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Abstract

constantly on the lookout for improvements in their
processes to gain competitive advantage over their
competitors.
These processes are usually cross
functional or even spanning across organizations which
make it difficult to manage. Organizations often leverage
on Enterprise Resource Planning (ERP) applications to
increase the efficiency and effectiveness of their
operations.
The teaching of business processes and applications
can be challenging as content knowledge is not sufficient
for students to grasp the essence of the topic. In order for
students to fully experience ERP, they will need to have
both the content knowledge and the practical know-how
that can only be developed in real world environment.
The nature of this topic lends itself well to learning
approaches that allows for both acquisition of knowledge
and an immediate application of that content.
There is a need to develop a learning framework that
make use of appropriate teaching and learning pedagogy
to deliver the concepts in business processes and at the
same time provide relevant hands on experience on an
Enterprise Resource Planning application, for the
students from the Diploma in Financial Informatics (FI)
course at Ngee Ann Polytechnic.

Business processes are key to many organizations
and the use of Enterprise Resource Planning (ERP)
applications has been identified by many as a critical
factor to attain competitive advantage. The learning
of business processes however, can be challenging
especially to students who do not have the relevant
industry experiences. With the paradigm shift to
have institutions create learning rather than provide
instructions, there is a need to develop a learning
framework that make use of appropriate teaching
pedagogy, to deliver the concepts in business
processes and at the same time provide relevant hands
on experience on an ERP application. A Learning
Framework is developed based on the studies from
Biggs (1978), Dunbar and Mackaway (2011) is applied
into the Learning of Business Processes. The objective
is to provide concepts in business processes, together
with relevant hands on experience on an ERP
application. In addition to content knowledge,
students will also develop industry ready skills that
are sought after by employers. For the Learning
Framework to be impactful, the teaching and learning
approaches adopted in the framework has to be
integrated into the curriculum, and this will also
include the use of industry-standard software to
simulated real-world environment, as well as changes
to the physical setup of the classroom. These changes
to the physical learning environment are neccessary
so that students can experience the “real-world” with
the confines and safety of the classroom. This paper
will examine how the Learning Framework has
developed and implemented in two modules which
allowed students to experience more authentic
learning which will develop them to be industry-ready
professionals.

Literature Review

Keywords: Business Processes, Learning Framework,
Industry Ready, Integrated Curriculum, Learner
Centered Learning
Introduction
The study of business processes has been the
emphasis of many organizations. Organizations are
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There is abundant literature that discuss how learning
takes place among students. Learning is important to
students as this is how they acquire knowledge and skills.
With the acquired knowledge and skills, students will be
equipped for future roles in their workplace. The General
Model of Student Learning by Biggs (1978), shares that
presage factors exist before a student enters into a
learning environment. There are two types of presage
factors. The first presage factor is more personal, which
includes students’ knowledge on the subject matter, their
learning ability, values and attitude towards learning. The
second presage factor is more situational, which are often
linked to the amount of time available, the structure of
the course and the difficultly level of the subject matter.
These presage factors will influence how the learning
process takes place, with an effect on the performance at
the end of the cycle.
In a similar presentation by Robyn Wright Dunbar of
Stanford University, she shared that besides prior
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knowledge, students also need effective organizing
schemes, timely constructive feedback and multiple
representations of information in their learning journey.
Learning takes place in a cycle. The Inquiry Based
Learning Model which Dunbar developed consists of
four key stages - Engage, Explore, Explain and Apply.
The model indicates that students need to be Engaged
before learning can take place. They will then be able to
think critically, ask insightful questions and have the
ability to Explore deeper into the subject matter. With the
provided scaffoldings and concepts, students will be able
to Explain how things work. Finally, they can Apply all
that they have learnt into a real world issue.
Mackaway et al. (2011) developed the Learning
through Participation framework which includes
experiential learning, work-integrated learning and
cooperative education. This framework introduces many
benefits to students, such as employability, ability to
integrate theory in the real work, students’ motivation
and eagerness to learn more with a possibility of having
a career in the area.
Based on the General Model of Student Learning by
Biggs (1978) and The Inquiry Based Learning Model by
Dunbar, a synthesized Learning Framework has been
developed by the teaching team for the Diploma in FI
course as shown in Figure 1. The teaching team also
leveraged on the belief that learning takes place through
participation (Mackaway, 2011), and designed the
learning experiences within the framework to be
engaging and participative.

diploma as graduates need to understand existing
business processes of an organization and apply IT
knowledge to help organizations be efficient and
effective.
By infusing the learning of business processes into the
Learning Framework from Figure 1, a new framework
for the learning of business processes is developed. The
Learning Framework for Business Processes is shown in
Figure 2.

Figure 2: The Learning Framework for Business
Processes
Input: Prior Knowledge
Many students at the Diploma level do not have much
industry experience. Their knowledge on business
processes is often based on their past experiences in part
time jobs. These are typically short-termed vacation jobs
and students are not likely to have developed a strong
understanding of how activities within an organization
are integrated with each other. This implies that students
have little prior knowledge (a) in the Learning
Framework for Business Processes from Figure 2.
Input: Situational
The classes which the students are enrolled in are
compulsory and the usual method of delivery is
discussion based. Students are often asked to get together
in teams to discuss on possible solutions to solve
problems. The difficulty level of the subject matter varies
from student to student, but the amount of time given to
each student to complete their Diploma is also
predetermined. This forms the situational input (b) of the
Learning Framework for Business Processes in Figure 2.

Figure 1: A Learning Framework from Literatures
This Learning Framework consists of two preceding
inputs that can influence the students’ learning journey
(a, b) and an outcome (c) to be achieved. To provide
students with an enriching and effective learning
experience, the learning cycle will be based on Dunbar’s
Inquiry Based Learning model. The outcome of this
framework is performance.
Application of the Learning Framework
This Learning Framework (in Figure 1) is applied into
the Diploma in FI course at Ngee Ann Polytechnic. This
course aims to train future IT-savvy techno-strategists
who have an understanding of the technologies and
information and are able to design, integrate and manage
business processes and applications. The learning of
business processes is part of the curriculum in their
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Learning Cycle
The learning of business processes for the Diploma in
FI course is covered in two modules – Enterprise
Business Processes (EBP) and Enterprise Resource
Planning (ERP). These are second year modules in the
course. The curriculum aims to provide students with an
understanding of the complexity of business processes,
expose them to an enterprise level application through
hands on experiences and training them in the soft skills
that employers are looking for.
In the EBP module, the focus will be on key
knowledge in business process to answer the question of
why business processes are used in organizations while
the ERP module will focus on how concepts in business
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processes can be applied onto an application to help
businesses solve problems and gain competitive
advantages. These modules are taken in a sequential
manner.
Learning Cycle: Engage & Explore in EBP
The first two stages of the learning cycle will be
covered in the EBP module. Students are Engaged in the
subject matter via in-class activities and hands on
exercises where they will be able to acquire basic
concepts of the different processes in organizations.
Topics covered in this module include an Introduction to
Enterprise Business Processes and processes ranging
from Fulfillment to Financial Accounting. Students will
get to learn about the activities in each process and how
these activities are associated with the roles and
responsibilities of individuals in an organization.
The second part of the EBP module will attempt to
illustrate the integration of business processes via the use
of a simulation game in an assignment. Students will get
a chance to Explore these concepts and put their
knowledge into practice through a simulation game. Not
only will the students experience delays and lead time,
they will have to work as a team to make worthy
decisions so that their team can win the game.

Figure 3: Decision making process during ERPSim
Game
Learning Cycle: Explain & Apply in ERP
In the next module ERP, students will get to Explain
how these concepts learnt in EBP can be applied to an
industry standard application, SAP. Students have to
complete hands on SAP exercises that are created to
guide students in their application of business processes
knowledge in SAP. At the end of these exercises,
students should have developed sufficient confidence to
operate the SAP application and have the ability to
analyze and explain the results.
The final stage of the learning framework is to
consolidate their knowledge in business process and
Apply them into an integrated assignment on the SAP
application. This assignment will also involve solving an
industry problem individually.

Learning Cycle: Engage & Explore using ERP
Simulation Game
The ERP Simulation Game (ERPSim) is an
innovative approach to teach business concepts on the
SAP application. This simulation game is an anchor
activity for the EBP module that allows students to
explore theoretical concepts learnt using practical and
realistic scenarios. This software is developed by
ERPSim Lab at HEC Montreal as detailed in Léger
(2011). The software is made available to institutes of
higher learning as part of the SAP University Alliance
Program. The simulation game mimics a business
environment of an organization in which business
activities operates.
Students operate a simulated real life business
operations on the application, each taking up different
roles. The application simulates a make-to-stock
manufacturing supply chain where buyers and sellers’
market responds and behaves just as it would in the real
world setting in every quarter. The team will have to
operate the full business cycle: plan procurement,
production and fulfillment to experience the value of up
and down stream information flows. Figure 3 shows the
decision making process by students during the ERPSim
Game. Students are required to document the entire
process as part of their submission for the assignment in
the EBP module.
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Learning Cycle: Explain & Apply using an Integrated
Assignment
To conclude their Learning Framework for Business
Processes experience, the students are asked to Apply
their knowledge into an integrated assignment. This
cornerstone project will require students to use the
business process concepts acquired in the EBP module
and apply them into the use of the SAP application at the
end of the ERP module to sum up the entire learning
journey. The assignment is designed for students to work
both in groups and individually on the SAP application.
They are required to work on complex business scenarios
and demonstrate how the SAP application can be applied
in these scenarios. The assignment covers end-to-end
topics from fulfilment to management accounting.
To test the students’ ability to handle problem solving
skills, each student is given a set of business problems to
solve, using the SAP application. Students are given a
week to solve these problems before making a
presentation to their class. They are required to present
their analysis of the problems, their solutions and a
demonstration on the SAP application to solve these
problems.
Students complete their final assignment by applying
knowledge acquired through the Learning Framework for
Business Processes. This assignment requires students to
utilize some of the important skill sets that will benefit
them.
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Outcome: Performance
The outcomes of the learning of business processes
can be seen in the areas of content knowledge and skills
and the development of industry-ready professional
skills.
The first outcome (c) (in Figure 2), which the
Learning Framework for Business Processes intends to
achieve is for graduating students to be able to apply what
they have learnt into their jobs. Students had indicated
that the training on business processes they had received
during their course of study had allowed them to be more
confident in using other enterprise applications. Students
who had graduated from the diploma had given feedback
that the training they received in school in the two
modules had helped them secured job placements.

allows me to pick up the modules so much quicker.”
“SAP enables us to familiarize with business
applications. We can now easily pick up other system like
the Salesforce.”
Resources to support the Learning Framework:
Teaching Tools and Facilities
To ensure continuity of the Learning Framework for
Business Processes between the modules, the teaching
team needs to ensure strong alignment between the two
modules so that reference can be made easier between
them. Factors that support the Learning Framework
include :
 Create synergies among the teaching team
members
 Use of the same teaching materials that are
aligned to industry for the real-world reference
 Make purposeful use of teaching spaces for
engagement

Outcome: Industry Certifications
Another outcome (d) (in Figure 2) of the Learning
Framework for Business Processes is the number of
students who can qualify for certification such as the
SAP TERP10 (Training Enterprise Resource Planning in
10-Day) certification, which is typically taken by
working professionals with a few years of working
experiences. . Students who have done well in both the
EBP and ERP modules are encouraged to take up the
certification. This certification is administered by an
industry partner and thus is not a requirement of the
Diploma course. The teaching team do see an increased
in the number of students who are interested in this
certification.

Synery among the teaching team members
The teaching of the two modules under one Learning
Framework requires much alignment between the
teaching team members, and in this case, the teaching
team for both modules are the same. This will ensure that
teaching team members have a very clear understanding
of the obejctives of each module, teach concepts to
different depths of understanding required by each
module, ensure consistency in the terminology used, and
are able to make reference to prior knowledge learnt in
EBP during the ERP module. The synergy between the
teaching team members and the modules plays an
important role in the learning of the students.

Outcome: Advance Modules & Internships
The knowledge acquired by students can be applied
to advanced modules subsequently or concurrently in
their course. The third outcome (e) (in Figure 2) of this
method of learning is that students are able to develop
professional skills that would be useful when they take
on industry projects for their internships.
Internship is a compulsory module for all graduating
students. These professional skills are also “soft skills”
which employers are looking for. Some of the key soft
skills develop are the ability to integrate the knowledge
of business process concepts, analyze data that are
available to make decisions, working in groups to ensure
a cohesive integration of ideas within the group through
effective communication, ability to process multiple
tasks under time constraint and troubleshooting skills.
This will deepen their ability in systems thinking among
many others to make them more confident learners.
Being trained to be industry-ready allows students to take
on real work projects easily.
The knowledge acquired in the learning of business
processes will increase the confidence level of students
moving on to more advanced modules, to work on other
enterprise level applications in modules such as
Enterprise Project Management (EPM), Banking and
Financial Applications (BFA), Customer Relationship
Management (CRM), IT Outsourcing (ITO) etc. Students
have commented that the learning of the modules is
difficult but it builds up their foundation for subsequent
modules – “SAP is a very complex system, learning SAP
before taking other modules that use different software
363
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Use of the same teaching materials that is aligned to
industry for the real-world references
The teaching materials adopted for both the EBP and
ERP modules are aligned with industry standards and
requirements. For example, SAP which is the market
leader in enterprise software and software-related
services, is used in the teaching of business processes.
The teaching team has also adopted materials from the
SAP University Alliance Program as part of SAP
experience which provides students with in-depth, hands
on experience with the SAP application and solutions
through peer hosting centers. Besides this, the SAP
University Alliance Program provides an ecosystem for
lecturers and tutors from participating institutions to
share and exchange knowledge in teaching pedagogy
specific to the use of the SAP application.
In order to complete the activities from the SAP
University Alliance Program, students will not only need
to apply business process knowledge acquired, but also
the logic and flow of activities predefined in the SAP
application. Activities designed include hands on
exercises on the SAP application and the mapping of
business processes. This SAP experience provides
students with a much needed industry experience and will
help their professional skills for their future work in the
industry. Figure 4 shows examples of the teaching
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material developed by the teaching team, which are
adapted from the SAP University Alliance Program.

Figure 5: The Financial Informatics Lab setup for the
Learning of Business Processes

Purposeful use of teaching spaces for engagement
The traditional classroom is designed for teachercentered learning, which is not designed to facilitate
participation from students. The traditional classroom,
which typically has a fixed projector with screen and a
fixed whiteboard, limits the type of engagement students
can have. In order to allow for a more engaging learning
experience, students must be able to tap on their prior
knowledge easily, to be able to view multiple
representations of their information and to be able to
receive timely feedback for learning. To do so, the
physical learning space must be designed for this
interaction to take place.
In the Learning Framework for Business Processes,
the teaching team designed the “Financial Informatics
Lab” (as shown in Figure 5) to create more “learning
spaces” for students to engage and participate in the
learning process. In this lab, three projection screens with
three separate projectors are installed. Together with a
larger size whiteboard, students are able to review
materials from three different sources separately at the
same time. The advantage of such a setup is that it makes
it easier for students to refer to notes that were covered
earlier and to build on this prior knowledge with a new
set of knowledge. Tutors do not need to toggle between
screens which can be distracting for the students. This
setup also allows for up to three sets of answers to be
shared among the students. Students get the present their
findings and solutions with feedback from peers and
tutors received immediately. Students also get to
compare their answers against what their peers have
come up with. This provides an avenue for active
learning.

364

▲

Effectiveness of Learning Framework
In order to have a better understanding of the impact
of the Learning Framework for Business Processes for
the students, surveys are conducted at the end of each
module to find out if the intended outcome of the
Learning Framework in the development of industry
relevant knowledge and professional skills are achieved.
The first survey is done online after the students complete
their EBP module, which involved the use of the ERPSim
Game, where the focus is on “Engage and Explore”. The
results of the 2013 survey show that:
 89% of the students indicated that ERPSim
Game makes the class more interesting.
 91% of the students indicated that ERPSim
Game allows them to experience collaboration
with team members.
 82% of the students indicated that ERPSim
Game provides an experience of real world
integration of processes across different
functions in an organization.
 79% of the students indicated that through the
use of ERPSim Game, it has aroused their
interest to learn more about business processes.
The survey also asks the students to rate their
understanding of business process concepts learnt before
and after the simulation game. In the 2013 survey, 80%
of the students felt more confident about business
processes after ERPSim as compared to 6% before the
game.
A second survey is conducted with the same group of
students after they complete the Enterprise Resource
Planning (ERP) module where the students are expected
to be able to demonstrate their learning in all four areas
of Engage, Explore, Explain and Apply. The result of the
2013 survey show the following:
 All students indicate that the Learning
Framework to break up the focus in EBP and
ERP is useful.
 All students agreed that the Integrated
Assignment has allowed them to consolidate
what they have learnt in EBP and ERP.
 90% of the students agree that the problem
solving approach taken is challenging and fun.
Students also commented that the Learning
Framework for Business Processes allowed for them to
be more engaged in the learning even though the learning
process was difficult - “The experience was a memorable
one. Although the assignment was the toughest that I had

Figure 4: Examples of teaching materials adapted from
the SAP University Alliance Program

Back

Transactions of ISATE 2015
The 9th International Symposium on Advances in Technology Education
16-18 September 2015, Nagaoka, JAPAN

ever experience, it has shape me to take on greater
challenge. Furthermore, it was the assignment which
really put our knowledge to the test and taught us about
time management. It was a memorable and challenging
experience, especially for the ERP assignment. ERP
assignment was extremely hectic, because it was very
challenging.”
95% of the students surveyed agree the knowledge
acquired through the Learning Framework for Business
Processes has made it easier for them to pick up new tools
(e.g. Salesforce.com) in more advanced modules during
their course of study or during internships on this.
In addition to the positive feedback from students on
the Learning Framework for Business Processes,
students’ performance had also shown improvements.
One indicator of such improvement is the increased
number of students who are qualified to be invited to take
part SAP TERP10 (Training Enterprise Resource
Planning in 10-Day) certification for which only students
who do well in both of these modules are be invited to
participate.
There has been positive feedback from tutors who
have taught these modules that through the use of the
Learning Framework for Business Processes, learning
has been more structured and students are more well
prepared for the industry. Feedback from industrial
partners, who have taken these students for internships is
also positive. Students exhibited good knowledge and
understanding of processes and are able to value add to
the job requirements. Some students are offered
employment straight after their internship.

Léger P-M, et al. (2011). Business Simulation Training
in Information Technology Education: Guidelines for
New Approaches in IT Training. Journal of Information
Technology Education, Vol. 10
Mackaway, et al. (2011). Practical & Pedagogical
Aspects of Learning Through Participation. Journal of
University Teaching & Learning Practice, Vol. 8 Issue 3
Robyn Wright Dunbar. Preparing for an Academic
Career
Workshop
series.
Retrieved
from
http://serc.carleton.edu/NAGTWorkshops/careerprep/te
aching/learning.html

Conclusion
In conclusion, the development of the Learning
Framework for Business Processes is an innovative
approach used to create an authentic learning experiences
for students that develops students in both hard content
knowledge and skills as well as soft skills. Students get
to learn about business processes through activities and
simulation games which engage them with the content
knowledge. Together with choice of suitable and
appropriate teaching resources and material that are
closely aligned to the industry, students who have
undertaken these two modules are now more industryready than before.
This approach has been impactful to students as
evidenced by the student comments & reflections. The
teaching team has also received instances of positive
feedback from tutors and industry partners.
Moving forward, the Learning Framework for
Business Processes can also be applied to other subject
areas which are of industry demand for students.
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As technology becomes ubiquitous in our lives
and information becomes readily available via
channels other than the classroom, the practice of
face-to-face (f2f) lectures becomes less relevant in
educational settings. Educators are more aware of
the deficiencies of such lectures and are trying to
shift towards instructional strategies that will
encourage student engagement and active learning.
One of these strategies is the Flipped Classroom
pedagogy. The essence of this pedagogy is to move
direct instruction online and out of classroom,
creating space to promote discourse and problemsolving in the classroom. In effect, it requires a
rethink of when resources to support learners should
be provided. In Singapore Polytechnic, the School of
Mathematics and Science “flipped” an entire
engineering mathematics module and piloted it on
selected diploma courses. Lesson packages were
developed and deployed via the polytechnic’s
learning management system. Each of these
packages consisted of short online video lectures,
lesson plan, in-class activities, class quiz and tutorial
problem sets. Students are tasked to view preassigned online video lectures weekly before
attending tutorial sessions. In the classroom, they
checked their understanding through quizzes,
discussed and collaborated on activities with their
peers, and worked on the tutorial problems. For
evaluation, data was collected in the forms of student
surveys, student interviews, lecturer perceptions and
assessment score analysis.
The summative
assessment scores did not consistently show
significant differences between the “flipped” and the
“non-flipped” groups. However there was
a
significant increase in mean scores of student
perceptions of mathematics lessons that serve to
measure student engagement and self-directed
learning attitudes after 15 weeks of “flipping”. Both
student and lecturer interviews revealed that the
new pedagogy is a welcomed change to how
mathematics lessons are conducted. With the
reasonably positive findings, the school intends to
extend the pedagogy to more mathematics modules.
Future directions of the project can include
exploration of ways to effectively evaluate the
pedagogy and sharing the experience to help other
schools and institutions adopt this pedagogical
model.

Flipped
Classroom,
Polytechnic, Student

Engineering
Engagement,

Introduction
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The official definition of Flipped Learning is that it
is a “pedagogical approach in which direct instruction
moves from the group learning space to the individual
learning space, and the resulting group space is
transformed into a dynamic, interactive learning
environment where the educator guides the students as
they apply concepts and engage creatively with the
subject matter.” (Flipped Learning Network, 2014). It is
believed that what goes on in a lecture or direct
instruction usually involves cognitive processes that are
lower in Bloom’s Taxonomy such as Remembering and
these are processes that students can handle on their
own. The more challenging cognitive processes such as
Applying and Evaluating should be done in the
classroom, so that students can have access to resources
and help in the forms of teacher and peer support
(Honeycutt & Garett, 2013). The essence of the Flipped
Classroom pedagogical model is a reconsideration of
the provision of support to students when they need it
most (Te@chthought, 2014).
In 2013, largely motivated by the need to better
engage today’s learners through the use of Edutech, MS
submitted a proposal to “flip” an entire engineering
mathematics module. It was decided to “flip” all 15
weeks of the module because it was believed by the
team that students’ learning habits take time to change
and partial “flipping” and reverting to traditional mode
midway will not provide sufficient allowance for that
change. An engineering mathematics year 2 module was
chosen because of the higher level of maturity of year 2
students. Mathematics is also a subject matter that is
epistemologically suitable for this pedagogy. There are
many procedures and techniques in mathematics that
require progressive demonstration by the instructor and
these demonstrations can be done via videos. Students
often struggle in solving mathematics problems on their
own and having the instructor around whilst they are
doing so can be an effective reallocation of learning
support. In fact, many mathematics educators have
flipped their classes all over the world and there is vast
experience for the project team to learn from.
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In particular, the selected module contains content that
is new to students and yet a large part of it is procedural
and process-driven, characteristics which the team felt
lent the module well to the new pedagogy.
For the pilot run, only the diploma courses DASE,
DES and DEB will undergo the new pedagogy. These 3
courses were selected because they constituted a
comfortable student group size for the pilot. They are
also relatively more motivated to try a new way of
learning.

activities as they had to be scoped to fit into the class
hours and at the same time to remain relevant to the
mathematics content and the diploma domain
knowledge.
Video lectures were developed for every week’s
lessons. The developer would decide what content is
cognitively simple enough for novices to learn on their
own and what is too challenging and needs to be
resolved in class. The former would be included in the
video lectures that were recorded using the Camtasia
software whilst the latter were brought back to class as
problems or activities to be solved with peers and
teacher. Video lectures were intentionally chunked to 10
to 15 minute blocks with MCQ quizzes embedded.
These quizzes served to promote self-assessment as
students could assess own understanding as they
progressed. If they realized that they had not fully
grasped the concepts introduced, they could take
remedial actions such as re-watching the particular
segment or seek help from peers or lecturer. The ability
to assess their own work and understanding has been
found to lead to students taking greater responsibility of
their learning and thus moving towards cultivating a
sense of intrinsic motivation and personal control
(Barron et al., 2008).
After the lesson packages were developed, the next
challenge was to find a suitable way to disseminate
them to students (videos) and lecturers (lesson
materials). After going through a process of evaluation,
the team decided that the best platform will be the
existing institutional learning management system
BlackBoard (BB) site with video lectures uploaded via
the module content area.

Developmental Phase
A project team comprising of 6 lecturers was then
established. The team first redrafted the teaching
schedule from the existing one and demarcated 12
weeks of lesson packages to be developed. Each
member had to develop between 1 to 3 packages each
consisting of 4 to 8 video lectures, detailed lesson plan,
class quiz, tutorial problem set, in-class activities and
even teaching aids or props. The assessment scheme
was also modified as seen in the Table 1 below.
Table 1 : Assessment Scheme of Non-Flipped
Classroom and Flipped Classroom Modes

Assignment
Online Quiz
Weekly Class
Quizzes

Non-Flipped
Classroom
25%
50%
3%
5%

7%
5%+5%
N.A.

Flipped
Classroom
25%
50%
3%
10% (for tutorial
solving and for
participation in
group activities)
N.A.
N.A.
12%

Implementation Phase
When term started, students were told that all f2f
lectures will be replaced by video lectures that they
could access via BB site. They were also informed
about the class quizzes that would precede the tutorial
sessions and the repercussions of not viewing the video
lectures before attending class.
When students returned to class for tutorial lessons,
they were administered a weekly quiz to be completed
within 15 minutes. Each quiz assessed materials that
had been presented in the video lectures. Course notes
were also checked for annotations as those were
indications that students had viewed the video lectures.
Thereafter, students had to solve assigned tutorial
problem sets and collaborated to work on group
activities. The role of the lecturer became one of a
facilitator, in which he or she will provide guidance,
scaffolding and clarify doubts. Feedback from students
led the teaching team to set up 1-hour consultation slots
during which students could access a lecturer teaching
the module to answer questions from the video lectures.
The above described went on for all 12 teaching weeks.
Various forms of feedback were gathered from
students and lecturers to refine and improve the Flipped
Classroom model before it was implemented again in
the second semester.

The weekly class quizzes as well as the participation
mark were meant as extrinsic motivation to encourage
students to complete the pre-class learning activities i.e.
the video lecture watching and to participate actively in
class subsequently. At the same time, the class quizzes
were intended to provide formative feedback to the
students and the lecturer on the level of understanding
of the learners after watching the video lectures. The
outcomes of these quizzes provide information to the
lecturer on how they should adjust their subsequent
teaching strategies in order to enhance students’
strengths or bridge their learning gaps (Hattie, 2012).
The provision of such timely and appropriate feedback
is a powerful tool to enhance learning, with an effect
size of 0.75 (Hattie, 2012).
The in-class activities were included to get students
to practise their teamwork and communication skills as
well as to provide students insight to how mathematics
is applied in real life and to encourage them to construct
their knowledge of the formulae and theorems
introduced. It was a challenging task crafting these

367

▲

Assessment
Components
Test
Exam
E-learning Quiz
Participation
Mark

Back

Transactions of ISATE 2015
The 9th International Symposium on Advances in Technology Education
16-18 September 2015, Nagaoka, JAPAN

Evaluation Phase



As Flipped Classroom is a major shift in
pedagogical approach, it is vital that data is collected
and analyzed to ensure learning outcomes were not
negatively impacted upon.
The evaluation process was carried out by
1. Statistically compare the MST and Exam
scores of the Flipped groups and the
comparable Traditional groups
2. Surveying students on their perceptions of the
mathematics lessons conducted
3. Surveying students on how the engagement
levels and self-directed learning attitudes have
changed before and after 15 weeks of Flipped
Classroom model
4. Interviewing selected students and lecturers







In semester 1, 80% of the students spoke positively
of the Flipped Classroom experience. The remaining
20% either did not like the experience or were neutral
about it. In semester 2, 80% of the students spoke
positively whereas 2% of them did not like it. The
remaining 18% were neutral about it or made comments
about the lecturers rather than about the module
experience.
Students made positive comments such as “good”,
“fun”, “awesome”, “excited to learn”, “organised and
structured” and “engaging”. They liked that the videos
could be replayed, that they could work at their own
pace and preferred time, and that the lessons were well
organized and efficient. They had opportunities to clear
their doubts in class. However, there was also feedback
that they were unable to clarify their doubts while
watching the video lectures as there was no lecturer
available then. This is despite the teaching team
allocating 1-hour consultation slots for them to do so. A
check with the teaching team revealed that no student
had approached any lecturer during that consultation
time.
Generally, the model was well-received by the
students.

Statistical comparison of MST and Exam scores
A comparison group comprising students who did
not go through the Flipped Classroom model was
selected based on their grades in a prior mathematics
module. Chi-square test was first used to check that the
comparison group had similar mathematics ability as the
treatment (flipped classroom) group. Below in Table 2
are the outcomes of the analysis.
Table 2: Comparison of test and examination scores
Assessment

1

2

Test

Mean
of
Flipped
Classes
80.8

Mean
of Non
Flipped
Classes
73.9

Exam

69.6

62.2

Test

72.3

72.7

Exam

71.8

70.0

Conclusions

Flipped was
significantly
higher (pvalue = 1%)
Flipped was
significantly
higher (pvalue =
0.5%)
No sig
difference
No sig
difference

Surveying students on change in engagement levels and
self-directed learning attitudes
Since one of the aims of the Flipped Classroom was
to inculcate self-directed learning attitude in students
and to better engage them in the mathematics
classroom, a self-reporting survey was administered
before and after the 15 weeks of “flipped” lessons to
measure if there has been any changes in both items.
Students had to rate on a Likert scale of 1 to 5, their
agreement on 20 statements that aim to measure both
engagement and self-directed learning attitude. The
same survey was also administered to students who
underwent the traditional mode in 2014/2015 Semester
2 to assess if there are any differences between the 2
groups. The results are seen in Tables 3 and 4 below.

As can be seen from the table above, the “flipped”
groups performed on par as the “non-flipped” groups
and even outperformed them in semester 1.
Surveying students on their perceptions of Flipped
Classroom model
Students were also surveyed on their perceptions of
the Flipped Classroom model. They were asked 5 freeresponse questions.
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Sem

What were your feelings about how the
mathematics module was run?
To you what were the main advantages of how
the mathematics module was run?
To you what were the main disadvantages or
difficulties in the way the mathematics module
was run?
How could we improve on how the
mathematics module was run?
Did you use the video lectures to revise for
MST or exam?
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Table 3: Pre and Post Survey Scores for Flipped groups
Statement

Flipped Classroom
2014/2015 Sem 1
Pre
Post
3.70
4.28

Flipped Classroom
2014/2015 Sem 2
Pre
Post
3.60
4.27*

I get to learn a lot in math class
I can relate the mathematics that I learnt to real
world situations
4. I work hard during math class
5. I ask questions and answer questions during
math class
6. I work with other students to solve assigned
tasks during math class
7. I am focused on my tasks during math class
8. I enjoy the tasks and activities during math
class
9. If I am assigned work to do before turning up
for math class, I will do the work
10. I check my work while doing it

3.69
3.07

4.35
3.61

3.76
2.96

4.30*
3.47*

3.94
3.69

4.29
4.18

3.67
3.36

4.04*
3.89*

3.77

4.32

3.68

4.28*

3.90
3.52

4.22
4.13

3.73
3.52

4.07*
4.17*

3.78

3.99

3.83

4.13*

3.81

3.95

3.70

3.98*

11. I am aware of my own learning when doing
mathematics tasks
12. I seek help when in doubt
13. I keep track of my performance in math
14. I am able to locate relevant resources to
enhance learning
15. I know when I need to learn more about the
topic
16. I analyze mistakes made in solving tutorial
problems
17. I review my learning after completing each
topic
18. I identify important concepts learnt in
mathematics class
19. I learn from feedback from others
20. I am able to identify my own learning needs

3.70

4.11

3.85

4.07*

4.10
3.69
3.31

4.46
4.01
3.89

3.90
3.85
3.47

4.31*
3.95
3.66

3.81

4.04

3.83

4.03

3.72

4.24

3.85

4.10*

3.46

3.75

3.19

3.77*

3.64

4.06

3.80

3.99*

3.68
3.86

4.02
4.14

3.64
3.80

3.98*
4.11*

1.

I look forward to attending math class

2.
3.

Table 4: Pre and Post Survey Scores for Non-Flipped groups

1.

I look forward to attending math class

2.
3.

I get to learn a lot in math class
I can relate the mathematics that I learnt to real
world situations
I work hard during math class
I ask questions and answer questions during
math class
I work with other students to solve assigned
tasks during math class
I am focused on my tasks during math class
I enjoy the tasks and activities during math
class
If I am assigned work to do before turning up
for math class, I will do the work

4.
5.
6.
7.
8.
9.

Non-Flipped Classroom 2014/2015 Sem 2 (survey was
only administered to non-flipped groups in semester 2)
Pre
Post
3.60
3.84*
3.76
3.09

3.98*
3.45*

3.74
3.50

3.77
3.62

3.76

3.86

3.79
3.51

3.79
3.65

3.65

3.69
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10. I check my work while doing it

3.72

3.83

11. I am aware of my own learning when doing
mathematics tasks
12. I seek help when in doubt
13. I keep track of my performance in math
14. I am able to locate relevant resources to
enhance learning
15. I know when I need to learn more about the
topic
16. I analyze mistakes made in solving tutorial
problems
17. I review my learning after completing each
topic
18. I identify important concepts learnt in
mathematics class
19. I learn from feedback from others
20. I am able to identify my own learning needs

3.77

3.90

3.94
3.54
3.37

4.06
3.82*
3.74*

3.74

3.90

3.70

3.91*

3.37

3.63*

3.66

3.72

3.63
3.78

3.70
3.77

Based on independent t-tests conducted on the
average scores, amongst the students who had their
mathematics lessons “flipped”, there were significant
increases from the beginning of the semester to the end
of the semester in both semesters in almost all 20
statements (those that displayed significant increases are
marked with asterisks). Students became more engaged
in the lessons and were more self-driven in their
learning. Comparatively, the classes that went through
the traditional mode of instruction did not see as many
significant improvements in their perceptions of
mathematics lessons at the end of the semester (those
that displayed significant increases are marked with
asterisks).
Student and lecturer interviews
A set of interview questions were designed for this
purpose. Students were selected for semi-structured
interviews in order to gain more qualitative insights.
All the students interviewed spoke positively of the
Flipped Classroom experience. Most of them liked the
fact that they were able to learn at their own pace and
time and could clarify doubts in f2f tutorial lessons.
They commented that in large group lectures, they
would often lose focus or lose track of what the lecturer
was saying and would be too shy to ask questions
thereafter. With videos, however, they could rewind and
pause and forward, according to their abilities. As they
watched the video lectures, there were times when they
wished they had someone to ask questions to when they
could not understand certain concepts. They would then
rewind and re-watch and very often could figure out
themselves eventually. This is in fact a powerful
metacognitive ability that the Flipped Classroom model
hopes to instill in learners. The students were also
appreciative of the fact that the easier content was
delivered via video lectures while the tougher parts were
taught in class. Most liked the self-assessment
component via the embedded quizzes in the videos.
The class activities were a welcoming change to the
take-home assignments as the activities were guided and
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completed in class whereas take-home assignments
were to be done during outside class hours and were
often not guided. However, a few interviewees felt the
activities did not make a difference to their learning as
they were not being tested in tests or examinations.
These interviewees commented that instead of
conducting activities, tutorial sessions can be shortened
and the focus should be on tutorial problem solving, as
these will definitely be assessed. An interesting point to
note is that such interviewees tend to be the better
students, and also tend to be more assessment-driven.
Students had the view that technical subjects such as
mathematics and digital electronics could benefit from
such a pedagogical approach but would not want for all
modules to be “flipped”. They elaborated that workload
will become too heavy if they have to watch video
lectures for all modules in a semester. They also feel
that some subject matter may not be suitable for
“flipping” as they tend to be more “open-ended”. The
interviews also uncovered interesting variations of how
students approached video lecture viewing as part of the
pre-class activity. Some would diligently watch the
videos a few days before lesson time and would watch a
few times until there is full comprehension. Most would
only watch one day before class time. Some watched the
entire set of videos from start to finish while others will
only view the solutions of the examples. This variation
speaks of the ability of the video lectures in meeting the
diverse learning capabilities of our students, something
which f2f lectures will not be able to afford.
Lecturers teaching the module were also asked their
perceptions of the new way of conducting the
mathematics lessons. This is what lecturer X had to say.
“Students are able to take charge of their individual
learning pace ..promotes learner independence and
accountability. In the f2f lessons, students are able to
practise what they have learnt from the video lectures
and the peer interaction in classroom activities
definitely value-adds to each individual in their
experience in solving tutorial questions.
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I am able to focus and spend more time on students with
slower learning curves.”
Lecturer Y noticed that there was greater interaction
between students and teacher and that he was better able
to identify and respond to the learning needs of his
students. He elaborated that
“there is better student engagement as class
activities were conducted which deepen/pique the
students’ interest in the topics. By putting lectures
online, it enables students to pace their own learning.
The onus is now on students to acquire their own
learning and self-direct their learning needs while we
become the coaches/facilitators”.
And finally lecturer Z admitted that she started off
feeling apprehensive about the new pedagogy and
students did not take to it well in the beginning.
However, she went on to say that
“..as time goes by, the weaker students appeared to
cope well with this mode of learning and grew confident
enough to teach the more capable peers.. the students
also grew to like this mode of learning as it is more
efficient and flexible…I realise that this mode of
learning empowers students to take ownership of their
own learning.”

students’ learning. Some were concerned that
unmotivated students will suffer from this mode of
learning mathematics as they will almost never be
prepared (by watching video lectures) for tutorial
sessions. The team conducted numerous sharing
sessions and answered many queries, mostly based on
experience gained from teaching the flipped classes, to
allay these concerns. It is hoped that from all the sharing
of experience, other lecturers will come to adapt to the
model and take the step to try it out themselves. In
addition, the model adopted by MS had many structures
put in place to ensure the large majority of students will
be sufficiently motivated to view the videos (weekly
quizzes, marks awarded for note annotations, class
participation mark, communication channels with
students). However, as with any pedagogy, there will
always be some students who will not do anything for
school. That fact is equally applicable to Flipped
Classroom.
Conclusions and Future Plans
Motivated by the reasonably good pilot results and
as Singapore Polytechnic heads towards greater use of
Edutech in its teaching and learning, this project, in
which only one module is “flipped”, has evolved into a
3-year roadmap that lays out the plans of MS to flip a
large number of its core engineering mathematics
modules. Two other development teams are currently
developing lesson packages for another 2 modules. By
the end of the 3-year journey, the school targets that a
good proportion of students who read MS modules
would have benefitted from the Flipped Classroom
experience. Going forward, the team hopes to not only
design the flipped classroom model for MS modules,
but also share its experience in doing so with other
schools.

Refinement process
The team continued to refine the lesson packages
throughout the year. Videos that were unclear were rerecorded. Activities that needed more scaffolding were
redesigned. Quizzes that were too difficult for content
presented on videos were simplified. Lesson plans were
tweaked to better engage students and manage the time.
Feedback forms and a whatsapp chat group were set up
to gather feedback from the teaching team and to allow
sharing of classroom experiences.
Challenges
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Abstract

such an experience do they realize just how precious

From 2014, the National Institute of Technology
Nagano

College

began

offering

it was.

an

The college intends to continue providing students

internship-abroad program to the advanced course
students.

international exchange and internship opportunities

Six students, three sent to Thailand and

in order to raise their global awareness and to inspire

three to Taiwan, interned at local Japanese-affiliated
factories for about three months.

them to develop long-term relationships with foreign

Although the

people throughout their careers.

entire project required more than six months for

In this paper, we have outlined the steps which we

planning and implementation, it was a worthwhile
internship experience for the students.

believe are necessary to develop an international

This

internship program, such as: building relationships

program was made possible with support from

with host organizations, arranging internships with

companies and universities in the hosting countries,

appropriate companies, and finding safe and suitable

and also that of a Japanese university among others.

housing.

Student scholarships were provided by the Japan

consider.

Every year, NIT-Nagano sends fourth-year students

students encounter many unexpected happenings in
cultures,

and

must

culture

The experience

1. Program Objectives

surely gives them a level of self-confidence which
would be impossible to gain within Japan.

At any rate, the long-term goals of the

Keywords: internship, visa, insurance, financial support,

overcome

problems with the explicit or implicit support and
guidance of their foreign hosts.

(emergency)

developmental process.

It is a valuable experience because

different

crisis

students must be given top priority throughout the

on very short one or two week exchanges to foreign

totally

procedures,

response systems and funding are other issues to

Student Services Organization (JASSO).

countries.

Visa

However,

Although NIT Nagano College has had a fourteen

as we often see in the newspapers these days, many

week domestic internship program since founding the

Japanese students are reluctant to participate in such
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(NIT),

Only after they have had
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Advanced Course in 2003, 2014 was the first year to

such

experiences

among

experienced

send students abroad for internships.

engineers, and they have chances to grow
emotionally and mentally.”1)

A Companion for the Internship states the objectives
of the internship program as follows:

Acting on one of the annual Advanced-Course

“Long term internship outside campus is

educational improvements targets for 2014, the college

burdensome for both the students and the

promoted an internship-abroad program “in order to

companies.

nurture the students’ knowledge and ability in global

It is especially so for the

2)

students since the living conditions as well

communication.”

as relationships with people around them

administrative policies emphasizing the education of

are quite different from those to which

highly competent global engineers.

they are accustomed.

The target coincides with the NIT

However, (the

college believes) it is an invaluable
learning experience, which cannot be
replicated within the campus.

2. Overview of the program

The
Table 1 provides an overview of the 2014 Internship

students have opportunities to develop and

abroad program at Nagano College.

brush up their engineering sense through

Table 1. 2014 Internship Abroad Program at Nagano College
Total
Days

Country

90

Taiwan

114

Thailand

Number of

Internship at university

Duration

United University

10/1 ~

2

Taiwan Mimaki

(9/1~9/30)

11/16

1

Taiwan Orion Industry

Thai-Nichi Institute of

9/30~

2

Ingress Automotive

Technology (9/8~9/29)

12/23

1

Nidec Copal Thailand

students

Internship at factory

The two country programs had some similarities.
First, students spent the first month at educational

So, even though there was no earned income from the

institutions with which Nagano College has exchange

hosting companies, students had little or no financial

agreements, and then they spent their remaining time at

burden for travel and accommodations.

Japanese-affiliated factories.

Second, students in both

program was unique in that it required student visas,

country programs received scholarships from the Japan

which were secured through the efforts of our Thai

Student Services Organization (JASSO).

educational partner.

The Thai

This partner also provided students
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opportunities to explore the culture and environment.
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and post-internship activities, especially those for the

3. Schedule of the program

Thai program.
Table 2 outlines the program schedule, including preTable 2. Schedule of 2014 Program (in chronological order)
Month

Events

5~7

Search for hosting companies

7

Remarks
Via Nagaoka University of Technology

Prepare Passports and other documents
Apply for student visas

Thai Embassy in Tokyo

Prepare for the trip

Insurance, Reservation of flight, etc.

Visit hosting companies

Support by Nagaoka University of Technology,

Lease apartments for interns

Thai-Nichi Institute of Technology

11

Extend visas

Support by Thai-Nichi Institute of Technology

12

Submit various documents

College requirement and others

8

9

A Nagano College professor visited students twice during the internship; once at the beginning of the program and then
again after they moved to the factories.
4. Issues that need further consideration

receive no financial compensation.

However, situations

4.1 Hosting companies

and conditions vary by government and internship
program, so it is important to constantly monitor and

Finding hosting companies for any internship program

confirm such conditions regularly.

In the case of the

is a big challenge because interns inevitably burden

Thai program, interns were required to apply for student

company staff who must both train and care for students

visas and, fortunately, acquired them without any

and perform their regular duties.

problems.

Fortunately, Nagaoka

University of Technology provided great assistance and
guidance in finding excellent Thai companies, and
Nagano

College’s

Industry-Academics

4.3 Accommodations

Exchange

member companies provided invaluable assistance in
finding such Taiwanese hosts.

The cost of accommodations is one of the major

At present, it may be

financial burdens facing interns despite the fact that

easy to find willing Japanese affiliated companies or

meals and other goods are relatively inexpensive

factories in some Asian countries; however, it is much

compared to those items in Japan.

more difficult to develop and maintain good relationships

interns in Thailand agreed to share an apartment in order

with these entities to ensure a continuation of the

to reduce their housing costs.

internship program.

quite difficult for students to read and understand

This year, two

Additionally, it is often

contracts written in a foreign language, so it is critical
that they receive assistance from the people in the host

4.2 Visas

country.
Many Asian countries don’t require special visas for
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Japanese interns who will stay three months or less, and
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workshop.

4.4 Living environments

Without insurance coverage, these students

would have been forced to pay expensive medical bills.
Finding a safe and comfortable living environment is

It is important to understand that getting the right kind of

an important objective for any person who wishes to stay

insurance requires a lot of research into the specific types

in a foreign country.

of work each intern will be asked to do.

It is especially important for

Any tasks

Japanese students who grow up in relatively safe and

considered even slightly dangerous can cause insurance

sheltered environments.

premiums to increase dramatically.

4.5 Budget and Financial support (JASSO
4.7 Evaluation

scholarship)

During the internship program, students were asked to

As mentioned before, the costs of round-trip flights to
the host country and living expenses should always be

submit monthly reports via email.

considered from the planning stage.

Of course, it costs

program, each student was required to submit two final

money for domestic internships, but living in a foreign

reports; one to their hosting company and the other to the

country requires additional funds for unexpected living

college.

expenses.

evaluate the students.

As such, it is desirable for students to have

At the end of the

We also asked the hosting companies to
Based on the feedback, the

internships in countries where the costs of living are

college made final assessments for the twelve-credit

relatively cheaper than those in Japan.

course, similar to the procedure used for the domestic

Pairing two

interns together is highly recommended to save money

internship program.

on accommodations and transportation and also to

adopted because of the prohibitively expensive prospect

increase the level of safety.

of

assessing

students

This assessment system was
at

their

overseas

hosting

companies.
4.6 Health care
There is little disagreement to the assertion that an

4.8 Other issues
Thorough preparation for the internship is highly

educational institution must give its highest priority to
In fact, at the beginning of

recommended because the more one prepares before

the program, our college established a safety net which

going to a host country, the easier the cultural adjustment

included broad travel insurance coverage for the college

and the more fruitful the internship experience becomes.

and the students, and which also designated first and

Such preparation of course, includes researching the host

second emergency contact persons.

Although the

company, but also includes such things as learning about

insurance premiums were rather expensive (¥70,000 per

the host country’s culture, religion, language, geography,

student and ¥21,000 for the college for four months in

and climate.

Thailand), we gladly paid them given the importance of

student build respect for the culture of the host country,

the program.

and smooths the way for their first contacts.

students’ health and safety.

Knowing about their hosts helps the

Thanks to the insurance, a student in Thailand, who
was suffering from a chronic illness, was able to visit a

5. Students’ reflections and opinions
* “I was bewildered a little at first by

continue his internship.

Another student was treated for

circumstances where Japanese is not

minor injuries he had sustained during his job in a

understood; however, with much help from
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doctor several times, which probably allowed him to
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Of course there are many uncertainties, both for the

the people there, I was able to have a
I was able to learn a

students and for the college, but as we gain experience, it

lot of things about the people and culture.

will be easier to anticipate challenges and to take

I felt strongly that I needed to study

necessary precautions.

valuable experience.

English

most

of our

It is desirable to have a professor or an officer

through

English

stationed in the target country as an emergency

more because

communication

was

despite the fact that it is a foreign language

first-contact person.

for both interns and hosts.”

such personnel in place in a number of countries and are

* “We had a chance to have dinner with

energetically maintaining and even expanding long term

one of our college’s graduates who is

internship programs.

stationed there.

We learned a lot about

Technology could appoint such persons in host countries,

the difficulties and joys of working in a

it could be quite beneficial to the entire NIT Colleges

foreign country, which was a very good

throughout Japan.

experience.”

Some universities already have

If the National Institute of

Finally, to insure the continuity of the new internship
my

programs, it is important to constantly look for ways to

apprehension about living in a foreign

eliminate any bureaucratic or financial barriers for all

country,

stakeholders

*

“This

experience
which

I

had

lowered
thought

was

extremely high.”
* “The first month I spent at a Thai

Acknowledgements

university helped me very much to
communicate with the Thai people.

I was

We would like to express our sincere gratitude to all

first able to communicate in English with

the institutions which made this program possible:

Thai-Nichi university students.

Then

Nagaoka University of Technology, United University

they taught me some useful Thai language.

(Taiwan), Tai-Nichi Institute of Technology (Thailand),

So the system was quite helpful for me.”

Taiwan Mimaki, Taiwan Orion Industry, Nidec Copal

* “This was my first experience living in a

Thailand, Ingress Automotive Thailand, and the Japan

foreign country, which gave me daily

Student Services Organization (JASSO).

stimuli.

I believe doing this kind of

internship, including all the preparation, is

References

very valuable for us before we start
1) NIT Nagano College Advanced Courses (2015) A

working.”

Companion for the Internship, p. 1.
2) NIT Nagano College Yearly Objectives, Advanced

6. Evaluation of the program and prospects
Is the program worth continuing for the students as
well as for the college?

Courses (2015) Retrieved from

http://www.nagano-nct.ac.jp/guide/yearlyplan/d

Yes, definitely, because all the

ocs/H26YearlyPlan.pdf

six participating students expressed their excitement and
satisfaction at having discovered a new level of
self-confidence.

Both the students and the college were
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Abstract

number of p-colorings and the Goeritz invariant by
themselves, and checked that these were knot
invariants. Moreover they reported that they had
succeeded in classifying a trefoil knot, a figure eight
knot and a 61 knot using the number of p-colorings
and the Goeritz invariant.

In this study, we have supplementary lessons and
open classes with teaching assistants. Moreover we
consider a practice of high-level active learning in
which we use knot theory as a teaching material so
that teaching assistants can also learn mathematics
deeply.

We mainly describe the effort of high-level active
learning using knot theory in this paper.

The supplementary lessons, the first grade students
joined had two courses, that is, basic and advanced
one. The upper-class students who were highly
motivated played a central role as teachers, on the
other hand, we participated just as facilitators or
makers of teaching materials. The results of the
questionnaire and the examination given after the
supplementary lessons showed that our trial received
high evaluation from the participants. In addition,
the upper-class students were satisfied by
improvement of presentation skills and deepening
understanding.

Keywords: Supplementary lesson, Open class, Knot
theory, Active learning
§1. Introduction

In the open classes held for junior high school
students at Kurume College in 2013 and 2014, one of
the authors explained an introduction to “knot theory”
which is an important field in topology, and had the
above upper-class students to be assistants. The
results of the questionnaire distributed to the
students told us that their polite instruction was
highly evaluated.
In knot theory, it is important to consider whether a
knot can be unknotted or not, and whether two knots
are same or not. One of the authors focused on
classifying three knots: a trivial knot, a trefoil knot
and a figure eight knot by using the tricolorability,
the number of p-colorings and the Goeritz invariant.
Throughout the learning, the upper-class students
obtained the deep learning about set and proposition,
congruence and deformation of a matrix which are
relevant to the above invariants.
In presentation of the above research, they
announced that they studied the tricolorability, the
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  Active learning is defined in Collins (2003) as ''The
process of having students engage in some activity that
forces them to reflect upon ideas and how they are using
those ideas. Requiring students to regularly assess their
own degree of understanding and skill at handling
concepts or problems in a particular discipline. The
attainment of knowledge by participating or
contributing.The process of keeping students mentally,
and often physically, active in their learning through
activities that involve them in gathering information,
thinking, and problem solving''.
	
  The main purpose of this work is to help our
students acquire the skills for learning by themselves,
unifying knowledge and giving presentation in the class.
Moreover we had the upper-class students help us in
low-level active learning: supplementary lessons and
open classes so that they can connect experience to their
research and presentation (see Figure 1).
	
  Knot theory is an interesting field in Topology. It is
easy for beginners to understand it since it is not
necessary to know its background well and there are
various teaching materials of knots in which they can
learn visually (e.g., Kawauchi & Yanagimoto, 2012;
Miyaji, Sakai & Nakabo, 2013). On the other hand, knot
theory is associated with various fields, such as DNA in
biology and QFT in physics, which correspond to the
relevant feature. Therefore we think that knot theory is
suitable for our students who study the technological
field. In particular, we gave three research themes for
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Next we define some deformations of a knot diagram
and a knot invariant, or a value which is independent of
the deformations.

three upper-class students respectively: tricolorability,
the number of p-colorings (Lickorish, 1997) obtained by
considering congruence modulo p and Goeritz invariant
which is a non-negative integer sequence obtained by
the deformation of the elementary row operation of
integral square matrices. They can learn mathematics
deeply because congruence and matrices are the
learning contents which they understand in the ordinary
classes and in the supplementary lessons.
 This paper is composed of six parts. Section 1 is the
introduction, which includes the background of the
investigation. In Section 2, we introduce examples of
knots and define knot invariant. In Section 3, 4 and 5,
we define some knot invariants: tricolorability, number
of p-colorings and Goeritz invariant, and introduce its
calculation results which the upper-class students
obtained. Finally in Section 6, we describe conclusion
of this effort and the future challenges.
higher
higher

Active learning
learning

Definition 2.4. The following deformations R1, R2 and
R3 in the knot diagrams are called Reidemeister move.

[Figure 4: Reidemeister move]
If two knot diagrams can be moved each other by
repeating Reidemeister moves finite times, they are
defined to be the same knots. Moreover a value which is
defined for each knot and is independent of
Reidemeister moves is called knot invariant.

lower
lower
Supplementary
lesson
Advanced
course
(Pull up)
up)

Research
presentation
presentation

Upper-class
students
students

Open class
class

Teachothers
Teach
others

 We define some knot invariants in Section 3, 4 and 5
to check whether a knot can be unknotted or not, and
whether two knots are same or not.

Basic
course
up)
(Bottom up)

§3. Tricolorability and its calculation results


[Figure 1: Active learning]

The definition of tricolorability is given as follows:

§2. Knot and its invariant
 First we define a knot and a knot diagram, and give
some examples.

Definition 3.1. A knot is tricolorable if each strand of
the knot diagram can be colored one of three colors,
subject to the following rules:

Definition 2.1. A knot is an embedding of a circle in 3dimensional Euclidean space R3.

1. At least two colors must be used in the knot diagram,
and
2. At each crossing, the three incident strands are either
all the same color or all different colors.

Definition 2.2. Let us consider the projection of a knot
onto a plane. A small change in the direction of
projection will ensure that it is one-to-one except at the
double points, called crossing. The projection which is
distinguished between the over-strand and the understrand at each crossing is called knot diagram (Figure 2).

Then it is well known that the following statement holds.
Theorem 3.2. Tricolorability is independent
Reidemeister moves, i.e., it is a knot invariant.

of

Example 3.3. A trivial knot is not tricolorable because
it has a knot diagram which does not satisfy the
condition 1 in Definition 3.1.
[Figure 2: Knot diagram]

Remark 3.4. (1) The converse of Theorem 3.2 does not
hold because the figure eight knot is not tricolorable.
(2) Considering the contraposition of Example 3.3, we
see that a knot is not unknotted if it is tricolorable.

Example 2.3. Knot diagrams shown in the Figure 3 are
called a trivial knot, a trefoil knot (or 31 knot), a figure
eight knot (or 41 knot) and a 61 knot respectively.

[Figure 3: Example of knots]
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Remark 3.5. We may denote three colors by three
integers 1, 2 and 3. If each of x, y and z denotes one of
the three integers, as in Figure 5, then the condition 2 in
Definition 3.1 has an alternative description as
!! ! ! ! !!!!"#!!! by using congruence modulo 3.
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(2) Considering the contraposition of Example 4.3, we
see that a knot is non-trivial if the number of p-colorings
is not p.
Remark 4.6. If the crossing number of a knot diagram
is 𝑛𝑛, then it needs to choose (𝑥𝑥, 𝑦𝑦, 𝑧𝑧) which satisfies the
crossing condition out of 𝑛𝑛𝑝𝑝! ways in order to calculate
the number of p-coloring.

[Figure 5: Crossing condition]
One of the upper-class students studied
tricolorability and checked that it was a knot invariant.
The calculation result about four knots given in Figure 3
is as follows:

One of the upper-class students studied the number
of p-colorings and checked that it was a knot invariant.
Moreover she made a program so that (𝑥𝑥, 𝑦𝑦, 𝑧𝑧) satisfied
the crossing condition for each crossing using Excel
software (see Table 2).

[Table 1: Tricolorability of knots]
Knots
Trivial knot
Trefoil knot
Figure eight knot
61 knot

Tricolorability

[Table 2: A part of crossing condition mod 9]

Not tricolorable
Tricolorable
Not tricolorable
Not tricolorable

She obtained that the trefoil knot was unknotted using
Remark 3.4 (2) and it was impossible to consider
whether the figure eight knot and the 61 knot can be
unknotted or not, and whether they are same or not
using tricolorability because of Remark 3.4 (1).
§4. Number of p-colorings and its calculation results
Using the description in Remark 3.5, a generalization
of tricolorability which is called p-colorability is given
as follows:
Definition 4.1. A knot is p-colorable if each arc of the
knot diagram can be labeled by the one of integers: 1,
2,…, p, subject to the following rules:

The calculation result about four knots given in Figure 3
is as follows:

1. At least two integers must be used in the knot
diagram, and
2. For each triple of integers 𝑥𝑥, 𝑦𝑦, 𝑧𝑧 ∈ {0, 1, ⋯ , 𝑝𝑝 − 1}
at a crossing as in Figure 5, they satisfy the condition:
2𝑥𝑥 ≡ 𝑦𝑦 + 𝑧𝑧  (𝑚𝑚𝑚𝑚𝑚𝑚  𝑝𝑝). (This condition is called crossing
condition at the crossing.)

[Table 3: Number of p-colorings of knots]
Knots
Trivial knot
Trefoil knot
Figure eight
knot
61 knot

Next let us define a number which is obtained from
Definition 4.1.

Number of
p-colorings

p=2

p=3

p=4

p=5

p=9

2
2

3
9

4
4

5
5

27

2
2

3
9

4
4

25
5

81

Definition 4.2. We say that a knot diagram is p-colored
if each arc of the knot diagram is labeled by one of the
numbers 1, 2, ⋯, p in such a way that at each crossing
the labels satisfy the condition 2 in Definition 4.1. The
number of p-colored knot diagrams for a knot K is
called the number of p-colorings of K.

She succeeded in classifying a trivial knot, a trefoil knot,
a figure eight knot and a 61 knot from the above Table 2.
In fact, she obtained the following results.

Theorem 4.3. The number of p-colorings is
independent of Reidemeister moves, i.e., it is a knot
invariant.

-

-

-

A trefoil knot, a figure eight knot and a 61 knot are
not unknotted by considering the number of 3colorings, 5-colorings and 3-colorings respectively.
A trefoil knot and a figure eight knot are not the
same by considering the number of 3-colorings.
A figure eight knot and a 61 knot are not the same
by considering the number of 3-colorings.
A trefoil knot and a 61 knot are not the same by
considering the number of 9-colorings

-

Remark 4.5. (1) The converse of Theorem 4.3 does not
hold.

Remark 4.6. These results mean that four knots as
above are different.
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Example 4.4. The number of p-colorings of a trivial
knot is p.
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Example 5.3. Since a trivial knot is regarded as the
following figure (Figure 7), we have its two Goeritz
1 −1
. So the Goeritz invariant of
matrices (1) and
−1 1
a trivial knot is (1).

§5. Goeritz invariant and its calculation result
	
  Let D be a diagram of a knot K. Then D devides a
plane into finitely many domains D1, D2, …, Dn, one of
which is unbounded, say Dn. We classify these domains
into two classes, black and white in such a way that no
domains of the same color have edges in common. For
convenience, we assume that Dn is a black domain. Now
we define an index 𝜀𝜀 = +1 or -1 of a crossing point of D
according to Figure 6.

[Figure 7: Trivial knot]
Theorem 5.4. The Goeritz invariant is a knot invariant.
Remark 5.5. (1) It is well known that the converse of
Theorem 5.4 does not hold.
(2) Considering the contraposition of the conclusion in
Example 5.3, we see that a knot is non-trivial if the
Goeritz invariant is not (1).

[Figure 6: Index of crossing point]
Here, a shaded area indicates a black domain and the
orientation of K is irrelevant. Let {W1, W2, …, Wm+1} be
the set of all white domains. Using these white domains,
we define an (m+1)×(m+1) integer symmetric matrix A
= (aij), 1 ≤ 𝑖𝑖, 𝑗𝑗 ≤ 𝑚𝑚 + 1 as follws:

	
  One of the upper-class students studied Goeritz
invariant and checked that it was a knot invariant. The
calculation result of Goeritz matrices and Goeritz
invariant about four knots given in Figure 3 is as
follows:

Definition 5.1.

[Table 4: Goeritz invariant of knots]

where the summation 𝜀𝜀 runs over all crossing points
of D that are common to Wi and Wj. This matrix A is
called Goeritz matrix of a knot K.

Knots

Goeritz matrices

Goeritz invariant

Trivial knot

⎛ 1 − 1⎞
⎜⎜ − 1 1 ⎟⎟
⎝
⎠ , (1)

(1)

⎛ 3 − 3 ⎞
⎜⎜
⎟⎟
⎝ − 3 3 ⎠ ,

Trefoil knot

	
  Let an irreducible Goeritz matrix A1 be a minor
matrix of A that results from A by removing an arbitrary
row and an arbitrary column. Goeritz invariant of a knot
is given by deforming the irreducible Goeritz matrix
using the following transformations. Let M and N be
two integral matrices.

⎛ 3 − 2 − 1⎞
⎜
⎟
⎜ − 2 3 − 1⎟
⎜ − 1 − 1 2 ⎟
⎝
⎠

Figure eight
knot

61 knot

Elementary transformations
(a) Interchange two rows (resp. two columns).
(b) Multiply a row (resp. a column) by −1.
(c) Add a row (resp. column) to another one multiplied
by an integer.
(d) If we have M = (1) ⊕ N or N = (1) ⊕ M, then change
M (or N) to N (or M).

⎛ 3
⎜
⎜ − 2
⎜ 0
⎜
⎜ 0
⎜
⎝ − 1

−2
3
−1
0
0

0
−1
2
−1

⎛ 2 − 1 − 1⎞
⎜
⎟
⎜ − 1 2 − 1⎟
⎜ − 1 − 1 2 ⎟
⎝
⎠

,

⎛ − 2 1 1 ⎞
⎜
⎟
⎜ 1 − 3 2 ⎟
⎜ 1 2 − 3 ⎟
⎝
⎠

0
0
−1
2

− 1⎞
⎟
0 ⎟
0 ⎟
⎟
− 1⎟
0 − 1 2 ⎟⎠

,

⎛ 5 1 4 ⎞
⎜
⎟
⎜ 1 2 1 ⎟
⎜ 4 1 5 ⎟
⎝
⎠

(3)

(5)

(9)

She succeeded in classifying a trivial knot, a trefoil knot,
a figure eight knot and a 61 knot from the above table 3.
In particular, she obtained that these four knots were
different.
§6. Conclusion of this effort and a future subject

	
 
	
  We had the following comments about our practice
from the upper-class students.
-

(i): If d = 1, then k1 ≥ 0.
(ii): If d≥ 2, then ki ≥ 0, ki ≠ 1 (1≤ 𝑖𝑖 ≤ 𝑑𝑑) and
ki+1 = mki (1≤ 𝑖𝑖 ≤ 𝑑𝑑-1; m: integer)

-
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It was interesting that whether a knot can be
unknotted or not using congruence.
I made a calculation of congruence using Excel
software, but it was tough because of its complexity.
So I want to find an easier calculation method in
the future.
I could understand that various mathematical
methods decided whether a knot can be unknotted
or not without deforming knots by hand.

▲

Definition 5.2. Using the above operation, any integral
matrix, especially, the irreducible Goeritz matrix A1 can
be deformed into a unique diagonal integral matrix:
(k1)⊕(k2)⊕···⊕(kd) which satisfies the following condition
(i) and (ii). Then the non-negative integral sequence (k1,
k2, ···, kd) is called Goeritz invariant of a knot K.
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-

I want to study knot theory and calculate various
knots and links in the future.
I was interested in knot theory because I found that
it was relevant to DNA in biology.

not only a tool to classify a trefoil knot, a figure eight
knot and a 61 knot but also suitable for an application of
linear algebra (eigenvectors and eigenvalues, etc), it
may be valuable for students who aim at engineers.
Moreover, this teaching material is good for students to
know the usefulness of matices easily since the invariant
is simply calculated, compared with the other very
effective knot invariants.
	
  The third is “L-S category” (Cornea, Lupton,
Operea & Tanre, 2003; Miyaji & Sakai, 2013) in
homotopy theory. It is an invariant for various figures
and can be understood relatively easily since we can
learn it visually as knot theory, and need to have little
preliminary knowledge on it. Then this theme would be
interesting for students. For example, the L-S category
of a torus and a Klein bottle are both two. There is a
fibrewise version of the L-S category and it is known to
have a possibly different value from the ordinary L-S
category. As a simple example, a torus has the value
two as its ordinary L-S category, but one as its fibrewise
version (Cornea, Lupton, Operea & Tanre, 2003). Using
the property of the fibrewise A∞-structure, one of the
authors gives that the fibrewise L-S category of the
Klein bottle has the value two (Sakai, 2010). In addition,
it is known that the fibrewise L-S category is related to
''topological complexity'', a field of research involved in
the motion planning of robot arms (Iwase & Sakai,
2010).

	
  Knot theory is one of the fields of current
mathematics. Using teaching materials concerning knot
theory, the authors tried to have students pay attention
to relevance of the theory and be motivated to learn
(Kawashima, Sakai & Tanaka, 2014). The trial of this
time is aimed that students notice knot theory is closely
related with various contents of mathematics and
understand them deeply, paying attention to cautions
and relevance.
	
  The questionnaire showed good results. As is in the
comment, we think that themes which are relevant to
their field such as DNA in biology were well received.
	
  Though the original guidance plan was to help
students calculate knot invariants of a trefoil knot and a
figure eight knot using the number of p-colorings and
Goeritz invariant respectively, the upper-class students
have studied knot theory enthusiastically, and at last
they have succeeded in calculating more complicated
knot; 61 knot. They presented these results at a
symposium held in 2015. Their presentations were brief
and to the point. In addition, they all got an extremely
high score on the national mathematics test, the unified
National Institute of Technology examinations for the
third-year students. This means that they had a good
grounding in mathematics through this trial including
the supplementary lessons and an open class. From the
above, this trial can be regarded as a positive one.
	
  Now we introduce the following three teaching
materials so that we can help students’ research and
presentation in the future. The first is classification of
knots using the number of p-colorings. As mentioned in
Section 4, a student calculated the number of coloring of
various knots since she could make a program on Excel
software. However this method is extremely complex
according to her comment. On the other hand, it is
possible to calculate them efficiently using elementary
transformations of matrix. For example, if K is a trefoil
knot, then the crossing condition about mod p is given
as follows:
𝑥𝑥 + 𝑦𝑦 − 2𝑧𝑧 ≡ 0
𝑥𝑥 − 2𝑦𝑦 + 𝑧𝑧 ≡ 0
−2𝑥𝑥 + 𝑦𝑦 + 𝑧𝑧 ≡ 0
Using elementary transformations except multiplication
of a column, we have the following deformation.
1    1 − 2
1        1 −   2
1 − 2    1 ~   0   − 3    3
−2    1    1
0        0          0
If 𝑝𝑝 ≠ 3𝑚𝑚  (𝑚𝑚:  𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛  𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛), then we have that
𝑥𝑥 ≡ 𝑦𝑦 ≡ 𝑧𝑧  (𝑚𝑚𝑚𝑚𝑚𝑚  𝑝𝑝).
So the number of p-coloring is p.
If  𝑝𝑝 = 3𝑚𝑚, then we have that
𝑥𝑥 + 𝑦𝑦 − 2𝑧𝑧 ≡ 0  (𝑚𝑚𝑚𝑚𝑚𝑚  3) ⇔ 𝑥𝑥 ≡ 2𝑦𝑦 + 2𝑧𝑧  (𝑚𝑚𝑚𝑚𝑚𝑚  3).
So the number of 3-coloring is 3×3 = 9.
We may help students calculate the number of coloring
of knots using this method.
	
  The second is a classification of knots using the
determinant of a Goeritz matrix. Since this method is

Appendix
	
  We had the following comments about the
supplementary lessons from the first grade students.
-

The upper-class students were very kind and helped
my understanding during the lessons.
The explanations by the upper-class students were
easy to understand for me and I want to take
lessons again.
I found the lessons were very beneficial so I want
to take them next year too.
I felt free to ask the upper-class students any
question in the lessons. Thank you so much.
I enjoyed taking lessons and I could understand
mathematics deeply.

These results clearly mean that the supplementary
lessons were very useful to not only the upper-class
students but also the first grade students. In addition, we
obtain that the supplementary lessons by the upper-class
students are more effective than ones by teachers
(Kawashima, Sakai & Matsuda, 2014). We will describe
the details of the supplementary lessons including the
most recent study in some other time.
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Advances in Technology Education, C1, 5pages.
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Abstract
This paper summarizes the LAB studies program
established at the Oulu University of Applied
Sciences in Finland and specifically outlines
outcomes from one of the recent LABs - APPLAB.
The LAB model is based on pedagogical approaches
such as self-regulated learning, problem-based
learning, and entrepreneurship education. It is
presented as an example of how innovative prototype
design and business-university connections support
multi-disciplinary
teams
of
students
and
professionals to build prototypes and start-ups. One
of the key features of this permanent pre-incubator
program is that LAB studies bring together fully
integrated multi-professional groups of students
from diverse fields to work on prototype product
design in a range of technology-related fields. Based
on participant responses from pre- and postprogram surveys, the APPLAB program supported
participants’ knowledge of and interest in
entrepreneurship and skills development associated
with start-ups. The success of APPLAB and other
similar LAB programs is leading to the expansion of
this type of studies within the university and
supporting greater business and university
collaboration in the Oulu region and internationally.
Keywords: LAB model, pre-incubator, prototype design,
start-ups, multi-disciplinary
Introduction
The LAB studio model was established in 2012 at
the Oulu University of Applied Sciences (OUAS) in
Finland. This model was first put into practice as a
program to support the training of new professionals for
the gaming industry (Oulu Game LAB) (Heikkinen,
2014). APPLAB was a multi-disciplinary, postsecondary education program offered in 2015 with the
target to develop skilled professionals, self-directive
teams and product prototypes in the industry fields of
health technology, energy and environment and
automotive software. The 4-month APPLAB program
was offered in Oulu, Finland between February and
June 2015. In total, 39 ICT professionals entered the
program as a re-training experience.
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Overall, APPLAB and the LAB studio model of
education can be described as a pre-incubator (Wirsing
et al, 2002; Rajaniemi, Niinikoski & Kokko, 2005). Not
unlike other pre-incubator models (Rajaniemi,
Niinikoski & Kokko, 2005; Voisey, Jones & Thomas,
2013), APPLAB creates opportunities for university
students to work on new product design that can lead
directly to their ownership over the ideas and to the
possible establishment of viable start-up businesses.
And yet, one of the key distinguishing features of Oulu
LAB studies is that the LAB model brings together fully
integrated multi-professional groups of students and
professionals from diverse fields to work on prototype
product design from a range of fields including
engineering, design, business and ICT.
Increasingly entrepreneurship is being taught at the
higher education level (Potter, 2008). In relation to the
teaching of entrepreneurship, it is suggested that the
concepts of the reflective practitioner and self-regulated
learning (SRL) can be used to describe an approach to
learning that supports the development of
entrepreneurial competencies. With respect to the
reflective practitioner, Schön (1983) describes a process
of reflective practice or knowing- and reflecting-inaction. This notion is a critical component of the LAB
studio model since teaching and learning takes place
through work on real world problems (Schön, 1985).
Self-regulated learning represents a key concept in
connection to effective schooling as suggested by
Winne (1995) who states that it “has become a pivotal
construct in contemporary accounts of effective
academic learning” (173). Furthermore, self-regulated
learning represents a foundation pedagogical approach
used in the design and delivery of the APPLAB
program. More specifically, the SRL process outlined
by Zimmerman, Bonner and Kovach (1996) as a cyclic
model including “self-evaluation and monitoring; goal
setting and strategic planning; strategy implementation
and monitoring; and strategic outcome monitoring” (11)
was integrated with a design thinking approach to
support the concept design and development of ICT
product prototypes.
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Methods

Conclusions

During the APPLAB program, data were collected
through an internal, online questionnaire distributed to
APPLAB participants at the beginning (n=31) and the
conclusion of the program (n=24). This questionnaire
included 10 questions focusing on the participants'
perspective and experience with interprofessional
learning and entrepreneurship. Additionally, a second
online questionnaire (n=24) including 29 questions was
distributed to participants at the end of the program
through the APPLAB program sponsor – the Finnish
Ministry of Employment and Economy. Results from
this sponsor survey have been provided to the APPLAB
team and are used to highlight participant satisfaction
with various aspects of the program design and delivery.

Since 2012, the Oulu LAB studio model has
demonstrated strong results by offering training to ICT
professionals and students as well as supporting the
development of new start-ups. The APPLAB represents
a recent evolution of the LAB studio model by offering
training specifically for technology related fields such
as health technology, energy and environment and
automotive software. Participants show a high level of
satisfaction with the training offered and suggest that
the training model effectively supports their knowledge
of and skills relating to entrepreneurship.
In conclusion, the successful outcomes of APPLAB
and other LABs at the Oulu University of Applied
Sciences is leading to the expansion of these studies
within the university and supporting greater business
and university collaboration in the Oulu region and
internationally. While the data presented in this paper
reflects a preliminary assessment based on participant
perceptions, further research should be conducted to
assess the long-term development of individuals, teams
and prototypes supported within the LAB.

Results
At the conclusion of the APPLAB program, six
teams had been formed each with a prototype developed
in a target industry - health technology (3), energy and
environment (1), education technology (1) and
automotive software (1). These teams ranged in size
from four to eight individuals. While no team had
established a start-up as of July 2015, four teams had
communicated their intent to seek start-up funds and
continue prototype development.
With respect to development of participants’
entrepreneurship competencies and technology-related
skills, a series of questions were asked within the
participant survey with responses ranging along a
Likert-scale from 1 (total disagreement) to 6 (total
agreement). Development of key knowledge and
awareness relating to participants’ interest in being an
entrepreneur was noted. For example, when asked if a
career as an entrepreneur was attractive, agreement
increased with an average score rising between the presurvey (3.38) and the post-survey (3,77). Similarly,
agreement increased when respondents were asked if
they would like to start their own firm if they had the
opportunity and resources (average response pre-survey
3,83; post-survey 3,97).
Survey responses further suggest that participants
were gaining skills and knowledge necessary to
establish their own start-up as observed in a significant
increase in respondents’ agreement when asked if they
knew about the necessary practical details to start a firm
(pre-survey 2,87; post-survey 3,71). Also of note,
respondents’ level of agreement slightly increased (presurvey 3,23; post-survey 3,42) when asked whether a
new start-up venture would have a high probability of
succeeding if they were to initiate one. These results
suggest that participants were gaining a better
understanding of the nature of start-up work and gaining
confidence as a result of taking part in the program.
With respect to the overall program training
experience, 63% of the sponsor survey respondents
stated that the program was ‘very good’ or ‘excellent’ as
an overall training experience.
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Abstract
Machine learning is one of the field of artificial
intelligence. It is the promised way to make smart
and intelligent computer systems. Nowadays, it is
widely utilized in many applications, so the
graduated engineers from National Institute of
Technology are desired to equip appropriate
knowledge in order to apply the technology into a
variety of smart device making fields. While, the
training of the technology requires much more
fundamental classes such as linear algebra,
probability,
statistics,
multivariate
analysis,
programming language and software development
techniques. However, it is difficult to keep the
students' interest in this field and the shortage of the
time is also severe due to the five or seven years
curriculum of the National Institute of Technology
which should include and start from a high school
part. Therefore, a good way to attract such young
students' interest is strongly needed. In National
Institute of Technology, Kushiro College, the
subjects related to the machine learning technology
are taught in the combination of the department of
Information Engineering and the Advanced Course
of Electronic and Information Systems Engineering.
Mainly, the fundamental knowledge is given through
the probability and statistics, C programming
language and Java programming language, pattern
recognition, multivariate analysis and reinforcement
learning classroom lectures, and the applications of
the technology are achieved as graduate thesis
studies in laboratories. In the fundamental
classroom lectures, some active learning style
methodology are utilized, such as collecting and
discussing students' idea, drawing taught concepts as
figures, making their ideas as computer software. In
the application stage, students apply their knowledge
into real world problem according to their own
interests, such as image recognition, SNS message
classification, virtual robot control, reversi game,
and so on. Some students who had graduated the
Advanced Course of Electronic and Information
Systems Engineering could present and/or publish
their papers in English that are related to machine
learning technology.

Introduction
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Machine learning is one of the field of artificial
intelligence. It is the promised way to make smart and
intelligent computer systems. Nowadays, it is widely
utilized in many applications, so the graduated
engineers from National Institute of Technology are
desired to equip appropriate knowledge in order to
apply the technology into a variety of smart device
making fields.
Machine learning technology has rapidly became
one of the biggest presences in the information science
and information engineering filed in the first ten years
of the twenty first century. We have been trying to teach
the machine learning technology as the subject of
“Artificial Intelligence” in National Institute of
Technology, Kushiro College since the final year of the
last century. We have been trying to explain the difficult
subject by comparing the computers as humans in the
real world so as to be easily understandable for the
young students of National Institute of Technology.
The term of “Artificial Intelligence” already has a
half century history, and nowadays it widely spreads
and consists the basis of every information engineering
technology. Thus, it now has somewhat ambiguous
feeling and meaning without more supplemental or
specific words. So, almost all subjects in National
Institute of Technology, Kushiro College can be seen as
a facet of “Artificial Intelligence”.
Considered such a situation, as “Artificial
Intelligence” subject in National Institute of Technology,
Kushiro College, we are mainly teaching “learning from
examples” technology especially in the Artificial
Intelligence field. We think of computing algorithms of
inducing generic rules from the given past examples,
data, instances, experience and evidences. Such a
technology is called “Pattern Recognition” in the
traditional words and in the traditional information
engineering.
In this paper, we introduce our teaching subjects of
machine learning, mainly pattern recognition, in
National Institute of Technology, Kushiro College.
Some past graduate thesis themes on machine learning
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Fundamental Classroom Lecture Subjects

and pattern recognition are also introduced.
International papers presented by our students or exstudents are also introduced.

We are thinking that the graduated engineers from
National Institute of Technology are desired to equip
appropriate knowledge about machine learning in order
to apply the technology into a variety of smart device
making fields.
At first, in order to analyse much more big data, the
required basic knowledge is probability and statistics.
The students of the department of information
engineering in National Institute of Technology,
Kushiro College, have to attend the classroom lecture
on probability and statistics in the 3rd grade year.
In addition, in order to handle much more data
simultaneously, the students need to remember linear
algebra calculation knowledge such as vectors and
matrices. This is achieved in the mathematics classroom
lectures in the 2nd, 3rd and 4th grade years.
Of course, it is not useful only with knowledge of
theory. So the students have to have implementation
techniques of the algorithms on the computers and
making software technology and carrying out
techniques of experiments on real world datasets.
As a programming language, we are teaching
Scheme as a functional programming language in the
2nd grade year, C as a procedure type programming
language in the 3rd grade year, and Java as an objectoriented programming language in the 4th grade year.
We think that we also have unique system in the
programming language teaching steps as this.
After attending such a fundamental classroom
lecture subjects, the students proceed to the “Artificial
Intelligence” subject in the 5th grade year. The detail of
the subject is explained in the next section.
In National Institute of Technology, Kushiro College,
the machine learning technology related subjects are
taught in the combination of the department of
Information Engineering and the Advanced Course of
Electronic and Information Systems Engineering.
Therefore, multivariate analysis and reinforcement
learning classes are taught in the advanced course, in
addition to probability and statistics, linear algebra,
programming languages mentioned above.

Definition and Example of Pattern Recognition
Let us consider a problem to make a classifier under
n training patterns in m-dimensional Euclidean space.
Then, a sample is given by x=(x1, x2, …, xm) and a
training patterns zn is, with the class label set Y={1, 2,
…, c}, denoted by zn=(x, y)n={(x1, y1), (x2, y2), …, (xn,
yn)}. The classifier constructed based on the training
patterns is expected to classify unknown patterns, e.g.,
the pattern without class label, same as the training
patterns.
For example, Tenmoto and Kudo(2008) proposed a
histogram approach for feature selection and
classification. In the method, the axes are divided into
equally-spaced intervals, while the division numbers
differ among the axes. The main difference from the
similar approach is that feature selection is embedded in
the model selection criterion. As a result, this criterion
brings feature selection for a small number of training
samples and convergence to the optimal Bayes error for
a large number of training samples. In Tenmoto and
Kudo(2014), we applied the proposed method to an
image classification problem in which local image
features and bag of visual words model are used for
obtaining feature vectors. Through experiments, we
confirmed that the proposed method can successfully
select important visual words with additional small
errors.
An example of pattern recognition is shown in
Figure 1 and Figure 2. Figure 1 shows the decision
boundary as bold lines. Figure 2 shows the concept of
image classification.

Pattern Recognition Subject in the 5th Grade

Figure 1: Example of classifier in pattern recognition.

Figure 2: Example of image classification. Each
image is cited from Caltech 256 image database.
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In this section, we introduce our subject of pattern
recognition in the 5th grade in National College of
Technology, Kushiro College. We open the subject in
the 1st semester and perform two unit hours once in a
week in fifteen weeks.
We feel that keeping the students' interest in this
field is difficult and the shortage of the time is also
severe due to the five or seven years curriculum of the
National Institute of Technology which should start
from the high school part. Therefore, a good way to
attract such young students' interest is strongly needed.
So, in this subject, some active learning style
methodology are utilized, such as collecting/discussing
students' ideas, drawing taught concepts as figures,
making their idea as computer software. We introduce
such a methodology in the list below.
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[Placement test report]
Theme: Linear Algebra, Probability and Statistics, C
Programming Language
Contents: The students are required to solve some basic
linear algebra problems, such as vector and matrix
operations. In addition, the students are required to
solve some basic problems on Bayes’ theorem and
normal distributions in probability and statistics. The
students are also required to make some basic programs
on C programming language, such as calculating
summation of data, finding minimum value in an array,
making them as functions, and so on. Finally, the
students are required to consider an example of pattern
recognition.

[4th week and 5th week]
Theme / Active Learning / Practice: Implementation of
Nearest Neighbour Method on C Programming
Language
Contents: The C programming language framework of
nearest neighbour method is shown to the students. The
framework is produced by the teacher (the author). The
students need to complete the missing parts of the
program source code. The students are required to plot
two dimensional artificial dataset, by using a plotting
software, and decision boundary calculated by the
completed program. An example is shown in Figure 3.
They should discuss about the difference between the
computer’s result and the hand-written boundary drawn
the 3rd week by themselves.

[1st week]
Theme: Syllabus Explanation, Introduction of Pattern
Recognition, Position of Pattern Recognition in
Artificial Intelligence, Applications of Pattern
Recognition, Required Basic Knowledge
Active Learning / Practice: Consideration of how to
classify Iris flowers
Contents: The famous Iris flower classification dataset
are shown to the students. The dataset consists of three
classes and four features. Each student presents his idea
of how to classify the three flowers by using the four
features, and discuss their ideas.
[2nd week]
Theme: Definition of Pattern Recognition, Pattern
Recognition System, Feature, Feature Vector,
Observation Space vs. Feature Space
Active Learning / Practice: Drawing the observation
space and feature space.
Contents: The students are required to draw the
conceptual figure of the relationship between the
observation space and the feature space for Iris flower
dataset in the 1st week. In addition, the students are
required to draw the conceptual figure for his/her
original example in the placement test report.

Figure 3: Example of nearest neighbour decision
boundary.
[6th week]
Theme: Linear Discriminant Function, Feature Space vs.
Weight Space, Resolution Area in Weight Space
Active Learning / Practice: Drawing the weight space
and finding the result point for decision boundary
Contents: Simple one dimensional artificial dataset are
shown to the students. The students are required to draw
weight space for the dataset and need to determine a
result point in the weight space for decision boundary.
The students are also required to compute back the
result point in the weight space into the decision
boundary in the feature space.

[3rd week]
Theme: Variation of Feature Vectors, Prototypes as
Representative Vectors, Formalization of Nearest
Neighbour Method, Disadvantages of Nearest
Neighbour Method, Decision Boundary of Nearest
Neighbour Method
Active Learning / Practice: Implementation of nearest
neighbour method in C programming language
Contents: The students are required to consider two C
programming language functions on the paper. The first
one is for calculating the distance between two patterns
represented in feature vectors. The second one is for
finding the nearest pattern, called nearest neighbour,
among the training patterns from the unknown pattern.
The students are also required to draw decision
boundary of the nearest neighbour method on two
dimensional feature space with his/her original artificial
dataset and discuss its validity.
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[7th week]
Theme: Learning Algorithm of Perceptron as Linear
Discriminant Function
Active Learning / Practice: Drawing the transitions of
the weights in Perceptron
Contents: Three initial points in the weight space are
shown to the students. The students are required to
calculate and draw the transitions from the initial points
to the result points according the learning algorithm of
Perceptron. An example is shown in Figure 4. They
should discuss the validity.
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Contents: The students are required to remember the
calculation formulae of the mean, variance and
covariance for univariate dataset. Then, the students are
required to compose them into mean vector and
covariance matrix. By this practice, the students can see
that the mean vector and covariance matrix can be
calculated directly in vector forms, not in components.
[12th week]
Theme: Bayes Quadratic Discriminant Function,
Mahalanobis Distance, Bayes Linear Discriminant
Function, Decision Boundary of Bayes Classification
Rule
Active Learning / Practice: Analysing the dependency
of calculation, drawing multivariate normal distribution
PDF(Probability Density Function), quadratic and linear
decision boundary
Contents: The students are required to decompose the
calculation dependency on the Bayes’ quadratic
classifier. In addition, the students are required to draw
two dimensional multivariate normal distributions PDFs,
quadratic and linear decision boundary. Examples are
show in Figure 5 and Figure 6. Of course, the students
need to show the quadratic and linear property of the
decision boundary by formulae transformation
calculation.

Figure 4: Example of transition of the weight in
Perceptron learning algorithm.
[8th week]
Theme: Convergence Theorem of Perceptron,
Advantages and Disadvantages of Perceptron, Basic
Idea of Neural Network as Piecewise Linear Classifier
Active Learning / Practice: Drawing the conceptual
figure of Perceptron learning algorithm.
Contents: The students are required to draw a
conceptual figure of Perceptron learning algorithm. By
this practice, the students can understand the detail
theory/logic of the steps in the transition in the 7 th week.
[9th week]
Theme: (Middle Term Examination Test)
Active Learning / Practice: (Nothing)
[10th week]
Theme / Active Learning / Practice: Implementation of
Perceptron Learning Algorithm on C programming
Language
Contents: The C programming language framework of
Perceptron is shown to the students. The framework is
produced by the teacher (the author). The students need
to complete the missing parts of the program source
code. They should confirm the hand-written transitions
drawn in the 7th week by comparing it with computer’s
calculated results. In addition, the students are required
to plot two dimensional artificial dataset and decision
boundary calculated by the completed program. By this
practice, the students can understand the algorithm can
be applied to higher dimensional dataset.

Figure 5: An Example of Multivariate Normal
Distribution PDFs.

[11th week]
Theme: Bayes Classification Rule, Multivariate Normal
Distribution, Mean Vector, Covariance Matrix
Active Learning / Practice: Calculation of mean vector
and covariance matrix for multivariate normal
distribution
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Figure 6: An example of decision boundary of Bayes’
linear classifier.
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[13th week]
Theme: Parametric Learning vs. Nonparametric
Learning, Estimation of Parameters of Probabilistic
Distribution, Maximum Likelihood Method
Active Learning / Practice: Drawing the concept figure
of likelihood on normal distribution PDF, estimating the
parameters of normal distribution
Contents: The students are required to draw a
conceptual figure of likelihood. They should draw three
different normal distribution PDFs for a certain
univariate dataset and show the difference of the
likelihoods of the three PDFs. The students are also
required to estimate (calculate) the best parameter value
for normal distribution PDF by using maximum
likelihood method.

Here, we show three subfields in the graduate thesis
study themes.
[Statistical Pattern Recognition Fundamental Field]
In this subfield, we are trying to build algorithms for
analysing big dataset and finding generic rules, typical
patterns, from the dataset.
[Statistical Pattern Recognition Applications Field]
In this subfield, we are trying to apply the fundamental
algorithms onto real world problems, such as image
recognition, text classification (natural language
processing), and web (SNS message) classification.
[Reinforcement Learning Field]
In this subfield, we are trying to build algorithms for
finding action policies and obtaining artificial languages
for virtual robots, called agents.

[14th week]
Theme: Disadvantage of Bayes Quadratic Classifier,
Bayes Mixture Classifier, Classification as Supervised
Learning vs. Clustering as Unsupervised Learning
Active Learning / Practice: Clustering by k-means
method
Contents: Two dimensional artificial dataset with three
clusters are shown to the students. The students are
required to calculate (find) clusters according to the kmeans clustering algorithm. They should discuss about
the validity.

Presented Papers in English by Students
Some students who belongs to or had graduated our
department of Information Engineering and the
Advanced Course of Electronic and Information
Systems Engineering could present and/or publish
papers in English related to machine learning
technology.
Here, we show the papers according to the subfields
mentioned above. All of these papers are presented by
the students or ex-students of National Institute of
Technology, Kushiro College.

[15th week]
Theme: Number of Features vs. Number of Patterns
(Curse of Dimensionality), Determination of
Hyperparameter values (Estimation of Error Rate of
Classifiers)
Active Learning / Practice: The students are required to
draw two conceptual figure of “Curse of
Dimensionality”. The first one is the figure of many
points on the linear plane, and the second one is the
figure for showing separation of points by plane is easy
in sparse case. By this practice, the students can
understand much more points as the training patterns
than the features are recommended to have a high
performance classifier.

[Statistical Pattern Recognition Fundamental Field]
Saito and Tenmoto(2014) had tried to develop an
algorithm for constructing highly interpretable
classification rule based on Linear SVM (Support
Vector Machine). Usually, the classification rule
produced by SVM cannot be interpretable for general
users, e.g., non-researcher, non-developer persons. In
this paper, Saito and Tenmoto proposed an algorithm
for constructing tree style classifier like as decision tree
by using SVM as a component classifier. This work was
presented in the 4th International Symposium on
Technology for Sustainability held in Taipei, Taiwan.

[16th week]
Theme: (Final Examination Test)
Active Learning / Practice: (Nothing)

[Statistical Pattern Recognition Applications Field]
Kanda, Kudo and Tenmoto(2009) had tried to develop
an algorithm for hierarchical and overlapping clustering
of retrieved web pages. Usual clustering algorithms
produce completely separate clusters, while the
proposed method produces nonoverlapping clusters by
finding maximally extended subsets of patterns. This
work was presented in the 17th International
Conference on Intelligent Information Systems in
Krakow, Poland, and published as technical paper in
Recent Advances in Intelligent Information Systems.

Graduate Thesis Studies in the 5th Grade
In this section, we introduce some of our graduate
thesis study themes related to the machine learning in
the 5th grade in National College of Technology,
Kushiro College.
As mentioned above, mainly the fundamental
knowledge is given through the classroom lectures, and
the applications of the machine learning technology are
achieved as graduate thesis studies in laboratories in the
5th grade.
In this application stage, the students apply their
knowledge into real world problem according to their
own interests, such as image recognition, virtual robot
control, reversi game, and so on.
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[Reinforcement Learning Field]
Kasai, Tenmoto and Kamiya(2008) had tried to develop
learning algorithm of communication codes in multiagent reinforcement learning problem. In the proposed
method, two hunter agents learns communication codes
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by themselves in order to improve their performance to
catch the pray. The proposed method can be thought as
very unique study in obtaining artificial language by
computers. This work was presented in the IEEE
Conference on Soft Computing in Industrial
Applications in Muroran, Japan.
In addition, Noro, Tenmoto and Kamiya(2014) had
tried to develop the extension of the above work. They
developed signal learning algorithm with messages by
using reinforcement learning. This work was presented
in the 18th International Conference on KnowledgeBased and Intelligent Information & Engineering
Systems in Gdynia, Poland, and published as technical
paper in Procedia Computer Science.

Y. Saito and H. Tenmoto, Construction of Highly
Interpretable Classification Rule Based on Linear SVM.
Proceedings of the 4th International Symposium on
Technology for Sustainability, 26(2014), 11, ID 292, 4
pages.
H. Tenmoto and M. Kudo, Feature Selection on Bag of
Visual Words Model by Using MDL Criterion. The
ICPR Workshop on Features and Structures (FEAST
2014), Stockholm, Sweden, 2014, August, ID 23, 1 page.
H. Tenmoto and M. Kudo, Soft Feature Selection by
Using a Histogram-Based Classifier. Proceedings of the
Joint IAPR International Workshops on Syntactical and
Structural Pattern Recognition and Statistical Pattern
Recognition (S+SSPR2008), Orlando, Florida, USA,
2008, December, published as Lecture Notes in
Computer Science, Advances in Pattern Recognition,
Springer, 5342(2008), 572-581.

Results and Discussion
In order to fit our subjects into up-to-date machine
learning technology, we have to brush up and extend the
contents of the subjects. Especially, we think handling
of “Deep Learning” as an extension of neural network is
necessary. It should be achieved as soon as possible.
More interesting and impressive graduate thesis
themes are required as applications of the technology in
order to catch the attention of the students.
Conclusions
Some students who belongs to or had graduated our
department of Information Engineering and the
Advanced Course of Electronic and Information
Systems Engineering could present and/or publish
papers in English related to machine learning
technology. They could build their fundamental
knowledge by attending the classroom lectures such as
probability, statistics, programming language, pattern
recognition, multivariate analysis and reinforcement
learning. We hope more and more students succeed in
this field in the future.
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Abstract
Low attendance rates, students learning at
different pace, students coming unprepared for class
with homework left undone were some of the
problems we were facing in our classes. These
problems resulted in lecturers like us ending up
doing most of the work, such as solving or answering
the problems assigned as homework, explaining
concepts at a slower pace and sometimes repeating
the explanations to help students who needed more
time to process their thoughts. This resulted in lesser
student engagement and class participation, an
environment which typifies a teacher-centered
classroom. All these problems prompted us to try a
different mode of instruction - the flipped classroom.
The flipped classroom is a form of blended learning
where there is a shift from a teacher-centered
approach to one that is student-centered. It is a
method of teaching where the place and sequence of
homework and classwork are flipped.

Introduction
In the School of Engineering, most of the subjects
are usually carried out in three modes: lecture, tutorial,
laboratory. In the lecture sessions, the teacher takes
center stage with the students passively receiving
information. Prior to the tutorial sessions, students are
expected to complete a set of homework so as to enable
them to actively participate in the class discussions. The
tutorials are also meant to give the students an avenue to
reinforce what was learnt in the lecture. This method, at
a glance, seems to encourage active learning; however,
several reasons hinder this from happening. Guided by a
teaching schedule, lecturers are expected to complete a
prescribed set of topics within a lecture session.
Grappling with shortage of classroom time, lecturers
tend to resort to a one-way mode of teaching which
inhibits them from employing different active learning
strategies in class. This is compounded with various
problems such as classroom management issues,
declining attendance rates in lectures, and different
learning pace of students. This gave little chance for
students to clarify their doubts leaving them not being
able to do their homework. This resulted in some of the
tutors re-teaching the concepts to the students.
While lecturers are facing these difficulties, our
students, on the other hand, demand for more help in
their learning. Every semester, surveys on lecturers‟
effective teaching are conducted among students. Some
of the comments that are repeatedly aired by students
include requests for more examples and practice
questions, slower pace of teaching and extra lesson time
or one-on-one consultation.

A pilot run on flipped classroom for two
fundamental subjects was carried out for a selected
group of first year Engineering students. In this pilot
run, all our lecture materials were converted into
interactive e-learning modules with video lectures.
Students were required to complete these modules
prior to the face-to-face sessions. To encourage deep
learning and reflection, students were required to
complete summary sheets as they watched the
videos. During the face-to-face sessions, students
spent more time in solving problems and group
discussions.
A survey was conducted to gather students’ feedback
on the new method of learning. Majority of the
respondents found the flipped classroom more
engaging than traditional classroom. An independent
panel also interviewed a group of students to get
feedback about the flipped classroom approach. The
interviewees gave positive and encouraging feedback
regarding the flipped classroom.

The Flipped Classroom

While flipped classroom does not address all
problems related to teaching and learning, we
believe that it is a good model for creating an
environment that is learner-centered.
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The flipped classroom approach is often attributed to
Jonathan Bergmann and Aaron Sams, Chemistry
teachers at Woodland Park High School in Woodland
Park, Colorado. These teachers encountered problems in
finding time to reteach students who missed lessons.
This prompted them to create recordings of their lessons
but they noticed that the videos were being accessed not
only by those who missed lessons but also by those who
did not. The videos became useful in reinforcing what
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the students learned in the classroom (Tucker, 2012).
Leveraging on this, the two teachers were able to
redesign the use of class time by introducing activities
which promoted active learning. They flipped their
classrooms.
Flipped classroom is more commonly known as the
reversal of the sequence of elements which occur in
traditional classrooms. Traditionally, classwork is done
before homework is given to students. In the flipped
classroom, students learn content prior to coming to
class. This now serves as their homework which is
followed by the classwork. However, there is more to
flipped classroom than just offering online videos and
doing work in class. It involves a more personalized
training for the students where the teacher can spend
more contact time with each student. The teacher is now
a facilitator rather than someone who teaches the
content. The flipped classroom creates an environment
where students are accountable for their learning and are
engaged in their learning (Bergmann, Overmyer &
Willie, 2013).
Due to its advantages, flipped classroom approach is
gaining its hold in more classrooms. An online survey
among 2358 educators was conducted by the Flipped
Learning Network and Sophia in February 2014. Their
findings show that this pedagogical approach is
becoming more prevalent in classrooms and teachers
have found it to be effective. Some of the findings are
(Sophia & Flipped Learning Network, 2014):
- The number of teachers having a flipped lesson
increased from 48% in 2012 to 78% in 2014.
- 96% of the teachers surveyed would recommend the
method to their colleagues.
- About 90% of the teachers have seen a change in
how the students are engaged in their lessons.
- According to 71% of the respondents, there is an
improvement of the students‟ grades. This is an
increase from 67% in 2012.

classroom approach was implemented in one of the
subjects in the department of Civil Engineering. It was
observed that students were more open to taking
responsibility for their learning. A study revealed that
the pedagogical approach developed the students to
become self-directed learners (Laman, Brannon &
Mena, 2012).
Being aware of the effectiveness and advantages of
flipped classroom, we adopted this pedagogical
approach to encourage active learning in our classes.
Methods

There have been several studies that have
highlighted the benefits of flipped classroom. Some of
the benefits are increased student-teacher interactions
and improvement in student behavior and attitudes
towards learning (Flumerfelt & Green, 2013; Goodwin
& Miller, 2013; Stone 2012). There have been several
studies recently that have shown that flipped classroom
approach promotes active learning (Aronson, Arfstrom
& Tam, 2013; Pierce & Fox, 2012; Roehl, Reddy &
Shannon, 2013). In our Engineering school, there has
been a push to encourage active learning strategies.
Before embarking on this approach we also looked at
implementation of flipped classroom in Engineering
settings. A study conducted by Papadopoulos, SantiagoRomán & Portela (2010), showed that students in the
electrical engineering class progressed faster and were
able to learn the subject in greater depth as a result of
the flipped classroom. In another example, students in a
Digital Engineering course at the California State
University found that this approach promoted deep
learning and understanding of the real world design
process in engineering (Warter-Perez & Dong, 2012).
At the Pennsylvania State University, the flipped
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The flipped classroom approach is often perceived as
moving the passive lecture component outside of class.
For our case, we decided to make both out-of-class and
in-class activities engaging and interactive.
Online Videos: Although the internet is proliferated
with video resources and information similar to our
subject contents, we opted to create our own e-learning
modules to ensure that they met our needs. We
examined the subject content to determine which
information should be included in the videos and which
may be left out. We had to avoid the creation of lengthy
videos to prevent learners from getting bored and
eventually losing interest in learning.
Since one of our priorities was to create engaging elearning videos, we used various pedagogical methods
in presenting the information. Some static diagrams
were replaced with animations and simulations to help
students understand them better. Concepts were
explained through the use of analogies and story-telling.
We included videos of students taking part in role plays
to have variations in how concepts were taught. Real
life applications of certain concepts were included so
that students could appreciate what they were learning.
In order to connect with the students and to overcome
the problem of students feeling isolated in online
environment, we embedded videos of the lecturer
explaining the concepts in all slides of the e-leaning
modules.
To engage students and help them with their
learning, we embedded different types of quizzes in
different parts of our e-learning modules. Using the
authoring tool Articulate Storyline allowed the easy
creation of different types of quizzes. Moving the
materials online gave us the flexibility to design
materials which encouraged differentiated instructions.
We were aware that some students had background
knowledge on some of the subject content. These
students were given the choice to either skip the related
e-lectures or to take a quiz to test their knowledge on
those concepts before proceeding to learn the content. In
cases where students could not answer the questions,
they were directed back to the e-lecture for that
particular topic. Interactivity was also achieved by the
non-linear sequencing of the contents. In this format the
students were given the freedom to explore topics in any
sequence.
One of the challenges in the flipped classroom is
getting the students to watch the online videos prior to
the face-to-face sessions. To address this, we
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encouraged active learning by requiring students to take
notes (summary sheets) or complete worksheets while
viewing the e-lectures. Relevant tasks were assigned to
students and they were required to post their
submissions on Padlet, an online virtual bulletin board.
In-Class Activities: The subjects selected for the
pilot run consist of five credit units which is equivalent
to five contact hours per week. Of these, three hours are
used to cover the theory; i.e. lectures and tutorials, and
two hours are for hands-on sessions in the laboratory.
Since the teaching of content was moved out of class,
the number of contact hours was reduced by one; i.e.
two hours for theory and two hours for the hands-on
session.
The two-hour face-to-face session always started
with a debrief where the lecturer highlighted the key
points discussed in the online modules. Although the
lecturer led the discussions, students were encouraged to
participate by asking them to contribute key learning
points derived from the online modules.
Short diagnostic quizzes were used, not only to help
students check how much they understood but also for
the lecturer to identify the students‟ learning needs. The
diagnostic quiz consisted of a set of easy questions, to
check students‟ understanding of the basic concepts, and
more difficult questions to check their higher level of
understanding. For each answer, the students had to
indicate their level of confidence. Based on the results,
the lecturers were able identify common gaps in the
students‟ understanding and correct misconceptions, if
any. A follow-up short quiz was given to the students to
check if their doubts had been clarified. A variation to
this was to allow students to discuss in groups and help
each other in clarifying doubts.
After the student‟s doubts were clarified, bulk of the
class time was spent on problem solving where students
applied the concepts that they had learnt. Problems of
different difficulty levels were given to students. While
the students solved the problems, the lecturer went
around to monitor their progress and to provide
guidance. This approach enabled the lecturer to
immediately identify the difficulties of students and to
give feedback on their work. Doing this allowed
lecturers to cater to individual student‟s learning pace.
Students were encouraged to work in groups when
discussing the more difficult problems.
To manage classroom activities, lecturers were given
lesson plans, but they were also given the autonomy and
flexibility to allow minor changes in the activities if the
lecturer observed that more was needed to address
students‟ difficulties.
Survey and interviews: A mixed method approach
was adopted for this study. A survey and semistructured interview was carried out to collect data. A
total of 117 students participated in an electronic survey
which was conducted to gather feedback regarding the
online videos and in-class activities. A 4-point Likert
scale was used in the survey. There were 17 items that
assessed students‟ general perceptions on flipped
classroom. The respondents were also asked to answer
an open-ended question to elaborate on why they

preferred flipped classroom over the traditional method
of teaching (item 18).
Table 1. Survey questions
Questions
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

The online modules helped me understand the
topics.
The examples in the online modules helped me
understand the topics.
The online modules motivated me to complete the
learning activities (videos quizzes tasks lecture
notes/handbook etc.).
The online modules helped me learn at my own
pace.
Completing the online modules helped me with the
in-class activities.
The summary of the online modules done in class
helped me clarify my understanding of the topics.
I tried to relate what I learned online to what I did
in class.
I found the in-class activities engaging.
The in-class activities increased my confidence on
the topics learnt.
The in-class problem solving activities helped me
apply what I learned online.
I watch the e-learning videos on time (i.e. prior to
the face to face sessions).
Describe the amount of effort you have been
putting into learning this subject OUTSIDE
CLASSTIME.
Describe your level of confidence on your ability to
solve problems AFTER watching the video but
BEFORE coming to class.
Describe the amount of effort you have been
putting into learning this subject during your time
IN CLASS.
How confident do you feel about the topic/subject
AFTER watching the video and AFTER attending
class?
Flipped learning made me view learning as a more
active process.
Overall, the flipped classroom is more engaging
than traditional classroom (i.e. online modules
instead of face-to-face lectures).
The reason for my response to the above question
no. 18 is…
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Results and Discussion
Feedback from Students: Both the survey and
interviews yielded very positive results. There were
high „agree‟ and „strongly agree‟ ratings for all
categories.
Noticeably the ratings for those who found the elearning videos helpful in their learning were very high.
The respondents do agree that by completing the online
videos and coming prepared to class, they could
participate in the in-class activities. These findings are
summarized in Figure 1.
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Based on the survey, 89.7% agree or strongly agree
that flipped classroom made them view learning as a
more active process.

Figure 1: Feedback related to on-line modules
The data in Figure 2 shows that students find the inclass activities engaging. These activities also helped
them boost their confidence in the concepts learnt. The
points included in the survey are characteristic of
expected outcomes of the in-class activities. The data
shows that we have achieved these expected outcomes.

Figure 4: Feedback on student perception of learning as
an active process
78.7% of the respondents found the flipped
classroom more engaging than traditional classroom.

Figure 2: Feedback related to in-class activities

Figure 5: Feedback on flipped classroom being more
engaging than traditional classroom

As mentioned earlier, we spent majority of the class
time on problem solving and peer or group discussions.
Through the survey, we tried to find out if the in-class
activities helped in improving their understanding of the
concepts. It does not come as a surprise that their
confidence level did go up after the in-class activities. A
summary of these findings is shown in Figure 3.

Figure 3: Students‟ confidence level before and after inclass activities
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In the same survey, students acknowledged that the
e-lectures helped them learn at their own pace. It was
mentioned that they could go back to any topic at any
time that they have difficulties. They felt that the flipped
classroom approach gave them more time to do
activities or work together in class which helped them in
better understanding the topics learnt. A few students
also appreciated the fact that the lecturers were able to
focus on them more effectively and that allowed them to
clarify their doubts easily. One student commented,
“The flipped classroom helped me to understand the
topics in my own pace and style. I am not pressured to
instantly understand the topic as it would in a normal
classroom setting. Other than that, it gives me freedom
to use other online resources to enforce my
understanding. When in class, it is more like enforcing
and polishing our understanding of the topic. Overall, I
really benefitted a lot from the flipped classroom
experience. ”
Aside from the survey, an independent panel
interviewed a group of students who were in the first
pilot run of the flipped classroom. The interviewees

Back

Transactions of ISATE 2015
The 9th International Symposium on Advances in Technology Education
16-18 September 2015, Nagaoka, JAPAN

found the flipped classroom was a good option as
compared to fully online or traditional classroom
teaching. Learning at their own pace was one of the plus
points cited while some of them felt that preparing at
home helped create more time for more complex
problem solving. One of them said, “The flipped
classroom will overtake normal traditional lectures in
the future to come. It is interactive and engaging for
students as we discuss problems we face while learning
the subject at home. I personally learn more effectively
in flipped classroom than traditional classroom.”
Feedback from Staff: Lecturers shared that, in this
pedagogical approach, they could better monitor
individual student‟s progress and give feedback to
individual students. One lecturer shared that the flipped
classroom approach provided timely and direct
diagnostic and formative feedback on the student
learning. In addition, the flipped classroom encouraged
students to be more open to working and discussing
with peers. Posing questions which require higher-level
outcomes naturally geared them to discuss in groups or
in pairs.
Flipped classroom has its own share of challenges.
Student accountability is one of the main challenges that
is often encountered. When students come unprepared
for class, it is difficult for them to participate in the class
activities. We found that students were initially resistant
to doing work at home but this gradually improved over
the weeks. The varied learning pace of students also
posed a challenge to tutor‟s classroom management. We
provided differentiated instructions by giving additional
problems to the fast learners and extending guidance to
those who need them more.
Despite these challenges, lecturers found the flipped
classroom approach a rewarding experience. We
observed the flipped classroom encouraged independent
learning and students taking ownership of their learning.
Student Performance: The statistics below show the
encouraging results of the performance of students who
were involved in the pilot run of the flipped classroom.

Conclusion
The flipped classroom is a strategy that could
address common problems faced by both educators and
students. Our findings were encouraging as it revealed
that this approach helped in enhancing students‟
learning. We also observed that students picked up vital
skills such as independent learning, ability to identify
their learning gaps and work collaboratively to solve
problems. Much time and effort is required in designing
and developing materials and activities for both the elearning component and in-class activities. However,
like in other student-centered approaches, it is worth the
effort.
With the positive results obtained in our pilot run,
we hope to see a more prevalent use of the flipped
classroom in suitable engineering subjects in our school.
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Abstract

Introduction

Salamanca is the second most polluted city in our
country. The municipality has organized events to
enhance the citizens’ consciousness about the milieu
we live in. One of these activities is the
Environmental Fair, which has invited, since 2009,
local artists to create artworks that involve high
school students. This is why we planned for the 2010
fair’s edition two art pieces: Key messages and Mice.

This work is structured in four sections. The first one
is Materials and Methods or pedagogy. In it we
introduce the city of Salamanca, one of its concerns
(pollution) and the actions taken by the government to
make it decrease and improve the citizens’
consciousness on our environment. One of those
initiatives is mentioned as well as our participation
through art. We also specify the materials or mental
contribution that the artist and the students involved had
to take to develop the artworks. The four methods used
to organise the project are also mentioned in this part.
The second section is called results and discussion.
We mention two basic figures as precedents of a new
form of art we conceived, Joseph Beuys and Nicolas
Bourriaud. The objectives of the two pieces are stated
and some evidences of the results obtained are shown.
The third section of the work is named conclusions.
We mention some traits of the creations we presented
and the effects they had on the students’ learning. The
final outcome of our project is revealed as a
materialisation of the building and learning processes
that were held before.

Joseph Beuys (1972) thought education was not only
provided at school and tried to include people in
reflection and creative activities in a project called
social plastic. He also established the extended
concept of art according to which “every man is an
artist”. Ever since, other art forms, engaged to the
social creation, have been agreed. Relational art, a
group of artistic practices that develop from human
interactions and their social context, was proposed
by Nicolas Bourriaud in 2006. This year (2015) our
theoretical concept has been set as art of the human
space experience, which recognizes the works of art
that debate on the living of our space and its link to
the relationships we hold.

Materials and Methods or pedagogy

The result of the students’ participation in Key
messages and Mice is their reflection about pollution,
which records are the messages written by using
keys physically (and that could had also been written
digitally using the same keys with a lower ecological
footprint) and the out-of-order electronic devices
(mice) placed near a fridge door (as a metaphor that
relates biological and electronic mice as a plague at
different times). Both pieces have impacted the
students by making them more aware of our
relationship among ourselves and with the
environment. Finally, the result of analysing these
two artworks is the acknowledgement that art can
play an important role in the high school education
in our context nowadays.
Mexico,

pollution,
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Keywords: art, education,
participation, high school.

The city we live in, Salamanca, Mexico, is located in
the industrial heart of our province, Guanajuato. Many
factories have established there since 1950, when a
petroleum processing plant arrived. Ever since, the
amount of pollution has grown until becoming the
second most polluted city in Mexico. The government is
worried about this issue and has made important efforts
to decrease the pollution by making the factories fulfil
the environmental responsibility laws. It has also
organized events to enhance the citizens’ awareness on
the milieu we live in. One of these activities is the
Salamanca Environmental Fair. The Environmental
Education Department has brought together for this
event, since 2009, high schools, local artists and waste
disposal and recycling enterprises. We had the chance to
be one of the invited artists to the fair between 2009 and
2011. For the 2010 edition of the fair, we planned two
artworks: Key messages and Mice.
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Since both oeuvres depended not only on the artist’s
work, but on the students’ participation, each piece
needed these agents to provide something, a physical or
a mental contribution.
For Key messages we supplied a set of 26 reused
plastic bowls, each one labelled with a letter of the
English alphabet. Each vessel contained some keys,
taken from computer keyboards, corresponding to the
labels. The containers were set over some tables and an
ad was included to communicate the instructions for the
students to complete the piece: “Write a key message”.
Students invited to participate didn’t need to take with
them any extra material for the development of this
creation. They just needed to have in mind their own
life experiences and previous knowledge. It wasn’t
mandatory, but they could additionally take their
smartphone or camera to register their input toward this
oeuvre, which is, as we may notice, the only way to
keep a record on what was built since one of the main
features of this artwork was being ephemeral. Figure 1.

analyse the evolution of art forms through time until
reaching the art of the human space experience. Finally,
the comparative method was helpful to point at the
similarities and differences among the perspectives of
diverse artists.
Results and Discussion

Figure 1. Students registering a word written using keys
In the case of Mice, we presented a reused
refrigerator door and an instruction poster which read:
“Place your mouse in the fridge”. Students were
previously asked to take a broken mouse (electronic
device) to the fair. This call was made as a part of a
collecting campaign organised by the City Environment
Department, in an effort to gather some recyclable
products, such as keyboards, wires, mice, piles,
paperboard or plastic items and ink cartridges. As in
Key messages, students had to provide some reflexion
on the metaphor led by the artist. They could take
pictures of the individual object they left or of the
complete arrangement, which was more interesting
since collaborative creation was intended to be
encouraged and revalued.
All the physical materials used to build Key
messages and Mice were given, at the end of the event,
to the City Environment Department to be placed at the
right enterprise so they could be properly recycled. This
is why both artworks have a temporary nature.
Concerning the methodology, four methods were
used to structure this proposal. The deductive method
was taken up to study similar projects in other provinces
of Mexico as an antecedent. The synthesis method was
applied to relate different types of artworks into a
conductive line. The historic method was useful to
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After researching alike works of Mexican artists,
connecting them, revealing their similarities and
differences and exploring theoretical origins, we created
a couple of artworks that belong to a new form of art
that we have identified (2015) as art of the human space
experience.
The precedents of this new artistic way of expression
date back to 1972 when German artist Joseph Beuys
joined the documenta, one of the most important art
exhibits in the world. What he presented weren’t
objects, but a social project of which he was the
spokesman and listener. One of the main axes of his
plan was education. He considered that it was basic, but
that it could be produced beyond the school. According
to Beuys, a simple chat with someone else could be an
educative event. That’s why he devoted a long time of
his life trying to help people develop their creative skills
and reflection. He called his project “social plastic” and
as a part of it he proposed the “extended concept of art”,
which changed the way art was understood until then,
because it established that everyone is an artist.
Later, in 2006, curator Nicolas Bourriaud defined art
in terms of the human relationships through a concept
called “relational art” which he outlined as a group of
artistic practices that develop from human interactions
and their social context. This author considers the
departing point of relational art is the bond spectatorspectator and that its objective is the link spectator-work
of art.
The thought of Beuys and Bourriaud, mainly, guided
our research to create the idea of art of the human space
experience that can be defined as a set of artistic
practices which main topic or creation matter is the
living of the space we share. An essential feature of this
kind of art is the bond between the deterioration of the
human relationships and the impoverishment of the
experience of the space we have built. From our
investigation, we have found that there isn’t a single
type of art of the human space experience, but many,
each one associated to a kind of human relationship
weakening. We have distinguished five of these
rapports, not expecting to find them all, but to
characterise some of them: manipulation, automation,
identity lack, invisibility and fugacity. Each oeuvre can
belong to more than one category, however, each one
fits basically in one group. Both pieces presented at the
Salamanca Environmental Fair in 2010 match the set of
creations that reflect on invisibility. In this context, this
idea is understood as immaterial because a space can be
invisible to a person independently of its appearance.
Besides, invisibility is assumed as individual because
only the people who have had a particular experience
are able to see a certain space.
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The objective of Key messages and Mice was, thus,
to rethink how not recycling out-of-order electronic
devices is an invisible fact that can affect our experience
of the human space. In Key messages students were
invited to finish the work of the artist by writing any
message they wanted. Through this simple exercise they
were expected to analyse the way messages written
digitally don´t have the same effect on the environment
than if they are written in other support, such as printed
messages or even written by using keys physically.
Besides, they were expected to examine how they can
give a second chance to materials to create something
by collaborating with other people (the artist and/or
his/her partners) and which can have a positive outcome
on our milieu. In other words, students were envisaged
to develop their awareness of the relationship towards
the environment and among themselves.
It is hard to quantify the results of our intervention.
We might know the number of people who participated,
but there is no way to know objectively if students
achieved to develop the consciousness we are referring
to. From this perspective, the only tangible result we
have are the records of some of the products that arose
from our teamwork and some pictures of the students
while writing. Figures 2 through 8.

Figure 4. “Take care”

Figure 5. Students writing key messages.

Figure 2. Students choosing keys.

Figure 6. Gerai and J*Luis”

Figure 3. “Mimi ”
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Figure 7. Bowls with keys.
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Figure 8. “Thank you”
In Mice, students were invited to finish the work of
the artist by leaving a broken mouse in a reused
refrigerator door. At first sight this artwork doesn’t
make much sense, but it encloses a metaphor that ties
biologic and electronic mice as a plague at different
times. Students were thought again to reflect on
recycling through collaboration as a way to show
commitment towards our environment and the
community we live in.
The effect of Mice on the students’ development of
awareness regarding human and environmental
relationships isn´t any easier to calculate. We can count
the number of mice to know how many students
participated, but there isn’t a way to know accurately
the outcome on the people’s consciousness. The
accounts of the product that resulted from our
collaborative work are shown next. Figures 8 through
11.

Figure 10. Mice (detail)

Figure 11. Mice (detail)
Conclusions

Figure 9. Mice (overview)
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The pieces shown at the 2010 Salamanca
Environmental Fair allowed us to point at a special
characteristic of art: its capacity to educate. Learning is
possible, just as Beuys defended, beyond the school
limits and art is likely to be created anywhere and by
anyone. Some people think, even nowadays, that only
who have received a formal instruction on art deserve to
be called artists and that they are the only ones who
have the right to create. The truth is, more than forty
years ago, art began an important evolution. We must
recognise that we all have the capacity to create within
each one of us and that everything we build is valuable
because it was made by a person.
Another function of art that must be highlighted is its
faculty to produce thinking in the spectators, who were
actually collaborators in this case. Students reflected on
what they saw, but most importantly, on what they
made. They also learned from what they created by
themselves, but in particular, as Bouriaud indicates,
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Bourriaud, Nicolas. (2006). Estética relacional. Buenos
Aires: Adriana Hidalgo.

from what they built together, from the bonds to other
people and to their surroundings.
Key messages and Mice generated an experience for
the students. The fact that electronic devices pollute was
revealed by providing the students with a chance to
make something new from items that many times
remain invisible. Through collaborative creation we got
some ephemeral products that resulted attractive to
students, but that also helped them think on recycling as
an important action.
Education in Mexico is different than it was before
since it is now conveyed through activities different
than those that took place in a traditional class and
within learning ambiences diverse from the classroom.
We consider this project, inscribed in a new form of art
that we have named art of the human space experience
contributed to the students’ growth, not only
academically but in a human way. Our final outcome
were two finished artworks that somehow embodied the
creation and learning processes achieved by the
students. Both pieces were dismantled at the end of the
fair so that every material could be recycled.
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light luggage: reflections, discussions and revisions.
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MODULE RE-DESIGN FOR HOLISTIC APPROACH TO TEACHING
CHEMICAL PROCESS SAFETY
Sin-Moh CHEAH
Singapore Polytechnic
smcheah@sp.edu.sg
Introduction

This paper shares the experience from the
Diploma in Chemical Engineering (DCHE) from
Singapore Polytechnic (SP) in revamping its Year 3
core module entitled Plant Safety and Loss
Prevention. The module is often perceived by
students to be dry and boring, and assessments are
often a test of memory work on factual information.
The traditional approach to teaching chemical
process safety is via "Learning from Accidents"
where case studies are used for classroom discussion
during which useful lessons are drawn through
analysis of root causes of the world's major
industrial incidents involving chemical plants. The
availability of the Internet and general proliferation
of mobile devices made this traditional approach
ineffective as students can readily go to Google and
obtain model answers to questions posed in these
case studies. Through a self-evaluation process based
on the 12 Standards contained in the CDIO
Framework (http://www.cdio.org), we came up with
an innovative framework to teaching the module,
based on application of risk management strategies
to the entire lifecycle of a given chemical plant,
where appropriate safety measures can be
implemented to address the chemical and process
hazards present. We firstly summarize the teaching
of chemical process safety in the DCHE curriculum,
identifying the shortcomings of the current teaching
approach. Secondly, we outline the work done to redesign the module, justifying the retention of the use
of case studies as the pedagogy of choice, but
modified the way these cases are used in the
"Learning from Accidents" approach. We then
share the learning outcomes of the revised module,
and explain how we teach chemical process safety in
the new approach. This involves scaffolding
students' thinking in relation to the lessons learned
from the Bhopal Gas Tragedy, other selected cases,
and one that we designed using dynamic simulation.
Lastly, we share some learning points and plans to
move forward.

Chemical and process safety is an important
component in chemical engineering education. It is a
requirement from professional bodies that accredit
chemical engineering programs such as the Institution
of Chemical Engineering (IChemE), UK. However, the
teaching of safety to chemical engineering students
needs improvement (Louvar & Hendershot, 2003). The
subject is taught in essentially all chemical engineering
programs. A major challenge in the teaching of
chemical process safety is that students often cannot
readily identify with the safety issues as they lacked the
relevant real-world experiences in the chemical
processing industries. Chemical process safety is unlike
other core chemical engineering subjects such as fluid
mechanics, heat and mass transfer, separation processes
and reaction kinetics which has strong design
components
requiring
significant
theoretical
underpinning knowledge and involved mathematical
calculations using various formulas. Issues in chemical
process safety, as well as the proposed solution, on the
other hand, are often sounded common sense in
hindsight, and laden with many factual information.
Students typically found the traditional lectures boring
and hence only engage in surface learning. Teaching of
HAZOP (hazard and operability) is particularly
troublesome, as students' lack of actual working
experience in chemical plant means that they are not
able to effectively consider plausible undesirable
consequences resulting from a process plant upset
(Cheah, 2010).
The challenge further deepens as today's chemical
plants become more integrated, where operational upset
in one process unit can have consequences elsewhere in
another different process unit. The level of risk has
increased in the chemical processing industries (Kidam,
et al, 2013). There must be greater integration of
chemical process safety with other core subjects in
chemical engineering as well as research programs
(Mann, et al, 1999). There are three ways of
incorporating chemical process safety into the chemical
engineering curriculum: (1) a course or courses devoted
to process safety, (2) integration of chemical process
safety into existing courses and (3) a combination of the
two approaches. Pintar (1999) gave detailed discussions
on the relative merits of each approaches.

Keywords: chemical engineering, chemical process
safety, CDIO, module re-design, case study
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Chemical Process Safety in DCHE Curriculum

to the case studies used in “Learning from Accidents”;
and all assessments in the module are pretty much
conducted topic-by-topic, with hardly any in-depth
linkage back to the case studies. Assessments for this
module also tend to test mostly memory work, rather
than critical analysis. Besides HAZOP, there is also lack
of integration with other Year 3 core modules such as
Chemical Reaction Engineering and Plant Design,
Economics and Sustainable Development, In the former
students learnt about chemical reaction kinetics and the
application in designing chemical reactors, and are also
required to operate simple reactors in the laboratory; but
had no coverage on chemical reaction runaway, one of
the most common hazards encountered in the operation
of chemical reactors. In the later, students are required
to complete a design of a chemical process plant using
computer modelling, and prepare the necessary process
piping and instrumentation diagram. Students are
expected to make the connections between these
modules for themselves; and often this do not happen.
The opportunity to revamp the Plant Safety and Loss
Prevention module arises from the rationalization of the
course structure, where the module was shifted from
Year 2 to Year 3 for its "integrative" nature (Cheah and
Koh, 2013). This move is very appropriate, as it allows
the use of safety topics to integrate the core modules
taught in the first two years of study. It also challenge us
to design learning tasks that can engage students in
critical and creative thinking in relation to chemical
process safety, given their lack of practical real-world
experience, and the immense amount of background
information that is needed to provide the right context to
develop deep learning.

The Diploma in Chemical Engineering (DCHE) is a
3-year program, offered in Singapore Polytechnic (SP).
The diploma is accredited by the IChemE, UK; which
specifically requires that safety topics be adequately
integrated in key categories of the curriculum, namely:
(a) core chemical engineering, (b) engineering practice,
and (c) design and design practice. In DCHE, we used
the third approach in the teaching of chemical process
safety, i.e. with a dedicated module as well as
integration into other core modules throughout the
diploma's three year curriculum. More specifically, we
employ the following strategies:
 A 60-hour Year 3 core module entitled Plant Safety
and Loss Prevention that is compulsory for all 120
students. Based on fully in-course assessment, this
module has no final examinations. It also does not
have any practical activities in the laboratories. This
module covers many safety topics, ranging from
hazard identification, risk assessment, plant safety
systems, chemical safety data sheets, fire and
explosions, safe work practices, etc; often in
isolation from each other. We also spent a small
portion of curriculum hours on a teaching approach
widely known as "Learning from Accidents" in the
safety literature; where case studies that present
students with the real accidents involving major
chemical plants that have occurred that have resulted
in either death, injury or at least property loss, are
used for classroom discussion. Examples of such
case studies are the Bhopal Gas Leak Disaster,
Flixborough Explosion, and Piper Alpha Accident.
The objective is to draw out useful lessons through
analysis of the root causes of these accidents that can
be used to prevent future accidents.
 Integration of safety into all laboratory activities that
support the learning of key chemical engineering
concepts and principles in core modules: there is an
explicit section on hazard identification and safety
precautions, and where students are assessed on the
ability to identify hidden hazards, and link the
selection of appropriate personal protective
equipment to these hazards. Students are assessed on
their ability to do this, before they are permitted to
continue with the laboratory activities. Students are
also evaluated for their safety consciousness
throughout the entire duration of the activities. as
well as proper house-keeping at the conclusion of
each activity
 Integration of safe practices into students' Final Year
Projects (FYPs). All students are required to attend a
risk assessment workshop. The students then
conduct a risk assessment on the FYP that they plan
to work on, together with their project supervisors
and technical support officers from the laboratory
where their FYP is located.
This paper focus on the first approach, which had
several shortcomings in the way it is currently taught;
making it ripe for a complete revamp. The various
safety topics in the module are not explicitly connected

Methodology
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For the re-designed module, we decided to retain the
use of case studies as the pedagogy of choice and to
design the entire module around case studies, with
enhanced focus using the “Learning from Accidents”
approach. Shallcross (2013) argued that case studies had
been identified by many educators as an effective
method to teach chemical process safety. He also
reported on an alternative approach in which groups of
students prepare presentations for delivery to the class,
each group looking at a different case study. This
approach, it is claimed, not only allows students to learn
more deeply about one specific case study but it also
helps to improve their communication skills. Saleh and
Pendley (2012) presented an example whereby the
entire subject on chemical engineering safety relies in
part on the use of case studies. In all these instances, the
most common method of using case studies in
promoting student learning is to present selected cases
in lectures taking time to highlight key points and the
chain of events that led to the disasters. The key
learning points are then presented. However, we felt that
such approach is not effective, because these 'highprofile' incidents are already very well documented, and
students only need to go to Google to look for model
answers. As noted by Pitt (2012): "The official 'lessons
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learned' can be pasted in or even memorized for the
exam but not applied elsewhere."
The innovation in our approach derives from the
insight we gained when we carried out a self-evaluation
of the current module based on the CDIO Standards.
The details of our approach are covered elsewhere
(Cheah and Lee, 2015) and in this paper we only
focused on the key outcomes of this effort. Most
importantly, we noted that a typical chemical plant can
be viewed as a major chemical product or system that
went through the same four processes of conceiving,
designing, implementing and operating embodied in the
CDIO Framework. Applying Standard 1 "CDIO as
Context" to this module leads to the new approach to redesign the Plant Safety and Loss Prevention based on
hazard identification and risk management around the
lifecycle of a chemical plant; as shown in Figure 1.

shows the types of hazards under consideration for
chemical engineering, broadly classified as "chemical"
and "process" hazards respectively. The middle section
shows a typical plant lifecycle (adapted from CCPS,
2009). The large box at the bottom are the key topics
relevant to loss prevention in the chemical process
industries; broadly grouped as legal requirements, risk
management strategies and risk management toolbox.
In this model, we specifically link risk management
strategies such as inherently safer design (ISD) to the
different phases of the chemical plant's lifecycle. Due to
the myriad of techniques and methods available and the
limited time for the module, our toolbox is confined to
the tools and techniques most pertinent in the field of
chemical engineering, in particular HAZOP and LOPA
(layers of protection analysis), with special emphasis on
Safety Instrumented Systems (SIS) and Pressure Relief
Systems. With the “Learning from Accidents” approach,
we then select suitable case studies of major accidents
and guide students through these case analysis by firstly
identifying the stage of the plant’s lifecycle, to identify
which risk management principles had been violated,
the hazards involved, followed by application of proper
safety measures available from the toolbox. With this
approach, we hope to encourage our students to think
critically and creatively from first principles and not
rely on following codes, standards and rules (Lee,
1999).
Another outcome of our module review worth noting
is CDIO Standard 6 Engineering Workspaces. At first
glance, it would appear that this standard is not
applicable to the Plant Safety and Loss Prevention
module, since it does not have any practical
components. In applying this standard in our module
review, we extend the interpretation of workspaces
beyond that of physical locations to include virtual
environments such as those afforded by dynamic
simulation (Figure 2).

Reactivity
Screening
LOPA

Decommission
& Disposal

Operation,
Maintenance,
MOC

Process Plant
Design

Process
Development

Research Stage

(Process Chemistry)

PLANT LIFECYCLE

HAZARDS: Chemical (Toxicity, Reactivity,
Fire & Explosion, etc), Process (High Pressure,
High Temperature, Leakage, Asphyxiation, etc)

HAZOP
FTA Risk Assessment
& Risk Matrix
Fire
SDS
SWP
Protection

TOOLBOX: TECHNIQUES AND METHODS

ISD Substitute
INHERENT

Minimize

PASSIVE

Moderate
ACTIVE

Simplify
PROCEDURAL

RISK MANAGEMENT STRATEGIES
Ethics, Rules & Regulations, Standards, Code of Practice

Figure 1. Integrated Approach to Teaching Chemical
Process Safety. (List of abbreviations: MOC = Management
of Change, LOPA = Layers of Protection Analysis, HAZOP =
Hazard & Operability, FTA = Fault Tree Analysis, SDS =
Safety Data Sheet, SWP = Safe Work Practices, ISD =
Inherently Safer Design)

It had been cautioned that despite the wealth of
information from so many accident investigation
reports, the transfer of such "Learning from Accidents"
had not been satisfactory (Sinclair, 2013). We hope that
using the framework in Figure 1, we can better prepare
our students in their learning about chemical process
safety and apply the lessons learnt in a more effective
manner to contribute to accident prevention in the
workplace.
The non-technical key features of Figure 1 relevant
to this work are briefly explained. The top-most box

Figure 2. Sample Dynamic Simulation Model showing
part of the Amine Treating Unit (ATU) from EnVision

405

▲

With this, we can scaffold students' learning to build
up their understanding of typical chemical process
operations, and how to respond to process upsets and
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various equipment malfunctions. This involves getting
them to think critically (e.g., analyzing, comparing and
contrasting, making inferences and interpretations,
evaluating) in completing various simulation exercises;
which is not possible in the academic settings, and risky
in an actual chemical plants. They are asked specific
questions to cue these main types of thinking (e.g., what
inferences and interpretations can be made from the data
presented; what is the best option to solving this
problem given the inferences and interpretation being
made).
The last CDIO Standard of interest is Standard 8
Active Learning; as it challenges us to look for
innovative ways to engage students in studying this
module. We decided to adopt flipped learning (also used
synonymously with flipped classroom) coupled with
peer instruction. Our experience is beyond the scope of
this paper and will be shared elsewhere at a later date.

on the Amine Treating Unit (ATU) dynamic simulation
model available from EnVision Systems. The learning
tasks more or less parallel that of the Bhopal case and
are used during tutorials (as well as parts of the module
in-course assessments) to evaluate how well students
are able to apply these concepts. Using dynamic
simulation, students can learn how the relevant safety
system in the plant is activated when a hazardous
condition is detected, and how the hazard is contained.
Table 1. Learning from Accidents using Bhopal Case
Wk
1
2

Safety Topic
Plant lifecycle
Risk Manage
Process Chemistry:
Inherently safer
synthesis
LOPA: Safety
Instrumented System
LOPA: Pressure
Relief System
Risk Matrix, Swiss
Cheese
Hazard Analysis:
HAZOP
Fault Tree Analysis

Bhopal Case
Background information

Alternative pathway that
avoids using the lethal
chemical MIC
3
Insufficient redundancy,
inadequate design
4
Relief scenarios, wrong
sizing of relief valve
5
History of past accidents,
multiple failures
6
Application to MIC Storage
Tank
12
Causes of MIC leakage,
lack of training
15
Safe Work Practices
Positive isolation, Safety
Data Sheet for MIC
17
Summary
Ethics re-visited
Note: No lesson for Mid-semester test week (Week 8),
and term break (Weeks 9-11).

Summary of Programme Implementation
The 60-hour module is completely revamped in
terms of its learning outcomes, module contents, and
mode of delivery and approaches to student
engagement. It is delivered in blocks of 2-hour Lecture
and 2-hour Tutorial, for a total of 4 hours per week
(hpw), for a total of 15 weeks in a semester. Time
required of students for flipped learning is not included
in the total module hour. The re-designed module has
the following learning outcomes representing higherorder applications:
1. Apply application of loss prevention principles to
key stages of a process plant life cycle
2. Explain key terminologies of process hazards and
risks
3. Apply layer of protection analysis on a process
system
4. Apply hazard analysis techniques for qualitative
(such as HAZOP) and quantitative (such as
HAZAN) risk assessment
4. Apply fire and explosion prevention and protection
principles to chemical design and operation
5. Apply safe work practices according to industrial
standards and regulations
6. Examine the ethical and responsibility issues the
responsibility and ethical issues in the management
of process safety
We use the Bhopal Gas Tragedy as the "anchor"
case to illustrate how application of various risk
management strategies can be used to avoid the use of
dangerous chemical, or to properly assess the risk
involve, or to provide more reliable safeguards, etc; as
shown in Table 1.
The time freed up with flipped learning allows us to
introduce more cases that were originally possible with
the earlier curriculum. Where appropriate, we
supplement the classroom activities with other case
studies, mostly available from the U.S. Chemical Safety
and Investigation Board (CSB); but also from YouTube
videos and animations from reputable sources such as
SIS vendors. We also develop our own case study based
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As shown in Table 1, we frequently re-visit the
Bhopal case, as the weeks progressed when a new topic
is covered. For example, on week 4, students learnt
about pressure relief systems (PRS) and they are asked
to evaluate various scenarios where an equipment overpressure may occur. In another example, where students
learned about various process disturbances and
equipment malfunctions in the ATU in week 5, then
revisited the Bhopal accident on week 6, to reinforce
and extend their learning through linking how such an
incident could have been prevented had a proper
HAZOP is conducted. The students are also required to
apply HAZOP to other cases, such as the BP Texas
Refinery Gas Explosion.
We map out the entire 15-week lesson plan for the
module, carefully converting factual information of the
cases and theories on the safety topics into online
versions for flipped learning. A sample 3-week lesson
plan is shown in Table 2.
During later lessons, especially after Week 12, by
which we had sufficiently covered various aspects of
chemical process safety using Bhopal, ATU and other
cases in particular the BP Texas Refinery Gas
Explosion, we started introducing additional cases and
at appropriate situations, assess students on their ability
to relate current case with previous cases covered so as

Back

Transactions of ISATE 2015
ISATEEducation
2015
The 9th International Symposium on Advances in Technology
International Symposium on
Advances
in
Technology
Education
16-18 September 2015, Nagaoka, JAPAN
16 – 18 September 2015, Nagaoka, JAPAN

to apply lessons learnt from previous cases to the case at
hand. We conclude the module with an analysis of the
ethical issues embedded in the Bhopal case, and then
comparing and contrasting these with a case study based
on the video "Incident at Morales"

Week 3

Week 4

Understand the
Application and
Management of
Loss Prevention
in Chemical
Plants

Understand
Basic
Components in
Safety
Management

Understand
Basic
Components in
Safety
Management

Flipped Learning Topics

Principles of
Loss Prevention
Inherently safer
process + video
Management of
change
Bhopal video,
with specific
attention of
above concepts

Layer of
Protection
Analysis
(LOPA)
Safety
Instrumented
Systems (SIS)
See also link to
web page
ATU: Process
Description

Pressure Relief
Systems (PRS),
see also link to
web page
CSB Video: BP
Texas refinery
explosion
Visit W318 Gas
Absorption
Pilot Plant &
line trace

Clarify Bhopal
Case
Use Bhopal
Case and
discuss
concepts Loss
Prevention
Principles &
Inherently Safer
Design,
Management of
Change

LOPA and SIS
as examples of
Concepts of
Loss Prevention
LOPA and SIS
in Bhopal Case
Readiness
Check on ATU
Process
Description
(Q&A)

Analysis of
scenarios and
sizing of relief
valve in Bhopal
– not sized for
scenario of
runaway
reaction; sized
for vapour only,
not V-L flow
CSB Video: BP
Texas refinery
explosion

Intro (pre-ATU)
to Gas treating:
ISD in solvent
selection
Apply inherent
safety concepts
to Piper Alpha

Worked
examples on
LOPA/SIS from
existing
materials
ATU Case
Study:
Analyze LOPA,
alarms, SIS

Analysis of
W318 Gas
Absorption
Pilot Plant relief
scenarios
ATU Case
Study: Relief
scenarios
(including
worst-case of
vapour blowthrough)

Tutorial Activities (2 hpw)

Learning Outcomes

Week 2

Classroom Activities (2 hpw)

Table 2 Sample Lesson Plan for Weeks 2-4

As for the design of learning tasks, we strive to
attain curriculum alignment (Biggs, 2003) for all the
activities introduced in the module. In particular, we are
looking for evidence whereby students can identify
stages in the chemical process plant whereby
appropriate risk management strategies can be applied,
using the safety measures appropriate for the hazard
identified. This is illustrated with three examples below.
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Example 1: BP Texas Refinery Explosion
In this activity, which is carried out in Week 4, the
students are required to watch the CSB Video as part of
flipped learning. They had learnt about elements of
LOPA earlier in Week 3 when analyzing the Bhopal
case. Students then had to generate and evaluate
possible ways to improve the safety in the BP plant
using suitable elements of LOPA.
Example 2: Fire & Explosion at Formosa Plastics
In this activity, which is carried out in Week 13, the
CSB Video is watched and analyzed in class, where
students identify issues highlighted and organize them
under different stages of the plant's lifecycle covered in
Week 1. Students are expected to be able to retrieve the
proper Safety Data Sheets relevant to this case, having
learnt about usage of Safety Data Sheets in Bhopal in
earlier lessons. They also need to implement a proper
containment measure to mitigate the situation in the
plant which is missing in the original design.
Example 3: Learning from Accidents - Valero
In this activity, which is carried out in Week 14, the
lecturer play the CSB Video "Fire from Ice – Valero
LPG Explosion" in class, and students are asked to
answer a series of questions at appropriate points when
the video is paused. The questions are listed below.
Q1. What is the financial loss of the incident?
Q2. In terms of separation processes, what unit
operation is the Propane Deasphalting Unit?
Q3. What are the properties of propane relevant to
this situation?
Q4. What type of fire is this known as? How is it
different from that in Feyzin?
Q5. What would be the inherently safer way to deal
with the problem of the dead leg?
Q6. Name an example of freeze-protection that can
be used.
Q7. What can you recall from the Formosa fire
example in handling the fuel source?
Q8. What is fireproofing and why is it useful?
Q9. Back to lesson on inherently safer design –
what is the lesson learnt here?
Q10. Feyzin re-visited – what are the lessons learnt
that can be applied to this case?
Students are expected to use the knowledge gained
from earlier lessons, where inherently safer design, use
of Safety Data Sheets, LOPA, etc; are employed, past
accidents (namely Formosa Plastics and Feyzin), in the
detailed analysis of this case.
We initially thought that the Bhopal Gas Tragedy,
given the high profile attention that it continues to
attract even to this day, and the apparent abundance of
information available on the Internet, will be a relatively
straight-forward case that we can adopt for our module
re-design work. We soon realized that there were
limited technical details in all the available resources
that match the learning outcomes we strive to achieve.
As a result, we wrote our own background information
pack for Bhopal, and reference it throughout the weeks
as we explore different safety topics as shown in Table
1. Adapting other past accidents into the module for
discussions are more straight-forward. The challenge
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here is in going through the vast CSB Database to select
the case best meet the desired learning outcomes.
The challenge in "Learning from Accidents" is to
understand how one can apply the lessons to one's own
processes, even though the process or technology used
is different from that involved in another accident from
which the lessons are derived from (Hendershot, 2014).
The revamp effort is only part of the holistic approach
to teaching of chemical process safety. Although it is
the biggest part, it is not complete without the other 2
approaches mentioned earlier: that of learning about
safety via laboratories activities that simulate real-world
practice, and final year projects. As can be seen from
Figure 1, the module Plant Safety and Loss Prevention
focused on the technical aspects of safety management
in the chemical process industries. To achieve a truly
holistic approach, we will also need to leverage on the
laboratory activities to develop other aspects on safety
management such as safety culture, which is important
element in reducing future re-occurrence of accidents
(Capelle, 2013).

Proc of the 4th International Symposium on Advances in
Technology Education; Sep 28-30; Kagoshima, Japan
Cheah, S.M. and Koh, H.W. (2013). Curriculum
Integration in Chemical Engineering using CDIO:
General Approach, Proceedings of the 7th International
Symposium on Advances in Technology Education,
September 25-27, Nara, Japan
Cheah, S.M. and Lee, H.B. (2015). Module Review and
Redesign via Self-Evaluation using CDIO Standards,
Proceedings of the 11th International CDIO Conference,
June 8-10, Chengdu, Sichuan, China
Hendershot, D.C. (2014). Learning from Experience
Revisited, J. of Chem. Health & Safety, 21(3), pp.35
Kidam, K., Ahmad, A., Hassan, O., & Hurme, M.
(2013). Current Issues and Challenges of Loss
Prevention in the Chemical Process Industry, Proc of
the 6th International Conference on Process Systems
Engineering, Jun 25-27; Kuala Lumpur, Malaysia

Conclusions

Knegtering, B., & Pasman, H.J. (2009). Safety of the
Process Industries in the 21st Century: A Changing Need
of Process Safety Management for a Changing Industry,
J. of Loss Prev. in the Proc. Ind., 22; pp.162-168

As noted by Knegtering & Pasman (2009), in
response to the complexity of today's chemical plants,
there is a need for a new approach to learn from past
incidents. We believe the new approach presented in
this paper will better engage students in learning about
chemical process safety from past accidents. The redesigned Plant Safety and Loss Prevention module was
introduced to Year 3 students for the first time in April
2015. At the time of this writing, the teaching of this
module is still on-going. We planned to survey the
students for their learning experience for this redesigned module, to identify areas where they faced
challenges, and formulate action plans to address them
as part of continual improvement.

Lee, J.F. (1999). Education of Undergraduate Engineers
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Louvar, J.F. & Hendershot, D.C. (2003). SACHE: 17
years of Promoting Teaching of Safety to Chemical
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Mannan, M.S., Akgerman, A., Anthony, R.G., Darby,
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Abstract

combine some intellectual frameworks to proceed with
the project. It is unique point of this attempt. Second,
students experience international communication
“casually”. They will make blog or Homepage in
English.

Our PBL is based on the problems that local
community is struggling with now. Our goal is that
students offer the ideas of solving them with
technologies through group learning. We expect that
the student will get three abilities, (1) the
independence and cooperation of students in the
school program, (2) the ability of surviving in future
world, (3) the ability to think about the future from
the perspective of the regional, national, and world.
We make a repot of the present situation on this
paper.

Learning environment
This learning held in the “active learning room”
(Figure 1). It has 45 movable desks and chairs, and
iPad-mini. Each student can use it to research. The
home page is made for this learning with iPad-mini or
PC and shows students links to governmental and
prefectural policies etc. on the homepage.

Keywords: PBL, local community, active learning, ICT
Introduction: purpose of PBL
Kochi has struggled with various problems which
has appeared in the age of structural changes of postindustrial era. Because of aging population and
declining birth-rate, the productive age population is
declining. Kochi is in great trouble. In other words,
there are a lot of needs. For example, development of
the primary products with additional value, solving the
labour shortage issue especially in construction industry
and care works, the countermeasures for the large-scale
earthquake, building of the efficient care service system
for the aged, constructing information system and
security and so on.
Our Learning is based on these problems and the
projects to offer the ideas of solving them with
technologies. It is our goal that students think and
express the ideas about the local area, namely
“homeland”, and technology by themselves. We expect
that the student will get three abilities, (1) the
independence and cooperation of students in the school
program, (2) the ability of surviving in future world, (3)
the ability to think about the future from the perspective
of the local, national and global.

Figure 1 Active Learning Room
Method and schedule
The participants are in the third grade of four classes
(departments). The number of each class is 44 at most,
total 172. They belong to one of four departments in
NIT, Kochi College and usually study mechatronics,
electrical engineering, information science, materials
science and civil-engineering.
Our PBL continues for a year, that is, started in
April in this year and will end in March in 2016. Each
class hold once a week (50 minutes) and 30 hours in
total. We use an active learning that incorporates the
group work. They make small groups (about 4-6 people),
for promoting the research and proposals.

Unique points of this attempt
We have two unique points. First, this attempt is
based on integration of arts and sciences. The teachers
cooperate across the disciplines. Mainly, teachers of
social sciences give guidance to students. And some
teachers (as experts of technology) of engineering often
come to the classroom and give advices to them about
technology and natural science. Students hereby could
409
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This PBL consist of six stages.
(1) Learning of the basic issue (8 weeks)
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Students learned the basic issue about structural
changes of post-industrial era and situation of local
areas in contemporary Japan. And they read and
understood basic local policies or economical and social
statistics of Japan and Kochi. They confirmed what they
had learned in first half-year midterm examination.

the school, for example in the 37th. Cultural Festival of
NIT in Sikoku in December, cultural event in Centre of
Industry-Academia-Government Collaboration in Kochi
(CoCoPla).
(6) Self-reflection and international communication
(6 weeks)
This is very important stage for this learning.
Students make their own portfolio through the learning.
Based on it, they reflect the work by themselves and
drew up a proposal paper. It will be presented on the
Internet. We will tell the parents, local people and the
experts in and outside the school about what students
obtained. Furthermore students make blog in English.
We will participate in OECD-project “Innovation
School Network 2030”. We would like to let the experts
abroad know the outcomes of students in this project.
We expect that all give students advice or
encouragement.

(2) Lectures on technology (1 week)
After first examination, teachers of each department
came to classroom and lectured in contemporary
technology (Figure 2). There were seven themes;
robotics, energy technology, information security,
material science, biotechnology, civil-engineering,
architecture. Student chose one theme that they
interested in.

Way of performance assessment
We use three ways of performance assessment; (1)
mutual assessment of students, (2) self assessment of
students, and (3) four-time examinations. Mutual
assessment is mainly used in the presentation. Self
assessment is included in the examinations. Teachers
evaluate not only what they learned but also to what
extent they can look after themselves and their groups.

Figure 2: Lecture of experts
(3) Theme setting and making groups (6 weeks)
Each student tried to find out his or her theme in two
weeks by him- or herself at first. It is common
framework to find out the field of technology that
should solve above-mentioned local problems. Then the
groups were made. Everyone showed their own theme
to the group members. Now they are devising one
(integrated) theme for their group work. Not only
teacher in charge (first author) but also various teachers
including second and third authors give advices to
students about theme stetting.

Achievements at this moment and provisional
conclusion
Students have discussed about theme with their all
heart. And now they are in the 4th stage. Each group
made a theme (Figure 3 and 4).

(4) Research and making of presentation materials
(summer vacation and 6 weeks)
Students research the situation of technology and
local problems that they devise. They have to gather
three types of information about their theme. 1. General
information: The basic information that anyone gets
through Internet or the books, 2. Inherent information:
Information, document and the statistics which are
available from the field, 3. Information of experience:
Information which is provided by an interview with the
persons and organization concerned.
Then they analyze the information and make
presentation materials. And they launch a blog, which
will publish the results of their investigation. Teachers
as experts periodically check the blog, and give advices
in the comments section for providing guidance.

Figure 3: Group Discussion (1)
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(5) Presentation (3 weeks and outside the school)
Presentation will be held 10 minutes for each group
in the classroom. It is evaluated by mutual assessment
of students. And students make a presentation outside
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Figure 7: Themes
development.
Figure 4: Group Discussion (2)

of

Groups

about

industrial

 It is very interesting that students begin to make
interdisciplinary communication. Students asked
teachers for advises when they worked with the theme.
3 groups asked the teachers of other department without
connection of club or extracurricular activities.
And we showed them all themes and the relationship
map of groups like figure 5, 6 and 7. They can compare
and cooperate each other. They are curious as to how
groups of other departments cope with the same theme.
We mentioned the three aims of this PBL above.
Especially the “independence and cooperation of
students” grow among students. We have to go to next
two aims. Information gathering is one of the largest
issue in this regard. Student must and will find the
information for their own work by themselves. There is
no “the right answer” like a usual tests. We believe that
it is the ability of surviving. We hope to report their
whole achievement in the next time.

24 themes are all out. Students have found out the five
major regional issues (Figure 5).
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Figure 5: Five issues, that students found out.
The following (Figure 6 and 7) are the details about
theme 1 and 3. (Abbreviations in the figures show the
departments; M: mechatronics, E: electrical engineering
and information science, C: materials science, Z: civilengineering and architecture. Number after Abb. shows
number of group.)
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The aim of this article is to introduce a robot idea
contest, which is part of National Institute of
Technology, Kagawa College’s regional cooperation
activities and designed to revitalize local
communities and help people in the community to
become more familiar with robots. The NIT, KC, has
conducted many activities with Mitoyo City. This
robot idea contest focuses on the “ Roomba ”
platform which is the most popular robotic cleaner．
This idea was brought about by receiving total
cooperation from Sales On Demand Corporation
(SODC) who is the sole licensed distributor of the
“Roomba” in Japan. NIT, KC and SODC have a
common goal of boosting the local area economy
with robot technology. This contest was designed to
be an educational effort to encourage students to
generate their own ideas. Therefore, the contest
accommodated any kind of ideas about the Roomba.
Thus, the contest had three different categories for
entries. The categories included a ”New Roomba”,
which was for creating new functions for existing
Roomba model, the “Dream Roomba”, which was
for designing a totally new Roomba and the “Mitoyo
Roomba”, which was based on Roomba designs
specifically for use in and around Mitoyo City. To
present them, students submitted their ideas in the
form of 1 page Power-point proposals. During their
idea brainstorming process, students were given a
lesson on slide design, balance of colour, basics of
chromatics and other tips for making their
presentation eye-catching and concise.
The contest received a total of 98 idea
submissions. NIT, KC and SODC developed
exhibitions for displaying the ideas. The exhibitions
were held at three places in Mitoyo City, as well as
four places in Takamatsu City. Additionally, these
exhibitions got local media coverage and received
favourable comments from visitors. From the results,
it could be concluded that the activity was successful
as a regional improvement, educational effort and
activity that generated awareness and promotion of
robot technology.

412
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Introduction
This Design-a-Roomba Contest was designed to
revitalize local communities and familiarize the
community people with robots. The National Institute of
Technology, Kagawa College has conducted many
activities with Mitoyo City, located in Kagawa
Prefecture. This contest is part of our regional
cooperation activities.
This robot idea contest settled on the“Roomba”
platform which is the most popular robotic cleaner．
This idea was brought about by receiving total
cooperation from Sales On Demand Corporation
(SODC) who is a sole distributor of the“Roomba”in
Japan. NIT, Kagawa College and SODC had a common
goal of boosting the local area awareness about robot
technology.
This contest was designed to be an educational
effort to encouraging local students to generate their
own creative ideas. Therefore, the contest tolerated any
kind of idea based on the Roomba to promote
generation of ideas. They needed to submit their ideas in
the form of one page proposals presenting their ideas
with single page submissions. The students were given
lessons on design, balance of color, basics of chromatics
and tips for making the presentation.
After the submission, NIT, KC and SODC
developed exhibitions for the ideas at eight sites around
the area. The exhibitions were held in three places in
Mitoyo City, including city center and city hall, five
places in other cities including the largest commercial
establishment in Takamatsu city, Takamatsu Center
Library, a central branch of a Bank and JR station and
Takamatsu Airport. Additionally, this exhibition got
local media exposure and many favourable comments
from visitors.
In this paper, our regional promotion activity, which
was the “Design-a-Roomba Contest”, is introduced as
one success example of regional cooperation activities.
First, some history of regional cooperation activities of
NIT, KC is described. Next, what lead to the
cooperation between SODC and NIT, KC is described.

▲
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Finally, an outline of the contest and exhibition of the
contest are explained.
History of Regional Cooperation with Mitoyo City
and Background of Cooperation with SODC and
NIT, KC
NIT, KC has coordinated many activities with
Mitoyo City. Especially with the author’s laboratory,
NIT, KC has carried out various activity to promote
Mitoyo City where it is a small and local city in Kagawa
prefecture. Here, how this cooperation has been realized
is described as a success example of regional
cooperation.
The author’s laboratory in NIT, KC have carried out
collaborations on Awashima Island, a small island near
NIT, KC Takuma Campus, PR jobs in Ikebukuro City,
Tokyo since 2009 in coordination with Mitoyo City and
residents of Awashima. The PR job brought good
results every year, therefore this activity has been able
to keep running in the face of a declining budget.
Through this activity, great deal of cooperation was
elicited from the people who have visited and stayed or
lived on Awashima Island. The authors built a coalition
with a superintendent of sales in one of the world's
largest news service company through this activity.
In 2012, a ladybug Roomba was developed as a new
project for this exhibition as shown in Figure 2. The
ladybug was made of a Roomba and a handmade cover
that was made by an artist who lived on Awashima and
has participated in the activity every year. Irrespective
of age or sex, many visitors thought of the ladybug as
pretty and enjoyed playing with it. With that in mind,
the participant began considering about holding some
event having to do with the Roomba.

Figure 2 Ladybug Roomba at the Awashima Island
PR activity
In 2014, the news service held a news photo
exhibition on Awashima for two months and two weeks.
It was the residents of Awashima Island that prepared
for the exhibition. As part of other regional cooperation
activities, the author’s laboratory has participated in
volunteer work such as traffic control and guidance for
one month. This volunteer activity was remarkably
helpful for tourists. Therefore, Kagawa University
began participation in this activity and the author’s
laboratory turned over the organizational role to the
university. The author’s laboratory, the news service
and residents of Awashima enhanced their relationship
thorough this activity and gathered enough momentum
to hold the proposed Roomba event.
After the photo exhibition, SODC and NIT, KC met
through the contact personnel’s good offices and
introduced SODC to the author. The authors started to
seek a way to promote the robot product and local city
at the same time. The authors planned and realized the
Design-a-Roomba Contest.
From the result of this sequence of the events, it can
be confirmed that regional cooperation activities hold
the possibility for growth. The important thing is to
increase the number of members who participate and
promote the activity. Volunteer activities might be
difficult to keep doing because some faculty members
and students might feel that they can get little benefit.
Thus, the coordinator must be able to show benefit for
both students and faculty members. For students who
have not participated in the activities many times and
live in a local city like those of NIT, KC, to participate
in some events held in the big city can be of great
benefit. Also, to meet and talk with persons on the
outside can be a great experience for them. For faculty
members, to meet and cultivate new relationships with
others on the outside and gain new opportunities for
future research or activities that can be a new and
representative project, they will also gain the possibility
to get financing for their research.

Figure 1 Awashima Island PR activity in Ikebukuro City

Outline of Design-a-Roomba Contest
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In this section, an outline and the rules of the idea
contest are described. The categories of the contest
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included a ”New Roomba”, which was for creating new
functions for existing Roomba models, the “Dream
Roomba”, which was for designing a totally new
Roomba and the “Mitoyo Roomba”, which was based
on Roomba designs specifically for use in and around
Mitoyo City. The students could submit their ideas to
any category they like. As shown in Figure 3, template
files were provided to make their proposals. The
students needed to decide and write the theme for their
idea on the form. The students were also allowed to
write sentences and draw figures to explain their ideas.
Lastly, a form for the trigger of the inspiration at the
bottom of the paper should be filled out.
Figure 5 Lesson of Slide Design, Color Balance and tips
for making presentations
After these sessions, the students submitted their
own idea within 2 weeks. As the result, the contest
received 98 submissions.
Award Winner of the Design-a-Roomba Contest
The contest received many well thought out ideas.
Three award winners were featured as representatives of
the applicants here. The awards were the “iRobot
Award”, “Mitoyo City Mayor Award” and
“Collaborative Education Center of Emerging
Technology Award”.
The theme of the iRobot Award winner was a
“Dream Roomba for Seabed Cleaning” as shown in
Figure 6. The idea proposed that the Roomba detect
garbage on the ocean floor and collect the garbage. The
student who conceived of the idea came up with it when
he saw garbage while fishing. The judges of the iRobot
award evaluated that the idea focused on environmental
reclamation by picking up the garbage that might
contribute to pollution of the ocean.

Figure 3 Template for the idea contest
First, students brainstormed creative ideas and wrote
down or made some rough sketch as shown in Figure 4.
Then, they made their own proposal using the notes or
the sketch. During their idea brainstorming and
organizing process, students were given a lesson on
slide design, balance of color, basics of chromatics and
other tips for making their presentation eye-catching
and concise as shown in Figure 5.

Figure 4 Brainstorming Session
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Figure 6 iRobot Award Winner
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The theme of the Mitoyo City Mayor Award winner
was a “New Roomba for Rice Cultivation” as shown in
Figure 7. The idea proposed that the Roomba help
farmers plant and harvest rice using two arms attached
to the body of Roomba. The student who conceived of
this idea assumed that the Roomba should be bigger
than the normal Roomba for the bigger scope of work.
The student came up with this idea because Roomba can
memorize the tractor path in the rice paddy. The judges
of the Mitoyo City Mayor award gave their evaluation
based on that the idea focused on rice cultivation which
is one of the main agricultural businesses in Mitoyo
City.

Figure 8 Collaborative Education Center of Emerging
Technology Award Winner
Exhibition of Design-a-Roomba Contest
To demonstrate the student’s well thought out ideas
to the public, all of the presentations were displayed at
the exhibitions. A total of 8 exhibitions were held in
Kagawa prefecture. The three sites in Mitoyo City were
City Center and City Hall, five sites in another cities
including the largest commercial establishment in
Takamatsu City, Takamatsu Center Library, a central
branch of a Bank, JR Takamatsu Station and Takamatsu
Airport. From 20 to 60 presentations were displayed in
each of the places. From the efforts of SODC,
signboards that showed the title of the contest and
panels that explained the intent and purpose of the
contest were made and displayed. Especially, at
Takamatsu Center Library, the authors made various
cards to introduce books related to robots, making
presentations, methods to generate ideas and electronic
circuits as shown in Figure 10.
These exhibitions got local media exposure and many
favourable comments from visitors.

Figure 7 Mitoyo City Mayor Award Winner
The theme of the Collaborative Education Center of
Emerging Technology Award winner was a “New
Roomba for Timely Administering of Medication to
Patients”, as shown in Figure 8. The idea proposed that
the Roomba helps people who need to regularly take
prescribed medication and is also in need of nursing
assistance care. The new Roomba is assumed to be
much smaller than the standard Roomba because the
new Roomba would operate on a desk or counter. The
new Roomba picks up the medication at a scheduled
time from the base station and deposits them on the desk
for the patient. In addition, the new Roomba checks
whether the person has taken the drug or not and logs
the administration of the medications. The student came
up with this idea when she considers the burden of
health care workers. The judges for the Collaborative
Education Center of Emerging Technology award
evaluated that the idea focused on supporting persons
who need to supervise the elderly who are on a
medication regiment.
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Figure 9 Exhibit Site at Takamatsu Airport

Back

Transactions of ISATE 2015
The 9th International Symposium on Advances in Technology Education
16-18 September 2015, Nagaoka, JAPAN

Figure 10 Exhibit Site at Takamatsu Center Library
Future Work
SODC and NIT, KC have the next Design-aRoomba Contest in contemplation. The next contest will
advertise for ideas to all regional colleges of NIT. The
theme will be “Robots that Address Regional Problems”.
Many regions will have both unique and also
universally shared problems. NIT has a national
network, thus if the contest can be realized, many kinds
of ideas to solve social, ecological, and economical
problems can be generated and shared.
Conclusions
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In this paper, the Design-a-Roomba Contest was
introduced as a successful example of regional
cooperative activity. The contest was designed to
revitalize local communities and familiarize the
community people with the potential that robots may
provide in the near future. SODC the sole distributor of
Roomba and NIT, KC has a common goal of boosting
the local area with robot technology potential and
awarenes. This contest was also designed to be an
educational effort to encourage the students to generate
their own ideas.
After the submission, NIT, KC and SODC
developed exhibits in eight sites in Kagawa prefecture.
The exhibits were displayed at three places in Mitoyo
City, and five places in other cities. As as a result, the
exhibition got local media exposure and many
favourable comments from visitors. Additionally,
SODC and NIT, KC have the next Design-a-Roomba
Contest in contemplation.
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Abstract
Turku University of Applied Sciences has
prepared a new strategy to 2025. The new strategy has
four strategic programs. One of those is building a
new future higher education institute of engineering
innovation. The basis of this new institute of
engineering innovation is our pedagogical model
called innovation pedagogy. Innovation pedagogy
integrates entrepreneurship, applied research and
development, and internalization with education and
working life. In engineering education innovation
pedagogy is implemented with the CDIO approach.
Both innovation pedagogy and CDIO are not new to
our university rather we have been working with
them many years. For example our university joined
the CDIO initiative in 2007. We have been active in
pedagogical
development
and
continuous
improvement, but with the new strategy we want to
take our university into next level. We are aiming at
excellence in action. Our goal emphasizes
international professional excellence. Our success will
be measured with the generated innovations and
entrepreneurship. The new future higher education
institute of engineering innovation has four fields of
operation in focus: maritime cluster, circular
economy, sales and digitalization. The development of
these themes will be implemented through four areas
of improvement. These areas are new structures, new
teacher, new learner, and new culture. New structure
aims at more flexibility in learning and increase of
project based learning. New teacher means
transforming teacher profession from pure expert to
more coach-like profession without losing strong
expertise. New learner means strengthening intrinsic
motivation for learning and enabling individual
learning paths. The previous three requires changes
in the learning and teaching culture. Our strategic
goal means also raising the level of studying and
requiring more from all members of our community.
The strategy implementation will start in June 2015.
This paper describes the background of the strategic
choices and shows the implementation plans of the
various aspects of the strategy. The paper will provide
fresh ideas for engineering education development
from the perspective of an experienced CDIO
university.

Introduction
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Turku University of Applied Sciences is a
multidisciplinary university located in southwest Finland
(www.tuas.fi). We have almost 10000 students and offer
over 30 different bachelor and over 15 different master
programs. We identify ourselves as an entrepreneurial
university. An entrepreneurial university seeks to
innovate how it operates and functions in its business
constantly (Clark, 1998). Shattock (2010) shares this idea
when saying successful universities will always seek to
improve their performance in teaching and research. As
part of this continuous improvement we launched new
strategy formulation process in autumn 2014. The new
strategy was targeted to year 2025. The objective of
creating a new strategy was to achieve and sustain the
success of an entrepreneurial university.
The strategy formulation process had following
phases:
1. Where we want to be in the future?
2. Internal discussions
3. Management workshops
4. Planning of strategic programs
5. Finalizing the strategy
6. Implementation startup.
The first phase included over 70 interviews with
industry and regional stakeholders. In addition, most
available national and regional strategies and future
reports were studied. Furthermore, a web questionnaire
was opened for public to participate to the discussion of
the future of our university. The goal of this first phase
was to identify important strategic aspects and to create a
preliminary strategic plan for our university. The second
phase focused on internal discussion of the preliminary
strategic plan. Discussions were held with all faculties,
employee and student representatives in order to engage
the community to the strategic plans and get their
contribution to the plans too. In the third phase
management workshops were held to formulate strategic
plan, first strategic programs and preliminary key
performance indicators. Fourth phase focused on the
strategic programs and the concrete actions within them.
Finally, the strategy was formulated in a presentable
format and it was officially published. After the official
launch strategic programs are further designed, key
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performance indicators are taken into program and
personal level, and personnel are challenged to initiate
concrete proposals to the strategic programs.
The new strategy of Turku University of Applied
Sciences has four key strategic programs: 1) Future
higher education institute of engineering innovation, 2)
Wellbeing development, 3) Innovation pedagogy
learning continuum and 4) Inspiring community. Each
programs is led by one of the deans. This paper focuses
especially on the first strategic program, future higher
education institute of engineering innovation. We
describe the background of the strategic choices and
show the implementation plans of the various aspects of
the strategy. Furthermore the paper will provide fresh
ideas for engineering education development from the
perspective of an experienced CDIO university. The
strategy implementation has started in June 2015.

newer theme, but it is recognized in the current program
of Finnish government stating an objective that in ten
year time Finland is a pioneer in circular economy among
others (Prime Minister's office, 2015). Sales is essential
part of getting engineering products succeed, but still
sales has not been natural part of engineering education.
Our strategy establishes role of sales education in
engineering. Digitalization is emphasized in the current
program of Finnish government too (Prime Minister's
office, 2015). In addition, the importance of digital skills
are stated in the European Commission (2013) report
too: Digital skills are fundamental to an effective use of
ICT. A recent report about the influence on ICT in the
productivity and economic growth in Finland says that
Finland has good preparedness to increase productivity
and economic growth with digitalization (Pohjola, 2014).
Building engineering excellence in action requires
multiple new minds to understand and solve problems
and to create and innovate. As Goldberg and Somerville
write a whole new engineer needs to extend and build six
minds: analytical, design, linguistic, people, body and
mindful. (Goldberg & Somerville, 2014) The figure 1
below summaries the foundation of the future higher
education institute of engineering innovation in Turku
University of Applied Sciences.

Excellence in action
The leading theme in our strategy is Excellence in
action. Our goal emphasizes international professional
excellence. Our success will be measured with the
generated innovations and entrepreneurship. We have
been active in pedagogical development and continuous
improvement, but with the new strategy we want to take
our university into next level.
Our education is based on innovation pedagogy
(Kettunen, 2011). In engineering education innovation
pedagogy is implemented with the CDIO approach
(CDIO, 2014a). Both innovation pedagogy and CDIO are
not new to our university rather we have been working
with them many years. For example our university joined
the CDIO initiative in 2007. Still, this strategy is our first
that truly combines the strengths of both. Actually
innovation pedagogy and CDIO complement each other
well (J. 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). CDIO
on the other hand emphasizes educating students with
deeper working knowledge of the technical fundamentals
and educating engineers that a capable of leading the
creation and operation of new products and systems. The
three key elements of the CDIO approach are
understanding the context of engineering education,
understanding the abilities needed by contemporary
engineers and reforming education to ensure that students
learn these abilities. (E. Crawley, Malmqvist, Östlund,
Brodeur, & Edström, 2014) The abilities are described as
a reference model in the CDIO Syllabus (E. F. Crawley,
Malmqvist, Lucas, & Brodeur, 2011) and the education
program reform guidelines are expressed as CDIO
standards (CDIO, 2014b).
The strategic program of future higher education
institute of engineering innovation has four fields of
operation in focus: maritime cluster, circular economy,
sales and digitalization. These focus areas are well
rationalized. Maritime cluster is one of the major
industrial sector in Turku and it has strong connections to
our university operations. Circular economy is clearly

Figure 1. Future higher education institute of engineering
innovation.

Building the future higher education institute of
engineering innovation
Building of the future higher education institute of
engineering innovation will be done through four areas
of improvement. These areas are
• new structures
• new teacher
• new learner
• new culture.
New structures
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New structures aim at more flexibility in learning and
increase of project based learning. These new structures
deal strongly with the curriculum and implementing
learning and teaching. Reforming curriculum can be
rewarding since curriculum change can create positive
environment for promoting strategic plans (Kandiko &
Blackmore, 2012). This is a question of reforming
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engineering education which according to Crawley et al.
(2014) is best addressed on a department or program
level. This way common expectations for faculty
performance and student responsibility for learning can
be set and maintained (E. Crawley, et al., 2014).
First degree programmes have already volunteered to
reform their curriculum. Among them are Chemical and
materials engineering and Business information systems
programmes for example. General principles of our
curricula reform include following (J. Kontio, 2014): a)
curricula is based on relative large modules, b) study year
is divided in five periods (9 weeks, 7 weeks, 9 weeks, 7
weeks and 7 weeks), c) introduction to – courses in first
semester, d) multi-disciplinary innovation project (15
credits) in third year of studies, e) elective modules in the
beginning of second and third year (15 credits each).
These general principles have been further discussed and
project based learning will be further emphasized. Our
goal is to have large project modules in every study year.
Confederation of Finnish industries (2011) share this
ideology in their report stating that at best learning is
done in projects where students grasps information
through phenomena and problems. Introducing project
based learning we create integrated learning experiences
and provide broader competencies, encourage creativity
and entrepreneurial attitudes that are all seen important
structures of contemporary curriculum (E. Crawley, et
al., 2014; Göran et al., 2015).
Flexibility is another key term in new structures. As
mentioned earlier we have already a lot of flexibility in
our curricula, but what we can still increase is learning
pathways within our university as well as between
institutions just like the recent report about Finnish
higher education suggests (Göran, et al., 2015). While
increasing flexibility we must take care of study
counselling, mentoring and guidance (Kandiko &
Blackmore, 2012). We should provide lifelong learning
opportunities for students of all ages who, for career and
life-style reasons, seek to re-enter the education system,
including those who already hold a Bachelor’s or
Master’s degree (Göran, et al., 2015). Therefore we have
started discussion with universities to provide new
learning pathways for our Bachelors to Master studies in
science universities. Furthermore we are developing our
own Master programs to better answer the needs of the
working life. Master programs in university of applied
sciences require minimum of three year working
experience after the Bachelor degree. We have identified
two main interests of the possible students: leadership
focused programs and technological focused programs.
Leadership focused programs will provide skills and
knowledge on leadership and management and aim at
helping the students to take the next step in their career.
Technological focused programs on the other hand focus
on certain technological field and aim at deepening the
skills and knowledge on the specific field. These
programs are constantly open for new students whereas
the leadership focused programs are open only on certain
application period. Technological focused programs will
be strongly connected to our research groups and a
student will become member of a research group while
studying.

New teacher
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New teacher means transforming teacher profession
from pure expert to more coach-like profession without
losing strong expertise. We should move from teaching
to guiding of learning (Eskola-Kronqvist, Mäki-Hakola,
Mäntylä, & Nikander, 2015). Our teachers will become
coaches and facilitators that lead and guide the learning
experiences. There must happen a shift from contact
hours and lecturing to new ways of teaching and learning,
which many of our personnel we have been doing
already. Still, there is room for stronger shift into this new
direction. We will move to more learning-focused
education and while doing so current faculty must be
supported in their personal development and use of
teaching and learning techniques (E. Crawley, et al.,
2014).
Although we have had innovation pedagogy around
for some years already it still needs to be discussed and
our personnel needs to be trained for it. Innovation
pedagogy learning continuum is one of the strategic
programs of our new strategy. One central action in this
strategic program is to arrange personnel trainings in
innovation pedagogy. In addition to the innovation
pedagogy concepts and models we have identified the
need for strengthening personnel skills in modern ICTtools that can support teaching and learning. This strong
need of teachers’ skills in ICT, virtual teaching and
learning is acknowledged nationally too (EskolaKronqvist, et al., 2015; Prime Minister's office, 2015).
For this we have been building an ICT tools testing and
learning environment for our personnel together with
Microsoft. This will be opened in autumn 2015 and after
that we will start training sessions for personnel.
In addition to the pedagogical skills we must make
sure that our personnel’s skills and competences in
engineering and their own expertise area are up-to-date
and relevant. The change process requires strengthening
the competence of faculty in engineering skills (E.
Crawley, et al., 2014). We must not leave our personnel
alone here rather we need to support this transition. One
solution that has been planned is working life periods for
our personnel. There are plans that every faculty member
has a working life period within a certain timeframe. This
period can be for example three months or even longer.
We have some experiences on this kind of activities in
part of our university (E. Kontio, Lakanmaa, & Kontio,
2015; J. Kontio & Suni, 2008), but now we want to
enlarge it to the whole university. The main goal of this
is not only to provide updated working life experience to
our personnel rather also strengthen our connections to
the industry and provide information to the industry on
our operations and possible co-operation opportunities.
In addition to supporting our personnel in their
engineering skills we are also planning to introduce a
system of visiting professional professor. A visiting
professional professor is a recognized expert in his own
field working in industry or in higher education. As a
university of applied science we are strongly
emphasizing the professional expertise – relevance to
real working life and industry. He/she will be hired for
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our university for a predefined period and he/she will
work according to mutually agreed plan. This plan can
include various tasks in teaching and in research and
development. The visiting professional professor system
can be used to complement certain expertise field or it
can be used to introduce new expertise fields. During this
autumn we need to identify the first expertise fields for
visiting professional professors and also identify possible
candidates. At the same time we need to solve the
practical matters relating to the hiring of a visiting
professional professor. Probably large amount of the
visiting professional professors will come abroad from
our partner universities. This ideology fits well with the
recent report (Göran, et al., 2015) stating that Finnish
higher education and research are in great need of
strengthened internationalization.
The activities presented in this new teacher section
are well supported in the CDIO approach too. Standards
9 and 10 deal with faculty skills in engineering and in
teaching and learning (CDIO, 2014b).

field of study. We would like to have an entrance
examination that is more like the actual studying and thus
prepares the students the way learning will take place. A
big challenge here is that the entrance examinations are
national and changing our exam to something else means
that it is has to be managed by us alone.
New culture

New learner
New learner means strengthening intrinsic motivation
for learning and enabling individual learning paths.
Strengthening intrinsic motivation is important because
when intrinsic motivation is enhanced students are more
motivated and inspired to the subject they are working on
(Goldberg & Somerville, 2014).
Goldberg and
Somerville (2014) give several ways to support intrinsic
motivation:
• Autonomy: student can make meaningful
choices on their education
• Purpose: student do things that matter to
their peers and to the world at large
• Mastery: student experience feeling of being
able, effective and doing well.
The listed ways are relevant when we define our
curriculum activities. It is essential that we have these
elements in balance. We have to provide enough
autonomy, but at the same time students must have the
sense of mastery. Similarly the projects and activities
have to have a purpose. Earlier we have already
experienced that intrinsic motivation is affected with
these factors. A good example is our innovation project
that has been very successful and interesting project
module. However, there are still too much teaching and
learning where extrinsic motivation has a major role.
Reforming this is not a simple question rather it deals
with the curriculum structures, teacher’s pedagogical
skills and also students’ abilities. Our new structures and
new teacher areas of improvement have to keep these
requirements of new learner in mind too. For example
enabling individual learning paths is an area where these
areas of improvement overlap. Individual learning path is
also a direct answer to autonomy thus intrinsic
motivation.
Another thing that has been discussed here is
renewing our entrance examination system. We think that
the current system does not support us to get those
students who truly have the intrinsic motivation for their
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The previous three areas of improvement require
changes in the learning and teaching culture. Effective
learning depends heavily on the interaction of faculty and
students. Typically it is a question of attitudes such as
cooperativeness, goodwill and openness. In other words
this is a question of cultural change. (Blackmore &
Kandiko, 2012; E. Crawley, et al., 2014) Our strategic
goal aiming at Excellence in action means also raising the
level of studying and requiring more from all members
of our community. It is not a matter of fixing something
that is broken, but improving something that is vital to
our future technological education (E. Crawley, et al.,
2014). We can do better!
Shattock (2010) has written that successful strategic
management is highly dependent on a supportive
institutional culture. CDIO approach is also calling for a
new cultural framework or environment because it is the
context that supports learning (E. Crawley, et al., 2014).
As a higher education institute we need to react and
transform ourselves to the changes in the external
environment. The external environment demands a
change in the culture of engineering education –
engineering education must change to survive in a world
of ubiquitous information and accelerating technological
advances (Goldberg & Somerville, 2014).
Creating a new culture is not an easy task. Clark
(1998) has presented five general change pathways for
universities. First, the strengthened steering core is
needed because the complexity of universities has
increased and the pace of change has accelerated.
Second, the expanded developmental periphery refers to
the need to reach across the old university boundaries,
link with outside organizations and groups and build
outreach structures such as research centers. Third, the
diversified funding base becomes essential when the
governmental funding base is hardly increasing. Fourth,
the stimulated academic heartland emphasizes the need
to achieve changes in the departmental level and turn
them to entrepreneurial units reaching outside with new
programs and relationship and promoting new income
sources. Fifth, the integrated entrepreneurial culture
refers to the work culture that embraces change and
creates ground for new practices and innovations. Our
new strategy seems to emphasize most of the pathways –
only the third pathway is not emphasized in the strategy.
Reason for that is in the recent years and the changes in
the national funding model thus forcing us to focus those
issues already earlier. Altogether these pathways all deal
with culture – the way our university operates and what
we see relevant to us. The importance of culture and
required change can be summarized in a citation from a
book by Goldberg and Sommerville (2015): If we are
going to trust students, if students are going to have the
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courage to take risks and learn from failure, if we're
going to move from competitive framing of education to
a collaborative one, if we are going to develop students'
openness and willingness to reflect, and if we hope to
make the learning of engineering joyful instead of
painful, we will need to change not just the curriculum.
We need to create a new culture of engineering
education!

professors in countries where so-called sabbatical years
are in use. Maybe one challenging part in improvement
is the the new learner. The is general consensus on the
need to change the entrance examination, but so far no
sustainable solution have been found. Finally, the need
for cultural change is agreed, but future will show how
we manage implementing it and also how our stakeholder
approve it. We must be patient and be careful not to go
back to the old way of working.
During the autumn 2015 we will finalize the strategic
programs and key performance indicators. In addition,
the key performance indicators are taken into program
and personal level, and personnel are challenged to
initiate concrete proposals to the strategic programs.
There is some financial incentives available too since the
strategy implementation is supported with additional
funding. Similarly as Blackmore and Kandiko (2012)
conclude the idea is that through strategic resource
allocation broader collaboration and wider change across
the institution can be achieved.

Discussion
Our strategy is very well aligned with the recent
reports on higher education in Finland and the new
governmental program. According to Göran et al. (2015)
one of the key objectives of the Finnish higher education
system is to enhance sustainable economic growth,
employment and competitiveness. Similarly, the
economy and employment in Finland can be restored to
growth only through entrepreneurship and work (Prime
Minister's office, 2015) and economic function of higher
education, and its role in meeting the skill needs of the
changing labor market, is seen as central to Finland’s
future (Göran, et al., 2015). Our strategy is easily
understood and it has clear strategic programs that guide
our strategy implementation. However, a key question in
the future is how we can maintain the new way and not
to be drawn back to the old ways of doing and working.
In Graham’s (2012) study this was identified as one
major challenge. She identified several activities that can
support lasting change. Many of these can be identified
in our strategy process such as communicating the new
strategy clearly and engaging the university community
to the strategy process.
A report by Confederation of Finnish Industries
(2011) encourages us to focus on two things throughout
the educational system to obtain change: educating skills
alongside information and doing together instead of
stressing individual performances. Our strategy process
seems to fulfill these: skills and information are going
alongside in our curriculum and we are emphasizing
inspiring community as one of our strategic programs.
The foundation elements of the future higher
education institute of engineering innovation –
innovation pedagogy and CDIO – provide strong and
recognized foundation to our strategy. CDIO initiative
has over 120 universities worldwide and innovation
pedagogy has been successful in research and
development funding calls in European Union.
The four areas of improvement are moving on all the
time. First concrete co-operation agreements have been
negotiated in Mechanical engineering to formulate
learning pathways from Bachelor to Master studies and
negotiations will continue after summer with other fields.
Similarly first new master students will enter our research
groups in autumn. The new teacher area of improvement
is accelerating pedagogical transition in our university.
Pedagogical education is already part of our formal
teacher qualifications in university of applied sciences,
but we will promote and urge on introducing active,
innovative and student-focused learning. Visiting
professional professor is an interesting concept that we
look forward to succeed too. It might be a possibility for

Conclusions
This paper has described the strategy process of
Turku University of Applied Sciences and one of the
strategic programs namely the future higher education
institute of engineering innovation. The paper has shown
the key elements of this strategic program. It has given
detailed information on the implementation plans of the
strategic program. Furthermore we have hopefully been
able to provide some fresh ideas for engineering
education development. However, we must remember
that development activities are always connected with the
context and structures of the higher education system in
specific country. Therefore our plans are maybe not
transferrable to other institutes as such, but we are sure
that they have given some ideas of possible development
activities.
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