by “interesting” and “cool”. And these three
words accounted for 51% of all of the students’ feedback.
On the other hand, the top three words from the negative
side, “exhausting”, “tiresome”, and “confusing”
occupied 27% of the feedback.
Figure 2 shows the appearance ratio of the words
written by the students who are taking the new course
“Co+work,” and we gathered 1,384 words to investigate.
Lowest 10 appearance ratio of the words both Co+works
and the lectures which are 嬉しい(Enjoyable)、つまら
ない(Bull)、怖い(Scary)、悔しい(Mortifying)、惜し
い (Regrettable) 、 嫌 だ (Disagreeable) 、 恥 ず か し い
(Embarrassing)、興味なし(Pointless)、やりたくない
(Undesirable) can be eliminated.
The word “difficult” was not included in a list of the
24 words, but it appeared and accounted for 5% in the
review sheet of Politics and Economics and had an
appearance ratio of 2.5% for Co+work. It is not really an
emotional description, but it may be useful to capture the
degree of difficulty of class.

Table 1. Words of Emotion
Positive Emotion

Negative Emotion

楽しい(Fun)
おもしろい(Interesting)

疲れた(Exhausting)
眠い(Tiresome)
わからなかった
(Confusing)
退屈(Dull)
焦った(Rushed)
つまらない(Boring)
怖い(Scary)

やばい(Cool)
ワクワク(Exciting)
感心した(Admirable)
驚いた(Surprising)
ドキドキ(Exciting)
テンション上がった
(Intense)
もっとやりたい
( Inspiring)
嬉しい(Enjoyable)

緊張した(Nervous)
悔しい(Mortifying)
惜しい(Regrettable)
嫌だ(Disagreeable)
恥ずかしい(Embarrassing)
興味なし(Pointless)
やりたくない
(Undesirble)

than the teachers deciding and proposing what projects to
do for them.
Cooperative learning projects need to introduce a
pedagogy that triggers off positive emotions including
fun, interesting and surprising in order for the students to
achieve active learning. In addition, these projects need
to draw out negative emotions such as impatience, stress
from working with unfamiliar people, and anxiety about
new tasks and environments. And it should help students
overcome these emotions in order to improve the
competency of the students. In sum, it is necessary for
students to experience feeling joy and trust after
overcoming their negative emotions.
In this course, we focus on the students’ emotions,
and make our students describe their emotions briefly
along with what they have learned in each week using the
review sheet. Dolan (2002), brain scientist cites that
“emotion interacts with and influences other domains of
cognition, in particular attention, memory, and reasoning.”
Felten et al. (2006) also claims an importance of
emotions in a time of reflection of service learning. Wang
et al. (2012) report the results of first-year education that
incorporate emotion-based education although they don’t
explain how they simply capture the changes of emotions
at school.
This paper aims to argue two points as follows:
1) Students’ choice to describe their emotion in the
review sheet,
2) Effectiveness of usage of the review sheet to capture
their emotion in classroom lectures as well as in PBL.

(2) Changes of emotions
In this paper, we attempt to evaluate the changes of
emotions of the students empirically. The positive-side
words listed in table 1 get +1 and the negative ones take
-1. Figure 3 illustrates the class average of ‘Politics and
Economics’ and ‘Civil Engineering Materials’ using the
data of 40 second-year students from the civil
engineering department.
The ‘Civil Engineering Materials’ was only lecture
style. The ‘Politics and Economics’ was taught by the
classroom lecture style including plenty of group-work.
Table 2 shows the schedule of ‘Politics and Economics’.
The students learned Economics in the second half of this
class, which is week 16 through 30. In this class, the main
issue is to understand how and why we have different
levels of lives among rich nations and poor nations, or
developed countries and developing countries. In
addition, the students not only learn the situations we face
but also consider the possible and potential solutions with
a way of economics thought. As the introduction of this
course, the teacher gave students some examples using
short movies to help the students find their own issues.
From week 2 to 15, the students tackled tasks with a team
of three or four persons. They used the textbook written
in English, which is not a regular style in our college, so
they needed to take more time than they did in other

Results and Discussion
(1) Words to describe emotions
Table 1 shows a list of the words we used for our
students to describe their emotions. There are 24 words
in total, which consist of 10 words of positive-side
emotions and 14 for the negative-side. The word “やば
い (Cool)” used to be spoken when people wanted to
show a feeling of danger, but currently it turns out to
describe an opposite meaning, so we categorize it into the
positive.
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Figure 1. Appearance Ratio of Emotions at Politics and Economics

Figure 2. Appearance Ratio of Emotions at Co+work
courses with textbooks written in Japanese. Therefore,
they felt some difficulties all the time throughout the
course.
Even though the students thought it was difficult to
understand in a non-native language, it seemed that they
took on the challenged quite vigorously. The teacher
asked several questions to help them understand the key
contents and thoughts, and the students read and
discussed the questions with group members at the same
time as asking and tutoring each other.
Looking at the figure 3, the emotional evaluation of
the students scored high in the beginning when they
thought of their own choices in their lives, but after
starting the contents of the textbook which described the
reality of rich and poor nations and explaining the ways
of thoughts in Economics, more students felt difficulties.
Some students, however, felt surprised, nervous, and

scared by their learning of the reality of the world. Their
score was categorize as negative, but perhaps it can be
included in the positive-side since it results in good
attention from the students.
At the final stage, the students did quick research to
make presentations in terms of the status and effort in the
developing countries. It seemed to give them more
interesting classroom experiences.
Figure 4 is made using the data of the Co+work class,
and counted in the same way with the Politics and
Economics class. And, the average score is calculated by
each team. Table 3 shows the schedule of Co+work. It
tends to have more fluctuations comparing to the lectures.
In addition, it finds the score below zero which means
more students claimed negative emotions.
For example, the score of team-no.20 has minus value
in the 3rd week. In this week, a short-term exchange
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Figure 3. Changing Emotion at Lectures

Figure 4. Changing Emotion at PBL (Co+work)
Another example from team-no.9 during week 5 tells
us that the students experienced difficulties. According to
the teacher of that team, his students discussed and
became divided over three different topics, but they still
needed to choose one and achieve a consensus. Finally,
they came to select one topic, and they worked on
creating a “Man-powered Refrigerator”. Even though
they seemed to reach consensus about creating the Manpowered refrigerator in their team, some students
couldn’t keep their motivation to work on it due to the

student from Indonesia joined this team. Our students do
know some English and have fair communication skill,
but they don’t have enough confidence to communicate
with someone from far away and from a different culture
by expressing their opinions and feelings in English.
Thus, their evaluation in terms of emotion resulted in a
negative score. Week 6 and 7 gave students the
opportunity to reach a consensus about the project they
would do with their own team, and the score shows that
they seemed to face difficulty in these weeks.
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Table 2. The schedule of ‘Politics and Economics’
1st

2nd

3rd– 4th

5th
6th

7th – 9th

10th-13th

14th–15th

In sum, the average score went down to the negative side
regarding emotions after week 8.
As we see above, the review sheet from the PBL-style
class showed us the students’ status and changes
regarding emotion along with the contents of classes. It
may be a great source for teachers to consider how to
coach students or when to intervene with teams. In
addition, it may bring up the possibility and influence the
fostering of meta-perception by checking with the past
events when we look back for a middle or long range.

Guidance and to think how to make
choices in one’s own life using short
movies
To know and think how the lives are
different between developing countries
and developed countries using the
textbook (group work)
To know the long macroeconomic history
and think how economics can approach to
uncover the process of making disparity
and current status, and setting up a model
for analysis (group work)
To know how the people having great
achievements made choices in their lives,
and think about one’s own choice again
(group work)
To compare the developing and developed
nations using data (group work)
To think how to look at the well-being of
our world and the proposal of Human
Development Index by UNDP. Economic
growth does not always bring happiness to
our lives (group work)
To know what kinds of consultations have
been done in terms of sustainable
economic development, and think about
the details from a point of view of
environmental economics, for example
free trade and climate change (group
work)
To search what kinds of problems people
in the developing countries have been
facing and what kinds of reactions have
been taken to solve the problems (group
work)

Conclusions
In this paper, we showed 14 effective words adopted
in the review sheet to choose one’s emotions during class
work. This paper argued that it would be effective for
coaching teachers to gather their student’s reflection and
comments of emotion on the contents and the tasks and
interactions of each class as the semester goes along in
order to improve their effects to foster active learning.
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Table 3. The schedule of ‘Co+work’
1st

4th – 7th

Guidance and team making in the gym
Ice Breakers with teammates and practice
writing out plenty of ideas in the gym
Indonesian students joined our NASA
Game for making consensus in the gym
Setting the project theme by each team

8th – 11th

The Project is progressed by each team

2nd
3rd

12

th

Intermediate Presentation
4 teams present each project at one room.
7 minutes presentation and 8 minutes for
questions and comments

fact that they couldn’t assume their share of the
responsibility.
The team-no.50 quickly achieved their consensus to
implement the project on “remodeling the benches in the
campus”, but another team reached a similar idea and
chose the same place to implement their project. After
discussing the matter, these two team reached a
consensus to work it out together, but they came to face
difficulty indeed over how to implement the remodeling.
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