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The Mentor@Work Programme for SkillsFuture: Enhancing Skills Mastery, Workplace
Learning and Talent Development
Cindy Yen* and Anthony Leow
Centre for Educational Development, Republic Polytechnic, Singapore
Corresponding author’s email: *cindy_yen@rp.edu.sg
Abstract

workforce with a lifelong learning disposition to
enhance the students/employees’ employability and
professional dexterity amidst a changing employment
landscape.

Globally, there is an ongoing debate on the need
for higher educational institutions to evaluate and
re-design their programmes in order to support the
demands of the industry through better job-skills
match (McKinsey, 2012). In Singapore, there is a
national movement – SkillsFuture launched in 2015
that is focused on providing Singaporeans with the
opportunities to develop their fullest potential
throughout life and to help Singaporeans develop a
future based on skills mastery (SkillsFuture Council,
2015).

Competitiveness and Human Capital Challenges Faced
by Singapore
In 2013, Singapore became the richest country in the
world by IMF estimates, with a per capita GDP of USD
61,567 (Lee Kuan Yew School of Public Policy, 2014).
The country is one of the most competitive and
business-friendly in the world. The aggressive pursuit of
upgrading Singapore to be a global city was the vision
of its founding father and the first Prime Minister, Mr
Lee Kuan Yew.

This presentation shares the experience of
Republic Polytechnic (RP) in developing the
Mentor@Work Programme to support this national
movement. It discusses the three frameworks (WorkStudy System for Enhanced Internship and Earn &
Learn Programme, Integrated Course Design Model,
and PEER Model) developed for this programme to
enhance the quality of mentoring in both school and
the industry.

Over the past decade, the increased presence of
foreign workers has been a major force shaping the
human capital landscape in Singapore. As part of the
strategy to transform Singapore into a global city, the
government had followed a liberal foreign worker and
immigration policy. While the open-door labour policy
brought in a large number of highly skilled, high-wage
foreign workers, it has also led to a huge influx of lowskilled, low-wage foreign workers (OECD, 2013).
With the ready availability of low-wage foreign
workers, firms in Singapore do not find many incentives
to upgrade their technologies and production structures,
or to invest in training or upgrading the skills of their
workers (OECD, 2013).

Keywords: SkillsFuture, Mentor@Work Programme,
Work-Study System, Enhanced Internship, Earn and
Learn Programme, Integrated Course Design Model,
PEER Model, Quality of Mentoring
Introduction
The shortage of labour in many economies around
the world has created a new conundrum where
employees with technical knowledge, professional skills
and attitude are now a necessity to sustain growth and a
competitive advantage (McDonald, 2015). This in turn
requires both school and industry leaders to work
collaboratively to equip students and workforce with the
knowledge and skills to navigate the challenges amidst a
fast-changing and globalized world.

In his 2015 budget speech, Mr Lim Swee Say, the
Minister of Manpower, stated the Singapore
Government remains committed to the slowing of
foreign labour inflow in order to maximize the potential
of Singaporean workers. Since 2010, Singapore has
curbed the intake of foreign labour. In 2014, the foreign
workforce shrunk to 26,000, down from 80,000 in 2011
(Chang, 2015). The manpower landscape saw a slew of
measures introduced to tighten the foreign labour
market.

Companies have an obligation to their employees
and stakeholders to create environments with learning
opportunities and career progression (McDonald, 2015).
Therefore, both school and industry leaders must ensure
they work together to develop a futures-oriented

SkillsFuture Initiatives
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A key consideration in the government’s human
capital development policy in the past four years has
been to help local workers adjust to the changing needs
in the industry so that they can continue to remain
“employable”. This involves identifying industries that
are seen to be sustainable over the long run and then
providing workers with the necessary skill sets to stay
employed within them.

• Globally competent
• Financially literate
Since the emergence of a global movement that calls
for a new model of learning in the 21st century, it has
been argued that formal education must be transformed
to enable new forms of learning that empower the
learners to tackle complex global challenges. In a recent
foresight study on the future of learning, Redecker and
Punie (2013) found that 90% of experts surveyed agreed
that schools must increase efforts to open up to integrate
real-life experiences into teaching practices.

The key initiative announced by Singapore
government in 2015 to address this human capital issue
is the SkillsFuture Initiatives (Saad, 2015). SkillsFuture
is a national movement to enable all Singaporeans to
develop to their fullest potential throughout life
regardless of their starting points (SkillsFuture Council,
2015). Through this movement, the skills, passion and
contributions of every individual will drive Singapore's
next phase of development towards an advanced
economy and inclusive society (SkillsFuture Council,
2015). SkillsFuture will enable each Singaporean to take
advantage of a wide range of opportunities to realise
their aspirations and attain mastery of skills (see Table
1). The Labour Movement Budget 2016 emphasized it
will further enhance the Singaporean core at workplaces
and develop sector-specific career ladders as part of the
work done by the SkillsFuture Tripartite Committee on
sectoral manpower (Saad, 2015) .

New Learning Option – Work-Study System
Coupling hands-on learning with education is not a
new idea. John Dewey advocated education through
experience at the turn of the last century (SCOPE, 2013).
However, in reality, relatively few schools offer this
integrated approach, typically limiting instruction to
textbooks and lectures. To address this concern, a new
learning option – “Work-Study System” was introduced
as one of the key SkillsFuture initiatives (Ministry of
Manpower, 2015). There are two types of work-study
system in SkillsFuture initiatives (SkillsFuture Council,
2015):

Table 1: Summary of “Building a future based on skills mastery”

1.

Enhanced Internship:
Both the polytechnics and Institute of
Technical Education (ITE) in Singapore
emphasise on applied learning and its
relevance to work and the careers pursued by
its students. Internships are an integral
component of the courses offered by the
polytechnics and the ITE. Such programmes
aim to give learners exposure to the real work
environment and enable learners to make a
better transition into the workplace. To
improve learners’ learning experience, the
polytechnics and the ITE are working with
employers to enhance their internship
programmes. Some of these enhancements
include clear learning outcomes, better
mentorship, and where relevant, extended
durations of the attachments. This will enable
students to take on more meaningful, real work
activities during internship.

2.

Earn and Learn Programme:
The SkillsFuture Earn and Learn Programme is
a work-study programme designed to give
fresh graduates from polytechnics and the ITE
a head-start in careers related to their discipline
of study. It provides them with more
opportunities, after graduation, to build on the
skills and knowledge they acquired in school,
and better supports their transition into the
workforce (Ministry of Manpower, 2015).
Participating employers can recruit young
Singaporeans and prepare them to take up
suitable job roles. Meanwhile, participants can

Source: SkillsFuture Forum presentation slides on 21 April, 2015.

21st Century Competencies – Skills Mastery
To succeed in the 21st century, the learner and
employee must be supported in acquiring the 21st
century competencies. All 21st century competencies
initiatives must focus on the following (The Partnership
for 21st Century Skills, 2009):
1.
2.

Core academic subject’s mastery: All 21st
century competencies can and should be taught
in the context of core academic subjects.
21st century skills outcomes:
• Critical thinkers
• Problem solvers
• Good communicators
• Good collaborators
• Information and technology literate
• Flexible and adaptable
• Innovative and creative
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look forward to a structured career progression
pathway within the organisation. This
programme is designed in collaboration with
industry to ensure work relevance and the
growth of the sector.

to get the best return on their hiring investment. Talent
management not only helps to build an effective
workforce, it also reduces the cost associated with the
training of new employees. Mentoring is one of the
most effective strategies either as a standalone program
or as part of an existing workforce development
program. By implementing a “mentoring scheme”,
experienced employees can pass on tacit knowledge; act
as positive role models and keep people engaged in an
environment where attraction and retention were key
issues (Wallace et al., 2011). However, it should be
noted that mentoring may be jeopardized because of
inexperienced or untrained mentors, social distance and
a mismatch between the values of mentor and mentee,
inadequate definition of roles and ground rules,
relationship difficulties, and poor recruitment (Cull,
2006; Sarri & Petridou, 2006; Tabbron, Macaulary, &
Cook, 1997).

To support the implementation of the work-study
system, the SkillsFuture Council (2015) recommended
the following measures to support the workplace
learning of the students:
•

•

•

•

•

Support from host companies, such as the
deployment of experienced mentors to monitor
and guide the interns at the host companies.
Learners will be matched to suitable employers
related to their disciplines of study, thus
allowing them to deepen the skills acquired in
school, through workplace learning and
mentorship.
Learners will undergo structured on-the-job
training (OJT) and mentorship, leading to
industry-recognised certification.
Learners will be assigned mentors and be
supported in continual skills development in
accordance with the company’s talent
development plan.
Learners will have a well-structured career
development pathway in the company.

The Mentor@Work Programme for SkillsFuture
Given the pivotal role of the industry mentor in the
skills deepening and capacity building of the SMEs
within the ambit of the SkillsFuture initiative (Spring
Singapore, 2015), it is critical to address the issue of
professional development for mentors (Holland, 2009).
Therefore, high-quality and committed mentors are
crucial to the success of formal mentoring programmes
within organisations (Allen, Eby, & Lentz, 2006; Allen
& Poteet, 1999; Ragins, Cotton, & Miller, 2000).

Mentoring - The Key Success Factor for Workplace
Learning

The Purpose and Intention

As highlighted, earlier the success of such workstudy programmes is contingent on workplace mentors
who are tasked with the coaching and mentoring of
learners within the ambit of the work-study system.
These learners are concurrently registered as part-time
students in a polytechnic that will lead to further
qualifications recognised by the industry. Supporting
work-based learners in busy working environment
presents challenges as well as rewards for both learners
and their workplace mentors.

The intent of the mentorship training is to equip
company mentors with the knowledge, skills and
attitude required to (i) adopt a paradigm shift to
embrace the mentoring role, (ii) strengthen capabilities
in organisational learning and development, and (iii)
position organisations’ branding as employers of choice
with attractive developmental and career growth
opportunities as part of the talent management strategy.
The training seeks to emphasise the paradigm shift in
workplace learning, structured OJT, relevant
development and career growth opportunities through
timely mentoring intervention, that are essential for the
success of the SkillsFuture initiatives.

Workplace mentoring
Mentoring is one of the oldest forms of influence
and knowledge sharing. It is connected historically with
ancient Greek mythology, and more recently in
sixteenth century when young apprentices were
indentured to older craftsmen who passed on knowledge
and skills to develop competencies (Ragins and & Kram,
2007). Mentoring is a tool that organisations can use to
nurture and grow their people by providing a platform
for learners and employees to navigate organizational
culture, solve problems and advance their career
(Abbajay, n.d.).

The Design Principles of Mentor@Work Programme
a. Bite-Sized: In aligning with one of the
SkillsFuture goals of providing an “Expanded
Range of Skills-Based Modular Courses” for adult
learners, all courses/topics offered in this
programme will be chunked into accessible
“Learning Bytes”. Learning Bytes are organised
under various domains for clarity.
b. Flexibility: Each “Learning Byte” is
equivalent to 4 learning hours. Clients have the
flexibility to complete different units of “Learning
Bytes”.

Talent Management
Companies often invest hundreds of thousands of
dollars in recruiting talent but often miss the opportunity
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c. Customisation: The programme can be
customised based on learning needs analysis for
the client.
The Structure of Mentor@Work Programme
The learning bytes are organised into the following 5
learning domains:

Figure 1: Work-Study System for Enhanced Internship and Earn &
Learn Programme

1. Purpose and Induction: This domain seeks to
provide learners with the background of
SkillsFuture and the challenges confronting the
workforce. It provides the rationale for stronger
partnership between school and industry to lead to
more structured internships and better career
pathway as part of overall human capital
development.
2. Planning and Evaluation: This domain covers
learning bytes that introduce learners to the
considerations taken for designing curriculum and
learning plan, setting assessment, and developing
the assessment rubrics in the context of workplace
competencies through the development of OJT
blueprint.
3. Presentation and Facilitation: This domain seeks to
provide participants with enhanced coaching skills
and more productive training methods for effective
delivery of OJT. This domain also offers the
opportunity for participants to learn and apply the
Cognitive Apprenticeship approach to develop
skills and knowledge.
4. Coaching and Mentoring: This domain seeks to
strengthen the concept and practice of coaching
and mentoring. Underpinning the practices of
coaching and mentoring are interpersonal and
motivational skills. This domain also provides
opportunities for participants to apply their
learning in various settings and to enhance their
mentoring skills through peer learning.
5. Reflection and Portfolio: This domain seeks to
provide participants with opportunities to articulate
and reflect on their learning after applying the
knowledge and skills acquired in the first four
domains within their workplace.

The second framework – “Integrated Course Design
Model” (Figure 2) articulates a systematic approach and
guidelines in designing the work-based learning
curriculum, on-the-job learning plan and performance
assessment plan.

Figure 2: Integrated Course Design Model
(Adapted from Dee Fink, 2003)

The third framework – “PEER model” (Figure 3)
illustrates the developmental approach to mentoring.
The 4-stage model traces a mentor’s development from
the stage of initially engaging in task-oriented learning
activities to one becoming independent, confident
practitioners with the ability to innovate and solve
problems.

The Three Key Frameworks
Three frameworks were developed to support and
integrate the 5 learning domains into one holistic
solution as the talent management strategies in
workplace.

Figure 3: PEER Model

Conclusion
The full Mentor@Work programme consists of 37
learning bytes categorised under 5 learning domains. To
promote lifelong learning, this programme is designed
in a way that participants who have successfully
completed the full Mentor@Work programme are
eligible for further progression into the Specialist
Diploma in Applied Learning and Teaching (SDALT),
offered by the Centre for Educational Development, RP.
This progression takes into account exemptions of
modules to reduce the time taken to complete the

The first framework – “Work-Study System for
Enhance Internship and Earn & Learn Programme” (see
Figure 1) is to establish a seamless “integration of
education and training” in schools and at the workplace.
In order for the work-study system to be effective,
educators need to become strategic drivers in facilitating
better job-skill match for learners (Foo, 2015).
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Mentoring at Work: Theory, Research and
Practice. Beverly Hills, CA: Sage.
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learning 2025: Developing a vision for change.
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Saad, I. (2015). Singapore to build on SkillsFuture
initiative in 2016. Retrieved from:
http://www.channelnewsasia.com/news/singap
ore/singapore-to-build-on/2359064.html
Sarri, K., & Petridou, E. (2006). Mentoring Support for
Start-Up Female Entrepreneus: the situation in
Greece. Internationalizing Entrepreneurial
Education Conference. Surry, UK.
SCOPE. (2013). Preparing 21st Century Citizens: The
Role of Work-Based Learning in Linked
Learning. CA: Stanford University School of
Education.
SkillsFuture Council. (2015). About the SkillsFuture
Council. Retrieved 2015, from SkillsFuture:

SDALT qualification. Since September 2015, RP
started to offer Mentor@Work Foundation Programme
which is a 3-day programme consisting of 6 learning
bytes to meet the learning needs of industry mentors in
the Enhanced Internship and Earn & Learning
Programme under the auspices of the SkillsFuture
initiative.
This presentation shares RP’s experience in
developing the Mentor@Work Programme to support
this national movement. Specifically, it highlights the
development process of the five domains of this
programme with the three key frameworks to support
the key measures recommended by the SkillsFuture
Council for workplace learning. It also stresses on the
importance of providing a structured mentoring training
programme to help support mentors in their personal
and professional growth.
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TRAINING PROJECT ON REGIONAL REHABILITATION FOR SAFER AND
MORE SECURE SOCIETY IN FUKUSHIMA WITHOUT NUCLEAR ENERGY
Takayuki Nakamura
National Institute of Technology, Fukushima College, President, Iwaki, Japan
nakamura@fukushima-nct.ac.jp
Abstract

Safety, Disaster mitigation, Creative robot contest,
Decommissioning, Project Based Learning, Active
Learning

The recovery and the rehabilitation of
Fukushima are still on the way. Especially, it is
pointed out that it takes several decades to abolish
and terminate Fukushima Daiichi Nuclear Power
Plant completely and safely. In order to make this
process feasible, raising the younger generation who
have the knowledge and the skills on regional
rehabilitation for safer and more secure society in
Fukushima without nuclear energy is very critical.
National Institute of Technology, Fukushima College
(hereinafter NIT-FC) established an office named
the “Office for Regional Rehabilitation” in January
2012. The office takes the role to implement a
training project which consists of three fields such as
renewable energy, nuclear safety and disaster
mitigation. The office is implementing a special
course for regional rehabilitation at both the
advanced course and the regular course of
Fukushima College. Furthermore, the office
prepares for a special program for the community
too.
In line with the above-mentioned activities, NIT-FC
is going to organize a creative robot contest on
decommissioning in December 2016 under the
cooperation with other higher educational
institutions in Japan. This contest aims at raising
younger students who become interested in the
technologies for decommissioning and the robots
being able to function on the process of
decommissioning of Fukushima Daiichi Nuclear
Power Plant. The students who participate in this
contest are able to acquire the abilities to resolve the
problems and to find out the problems at the same
time. These abilities are able to be acquired through
the training project based on the tasks which are
appearing in the real world not on the theory on the
desk. In this sense, this contest can contribute to the
education of Project Based Learning and Active
Learning at the same time.
Fukushima has become a worldwide known word
recently. However, in order to achieve the real
recovery in Fukushima from the devastated disaster,
steady efforts for the sake of raising the younger
generation are indispensable.

Introduction
Due to the Great East-Japan Earthquake which
occurred on March 11, 2011 and the followed explosion
of Fukushima Daiichi Nuclear Power Plant, Fukushima
Prefectural Government determined and declared the
change regarding energy utilization from nuclear energy
to renewable energy. Based on the declaration,
Fukushima Prefectural Government is implementing the
policy to invite private industrial sectors which are
related to renewable energy. In line with implementing
this policy, National Institute of Technology,
Fukushima College (hereinafter “NIT-FC”) is expected
to raise many engineers who have the knowledge and
the skills regarding renewable energy, because NIT-FC
is the only national technical institution of higher
education in Fukushima Prefecture.
Furthermore, it is said that it takes several decades in
order to abolish and terminate Fukushima Daiichi
Nuclear Power Plant completely and safely. It means
that Japanese institutions of higher education like NITFC will have to produce engineers for a long time in the
future, who have the skills on the technology of nuclear
power plant and the knowledge of radiation. NIT-FC is
required to have a cooperative relationship with Japan
Atomic Energy Agency (JAEA) for the sake of creating
engineers specialized in nuclear safety. Based on the
above-mentioned background, it is one of the important
responsibilities of NIT-FC to implement the policy
concerning educating students in the field of nuclear
safety.
In addition, there are many devastated and still
untouched areas in Fukushima Prefecture which were
damaged by the earthquake and the tsunami and these
areas still remain far from the recovery and the
rehabilitation because of the radiation influence by the
incident of Fukushima Daiichi Nuclear Power Plant.
Based on this reality, the engineers who have the
knowledge and the skills related to disaster mitigation
for urban areas are needed by Iwaki City Government
and other near municipalities.
In order to resolve the problems of Fukushima
Prefecture, NIT-FC established an organization named
the “Office for Regional Rehabilitation (hereinafter
ORR)” in January 2012. This office is directly

Keywords: Training project, Office for regional
rehabilitation, NIT-FC, Renewable energy, Nuclear
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supervised by the President of NIT-FC and is
implementing a project named “Training project in
higher education on regional rehabilitation for safer and
more secure society in Fukushima without nuclear
energy” under the budgetary support by Ministry of
Education, Culture, Sports, Science and Technology
(hereinafter called MEXT) from FY2011 to FY2015.
This office is also working for the purpose of human
resource training on regional rehabilitation and research
on regional industry development.

energy, nuclear safety and disaster mitigation which are
taught by newly hired professors and the professors who
belong to NIT-FC.
In addition, the ORR of NIT-FC implements a special
educational program for the employees of small and
mid-sized private sectors which were damaged by the
disaster. The purpose of this program is to improve their
technical skills and knowledge. The program is able to
contribute to enhance the company’s competitiveness
and increase the job-opportunities for the victims by the
disaster.
Furthermore, the ORR carries out the measurement of
radiation for the municipalities and the community, and
the consultation to rehabilitate the damaged areas in
Fukushima. Moreover, the office organizes community
forums and seminars on regional rehabilitation.

Figure 1, The Great East-Japan Earthquake

Figure 3, Components of this Project
Education: Special Course for Regional
Rehabilitation
The number of subjects for the special course for
regional rehabilitation is 12 and the titles of the subjects
are shown in the Table 1. The students who belong to
this special course at the advanced course have to take
more than 5 subjects. In addition, the experiment related
to rehabilitation is prepared for the students. Moreover,
the students have to conduct special research related to
regional rehabilitation. The inauguration ceremony for
this special course took place at NIT-FC on May 9,
2013. In addition, 9 subjects related to regional
rehabilitation which are shown in the Table 2 are
prepared for the students who belong to the regular
course. The length of regular course is five years and it
is set before the two years advanced course.

Figure 2, Explosion of Fukushima Daiichi Nuclear
Power Plant
Outline of this Project
When the ORR started its works, two professors in
charge of renewable energy, two professors in charge of
nuclear safety and one professor in charge of disaster
mitigation, totally five professors were newly hired by
NIT-FC. In addition, approximately forty professors of
NIT-FC join the ORR.
A special course for regional rehabilitation was
established at the advanced course of NIT-FC from
FY2013, and the number of students of the advanced
course per year was increased from 20 to 25. The
students who belong to the special course are able to
obtain the credits of the lessons related to renewable
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Renewable electricity
generation
Science and engineering
nuclear reactor safety
Disaster prevention
engineering

Power delivery system
engineering
Radiation engineering
Applied communication
engineering on protection
on disaster
Environmental
preservation engineering
Urban economics

Industrial safety
engineering
Application
mechatronics
Mathematical decisionIndustrial economics
making theory
Table 1, Subjects at Advanced Course

Figure 5, Teachers listening to the Lecture

Introduction to
Introduction to
Radiational
environmental and
administration
energy engineering
Communication
Nuclear
engineering for disaster
decommissioning and
prevention
society
Decommissioning of
Overview of nuclear
nuclear plant
plant accidents
Introduction to
Fundamentals of nuclear
radioactivity and
decommissioning
radiation
robotics
Introduction to nuclear
power
Table 2, Subjects at Regular Course

Figure 6, Citizens listening to the Lecture

Education: Special Program for the Community

Research

The ORR of NIT-FC organizes a special program
for the community. During FY2014, several programs
for the community such as “Basic course for photo
voltaic”, “Basic course for radiation”, “Raising
engineers of civil-engineering who are in charge of
regional rehabilitation”, etc. were prepared.

Figure 7 shows the real scale experimental system
of smart grid. This experimental system consists of gas
cogeneration system, wind power, photo voltaic power,
outdoor switchgear, simulator, etc. This experimental
system supplies electricity to the loads at NIT-FC by
connecting with normal electric system and sends heat
to the bathroom of the dormitory of NIT-FC. Even
though a blackout occurs when natural disaster hits
NIT-FC, this experimental system is able to function
properly and send electricity and heat to the important
areas of NIT-FC. This system is able to be applied to the
renovation or the rebuilding of hotels or schools.

Figure 4, Students listening to the Lecture

Figure 7, Real Scale Experimental System of Smart
Grid
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Creative Robot Contest on Decommissioning

In addition, the ORR of NIT-FC implements the stateof-the-art research and development on renewable
energy, nuclear safety and disaster mitigation under the
cooperation with other universities and research
institutions as the following Figure 8 and Figure 9 show.

Reportedly, it will last for three or four decades to
decommission the damaged Fukushima Daiichi Nuclear
Power Plant. Therefore, it is indispensable to educate
younger
generation
who
are
interested
in
decommissioning technology. On the other hand, robot
contest is popular at National Institute of Technology.
In order to take more attention on decommissioning
from younger generation, the education through making
robots which contribute to the decommissioning of
Fukushima Nuclear Power Plant is effective. Therefore,
NIT-FC is planning to organize a creative robot contest
which is going to be held on December 2016. Although
the idea and the technology which are introduced by the
students of NIT are not necessarily directly applied to
the real decommissioning process of Fukushima Daiichi
Nuclear Power Plant, excellent ideas and technologies
can be discussed about the possibility of utilizing them.
Prior to this creative robot contest, the students who are
going to participate in the contest will join the summer
school consisting of the lectures on decommissioning
technology and the visit to Fukushima Daiichi Nuclear
Power Plant. Through this summer school, the students
are able to enhance their creativity to make their robots.
It is inevitable for the students to see and experience the
real decommissioning site in Fukushima.

Figure 8, Removing and recovering cesium from water
and incinerated ash

Field of the Creative Robot Contest

Figure 9, Studies to construct more resilient regional
systems

The creative robot contest on decommissioning is
planned to be held at the Naraha Remote Technology
Development Center of the Sector of Fukushima
Research and Development, Japan Atomic Energy
Agency on December 2016. The field of this robot
contest is considered to be at the mock-up stairs and the
step field which are located in the building of Naraha
Remote Technology Development Center. The mock-up
stairs and the step field are built under the consideration
of the real damaged building of Fukushima Daiichi
Nuclear Power Plant.

Contribution to the Community

Environment of the Field

The ORR of NIT-FC fundamentally implements
the measurement of radiation based on the requests from
the municipalities like Iwaki City, public organizations,
cooperative private sectors of NIT-FC, researchers and
students of NIT-FC. In addition, the ORR also started
the measurement of radiation based on the request by
normal citizens from July 2013.
Furthermore, the ORR of NIT-FC organizes regional
forums on renewable energy, nuclear safety and disaster
mitigation in order to lecture related information and
knowledge to the community. Several forums such as
“Basic course for photo voltaic”, “Examples for nuclear
safety”, “Countermeasures in the case of disasters” were
held during FY2013. Lectures and panel discussion on
the above-mentioned themes took place. A forum titled
“Geothermal power plant and the utilization of
geothermal heat” was held in June 2014.

The mock-up stairs and the step field have the
following common circumstances.
- Dark without lights
- Robots can’t be seen directly due to remote
control
- Radio waves can’t be reached due to the thick
concrete walls
- There is a limit for the control of cameras and
semi-conduct instruments due to the influence of
strong radiation
Above-mentioned circumstances and the real situation
of Fukushima Daiichi Nuclear Power Plant are going to
be explained to the students who will participate in this
robot contest through lectures and summer seminar in
September 2016.
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Tasks for the Robots
(Mock-up Stairs)
- Carry 5kg object from 1st floor to 2nd floor and
return to the original position on 1st floor
- Detect an unknown object on 2nd floor
- Others related to the tasks for decommissioning
(Step Field)
- Detect the shape, the area and the up-and-down of
step field
- Detect an unknown object which is set in the field
- Others related to the tasks for decommissioning
Number of the Participants
15 teams from 13 colleges of National Institute of
Technology have expressed their participation in June
2016.

Figure 11, Step Field
Conclusion
At the graduation ceremony of NIT-FC on March
2015, 14 students were successfully able to get the
credit to complete this special course of regional
rehabilitation for the first time. Each of them mentioned
her or his ambition to contribute to the recovery and the
rehabilitation process of the affected regions in
Fukushima. The recovery and the rehabilitation of
Fukushima are still on the way, even though the rest
area of Japan tends to forget the damages caused by the
Great East-Japan Earthquake. Especially, it is pointed
out that it takes several decades to finalize the
decommissioning of Fukushima Daiichi Nuclear Power
Plant and many cutting-edge technologies will have to
be invented to realize the decommissioning of the plant.
On this point, Creative Robot Contest on
Decommissioning is a challenging event for younger
generation and ought to be continued in the future. In
that sense, NIT-FC will have to raise talented engineers
and send them to the society for long time in the future
under the cooperation with other related universities and
research institutions.

Figure 10, Mock-up Stairs
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Figure 12, Shrinking Contaminated Area in Fukushima
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This paper shares an evidence-based pedagogic
model for implementing a highly effective flipped
classroom approach. The approach presented both
maximizes an active learning approach and the learning
affordances of info-communication technologies. It
firstly explains what a flipped classroom is, its key
pedagogic features and potential learning benefits in
terms of the student learning experience and outcomes.
Secondly, it highlights the importance of designing and
facilitating student learning experiences based on
instructional methods that, from extensive research,
suggest the most positive effects on attainment, based
on a measurement parameter known as ‘Effect Size’.
Examples of high effect size instructional strategies in
the context of this work are outlined, as well as the
creative blending of particular methods and e-tools,
which can result in especially high impact learning
experiences and attainment opportunities for students.
The pedagogic approach also incorporates ‘Core
Principles of Learning’ as fundamental design
heuristics in the construction of instructional strategies,
and strongly emphasizes that good pedagogy must
come before technology in learning design.
Technology will not make a poorly designed lesson an
engaging and effective one; however, it can
significantly enhance aspects of the learning process in
the case of well-designed lessons. This is essential in
the case of the flipped classroom as the important
overall design consideration is how best to maximize
the learning affordances of both online and face-to-face
modes of instruction. Thirdly, there is a particular
focus on creating an overall active learning
environment to facilitate high levels of student
engagement and two-way feedback relating to
formative assessment, which has a particularly high
effect size for enhancing student attainment. Quality
feedback makes both student learning and faculty
thinking visible, thus enabling accurate assessment of
present performance levels, identification of learning
gaps, and planning effective strategies to meet desired
goals. The final section of the paper summarizes and
illustrates the full pedagogic framework and how it can
be systematically employed in designing and
facilitating highly effective flipped classroom lessons.

Active Learning and Flipped Classroom
Active learning is generally defined as any
instructional method that engages students in the
learning process. In short, active learning requires
students to do meaningful learning activities and think
about what they are doing (e.g. Bonwell & Eison,
1991). There are many forms of active learning
strategies, and evidence from the literature shows that
they can be effective in improving student learning
compared to traditional lecture (e.g. Prince, 2004). The
latest form of active learning that had caught
widespread attention is flipped classroom. The flipped
classroom is essentially a blended learning format for
organizing the student learning experience utilizing the
potential benefits of blended learning. While there are
many definitions of blended learning, Garisson &
Vaughan (2008) capture the key elements nicely when
they assert it
…is the thoughtful fusion of face-to-face and online
learning experience…optimally integrated such that
the strengths and weakness of each are blended into
a unique learning experience congruent with the
context and intended educational purpose.
…combines the properties and possibilities of both
to go beyond the capabilities of each separately.
(p.6)
The basic approach in flipped classroom is that
students are given an online learning experience before
coming to class, often through a recorded lecture and
related reading and activities (previous done through the
face-to-face class lecture), which is to help them acquire
the key underpinning knowledge relating to a topic area
before the face-to-face session. This approach is to free
up class time to apply the content knowledge
thoughtfully in more real-world active learning
application. Various authors had mentioned the
potential benefits of flipped classroom (e.g. Fulton,
2012; Herreid & Schiller, 2013) which include:
 students being able to learn more at their own pace
 doing “homework” in class gives teachers better
insight into student difficulties
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the influences on learning and most significantly, he
was interested not just in what factors impacted
learning, but the extent of their impact - referred to as
Effect-Size. Effect size is a way to measure the
effectiveness of a particular intervention to ascertain a
measure of both the improvement (gain) in learner
achievement for a group of learners and the variation of
learner performances expressed on a standardised scale.
By taking into account both improvement and variation
it provides information to which interventions are worth
having.
Hattie firstly identified the typical effect sizes of
schooling without specific interventions, for example,
what gains in attainment are we likely to expect over a
one-year academic cycle? Typically, for students
moving from one year to the next, the average effect
size across all students is 0.40. Hence, for Hattie, effect
sizes above 0.4 are of particular interest. As a baseline
an effect size of 1.0 is massive and is typically
associated with:
 Advancing the learner’s achievement by one year
 Improving the rate of learning by 50%
 A two grade leap in GCSE grades
Table 1 shows examples of effect sizes in learner
attainment from Hattie’s meta-analysis which featured
some high impact methods on student attainment, as
demonstrated by their effect size.

 teachers can more easily customize and update the
curriculum to meet students learning needs as they
arise
 classroom time can be used more effectively and
creatively
 students who miss class can watch the lectures in
their own time
 students are more actively involved in the learning
process
 a greater positive impact on attainment and the
learning experience than the traditional mode (based
on self-reporting)
At present, research relating to the effectiveness of
the flip format is more descriptive rather than
empirically validated (e.g. Waldrop & Bowden, 2015).
Similarly, Murray, Koziniec & McGill (2015) noted that
although flipped classroom has received a lot of
publicity, there has been little formal evaluation of its
impact on student satisfaction or performance. As will
be introduced later, an evidence-based pedagogical
approach offers greater effectiveness in evaluating the
flipped classroom in terms of its potential for enhancing
student
learning
experiences
and
attainment
opportunities.
Evidence-based Approach to Teaching and Learning
Slavin (2008) argued that “throughout the history of
education, the adoption of instructional programs and
practices has been driven more by ideology, faddism,
politics, and marketing than by evidence.” Certainly for
many decades, it seemed, as Sallis & Hingley (1991)
commented, “Education is a creature of fashion.” As a
consequence, many teachers consider that effective
teaching is such a common-sense endeavor that comes
naturally (Halpern & Hakel, 2003). However, many
typical practices of teachers, such as long heavy content
lectures, do not concur with what is known about human
learning (Saville, 2010). One therefore has to be
cognizant of the need to continually improve our
teaching to maximize student learning. Groccia and
Buskit (2011) for example, noted that “…as teachers, it
is always necessary (italics in original) to improve.”
An evidence-based approach to teaching and
learning refers to the pedagogical knowledge, method
use and principles of learning that have shown, through
extensive research, to promote better learning (Saville,
2010; Dunn et al, 2013). This is crucial to maximize
student learning opportunities and for educators to have
evidence about their learning and performance in order
to support them to achieve better quality educational
outcomes. To this end, the process of evidence
gathering to inform teaching and learning must be an
explicit and accountable one, which is equitable,
representative, valid, and reliable (Bruniges, 2005).
Of particular significance in this area is the work of
Hattie (e.g. 2009; 2012), which was an educational
landmark in the movement away from more ideologicalbased paradigms towards evidence-based practice in
teaching. Hattie synthesized over 800 meta-analyses of

Table 1. Examples of effect sizes (Hattie, 2009)
Influence
Feedback
Students getting feedback on their work from
the teacher, their peers or some other sources.
Note: some feedback has more effect size than
others. For example, peer assessment is 0.63
and self-assessment is 0.54

Mean
Effect Size
0.73

Meta-cognitive strategies
Students can systematically think about (plan,
monitor and evaluate) their own thinking and
affective processes (e.g. beliefs, emotions,
dispositions) to develop effective learning to
learn capability and self-regulation

0.69

Challenging goals
Students having a clear frame on, and see
purpose in, what they are learning, as well as
experience realistic challenge in meeting goal
expectations
Advanced organizers
Giving students an overview (in an appropriate
format and level of understanding) of what is
to be learned in advance of the lesson, to help
make meaningful connections between their
prior knowledge and the new material to be
presented

0.56

0.41

However, as Hattie notes, it is important to balance
effect size with the level of difficulty of interventions.
For example, providing ‘advance organizers’
(summaries in advance of the teaching) have an effect
size of 0.41, which is pretty average, but they only take
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up a few minutes at the beginning of the lesson, and
potentially offer the equivalent of moving up a year in
terms of a student’s achievement. He goes on to make
relative comparisons of intervention use, which enables
us to go beyond identifying the effect sizes for
particular innovations (deliberative intervention
involving strategy/method use for a group of students),
and ascertain whether the effects of a particular
innovation were better for students than what they
would achieve if they had received alternative
innovations.
Of particular significance is the fact that it is not just
the effect size of one intervention that is important, but
how a number of effective methods can be strategically
and creatively combined to produce powerful
instructional strategies that significantly impact student
attainment. As Hattie (2009) pointed out:
…some effect sizes are ‘Russian dolls’ containing
more than one strategy. For example, ‘Feedback’
requires that the student has been given a goal, and
completed an activity for which the feedback is to be
given; ‘whole-class interactive teaching’ is a
strategy that includes ‘advance organizers’ and
feedback and reviews. (p.62)

6. Instructional methods and presentation mediums
engage the range of human of senses
7. Learning design takes into account the working of
memory systems
8. The development of expertise requires deliberate
practice
9. A psychological climate is created which is both
success-orientated and fun
10. Assessment practices are integrated into the learning
design to promote desired learning outcomes and
provide quality feedback
The 10 Core Principles of Learning are not
exhaustive or summative as new knowledge and
insights will continually enhance our understanding of
human learning and the implications for how we teach.
However, as Willingham (2009) rightly noted:
Principles of physics do not prescribe for a civil
engineer exactly how to build a bridge, but they do
let him predict how it is likely to perform if he
builds it. Similarly, cognitive scientific principles do
not prescribe how to teach, but they can help you
predict how much your students are likely to learn.
If you follow these principles, you maximize the
chances that your students will flourish. (p.165)
Furthermore, just as combining high effect methods
can have a powerful overall impact on learner
attainment, as captured in Hattie’s (2009) analogy of
‘Russian Dolls’, the same applies to the thoughtful and
creative application of core principles of learning. As
Stigler & Hiebert (1999) highlighted:
Teaching is a system. It is not a loose mixture of
individual features thrown together by the teacher. It
works more like a machine, with the parts operating
together and reinforcing one another, driving the
vehicle forward. (p.75)

Figure 1. Russian dolls (source: www.kzero.co.uk)

Assessment for Learning (Formative Assessment)

Core Principles of Learning

As shown in Table 1, feedback given in the form of
formative assessment is an important intervention with
high effect size (0.73). Formative assessment is a
planned process by which assessment-elicited evidence
of students’ status is used by teachers to adjust their
ongoing instructional procedures or by students to
adjust their current learning tactics (Popham, 2011). As
noted by Marzano (2009):
In terms of providing teachers with feedback, the
focus must always be on student learning and the
perspective must always be that the instructional
strategies are a means to an end.
The evidence that formative assessment is a
powerful lever for improving outcomes for learners has
been steadily accumulating over the last quarter of a
century. Over that time, at least 15 substantial reviews
of research, synthesizing several thousand research
studies, have documented the impact of classroom
assessment practices on students. The general finding is
that across a range of different school subjects, in
different countries, and for learners of different ages, the
use of formative assessment appears to be associated

From an evidence-based perspective, it is not just the
methods that work best, but also the underlying core
principles of learning that facilitate the learning process
(e.g. Ambrose, Bridges, DiPietro, Lovett and Norman,
2010; Willingham, 2009). For example, Sale (2015)
offers the following 10 Core principles of Learning as
key guiding heuristics from which teaching
professionals can plan learning experiences and teach
more effectively:
1. Motivational strategies are incorporated into the
design of learning experiences
2. Learning goals, objectives and proficiency
expectations are clearly visible to learners
3. Learners prior knowledge is activated and connected
to new learning
4. Content is organized around key concepts and
principles that are fundamental to understanding the
structure of a subject
5. Good thinking promotes the building of
understanding
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with considerable improvements in the rate of learning
(Leahy and Wiliam, 2012).
Black et al (2003) noted that the concept of
‘feedback’ is central to the operation of any system that
has to adapt to manage change, of which formative
assessment is one. These authors listed four key
components required for effective feedback:
 Data on the actual level of some measurable
attribute
 Data on the desirable level of that attribute
 A mechanism for comparing the two levels and
assessing the gap between them
 A mechanism by which the information can be used
to alter the gap

questions, created for example using Socrative or
Kahoot) for students to monitor his/her understanding of
the topic concerned. Feedback is formative, whereby
brief explanation for all answers (right or wrong) are
provided. Evidence of students learning can be
discerned from the result captured. When in class, the
lecturer will engage students firstly by pointing to an
advanced organizer that described the day’s lessons and
how the topics are tied into the overall module learning
aims. The learning outcomes for the day are then
explained. Depending on the difficulty of the topic
concerned, the lecturer may use the concept checkpoint
to further ascertain students’ understanding before
proceeding. The lecturer then introduces various class
activities, based on the learning context requirements,
using videos, short case studies, news clippings,
simulations, etc so that students get to practice thinking
and deliberate practice in applying the concepts learned.
Again, depending on the difficulty of the topics, the
lecturer may introduce additional concept checkpoints,
usually by asking relevant probing questions. The
lecturer can conclude the day’s lesson with a summary
of concepts covered, and where necessary, initiate
another round of concept checking.

Affordances in Info-Communication Technologies
The flipped classroom is fundamentally about good
pedagogic design, and that needs to be evidence-based
in terms of the methods that work best and what we
know about how humans learn – the core principles of
learning. However, in the context of this paper, infocommunication technologies (ICT) are seen as offering
key affordances in terms of enhancing effectiveness and
efficiency in the learning process. ICT in this context
refers to the freely available Web 2.0 Tools as well as
specialized computer simulation and modelling
softwares for use in teaching and in enhancing student
learning. Reddi (2007) noted that when a decision is
taken to use ICTs for educational purposes, we must be
able to define and describe for what purpose the content
will be used and also be very clear as to what delivery
system we are going to use. Such a decision should not
be based on the technologies but on the conditions and
contexts in which we seek to use the ICTs; from simple
access to modules or to enhance specific aspects of the
learning process. Although the above-mentioned core
principles of learning did not make explicit references to
ICTs, their use is particularly noticeable in Principle
No.10 for facilitating the feedback process. In practice,
ICT tools are useful in supporting all core principles of
learning. For example, Principle No.3 via web site links
to earlier topics; and Principle No.9 by including in the
learning process elements of play. ICT tools can also be
used to promote good thinking (Principle No.5) but as
noted by Sale (2014), we need to be clear from a
pedagogical point of view about the types of thinking
that we are trying to promote and provide practice in, as
technologies themselves do not ensure good thinking.

FLIPPED
CLASSROOM
Disciplinary
Knowledge

IN-CLASS
ACTIVITY
Advanced
Organizer

ASSESSMENT
& EVIDENCE

ICT
TOOLS

Quiz
Result

Camtasia

FORMATIVE

SelfEvaluation

Concept
Checkpoint

Quiz
Result

Web Sites
Socrative

FORMATIVE

Self-Learn
Activities

Knowledge
Application
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Mock Test w/
Peer Marking

Assignment
Report

Google Doc
Padlet
EnVision*

FORMATIVE

Knowledge
Application
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Result

EnVision*

SUMMATIVE
*Or other discipline-specific software(s)

Figure 2. Example of an Evidence-based Flipped
Classroom Format
This process may be repeated a number of times to
facilitate the necessary practice and reinforcement for
memory to build up of key competencies. Subsequent
lessons will build on the topics covered earlier, and
further concept checkpoints may be used as needed to
ensure students are able to integrate earlier learning into
the current context.
Classroom discussions may require students to
provide answers in class, using platforms such as
Google Doc, or Padlet (which is a form of digital Post-It
notes). For example, students may be given a topic and
are asked to discuss in groups and present a jointlyreasoned answer in Google Doc. Individual students

Flipped Classroom: An Evidence-based Pedagogy
An example of the pedagogical model, which
combines the most effective methods, principles of
learning and the affordances of ICT, is shown in Figure
2. Student learning starts with learning of disciplinary
knowledge outside of classroom. This is usually a video
recording of a PowerPoint-based lecture created using
Camtasia or YouTube videos uploaded by professional
organizations. This is followed by a self-evaluation
exercise (usually multiple choice questions or true/false
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may also be asked to provide input using Padlet. These
student responses are projected onto the screen and
allow the lecturer to quickly ascertain if students
understand all the key concepts taught up to that point.
Responses from groups that consistently missed out on
an item may point to significant gaps and
misconceptions relating to particular concepts in a topic.
To better prepare students for a graded-assessment,
such as a written assignment, a mock test is
administered, and the report submitted by students are
marked with focused annotations to provide task- and
process-specific feedback. Classroom discussion
focuses on key areas of improvement so that gaps in
knowledge and thinking can be made visible and
collaboratively addressed. Another effective and
efficient method to help students learn important
process assessment skills is via peer marking using a
given set of rubrics. Students are taught how to mark a
set of model answers. It is worthy to note that some of
the responses in the model answers were made to be
deliberately less-than-satisfactory, challenging them to
identify the shortcomings in the answers, and to offer
ways to improve these answers. The rubrics thus serve
to inform students of our expectations. For more
challenging topics, additional self-learning activities are
provided for students practice before embarking on the
graded-assessment (summative).

Conclusions
The challenge of designing and facilitating the
student learning experience from an evidence-based
teaching approach using the flipped classroom format
was an exciting one. Certainly we feel that the approach
shared in this paper is the most logical theory-based
instructional model to underpin our teaching using the
flip classroom format. This is crucial, as Black and
Wiliam (1998) summarize:
Teachers will not take up attractive sounding ideas,
albeit based on extensive research, if these are
presented as general principles which leave entirely
to them the task of translating them into everyday
practice – their classroom lives are too busy and too
fragile for this to be possible for all but an
outstanding few. What they need is a variety of
living examples of implementation, by teachers with
whom they can identify and from whom they can
both derive connection and confidence that they can
do better, and see concrete examples of what doing
better means in practice.
Similarly, Dziuban, Hartman & Moskal (2004) point
out:
Maximizing success in a blended learning initiative
requires a planned and well supported approach that
includes a theory-based instructional model, high
quality faculty development, course development
assistance, [and] learner support. (p.3)
This approach is now being piloted with the
Diploma in Chemical Engineering in Singapore
Polytechnic, and detailed work is covered elsewhere by
Cheah (2016). Our future goal is to improve the
capability of maximizing the blend of high effect size
teaching methods and the affordances of the flip format
to create highly effective, efficient and creative learning
experiences for the students we teach. This we feel is a
real merging of the science, art and craft of teaching
(Eisner, 1995).

Evaluating a Flipped Classroom
In evaluating the student learning experience of the
flipped classroom, it is important to recognize that some
areas are generic to the context of learning, e.g. the
learning space, resource access and technical design and
functionality. Hence, in conducting evaluation, such
features may need to be ascertained and taken into
consideration, as well as specific pedagogic focal areas.
In this work, we used an evidence-based approach as
the guiding heuristics for evaluating the instructional
design and teaching practices, as well as the students
learning experiences. For the latter, the aim is to unpack
the components of the experience and identify which
features have most significantly impacted student
learning (e.g. positively, negatively or other), and on
what basis. To assist this process, we have enlisted the
participation (voluntarily) of at least two students per
class as “co-participants” (Lincoln, 1990) in the
research process. They provide regular feedback on
their learning, and that of classmates (where possible)
through focus group interviews and questionnaires. This
enables ongoing appraisal of the instructional strategy,
evidence-based diagnosis of student learning, both in
terms of attainment and experience. In this way,
modifications and new components can be introduced
with a high predictive capability of being effective and
efficient in the learning stakes.
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Abstract

and the active learning part in this program, is company
internship based on collaborative research between TUT
faculties and industries. As university professors
generally have little experience in creating new products
for sale, students would do well to gain experience in
developing commercial industrial products.
Although some educational programs stop accepting
students after governmental financial support has
terminated, approximately 10 students apply for the
MOT program every year; moreover, TUT is extending
the program to other departments.

Since 2006, Toyohashi University of Technology
(TUT), Japan, has offered a graduate school
program on the Management of Technology (MOT).
This program is mainly for Master’s students in the
Department of Mechanical Engineering. This paper
introduces an outline of the MOT program. The
program offers three types of subjects, with the first
being typical mechanical engineering subjects. The
second type includes social sciences subjects, such as
management science. The third type of subject,
which is the most characteristic feature and the
active learning part in this program, is company
internship based on collaborative research between
TUT faculties and industries.

MOT Company Internship
The MOT program aims to develop professional
engineers who possess knowledge of both technology
and management and can take a leadership role in
industrial projects. Therefore, the program offers MOT
company internship based on collaborative research
with industries. This is because collaborative research
allows in-depth discussion with industries on product
development, including cost viewpoints.
Although typical internship periods in industries are
around a couple of weeks, TUT offers an on-the-job
training program for all undergraduate students. This is
undertaken around the last two months of undergraduate
study to enhance future Master’s study. Around 200
companies have provided internship positions every
year since the establishment of TUT. The MOT
company internship offers a flexible period of study, in
which the minimum requirement is only 90 hours,
although the required period differs among companies.
Typically, students participate in an internship program
for more than a month.
Because experiences abroad are also important for
taking initiative in R&D, overseas internships are
allowed for PhDs, including internships at universities
and research institutions.
The numbers of applicants are as follows:

Keywords: graduate school program, management of
technology, company internship, industry–university
collaboration, social science
Introduction
In addition to its wide range of active learning programs,
Toyohashi University of Technology (TUT), Japan, has
introduced a graduate school program on the
Management of Technology (MOT) in 2006. This
program was introduced mainly for Master’s students in
the
Department
of
Mechanical
Engineering.
Furthermore, it received government support for five
years under Cooperative Plans for High-level Personnel
Dispatch (renamed in 2008 to the Practical Human
Resource Development Program by Industrial–
Academic Cooperation).
The MOT is the management discipline that pursues
understanding of technology potential and harnessing of
such potential to the benefit of organizations that aim to
create new technologies and products. As most students
at TUT are from the National Institute of Technology,
they typically excel in technological subjects. However,
economic and administrative viewpoints are also
required for them to take the initiative and be innovative
in creating new products at a managerial position.
The MOT program offers three types of subjects. The
first includes typical mechanical engineering subjects,
such as the four major dynamics. The second includes
social sciences subjects, such as management science.
The third type, which is the most characteristic feature

2006: started with the support of Japanese government
as a five-year project, 4 Master’s students
2007: 1 Master’s student
2008: 9 Master’s students and 1 PhD student studied in
Germany
2009: 14 Master’s students and 1 PhD student studied in
Germany and France
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2010: 8 Master’s students and 2 PhD students studied in
Germany, Demark, and the US
2011–2016: around 10 Master’s students each year
An example product (gantry crane) from a company that
accepts MOT program students is shown in Fig. 1(a).
After a company president gives a lecture on company
management and the market for industrial machines, the
student develops an experimental machine for
verification by a control algorithm, as shown in Fig.
1(b).
One PhD student took the internship abroad and went to
three major universities, two venture companies, and an
established company in the US to study business startup and administration and to research abroad.

(a) Company product (b) Designed testbed for control
           verification  
Figure 1 Example of MOT company internship work
The contents of other subjects are found in [1].

Course Structure

Conclusions

Table 1 presents the basic course structure of the MOT
program. In addition, students take typical mechanical
engineering subjects from four groups: mechanical
systems design, materials and manufacturing, system
control and robotics, and environment and energy.
As the MOT is the management discipline that pursues
understanding of technology potential and harnessing of
such potential to the benefit of organizations, the
program offers several important social science subjects
on management, research, and development. For
example, management science is a compulsory subject
whose contents are as follows:
basic probability, normal probability variable, geometric
Brownian motion, interest rates, arbitrage trade, Black–
Scholes formula, dividend, jump, volatility estimation,
valuation by expected utility, stochastic order,
optimization model, stochastic dynamic programming,
and exotic option

As knowledge of both technology and management are
required for product development in industries, TUT
established the MOT program based on collaborative
researches with industries. Study abroad programs for
PhD students are also provided to understand crosscultural business administration and R&D. Although
some educational programs stop accepting students after
government
financial
support
is
terminated,
approximately 10 students apply for the MOT program
every year; moreover, TUT is extending the program to
other departments.
References
[1] Toyohashi Univ. Tech., Dream Campus,
https://www.ead.tut.ac.jp/syllabus/SearchMain.aspx?

Table 1 Course structure of MOT program
Category

General
Subjects

Reseach
Ethics
Natural
Science
Social
Science
Humanities

Compulsory/
Elective

Credits

Compulsory Ethics of Reseacher
Compulsory
Compulsory
Elective
Elective
Compulsory

MOT Program
Specilized Subjects

Subject name

Compulsory
Elective

Elective

Life Scienece
Environmental Science
Management Science
Operations Management
Intellectual Property Law
Innovation Management
Others(Omitted)
Omiited
Seminar in Mechanical Engineering 1
Seminar in Mechanical Engineering 2
Supervised Research in Mechanical Engineering
MOT Company Intermship
Technological Strategy and Intellectual Property Law
Real Options
Strategic Management
Marketing
Technical Writing in English
English Comprehension and Speaking
Advanced Topics in Mechanical Engineering 1
Advanced Topics in Mechanical Engineering 2

45

1
1
1
2
2
2
1

3
2
4
2
2
2
2
2
1
1
1
1

Classes (90 min.) per week
1st year
2nd year
Spring
Fall
Spring
Fall
1
2
1
2
1
1

1
1
1
1
Intensive

3

1

Intensive
1
1
1

1
Intensive
Intensive

1

6

2
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Abstract

Introduction

Higher education institutes are supposed to be
experts on teaching and learning. They should be the
sources for future experts and professionals for the
21st century. Despite this expertise, we can for
example hear concerns about the appropriateness of
teaching and learning, and about the skills our
graduates have. We know that everyone involved with
the professional engineering education design have at
some point stopped to think about the education from
different perspectives. Higher education institutes
have to understand the need they are educating for –
they should know the professional roles and practical
context of their graduates. They should also have the
understanging of the knowledge, skills and attitudes
their graduates should possess. In other words, they
should be aware of the 21st century needs,
requirements
and
possibilities.
These
two
perspectives – the need and the learning outcomes –
can be decided and agreed for example with
discussions together with the industry and other
stakeholders. Unfortunately, these are not enough –
the HEI still needs to find correct ways of working to
ensure that their students really learn. It means that
HEI have to look at their programme from different
viewpoints: curriculum, teaching activities, learning
processes, workspaces and assessment. This is the
difficult part of the work: curriculum structures are
stopping the changes, teaching activities and learning
processes are not relevant for the 21st century
learner, workspaces are outdated and don’t’ support
the skills of the 21st century, and assessment is
assessing student’s memory rather than student’s
understanding. The CDIO initiative tries to answer
these challenges, but it doesn’t give you the cookie
cutters to solve your challenges. In this speech the
learning and teaching needed in the 21st century is
discussed and traditional approaches are challenged.
Furthermore the best parts of CDIO initiate will be
introduced and reflected on the 21st century teaching
and learning.

Higher education institutes have a problem. They
should be the sources for future experts and
professionals for the 21st century. Higher education
institutes have to understand the need they are educating
for – they should know the professional roles and
practical context of their graduates. Their education and
training should produce skills at the right level and in
the relevant areas for the needs of the labour market and
the economy more broadly (Frey, Holmes, & Osborne,
2016). Using Rose’s (2012) description of the challenge
we could say that higher education has to educate
students for jobs that don’t yet exist, using technologies
that have not been invented, in order to solve problems
we don’t even know are problems yet. It doesn’t make
the challenge any easier that we are today, according to
many industry observers, on the cusp of a Fourth
Industrial Revolution (World Economic Forum, 2016).
Technological innovation will demand a new set of
skills in the workforce. The accelerating pace of
technological, demographic and socio-economic
disruption is transforming industries and business
models, changing the skills that employers need and
shortening the shelf-life of employees’ existing skill sets
in the process (World Economic Forum, 2016). This
rapid technological change is making increased
investment in education as a number one policy
suggestion. Many argue that science, technology,
engineering and math skills are needed. On the other
hand non-cognitive skills can be increasingly important
too. Anyway the different factors and ideas are lowering
the ability of education to adapt the space and scope of
technological change. We need more coordination and
communication between educational and employment
sectors. (Frey et al., 2016)
Many countries have reacted to the changes and
developments in the world. For example, the Finnish
higher education is in change. There have been many
recent reforms in the higher education sector in Finland.
At the same time, Finland is losing competitive
advantages in terms of highly educated workforce and
innovation capacity (Ministry of Education and Culture
Finland, 2015). Despite the reactions in higher
education ministries in various countries, it seems that
ensuring that the education system of a given country
produces both the necessary level and mix of skills will
continue to be a major challenge in the coming decades

Keywords: Digitalization, Teacher’s training,
Faculty development, Innovation pedagogy, CDIO
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(Frey et al., 2016). Unfortunately, during previous
industrial revolutions, it has often taken decades to build
the training systems and labour market institutions
needed to develop major new skill sets on a large scale.
Given the upcoming pace and scale of disruption
brought about by the Fourth Industrial Revolution,
however, this may simply not be an option (World
Economic Forum, 2016). Therefore like Gerstein and
Friedman (2016) write Institutions of higher education
have no choice but to adapt to changing conditions and
focus on skills and competencies. Higher education
institutes won’t be able to create more and more
academic programs and department as an answer to the
future requirements. Rather they need to create
opportunities to collaborate and share knowledge and let
students move from department to department, from
course to course. Still, the most existing education
systems at all levels provide highly siloed training and
continue a number of 20th century practices that are
hindering progress on today’s talent and labour market
issues (World Economic Forum, 2016).
These perspectives – the need and the learning
outcomes – can be decided and agreed for example with
discussions together with the industry and other
stakeholders. Unfortunately, these are not enough – the
HEI still needs to find correct ways of working to ensure
that their students really learn. It means that HEI have to
look at their programme from different viewpoints:
curriculum, teaching activities, learning processes,
workspaces and assessment. This is the difficult part of
the work: curriculum structures are stopping the changes,
teaching activities and learning processes are not relevant
for the 21st century learner, workspaces are outdated and
don’t’ support the skills of the 21st century, and
assessment is assessing student’s memory rather than
student’s understanding. We should move to measuring
student competences and what is actually learned, we
should move away from the old definition of x hours
equalling one credit.
During recent years, different initiatives to reform
education have been introduced. Some of these will be
introduced in the next sections. Even new models to
create new universities are being developed, but
unfortunately the existing institutions of higher
education are adapting to the changing business
environment slowly (Gerstein & Friedman, 2016). If not
changing the whole system, the education should take
certain steps according to the Technology at Work v2.0
(Frey et al., 2016). Their study lists how education
should adapt to equip people for the jobs needed in the
future. Three top answers in the study were 1. Increase
focus on STEM subjects, 2. Increase focus on soft skills
and 3. Move to active learning. Interestingly these three
are very high on the agenda of the different education
initiatives too. For example the CDIO approach
emphasizes strong expertise in engineering skills and
soft skills (which CDIO call as professional skills). In
addition, active learning is key teaching and learning
ideology in CDIO approach with an own standard for it
(CDIO, 2014b). Furthermore, skills that continue to be
relevant are communication, creativity, critical thinking,

collaboration, entrepreneurial skills and innovation
abilities!.
In this paper different initiatives to improve
education are introduced and discussed. Finally, paper
concludes with key observations to teaching and
learning for 21st century.
Different initiatives for future education
There are several examples and initiatives that have
recognized challenges and problems in the current way
of doing engineering education. There are for example
initiatives such as CDIO (CDIO, 2016), Big Beacon
(Big Beacon, 2016), New Model in Technology &
Engineering (NMITE, 2016). In addition there are other
- often university based - manifestos to change
engineering education such as the work done in TU
Delft (Kamp, 2014) and there are university based
pedagogical strategies guiding the overall education
development such as the Innovation Pedagogy in Turku
University of Applied Sciences (Turku University of
Applied Sciences, 2015). Most of them start with
explanations or observations to rationale the need for
change and reform. For example, Big Beacon states
very strongly and directly about their concern about
engineering education: “But those who come to school
in search of the excitement of creating cutting edge
technology or helping people through engineering find
something else. They find an educational system stuck in
a rut, a rut not of the 1990s or 1980s, but a rut of the
1950s.”. NMITE on the other hand list several
challenges of today’s engineering education:
• Engineers and society do not interact enough
• We need more engineers to address current and
future global challenges
• In the English-speaking world, engineering
attracts few female or BAME students
• Insufficient numbers taking maths or physics
• Drop-out from current programmes is too high
• Student engagement is too low.
CDIO initiative started as a response to the industry
concerns about students graduating with poor skills in
engineering practice although technically adept. The TU
Delft paper paints the big challenge engineering
education still has: We have to educate students for jobs
that don’t yet exist, using technologies that have not
been invented, in order to solve problems we don’t even
know are problems yet.
CDIO – Conceive, Design, Implement, Operate
The CDIO approach started in 2000 to improve
engineering education to narrow the gap between the
working life expectations and engineering education
practices. The key elements of the CDIO approach are
(E. Crawley, Malmqvist, Östlund, Brodeur, & Edström,
2014):
• understanding the context of engineering
education,
• understanding the abilities needed by
contemporary engineers and
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Big Beacon

reforming education to ensure that students
learn these abilities.
The CDIO approach provides a number of resources
that individual programs can adapt and implement to
meet these goals. The CDIO standards describe 12
principles to effective education and practice. The basic
principle is that the authentic context of engineering
education is the conceiving-designing-implementingoperating of products, processes and systems.
Knowledge and skills are learned in a cultural
surrounding and environment that contributes to
understanding (E. F. Crawley, Malmqvist, Lucas, &
Brodeur, 2011). The CDIO Standards define the
distinguishing features of a CDIO program. They guide
and support educational program reform and evaluation,
and provide a framework for continuous improvement.
The standards aim at improved learning results, students
learning more and students having a better experience at
their HEIs. The 12 CDIO Standards address program
philosophy (Standard 1), curriculum development
(Standards 2, 3 and 4), design-implement experiences
and workspaces (Standards 5 and 6), methods of
teaching and learning (Standards 7 and 8), faculty
development (Standards 9 and 10), and assessment and
evaluation (Standards 11 and 12) (CDIO, 2014a). Each
standard is documented with a description explaining
the meaning of the standard, with a rationale
highlighting the reasons for setting the standard, and
with evidence providing examples of documentation
and events that demonstrate compliance with the
standard.
The another key element and effective practice of
CDIO approach – the CDIO syllabus – answers to the
challenge that a program should have set “Specific,
detailed learning outcomes for personal and
interpersonal skills, and product, process, and system
building skills, as well as disciplinary knowledge,
consistent with program goals and validated by program
stakeholders.” The general objective of the CDIO
Syllabus is to describe a set of knowledge, skills and
attitudes desired in a future generation of young
engineers. It offers rational, complete, universal and
generalizable goals for undergraduate engineering
education. The syllabus organizes learning outcomes in
four high-level categories:
• technical knowledge and reasoning,
• personal and professional skills and attributes,
• interpersonal skills: teamwork and
communication
• conceiving, designing, implementing and
operating systems in the enterprise, societal
and environmental context.
Although CDIO is not a quality assurance tool the
CDIO approach supports it too. Standard 12 guides
programs to identify areas of education that should be
further developed. This self-evaluation tool supports
comprehensive development of education for the
purposes of continuous improvement (Kontio et al.,
2012).
•

The Big Beacon approach talks about a whole new
engineer answering the needs of our current and future
world that is changed by technological forces. Big
Beacon has its roots in the work on engineering
education transformation at the Illinois Foundry for
Innovation in Engineering Education (ifoundry), Olin
College, and the Olin-Illinois Partnership (OIP) (Big
Beacon, 2016). The activities started in 2007 and in
2011 Big Beacon was first used to promote the needed
change in engineering education. In 2012, the Big
Beacon Manifesto was written. The manifesto describes
“A Whole New Engineer” with 12 statements such as
• Is open, trusted, and trusting
• Has the courage to initiate, fail, and initiate
again.
• Is technically competent and agile.
• Is a team player, a collaborator, and a
community builder.
• Is a reflective thinker and a self-directed and
persistent learner.
In addition, the manifesto provides description of “A
Whole New Engineering Education” with another set of
12 statements. This part starts with a definition of
engineering education saying that Engineering
education is not a mind-numbing math-science death
march that casts aside thousands of capable young
people who might otherwise have made effective
engineers. It is a joyful, trusting process that delights in
serving student aspirations, learning, and growth,
unleashing the potential of each individual. The
statements say for example that A whole new
engineering education
• trusts students, believing they are resourceful,
creative, and whole.
• encourages diverse student aspirations and
increases student autonomy and choice.
• accommodates diverse learning styles.
• listens to and collaborates with all
stakeholders.
Finally, the manifesto talks about effective
educational change or educational rewire which is by
their definition not 1. A class-by-class process of
content or pedagogical reform, or 2. Something that
awaits new research. The effective educational change
is described as an emotional and cultural process using
known methods in a way that practically,
systematically, and sustainably promotes the dual vision
of the whole new engineer and a whole new engineering
education.
The Big Beacon approach differentiates itself from
other education reform approaches by saying its focus
being in the changing of the culture instead of only
focusing on content, curriculum and pedagogy. They are
encouraging the shift from fear and odedience to trust
and unleashing of the learner. More information on the
needed change and background and rationale of the big
beacon can be found from the book “A Whole New
Engineer” (Goldberg & Somerville, 2014).
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New Model in Technology & Engineering

The plans of NMiTE follow and they collaborate both
with the Big Beacon actors and with the CDIO
initiative. The planned schedule for this new university
is 2019.

NMiTE is an initiative to start a totally new
university in Hereford in United Kingdom. The
initiative is establishing a new university based on the
following goals and principles (NMITE, 2016):
• Creating a beacon institution to help address
the engineering skills shortage that threatens to
hobble the UK’s ability to compete globally.
• With a new approach to learning – based on
real-world problem solving and the blending of
high quality engineering, design, liberal arts
and humanities with communication and
employability skills targeted at the growth
sectors of the future.
• Located on a new and different type of campus
– designed for inspiration, collaboration and a
deep connection to the global community.
• And reinforced by an innovation ecosystem of
global corporations & SME entrepreneurs,
coupled with global universities, not just to
invest, but to contribute knowledge and
expertise – with New Model students at its
centre.
They are aiming at engineering education that produces
engineers with a human face (Goodhew, 2016):
• Are articulate and persuasive, and work in
teams
• Know why they are engineers and want to
change society for the better
• Understand the world around them
• Can identify as well as solve problems
• Demonstrate grit, curiosity and passion
• Fail frequently and learn from this
• Show that engineering is also fun.
The initiative has many interesting and concrete ideas
on building the new university such as:
• Very close collaboration with industry and
academic partners on curriculum design,
provision of real problems for classroom, and
input on broader skill needs
• Interdisciplinary and problem-based/learningby-doing engineering teaching
• Blended academic and practitioner faculty
• New approach to admissions reaches beyond
traditional groups to focus on interviewing to
identify those who balance academic ability
with “curiosity, grit and passion”
• All students required to study relevant
humanities, design/arts and social science
topics
• Mandatory work 6-12 month placements
• 46 week academic year
• Faculty and staff rewarded for inspirational
teaching, related scholarship, education
innovation and for creating “safe to fail”
experience-based learning environment
• Start up and growth companies to be supported
by venture capital and ‘angel’ funds.

Innovation pedagogy
Our pedagogical approach in the Turku University
of Applied Sciences is innovation pedagogy (Kettunen,
2011; Kontio, 2015). The objective of innovation
pedagogy, developed at the Turku University of Applied
Sciences (TUAS), is to provide the students with
innovation competences in order to enable them to
participate in innovation processes in their future
working places and develop them (T. Penttilä & Kontio,
2016). In the Faculty of Business, ICT and Chemical
Engineering of Turku University of Applied Sciences
innovation pedagogy is implemented with the CDIO
approach (CDIO, 2016). Both innovation pedagogy and
CDIO are not new to our university rather we have been
working with them many years. Our university joined
the CDIO initiative in 2007. Still, the latest strategy is
our first that truly combines the strengths of both.
Actually innovation pedagogy and CDIO complement
each other well (Kontio, 2012; T. Penttilä & Kontio,
2014; Taru Penttilä, Kontio, Kairisto-Mertanen, &
Mertanen, 2014). Innovation pedagogy integrates
entrepreneurship, applied research and development,
and internalization with education and working life
(Kettunen, 2011).
Discussion
Looking into the future is a difficult task. Higher
education has to educate students for jobs that don’t yet
exist, using technologies that have not been invented, in
order to solve problems we don’t even know are
problems yet. The initiatives introduced here are trying
to answer these challenges with their idea of the best
education for the future and for the needs of society. The
initiatives have differences, but they share some common
themes too. The CDIO approaches education from
several viewpoints and provides standards for each of the
viewpoints. The CDIO approach provides the
framework, but leaves each institute the freedom to adapt
and work with these themes the best way that is suitable
in their university context. The Big Beacon on the other
hand does not provide very concrete tools for
transforming the education, but provides strong
statements on the cultural changes needed in the
education. Following the presented cultural statements
will change the education and influence on the solutions
that should be implemented. The approach is different
than in CDIO, but implemented solutions might be close
to each other. CDIO does not speak much about the
culture, but implementing CDIO will require changes in
the learning and teaching culture. The Big Beacon on the
other hand doesn't speak much on the actual steps to be
taken, but is aiming at new teaching and learning culture.
The NmiTE approach is combining the best parts of both
CDIO and Big Beacon approaches. It is designed for a

49

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai
single university so far and it goes therefore into much
more detailed and practical level.
The CDIO approach provides a list of competences,
describes a set of knowledge, skills and attitudes desired
in a future generation of young engineers. Big Beacon
does not provide such list, but again we have to
remember that we are educating our students to jobs that
don’t yet exist, using technologies that have not been
invented, in order to solve problems we don’t even
know are problems yet.
The CDIO approach started in 2000 and it has
attracted over 130 universities worldwide. The Big
Beacon is much younger and number of universities is
not provided similar way as in CDIO. Based on the
popularity of these approaches it is reasonable to say
that higher education institutes have reacted to the
pressure of educating for 21st century. Universities and
higher education institutes are changing their programs
with proven and tested approaches.

CDIO. (2014b). Standard 8 - Active Learning.
Retrieved from http://www.cdio.org/implementingcdio/standards/12-cdio-standards#standard8
CDIO. (2016). The CDIO initiative. Retrieved from
www.cdio.org
Crawley, E., Malmqvist, J., Östlund, S., Brodeur, D., &
Edström, K. (2014). Rethinking engineering education the CDIO approach (Second edition ed.): Springer.
Crawley, E. F., Malmqvist, J., Lucas, W. A., & Brodeur,
D. R. (2011). The CDIO Syllabus v2.0 - An Updated
Statement of Goals for Engineering Education. Paper
presented at the Proceedings of 7th International CDIO
Conference, Copenhagen, Denmark.
Frey, B. C., Holmes, C., & Osborne, M. A. (2016).
Technology at work v2.0 - the Future is not what it used
to be. Retrieved from
http://www.oxfordmartin.ox.ac.uk/downloads/reports/Ci
ti_GPS_Technology_Work_2.pdf

Conclusions
The existing approaches are valuable tools for higher
education institutes on their work to answer the teaching
and learning challenges of the 21st century. However,
since the different approaches emphasize various aspects
on teaching and learning, it might be reasonable to create
something more by combining the key elements of all.
The combined solutions to aim for teaching and learning
of the 21st century could consist of following elements:
1. Framework of structures, processes, pedagogy
and workspaces of engineering education
2. Entrepreneurial working, teaching and learning
culture
3. Set of skills and knowledge in 21st century.
4. Vision of the graduating engineer of the 21st
century.
The framework is a combination of the CDIO standards
and Big Beacon’s engineering education manifesto
items. The entrepreneurial working, teaching and
learning culture follows mainly Big Beacon manifesto,
but has elements from Innovation pedagogy and CDIO
too. Set of skills and knowledge in 21st century is based
on the CDIO syllabus and complemented with identified
topics in other approaches and studies. This list has to be
flexible and able to react changes in the surrounding
world. Finally, every program should have a vision of
their graduating engineer – not only the skills and
competences, but also the other properties she/he carries
with her/him to the working life such as innovation
competences, critical thinking and creativity.
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TECHNICAL COLLEGE COLLABORATION
M. Takeda*, M. Nanko, K. Shigeta, T. Yamaguchi, T. Yukawa, N. Harada and B. Nakade
Nagaoka University of Technology, Nagaoka, Japan
*takeda@mech.nagaokaut.ac.jp
Abstract

mentioned abilities in cooperation with national colleges
of technology (KOSENs). This program aims to
produce leading engineers who play an active role in the
globalized industries on the basis of the educational
continuity from KOSEN through NUT. The KOSENNUT long-term engineering education is beneficial for
introducing advanced education in addition to the
conventional course, because the students have studied
basics of their special filed from the early stage of
KOSEN and they have practical skills and knowledge of
the field. In this paper, concept and overview of the
ADV-program is presented.

Nagaoka University of Technology (NUT) has
conducted the project ÒAdvanced Program for
Strategic Engineer Promotion with Technical
College
Collaboration
(ADV-program)Ó
in
cooperation with national colleges of technology
(KOSEN). The ADV-program aims to produce
leading engineers who play an active role in the
globalized industry. This is a 6-year program
starting from 4th grade of KOSEN, and is composed
of three stages: the 1st stage for 4th and 5th grade
students in KOSEN, the 2nd stage for 3rd and 4th
grade undergraduate students in NUT, and the 3rd
stage for master course students in NUT. This
project started in academic year (AY) 2010 as a pilot
project with 6 colleges (KOSEN), and 5 other
colleges participated in the pilot project in AY 2014.
The pilot project has been finished in AY 2015 and
the first enrolled students completed this 6-year
program. After finishing the pilot project, the ADVprogram continues and is opened for all the students
of national colleges in 2016. On the basis of the pilot
project, we have improved some courses of the 1st
stage (4th and 5th grade of KOSEN) to enhance the
educational effectiveness under the limited contact
time between the KOSEN students and NUT staff.

Concept of the ADV-program
Almost 40 years has passed since the establishment
of NUT, images of engineer sought in industries has
been changed. Consequently, educational program for
promoting leading engineer should be improved to meet
the requirement of the industries. The ADV-program
was designed to educate engineers who acquire
fundamental abilities required by societies and
industries at present and also in the near future. We
decided the fundamental abilities as follows:
ÒSpecialties of multiple fieldsÓ, ÒStrategic technology
managementÓ and ÒGlobal leadershipÓ.
Since the industrial innovation, mass production of
high-value added products has been promoted
intensively by the industrialization based on technology;
particularly mechanical, electrical, material and energy
technologies. In the end of the 20th century,
development of information and communication
technology and service-type industry lead to the
transition to postindustrial societies. Furthermore,
fusion of diverse fields, including not only traditional
technological fields but also fields that deal complicated
systems such as life science and social science, will be
accelerated in the 21st century. Therefore, one of the
fundamental abilities necessary for strategic engineer is
ÒSpecialties of multiple fieldsÓ.
Industrial activities of Korea and China are
expanding in the worldwide market with specific
strategy. Companies of these countries produce
specially designed products that meet the needs of the
markets of rapidly growing countries in Asia on the
basis of thorough research on the markets. Under such
circumstance the technology strategy of Japan is
required to be changed not only for high quality,

Keywords: engineer competency, global leadership,
group discussion, internship, cooperative education
Introduction
Nagaoka University of Technology (NUT) was
established to aim at providing educational programs for
promoting practical and creative leading engineers
through the cooperative education with technical
colleges. The NUT has produced excellent engineers
who play important role in the industries.
Considering the globalization and diversification of
societies, however, engineers are required not only to
acquire skills and knowledge of their special field but
also to have fundamental abilities on ÒSpecialties of
multiple fieldsÓ, ÒStrategic technology managementÓ
and ÒGlobal leadershipÓ. In 2010, NUT established
ÒAdvanced Program for Strategic Engineer Promotion
with Technical College Collaboration (ADV-program)Ó
to cultivate Òstrategic engineerÓ who acquire the above-
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Figure 1 Conceptual image of the fundamental abilities to be enhanced in ADV-program.
function and reliability but also for flexible
correspondence to variety of needs. The other
fundamental ability for engineer is ÒStrategic
technology managementÓ.
There is no doubt that expansion of business
overseas is inevitable for further growth and
development, because Japanese market is limited and
globalization of manufacturing proceeds rapidly.
Additionally, the common human problems on global
environment, energy / resource conservation and coping
with huge natural / artificial hazard require intellectual
resolution by advanced technology, and international
collaboration is essential. ÒGlobal leadershipÓ is a
necessary ability for strategic engineer.
Considering the above-mentioned social situation,
we plotted out an image of engineer cultivated in this
program as shown in Fig. 1. The abilities educated by
the existing course are enhanced toward three directions
corresponding to the three abilities described above. On
the basis of this concept, we established a course
(ÒAdvanced courseÓ) and designed its curriculum to
enhance the three abilities.

meet managers and engineers of companies, to consider
Japanese and overseas industries, and to give a
presentation in English. We hope that the students
consider how the subjects studying at KOSEN are
utilized in university and industry and what they should
do for their future.
(2) Stage-2
In the Stage-2, the students acquire fundamental
abilities for engineer in addition to their own specialized
field. Particularly, the ADV-program provides a course
ÒEngineer Competency ExerciseÓ to train Òengineer
competencyÓ including logical thinking, creativity,
management capabilities, and communication skills.
This is so-called ÒActive learning typeÓ course, in
which students learn and experience how to create ideas,
how to think logically, how to stimulate discussion, how
to construct strategy, and so on.
(3) Stage-3
The last stage is designed for the students to
recognize their improvement in the program and also
what necessary for further improvement through the
activities in and/or out of university. For that purpose,
this program provide ÒStrategic Engineer Competency
ExerciseÓ to consider ÒLeadershipÓ, ÒStrategyÓ, and so
on, through lectures by persons who take an active role

Structure of the ADV-program
This is a 6-year program starting from 4th grade of
KOSEN, and is composed of three stages: the 1st stage
for 4th and 5th grade students in KOSEN, the 2nd stage
for 3rd and 4th grade undergraduate students in NUT,
and the 3rd stage for master course students in NUT.
The purposes and curriculum of each stage are as
follows (see also Fig.2 and 3).
(1) Stage-1
We designed this the Stage-1 to enhance studentsÕ
motivation
for
studying
engineering
through
contemplating their future image as engineer. For that
purpose, we provided opportunities to be exposed to
innovative research and cutting-edge technology, to

Figure 2 Structure of the ADV-program and purpose of
each stage.
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Figure 3 Lectures and exercises provided in the each stage and correspondence of the courses to the fundamental
abililies.
in industry and society, and also through discussions
about the topics given in the lectures. In the Stage-3,
student must join one of the following internship:
ÒOverseas InternshipÓ, ÒInternship at IndustryÓ,
ÒInternship at KOSENÓ. These lectures and internships
make the students to enhance their motivation and make
their image of engineer clear.

There are many students who plan to achieve their
goal and think about what they should do at present and
future. Having images approaching the goal is important
to keep their motivation and to achieve the goal.
Students are required to write down the followings
on their learning portfolio before and after each
semester. Before the semester: ÒWhat do you expect for
the courses?Ó and ÓDo you have anxiety about the
courses?Ó. After the semester: ÒWhat was valuable for
you?Ó, ÓWhat knowledge and skills did you acqure?Ó,
and self-analysis. Additionally, students write down
ÒWhat did you acquire?Ó, ÓWhat did you NOT
acquire?Ó and ÓWhat was changed?Ó after each stage.
Making the portfolio is effective to emphasize the sense
of purpose, and recognize their improvement and lack
of knowledge, skills and sense by reviewing the
portfolio.

Achievements of the ADV-program
The ADV-program was established to enhance
studentsÕ abilities necessary for strategic engineer who
leads the globalized industry in future. Although the
courses are designed to improve those abilities, it is
difficult to measure the improvement of those abilities,
and the evaluation method should be developed.
However, common characteristics of the students in this
program are revealed by observation and interviews.
(1) Proper self-analysis
Many students of this program recognize not only
their weak points but also strong points, while most of
Japanese tend to pay attention to weak points. The
proper self-analysis is important for improving abilities.
(2) Think about their future deeply
Every student has hopes and goal of future, but
usually they are ambiguous. The students of this
program are the same as others when they enrolled in
the program. As the stage proceeds, their hopes and goal
are getting clear, and the students also consider why
they set the goal for future, or what kind of role in
industry or society they prefer in the future.
(3) Plan for achieving goal

Conclusions
The concept of the ADV-program was established in
2010 on the basis of long-lasting collaborative
education between NUT and KOSEN for producing
leading engineer who play an active role in globalized
industry. As described in this paper, the ADV-program
came to completion in academic year 2015 after the 6year pilot project cooperated with National Institute of
Technology and 11 KOSENs. The ADV-program
continues after finishing the pilot project, and is opened
for all the students in national colleges in 2016. We
have revised some courses in the Stage-1 (4th and 5th
grade of KOSEN) to enhance the educational
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effectiveness under the limited contact time between
KOSEN students and NUT staff. We continue
improving the program. Activities of the engineer who
finished the ADV-program will evaluate of this program.
Although it will take little more time to do that, we are
confident that the students surely acquire the
fundamental abilities necessary for the strategic
engineer.
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Abstract

2015. Since deployment, the app has high download
numbers across all mobile platforms.

Our approach to teaching mobile app
development
fundamentally
engineered
the
involvement of industry partners seamlessly into
NYP’s contextual teaching and learning (CTL)
approach to polytechnic education, by directly
involving industry players in all phases of
development by the students, resulting to the
development and launch of Pocket OneMap, a
collaborative project between Nanyang Polytechnic
and Singapore Land Authority. Pocket OneMap
empowers the public with real-time access to
government datasets from various public agencies.
The project strongly affords CTL for the students,
by engaging students in strong partnerships and
borderless collaborations with the various agencies
in delivering services to the public.

For technology-based education with strong
alignment to industry practices, CTL employed by
NYP has demonstrated an approach to teaching and
learning (T&L) that enhances pedagogical
advancement and improve students' learning. This
approach to T&L not only bring forth the current
trends and practices from the industry front to the
classroom, it also prepares the students for the
demands, skillsets and experience required directly
from developing industry projects and placed them
in good stead for employment upon graduation. The
CTL pedagogical approach can be further
introduced to collaborate with research institutions,
and through research projects, allow students to gain
research domain knowledge through conceptualize
learning.

A conducive environment to implement the CTL
pedagogical approach is in the form of the Centre
for IT Innovation (CITI), was established as a multidisciplinary learning environment that promotes
vibrancy and cohesion by enabling students to work
together on their final year projects. Cutting-edge
technologies
are
being
developed
through
conceptualize learning. Within this learning
environment, strategical planned processes are put
in place for corresponding with industry partners,
setting up of facilities and allocation of industry
projects for students to work on real-life projects,
thereby learning skills beyond their textbooks.
Students are ultimately exposed to real-life industry
projects and able to experience the software
development life cycle.

Keywords: Teaching FactoryTM, Industry Partnership,
Collaboration, Contextual Teaching & Learning
Introduction
At the turn of the century, a growing focus on
teaching and learning (T&L) has brought about an
increasing number of research work done towards 21st
century education (Saavedra and Opfer, 2012). This
much deserving emphasis on T&L have led to a
spectrum of characteristics in the subject, such as selfregulated learning, creative and critical thinking, and
authentic assessments, just to name a few (Johnson,
2002). However, in her recent publication, Saavedra and
Opfer (2012) have also asserted that there is a limit to
what students can learn through these diverse sets of
formal T&L. There is an urgent need to integrate these
methods of teaching and knowledge transfer in the
context from which the knowledge is developed and
learned by the student. This new approach that harness
the strength and potentials of student engagement is
introduced in this research paper as contextual teaching
and learning (CTL) that underpin NYP’s approach in
the provision of polytechnic education.

A total of 55 final year students have benefited from
this project, developing technologies in GIS and
Mobile App Development since 2013. This project is
also used as practical case-study in our Year 2
mobile application development curriculum, thus
this allows students to relate what they have learned
in their syllabus to real-life projects. The Pocket
OneMap also won the inaugural MOE Innergy Gold
Award for the Most Innovative Project and was
recently showcased in the Public Service Festival
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This paper reports the findings that focuses on the
following primary research question:

thereby
providing
a
contextualized
learning
environment. The table 1 shows the industry
partnerships that was formed from the year 2004 to
2016.

How does contextual teaching and learning benefit
students in their polytechnic final year projects?

Table 1: SIT Industry Collaborations since 2004

The following sections will introduce theoretical
perspectives for CTL, together with background,
research methods, results and discussion, and
conclusion.

Date
Jun 2016
May 2016
Apr 2016
Mar 2015

Background
Centre for IT Innovation (CITI) in Nanyang
Polytechnic (NYP), School of Information Technology
(SIT), was established as a platform to provide an
impetus towards several key objectives. These
objectives focused on CITI as a launch pad for major
industry collaborations and cutting edge R & D projects.
The centre was started in the year of 2000 and has
collaborated with more than 90 companies on 100 over
projects to date.

Feb 2015
Nov 2014
Aug 2014
Sep 2013
Mar 2013
Mar 2013

CITI establishes itself as a multi-disciplinary hub
that promotes vibrancy and cohesion by enabling
students from the various IT diplomas, to work together
on industry and in-house projects. This platform
promotes the concept of borderless integration within
the entire Polytechnic. It also enables students with
different skill-sets to interact and leverage one another's
strengths.

Dec 2012
Nov 2012
Sep 2012
Apr 2011
Mar 2011
Feb 2011
Sep 2009
Jun 2009
Jan 2009

A typical breakdown on the type of projects
undertaken by CITI is as follows:

Mar 2008
Aug 2007
Nov 2006
Aug 2005
Dec 2004
Sep 2004

Figure 1: Project Type Distribution

Centre Name
NYP-Microsoft Smart Nation Innovation
Centre
Cyber Security Centre of Excellence
NYP-Splunk Operation Intelligence Lab
NYP-Microsoft Ambient Intelligence
Computing Centre
Cyber Security and Solutions Centre
NYP-Accenture Emerging Technologist
Development Centre
Big Data & Analytics Innovation Centre
NYP-StarHub SmartHub Research and
Development Centre
NYP-Splunk Operation Intelligence Lab
Digital Convergence and Mobility
Innovation Centre
IBM-NYP Service Science Collaboration
Programme
NYP-SLA Collaboration on Geospatial
Education, Training, Research and
Development
Business Analytics Translational Centre
Cloud Innovation Centre
Centre for Social Media & Analystics
NYP-SiTF Cloud Enablement Centre
Mobile Inno Sphere Centre
Enterprise Business Rule Solutions
Enterprise Information Architecture
Centre
Business Software Innovation Centre
Centre for Software Quality and Security
Enterprise Technology Innovation Centre
NYP Oracle Grid Innovation Centre
IBM-NYP RFID Integration Zone
RosettaNet Architecture Centre of
Excellance

Contextual Teaching

The applied learning model is adopted in CITI
where both staff and students work together to develop
and deliver innovative software solutions and services
to the industry. The centre will take in about 150 final
year students every 3 months and they have the
opportunity to work on industry commissioned projects
that solve real life problems.

To begin ones understanding of the concept of T&L,
it is important to appreciate each term on its own. In
teaching, it has been highlighted that teachers are not
merely the advocates of passive knowledge. In their
recent work, Misha and Koehler introduces a model that
describes that teachers must possess the knowledge for
effective pedagogical practice in a holistic learning
environment supported by content, pedagogical and
technological knowledge as primary elements (Mishra
& Koehler 2006). This forms the contextual teaching
mechanism called Technological Pedagogical Content
Knowledge (TPACK).

The school forms strategic collaboration with
industry partners that plays a crucial role in creating
capability development opportunities for both staff and
students. They bridge the gap between students’
learning from the textbooks and the real life industry,
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Content Knowledge

by Guile and Okumoto (Guile & Okumoto, 2007) with
references to earlier works, exhibit the main features of
skill formation in apprenticeship in the ‘industrial
relations’ model, where a combination of work
experience and off-the-job training and both were
‘geared to helping apprentices to acquire a trade’ (Ryan,
1999, p.41). Skill formation generally took this mode of
teaching because, on one hand, the process of hands-on
learning and the comprehension of technical knowledge
is assumed to have a tacit nature and is therefore
acquired best through seeing an experienced practitioner
perform the activities of the technical field and
subsequently absorbing the implicit hands-on skills
(Kvale, 1997), and on the other hand, acknowledging
the fact that learners need to be exposed to scientific and
technical knowledge that they cannot acquire ‘on the
job’ (Ryan, Gospel, and Lewis, 2006).

From the model, content refers to subject topics,
theories, ideas, or organizational frameworks (Shulman,
1986). This paper focused on the development of
industry project called Pocket OneMap, where the
know-how is based on the fundamentals of mobile app
development and deployment. Teacher mentors
assigned to students for this project were experienced
developers with years of experience in commercial
software development and production. This practice is
critical, as content mastery is necessary for good
contextual teaching, where educators must know the
subject content thoroughly in order to teach well
(Shulman 1986; Corrigan & Haberman 1990).
In this research, it has been highlighted that
educators for this CTL concept must be strong in both
content and pedagogical knowledge. Thus, the concept
embarked on two approaches; social affordance with
industry practitioners through technology, which will be
elaborated in the following section; and blended identity
of lecturers.

CITI provides students with the opportunities to
engage in complex industry-related projects with the
help from industry practitioners, which would otherwise
be beyond their current abilities. This form of
scaffolding to enrich students with industry experience
from the practitioners is a key strategy in cognitive
apprenticeship, thus enabling students to learn by taking
increasing responsibilities and ownership for their role
with structured guidance of more knowledgeable
industrial mentors (Collins, Brown, & Newman 1988).

The professional identity disposition of educators
between industry professional and academic brings to
mind the concept of blended professionals (Whitchurch,
2009), who:

Technological Knowledge

not only cross internal and external institutional
boundaries, but also contribute to the
development of new forms of third space
between professional and academic domains.
(p. 407)

Technological knowledge refers to the educators’
competencies in ICT tools, which forms the technology
affordance in T&L. These communication technologies
bring about social presences and affordances for
scaffolding and support from peers and software
developer communities (Wilson & Lowry, 2000). The
media technology to enhance student engagement
ranges from emails, video conferencing and messaging
(Aragon, 2003). It is also highlighted that different
media affords different potentials, and that educators
must have the knowledge to choose appropriate media
when embracing contextual teaching (Harris, Mishra &
Koehler, 2009).

Polytechnic lecturers are appointed to teach in area
of their industry experience of relevant domain areas,
such as engineering, accountancy, etc. Their job
responsibilities therefore span across diverse areas of
work, which include programme management, school
outreach, course coordinating, industry partnerships and
business connections.
Lecturers’ ‘dual’ professional identities due to the
diverse and complex roles as industry professional and
academic can be seen as a unique disposition. Lecturers
can take the form of ‘bridging’ roles, bringing together
learning and business partners from within the
institution and the industry communities. This unique
form of blended professional identity having interfaced
roles will enable lecturers to build a foundation for
merging credentials, respected and trusted by both
professional and academic communities.

Contextual Learning
The concept of learning has been studied to some
extent, and has mainly revolved around how students
are aware of how they learn, first introduced by Flavell
(1976). In his book, Flavell first introduced the term
metacognition to describe learning to learn. Together
with mastering this skill in learning, other activities
towards the development of metacognition is the skill of
mentally contextualizing one’s learning. This form of
contextual learning is introduced in a strategy called
REACT (Crawford, 2001). REACT is an acronym for;
Relating – Ability to associate the prior and new
knowledge; Experiencing – Learning in the context of
exploration and discovery. Applying – The ability to
relate the concepts in context; Cooperating – Learning

Pedagogical Knowledge
NYP’s Teaching FactoryTM and Teaching Enterprise
pedagogies are undergirding by CTL as highlighted by
Berns and Erickson and it offers a unique and industryrelevant training platform for its students to have firsthand experience in carrying out industry-commissioned
projects (Ho E., 2009). These pedagogies, as observed
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in the context of sharing, working together to discuss or
share with other learners; and Transferring – Building
upon what the students have already understand.

Technology, Next Generation Network, and Wireless
and Mobile Computing such as Windows Phone, iOS
and Android.

This strategy was practiced in CITI, where final year
students worked on industry project as a team where
they apply and relate concepts and knowledge they
acquired in the past two years. Thus, improving their
learning, developing critical thinking, collaborative
skills and bridging the gap of knowledge and real world
scenarios.

Pocket OneMap is one the projects undertaken by
the centre, a 3-year long collaboration project with the
public agency, Singapore Land Authority (SLA) which
aims to deliver 12 public services on 3 major mobile
platforms to the general public by end of 2015. The
project aims to deliver at least 1 services across 3
mobile platforms (iOS, Android, Windows Phone) to
the public every quarter. Pocket OneMap is the first of
its kind mobile app in Singapore, with mobile access to
a comprehensive suite of government data and services.
Comparing to other map applications that are already
available in the competition mobile app market, Pocket
OneMap is extremely popular and useful, observably
from the number of local downloads on smart devices.
This application empowers the public with real-time
access to government datasets from various public
agencies such as Housing & Development Board,
Ministry of Education, Land Transport Authority and
many more.

Contextual Teaching and Learning
To put it all together, Contextual Teaching and
Learning are defined as a concept that helps educators
and learners to relate the meaning and real world
scenarios (Berns and Erickson, 2001). CTL is an active
learning process, which encourages learners to be
responsible of their learning and associate the
knowledge and its application to the various contexts.
These two pillars of CTL is evident in TPACK and
REACT respectively.

NYP forms strategic collaboration with industry
partners that plays a crucial role in creating capability
development opportunities for both staff and students.
They bridge the gap between students’ learning from the
textbooks and the real life industry, thereby providing a
contextualized learning environment.

As is evident, the uniqueness of NYP’s practice of
conceptual T&L expands these established concepts by
putting in place the foundation of a contextual
environment in which key players interact with each
other. Students, teachers, industry practitioners and
context form key components of the educational system.
Thus, it is important to recognize that context is the
much needed environment where players interact
(Wang, 2009). Below show the essences of the CTL in
CITI.

Through our industry project (Pocket OneMap) with
SLA for example, staff and students have since gained
technological competencies in Mobile Application
Development, Usability Design, and Geospatial
Information System (GIS), which are also translated
into our Year 2 core module which focuses on mobile
app development, taken by all students before their final
year.
In this project, a total of 55 final year students was
involved in the full software development life cycle
from
requirement
gathering,
system
design,
implementation and testing. These students are exposed
to real-life industry projects and technologies such as
GIS, OneMap and Mobile App Development. This
project also won the inaugural MOE Innergy Gold
Award for the Most Innovative Project (Stat Board) and
was showcased in the recent Public Service Festival
2015 in Singapore.

Figure 2: Essence of CTL in CITI
Materials and Methods or pedagogy

CITI also acts as an incubation zone for creative
ideas to be generated and conceptualized. In the process
of conceptualization, cutting-edge technologies are
being employed. Through this, CITI enables both staff
and students to stay abreast of technological advances.
As part of its capabilities development, CITI engages in
applied R&D in core competencies such as Information
Security, Cloud Computing, Social Media and Business
Analytics, Business Rule Solutions, Enterprise

A survey was conducted with 55 students who were
involved in this project at the end of their final year
project. This study aims to find out how CTL has
enhanced education in CITI. Several challenges that
contributed to the learning curve are identified. These
challenges, when overcome under the guidance of a
lecturer, will become a major learning milestone and
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achievements. Each student was surveyed to answer the
following questions as follows:
1. Which of the following best describe the
challenges you face during the course of the
project?
2. Which of the following best describes the way you
overcome the challenge as described above?
3. Select the top 3 skills you have acquired through
the project.
4. Do you think you will be better apply these skills
if you learn it through a classroom environment, as
compared to CITI environment?
5. Which year would you think that the learning
pedagogy in CITI should be introduced?
6. How well does the CITI environment has
improved/enhanced your understanding in mobile
development?

Figure 4: Which of the following best describes the way
you overcome the challenge as described above?
Table 2: Select the top 3 skills you have acquired
through the project.
Rank

Results and Discussion

1

In this section, we will discuss the results that was
derived from the methods that were explained above.
The results from the survey shows that students find the
learning curve is the steepest when learning to use the
Software Development Kit (SDK). However, it can be
mostly overcome with minimal to medium level of
guidance from the lecturer. The hands-on experience
from the project allow them to gain skills in Mobile
Application Development and at the same time, improve
their overall coding skills. 53 out of the 55 students
surveyed find that this mode of learning is effective in
helping them to apply the skills they learn immediately
to the project. Results has also shown that more than
90% of the students felt that the learning pedagogy:
CTL used in CITI should be introduced in Year 3, as the
students felt that the CITI environment enhances their
knowledge that they have learnt in the past semesters in
particular mobile application development and they can
relate better with real-life projects.

Skill

Percentage
81.82%

2

Mobile Application
Development
Coding skills improved

3

Software Project Methodology

58.82%

76.36%

Table 3: Summary of responses to Q4, Q5 and Q6
Question
Do you think you will be better
apply these skills if you learn it
through a classroom
environment, as compared to
CITI environment?
Which year would you think that
the learning pedagogy in CITI
should be introduced?
How well does the CITI
environment has
improved/enhanced your
understanding in mobile
development?

The following are the key results of the responses
collected from the survey.

Response
Yes (3.64%)
No (96.36%)

Year 1 (1.82%)
Year 2 (7.27%)
Year 3 (90.91%)
None (0%)
Extremely (52.73%)
Very (27.27%)
Moderate (10.91%)
Slightly (9.09%)
Not at all (0%)

Conclusions
The present study is administered to analyze the
advantages of using CTL approach in the industry
projects especially mobile-related projects. The data are
collected through observations, students’ survey and
their performance in their final year projects. It is
evident that this approach is beneficial for the final year
students.
CTL enables students to connect or associate what
they have learnt from educator’s content to real world
scenarios, especially in CITI, the study has shown that
students find that the learning pedagogy used is
effective and they can relate their concepts learnt from
the past years to be applied to their final year projects

Figure 3: Which of the following best describe the
challenges you face during the course of the project?
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and deepening their skills and knowledge. This ensures
that our curriculum will always stay up-to-date and
remains relevant to industry needs so that students can
be assured of being equipped with skillsets required
when they join the industry in near future.

blueprint to workplace‐generated apprenticeship in the
knowledge economy’, Journal of Vocational Education
& Training, 59(4), pp. 551–574.
Harris, J., Mishra, P. and Koehler, M. (2009) ‘Teachers’
technological pedagogical content knowledge and
learning activity types’, Journal of Research on
Technology in Education, 41(4), pp. 393–416.

For technology-based education syllabus and
curriculum with strong alignment to industry practices,
the CTL rooted from Teaching FactoryTM Education
Model employed by NYP has demonstrated an approach
to T&L that enhances pedagogical advancement. This
approach to T&L not only bring forth the current trends
and practices from the industry front to the students, it
also brings the students to prepare for the demands, 21st
century skillsets and experience required directly from
developing industry projects. Thus, preparing the
students for the demands of both industry and further
education.

Ho, E. (2009). The Teaching Factory at Nanyang
Polytechnic. 2nd International Conference on
Vocational and Technical Education.
Johnson, E.B. (2002b) Contextual teaching and
learning: What it is and why it’s here to stay. Thousand
Oaks, CA: SAGE Publications.
Kvale, S. (1997). Research apprenticeship. Nordisk
Pedagogik, 17, pp. 186–194.
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set as criteria for accrediting engineer program in
curriculum (ABET, 2016) of bachelor degree which
expect that the engineering science of student field
studied have their root in mathematics and basic
sciences but carry knowledge features forwarding to
creative applications. In Thailand, the country moves
toward to Thailand 4.0: a name of new economics
model in which the core of engine is food sector, smart
device technology, IOT and creative services. To serve
this policy, the faculty of engineering, KMITL, changes
learning style to outcome based learning and provokes
student to create innovation in active learning class
room. To accomplish learning outcome, this paper
presents a case study of how to teaching creativity for
student in information engineering course.
The course is organized into a series of
lectures and two individual projects. The lectures start
from commercial logo design philosophy to meaning
presentation and value creation. The creative TV
advertising and commercial posters in real-world
engineering products are used as examples in effective
communication. Idea generation techniques are logical
methods, SCAMMPER, association techniques,
analogies methods and perspective technique, reverse
thinking, are introduced to the students as well.
In order to convert ideas to design, we teach
the principle of aesthetics for a creative design thinking
focused on nice looking shape, attractive color and
miracle spaces to the students and assign them
integrating value creation and product design in their
own styles. To demonstrate design to invention, we
exploit patent database to show and teach the novelty
and level of inventions. We also employ business model
canvas for students to prepare and design their own
business models. Details are as follows.

Abstract
Creativity is one of essential skills of the 21st
century for engineering students on designing
products and enabling innovation. The purpose of
this paper is to introduce how to inspire and enhance
creativity capability of information engineering
students of KMITL. To prepare our senior students
for starting up their own companies, we offer a
project based-learning in innovation design course
with case study on their own products. The best
practice is conducted on “play-and-learn” pedagogy.
A
role-play
company,
namely,
“KMITL
Enjoyneering” is signified as a model and a brand
for in-class actitivities.
The pilot class has 25 information
engineering students, the first assignment is design a
can of juices in KMITL brand for senses of tropical
refreshing and having fun. The second assignment
was free idea designed by using crative tools learned
from the class mixing with imagination to design
logos, products and advertizing material and
business models. The first assignment was evaluated
by using novel ideas and aesthetic appeals as criteria.
Most designs are satisfied by KMITL faculty
members. The evaluated criteria for the second
assignment are utility, novelty and engineering
design. Some idea is accepted from professional
industrial experts and is able to commercialize.
Keywords: Creative teaching, 21st century learning,
project-based learning, learning design, teaching
entrepreneurships
Introduction
According to the US engineering education, the
National Academic of Engineering(NAE , 2004), the
new released vision in 2020 of engineers in a new
century declares important attributes of engineering
skills as analytical skill, practical ingenuity, creativity
and communication competencies. These skills are also

Course structure
An information engineering course at KMITL is
designed to integrate interdisciplinary engineering
program, coordinate the information technology and
practice communication in engineering.
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The new curriculum has been reconstructed since 2013,
the pioneer students graduated from this program in the
academic year of 2016. In the curriculum of first year
in engineering subjects, students start to learn basic
engineering in programming language and basic
electronics.
In second year, the courses provide
students fundamental knowledge in information
infrastructures, telecommunication network and
information including information services, data base
and E-commerce. In the third year, students focus on
major subject such as Internet network design,
information security, wireless network and broadcast
engineering.
In the last or final year, students work on senior project
and elective course such as AI, digital forensics and
design of innovation products:DIP.
A DIP course consists of mainly two parts: the
first part is creative thinking and the second one is
innovation design. In the first part, we train students in
diverse thinking and converse thinking to create new
products. The new possible ideas to a solution or
multiple solutions or answers to a problem are exercised
in a classroom. Meanwhile the second part starts after
students find best answer to mock up the presented
product or decide to design novel software or services.
We give lecture topics in critical thinking, logical
thinking and business model to make profit from ideas
to products. The DIP course lectured for 3 hours per
week. After 15 weeks, students will take tests and
present their own product in the classroom. Figure 1
summarizes the proposed concept.

The following techniques used to teach for example in
this course included:
•
•
•

Metaphor thinking,
Reverse thinking, and
SCAMPER.

A metaphor (Linsey, 2008) is a soft thinking
technique connected two different universes of meaning,
this technique includes bionics, similarity and imitation.
In bionics design, several engineering design adapt to
implement in the real world such as Shinkanzen high
speed train and VW Beatle automobile. An example for
similarity is that some tablet product is an imitation of
Apple computer design.
Reverse thinking is a kind of lateral thinking (DE
BONO, E. 1973). The method is a reversed point of
view. For example, a concept of Henry Ford conveyor
belt is that bring people to work reverses to bring work
to people.
SCAMPER is invented by Osborn (1993). The idea
is one of a structure creativity thinking method. The
idea is based on a checklist consists of series of
questions from transforming the question into new idea
by substitution, combination, adaptation, modification,
putting to another use, elimination and rearrangement.
Methodology
In the first lecture module, we start with logo
design. The idea is to provoke the students to create
unique symbol for identifying themselves and to
communicate with other people. In this topic, we
showed them ours product designed, “KMITL snack
box” shown in Fig. 2, which is designed to use as a
souvenir of KMITL engineering faculty.
To serve the faculty slogan “be the best, be social
advocate” and to accomplish active learning style, we
have motto, “play and learn”. Hence, we decided to
address the name “KMITL enjoyneering” for our logo.
In addition, we also discussed the strong influenced
commercial logo. There are several logo designs that
students familiar were in the top most valuable global
brands. Then the meaning and what logo represented
were explained in the class. The philosophy of logo
design is exactly as the same as engineering design
concept which is simplicity. The metaphor design for
meaning can be obtained by some product. The
uniqueness with creativity design is recommended for
students. The golden ratio and the representation of
colors are also discussed. The exercises in classroom are
interpreted the meaning of an influenced commercial
logo and the students’ assignment is to design their own
ones.

Figure 1 Design of innovation product course structure.
Creativity
The well-known quote, “necessary is the
mother of invention,” creativity plays role as the father,
and engineering knowledge is a midwife. Creative
response is novel, good and relevant (Kaufman and
Sternberg, 2010). In definition of US patent, creativity
means new, useful and nonobvious or creativity is
ability to produce new invention or new solution to a
problem by imagination skills.
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(a)
Figure 3(a) Example of student advertise idea “How to
sell Solid state Hard disk” (b) Example of creative
writing on the package label by the lecturer.
Creativity topic is the third module giving lectures for
two time. We initiate with famous Jobs quote “think
difference” showing a Picasso bike and a Picasso’s bull
head. And then we ask students to imagine their own
bikes. Students’ imagination are not necessary to be
replicated to Picasso stylists but also are encouraged to
take the design in the Dada commercially made with or
without modification.
Creative blocks such as logical thinking, follow the
rule and fear to failure are removed by class activities
with Einstein quote that “play is highest form of
research”.
The night dots and birthday cake cutting problems are
introduced to students to know as many ways to solve a
problem. To conduct diverse thinking, Chidogo or a
crazy idea are shown and exercised by students in their
invention with free ideas. After the exercise, example of
the best low-cost airline product and service adapted
from a crazy idea is demonstrated to students. In
creativity training, in the first step, we show reverse
problem-solution by some of advertizing movies and
bottom up brewery product. From the quote of Jobs
“creativity is just connecting things”, we use force
connection method for quick exercise in the classroom.
Metaphor thinking for students to create new idea is
demonstrated by video and story of automobiles,
buildings, stadiums, towers, commercial logo and
movies story. In SCAMPER method after showing
students about food packages, IT products and services,
we assign exercise to invent new mouse for classroom
activity. Figure 4 shows an example of the concept.

(b)
Figure 2(a) KMITL engineering logo
2(b) KMITL Enjoyneering box
After the student designed the logo, the second topic
lectured is effective communication or making relevant
connection to target audience. In this topic, we teach
student how to sell ideas by writing, making posters or
movies or video clips. Creative TV-commercials in 30
seconds use for case study. The best example of
metaphor thinking in a high speed and luxury car is
clearly explained to students how ordinary peoples are
enjoy learning an engineering concept. The favorite TVcommercial advertising is employed to illustrate
presentation in story telling style. The creative idea for
posters and movies for communicating to the target such
as mixing and matching, comparative, double meaning,
symbol and signs are lectured in detail. After we show
example of creative writing, the activity in the
classroom is writing advertizing scripts for selling IT
product and design a commercial poster depending on
each student product. Figure 3 gives an example of a
poster designed by a student.

Figure 4 Example of remove blocking creativity by a
haft-of-twelve problem.

(a)
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The forth module is aesthetic design. Even though
concept of design by Steve Jobs is “design is not just
what it look like and feel like design is how it works,”
but an attractive design would perceive as easier to use.
In this module, the art compositions are line, color,
texture, and form considered as elements of design and
balance, unity, emphasis, rhythm considered as
principle of beauty of design are addressed and
discussed. The example method of designs are
simplicity.
Ockham’ razer design, form follows
function and multifunction design with the attractive
products are explained to enhance students’ creativity.
The assignment of this module is to design juice can in
KMITL brand. Students can adapt creativity techniques
and design idea with their imagination to implement
their works.
The last module of creative teaching is intellectual
property. To teach novelty and level of invention of
product design, patent database searching is provided as
a workshop for student to verify and modify their ideas
from patent pending inventions.
Patent classification, keyword, background of invention,
why the invention is deferent from prior and what is
claimed are explained to students. Some of US patent
invented by children is illustrated to inspire the students.
The case study of patent prosecution of IT company in
design patent and utility patent is also demonstrated
how much value of the idea is. The last in this module is
to search patent with idea only without implement. The
exercise is to quick think about creative gadget
invention.

students employed the aesthetic design concept such as
balance, emphasis and rhythm in their designs for
specific products as orange juice, lemon juice or coffee.
The third level is synthesis on KMITL identity, students
created their ideas and use art composition to enhance
aesthetic. The simple, colorful and attractive graphics
are composed for teenager targets on each can of juice.
The best design can of juices voted by the committee is
second from the left in Fig 6(c). The orange color of
KMITL has a background with drawing graphic which
represents the activity in faculty of engineering. The
student redesigned “Enjoyneering” with the symbol of
meaning “I love you” for KMITL. The best design will
be selected to use in the real KMITL juice can which
will manufacture in this coming academic year.
The results were categorized and shown in Figures 6-8
in accordance with the above justification.

(a)

Results
Figure 5 shows KMITL product evaluation
committee comprised members from industrial sectors,
faculty members from Department of Food Engineering,
Telecommunication Engineering , and Electronics
Engineering. The score system is based on novel ideas,
design appearances and uniqueness.

(b)

Figure 5 KMITL product evaluation committee.
Level of creativity design is justified by:
1. Imitation from product in market;
2. Adaptation or modification of
products; and
3. Synthesis on KMITL identity.

specific
(c)
Figure 6 (a) Imitation level (b) Adaptation or
modification level (c) Synthesis of KMITL identity.

In the first level, students designed by searching the
example of products in the market and imitated the idea
from their selective products. From the second level, the
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Assignment product design
In this assignment, the committee has a consensus vote
for Veggie product design shown in Figs. 9 (a) and (b).
In addition, one of the student’s product can be
commercialized under the brand “linear,” which is a
USB smart charger. In the middle of the semester, the
student opened a start-up company and was able to sell
his products. As far as active learning under this
teaching experiment is concerned, we believe that, for
develop students’ competency, “to innovate better, need
creative thinkers!”

eurship, and technology into an information engineering
curriculum.

Figure 10 Students’ start-up real product.
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This research focuses on how an educator can
provide interventions to enhance student learning by
using the learning analytics tools in a Learning
Management System (LMS) to analyze students’
online learning behavior. Studies show that early
intervention can help enhance student learning, as
seen in improvements in their performance (Arnold
and Pistilli, 2012; Hattie, 2011; Zhang et al., 2014).
However, educators’ ability to provide effective
interventions has been hampered by the increasing
adoption of online learning because they no longer
receive the same level of feedback as they had during
face-to-face lessons (Mattingly et al., 2012).
An LMS captures a large amount of student data
that can be used in lieu of face-to-face feedback but
educators find it hard to makes sense of this large
volume of data (Lockyer et al., 2013), so they need
guidance in analyzing the data to know how to
intervene effectively. This research is in line with a
key thrust of the Singapore Infocomm Media 2025
Masterplan, which advocates the need to employ
data analysis in education to provide teachers with
key insights into students’ learning so teachers can
customize their lessons to match students’ learning
needs (MCI, 2015).
This research adopts a case study methodology
(Yin, 2003). The context of this case study is students
in the Temasek Polytechnic School of Informatics &
IT who took subjects from April to June 2016. The
author will report on how he and his fellow
educators used the LMS learning analytics features
to track online student learning behavior and
provide relevant interventions to support at-risk
students. The author also tracked students’
performance in formative assessments and learning
activities during the subjects to evaluate the
effectiveness of the educators’ use of the LMS
learning analytics features.
In conclusion, this research will provide two key
insights:
1) Identifying which student data and learning
analytics reports in the LMS are most useful for an
educator to understand students’ online learning
behavior
2) Describing how an educator can use this
data and reports to provide timely interventions to
support at-risk students

Introduction
Learning analytics may be one of the most dramatic
factors shaping the future of higher education, as it can
help educators to enhance teaching and learning (Long
& Siemens, 2011; van Barneveld, Arnold and
Campbell, 2012). The potential of analytics to transform
and facilitate data-driven decision-making is evident in
many other fields, such as in healthcare (Long &
Siemens, 2011; Picciano, 2014; van Barneveld et al.,
2012). In healthcare, practitioners are moving from
treating patients based on personal experiences to
adopting detailed data collection and clinical decisionmaking (Long & Siemens, 2011). The healthcare
industry is even exploring computational modelling by
using analytics to predict who may fall sick so
practitioners can act on these predictions to preemptively help their patients to improve their health
(Long & Siemens, 2011).
The education industry is similarly starting to apply
learning analytics to the academic domain to collect,
analyze and report on student data so that educators can
understand and support students and their learning
process (Ferguson, 2012; Lockyer, Heathcote and
Dawson, 2013; Long & Siemens, 2011; Mor, Ferguson
and Wasson, 2015; van Barneveld et al., 2012). In
particular, this will enable educators to provide more
relevant and timely interventions to support at-risk
students and enhance student retention (Long &
Siemens, 2011; Picciano, 2014; Pirani & Albrecht,
2005; van Barneveld et al., 2012; Vozniuk, RodriguezTriana, Holzer, Govaerts, Sandoz and Gillet, 2015).
Research has shown that such early intervention
enhances student learning as evidenced by
improvements in their performance and retention
(Hattie, 2011; Zhang, Fei, Quddus and Darvis, 2014).
For example, Long and Siemens (2011) analyzed
differences in the online learning behavior between
more successful and at-risk students, and concluded that
successful online learning was dependent on the time
spent by the student on their online tasks and the
frequency of their online participation.
However, one challenge is that today, educational
institutions rely more frequently on online learning and
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Learning Management Systems (LMS), as seen in the
USA, where about one-third of their higher education
students were enrolled in fully online college courses in
2013 (Picciano, 2014), so educators no longer receive
the same degree of feedback about student learning that
they previously received during face-to-face lessons
(Mattingly, Rice and Berge, 2012). Educators thus seek
guidance on how they can gather and analyze students’
online learning data, particularly via LMS, and when
and how they can consequently provide timely and
relevant interventions to support their at-risk students
(Ferguson, 2012; Lockyer et al., 2013; Vozniuk et al.,
2015).
This paper offers some guidance for educators by
presenting an overview of learning analytics and sharing
the insights gained from the author’s personal
experiences and interviews with educators from the
Temasek Polytechnic School of Informatics & IT to
understand how educators can use the learning analytics
features in an LMS to analyze student data and
intervene accordingly to support their at-risk students.

several major LMS providers, such as Blackboard and
Desire2Learn modelled elements of their respective
learning analytics early warning systems after this
Course Signals system (Picciano, 2014).
The University of Phoenix (UOP) felt that they were
“drowning in data” so they developed a data-driven
environment that comprised of a combination of several
systems to monitor their activities and attainment of
their goals to facilitate informed decision-making
(Pirani & Albrecht, 2005). For example, they
implemented an Academic Quality Management System
that monitored educational processes to assess the
quality of their programs and offer interim program
diagnoses, included data dictionaries to help their staff
to easily find the data they needed, and offered
customizable analysis and dashboards for the staff
(Pirani & Albrecht, 2005). In one example, their Dean
of the School of Advanced Studies shared how the
systems enabled his team to pinpoint the specific times
when students tended to drop out of the introductory
course for their online doctoral degree and that a key
reason was not their lack of intellectual capacity but
rather their unfamiliarity with the online classroom
environment and the way the educators facilitated the
online course, and this enabled his team to better
prepare and support new students during the critical first
three weeks of class (Pirani & Albrecht, 2005).
Through such examples, we can see that learning
analytics offers a multitude of benefits, such as in the
area of descriptive analytics. It automates the
consolidation and analysis of student data, particularly
the data generated by student-produced data trails in
LMS (Long & Siemens, 2011; Pirani & Albrecht,
2005). It enhances the ability of educators to monitor
on-going student learning, performance and difficulties
(Picciano, 2014; Pirani & Albrecht, 2005; Vozniuk et
al., 2015). Insights into student learning could extend
beyond the educator’s specific subject, as the educator
could benchmark students’ learning behavior and
performance against other students taking the same or
other comparable subjects (Picciano, 2014; Pirani &
Albrecht, 2005; Vozniuk et al., 2015).
Learning analytics solutions can also provide
benefits in the area of predictive analytics, such as by
incorporating automated early warning processes that
flag educators when interventions may be required to
support at-risk students (Long & Siemens, 2011; van
Barneveld et al., 2012). Such features enable educators
to focus on providing more timely and personalized
interventions to support their students (Long &
Siemens, 2011; Picciano, 2014; Vozniuk et al., 2015).
The provision of such interventions in turn can help
students to improve their online learning behavior,
performance and confidence (Long & Siemens, 2011;
van Barneveld et al., 2012).
In the long term, these learning analytics solutions
can potentially facilitate the enhancement of teaching
and learning practices by supporting prescriptive
analytics, as they move beyond merely integrating
student data and reporting on trends, to predicting what
could happen in the future (Long & Siemens, 2011).
Consequently, this could lead to innovative

Literature Review
Learning analytics can be applied in several ways,
depending on the intent of the exercise (van Barneveld
et al., 2012). The most common and basic form of
learning analytics is descriptive analytics. This is not
about making decisions for educators. This is about how
student learning data can be integrated and presented in
a meaningful way so educators can monitor student
learning behaviors and performances to identify
pertinent trends that enable them to provide timely
interventions to support their students (Pirani &
Albrecht, 2005). Next, there is predictive analytics,
which is more forward looking, as the analytics tools are
able to not only integrate the student data, but also
analyze the data and derive reliable conclusions that
anticipate possible future student learning behavior so
educators can focus on devising pertinent interventions
accordingly (van Barneveld et al., 2012). Finally, at the
apex is prescriptive analytics, where the analytics tools
could take the next step of actually proposing the best
possible interventions that could be undertaken by the
respective educators (Picciano, 2014). At present, many
learning analytics solutions only offer descriptive
analytics and some degree of predictive analytics.
There have been various reported cases of learning
analytics solutions that have been implemented in
institutes of higher learning around the world. One of
the most widely cited solutions is Purdue University’s
Course Signals System. This system integrates online
student learning behavior data with student
demographic data to monitor student performance and
flag students who are not doing well, in one of the first
applications of learning analytics in a blended learning
environment (Picciano, 2014). By analyzing this student
data, educators at Purdue University were able to
provide more timely and effective interventions to their
students, which resulted in a 10.37% increase in As and
Bs, and 6.41% drop in Ds, Fs and withdrawals in the
university (Arnold and Pistilli, 2012). Subsequently,
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transformations and improvements in academic models
and pedagogical approaches in line with what students
need (Long & Siemens, 2011; Picciano, 2014).
Despite these benefits, there are several challenges
to the effective widespread adoption of learning
analytics in institutes of higher learning. There are many
sources of student related data that can serve as input for
learning analytics. This includes data about their online
learning behavior in the LMS (e.g. their clicking
behavior, content pages viewed, participation in online
activities, duration spent viewing content), learning
behavior in the classroom, formative and summative
assessment answers and grades, interactions with
educators or their fellow students, personal data in
student information systems, library use and even
feedback during academic advisement (AgudoPeregrina, Hernandez-Garcia and Iglesias-Pradas, 2012;
Lockyer et al., 2013; Long & Siemens, 2011; Mor et al.,
2015; Tempelaar, Rienties and Giesbers, 2015; van
Barneveld et al., 2012; Wolff, Zdrahal, Nikolov and
Pantucek, 2013).
One challenge is that despite this potential wealth of
data, most current predictive models can still only
explain up to 30% of students’ academic performance
(Tempelaar et al., 2015). There is thus still no consensus
as to what combination of data is most appropriate for
learning analytics (Agudo-Peregrina et al., 2012; Pirani
& Albrecht, 2005; Tempelaar et al., 2015). Effective
adoption of learning analytics requires clarity about
what we need to know and which sets of data can tell us
what we need to know (Long & Siemens, 2011). This
wide variety of potentially insightful data sources may
be easily accessible but the bigger challenge is how to
integrate and make sense of all this data (Long &
Siemens, 2011; Picciano, 2014; Pirani & Albrecht,
2005; van Barneveld et al., 2012), particularly since the
data set is often too big to be analyzed with typical
database tools and systems (Agudo-Peregrina et al.,
2012; Rebholz, Libbrecht and Muller, 2012). This can
be overwhelming and daunting for educators (Pirani &
Albrecht, 2005).
There are also often substantial delays in traditional
analysis of student data in higher education, as such
analysis is often done after major assessment points or
at the end of the semester, so educators can only provide
useful interventions to help students for their next
subject or assessment, instead of integrating academic
evaluation more closely into instructional activities to
provide more timely support during the semester (Long
& Siemens, 2011; Picciano, 2014). Another challenge
for learning analytics is the ability to support suitable
and differentiated time frames for analysis, as educators
may require more immediate, day-to-day measurements
so they can support their students with more timely
interventions during the semester while course
managers may only require less regular updates as they
merely require a holistic overview of all their subjects
without being swamped by the daily details of each
subject (Pirani & Albrecht, 2005).
Finally, there have been several studies that explored
possible interventions by educators, such as in the
seminal work on visible learning by John Hattie (2011),

where he explored and ranked 138 general educator
interventions. This list has since grown to include 195
interventions (Hattie, 2015). The challenge, however, is
that there have been few researchers that have explicitly
studied such interventions in the context of learning
analytics, particularly for online learning via LMS
(Wise, Zhao and Hausknecht, 2013).
Overview of Study and LMS
This study focuses on how educators from the
Temasek Polytechnic School of Informatics & IT used
the learning analytics features built into the Blackboard
Learning Management System used in Temasek
Polytechnic. This LMS is called the Online Learning
Interactive Virtual Environment (OLIVE).
OLIVE has several features which enable educators
to leverage off the student data that is captured in the
system to track online student learning behavior in
OLIVE and identify trends that provide insights into key
issues such as student engagement, performance and
retention. These include the Grade Center, Course
Reports, Performance Dashboard and Retention Center.
The Grade Center provides a summary of individual
student grades and completion status of all the elearning activities in the subject. It is also a dynamic
and interactive tool that has other features to help
educators track student online learning progress. For
example, it includes Smart Views that enable educators
to categorize students into groups according to certain
criteria so that they can better track and subsequently
support students with similar characteristics.
Course Reports allow educators to generate
customized reports that describe student usage and
statistics for particular areas of the subject site. For
example, educators can generate a report that
summarizes what students are doing in the entire subject
site or specific content areas so that the educators have
information such as which students are actively
accessing and engaging the content, on which days of
the week that students are most active, and how much
time that students spend on the site or content area.
The Performance Dashboard provides real-time
information on student activity in the subject site. This
includes information such as the number of content
items that students accessed, which adaptive release
items are currently visible or invisible to each student,
and details of students’ discussion forum posts. Most
importantly, this feature allows educators to set rules to
flag at-risk students. For example, educators can request
to flag students who score below a certain grade for a
quiz, do not complete an e-learning activity by the due
date, or have not accessed the subject site in OLIVE for
a minimum number of days.
The Retention Center works in conjunction with the
Performance Dashboard. It automatically monitors and
displays all the students who are at-risk in real-time,
based on the rules set in the Dashboard. Educators can
then use this feature to communicate with these
struggling students or intervene to support them. This
feature also facilitates the tracking of patterns of student
performance and online learning behavior over time in
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the subject. Educators can also set up their rules such
that they can monitor students who are doing well so
that the educators can provide other forms of
interventions to push such students to perform even
better, such as by providing them with additional more
challenging online tasks. This is the main feature in
OLIVE that is based on the same basic philosophy as
Purdue University’s Course Signals.
Student information, such as when they accessed
OLIVE and their results, is consolidated and displayed
at a glance by these features in OLIVE, thus helping
educators to save time in tracking student performance
and learning behavior in OLIVE. The information and
views are customizable as educators can choose which
students, groups of students or e-learning activities to
focus on, define specific criteria to enable auto-flagging
of at-risk students, or provide personalized feedback to
students. The information can be accessed in real-time
so educators can provide pertinent interventions to
support students on a daily or weekly basis during the
course of the semester instead of merely intervening to
help students for future assessments or subjects after
reviewing the students’ summative results at the end of
key assessment points or semester.
Data for this study was collated from the author’s
personal experiences in using these features in OLIVE
and through one-on-one interviews with five educators
from the Temasek Polytechnic School of Informatics &
IT. Each interview lasted about one hour.

students with poor online participation compared to
prior semesters before he started doing this. Then, for
students who did not complete their online activities, the
educators started to intervene by reminding them via
emails or during in-class lessons. This helped students
that genuinely forgot or had technical problems, as they
typically became more careful and less likely to repeat
their problems.
However, there were still other students who
persisted in not completing their online tasks so the
educators adopted a firmer approach in handling such
students. One educator described how he would adopt a
more serious tone in his correspondence with the
students and explicitly describe the impact of their
continued non-completion of the online tasks on their
participation marks, attendance or ability to do well in
their assessments. One educator even made a student
stay back after class to complete the online activity inclass under his supervision. The educator shared that
this was quite effective as the students realized that the
lecturer was really able to identify specific students who
were not engaging in the online learning activities. The
students thus subsequently completed the activities and
did not forget to complete their other tasks as they did
not want to affect their grades or be singled out again.
The educators however, shared that despite such
efforts, there were still a few students who persisted in
not completing their online activities. In such cases, the
educators shared that they would check the Temasek
Polytechnic Student Profile System or speak to other
educators to get a more holistic understanding of the
student, such as their performance in other subjects,
whether they had financial issues, or if they were
undergoing counseling, so that the educators could
provide more effective interventions such as extended
deadlines or extra lessons. The educators though
feedback that ideally, all this information should be
integrated so that they could access them from a single
portal to provide more timely interventions instead of
searching for the information from multiple sources.
In other cases, the educators shared that students
may be completing their work promptly but their grades
for the formative activities may be poor. Several
educators revealed how they used the analytics features
in OLIVE to pinpoint the areas in which individual or
groups of students were weaker, such as by identifying
exactly which questions that the students answered
wrongly in their e-quiz. The educator could then speak
to the students, check their performance in other equizzes or track if and how often they accessed their
online learning materials, to better understand why the
students did not do well. Finally, the educators could
provide targeted interventions, such as by providing
extra lessons, or revisiting or setting additional tutorial
questions for the specific topics that the students did not
understand.
For example, one educator shared how he could now
provide more personalized feedback to each student
based on that student’s specific online learning behavior
and performance in the online activities. So, when the
student completed an e-quiz, the educator could check
exactly what the student did wrong, and provide

Findings and Discussion
The educators used the features in OLIVE to track
student performance and participation in e-learning
activities on a weekly basis to ensure that they achieved
the learning outcomes, and to identify trends that
showed persistent negative learning behaviors among
students. The educators also used this information to
gauge student interest in the contents and mode of
delivery of the subject, as they found that this was often
indicative of students’ potential performance as those
students with low interest would typically not be
actively involved in the online learning process and thus
do poorly in the subject. In general, the educators shared
how the learning analytics features in OLIVE were
important because most students, particularly those who
were at-risk of doing poorly in the subject, were not
very forthcoming in speaking to their educators about
their learning issues. Below are several examples of
how the educators used the learning analytics features in
OLIVE and intervened accordingly to support their atrisk students, and what we can learn from these
experiences.
As a pre-emptive measure, one educator shared that
during his first lesson he showed his students the
educator’s learning analytics pages to reinforce the
message that he could truly monitor students’ detailed
participation in OLIVE throughout the semester. The
educator repeated this every few weeks in class so that
all his students could see the statistics about their own
online learning behaviors as well as those of their peers.
The educator reported that this resulted in fewer
70

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai
feedback that was explicitly tied to that activity or
question so that the feedback was more contextualized,
instead of merely providing general feedback to the
whole class that may or may not be relevant to that
particular student.
A few educators shared how they even started going
beyond merely monitoring students’ online learning
behavior and performance for specific e-learning
activities for their subject. These educators used the
analytics features in OLIVE to provide insights into
more holistic trends in their students’ online learning
behavior throughout the semester or in comparison to
other subjects taken by the students. One educator
shared how he noticed that his students from a particular
diploma were showing a gradual decrease in their online
participation as the semester progressed. Upon further
investigation, he realized that the other subjects that the
students were taking for that semester had several
summative assessment points in the latter weeks of the
semester, and students thus had less time to complete
his formative online activities.
The educator proceeded to extend the deadlines for
his online activities and send the students more frequent
e-mail reminders about the deadlines. In this way, he
was able to get his students to start completing his
online activities again. Identifying trends thus helped
the educators to know when they needed to intervene.
As one educator explained, sometimes, the poor
performance of a student could be a one-off incident
and no intervention may be required. However, in other
cases, the poor performance could persist and this
should be a cause for concern and more timely
interventions should be quickly provided.
The educators concluded by proposing how these
learning analytics features in OLIVE could be better
utilized and educators could provide more meaningful
and timely interventions to support their at-risk students.
One comment from most of the educators was that
OLIVE provided a lot of student data. However, some
of the data did not exactly fit what the educators
required. Educators also had to spend a lot of time
searching for some of the data that they wanted to study.
They were also unsure about which sets of data would
give them the best insights about their students. As
such, the educators generally agreed that to save time
and resources, there should be more detailed guides and
a common set of ready-made templates that they could
refer to and use so that they could quickly start to make
sense of the data provided by OLIVE and ascertain how
they could intervene accordingly.
The educators also described the importance of
being able to easily toggle between aggregated student
data that provide a holistic view of online student
learning in their subjects, and individual student data so
that more personalized interventions could be provided
to specific students. They shared that this required a
good early warning system to help flag at-risk students
based on certain pre-defined criteria, because otherwise
it would be too time consuming to try and click on each
student’s data set one at a time, especially when they
had several hundred students in the subject.

In summary, this study raised several useful points
for educators to consider as they used the learning
analytics features in their LMS to provide meaningful
and timely interventions to support their at-risk students.
1) Educators should foster close multi-tiered
communication with students, where the scope
of communications is escalated based on the
continued monitoring of students, such as if
they persist in not completing their work.
2) While the student online learning data in the
LMS is quite comprehensive, it would be useful
if this data was integrated with other student
data, such as from the student profile system,
for a holistic understanding of the students.
3) While personalized interventions are ideal, the
analytics features enable the identification of
subsets of students who are facing similar
challenges so resources can be optimized by
providing targeted interventions to these groups
of students instead of to each student separately.
4) While it is insightful to obtain snapshots of
student online engagement and performance at
specific times in the semester or for specific elearning activities, it would be more useful if
educators could identify trends in student online
learning behavior throughout the semester.
5) Educators would like detailed guides and readymade templates so that can quickly and
effectively start using the analytics features in
the LMS.
6) Learning analytics should have a combination
of aggregated and personalized student data
with a built-in early warning system so that
educators can more easily monitor their classes
as a whole while simultaneously tracking
specific students.
Conclusion
The 2016 NMC Horizon Report on Higher
Education is a report by The New Media Consortium
and EDUCAUSE about emerging trends and
technologies that could affect higher education
institutions, and it predicts that learning analytics will
likely enter the mainstream in one year or less (“NMC
Horizon Report”, 2016). It is thus timely for educators
and institutes of higher learning to start deepening their
understanding and application of learning analytics to
enable educators to support at-risk students. This paper
is a step in that direction as it offers educators an
overview of several of the learning analytics features in
an LMS and how they can use these features to
understand student learning behavior and performance,
particularly in the LMS, and consequently provide more
timely and personalized support for their at-risk
students.
Educators should however be mindful that while
learning analytics can be a powerful tool to facilitate
timely interventions to support at-risk students, care
should be taken to avoid an over-simplification of the
prediction of future trends based on an analysis of
current data because the analytics algorithms are
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currently probabilistic and not definitive (Long &
Siemens, 2011). Furthermore, there are many other
issues that still need to be addressed, such as data
privacy, student profiling, transparency of the analytics
algorithms, and how we can synthesize online learning
behavior data from LMS with other facets of studentrelated data (Long & Siemens, 2011; Picciano, 2014;
Vozniuk et al., 2015). In summary, it is clear that
learning analytics is still evolving but its presence is
already being felt so it cannot and should not be ignored
(Long & Siemens, 2011; Picciano, 2014).

http://cdn.nmc.org/media/2016-nmc-horizon-report-heEN.pdf.
Picciano, A.G. (2014). Big data and learning analytics
in blended learning environments: Benefits and
concerns. International Journal of Artificial Intelligence
and Interactive Multimedia, 2(7), 35-43.
Pirani, J.A. & Albrecht, B. (2005). University of
Phoenix: Driving decisions through academic analytics.
Educause Center for Applied Research, Case Study 9,
Retrieved
from
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https://net.educause.edu/ir/library/pdf/ers0508/cs/ecs050
9.pdf.
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collaboration projects. The Engineering Discipline
in IVE has completed a number of successful
workshops with MIT (Massachusetts Institute of
Technology) students, in which IVE students were
inspired to explore their learning, employing
different learning methods and have gained insights
into the development of STEM industries, as well as
interests in STEM subjects.
In June 2016, as another important event to
internationalise VPET, VTC organised an
international STEM Students Forum in the
WorldDidac Asia in Hong Kong. This provided a
golden opportunity for the local and overseas
students from Australia, UK and Singapore to
exchange a wealth of information from different
perspectives in STEM education. A similar
international STEM forum is underway for 2017
covering sessions with outstanding STEM projects
from academic institutions, to study STEM teaching
and learning pedagogy, and to look into the STEM
project development with VTC students.
Other strategies such as Science and
Mathematics Help Desk, Technology Enhanced
Learning and Teacher Support will also be discussed
in the paper.

Abstract
Vocational and Professional Education and
Training (VPET) enhances learners to acquire
professional knowledge, apply practical skills and
develop positive workplace attitudes to support the
long-term development of a country or a city.
Established in 1982, the Vocational Training Council
(VTC) is the largest vocational and professional
education and training provider (VTC 2016) in Hong
Kong. Through a wide range of pre-employment and
in-service programmes, it establishes valuable
credentials for approximately 250,000 students each
year with internationally recognised qualifications.
As a member institution of VTC, the Hong Kong
Institute of Vocational Education (IVE) offers fulltime and part-time programmes - covering an array
of disciplines and at levels ranging from higher
diploma to certificate - nurturing talents valued by
industries.
STEM (Wikipedia 2016), an acronym that refers
to the academic disciplines of Science, Technology,
Engineering and Mathematics. STEM (Education
Bureau, Hong Kong 2015) plays a pivotal role in
educating students to meet the rapid changes and
continuous challenges in our society and all over the
world due to swift economic, scientific and
technological developments. In alignment with this
worldwide trend in education, the promotion of
STEM in VPET, especially in the Applied Science
(AS), Engineering (ENG) and Information
Technology (IT) Disciplines, has been the major
focus of development in VTC for years.
In this paper, various STEM education strategies
under VTC will be addressed. One important
milestone is the setup of STEM Education Centre to
serve as a platform for cross-disciplinary projects
for STEM students and to promote STEM education
to the public and primary/secondary school students
through seminars, workshops and international
events.
Pertaining to the internationalisation of
vocational and professional education, the
implementation of exchange programmes in STEM
study with overseas countries, local students and
their counterparts is another strategic development
of VTC.
It broadens students’ horizon and
generates their inspirations in team work and

Keywords: STEM Education, VPET, International
Exchange, Technology Enhanced Learning, Multiple
Institutions Collaboration.
Introduction
The HKSAR Government will step up efforts to
promote STEM education and encourage students to
pursue the study of these subjects as addressed by the
Chief Executive of the HKSAR. (Policy Address 2016)
The Curriculum Development Council under the
Education Bureau of Hong Kong (Education Bureau,
Hong Kong 2015) developed strategies for promotion
of STEM education among schools in Hong Kong.
Hong Kong students performed well in Science and
Mathematics over the years as revealed from
international studies and competitions. However,
integration of STEM subjects and enhancement of
hands-on activities in schools are important to
strengthen the ability of students to solve daily life
problems with practical solutions and innovative
designs. Throughout these activities, it can nurture
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students’ creativity, collaboration and problem solving
skills, as well as to foster their innovation and
entrepreneurial spirit in the 21st century.
The report (Education Bureau, Hong Kong 2015)
recommends the following key proposals. In the science
curriculum, learning and teaching activities are enriched
for students to integrate and to apply knowledge and
skills in problem solving to create solutions and to make
inventions with hands-on and minds-on activities such
as project and design-and-make activities. In the
Technology and Engineering curriculum, programming,
information and communication technology (ICT),
material & structure, manufacturing engineering, system
and control engineering, and technology & living will
be enhanced. Theme-based and design-and-make
learning activities are promoted to enhance integration
and application of knowledge and skills through project
learning among students.
In the Mathematics
curriculum, data handling and probability content will
be strengthened so as to develop students’ ability to
make informed decision based on calculated risk. The
report also recommends various e-resources related to
STEM education for effective learning and teaching.
In Hong Kong, number of students taking STEM
related disciplines, such as IT and Engineering, at postsecondary level was relatively low which resulted
manpower shortage in corresponding industries.
The need for STEM skilled professional is expected
to keep increasing. Driven by the government’s policy
and society needs, focus for future development will be
on infrastructure projects and innovation & technology
aspects, expected vacancies in related fields are likely to
be increased in Hong Kong or even in the Asian region.
Countries like the UK, US and Australia have
already kick-started their STEM education promotion.
Various efforts have been put to set up STEM Centres
to organise various programmes in order to raise the
public’s interest about the importance of STEM
education. Taken an example of the UK, the South West
College has established a STEM centre with Multimedia
room. The focused activities delivery through the centre
support teaching and learning of STEM subjects and
design to nurture and to grow innovation and interest in
technology. Another example in UK is the STEM
Centre of Bournemoth and Poole College, it
accommodates a host of renewable technologies
including photovoltaic installation, solar heating, heat
pumps, water harvesting and wind power which will
support sustainability in the region and beyond.
Students have the opportunity to study emerging
technology fields such as biological sciences with
access to cutting edge laboratories. The University of
Sydney set up the STEM education centre. It shares a
common goal to motivate and engage the next
generation of scientists and engineers. It is designed to
forge links between high school students, researchers
and scientists and will also be accessible to students at
other high schools in Sydney's Greater West.
In response to the government policy to promote
STEM education and training as well as the market
needs, VTC takes proactive role to promote STEM
education in VPET. Liu (Liu 2016) proposed a

framework to establish three STEM education centres in
VTC to serve a platform for cross-disciplinary
development. The IVE Engineering Discipline (Lee
2015) continues to develop international exchange
activities with STEM elements to foster talented
engineers globally. In June 2016, VTC (IVE
engineering discipline newsletter 2016) hosted an
international STEM students forum aims to engage
youth in STEM studies by inviting STEM students from
all over the World to share ideas. Participants included
students from Australia, United Kingdom, Singapore
and Hong Kong. All students are studying STEMrelated subjects ranging from electrical, mechanical and
civil engineering; to digital media and medical science.
Students presented their joint projects as well as STEM
career development in their countries. Similar event
with larger scale will be organised by VTC in June 2017.
VTC STEM Education Centre
After considering the local situation and the
experience of other countries, 4 strategies are proposed
to promote the STEM education effectively.
1. STEM Student Support: To strengthen
education support to students studying Higher
Diploma and Diploma programmes offered by
VTC. Since a considerable number of students
are came from non-STEM background, their
proficiency in fundamental STEM subjects
such as Mathematics or Science are needed to
be enhanced.
2. Study Interest in STEM related subjects: To
raise students’ interest in STEM subjects and
their awareness of STEM related careers, and
consequently, increase uptake of STEM
subjects at secondary schools and VTC
programmes.
3. STEM Teacher Support: To enhance
professional development of STEM teachers in
secondary and vocational education which help
to stimulate the teaching and learning quality.
4. Career Interest in STEM related Industries:
To attract young students to STEM careers
which may help to create a stable manpower
pool to support the sustainable development of
the industries.

Figure 1 STEM Education Strategies
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STEM Education indeed should be delivered at
cross-disciplinary level. The establishment of the STEM
Education Centre in VTC could pool the resources of
the three STEM disciplines from Applied Science (AS),
Engineering (ENG) and Information Technology (IT). It
serves as a platform for relevant students and staff to
deliver curriculum on related trade and crossdisciplinary projects. Moreover, the proposed Centre
could help to inspire innovative pedagogy to enhance
the learning and teaching experience at post-secondary
and secondary level. At publicity angle, the Centre
could serve as iconic facility in town to promote STEM
education through organizing seminars, workshops and
even international events.
For the STEM student support, there are a
considerable number of secondary school students from
non-STEM background to study VTC programmes,
their proficiency in fundamental STEM subjects such as
Mathematics or Science are needed to be enhanced.
Mathematics and Science Help Desk will be setup to
provide them with additional support outside classroom.
Teaching staff will be on-duty to provide necessary
assistance. Peers influence is always important to young
people. To ride on the vehicle of internationalization,
Hong Kong students could broaden their horizon and
get inspiration on STEM study through exchange with
overseas STEM students. Taken the successful MIT
summer workshop organized by IVE Engineering
Discipline as an example, IVE students were inspired by
the MIT students in various areas, such as study method,
insight of STEM industries development as well as
interests in STEM subjects. STEM exchange activities
can be conducted in the Centre locally or through video
conferencing at different countries. The use of new
technology to enhance learning and teaching of STEM
subjects including theory and practical training is
essential to youngsters. Taking the AR/VR based
learning as example, through 3D simulation, the facility
can allow student to expose into a virtual environment
such that they can gain a better understanding about the
real workplace and, particularly, the possible danger
behind.
Support to STEM teachers is equally important. The
Centre aims to provide online resources and teacher
training. Online resources for teachers of secondary
schools on STEM subjects and pedagogical content
knowledge, and ultimately enhance the teaching and
learning quality. Teachers training programmes will be
focused on problem-based learning and project-based
learning as a form of continuing professional
development. New technology comes and supersedes
the old ones. Our society moves with technological
advancement everyday. Teachers are also required to
connect with latest technology and to understand the
trend and move of the industry. Therefore, two
approaches are also proposed as support to STEM
teachers. The first approach is to encourage VPET
teaching staff to conduct Applied Research. The second
one is to engage VPET teaching staff with industrial
attachment as a form of staff development.
Secondary schools students are the main target for
the STEM education promotion. The STEM Education

Centre aims to inspire secondary students by providing
venue and support for organizing STEM activities
including hands-on workshop and competition to cater
for their interests and abilities, and to unleash their
potential. To further inspire secondary students,
introduction of STEM careers through experiencing in
virtual workplace would be more effective. The
proposed Centre will equip AR/VR facility to provide
students with an interesting touch with the industry.
They can also gain a better understanding about the
workplaces and the professions. The Centre will also
partner with various STEM related industries to
organise industry talks and study visits to cutting-edge
STEM research and development institutions, such as
Hong Kong Science & Technology Park and Cyberport.
Moreover, the Centre can help to drive the development
of other STEM related programmes for secondary
students such as Applied Learning (ApL) programmes
and summer camp to help them to explore STEM study
at post-secondary level.
The STEM Education Centre is mainly comprised of
4 main zones: Virtual Experience Zone, Mathematics
and Science Corner, Engineering and Technology Zone
and STEM Activity Workshop. Each zone is embedded
with different focus. In virtual experience zone, through
virtual reality, the zone can provide students with
immersive simulated environment for virtual workplace
experience. In Mathematics and Science corner,
teaching staff will be on-duty to provide additional
support to students, hoping to enhance their proficiency
in mathematics and science subjects under a more
relaxed setting. In Engineering and Technology Zone,
showcase of outstanding STEM projects, such as
robotics, solar car, bridge building etc. can be set up to
arouse students’ interest of STEM education. Finally,
the STEM Activity Workshop will equip with hands-on
tools and latest equipment such as 3D printers and laser
scanner. Interesting STEM related activities will be
organized for secondary school students.
In summary, the STEM Education Centre will serve
as a cross-disciplinary platform to support relevant
students for better study of STEM related programmes,
support staff to deliver curriculum on related trade with
innovative pedagogy to enhance the learning and
teaching experience. It also serves as a focal point of
VPET to interface with secondary schools with the aim
to help promoting STEM education in Hong Kong and
ultimately nurture young STEM skilled professionals
for the sustainable development of the Region.

Figure 2 STEM Education Centre

75

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai
event to promote STEM education globally. In 2013,
VTC hosted the 3rd International Symposium on
Technology for Sustainability (ISTS) and the
symposium provides golden opportunity for students to
exchange their outstanding STEM projects. It also
enhances the understanding the STEM career
development in different countries.
In June 2016, VTC organised an International
STEM Students Forum in Worlddidac Asia 2016. The
theme of the forum is “STEM Students Conversation:
What’s Next”. The forum aims to exchange views about
STEM students’ learning and teaching experiences and
their career development in their countries. There are
three sessions of the forum. The first part is outstanding
STEM project presentations. Students from RMIT,
Australia; the University of the West of England, United
Kingdom; Nanyang Polytechnic, Singapore to present
joint STEM projects with IVE Engineering Discipline,
IVE Information Technology Discipline and Thei
students respectively. The second part was an invited
presentation from the University of the West of England
(UWE) to share how UWE engages youth in STEM
studies through their signature “Bloodhound” Project. It
is a design and make of a supersonic car project. The
last part was a student-centre forum. Students from
different countries shared their STEM learning
experience, career development and views on STEM
education and development in their home country. The
forum is a successful event with over 300 participants
globally.
An International STEM Student Seminar 2017 will
be hosted by VTC in June 2017 in Hong Kong. Theme
of the seminar is “Voice of Youth: International STEM
Students Exchange on Vocational Learning”. The
seminar is scheduled for two days and sessions include
(i) STEM Students’ forum with Executives, (ii) Invited
presentations from STEM teachers/practitioners, (iii)
Joint-institute student project presentation, (iv) Student
project presentation from different institutions, and (v)
Student poster session. Oral presentations and poster
session will be reviewed by a technical programme
committee. The poster session provides an opportunity
for STEM students to present their projects to the Hong
Kong and overseas participants in a lively style.
Throughout these seminars, it aims to establish an
intercultural dialogue among young people from
different parts of the world on STEM issues. Also, it can
expand the professional networks available to STEM
students intending to enter the job market.

International Exchange Activities
IVE Engineering Discipline (KNCT 2011, Lee 2013,
Shirahama & Lee 2013) has started student exchange
programmes with NITs from Japan; Ngee Ann
Polytechnic and ITE from Singapore; MIT from US
and RMIT from Australia etc. since 2009. Both staff
members strongly believe that STEM elements are the
key successful factor for student exchange programmes.
Therefore, the team designed a number of STEM
projects in the past eight years. It included control of
path tracking mobile robot, design and make of air
balloon, control of solar tracking system, and efficiency
analysis of a renewable energy system etc. The STEM
projects can enhance their hands-on ability to solve
daily life problems. On top of STEM project, each
exchange programme also included factory visit,
cultural exchange and sightseeing activities. The
proportion between STEM project and factory visit to
sightseeing and cultural activities is around 80% to 20%.
This golden rule adopted for many years with good
feedback from students, staff members and fund
supporters. Throughout these exchange programmes,
students can gain more insight of STEM education and
career development in different countries.
Project competition is another channel to promote
STEM education. Throughout the years, VTC students
attended a number of STEM project competitions. For
example, VTC students have a long record to participate
World Skills Competitions in various trades such as
mobile
robotics,
mechatronics, and
software
applications etc. The Solar Car and Robocon teams
from IVE Engineering Discipline attended the World
Solar Challenge in Australia and the Hong Kong
Robocon Contest with good achievement. Students are
strengthened to solve real life problems with sound
engineering principle solution through STEM project
competitions. Students also exchange view for code of
practice to apply STEM principles to solve real life
problems from various countries.

Figure 3 Path Tracking Mobile Robot STEM Project
International STEM Students Seminar/Forum
Apart from the student exchange programmes,
international symposium and seminar are also important

Figure 4 International STEM Students Forum 2016
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Conclusions
The paper reported vaious promotion channels of
STEM edcuation in vocational and professional
education and training (VPET). STEM education centre,
international exchange programme, project competition
and international student symposium/seminar have been
addressed as key elements to promote STEM education.
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Abstract

other contexts. This end-to-end training experience
has also been replicated under a similar module
where students have developed and conducted
training workshops for external parties such as
corporate clients and secondary schools.

Research shows that students learn better when
they apply concepts to practice, solve real problems,
make decisions and reflect on the consequences.
Based on these principles, the Learning &
Development (LD) module ensures that students’
learning is active and connected to real life. Its main
aim is to prepare students for the Learning &
Development role at the workplace and to ensure
that they are employable with relevant work skills.

LD is continuously updated and refined based
on feedback and reflection. Every year, new changes
are implemented to provide students with better
student engagement and learning experiences.
Keywords: experiential learning, learning and
development, training, industry relevant, 21st century
competencies, peer learning

LD uses the experiential learning approach to
enhance students’ learning of the end-to-end training
process. The key learning experience is the
Organisational Behaviour (OB) Workshop project,
where LD students (known as student trainers)
design and conduct a workshop for OB students. In
the process, they engage in activities around the
training cycle which include needs analysis, training
design, training delivery and training evaluation.

Introduction
This report highlights the Learning & Development
(LD) module and showcases its use of experiential
learning and the holistic development of students in its
curriculum. Research shows that students learn more
effectively when they can apply concepts to practice,
solve real problems, make decisions and reflect on the
consequences (Kolb, 1984). They also learn better when
teaching and learning is active, connected to real-life
and designed with the students and their unique qualities
in mind.
Students’ ability to apply concepts learnt in the class
in an authentic setting is important as they will need to
be able to test ideas discussed in the classroom on real
life situations. This link to reality is required to prepare
a student for life’s unpredictable experiences (Kolb,
1984).
Based on this, the LD module was designed to
prepare students for the learning and development
(L&D) role in a dynamic work environment and to instil
relevant work skills to ensure their employability in the
changing work landscape. This was achieved by
incorporating an experiential group project called the
Organisational Behaviour (OB) Workshop project into
the module.

Student learning is emphasised in a few ways.
There is peer teaching and learning, which benefits
both the LD trainers and OB participants. The
trainers experience learner-centred learning when
they actively engage in posing questions, exploring,
being curious, and working in teams when
developing the workshops for OB students. There is
also scaffolding of learning when students use
knowledge learnt in previous foundational modules
in the BS course, and apply it in the execution of the
workshop, integrating and synthesising their past
learning into one whole experience. The students’
learning results in their holistic development and
they develop a repertoire of 21st century work skills.
A variety of assessments (both formative and
summative) are used to allow the different learner
types to showcase their abilities. Continuous
feedback is provided to students throughout their
experiential learning experience to help them to
reflect on their learning and to make improvements.

Background
The LD module is a core module taken by final year
students in the School of Business & Accountancy (BA)

The LD students have been given opportunities
to extend and apply their acquired skills further in
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at Ngee Ann Polytechnic. These are final year students
who choose to specialise in the Human Capital
Management (HCM) option under the Diploma in
Business Studies (BS).
The BS diploma aims to equip students with a broad
range of business knowledge required in business
management. Students who specialise in the HCM
option are trained to be professionals in the field of
human resources (HR). The specialisation equips them
with essential skills in the key HR areas such as
recruitment and compensation, through a variety of
specialisation modules such as Global Talent &
Mobility, Total Rewards Management, Employee &
Industrial Relations, and LD, amongst others.

The LD Module
In LD, students learn the role of Learning &
Development (L&D) in organisations, including the
fundamentals and the wider and emerging trends that
impact L&D in organisations. More importantly,
through the group project, students also develop L&D
skills that will enable them to conduct the Training
Cycle by assessing training needs, designing,
conducting and evaluating simple training programmes.
The 4 phases in the Training Cycle are taught in the
first six lecture topics so that students are equipped with
the necessary theoretical knowledge of training design
before embarking on their group project. Figure 2
illustrates the four phases in the Training Cycle and
their corresponding lecture topics.

Scaffolding Learning: Diploma in Business Studies The Human Capital Management Option

Lecture 1: Introduction to Strategic
Training

The LD module leverages on the scaffolding of the
students’ learning across three years within the BS
course (Refer to Figure 1).

Lecture 3: Learning Theories &
Principles Assessment
Lecture 2: Training Needs
Assessment

Lecture 6: Training
Evaluation

Lecture 4:
Training Design

Lecture 5: Training Implementation
Lecture 8: Practical Training Tips

Figure 2: Phases in the Training Cycle and corresponding lecture
topics
Figure 1: Scaffolding of learning in the BS HCM Option

Redesigning the LD module

In Year 1, the students learn fundamental business
modules that cover topics in business management,
customer service and business communications. At this
foundational level, they build a foundation in their
business management skills and basic interpersonal
skills.
In Year 2, students broaden and deepen their
business knowledge, and are exposed to the functional
areas of business such as human resource management
and marketing. They continue to deepen their skills in
business communication and to develop an innovative,
resourceful and enterprising mind. In addition, they are
first introduced to the function of learning and
development in the basic Human Capital Management
module.
In Year 3, the students use their foundational
knowledge previously acquired to enable performance.
They make use of all prior learning acquired in previous
Year 1 and 2 modules to prepare for and deliver the OB
Workshop. Using higher-order thinking skills, the
students integrate and synthesise all their past learning
and skills acquired into this one whole experience,
which is often the real experience of working
professionals in the workplace.

Previously, students taking LD were passive
learners. They learnt about the Training Cycle in
lectures, and applied their learning through case studies
in class. There were few opportunities for the students
to apply what they learnt in any real-life context.
However, as future HR professionals, it is important that
the students are given the opportunity to have practical
knowledge of the Training Cycle, and to experience the
types of work situations, tasks and challenges that
training professionals encounter in the workplace. The
students also need to develop professional competencies
and skills that are required of training professionals in
implementing the HR concepts in the workplace.
In order to provide more engaging and practical
learning opportunities for students, the LD module was
purposefully redesigned to incorporate experiential
learning which gives students the chance to put into
practice the theories they learnt in the classroom
(Wharton & Parry, 2003). Literature has also evidenced
that learning increases when students’ experiences and
knowledge are utilised in their learning process, and
when they are able to interact and reflect on the subject
matter.
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In addition, the experiential learning opportunity
also allows students to develop skills and attributes
which are essential to training professionals that cannot
be easily acquired from content knowledge. These are
practices and behaviours that can only be developed
through practical and “real-life” situations.

Phase
Design
Training

Implement
Training

Redesigning LD for experiential learning through
the OB Workshop
The design of the LD group project uses an
experiential learning approach based on David A.
Kolb’s Experiential Learning Theory which states that
“learning is the process whereby knowledge is created
through the transformation of experience” (Kolb, 1984).
In Kolb’s model, learning through experience is a fourstage cycle, where learners learn through experiences
that they reflect on to conceptualise new ideas or
thoughts, which they then apply. Through the
application, they experience and reflect again, and the
cycle continues.

Evaluate
Training

Assessment
Training
Proposal

OB
Workshop
Delivery

Training
Evaluation
Report,
Reflection
Journal

The series of project tasks sequenced in the OB
Workshop deliberately mimic the four phases of the
Training Cycle so that the LD trainers are able to
experience each phase and put into practice the
theoretical concepts that they learn in class.

i. Implementation of LD
Experiential learning was used when designing the
LD group project to provide students with an authentic
and applied learning experience. In this LD group
project, also known as the Organisational Behaviour
(OB) Workshop project, the LD students are
“appointed” as student trainers by their “client” – the
School of BA. They work in teams to design, propose
and eventually conduct a 2-hour workshop for first year
students around OB topics such as conflict management,
stress management, and teambuilding. At the end of the
project, the LD trainers are also required to evaluate the
outcomes of the OB Workshop that they have
conducted. Through the project tasks, students practise
the Training Cycle learnt in class and apply it to a “real”
situation to successfully implement the training
programme to the client’s (or lecturers’) requirements.
The LD trainers apply the four phases of training
design learnt in lectures to complete the main project
tasks, which are to:
1) conduct needs assessment and submit a training
proposal and programme for the workshop;
2) work collaboratively with other teams to run the
workshop as trainers;
3) submit a training evaluation report evaluating the
workshop’s effectiveness; and
4) submit a personal reflection on their learning
experiences.

ii. Assessment of LD
A variety of summative and formative assessments
are used to fairly assess a broad range of skills and
knowledge which range from academic knowledge to
analytical skills to practical training skills.
Summative assessment of LD will include the
Training Proposal and Training Evaluation Report
which are submitted as written reports. Students will be
assessed on their analytical ability, creativity and
writing skills as well as the ability to gather and
synthesise data.
Formative assessment is conducted during the OB
Workshop where the students are observed and assessed
by lecturer assessors who will evaluate them on their
stand-up
training
competencies,
teamwork,
communication and presentation skills, as well as their
workshop facilitation skills. Students are also expected
to submit a personal reflection where they are assessed
on their reflective and evaluative ability.
Redesigning LD for the development of business and
functional competencies
The learning activities in LD were redesigned to
integrate the objectives of both the diploma course and
the module, which are to equip students with a broad
range of business knowledge whilst preparing them for
a career in L&D and training. It gives students
opportunities to hone a wide array of business
management and workplace-relevant skills, such as
interviewing and interpersonal skills, teamwork,
communication, decision-making capability, time
management, stress and conflict management,
resourcefulness, and ability to think on their feet. These

Table 1 provides an overview of the project tasks in the
OB Workshop that the students engage in.
Table 1: Project tasks in the OB Workshop
Phase
Project Tasks
Assess
To conduct training needs assessment
Training
to assess needs of trainees through:
Needs
 gathering information from class
observations, surveys and
interviews with OB stakeholders
 collating and analysing the
information to propose suitable

Project Tasks
activities to suit needs
To design and propose a training
workshop programme that includes:
 relevant learning activities
 a detailed lesson plan
 class layout and materials needed
To conduct the OB Workshop and
facilitate the workshop learning
activities, with autonomy to make
decisions on:
 sequence of training activities
 trainer roles within the team
 time-fillers, materials or props to be
used
To evaluate the effectiveness of the
OB Workshop by:
 gathering and analysing feedback
using appropriate evaluation
methods
 reflecting on feedback collected
 assessing strengths and weaknesses
 making recommendations for future
improvements

Assessment
Training
Proposal
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are skills that are crucial for every business graduate to
possess.
The project also develops the professional abilities
of the students and enhances their employability.
Through the project activities, the students acquire
specific functional and L&D-related skills that are
important in the role of an L&D professional in the
workplace, such as knowledge in learning theories,
needs assessment, curriculum development, training and
facilitation skills, and evaluation skills. These are all
skills that an L&D professional would need to possess
in order to succeed in today’s workplace.

receive feedback on their delivery techniques from both
the lecturer and their peers in the project team. Students
gain greater confidence through the practice of their
training delivery. They anticipate and carry out
contingency planning during the dry runs, and practise
giving and receiving feedback.
After the workshop, they receive feedback on their
actual workshop delivery from their lecturer assessors
and OB participants. The students then make use of all
the feedback collected to reflect on their performance
and to make improvements throughout the project
process.

Redesigning LD for learner-centred learning

Effectiveness of Learning: Reflection in experiential
learning

The design of LD also provides many opportunities
for the students to engage in learner-centred learning.
Throughout the OB Workshop project, students are
actively engaged in learning through posing questions,
exploring, reflecting, collaborating, being curious and
solving problems. They become self-directed,
independent and collaborative learners, and develop into
active yet reflective learners.
Students experience active engagement through this
hands-on experience with the OB Workshop, and it
appeals to kinaesthetic learners who are usually
disengaged from the more traditional and academic
approach to learning. In addition, each phase of the
project is designed for them to gain a wide array of both
functional and soft skills through the tasks, such as
L&D
skills,
initiative,
decision-making
and
accountability.
In planning the workshop, the students experience
the role of trainers in helping to carry out the overall
objectives of the School of BA, and are thus able to
draw parallels to the workings of a real organisation and
appreciate the very important role that training plays in
an organisation’s strategy. Students are also actively
engaged in the learning activities through learning by
doing, learning by discovery and learning by
collaboration. This leads to some students being more
motivated about learning.
In their reflection journals, many LD students have
reflected on how this experience has sparked their
interest in the profession and the relevant skills they
have gained to help them to pursue this career path.

The importance of reflection is emphasised
throughout the feedback process. The students reflect on
the feedback received from the various sources.
Encouraging continuous feedback and reflection
develops critical thinking in the students as they think of
new ways to improve the OB workshop. It also develops
a sense of personal awareness and development as upon
reflection, the students seek to overcome their personal
weaknesses and improve themselves.
Based on Kolb’s model of experiential learning, the
LD students learn through their previous experiences
and reflect on them to conceptualise new ideas or
thoughts which they then implement. Although
experience is the basis for learning, experience cannot
be assumed to be an indication that learning has
occurred. Reflection on an action must take place in
order for learning to occur (Kenny et al., 2013; Beaudin,
1995). Therefore, reflection after an experiential activity
should be a conscious effort, actively pursued after
every learning experience. It is the reflection process
which turns experience into experiential education
(Joplin, 1981).
Reflection is used to help students explore their
thoughts and feelings and to work through an
experience, in an attempt to gain new understandings,
fresh insights and self-awareness. This type of learning
helps to move the student from surface to deep learning.
After the workshop, the LD trainers are required to
pen their learning and reflections in a reflection journal.
This assessment component allows students to step back
from their learning experience to help them to improve
on future performance by analysing their experience.
Reflective writing also encourages critical thinking and
analytical skills, and helps students to increase their
metacognitive skills. (Gorlewski & Greene, 2011; Plack
et al., 2007).

Effectiveness of Learning: Feedback
The LD trainers are given opportunities to gather
and receive feedback from several parties at all stages in
the project. Providing feedback helps to build the
students’ skills, and gives them more confidence to
carry out future tasks (Kenny, Brown & Ralph, 2000).
At the training proposal stage, students receive
feedback on their submitted proposals from the lecturer
on the feasibility of ideas proposed for the workshop. In
preparing for the OB Workshop, project teams rehearse
their sessions. These sessions give the students the
opportunity to practise their training facilitation
techniques and work out the flow of the training session
within their teams. During such dry runs, students

Effectiveness of Learning: Developing 21st century
professional competencies and values
Students today face a world of challenges when they
step out into the working world – challenges brought
about by technological advances, demographic change
and globalisation forces. Students need to be wellequipped with 21st century competencies that include
skills such as creative and critical thinking,
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collaboration, and social and cultural skills to face such
challenges of the future and to grasp the opportunities
created by them.
Experiencing the OB Workshop has provided value
and impact to the students in terms of their holistic
development. In the process of guiding the students
throughout their project, the lecturers have observed
how the students have developed these 21st century
competencies. For example, in analysing training needs,
the students engage in critical and analytical thinking.
They apply out-of-the-box thinking when creating
interesting workshop activities to generate participants’
interest. Students also engage in self-directed learning
through exploring and researching the OB content, and
in reflecting on their experiences. They not only learn
their content skills but have also picked up other
relevant competencies that would be useful for them in
their future work.

Most recently, through a partnership with a special
school, the LD students were given opportunities to
broaden their learning with service learning elements
through an alternative project. Students who chose to do
this project planned and organised a workshop to teach
life skills to students with learning disabilities. The LD
students had the opportunity to engage in service
learning in a realistic environment. In interacting with
their special needs students, they also got a chance to
reflect on their own personal situations and show
gratitude, appreciation and compassion for others.
Effectiveness of Learning: Cross-level collaboration
and peer learning
The OB Workshop project also facilitates close and
continuous working collaboration and interaction
between the staff and students of OB (a first year
module) and LD (a third year module).
Staff leading both modules work closely to
determine workshop outcomes, and to mentor the LD
students. During the OB Workshop, each class is
assigned both a first year and third year lecturer, who
work collaboratively to observe and assess the OB
trainees’ participation and LD trainers’ delivery. This
cross-level collaboration gives all OB and LD tutors
involved an appreciation of each other’s work domains.
There is mutual learning and respect, greater
understanding and co-operation that also spills over into
other areas of work. The cross-level cooperation
between the staff has resulted in better working
relationships, and has helped to open up possibilities to
work together on other projects. In addition, lecturers
roped in to help assess the workshop delivery also hone
additional skills in conducting live assessments and
giving verbal and immediate feedback to students.
The LD students also actively engage with the OB
lecturers and tutors (who play the role of “client”) to
gather the requirements for the OB Workshop. This
collaboration between the LD students and their
“clients” helps to hone their service mindset and
attitude, which are also important attributes to possess
in the workplace. LD students also experience the
importance of questioning & communication with
clients, and also start to develop greater sensitivity to
the needs of their stakeholders.
Peer learning is another key feature of the OB
Workshop that has benefitted both the LD trainers and
OB participants. The OB students benefit from being
taught by their seniors as the OB content is
contextualised by their senior peers at a level that is
meaningful to them. The LD trainers also benefit from
peer learning as “to teach is to learn twice”. The LD
students have mentioned in their reflections that in
teaching the OB content to their juniors, they refresh
their previous OB knowledge and also learn to connect
with their juniors and form new friendships. As trainers,
the process also instils a sense of responsibility in
making them accountable for the learning of their peers,
and in being role models that the junior students can
approach easily. The OB students have also commented
in their post-workshop evaluations on how they were

“Interpersonal skills such as facilitation skills were also acquired
in through this experience – where I learnt how to present information
to the trainees in an effective manner to grab their attention,
encourage participation……as well as to manage and deal with
trainees of different personalities…”
LD student, quote from reflection journal

During the actual workshop, the lecturer assessors
also observe many such examples of holistic
development e.g. during the OB Workshop, the students
are required to be energetic and enthusiastic in order to
motivate their trainees to participate fully, and to
display confidence in carrying out the workshop
activities. They have to be resourceful in order to
propose new and engaging workshop activities.
Another skill observed by the lecturers is the ability
of the students to adapt to changing situation. While
students can be prepared to deliver the workshop with
the best-intended outcomes, they may have to handle a
class of participants of different learning needs. They
have to think on their feet to make quick decisions to
respond to the learning climate. This helps to hone their
situational adaptability and ability to respond to and
handle unanticipated situations, which is a desired
competency in the workplace.
“…I have learnt how to be more flexible such as being responsive
to the environment in order to be able to cope with unexpected
changes of situations that may occur. This includes quick thinking and
making effective decisions on the spot…”
LD student, quote from reflection journal

Basic values such as resilience are instilled when
students encounter unforeseen challenges in conducting
the workshop, and their persevering attitude is tested.
The students are also taught that showing respect and
consideration for their trainees’ unique profiles,
personalities and learning styles are also important in
conducting a successful and engaging workshop.
Similarly, empathy is inculcated when students try to
understand the needs of their audience and modify their
training approaches to meet these needs. The final year
students act as role models and positive examples of
seniors that their trainees can aspire to become.
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able to identify better with their trainers and how they
had gained more knowledge about the specialisation
during the workshop.

have contributed, guided and continually supported our
efforts in this project.

Feedback from students and industry
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Abstract

basic motion of rocket easily. In this paper the method
will be explained.

For 7 years, the water rocket has been used as
introductory education for freshmen of mechanical
and systems engineering. During the process of
making and improving performance of the rocket,
students were expected to earn basic skills in
experiment, such as critical thinking, data handling,
graphing data, data analysis, collaborate each other,
and so on. In this class digital video camera was used
for obtaining data from flying rocket. With using
projector and big papers, students joined the force to
plot trajectory and attitude of the rocket. In this
paper the method will be described.

Methods
The water rocket is made by plastic bottle used for
sodas. The rockets was consists of four parts, pressure
tank, wing, nose cone and releasing mechanism. The
rocket was lunched using rocket launcher that also has 3
parts, launch base, pump and switch for release (Figure
1).

Keywords: Group work, Digital video, Experiment,
Digital-analogue hybrid, physics
Introduction
In engineering field, not only theory but experiment
skill is important, because the engineering problem often
occurs beyond expectations. The experiment sometimes
gives us unexpected result which indicates wrong
assumption or approximation, when the obtained data
was analysed carefully and properly. And also to write
report about experiment is one of essential skill to tell
others information. Yet it is hard to acquire these skills,
and often teachers complain about that students are luck
of these skills. One reason was that usual experimental
class does not aim to develop these skill but learning
specific physics subject.
In order to make student gain these skills, the
experimental class was made for freshman of mechanical
and systems engineering. Considering the age and skill
of freshmen, the topic for experiments should be easy to
observe and make. Furthermore, the topic is better to
have experiences based on the mechanical engineering
theories, such as dynamics, fluid dynamic and
thermodynamics. From these points of views, the water
rocket was selected to use for the topic. The water rocket
was used for the educating all over the world. It was easy
to made and non-expensive, fun to play with. Even
elementary school children can make and play with it.
But to analyse motion of the rocket properly, the
knowledge including dynamics of solid body, fluid
dynamics, thermodynamics and calculus was needed.
With rapid development of the computer, digital cameras
and open sources programs for educations, changes the
situations. It made freshman to observe and analyse the

Figure 1: Water Rocket and Launcher
In the pressure tank some amount of water was filled
as propellant. After connecting rocket with launcher, the
pressure tank was pressurized by air pump to provide
thrust.
With using the releasing switch, the rocket was
disconnected from the launcher. Due to the difference of
pressure, the water inside was pushed out to outside and
gaining momentum according to the Bernoulli’s
principle (fluid dynamics.) The momentum of the water
gives the momentum of the rocket to opposite direction.
In the pressure tank, the inner pressure decrease along
with adiabatic expansion (thermodynamics) caused by
decreasing water. When the pressure inside became same
as atmospheric pressure, the acceleration of the rocket
was finished.
After acceleration, the rocket states changes to
projectile motion. In this state, path of the motion be
different due to the initial velocity, projectile angle, drug
force, lift force and attitude of the rocket.
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Students asked to compete in distance rocket flied.
The parameter students can change was amount of the
water and angle of launch which may change its initial
velocity and projectile angle. For the rocket, everything
but pressure tank size they could be modified. Thus to
make their rocket fly farther, it is important to know
behaviour, such as initial velocity, initial angle of motion
and posture angle, which can be analysed from video. In
order to learn treatment of video and how to analyse
motion from them, Galileo’s experiment was done as
preliminary experiment. Four balls with almost same size
and different weight were dropped from the 3 rd floor as
shown figure 2. The free fall experiment was recorded by
the digital video camera (Sony HDPRJ540 1024x768
pixel 30Hz).

angle of launcher, rocket was launched with changing
these parameter and distance was majored. While the
experiment, motion of the rockets were recorded by the
digital video camera as shown in figure 5. Video was
recorded from the launch to the end of accelerations.

Figure4: Example of the plotted positions of the
Galileo’s experiment.

Figure2: Schematic view of Galileo’s experiment
The recorded video file was send to the personal
computer which was connected to the projector that can
project image on the table. Then the video file was
projected on the paper as shown in figure 3.

Figure5: Water rocket launch images: three
sequential flames.
From the video, the trajectories of rocket and postures
of rocket was plotted on to the paper as shown in figure
6. Different from the Galileo’s experiment, not only the
position but also the posture of the rocket was plotted on
the paper to calculate the initial angle, initial velocity.

Figure3: Table projection of recorded videos
The video was played flame by flame using Microsoft
Media Player. The position of the ball was plotted on to
the Paper to make position-time graph as shown in
figure4. From the graph and the object with known size
in the video, real scale position was calculated then
from the position data, velocity and acceleration was
calculated. Through the experiment, students were
expected to learn how to obtain data from videos and
the concept of air resistance.
After Galileo’s experiment students made water
rocket based on the blueprint that handed out (basic
rocket). To find out the proper parameter of water and

Figure6: Example of the position and posture angle
of the rocket
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To know the drag coefficient of the rocket they
made, Phet(e.g. W.K.Adams, et.al.(2008)) projectile
motion simulation was used (Figure 7). In this
simulation, three parameter, initial velocity, angle and
drag coefficient could be changed. Using obtained
velocity and angle, the distance was simulated with
varying the drag coefficient. Comparing simulation and
measured distance, student can be find the value of the
coefficient.

Then we need to find another way to analyse data and
doing simulation in easy way. For simulations, thanks
for the trend of the open education in American
universities, many web based application was
developed. One of them was phet simulations from
Colorado University. It was easy to use and doesn’t
need install new programs. For digital analysis, at first
we made it as homework, but it did not work because
not all students own PC in home.

Figure7: Phet Projectile motion simulation.
Results and Discussion
This project was started 8 years ago, and gradually
modified to enhance student’s skills in experiment. At
first we starts making rocket using 1.5 l bottles, and three
cameras which video format was motion Jpeg. At that
time we had extra 2h in week for analysing videos using
computer room. To analyse the images, ImageJ was used
as shown in figure 8.

Figure 9: Projectile simulation using Excel
Then we split job into controlling video and plotting
position. It was not only time effective but also had
good effect for student to enhance collaboration. They
start sharing job to finish experiment. Furthermore,
from this year every students bring their own PC to
school, it make much easier to them to share results.
Improvement of time efficiency gives students extra
time for experiment in extra conditions. Before the
analogue-digital hybrid analysis they tend to wait for the
result of analysis to do extra experiment. As a result
they only can acquire only 4 to 6 case of the flight data
and they can analyse two or three data. But with this
method, student become eager to do extra experiment.
The number of the case done increases at most 12 (4
different angle, volume of water and shape of the wing),
all teams can be analysed 6(water and angle difference)
or more case. These difference changed discussion in
improvement of the rockets and quality of the report.
Conclusions
With changing digital only analysis to digital-analogue
hybrid, time for analysing data was decreased. And it
gives student extra time for additional experiment. Data
from additional experiments improved quality of the
report and discussion.

5HSHDWXQWLOWKHEDOO
UHDFKHGWRWKHJURXQG㻌

Figure 8. Example of ImageJ analysis
Using digital only analysis, there was students not
good at computers and such kind of students tend to be
discouraged to learn. But as far as we have time, it was
not big deal. Another problems was simulating
projectile motions. Because the computer in computer
room has limited capability to install applications for
simulations, there was no other way to use Microsoft
excel as numerical analysis (figure 9). With the handout
sheets, it was possible to calculate motions with
different parameter but for student the spread sheet was
hard to understand. There was not much difference
between calculation by programing and excel
simulations for mechanical engineering students.
But two years ago, things became worse. The extra 2h
could not be used because of the curriculum change.
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Abstract
Nowadays we live in a multi-cultural society
where it is inevitable that we understand and receive
cultural differences with sympathetic understanding.
Not only to master English as a communication tool
but also to nurture the attitude to accept different
cultures will most likely be an essential issue that we
have to deal with. Therefore, we need to explore a
way to enhance these two aspects: the levels of target
languages among students and understanding
different cultures. In order to promote the
enhancement of them both, training methods using
Skype have begun between students in National
Institute of Technology, Kure College, “Kosen” and
foreign exchange students studying in Nagaoka
University of Technology in Japan. We currently
aim and focus the enhancement of their
communication and understanding of different
cultures as a cooperative research project, utilizing
Skype.
In the Skype sessions, we conduct the tandem
education method which is so called a reciprocal
method where they use their target languages
alternately. Eventually, both groups of students
could benefit from each other, in terms of developing
their target language skills along with broadening
their own horizons while exchanging details of their
own different cultural aspects.
Both Kure Kosen and NUT students are informed
beforehand of the specific topics about their cultures
so that they can do some research on the given topics
in preparation for smooth conversation. I’ll examine
how effective Skype sessions in a ‘real’ situation, face
to face on the screen, are in terms of the
enhancement of crosscultural communication
As a result, more and more students from both grops
are intrigued enough to conduct research before the
Skype sessions in order to understand the differences
in culture, which could eventually promote them
towards better and faster acquisition of their target
languages.
Combining
the
crosscultural
understanding and the language learning could
bring an “awakening” among students.

Introduction
Living in a multi-cultural society, we’re now under
the necessity of understanding and receiving cultural
differences with sympathetic understanding. It is not
only a matter of language acquisition but also that of the
development of attitudes toward different cultures. In
order to enhance both elements, a cooperative research
project on training methods using Skype has currently
begun between students in National Institute of
Technology, Kure College, and foreign exchange
students studying in Nagaoka University of Technology,
which offers Twinning Programs with Hanoi University
of Science and Technology, an interdisciplinary
program to nurture leading engineers proficient in the
Japanese language.
Before Skype sessions, both groups are informed of
the specific topics about their own cultures that they are
going to introduce. In the Skype sessions, the reciprocal
tandem education method has been conducted. I’ll
examine how effective they are to enhance crosscultural communication, using the sources from both
groups as follows:
1. The transition of scores of English tests
2. Questionnaires on the knowledge of cross-cultural
information
3. Questionnaires on learning different languages
and cultures
Consequently, the integration of the cross-cultural
understanding and the language learning could
effectively bring an “awakening effect” among students
toward better and faster acquisition of their target
languages.
1. The transition of scores of English tests
This research was conducted among 27 4th year
Kosen students who took an elective English class.
Comparing their TOEIC transitional scores of two
consecutive years, it is clear that their English was
improved especially in the Listening Section (L).
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Figure 1: The transition of scores of TOEIC tests

4 June, 6
5 June, 20
6 July 4

Cross-Cultural Communication
3: Campus Life
Cross-Cultural Communication
4:Sightseeing Spots
Cross-Cultural Communication
5:Communication Style

NUT student’s impression on cross-cultural
information is as follows: “Depending on the topic of
the day and the direction of the conversation, the
amount of knowledge about Japanese culture varied a
lot. For example, about the topic Food, we already know
about sushi, ramen, udon and so on. If we only talked
about what we like to eat in Japan, there is almost
nothing new to learn. So we extended the context of
where foods are different. Such as what people eat on
Christmas, New Year's Day and so on. We learned that
Japanese like to eat fried chicken on Christmas after an
advertising of KFC a long time ago. We learned that
Japanese typical New Year's dishes are not always the
same and some dishes are different for different
provinces. For different topics, such as Sightseeing
spots or Sports, it's easier to learn more about Japanese
culture since they're common interest and available
information on the Internet are huge. But for Campus
life or Communication Style topics, the former is trivia
and the latter is too difficult to talk about. We couldn't
gain much knowledge about these kinds of topics. In
general, talking with Kure's students did help us
improve
knowledge
about
Japanese
culture.
Furthermore, Kure's students also gave good suggestion
for us about what foods to taste and which places to
visit. “
Kure students’ questionnaires about cross-cultural
items they have known showed that they have come to
be familiar with some different items in foreign cultures.

The scores in the Listening Section increased by an
average of 31 points, while the Reading Section only
increased by 8. The total increased an average of 39
points. It is also noteworthy that in the Listening
Section one student increased their score from 200 to
320. This student tried hard when communicating with
foreign students. According to the questionnaires from
other students, they realized that their listening ability
improved by working hard to understand English
speakers. This Skype class is a major reason for these
results.
As for the NUT students, one student commented on
his own Japanese ability: “Although it's expected that
English is used most of the time, there were some
moments that we had to switch to Japanese. When
Kure's students didn't understand what we were saying
or didn't know the words in English to express their idea.
To keep the conversation going, either Kure's students
or we actively spoke Japanese. And for each different
topic, there were some relevant new words or phrases
that we didn't know popped up, especially in Japanese
traditional sports or food topics. Although we could
look up these new words ourselves, Kure's students
helped explaining the meaning, when and where to use
them and sometimes showed us pictures or video clips
that they found on the Internet for a better
understanding. Not just new words that we learned,
Kure's students also helped us correcting and choosing
the right pronunciation of some Japanese words
especially in the case of kanji, where one character has
many ways to pronounce. Despite the few number of
Skype sessions, we had chances to review and gain a
little knowledge about Japanese.”

Figure 3: Cross-cultural items they have known
2nd Topic: Food Culture
-Vietnam traditional dishes -They serve all the food in
one plate. -The large amount of food-Many different k
inds of food-Okonomiyaki in Vietnam -Similar food
with different names
-Passion fruits such as Dragon fruits, litchis,
Chowchow -Beans -Tom yum goong
-Each dish has a lot of vegetables in Myanmar. -Fish es
pecially crab, crayfish -Kangaroo meat is eaten.
-They don’t care about how to serve food.
-African native dishes -They don’t eat rice very much.
3rd Topic: Sports
-Taekwondo is their national sport in Taiwan.
-Cricket,-Soccer, mountain climbing
-Rugby, American Football, Kick boxing
-Badminton is very famous in China.
4th Topic: Campus Life
-The academic year schedule is different from
Japanese universities. -University starts at 8:30 and
ends at 16:00. -They have many tests.-Both Japanese
and English are used in class.

2. Questionnaires on the knowledge of cross-cultural
information
The list of designated topics for each session was
given to the students in their first lesson as follows. The
schedule and topics were shown in advance so that they
could plan their necessary research at their own pace.
Figure 2: A list of given topics for each session
# Date
Topics
1 April 18
Self-Introduction, Major, Hobbies,
Hometown
2 April, 25 Cross-Cultural Communication
1: Food Culture
3 May 9
Cross-Cultural Communication
2: Sports
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5th Topic: Sightseeing Spots
-Nanoi Bay and Hue, the terraced paddy fields
-Halong Bay -Beautiful seascape -Skydiving spots
-A temple above the water -Ho Chi Minh City, Sài
Gòn -Scuba diving (The license is cheap to get in
Philippine) -Hot springs -Son Doong Caves, in Viet
nam, the longest cave in the world

#2 (25, Apr.)

4 3
4%4%

2
70
%

According to the list above, they started to
understand
cross-cultural
differences
through
exchanging information about their own cultures. Some
NUT students prepared power point slides or pictures
from the internet to show their cultures effectively.
The questionnaires were conducted right after each
session on both Kure and Nagaoka students. The
questions were as follows:
A-1. Self-communication ability with foreigners.
A-2. Understanding a foreign culture better than before.
A-3. Spoke and listened to other languages.
A-4. Had chances to express my thoughts
A-5. I have an advantage of social media.
A-6. I have trouble communicating in a foreign
language
B-1. Not interested in today’s topic but I attended the
class.
B-2. I tried my best exchanging ideas with foreigners.
B-3. I positively asked questions in order to study with
foreigners.
B-4. I did some research on today’s topic before the
class.
B-5. I positively attended today’s class.
C-1. Teacher’s support
C-2. Free discussion among students
C-3. To choose an interesting topic
C-4. To share what we have made with Skype mates
C-5. To have a good and effective ICT.
D-1. Evaluation on today’s topic
D-2. Interaction among the students in two schools.
D-3. Schedule
D-4. Topic
D-5. The number of attendees

#3 (9, May)

#4 (6, Jun.)

#1 (18, Apr.)

Kure

Nagaoka

Kure

Nagaoka

Kure

Nagaoka

3. Questionnaires on learning different languages
and cultures

1
11
2%

Kure

Nagaoka

The number of Kosen students who felt
“Understanding Foreign Cultures” improved from the
1st through the 5th session increased. In the 5th session,
96 % of the students felt Yes (very much) while only
44 % of them felt so in the 1st session. NUT students’
results showed a simple characteristic where “Yes” and
“So so” were the only answers given from the 1st to the
4th session. However, in the 5th session, 16 % of the
students said “Yes, very much” and 50 said “Yes”,
which showed a significant improvement on
understanding different cultures.

Figure 4 : A-2“Understanding a Foreign Culture Better
than Before.”

3
30
%

Kure

#5(20,Jun)

It’s difficult to graph the results of all the questions
above, so I’ll pick up some of the noteworthy results.
The transitional results of the questionnaire
“Understanding a Foreign Culture Better than Before.”
are as follows (1: Yes, very much, 2: Yes, 3: So so., 4:
Not very., 5: Not at all. ).

5
7 4
% 19
%

1
22
%

5
0%

Between April and June, we had 5 Skype sessions
with common designated topics used to create
discussions. The questionnaires on the students’
impressions on their cross-cultural communication
showed how motivated they became.

33
%

Nagaoka
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The transitional results of the questionnaire A-1“Selfcommunication ability with foreigners” were as follows
(The dates and answer examples are the same as Figure
1&2 ).
Kosen students’ answers of “Yes (very much)”
double from 47 % at the end of the first session to 92 %
at the end of the 5th. Even though the reciprocal tandem
education method has been conducted in these Skype
sessions, NUT students didn’t notice a significant
improvement in their Japanese whereas Kosen students
did with English. Nagaoka students improved from a
57 % “Yes” at the end of the 1st session to 67 % at the
end of the 5th .

#5(20,Jun)

Kure

Nagaoka

The transitional results of the questionnaire B-2 “I
tried my best exchanging ideas with foreigners.” were
as follows (The dates and answer examples are the same
as Figure 1&2 ).

Figure 5: A-1 “Self-communication ability with
foreigners”

Figure 6: B-2 “I tried my best exchanging ideas with
foreigners.”

#1 (18, Apr.)

#1 (18, Apr.)

Kure
#2 (25, Apr.)

Nagaoka

   Kure

#2 (25, Apr.)

#3 (9, May)

Kure

Nagaoka
#3 (9, May)

#4 (6, Jun.)

Kure

Kure

Nagaoka

Kure

Nagaoka

Kure

Nagaoka

Nagaoka

#4 (6, Jun.)

Kure

Nagaoka

Nagaoka
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#5(20,Jun)

that phase, they are determined to study harder to
become a better English speaker with higher motivation.
It is because of this ‘awakening’ during the Skype
sessions that a negative experience can eventually bring
them a positive one.

Kure
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Nagaoka

The NUT students tended to respond with “So so”
during the first 2 sessions and “Yes” was greater than
half from the end of the 3rd to the end of the 5th session.
Kosen students often responded with “Yes (very much).
Kosen students seemed to try harder to exchange ideas
with exchange students in NUT, using English. One
obvious reason for that can be the gap in their English
levels.
Conclusions
Through the development of cross-cultural learning
and understanding topics such as food, religion, weather,
sports, and places to visit, they started to realize what a
small world they live in. They came to know of a
different world, which could broaden their own
perspectives. The more interest they have in different
cultures, the more motivated they became to gain more
knowledge.
With the desire to convey information about their
own culture to their partners, who seemed to be close to
them on the monitor, students always felt like their
partners were literally in front of them so realistic that
they were even able to see their partner’s facial
expressions. An important factor of using Skype is that
they always felt that their partners were close to them
not only physically but also mentally. They could even
show their prepared power point slides or web pictures
with each other at the same time. Importantly, studying
with partners or with others from a different culture
makes a significant difference in the language
acquisition process.
A significant difference about how to prepare for the
Skype sessions between Kosen and NUT was noticeable
and influential especially for Japanese students. It can
be said that Nagaoka students were well-matured and
organized as a representative from their home countries.
Noticing such difference could be an important urge for
the Japanese students to learn English harder.
The Japanese students have studied English for 8 or
more years but it is true that they haven’t had many
chances to use it. As a result, Skype sessions give them
real situations where they are supposed or sometimes
forced to use English. This real environment can make
them realize how important it is to “use” the target
language. During these realistic experiences of speaking
English, failure itself can be a great chance to motivate
themselves toward the better acquisition of English.
Whenever they face difficulties such as careless
mistakes, helplessness, and incompetency, it could be a
great chance of an ‘awakening’ which could make them
realize an urgent need to conquer their weak points. At
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Abstract

Introduction

This research study aimed to measure the
vocabulary size of Thai first-year undergraduate
students and to determine the relationship between
their vocabulary size and reading comprehension.
Previous vocabulary size studies in Thailand were
conducted mostly with a small sample size of
undergraduate students. Therefore, to gain more
current insight, the samples of this study were
selected from four public universities and three
private universities in Thailand. The total of
participants was 483 freshmen in the academic year
2014. The research instruments were Bilingual
English-Thai Version of Vocabulary Size Test
adapted from English version of Nation and Begalr
(2007) and Reading Comprehension Test. The
results indicated that their vocabulary size was
between 3,100 - 4,000 word families. The second
large group was between 4,100 – 5,000 word families.
The third large group was between 2,100 – 3,000
word families. Moreover, a correlation analysis was
used to measure the relationship between vocabulary
size and reading comprehension scores. The result,
based on Pearson product moment correlation
coefficient, showed a significant correlation between
vocabulary size and reading comprehension scores.
The positive relationship between vocabulary size
and reading comprehension was confirmed. Even
though the participants were from different
backgrounds (i.e., fields of study, types of
universities, geographical regions), the result still
showed that students with larger vocabulary size
could comprehend reading passages better.
Therefore, helping EFL students to increase their
vocabulary size could help them to comprehend a
reading passage better. At the end, implications for
vocabulary pedagogy and future research are
included.

Vocabulary knowledge is a primary element for EFL
student to learn and comprehend English. Students with
limit vocabulary knowledge could find difficulty in
using English. Scholars have been conducted studies on
vocabulary knowledge, especially vocabulary size.
Students need a certain size of vocabulary in order to
comprehend different skills of English. Many research
studies found that vocabulary size strongly related to
students’ reading comprehension (Baleghizadeh &
Beheshti, 2010; Hirsh & Nation, 1992; Hu & Nation,
2000; Huang, 2006; Kezhen, Li, 2015; Laufer, 1997;
Pringprom, 2012; Sen & Kuleli, 2015). Basically, in
order to understand basic English, students needed to
know vocabulary at 3,000 to 5,000 levels (Nation &
Waring , 1997). To understand unsimplified texts, 5,000
word families were required (Hirsh & Nation, 1992) and
to read newspapers, around 8,000 to 9,000 words
families were necessary (Nation, 2006). Moreover, Hu
and Nation (2000) indicated that for students to read a
fiction without external supports, they needed
vocabulary around 98% of text coverage. Therefore, in
order for students to be able to comprehend English
texts better, increasing students’ vocabulary size could
be one influent way.
In Thailand, English has been a main foreign
language that all Thai students need to learn. It has been
added in Thailand’s basic education core curriculum for
decades. The Thailand’s Basic Education Core
Curriculum B.E. 2544, and 2551 (A.D. 2001, and 2008,
respectively) indicates that Thai students who graduate
from high school (Grade 12) need to know vocabulary
of around 3,600 to 3,750 word families (Ministry of
Education of Thailand, 2008). For reading, high school
graduates would be able to read for main ideas, analyse,
make a conclusion, interpret and express opinion from
articles, news, media and learning sources as well as
gather information and conduct a research.
However, when students came to a university, many
of them had problems with reading and complained that
they did not know many words in a reading text. A Thai
classroom contained students with mixed ability as they
came from different schools and different parts of

Keywords: vocabulary size, vocabulary breadth,
reading comprehension, EFL, Thailand, Thai students,
undergraduate students
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Thailand. It is difficult for teachers to prepare a lesson
to match their students without knowing students’
proficiency. Students’ vocabulary size could be the first
step that teachers should know as vocabulary is one of
the basic for learning a foreign language.
Even though Basic Education Core Curriculum
prescribed that Thai students need to have vocabulary
around 3,600-3,750 word families when they graduate
from high school, less is known if Thai students really
have that certain amount. Previous studies mostly
conducted on elementary and secondary students or a
small sample size of undergraduate students who
studied in the same school or university. Therefore, to
gain more insight, the present study was conducted with
the larger size of samples and data were collected from
different universities in different regions of Thailand.
There were two research questions for this study:
1) How large was the vocabulary size of first-year
undergraduate students?
2) To what extent did students’ vocabulary size
affect their reading proficiency?

three experts for construct and content validity before
revised and tried out along with the B-VST.
Procedure: The B-VST and RC were piloted with 40
first-year students who were high school graduates.
Then test items were calculated for their difficulty and
item discrimination. The students’ total scores of the
tests were calculated for the test’ reliability using
Kuder-Richarson Formula 20. After the tests were
revised, they were used in the main study.
In the main study, B-VST and RC were distributed to
each student. The students needed to complete the BVST first and then RC. They had 45 minutes to finish
the B-VST and 90 minutes to finish the RC. The
researcher explained the test instructions in Thai to be
sure that students would understand what they needed to
do. Before doing the tests, they were informed that
scores of the test would not affect their score or grade in
any classes they were taking. They were free to
withdraw their participation at all time. They were
encouraged to do their best because the result could
reflect their own proficiency and would benefit to other
students as it was an important part of a research study.
Students were allowed to hand in the tests before the
time ended if they completed them earlier.
Data Analysis: To answer research questions 1 and
2, the scores of B-VST and RC were analyzed using
SPSS. Descriptive analysis was used to find percentage,
mean, and standard deviation of students’ vocabulary
scores and reading scores. To identify the relationship
between vocabulary size and reading comprehension,
Pearson product-moment correlation coefficient was
used.

Materials and Methods
Participants: The participants of this study were 484
Thai first-year university students in year of 2014. The
simple random sampling technique was used to select
the samples. The participants were from different
faculties. 370 participants were from four public
universities, and 113 participants were from three
private universities. All participants were high school
graduates.
Instruments: There were two research instruments:
1) Bilingual English-Thai Version of Vocabulary Size
Test (B-VST) adapted from English version of Nation
and Beglar (2007). The test included 100 items. The test
was verified by three experts using the back-translation
method and was piloted with 40 freshmen. Then the test
was revised before used. Here is a sample of the test:
English Version
Figure: Is this the right figure?
a. answer
b. place
c. time
d. number
Bilingual Version
Figure: Is this the right figure?
a. คำตอบ
b. สถำนที่
c. เวลำ
d. ตัวเลข
The answer of the this question in the Bilingual Version
was “d” the same as the English Version.
2) Reading Comprehension Test (RC): The test was
developed in the multiple-choice format containing 40
items with three short passages and three long passages.
Each passage was calculated with the readability index
to assure that the passage was suitable for students’
level of proficiency. Then the test was validated from

Results and Discussion
For the research question 1, the B-VST was used to
answer the question. The result revealed that the firstyear undergraduate students mostly had the vocabulary
size between 3,100-4,000 word families. The second
lard group was between 4,100-5,000 word families. The
third large group was between 2,100-3,000 word
families. The result of all students’ vocabulary size
demonstrates in Table 1 below.
Table 1: Students’ Vocabulary Size
Word Families
1 – 1000
1100 – 2000
2100 – 3000
3100 – 4000
4100 – 5000
5100 – 6000
6100 - 7000
7100 – 8000
8100 - 9000
9100 - 10000
Total

98

Frequency
6
27
87
122
102
66
33
10
28
2
483

Percentage
(%)
1.2
5.6
18.0
25.3
21.1
13.7
6.8
2.1
5.8
.4
100.0
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From the result, it could assume that most Thai
university students would be able to understand the
basic English since they had the vocabulary size of at
least 3,000 word families. Moreover, according to the
Thailand’s Basic Education Core Curriculum B.E. 2544
(2001) and 2551 (2008) that required Thai students to
acquire the vocabulary size of between 3,600 to 3,750
word families, the result revealed the large numbers of
students that could acquire this curtain requirement.
However, there were still many students who could not
reach the requirement. In order for students to reach the
Basic Education Core Curriculum’s requirement and to
have the same standard, schools may need to find ways
to help students to learn and increase their vocabulary
size.
Figure 1 below is a bar graph that shows more details
of each vocabulary score. It demonstrates the numbers
of students in each vocabulary score.

Table 2: Comparing Reading’s and Vocabulary’s Score
of Students from Private and Public Universities
Descriptive Statistics
Universities

Std.
Mean

Private
Public

Deviation

N

Reading

10.1858

4.55825 113

Vocabulary

35.5398

15.34428 113

Reading

11.4027

4.31013 370

Vocabulary

45.4757

17.99083 370

In order to examine the relationship between
vocabulary size and reading comprehension, Pearson’s
correlation was used to analyse the data. Table 3
demonstrates the correlation between these two
variables.
Table 3: Correlation between Vocabulary Size and
Reading comprehension (N=483)
Correlation
Reading Vocabulary
**
Pearson
1
Reading
.190
Correlation
**
1
Vocabulary Pearson
.190
Correlation
**. Correlation is significant at the 0.01 level
(2-tailed).

Figure 1: Students’ Vocabulary Scores
From the graph, it shows that 39 points is the most
frequent one. The second is 32 points and the third is 50
points. It could be interpreted that most students have
3,900, 3,200, and 5,000 word families, respectively.
Moreover, the graph also shows that there are some
students that have very high score of between 82 to 94
points (8,200 to 9,400 word families). The score from
the B-VST here reveals that most Thai students have a
curtain number of vocabulary size that could help them
comprehend the basic English. Besides, many of them
have a large size of vocabulary that could aid them to
understand even more difficult reading texts.
To answer the research question 2, RC’s scores and
B-VST’s score were analysed for their correlation.
Table 2 shows the mean and standard deviation of RC’s
scores and B-VST’s scores of students from public and
private universities. The mean scores of RC between
students from public and private universities are quite
closed to each other. On the contrary, the B-VST’s
mean scores between students from public and private
universities are much different.
Most Thai students would like to study in a public
university. Students need to complete the admission
examination against each other. Many high proficient
students are studying in a public university. This reason
could be a factor that affects the difference between BVST’s score of public and private university students.

From Table 3, it reveals that there is a statistically
significant correlation between vocabulary size and
reading comprehension. The Sig. (2-tailed) value is
.000. However, the result shows a weak relationship
between them (r=.190).
The result of the relationship between vocabulary
size and reading comprehension of this study was quite
different from previous studies. Even though it also
showed the positive relationship among these two
variables, the relationship was very weak. It could be
some other factors that affected students’ scores.
One important factor that could have an effect on the
students’ test performance is the test-taking motivation.
The tests in this study were considered as a low-stakes
test as the result of the tests would not affect students’
scores or grades. For the low-stakes test, students may
not put all their effort to do the test and the results
might not be able to identify their true level of
proficiency (Penk, Pohlmann, & Roppelt, 2014). Many
researches found that students' motivation could affect
students' performance (e,g. Hawthorne, Bol, & Pribesh,
2015; Pintrich & DeGroot, 1990). Mislevy found that
for low-states test, students may not have high
motivation to perform well on the test (as cited in Finn,
2015, p. 1). Wise and DeMars (2005) examined the
relationship between students' test-taking motivaton
and low-stages tests. The resutl indicated that low test-
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taking motivation related to the decrease of test
performance.
Therefore, the test-taking motivation may play a role
in the present study and had affected the result of the
test.
Even though the result from this study revealed a
weak relationship between vocabulary size and readign
comprehenson, many previous studies have confirmed
the relationship among them. It could not be denied that
vocabulary size had an important role on English
learning and using. Teachers should pay much attention
in helping students to increase their vocabulary size. As
mentioned earlier, a Thai classroom, normally, contains
students with mixed ability. It could be seen from the
result of students' vocabulary size. Even though students
were in the same education level, they still had different
size of vocabualry, from very small to very large size.
To manage a classroom with mixed ability, there are
various strategies teachers could do. Mandalena (2002)
suggested that instead of preparing a lesson that
concerned the lower level students but bored the higher
level students or vice versa, the advance students could
play in a role in the class as teacher assistants. Advance
students could help lower level students in a class to
complete a task. This could also create a collaborative
learning environment. For an individual task, teachers
could assign students to perform differently. Mandalena
gave an example for her task. Students were asked to
complete a questionnaire, two sets of questionnaire were
prepared. For advance students, the questionnaire was
written in English and students needed to answer it in
English. For lower level students, the questionnaire was
bilingual, and students were allowed to answer with
their first language if they did not know how to write in
English; however, writing in English was encouraged.
This teaching strategy, not only provides students
with the task that is suitable for them, but it also creates
collaborative learning that students helps and supports
each other.
In a mixed ability class, students should be allowed
to learn as individual (Bremner, 2008). They should
learn to be an independent learner. Teachers could play
a role as a facilitator. In vocabulary learning, teachers
may ask students to find out meaning of the word by
themselves and try to create a story with the word they
have just known. Students could work in a group so that
high level students could help lower level students.
Various activities could create a lively classroom that
both high and low level students could work and leaner
together in the same classroom

low-stakes test. Therefore, for the future resarch, the
study can be conducted with different groups of
students. Other aspects of vocabulary such as
vocabualry depth should be conducted in Thai contexts
in order to gain more understand and to see what Thai
students need to improve their English.
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In recent years, CALL (Computer Assisted
Language Learning) classrooms have been installed
at great expense at various Kosen (National Institute
of Technology Colleges) throughout Japan. In 2013,
a CALL classroom was opened at the researcher's
own college, National Institute of Technology,
Wakayama College. Since then the researcher has
made use of the classroom for teaching oral
communication and English presentations skills
classes. The installed software allows learners to
communicate as pairs or groups using microphoneequipped headsets, work collaboratively using screen
sharing, and undertake self-directed learning
activities via online learning platforms. In addition,
Internet connectivity allows students to research
topics in English, and installed applications, such as
Microsoft Office, facilitate the preparation of
English presentations. As well as these educational
uses, the classroom also features heavily in
promotional activities at the college, being open to
visitors to the college during events such as open
campus, Girl's Kosen Stay, and public lectures. It is
the researcher's belief that CALL classrooms are a
valuable asset to Kosen and provide positive
environments for fostering active, collaborative, and
self-directed learning. Despite these advantages,
however, the CALL classroom has proved less
popular with other language teachers at the
researcher's school and remains relatively underutilized.
In this paper, I will describe how the CALL
classroom has been used to integrate active and
collaborative learning objectives into the English
curriculum at National Institute of Technology,
Wakayama College. Through interviews, attitudes
and experiences of other teachers at the researcher's
college concerning the CALL classroom will be
investigated. Results of a survey of teachers at other
Kosen will also be presented, and CALL classroom
utilization and teacher attitudes will be compared.
Based on these results, suggestions as to how to make
better use of CALL classrooms at the researcher's
college and other Kosen will be made.

Introduction
Unlike previous generations of language laboratories,
Computer Assisted Language Learning (CALL)
classrooms allow for a more interactive language
learning experience. Whereas previously students could
only listen to and repeat taped conversations, students
can now communicate in groups or pairs through
headsets, research topics on the Internet, and prepare
presentations using preinstalled word processing and
presentation software. In addition to the powerful
learning environment provided by CALL technology,
digital delivery of course content allows teachers to
accommodate the different learning styles and speeds of
students through self-regulated learning (Bilgin, 2013).
Recent years have seen a rapid increase in the use of
technology in language learning and education in
general (Cowie & Sakui, 2015). CALL classrooms are
common in universities across Japan, and in light of
their perceived educational benefits, have also been
installed, at great expense, in colleges belonging to the
National Institute of Technology. In 2013, the CALL
classroom at the researcher's own college, National
Institute of Technology (NIT) Wakayama College was
opened. In this paper, the researcher will describe how
the CALL classroom is used at Wakayama College, and
compare that to the results of a survey collected from
other NIT colleges across Japan.
The CALL Classroom at NIT, Wakayama
The CALL classroom at NIT Wakayama was
opened in November 2013. Forty-eight student
terminals and an instructor terminal were installed in
what was previously the school's audio-visual classroom.
Each terminal was installed with the language
laboratory software CaLaboEX, produced by Chieru, in
addition to Microsoft Office. According to Chieru,
CaLaBoEX is the most popular computer-assisted
language lab software in Japan (Chieru, 2011). This
software allows the streaming of audio-visual content
from the teacher's PC, grouping of students for pair and
group work activity, instant messaging, and file sharing,
as well as classroom management features for
instructors such as screen monitoring, direct control of
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student terminals, and automated attendance taking. In
addition to CaLaBoEX, Chieru's online learning
platform, CalaBo Bridge, was also installed complete
with several TOEIC, grammar, and listening courses.
Accessible from outside the CALL classroom, CaLaBo
Bridge allows students to complete courses and submit
assignments from their own computers in the dormitory
or at home. Due to budgetary constraints, the system
was purchased without a contract for on-going technical
support, and some optional features such as video
calling were omitted.
All full-time English and foreign language teachers
at the school attended a 90-minute training session
conducted by staff from NTT West Japan on how to use
the basic features of the software. Because of time
restrictions, teachers were only given a basic overview
of the main features of the installed software and invited
to try it for themselves and ask questions. There was
little time, however, to cover the various uses of the
software in depth.

• Peer feedback and evaluation of written work
(students use the "track changes" feature of
Microsoft Word to annotate and edit each other's
written work)
Other Uses for CALL Classroom at NIT, Wakayama
Aside from language classes, the CALL classroom is
also put to a variety of other uses. It is used occasionally
(with prior permission from the academic affairs office)
to teach specialized subjects and show videos, as a
venue for extra-curricular activities such as the English
Club, and for supplementary English classes.
The CALL classroom also features heavily in
promotional activities at the school. Compared to senior
high schools in the area, NIT Wakayama is equipped
with facilities more commonly found in universities.
Because of this, the CALL classroom is often used in
promotional events to attract new students, such as open
lectures and Girls' Kosen Stay, an event organised to
introduce female junior high school students to our NIT
college. In these events, a short lesson is given in the
CALL classroom in which students can use the
computers and communicate with each other through
the headsets. This is followed by a tour of the school in
English during which prospective students can see and
use the other facilities at the school.

CALL Classroom Utilization at NIT, Wakayama
Initially, several teachers, including myself, were
eager to use the new classroom in our lessons. During
the first semester after opening, the classroom was used
for TOEIC, English composition, English presentation,
and English conversation classes. Nearly three years
later, only one teacher (myself) regularly uses the
CALL classroom, mainly for English conversation and
presentation skills classes.
The following reasons for not using the CALL
classroom were given in informal interviews with other
teachers:
• Lack of confidence with computer technology in
general
• Lack of familiarity with the computer software, and
a lack of time to become familiar with the software
• Lack of time to prepare materials to use in CALL
lessons
• CALL technology does not suit teaching style
• Perceived lack of educational benefits

Student Impressions of the CALL Classroom
Although no formal research regarding student
attitudes to the CALL classroom has yet been conducted
at Wakayama Kosen, in class evaluations students
reported enjoying being able to communicate with their
classmates via headsets. Several students also
commented that they felt less nervous about
communicating in English when using the headsets.
Responses to questionnaires conducted after Girls'
Kosen Stay and open lectures were also favourable,
with most attendees reporting enjoying using the
computer terminals to communicate in English.
Purpose of Research

Language Classes in the CALL Classroom

The purpose of this research is to investigate how
CALL classrooms are utilized at other NIT colleges in
Japan in order to suggest ways in which language
laboratories might be better utilized in the future.

Currently the CALL classroom is used mainly for
English conversation and presentation classes. In these
classes, the CALL system used for active and
collaborative learning activities in the following ways:
• Pair or group conversation and information
exchange activities using headsets
• Group / individual research projects (using the
Internet) and report writing
• Group / individual presentations (PowerPoint
presentations can either be cast to other students'
screens or projected onto the main screen)
• Grammar discovery activities using online corpus
tools
• Self-regulated listening activities (students can
control playback of prerecorded conversations
themselves)

Method
Teachers at NIT colleges throughout Japan were
invited to participate in an online survey about CALL
classrooms at their schools via a Council of College
English Teachers (COCET) mailing list. Teachers who
do not currently use or have CALL classrooms at their
schools were also invited to participate. In total 47
teachers from 34 different institutions responded.
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Results and Discussion
Installation of CALL Classrooms
Of the 34 NIT colleges represented in the survey,
79% (27 colleges) reported having a CALL classroom.
As shown in Table 1 (see next page), most CALL
classrooms are over 3 years old, and two thirds are over
5 years old.

The most popular uses for CALL classrooms
reported by teachers were listening, audio-visual, online,
and pronunciation activities. The data seem to indicate
that CALL classrooms are extensively used by at least
one teacher at most NIT colleges surveyed.
Table 2. Classroom activities used in the CALL
classroom
Number of
Activity type
teachers using
Percentage
activity (N=27)
Pair / group work
6
26.1%
using headsets
Listening activities
15
65.2%

Table 1. Reported date of construction of CALL
classrooms
Reported date

Number of
colleges (N=27)

Percentage

More than 5 years ago

18

66.7%

Between 3 and 5 years
ago

2

7.4%

Audio-visual activities

15

65.2%

Pronunciation practice

11

47.8%

Student presentations

10

43.5%

14

60.9%

Between 1 and 3 years
ago

2

7.4%

Online learning
activities

Less than 1 year ago

0

0%

Internet research

9

39.1%

Other

5

21.7%

Don't know

5

18.5%

Training
As described earlier in this paper, training in the use
of the CALL classroom at NIT Wakayama was brief
and limited in scope. Since then, there has been no
formal training for teachers who started working after
the CALL classroom opened. Other NIT colleges
reported a similar lack of training. In fact, over 60% of
teachers reported having received no initial training at
all. Of those teachers who did receive training, 66%
described it as adequate, only covering the basics and
lasting one to two hours. On-going training was
reported by only 10% of respondents.

In the case of NIT Wakayama College, the CALL
classroom was installed 2.5 years ago, more recently
than many other colleges. Even so, the software is
already dated (Windows 7, the operating system, is
already classed as “legacy software” by Microsoft), and
there are no upgrades planned by the school. It is
probable that the hardware and software at other NITs is
even more dated.
Usage of CALL Classrooms
Frequency of usage of CALL classroom (N=23)
Several times a
week
5
Once a week
1
2

15

Reasons for Not Using CALL Classrooms
Table 3. Reasons for not using CALL classroom
Number of
Reason
teachers
Percentage
(N=27)

Several times a
month
Several times a
year

Figure 1. Frequency of usage of CALL classroom
Of 36 teachers who worked at schools with CALL
classrooms, 23 (63.9%) reported using the CALL
classroom for language classes. As can be seen in
Figure 1 below, most teachers who made use of the
CALL classroom did so several times a week.
Teachers who used the classroom reported using it
for a various different courses, including General
English, Communication, Technical Writing, Grammar,
Conversation, TOEIC, Scientific English, and
Communication. The wide variety of pedagogical
activities employed by teachers in the CALL classrooms
can be seen in Table 2 in the next column.
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CALL technology is
not useful in the
subjects I teach

5

38.5%

Don't know how to
use the equipment

4

30.8%

Not comfortable with
computer technology

1

7.7%

Doesn't suit my
teaching style

6

46.2%

Can't see benefits of
CALL technology

1

7.7%

Scheduling problems

4

30.8%

Other

1

7.7%
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As can be seen in Table 3 above, twelve respondents
(36.1%) reported not using their school's CALL
classroom. The beliefs that CALL technology does not
match the subject matter or teaching style were widely
cited reasons for not using CALL classrooms. A lack of
knowledge of how to use the equipment was another
major factor, along with scheduling problems.

same resources. More research will be conducted to
investigate in more detail how other departments use the
CALL facilities at Kosen in order to determine how
usage should be prioritized.
References
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Other Uses for CALL Classrooms
The following other uses for the CALL classroom
were given respondents to the survey:
• For teaching senmon specialized subjects
• As a venue for tests
• As a meeting room
• For teaching information technology / ICT classes
• For staff meetings
• For English club
• For speech and presentation contests
• Supplementary lessons
At NIT Wakayama, the CALL classroom is reserved
for language teaching during scheduled lesson times.
Other subject may be permitted to use the room if a
scheduling slot is available. However, the situation
seems to be different at several other NITs: In total, 8
respondents reported regularly sharing their school's
CALL classroom with teachers of other subjects.

Chieru (2011). CaLaBo EX Overview. Retrieved from
http://www.chieru.com/product//calabo/index.html
Cowie, N., & Sakui K. (2015). Assessment and elearning: Current issues and future trends.
Jaltcalljournal, 11, 271–281.

Conclusion
The results of this preliminary survey seem to
indicate that CALL classrooms are relatively well
utilized at NITs in Japan. A large proportion of teachers
reported regularly using the classroom to teach a wide
variety of classes. There are, however, causes for
concern. Firstly, there seems to be a lack of continued
support for teachers. Ninety percent of teachers reported
no further training after the initial post-installation
training session. This also means that teachers starting
after the CALL classroom was opened may have
received no official training at all. In addition to this,
30% of respondents who do not currently use their
CALL classrooms cited a lack of knowledge of the
system as a reason. Another area of concern is
scheduling, with 30% of respondents who do not
currently use their school's CALL classroom citing
scheduling problems as a reason. Several teachers also
reported that their classrooms were regularly used to
teach senmon and computing lessons in addition to
language classes.
Although only a preliminary survey, the results
highlight the need for on-going training and support for
both new and existing teachers. In addition to formal
training, colleges could hold workshops for experienced
users to share knowledge and ideas with colleagues. The
next step at Wakayama Kosen is to conduct regular
CALL training workshops from the next academic year
in order to share knowledge with new teachers and
provide support for existing teachers who are less
confident in using the CALL equipment.
The data also indicate that class scheduling may be a
problem, with several departments competing for the
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user should see in the reality. Therefore, it is sometimes
called virtual reality (VR).
CAVE was firstly introduced in 1992 by Cruz-Neira,
Sandin, Defanti, et al. (1992); (1993). It provides users
with a very broad field of view that significantly
improves the feeling of presence in the virtual
environment. Moreover, users do not have to rely on a
virtual representation of their own bodies. Instead, they
could physically enter the virtual space that greatly
enhances the immersive feeling (Cruz-Neira, Sandin,
Defanti, et al. 1992; 1993; Kuhlen and Hentschel 2014).
The immersive virtual environment allows users having
a faster and more comprehensive understanding of
complex spatial relationships and allows interacting
with objects in the environment using more natural
controllers. For example, a user can use LED gloves
(motion can be tracked by a camera tracking system) to
magnify and rotate the 3D brain structure data in the
virtual environment (Defanti, Dawe, Sandin, et al. 2009;
Kuchera-Morin, Wright, Wakefield, et al. 2014).
Primarily, there are two categories of CAVE
systems, panel-based system and projector-based
system. For a panel-based system, each screen is made
by a matrix of LCD panels. These LCD panels can
display images with higher brightness and contrast
compared with the projector-based system. These
virtues can alleviate the undesired mismatch between
vergence and accommodation which causes less
eyestrain. This is particularly important when users
focus on near-field virtual objects (Kuhlen, and
Hentschel, 2014). However, panel-based system usually
lacks floor projection, which significantly limits their
immersive character. CAVE2 at the Electronic
Visualization Laboratory is an example of the panelbased system (Reda, Febretti, Knoll, et al. 2013). For a
projector-based system, images are projected onto the
screens using digital projectors. However, the resolution
of the system is usually low compared with the panelbased system. To increase the resolution, a number of
relatively small projectors are arranged in a matrix with
slightly overlapping image tiles. The soft-edge blending
technique allows achieving a seamless transition
between the tiles to increase the quality. The aixCAVE
(Kuhlen and Hentschel, 2014) at the RWTH Aachen
University and the StarCAVE (Defanti, Dawe, Sandin,
et
al.,
2009)
at
California
Institute
for
Telecommunications and Information Technology at the
University of California San Diego are two examples of
the projector-based system. Researchers applied CAVE
in different visualization applications. Bryson and Levit
(1991) demonstrated the virtual wind tunnel using
CAVE. Nowke, Schmidt, Albada, et al. (2013) applied

Abstract
Virtual reality (VR) refers to the technologies
creating a virtual environment to provide users a
sensory simulation of the environment being
presented. In Hong Kong Institute of Vocational
Education (IVE), we are in the process of developing
a VR-based simulation system having four screens
surrounding users to simulate an immersive
environment. This application is commonly known
as the cave automatic virtual environment (CAVE).
The objective of our VR-based simulation system
project is to apply the virtual reality and the
augmented reality (AR) technologies for practical
training in vocational education and training (VET).
Our system is used for various training programs
in the engineering areas. These include simulation of
any workspaces for operations and maintenance
training in electrical and mechanical services.
Workspace training is important and beneficial to
VET students in addition to practical training in
school settings. Meanwhile, some workspaces are full
of danger and severe casualty can be resulted if
inappropriate operations are performed. Our VRbased simulation system manages to provide a
solution to complement the shortfalls of workplace
training and ensure that students can acquire a
range of skills including safety operations under
various environments. In this paper, we introduce
our design of a class making use of the CAVE system
and augmented reality technology. The class aims at
providing training for VET students to perform
inspection and maintenance procedures in a virtual
engine plant room. The class was found to be
educational and managed to promote the skill
development among students.
Keywords: CAVE, simulation,
vocational education and training

virtual

reality,

Introduction
Virtual reality
Cave automatic virtual environment (CAVE) is a
computer system impressing users with a feeling that
they are inserted into a virtual environment. A pair of
stereoscopic glasses is provided to each user to view a
huge image that is projected onto four to six connected
screens surrounding the user. Some of the CAVE
systems also provide each user with a head mounted
device to detect the orientation of the head. The contents
of the screens are view-dependent and are updated
according to the head movement to simulate what the
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CAVE to simulate biologically realistic neural
networks. Sampaio, Henriques and Martins (2010) and
Sampaio, Ferreira, Rosario, et al. (2010) applied the
techniques for development of models related to the
construction process in civil engineering education.
Gibbon (2008) applied the virtual reality technologies
(Cheung, Siu, Feng, et. al, 2008) to demonstrate the
circuit issues concerning operational amplifiers and a
resonant circuit in the electrical engineering field. Su,
Hu, and Ciou (2006) proposed simulation control testing
in electrical engineering field.

real objects, the system can automatically adjust to
achieve alignment. This process is very much similar to
the process of image registration (Cheung and Siu,
2007).
The first AR system was developed by Sutherland I.
at the Harvard University and the University of Utah
using a see-through to present 3D graphics. (Tamura,
2002) Caudell and Mizell (1992) developed an
experimental AR system to help workers putting
together wiring harnesses. Feiner, MacIntyre, Hollerer,
et al. (1997) proposed a mobile AR system registering
3D graphical tour guide information with buildings and
artefacts. Yamabe and Nakajima (2013) proposed a
system framework for augmenting traditional training
environments making use of AR technologies. They
considered VR-based systems replacing original
apparatus with digital devices is not appropriate as this
widens the gap between training and practice. They
considered look-and-feel of training environment should
be as similar to the real one as possible. Krevelen and
Poelman (2010) surveyed the state of the art of AR
technology as well as some known limitations regarding
human factors in the use of AR systems. Vera, Russo,
Mohsin et al. (2014) studied the application of AR
system in surgical education. Simon, Baglee, Garfield,
et al. (2014) proposed an AR-based training programme
to identify necessary maintenance tasks for preventive
or corrective maintenance.

Augmented reality
Augmented reality (AR) is another set of
technologies which overlay extra information on real
scene. Generally speaking, virtual reality replaces
reality with digital objects while augmented reality
integrates digital objects or information on real objects
(Milgram, Takemura, Utsumi, et al. 1995). AR systems
are characterized with the features of (1)combining real
and virtual objects in a real environment, (2)aligning
real and virtual objects with each other, and (3)running
interactively in real time and in 3D space. (Azuma,
Baillot, Behringer, et al., 2001) There are various kinds
of AR applications making use of different devices. For
example, some apps are developed making use of handheld devices like mobile phones or tablet computers
which capture real-time video and overlay digital
objects or information on the video. Another example
applications which make use of a camera and a
projector. The applications first capture videos and
recognize target objects in the scene. Subsequently,
digital objects or information are projected over the
recognized objects in the scene using the projector. If
the projected digital objects do not align well with the

Project initiative
Conventional vocational training for students is
usually restricted to workshop environment. If
emergency situations including fire and leaked gas arise,
trainees might not be able to respond properly and
might result in catastrophic consequences. The reason

Figure 1, our VR-based simulation system consists of scenario control system, tracker system, image
generation system and projection system.
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for the inability to respond properly is the lack of
training in emergency situations. Using the CAVE
system, teachers are allowed simulating various
emergency situations for training purpose. The
immersive 3D virtual reality feature of the CAVE
system manages to allow the students familiarizing with
various situations without actually facing the associate
danger and train them to react properly. The use of
simulation training in transportation industries in the
form of flight, train and car simulators has been proven
to be extremely useful for decades. However, simulation
training for other industries is not widely used due to
high cost in development and maintenance. With
technological advancements in necessary hardware and
software, the cost is substantially lowered recently.
In order to provide vocational education and training
(VET) a mean to improve its effectiveness in training,
Engineering Discipline of Hong Kong Institute of
Vocational Education (IVE) is in the process of
developing an interactive VR-based simulation system
equipped with a projector-based CAVE system. The
system aims at creating training experiences for trainees
and let them become more competent in performing
maintenance tasks in multiple locations and improve the
ability to react in emergency situations. Students can
engage with different situations and directly apply
knowledge they learnt from classes. This learning mode
well fit into the constructivist learning model (Piaget,
1964) which suggested that students learn by expanding
his/her knowledge through experiences.
The system will also adopt a student-centred
approach that provides learners with an experience of
working on a simplified simulated world. At the same
time, the simulation manages to maximize training
safety and minimize risk. It will provide a range of
flexibility in customizing different parameters of the
scenarios and the trainings that allow flexible training
time for individual or group trainings.

projectors to project stereoscopic images onto the four
screens. Several users wearing 3D glasses walk into the
projection room to view the contents of the virtual
environment. One of them, primary user, has a remote
gamepad controlling the progress of the exercise and
both her 3D glasses and the gamepad are attached with a
tree like stureture called "target" for tracking purpose as
shown in Figure 2.
The purpose of the tracker system is to detect the
position and the orientation of the gamepad and the 3D
glasses (of the primary user). The two "targets"
(attached to the gamepad and the glasses) are composed
of several spheres, called markers, which are coated
with highly retro-reflective film. The coating essentially
is a reflective surface which is capable of reflecting
infrared radiation into the direction of the incoming
light. There are several infrared cameras, mounted
above the projection room, which can detect the
reflected infrared light beams. Each marker essentially
reflects an infrared light beam back to each infrared
camera forming a 3D line in the 3D space as illustrated
in Figure 3. If we have two infrared cameras, there are
two 3D lines. The tracker server computes the
intersection point of the two 3D lines which gives the
3D position of the marker in the 3D space. This method
is called triangulation (Hartley and Zisserman (2004)).
In theory, we need at least two infrared cameras to
position the 3D coordinates of a marker. If we have
more infrared cameras, the robustness and accuracy of
the computed 3D position is higher.

Figure 3, triangulation method to determine the 3D
position of a marker using two infrared cameras
Detecting the 3D positions of some markers is not
sufficient to identify if the "target" belongs to the 3D
glasses or the gamepad. To differentiate the two, it is
necessary to detect the 3D spatial configuration of
detected markers. Note that the spatial configuration of
the two "targets" are different as shown in Figure 2. I.e.
the gamepad has a "target" with 3 markers while the 3D
glasses with 4 markers. This spatial configuration
difference not only identifies the 3D glasses from the
gamepad, but also tells the orientation of each "target".
In practice, each "target" must have at least 3 markers
and must have a unique spatial configuration for the
tracker system to work properly. The computed 3D
position and orientation information of the gamepad and
the 3D glasses are sent to the image generation system
which has a game engine to generate the 3D contents of

Figure 2, the primary user has a gamepad. Both the
gamepad and the 3D glasses have a "target".
System design of our CAVE
Our virtual reality based simulation system
primarily consists of four hardware components,
including scenario control system, tracker system,
image generation system and projection system. Figure
1 briefly illustrates the system architecture and design of
our CAVE. We have a projection room with four
screens, which are 4m x 2.75m in size, forming the
front, left, right and bottom screen. We use four 3D
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the front, left, right and bottom screens. The whole
process, including the tracking and 3D view rendering,
is done in real time which accounts for both the
immersive feature of the CAVE system and the
interactivity between the trainee and the virtual
environment.

recognized picture and use it to map a pre-built 3D
object onto the video frame.

(a)

Figure 4, the Browser app showing the details of an air
compressor

(b)
Figure 6, the Fixer apps showing (a)four fault cases, and
(b)a user using a spanner to replace a damanged gasket
in a water pump to stop water from leaking
Figure 5, the Browser app allows a close inspection of
the details of an air compressor
Other tools for vocational training
In addition to developing the CAVE system, we also
develop two applications to be used on hand-held
devices like tablet computers. One of the applications is
called Browser (our engineering code) which carries
some learning materials like the descriptions of an air
compressor as shown in Figure 4. The apps models
some plant room machines in details allowing detailed
inspection. For example, a user can drag, rotate and
magnify a part of the air compressor for close inspection
as shown in Figure 5.
Another application is called Fixer (our engineering
code) which is similar to the Browser apps. It allows
user searching for faults and using a set of tools to fix
the problems. For example, as shown in Figure 6(a), we
have four fault cases. In Figure 6(b), a user observes
that the water pump is leaking water and uses a spanner
to replace a damaged gasket to stop water from leaking.
In addition to the plant room machine inspection and
the maintenance service training provided by the two
apps, we also develop a tool making use of augmented
reality (AR) technology. Our tool is built as well on a
hand held device like a tablet as shown in Figure 7(a).
The key elements of the AR technology is to make use
of the in-built camera to capture a video and to keep
searching for some specific pre-defined 2D pictures or
patterns in the video in real time. If the pre-defined
pictures are recognized in the video, the position and the
orientation of the pictures are computed. Finally, we
compute a perspective transformation matrix for each

z
(a)

(b)

(c)

(d)
Figure 7, augmentation of 3D models including an air
compressor, a water pump and the equipment for
confined space using AR technology
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the training. However, some of the students found that
the experience in the projection room caused sickness.
This was especially severe for the users other than the
primary user when the primary user navigated in the
virtual environment.
To alleviate the sickness problem, we modify the
game settings including to brighten the virtual
environment (VE), to include fewer objects in the VE,
to avoid excessive navigation in the VE, to apply simple
texture to objects and to avoid objects coming too close
to the users. After running the class again, no trainee
complained about the sickness problem and enjoyed
very much with the class. It appears that these measures
are efficacious in alleviating the sickness problem.

If the relative position and orientation of the
recognized picture changes in time, the perspective of
the mapped 3D object on the video frame is also
changed accordingly in real time. Therefore, if the user
rotates the tablet computer about the picture slightly, a
slightly different perspective of the augmented 3D
object is shown on the tablet. It appears to the user that
a 3D object is placed on the paper and it allows the user
inspecting different perspectives of the 3D object by
rotating the tablet computer. Figure 7(b) to (c) show the
augmentation of three 3D objects including an air
compressor, a water pump and the equipment for
confined space respectively.
Class design using VR and AR technologies
With our developed CAVE system and the two apps,
we design a class for a group of 20 vocational trainees
leaded by an instructor. We simulate an engine plant
room environment with reference to the engine plant
room of Tsuen Kwan O Hospital in Hong Kong. The
objective of the class is to train the students the
procedures to locate and inspect a faulty machine in the
virtual plant room. The class is divided into 5 groups
with each group having 4 students. The instructor makes
use of the scenario control system to set different
scenarios to the groups. For example, a group may have
one of the six air compressors unexpectedly having
pressure drop from 10 bar to 7 bar.
The instructor initially briefs the students about the
plant room and all the groups starts their learning using
the Browser apps installed in a tablet computer to
prepare themselves performing the inspection
procedures in the CAVE system. The instructor select
one group of students each time to enter the projection
room of the CAVE system while all other 4 groups keep
learning with the Browser apps. For the selected group
entering the CAVE, one of them is assigned to be the
primary user controlling the avatar to navigate inside the
virtual environment. They need to locate the faulty
machine, to inspect and to identify the problem
associated with the machine. In addition, they also need
to identify any inappropriate case in the virtual
environment. For example, they need to observe and
point out that a non-player character is climbing a
ladder without enforcing all the safety measures.
After finishing the task in the CAVE, the group
leaves the projection room and another groups use the
CAVE in turn. If the students manage to identify the
faulty machine, they proceed to use the AR tool and the
Fixer apps to examine the faulty machine and to try
performing the maintenance procedures. If the students
successfully complete all the tasks, they can proceed to
the workshop to work with the actual machine in the
following workshop class.

(a)

(b)

(c)
Figure 8, (a) A group of student studied the machine
using the Browser apps on a tablet computer. (b) The
group entered the projection room of the CAVE system
to identify the faulty machine. (c) The group performed
maintenance procedures in a workshop.
Conclusions
In conclusion, the Engineering Discipline of Hong
Kong Institute of Vocational Education developed a
VR-based simulation system which is equipped with a
projector-based CAVE system. We also developed two
applications and a AR tool on hand-held devices to
assist student training. A class was designed making use
of the CAVE system and the developed tools to train
students performing inspection and maintenance
procedures. After some trial runs, we found the class is
educational and playful for students. It managed to
promote the skill development and to sustain the

Discussion
After running the class, most of the students
generally found it interesting, educational and playful.
They reported that they managed to promote the skill
development and to sustain motivation to learn during
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motivation to learn. However, some students reported to
have sickness problem using the CAVE system. In view
of this, we deployed some changes in the settings and
managed to greatly alleviate the sickness problem. We
believe this training class surely can well impress the
students and well accomplish the training objectives.

Kuchera-Morin, J., Wright, M., Wakefield, G., et al.,
(2014). Immersive full-surround multi-user system
design. Computers and Graphics, 40, 10-21
Milgram, P., Takemura, H., Utsumi, A., et al., (1995).
Augmented reality: a class of displays on the realityvirtuality continuum. Proceedings, SPIE conference on
telemanipulator and telepresence technologies, 282-292

References

Nowke, C., Schmidt, M., Albada, S.J.van, et al., (2013).
VisNEST – interactive analysis of neural activity data.
Proceedings, IEEE Symposium on Biological Data
Visualization (BioVis), 65-72

Azuma, R.T., Baillot, Y., Behringer, R. et al., (Nov/Dec
2001). Recent advances in augmented reality. IEEE
Computer Graphics and Applications, 21(6),34-47.
Bryson, S. and Levit, C., (1991). The virtual
windtunnel: an environment for the exploration of three
dimensional unsteady flows. Proceedings, IEEE
Conference of Visualization, 17-24

Piaget, J. (1964). Development and learning. In R.E.
Ripple & V.N. Rockcastle (Eds.), Piaget Rediscovered:
A Report on the Conference of Cognitive Studies and
Curriculum Development. (pp.7-20). Ithaca, NY:
Cornell University

Caudell, T.P. and Mizell, D.W. (1992). Augmented
reality: An application of heads-up display technology
to manual manufacturing processes. Proceedings,
Hawaii International Conference on Systems Sciences,
659-669.

Reda, K., Febretti, A., Knoll, A., et al., (2013).
Visualizing large, heterogeneous data in hybrid-reality
environments. IEEE Computer Graphics and
Applications, 33(4), 38-48

Cheung, H.K., Siu, W.C., Feng, D., et. al, (April 2008).
New Block-based Motion Estimation for Sequences
with Brightness Variation and its Application to Static
Sprite Generation for Video Compression. IEEE
Transactions on Circuits and Systems for Video
Technology, 18(4), 522-527.

Sampaio, A.Z., Henriques, P.G. and Martins, O.P.
(2010). Virtual reality technology used in civil
engineering education. The Open Virtual Reality
Journal, 2, 8-25
Sampaio, A.Z., Ferreira, M.M., Rosário, D.P., et al.,
(2010). 3D and VR models in civil engineering
education: construction, rehabilitation and maintenance.
Automation in Construction, 19, 819-828

Cheung, H.K. and Siu, W.C., (March 2007). Robust
Global Motion Estimator and Novel Sprite Update
Strategy for Sprite Coding. IET Image Processing, 1(1),
13-20.

Su, J., Hu, J., and Ciou, Y. (2006). Low-cost simulated
control experimentation conducted in electrical
engineering department of national yulin university of
Science and Technology. in: W. Aung, et al., (Eds.),
Innovations 2006, Chapter 35, iNEER, Arlington, VA,
397–408

Cruz-Neira, C., Sandin, D., Defanti, T., et al. (1992).
The CAVE: audio visual experience automatic virtual
environment, Communication of the ACM, 35(6), 64-72
Defanti, T.A., Sandin, D., and Cruz-Neira, C. (1993). A
‘room’ with a ‘view’, IEEE Spectrum, 30(10), 30-33

Simon, V., Baglee, D., Garfield, S. et al. (2014). The
development of an advanced maintenance training
programme utilizing augmented reality. Proceedings,
27th International Congress of Condition Monitoring
and Diagnostic Engineering.

Defanti, T.A., Dawe, G., Sandin, D.J., et al., (2009).
The StarCAVE, a third-generation CAVE and virtual
reality OptIPortal. Future Generation Computer
Systems, 25, 169-178
Feiner, S., MacIntyre, M., Hollerer, T., et al., (Dec
1997). A touring machine: Prototyping 3D mobile
augmented reality systems for exploring the urban
environment. Personal and Ubiquitous Computing,
1(4),74-81.

Tamura, H. (2002). Steady steps and giant leap toward
practical mixed reality systems and applications.
Proceedings, International Status Conference on Virtual
and Augmented Reality.
Vera, A.M., Russo, M., Mohsin, A., et al., (2014).
Augmented reality telementoring (ART) platform: a
randomized controlled trial to assess the efficacy of a
new surgical education technology.
Surgical
Endoscopy, 28(12), 3467-3472.

Gibbon, G.J. (2008). Combining theory and
experimentation to develop inductive learning skills in
an electric circuits course. Proceedings, ICEE 2008
Conference, 237-241
Hartley, R. and Zisserman, A. (2004). Multiple view
geometry in computer vision. Second edition, UK,
Cambridge University Press.

Yamabe, T, and Nakajima, T. (2013). Playful training
with augmented reality games: case studies towards
reality-oriented system design. Multimed Tools Appl, 62,
259-286.

Kuhlen, T.W. and Hentschel, B. (Oct 2014). Quo vadis
CAVE: Does immersive visualization still matter? IEEE
Computer Graphics and Applications, 34(5), 14-21

6

110

