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Abstract

of the world-wide-web WWW in the 1990s, and the
lexicon that ensued expands: computer-assisted
learning, internet based instruction, web-based training,
on-line learning, distributed learning and digital
learning etc. To some, e-Learning is to facilitate the
teaching, training and learning via the internet. From a
formal education perspective, according to the Centre of
Education Research and Innovation report (2005), “Elearning refers to the use of information and
communications technology (ICT) to enhance and/or
support learning in tertiary education”. Equally
significant is the adoption of e-Learning by corporations
or organisations, like the BBC in the UK, the UK
National Health Service (2009) and IBM’s e-Learning
portfolio is well documented. As ICT evolves, mobile
learning, viewed as an extension to e-Learning, is in
vogue. For teaching and learning, gamification could
make learning more engaging, which no doubt appeals
to a new generation of learners.
In Hong Kong, the universities have taken up eLearning in different ways and forms, for instance, at
the University of Hong Kong, a dedicated lab to develop
e-Learning in their Electrical and Electronic Department
and an ‘E-learning Pedagogical Support Unit’ was
established in early 2012 by the university; at the City
University of Hong Kong, a range of engineering ecourses is available, covering building services,
computer animation and construction materials. On the
main, some blended learning approaches were adopted.
The Open University of Hong Kong, possibly a leader
locally in the field of e-Learning provision, started with
distance-learning and on-line learning programmes and
now offering a number of e-Learning programmes at a
Master degree level. In the school sector, there have
notable efforts by the Education Bureau to promote the
use of IT in education and in Education Bureau Hong
Kong SAR report (2012) concluded that “schools are
ready for a paradigm shift towards the mode of studentcentred e-Learning.” In the IVE Engineering Discipline,
a task group was formed in 2014 to strengthen the eLearning provision, which further explored the Moodle
as the virtual learning environment to facilitate learning
and its support via the computer, supplementing the
traditional classroom teaching and learning. The
experience is recounted in the following section.

With the evolving of information and
communications technology, the new generation lives
in the era of electronic information. Internet access
is very easily available around the city and internet
surfing has become a habit which permeates our
daily lives. It is not limited anymore to emails, realtime chatting or filling online survey. In fact, it can
help the user to acquire new ideas and knowledge.
Online e-Learning is thus worth exploring to support
teaching and learning in vocational education. In this
paper, the authors will recount the first attempt in
applying e-Learning to support learning. The initial
study of the online e-Learning modes included
webpage illustration, video coaching, and public
video teaching materials via the Moodle platform.
The assessment results of students adopting the
above e-learning mode were compared with those of
the control groups with face-to-face teaching.
In the second attempt, lecturers and the students
or potential users evaluate the MOOC platform
from one of the VTC institutes and another similar
platform. The evaluation and review of their
performance are based on some adjusted standard
criteria.
After the analysis of the findings,
suggestions were proposed to improve the
effectiveness of e-Learning implementation for
engineering modules. The paper aims to share the
findings in the first and second stage of the review.
Suggestions for the implementation stage of eLearning for vocational education at a department
level are offered for discussion, inviting exchange
and experience-sharing with conference participants.
Keywords: e-Learning, Moodle, online video, MOOC
Introduction
e-Learning is believed to have the potential to
revolutionize teaching and learning. Over the past
decade, it has certainly been having an impact on
education and training at all levels, schools, postsecondary education and professional training. Its
significant growth can be traced back to the introduction
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Initial Study
In the initial attempt, the first stage is to use Moodle
(an internal e-Learning platform) to facilitate the
qualitative analysis of the e-Learning studies. The
incentives and objectives were clearly delivered to the
target students in order to collect timely and relevant
data for analysis. The study of the online e-Learning
modes included webpage illustration, video coaching,
public video teaching materials and interactive MOOC
platform. A popular and relevant existing webpage
www.mathisfun.com
was
showed
for
basic
mathematics. Videos were recorded by relevant subject
lecturers to illustrate basic workflow procedures and
calculations. Online teaching videos from YouTube
were introduced to explain the detailed stepwise
calculation.
The assessment results of students adopting the
above e-Learning mode were compared with those of
the control groups with face-to-face teaching. Special
interests were paid to those capable students against
those less capable students after the e-Learning
assessments.

Figure 1 Performance Distribution
Both groups had similar results as shown from Table
1, Table 2 and Figure 1. Figure 2 below shows that
access time of the Experimental Group which revealed a
very high hit rate of the online question samples during
the quiz period. However, the less capable students hit
rate is very low.

(1) Face-to-face teaching vs e-Learning
Two groups of Year 1 students from Campus A and
Campus B were selected to study the same three topics:
a) Reinforced Concrete Design – Basic Concepts, b)
Reinforced Concrete Design – Design of a Simple Beam,
and c) Construction Contract and Administration: Law
of Contract. Results of 73 students from Campus A and
146 students from Campus B were investigated. Both
groups were selected to have similar distribution of
GPA. At the same time, Less Capable Students (LCS)
from both groups, whose GPA were less than 2.5, were
extracted particularly to study their behaviour.
1a) The same set of 50 multiple choice questions was
delivered to the Control Group (CG) from Campus A
together with the teaching, while the Experimental
Group (EG) from Campus B had to go through the
questions online by themselves. After the topic was
delivered in lecture, the two groups were given a test in
which 10 questions were selected randomly from the
pool of multiple choice questions.

Figure 2 Daily Hit Rates
1b) The details of the simple beam design were
calculated step-by-step for the Control Group from
Campus A. On the other hand, 8 short videos of 8-10
minutes each and of similar calculation steps with
verbal explanation were uploaded to the e-Learning
platform for the Experimental Group from Campus B to
access and revise on their own. A core question similar
to the example was given to both groups as a test.

Table 1 Performance of All Students

Table 2 Performance of Less Capable Students
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1c) The concept of law of contract was delivered to the
Control Group from Campus A and 4 similar videos
about 11 minutes each with English and Cantonese were
prepared for the Experimental Group from Campus B.
A formal test was also conducted with both groups.
Similar results as previous section 1b) were found.

Figure 3 Performance Distribution
Table 3 Performance of All Students

Figure 5 Performance Distribution
Table 5 Performance of All Students

Table 4 Performance of Less Capable Students

Table 6 Performance of Less Capable Students
Table 3 shows that the Experimental Group from
Campus B had a lower result than the Control Group
from Campus A. Table 4 shows that the result was
more significant on the LCS group. Figure 3 shows the
performance distribution of all students.
Figure 4 below shows that the high hit rates near the
test and exam period were also found in this test.

On the findings of the three tests, there was no
significant difference on the results of the basic concept
but the performance of Experimental Group from
Campus B dropped slightly on the results of the other
two tests which required complicated calculations and
abstract concept. The drop was even more obvious on
the Less Capable Student group.
There was a
significant Just-in-Time study behaviour where most of
the students would study the learning content only few
days before the assessments. Students were also found
to have higher motivation and activity during night time
9pm-11pm where the hit rate was the highest. The next
high hit rate would be the two hours before and after the
lunch hour. A focus group discussion meeting was hold
after the tests with Experimental Group from Campus B
on the results. Students relied on their peer support very
much especially on those complicated questions that
required further explanations. Printed notes were
preferable since this facilitated their discussion with

Figure 4 Daily Hit Rates
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their classmates on difficult questions. Online video on
Reinforced Concrete Design was generally welcomed
by students. However, students commented that it was
time-consuming to watch the whole video and hard to
scan through the video and make notes on the difficult
areas.
(2) e-Diagnosis & Enhancement on Mathematics
A pool of 108 multiple choice questions on 9
fundamental mathematics skills was set in Moodle.
Fresh Higher Diploma (HD) students from Mechanical
Engineering (162 students) and Surveying (154 students)
who had just registered were invited to join the tests. If
the student failed in a specific topic, the students would
be provided with relevant e-Learning resources and they
can perform the enhancement module tests with 2 more
attempts. Completion of all diagnostic tests or the
relevant enhancement module tests would be considered
as pass.
Figure 6 below shows that the attempt rate was low
in the first week of the test. Since the fresh students
were not familiar with Student email and Moodle
system, the invitation had to be supplemented with
personal email and three Short Message Service (SMS)
so as to encourage more participation.

Figure 7 Hourly Hit Rates
The e-Learning resources for the related study
content included (a) Graphical and text-based, (b) Video
in English with English subtitle and (c) Video in
English with Chinese subtitle. The view count of (a) is
significantly lower than the other two which have
similar view counts.
Table 7 Performance of e-Diagnosis & Enhancement

The number of students who passed all the
diagnostic tests (D) and enhancement modules (G) was
relatively low. There were quite a lot of students who
could not finish the test. A few phone calls were in fact
received asking the helpdesk for the enrolment of the
test and the instructions to carry on the tests.
Combining with the low attempt rate and completion
rate, it could be found that in order to conduct effective
e-Learning, a clear instruction or user interface should
be presented. The learning content and assessment
workflow should be well designed in a sequential order
and straight forward manner for easy following. It
would be even more effective to have a briefing to
instruct the students how to the deal with the test and
make use of the online materials. More importantly, a
strong motivation or well-defined incentive was
required in order to stimulate the student participation.

Figure 6 Cumulative Distribution of Student Number
The distribution of quiz attempt time of the fresh
higher diploma students (Figure 7) had similar peaks at
night, 2 hours before and after lunch when compared to
those year 1 students.

(3) Piloting with Pearson
Subsequent to the test using our internal platform,
existing well-developed e-Learning materials from
Pearson was introduced as a pilot test to our higher
diploma students. The platform included clear graphical
presentation as well as video presentation to deliver the
learning content. At the end of each topic, quiz would
be given to the students to evaluate the performance.
Step-by-step calculation would be provided if the
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that are measurable?’, ‘The learning objectives are
suited to the level of the unit?’, ‘The distinction between
required and optional materials is clearly explained?’,
and ‘The instructor’s plan for classroom response time
and feedback on assignment is clearly stated?’ We
should pay attention to these items. Both platforms
received a relative good satisfaction on item
‘accessibility and usability’. Both platforms received a
relative low satisfaction on item ‘Learner Support’.

student found specific question to be difficult to solve.
The platform required a course fee. Although students
were guaranteed to be refunded with the course fee, at
the end, few students completed the course.
Current Attempt
The second stage is to evaluate the MOOC platform
from one of the VTC institutes (QE) together with
another well-known platform (KA) by lecturers and the
potential users from a vocational education institute.
Teachers and users were arranged to evaluate the
performance of the two e-Learning platforms based on
some standard criteria. After the analysis of the
findings, suggestions were proposed to improve the
effectiveness of e-Learning implementation in
engineering modules.
A brief review on e-Learning quality aspects used in
USA and Europe, (e.g. Joseph Grifoll (2010) Quality
Assurance of E-learning, Stamenka Uvalic-Trumbic
and, and Swedish National Agency for Higher
Education (2008). E-learning quality: Aspects and
criteria for evaluation of e-learning in higher education)
was conducted before the current attempt. We found
that the Quality MattersTM (QM) rubrics stated by Sir
John Daniel Ed. (2012) in A Guide to Quality in online
Learning are appropriate for our purpose.

Discussions
From the initial study, the learning behaviour of
vocational education students in e-Learning was
understood. In addition, the current attempt found that
QM rubric provides a practical framework for eLearning initiatives. The following are some salient
points considered for the implementation of e-Learning
for vocational education at a departmental level based
on the QM rubric.
Learning Objectives (Competencies) – Learning
objectives should be stated clearly. Therefore, the
learners can select units to suit for their own learning
plan. Starting from 2012, the vocational engineering
education in Hong Kong is using outcome-based
approach. We can use the measurable intended learning
outcome to help the design of the units.
Assessment and Measurement – To motivate
learners, the evaluation of learner’s work should be tied
to the grading policy. In such case, the unit grading
policy/rubric should be clearly stated.
Instructional Materials – Learners require a wide
variety of instructional materials in the learning
platform. e-Learning materials designer should think
about providing different format of instructional
materials, for example different languages. It should be
clearly explained to learners which units are required
and which units are optional materials.
Unit Activities and Learner Interaction – Online
feedback should be provided during the assessment and
measurement. Step-by-step online hints are desired by
learners. Moreover, it is better to provide classroom
response time for some learners, who need face to face
feedback.
Unit Technology – It was found that interactive
tools, e.g. ‘calculator’ and ‘sketch pad’, are useful for
learners. Moodle is an effective tool for materials
sharing and documents uploading/downloading but
extra efforts are required to develop an attractive user
interface to promote learner engagement and active
learning. Since only basic functions are provided, the
technologies involved are not the most advanced but
ready to use without much difficulty. Platform
supporting peer group study would attract students to
use the e-Learning mode. To facilitate discussion
between students, online chatting is worth developing.
Learner Support – Links about institution's academic
support services and resources are easily overlooked.
There are “eLearning Resources” links available to
access the Moodle Community, Documentation and
News in general but not specific to the target learning

Results Review
After a brief review, the QM rubric is adopted. The
unit of differential calculus of the two materials were
under review by a group of lecturers and also students.
Based on the adjusted QM Rubric items: Learning
Objectives
(Competencies),
Assessment
and
Measurement, Instructional Materials, Unit Activities
and Learner Interaction, Unit Technology, Learner
Support, and Accessibility and Usability. The following
table shows the average score for each item of the
survey by lecturers. The scale is from ‘strongly agree 1’
to ‘strongly disagree 5’.
Table 8 Average Score on Each Item

Rubric Items
1)
2)
3)
4)
5)
6)
7)

Learning Objectives (Competencies)
Assessment and Measurement
Instructional Materials
Unit Activities and Learner Interaction
Unit Technology
Learner Support
Accessibility and Usability

QE

3.96
3.68
3.27
3.68
2.80
4.00
2.69

KA

2.42
2.38
2.64
3.01
2.64
2.82
2.14

The result shows that KA received more satisfaction
in all items of the QM rubric. A focus group discussion
with the lecturers and some potential users (students)
was conducted after the survey. From the discussion,
most of them prefer to use KA to learn the unit. It
demonstrated that QM rubric is a useful tool for us to
design our e-Learning materials. There are some subitems which are ranked as ‘Not Applicable’. That
means they are difficult to be identified. The sub-items
include ‘The unit learning objectives describe outcomes

383

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai
module due to the lack of resources. Support in
academic services and student services still have rooms
for improvement.
Accessibility and Usability – Both platforms can
provide a satisfaction on accessibility and usability. It
demonstrated that this is an essential factor for a
successful
e-Learning
platform.
More
video
introduction, graphical interfaces and sound effects
could be supplemented to facilitate readability and
usability.
On E-Learning evaluation, as summed up in the
presentation title by Thomas C. Ouimet of Yale
University: “Did they like it, did they learn from it, did
they change?”, which shows that the focus on the
learner’s perspectives is key to its measures. For the
present work, our team would adopt a bottom-up
approach building on the individual topics rather than
module/course as the basic unit of e-Learning adoption.
From that, we would gain more experience on etutorship, peer learning and self-assessment for further
refinement of the approach. It is also apparent from
stage 2 study that a rich digital media would be
desirable but not a necessity, which would allow a less
resource intensive start-up. At the on-set, it would be
beneficial to establish advocacy groups, allowing likeminded lecturers and students to provide the necessary
support to e-Learning, whilst the QM rubric would be
the reference guide for the overall architecture for the
different units of a module and eventually programme
level development.
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Abstract
The School of InfoComm Technology (ICT), Ngee
Ann Polytechnic (NP) offers a specialization
pathway in Infocomm Sales and Marketing (ISnM)
for students taking the IT Diploma.
This
specialization started in 2010 and is unique among
all the polytechnic courses in Singapore.

The positive outcome of this learning design can be
seen in the increasing number of successful
internship placements for ICT’s ISnM interns and
the positive feedback from industry leaders on the
performance of these interns. It is also evidenced
by student feedback and high Module Experience
Survey scores.

The design of this specialization pathway uses a
framework of three innovative learning
approaches supported by information technology.
Students "Learn by Doing with Realism", "Learn
with Increasing Autonomy" and "Learn with
Others". Students are issued mobile devices (iPad)
with access to specially designed multimedia lesson
packages (iBook) and course content (iTunesU).

Keywords
Experiential Learning, Authentic Learning, Industry in
curriculum, ICT-tools for Learning
Introduction
The School of InfoComm Technology (ICT),
Ngee Ann Polytechnic offers a three-year course that
awards the Diploma in Information Technology (IT).
One of the specialization in this course is that of
Infocomm Sales and Marketing (ISnM). This
specialization was developed as a result of close
collaboration with industry partners who identified a
gap in IT graduates who need to be both competent in
IT knowledge and have well-developed sales and
marketing capabilities.

The authentic learning experience designed in the
course allows students to experience "Learn by
Doing with Realism" in a context that is aligned to
what sales and marketing professionals do in the
real world. In this way, students have a stronger
appreciation of sales & marketing within the
context of the Infocomm industry. The use of roleplays, exposure to real customers and use of real
products during the course enables students to
“Learn with Increasing Autonomy” as students
seek their own ways to be familiar with the
infocomm sales life-cycle, deliver impactful sales
presentations and handle real customer objections,
rather than rely on lecturers for information all the
time.

Hence, the objective of this specialization is to
develop graduates who are specially trained to be
Infocomm Sales and Marketing Professionals. This
specialization consists of 4 core modules. These four
modules are:
1) Infocomm Sales and Marketing (ISM)

The learning process is further enhanced by
putting each cohort through the discipline of
planning and executing a real infocomm marketing
event via a team-based business case challenge.
This enables them to "Learn with Others", learn
experientially and apply what had been learnt
previously but "with increasing autonomy".

2) Infocomm Sales Lifecycle (ISC)
3) Customer Decision Making and Negotiation
(CDN)
4) Infocomm Business Case Challenge (IBC)
The aim of these modules is to allow the students
to appreciate the roles and responsibilities of an
infocomm sales and marketing professional. In order
to do so, the teaching team needed to identify the
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signature pedagogy that would sharpen specific
thinking skills, know-how and professionalism
required in this industry. The signature pedagogy
identified is the applied learning process which is
industry-focused experiential learning.
The first module, ISM introduces students to the
business of marketing, in particular, the key elements
necessary to market products and services in the
infocomm industry. The next two modules, ISC and
CDN, introduce students to the infocomm sales life
cycle that is more consultative in nature and also
allows students to practice for sales presentations. Key
topics that students would encounter in this module
would include issues concerning customers such as
how customers make decisions and how customer
objections are best handled to close sales and maintain
customer rapport. Finally, students get to put together
what they learnt in the IBC module where students get
to market a real IT product or service and compete in
teams to present their proposals to a panel of ICT
industry experts.

Figure 1: Steps to Passionate Learners

Figure 1: Steps to Passionate Learners describes
the approach that the teaching team took when
designing the curriculum. They wanted to create an
environment where students were actively
participating in learning through “doing”, learning
with increasing autonomy, have the ability to work in
teams and learning from one another, and also be able
to leverage on technology to enhance the learning
experience so that students will be transformed from
mere students into passionate learners.

Materials and Methods
It is observed that the students that opted for this
specialization have a narrow mind-set to learning and
their sole objective to be in class is obtain a
qualification for a job. This observation fits the profile
of students described by John Biggs (2012) in that
there is an absence of driving curiosity from the
students towards learning. Faced with this profile of
students, it is a challenge for the teaching team to plan
a curriculum for the specialization that would increase
student engagement with a view to bring about a
conceptual change in the student to become learners
passionate about their field.

To create such an environment where students are
motivated to learn and become passionate learners, the
first step would be to increase student engagement.
The team sought to minimize a didactic approach (e.g.
traditional lecture) to teaching and instead proposed a
framework that adopted three innovative approaches
supported by information technology. These three
innovative approaches: "Learn by Doing", "Learn with
Increasing Autonomy" and "Learn with Others" are
supported by “Information Technology in Class”.
These approaches lay the foundation to “Increase
Engagement” which leads to “Passionate Learners”.
These are explained in greater details in the following
sections.

One of the ways to increase student engagement
is to raise students’ intrinsic motivation to learn.
Patterson (2012) proposed that more information
technology should be used to customize learning and
make lessons more learner-centric, and students would
likely be more intrinsically motivated to participate in
learning. To do so, the learning environment must be
re-designed to “invite” students to be actively engaged
and participating in the learning process

Increase Intrinsic Motivation: Learn by Doing
The ISnM curriculum has numerous activities that
enable students to "learn by doing". This follows
closely to Biggs (2012)’s "verbs that the students have
to enact". These activities include devising a
marketing plan and presenting this plan, not just to
their lecturers, but to real customers who are likely to
buy the products or services that they are marketing.
This focus on getting students to “learn by doing"
improves the level of intrinsic motivation (Abeysekera
& Dawson, 2014).
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with

skills which can be developed through the use of
information technology.

In addition to the approach "learn by doing", it is
important that students "do more with less". This
means that as students mature in their thinking and
learning, the guidance given in each activity by the
tutor is reduced in tandem with the task becoming
increasingly more sophisticated and challenging. The
students are expected to be more autonomous about
their own learning and be less reliant on tutors when
faced with difficulties. They are expected to work
through problems with minimal supervision, relying
more on themselves and developing important 21 st
century competencies such as critical thinking and
problem solving during this process.

The use of information technology to enhance
student learning is well documented and much of the
literature reviewed shows research that indicate that
both teachers and students are users of technology, be
it in face-to-face classroom sessions and outside the
classroom. They are familiar with technology use in
their daily lives. (e.g. Lin, 2011; Ng, 2010; Ting, 2010;
Tomei, 2009). However, the use of technology and
students’ familiarity with it, does not mean that they
know how to use technology for learning effectively.
It is suggested that technology ought to be used as a
tool to inspire learning and to enhance learning with
others. (Martinez, 2011)

Increase Intrinsic Motivation: Learn with Others

Throughout the four modules in the Inforcomm
Sales & Marketing (ISnM) specialization, information
technology is heavily utilized to enable students to
learn by doing and learn with others with increasing
autonomy and collaboration. The teaching team
explored a new pedagogy through the integrative
usage of tablet technology and multiple wireless
screen projections in the classroom to create a
different learning environment for the students where
learning is heavily supported by the use of innovative
technology.

Increase Intrinsic Motivation:
Increasing Autonomy

Learn

In order to promote peer discussion, the classroom
selected for this module abandons the traditional row
and column seating arrangement commonly found in
Ngee Ann Polytechnic. Instead, cluster seating layout
is used and this physical change in the learning
environment encouraged peer learning as the layout
now facilitates team discussions and helps to build
team identity and camaraderie.
To leverage on the natural team cohesion formed
by cluster seating, relevant team competitions (such as
pop quizzes, discussion, debates, etc.) are conducted
to encourage interaction among the different groups of
students. The students become more socially active
and cognitively engaged, leading to a setting where
students are actively involved and passionate about the
topics being taught as they become more engaged with
content and with learning.

i.

The students are issued with individual tablets
(iPad) and each classroom is equipped with three
projectors with wireless projection technology
(AppleTV). During each lesson, the use of multiple
projection screens deepens the learning experience
where tutors make use of the three screens to show
different slides wirelessly (students are able to
compare and contrast different information shown
simultaneously on different screens) and students
witness the possibilities of presenting using multiple
screens and in many of the students’ presentation,
emulated the tutors.

Collaboration between students becomes the
norm in such a learning environment and "relatedness"
is increased with students coming together to “make
sense” and “construct meaning” from what they have
learnt. Students then become more increasing
motivated through this process of building team
relations, learning from and with one another and just
by being an active participant in this learning process.
Increase Intrinsic Motivation:
Information Technology in Class

Adoption

Uses of Technology in class : Access to
technology

ii.

of

Uses of Technology in class : Ease of
Collaboration

Lessons were also designed such that students
would work on their tablets and share their work with
each other seamlessly in an interactive, dynamic
learning environment. This ease of sharing resources
and information among team members with the use of
technology tools increase the level of collaboration

Rosefsky & Opfer (2012) proposes several 21st
century skills that students need to have for optimum
learning. These are clustered as higher-order thinking
skills, problem solving skills and communication
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likelihood of students using these techniques in real
life settings.

among students, allowing them to see the importance
of learning from one another.
iii.

Use of Technology in Class : Tracking &
Evaluating learning

ii.

The use of digital books (iBook) allows students
to be focused on topics and tutors to track students’
progress through technology that allows them to track
the amount of time students spent on reviewing the
topics online. The use of iPad also allows for new
methods to be used for assessment. For example, it is
possible for students to record a video reflection after
each class and submit each reflection as part of
continuous assessment. This would benefit students
who are more kinesthetic or are weak in their written
expressions. Video recordings provide students with
another avenue to express their understanding and
learning.

Students are given real products, (e.g. Microsoft
Surface Pro, Oculus VR etc) by industry partners and
they are to develop a marketing plan and present this
to the industry assessors. The students are exposed to
numerous real customers and real products during
their course. This exposure allows student to see the
practical application of what they learnt in class and
this realism increases their intrinsic motivation and
engagement. The realism of the experience in using
real products and the direct interaction with industry
partners allow students to experience "learn by doing"
and "learn with increasing autonomy".
Passionate Learners: Understanding the Industry

Through this pilot, the tutors came to the
conclusion that heavy use of technology tools in this
pedagogical approach allowed students to leverage on
their comfort in using technologies to enhance their
learning. This improvement in their learning
experience also increased students’ motivation and
engagement which can be observed through students’
engaging presentations during lessons.

Guest speakers are invited to share with the
students what the industry norms are and how
problems or issues are handled in the real world. Field
trips and learning journeys are also organized to bring
students out of the classroom into the real world. They
visit leading IT companies in their corporate offices,
such as Salesforce and Microsoft. This exposure helps
to expand students’ horizon and allows students to
visualize the real environment they may operate in
upon graduation. These visits also show students the
relevancy of what they are studying to what they see
in the real world of IT, making them more motivated.

Increase Engagement: Realism in learning
Providing students with an opportunity to
experience authentic learning is important to help
them see the relevance of what they learnt in the
classroom to the real world. By injecting realism into
the classroom learning, students will have to apply
their content knowledge in environments that is
unpredictable. Students get to experience the
challenges that they may face in the real world but
within the learning context which will allow them to
learn from each encounter. This realistic learning
sales environment is created where the students have
to "do" and perform. By them interacting with the real
world in a safe environment, students’ intrinsic
motivation is increased.
i.

Realism in Learning : Real Products and
Customers

Passionate Learners: Development of Professional
Skills – Presentation
Being able to make a good presentation in a highly
stressful corporate setting is a core skill for an
InfoComm Sales and Marketing (ISnM) professional.
In preparation for this, ISnM students make as many
as 4 times more presentations compared to students in
other specializations in the IT Diploma course. Every
presentation is intense and it is common for students
to spend up to 2 weeks to prepare for a 30-minute
presentation. During the presentation, the students are
video-recorded and copies of the videos are given to
each student for feedback. The students view their own
presentation to identify their strengths and weaknesses
and reflect on ways to improve their presentation
skills.

Realism in Learning : Role Play

The specialization makes extensive use of experiential
learning in the form of role play to increase
engagement with the student. This approach enables
students to experience how negotiation tactics taught
in the classroom are applied which increases the

In the first module of the specialization, emphasis
is given to the design of the slides. After the students
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have mastered the basics of slides design, the next two
modules focus on their ability to deliver a presentation.
Once they have built up their confidence, the focus
changes to the actual content of the presentation. With
this scaffolding approach and increasing autonomy,
the teaching team is careful to nurture the confidence
of the students and to encourage the development of
these very important soft skills. Creating this "safe"
environment to learn allows the students to be
comfortable with public speaking and discover their
individual optimal presentation style.

Conclusion
The ISnM specialization is unique among the five
polytechnics and is focused on its end objective of
training IT students to be sales and marketing
professionals in the IT domain. To say that some of
these students are "unmotivated" may be true but not
helpful (Biggs, 2012). By making the students learn
by doing with increasing autonomy in a realistic
environment, collaboratively learn from and with each
other and through innovative use of information
technology, the teaching team has improved the
learning environment where motivation is a product
and not a prerequisite for good learning. This brings
the teaching team a step closer to making NP a great
place to learn for the students and a great place to
work, for the teaching staff.

Passionate Learners: Developing an Inquiring
Mind-set
During each presentation session, students in the
audience are to listen actively to their classmates and
they are also expected to ask good questions during the
question-and-answer segment. Marks are awarded for
good questions asked by the student audience and for
good replies by the presenters. In this way, a win-win
situation is created in a positive collaborative learning
environment. Students learn to listen actively as they
follow their classmate’s presentation and this also
reinforces what they have learnt previously. Lessons
become livelier as all the students participate actively.
By creating a safe environment to ask questions,
students build their confidence as they get used to
asking and responding to questions in public.
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Abstract
English learning is a great concern for Japanese,
especially students who are to do business in such a
globalized society.
The Top Global University
Project was launched by the MEXT (the Ministry of
Education, Culture, Sports, Science & Technology in
Japan) in 2014, aiming at enhancing the
international compatibility and competitiveness of
higher education in Japan. The selected universities
have carried out several projects to meet the
expectations and Toyohashi University of Technology
(TUT) is one of them.

English

Introduction
According to Golestani & Zattore (2009), there is
huge variability in an individual’s ability to acquire a
second language (L2) during adulthood. The
observation does empirically make sense to us. What
then causes this to happen? It must partly be motivation
that determines the results of learning as suggested by
countless of studies and experiments (Maslow, 1970;
Deci, 1975; Weiner, 1986). However, it is also obvious
that there is a situation where some learners are
successful in learning but the others not even with high
motivation. This is where the learners’ L1 comes in.
Language transfer, referred to as the carryover of
previous performance or knowledge to subsequent
learning, often occurs positively or negatively from L1
to L2. In sufficiently broader sense, Kellerman &
Sharwood Smith (1986) suggested the term crosslinguistic influence to additionally include avoidance,
language loss and rat of learning as an effect of L1.
Then L1 must somehow determine the outcome of L2
acquisition. How? The answer to the question is not
necessarily clear. The language transfer and crosslinguistic influence show us how some aspects of L1
affect L2, but not how L2 development varies
depending on individual learners.
Some neuroimaging technologies have recently
become tools to break the barrier. The language network
identified by resting-state functional connectivity show
highly reproducible patterns that are consistent with
those reported in task-based brain imaging studies
(Tomasi & Volkow, 2012). Individual differences in
resting-state connectivity have been associated with
language learning abilities of L2 sounds (VenturaCampos et al., 2013) and L2 words (Veroude et al.,
2010). On L2 reading abilities for more general sense,
Chai et al. (2016) found that pretraining functional
connectivity within two different language subnetworks
correlated strongly with learning outcome in two
different language skills: lexical retrieval in spontaneous
speech and reading speed where subjects were
homogeneous in L1 (English) proficiency based on a
subjective questionnaire. The work indicates that the
human capacity to learn a second language can be

Since being selected for the project, TUT has focused
on an extensive English teaching to Japanese
students and showed some successful outcome.
However, not all students meet the requirements of
the project, and there seems to be some factors that
limit the improvement of English skills of some
students. From practical point of view, we suspect it
is Japanese verbal aptitude. Language can properly
work on condition where adequate discourse is
fulfilled and this requires general knowledge
extending all languages in mind that coordinates a
wealth of information about the world. So what if
Japanese verbal aptitude is not good enough to
attain the level of English required in the project?
Here we address the question by examining if
English skill is indirectly affected by a training that
aims at improving the way students express
themselves in Japanese. The project has just started
and the students taking the Japanese expression
skills course are to take their first Japanese Verbal
Aptitude test (Kokugo-ryoku Kentei) and the
English Proficiency Test (Eigo Kentei) in July, 2016.
In the project, we further compare the teaching
effects of Japanese and English, and their
combinations and teaching order, on improving
English proficiency of the students.
The project could verify the importance of the
quality of the students’ first language for their
learning of foreign/target languages and hence
suggest a novel language teaching method where
students are required to train their first language as
well as their target languages.
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predicted by an individual’s intrinsic functional
connectivity within the language network in the brain.
The work by Chai et al. (2016) reported no surface
difference was found in L1 of the participants even with
differences in the brain network connectivity. What
does this mean? One possible answer to the question is
that, in the experiment, the L1 proficiency was not
properly assessed because only a questionnaire was
used for the purpose. It seems possible to differentiate
participants with regards to L1 proficiency if some
proper ways of doing assessment are used.
To address the issue, here we designed an
educational experiment to confirm that L1 (Japanese)
proficiency predicts L2 (English) learning outcome and
if L1 training further improves L2 learning outcome. In
the experiment, L1 and L2 are Japanese and English,
respectively. Once L1 is proved to predict L2
performance, L2 education should drastically be
changed to introduce L1-L2 combined teaching methods
in place of prevailing teaching only of L2.

Introduction/Background of a
selected topic

In-class essay-writing on the topic
with more than 800 characters in
Japanese

Feedback with regard to
• logicality
• appropriateness of word-use
• properness of expressions

Methods
Participants: Two sets of forty participants are
recruited from the 3rd graders at Toyohashi University
of Technology (TUT). The first 40 (Group 1) is the
students who are to take the Japanese expression
training course in the fall semester and the second 40
(Group 2) in the spring semester. Group 1 and 2 were
designated 00 and 01, respectively, in Figure 1. The first
digit indicates whether or not the students receive an
English language training (ET) and the second digit
Japanese expression skills training (JT). 00 therefore
means the students receive neither ET nor JT and 01
students receive only JT.
Japanese expression skills training course: As
shown in Figure 2, the class activity consists of three
activities. First, students are given a instruction for 45
minutes on a topic with its background at the beginning.

Figure 2. Activity flow of Japanese Expression
Skills Course at TUT.

Then the students are given another 45 minutes to write
an essay on the topic with more than 800 characters in
Japanese. Finally the essay is checked and assessed by
the instructor based on logicality, appropriateness of
word-use and properness of expressions. The students
are to receive such an activity 15 times during one
semester.
English language training: The students classified
01 and 02 are required to recite and record a passage in
two weeks selected from the TOEIC official testpreparation guide. The recorded recitation is scored out
of 10 by Ikematsu and another instructor who is a native
speaker of English throughout a semester. The score is
only used for the feedback to improve students' English
proficiency.
Assessment of language proficiency: Japanese verbal
aptitude and English proficiency of the participants are
assessed by the Kokugo-ryoku Kentei (Kokugo-ryoku;
Z-kai Incorporated) and the EIKEN Institution Based
Assessment (EIKEN IBA; Eiken Foundation of Japan),
respectively.
Data analyses: Average scores of Kokugo-ryoku
and EIKEN IBA before and after ET and JT are used to
judge with a paired t-test if the changes in the average
scores caused by the trainings are significant.

English Language Training

Japanese Expression Skills Training
N

Y

N

00

01

Y

10

11

What to be confirmed
The present educational experiment is set up to
confirm the following three questions.
1. Could the Japanese verbal aptitude of Japanese
students be improved through Japanese expression skills
training?

Figure 1. Classification of students on trainings
received.
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The Japanese expression skills course was primarily
introduced at TUT in order to improve students' ability
to effectively express themselves in Japanese. However,
the effectiveness has not been assessed so far. We have
several classes under the name of the course and the
content varies depending on the instructors in charge.
The present study selected a class that focuses on an
essay writing and, probablly in the next step, would
focus on other aspects that would be able to improve
Japanese verbal aptitude.
2. Could there be any difference in achievement of
English proficiency between the students with Japanese
expression skills training and the others without it?
The focus is crucially on this question in the present
study (Figure 3). If Japanese verbal aptitude has an
influence on a learning process of other languages, the
results of English proficiency test could differ
depending on whether the students receive the Japanese
expression skills training or not. If there found to be any
difference between them, the current English language
education should take account of the students' Japanese
aptitude and take actions to be tied with some trainings
where Japanese expression skills are to be improved.
3. What could the relation be like between Japanese
verbal aptitude and English proficiency?
English is considered a logical language and
Japanese is not. However, with regard to functional
aspects like discourse, for example, which plays a
crucial role in conversation, a certain universality such
as a control of consistency holds for whatever the
languages in use. Therefore, such a inherent knowledge
of L1 could work in L2 or FL as well. The Kokugoryoku Kentei and EIKEN IBA are the ones that assess
multiple aspects of skills such as basic verbal aputitude,

reading, writing, listening, and speaking for Kokugoryoku Kentei, and vocablary, reading, and listening for
EIKEN. What aspects of skills are correlated with each
other is another question.
Conclusions
Here we designed an educational experiment to
confirm that Japanese verbal aptitude predicts English
learning accomplishment and if Japanese expression
skills training further improves English proficiency in
Japanese learners of English. Once Japanese verbal
proficiency is proved to predict English performance,
English education should drastically be changed by
introducing something like Japanese-English combined
teaching by changing our attitude toward English
education where English proficiency of Japanese is
considered to be improved at a similar rate as long as
their motivation to learning is the same. Japan is
struggling to increase the number of Japanese who use
English without any barriers by setting up lots of
programs including the one TUT was selected for.
However, such a program would probably be a good
news only for those who have already motivated enough
to learn English. Thing is most Japanese are not
motivated enough to learn English because they feel no
need to use English in everyday life and lose confidence
to be able to accomplish certain goals of English
learning. The latter Japanese do not understand why
they can’t achieve the goals even with full motivation to
learn. This is where the results of the present study give
an answer. Languages a person use are intertwined with
each other. One could help the other, and vice versa.
But the first language could no doubt be the basis of the
languages learned later. Japanese, the first language of
us, could be significantly important even when English
learning is in mind.

English Proficiency
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Abstract

Introduction

Common practice for teaching and learning
laboratory safety is normally through a briefing at
the beginning of each subject. To leverage on ICT
technology for enhancing the teaching methodology,
we have developed an online interactive learning
platform for the teaching and learning of the
laboratory safety for all Year-1 students in the
School of Chemical & Life Sciences of NYP. An
online interactive platform that includes laboratory
safety videos, animations showing proper laboratory
safety practices and a game on the correct disposal
of the laboratory wastes were developed. The
effectiveness of the proposed platform for teaching
laboratory safety was evaluated with two group of
students: control group and experimental group.
The experimental group of students that learned
laboratory safety using the online interactive
learning platform were found to achieve significantly
better results than the control group that used the
“Briefing” method. Both quantitative and qualitative
feedbacks from students show that the proposed
online interactive learning methodology is more
effective, allows students with different learning pace
to master the knowledge at their own pace, own time
and venue, and the various activities were useful to
enhance students’ learning experience and outcomes.
The proposed online interactive platform was found
to achieve better learning experience and outcomes
than the traditional “Briefing” methodology. It is
recommended that the proposed online interactive
platform be adapted to other Years of students in the
School of Chemical and Life Sciences for better
teaching and learning of laboratory safety.

Over the years, there were many laboratory
accidents that were caused by the negligence of proper
laboratory safety practices, as reported in newspapers.
During the severe acute respiratory syndrome (SARS)
outbreak in 2013, failing to meet the laboratory
standards and practices led to three instances of
laboratory related SARS cases in Singapore, Taiwan
and mainland China (Lim, Ng & Tsang, 2006). In late
2008, a research assistant died from horrific burns in a
lab fire at the University of California, Los Angeles
(Van Noorden, 2011). The proper management of the
laboratory safety therefore remains an indispensable
aspect of the academic institutions.
In almost all the higher learning institutes, teaching
o f laboratory sa fet y is usually d o ne with the
incorporation of the safety component into the module
as a single 1-hour lesson per semester. These include an
introductory presentation to laboratory safety rules
during the first lesson, weekly presentation by
instructors on experiment specific safety concerns and
brief safety quizzes based on assigned reading
(Miliszewska & Sztendur, 2011). Sometimes a standard
video showing the laboratory safety rules will be shown
to the students. Similar to many other higher learning
institutes, the laboratory safety training in School of
Chemical & Life Sciences includes a safety briefing at
the beginning of a semester by the tutor, a standard
laboratory safety video also shown at the beginning of
each semester and additional briefing at the beginning
of each laboratory session if there are specific
laboratory safety requirements. In addition, a copy of
general laboratory safety rules is included on the first
page of the practical manual as a constant reminder for
the students about the importance of following the
laboratory safety rules. Email will be sent at the
beginning of each semester to all students to remind
them on the proper conducts in the laboratory.

Keywords: laboratory safety, interactive learning,
pedagogy, laboratory accidents, learning styles,
interactive platform

Unfortunately, lapses in the general laboratory safety
rules are still being observed occasionally despite the
briefing and the constant reminders. The aim of this
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study was therefore to develop and evaluate the
effectiveness of an online interactive learning platform
with gaming for the teaching and learning of the
laboratory safety to all Year-1 students in the School of
Chemical & Life Sciences of NYP. This is done for the
purpose of ensuring that laboratory safety awareness
will be properly imparted among the students so that the
laboratory safety will be followed by the students
whenever they are performing the experiments in the
laboratory.

direct purpose of teaching about a specific topic allows
for better learning of the desired content (Baid &
Lambert, 2010). Proper integration of the learning
content and strategies into the game-based learning
environment also improved students’ learning
performance while maintaining the enjoyable nature of
the games (Hwang, Wu & Chen, 2012). Therefore, a
game was created and incorporated onto the platform
for students to recognize the different types of waste
bins in the laboratory (Figure 3). The platform was
uploaded to the Blackboard Learning system for easy
access of the students.

Pedagogy
An interactive platform based on the setting of
teaching laboratory in School of Chemical & Life
Sciences was created. The commonly seen scenarios in
the laboratory during practical sessions were included
(Figure 1). Videos and animations in the form of pop-up
messages were incorporated onto the platform to show
the wrong and correct laboratory safety practices
(Figure 2). Studies have indicated that games with a

The learning outcomes were also identified. At the
end of the study, students should be able to:

demonstrate awareness of the general hazards in
laboratory

identify the incorrect laboratory safety practices
and describe the correct safety procedures required
in laboratory

identify the proper disposal of various wastes
generated in laboratory

Figure 1: The laboratory-based interactive platform with videos, games and animation incorporated

Figure 2: Videos demonstrating wrong and good laboratory practices
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Figure 3: A drag-and-drop waste-bin
game for the learning of correct waste
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The effectiveness of the proposed platform for teaching
laboratory safety was then evaluated with two groups of
students: control group and experimental group. The
control group went through only laboratory safety
briefing while the experimental group learned through
only the interactive platform.

through the online interactive platform has performed
significantly better; t(318)=-48.68, p=0 (Table 1).

Data Collection
230 year 1 students in School of Chemical & Life
Sciences had participated in the study. The control
group went through laboratory safety briefing by an
assigned tutor at the allocated time and venue. The tutor
were instructed to go through the general laboratory
safety rules with the students during the briefing. The
briefing materials were presented using PowerPoint
with diagrams and illustrations for proper laboratory
practices. At the end of the briefing, there was a
question and answer session to allow discussion among
the tutor and students. The tutor was also instructed to
ensure that the learning outcomes are achieved through
briefing.

Figure 4: A sample of the assessment questions.

The students then took the assessment right
after the laboratory safety briefing. For the experimental
group, the students were instructed to go through the
laboratory safety using the online interactive platform
through Blackboard Learning system within a timeline.
The students were allow to go through the online
interactive platform as many times as they prefer. They
then took the online safety assessment through
Blackboard Learning system.
The questions of the assessment for both groups of
students were the same (Figure 4). Those students who
had scored below 50 marks were asked to meet their
tutor to go through the briefing again and re-took the
assessment until they scored 50 marks and above.
However only the marks obtained during the first
assessment were collected and analysed for this study.

Figure 5: Marks distribution of the control group. Most
of the students scored below 50 marks

Results
Marks Distribution & Mean Comparison
The lowest mark obtained in the assessment for the
control group was 22 and the highest mark was 88. 49%
of the students obtained below 50 marks while there
were only 2% of the students who scored more than 80
marks (Figure 5). On the other hand for the
experimental group, the highest mark achieved was 100
while the lowest mark scored was 72. 99% of the
experimental group has scored more than 80 marks
(Figure 6).
The marks scored by the students in the two groups
were further analysed based on the mean. The mean
marks for the control group was 52 (SD = 12) and for
the experimental group was 95 (SD = 5) (Figure 7). The
significant of the mean marks between the two groups
was analysed through independent t-test. The results
showed that the learning outcomes of the experimental
group who has went through the laboratory safety

Figure 6: Marks distribution of the experimental group.
In contrast to the control group, almost all of the
students scored 80 marks and above
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Discussion
Laboratory Safety – The Challenges
The principle behind the laboratory safety practices may
be better communicated through the use of an active
pedagogy that captures the attention of the students as
suggested by Dewey as early as 1933. Educators agree
that a pedagogy based on the lecture format is less
effective than an interactive classroom (Johnstone &
Percival, 1976; Burns, 1985; Fensham, 1992; Staley,
2003 cited in Blasco-Arcas, et.al., 2013). Students are
generally pictorially oriented due to their experience of
digital technologies and stylish diagrams in print
(Miliszewska & Sztendur, 2011). In addition, these
students have shortened attention spans and reduced

Figure 7: The mean marks for two groups. The
experimental group has achieved better mean marks
Table 1: The independent t-test

interest in reading print (Miliszewska & Sztendur,
2011). This is especially true for the teaching of the
laboratory safety as boredom has been identified as the
greatest challenge for effective training of the safety
(Hill & Nelson, 2005).

Student’s Feedback
The students in the experimental group has
performed a survey after they went through the online
interactive platform. 97% of the students agreed that
they learned well through the online platform. Many
students have also indicated they liked to view the
videos (Figure 8) which helped them to identify the
incorrect laboratory safety practices and describe the
correct safety procedures required in laboratory more
effectively. Students also mentioned that the waste
disposal game has helped them to identify the proper
disposal of various wastes generated in laboratory
(Figure 8).

Quantitative & Qualitative Evaluation of the
Platform
The online interactive platform developed in School
of Chemical & Life Sciences has addressed the key
issues and is effective in teaching the laboratory safety
based on the results collected from the control and
experimental group. The experimental group has
demonstrated better performance as compared to the
control group (Figure 5-8 and Table 1).

Students also mentioned during conversations with
their tutors that they enjoyed learning through the
interactive platform and they hope to continue to learn
the laboratory safety practices through the platform.
Many of them also said that the platform was easy to
explore and the messages incorporated were cleared and
easy to understand.

This has been also supported with the informal
feedback gathered after the implementation of the
online interactive platform from the 12 tutors who were
teaching the practical lessons for Year 1. All the 12
tutors mentioned that they did not observed improper
disposal of the wastes among the students after the
implementation. And there was only 1 out 12 tutors has
observed that student came in improper attire for the
practical lessons. Three tutors have however
occasionally observed improper laboratory behaviours
such as opening door with gloves on and putting
personal items on the bench.
Conclusion
The platform showing the typical laboratory setting
with common scenarios allows the students to better
relate to the real practical session. The platform was
designed to be vibrant and colourful to satisfy the
students’ need of pictorially illustration for learning
(Figure 1). The acceptability and the introduction of

Figure 8: Popularity of the activities among students.
68% of the students preferred to view the videos and
41% of them liked to learn through the game
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pictorial scene into academic curricula as medium for
the teaching has already been demonstrated by Di Radio
(2006) who used interesting and attractive comics to
teach chemistry laboratory safety.

performance in web-based problem-solving activities.
Computers and Education 59, 1246-1256.
Lim, M.; Ng, K. & Tsang, N. (2006). Laboratory
Containment of SARS Virus. Ann Acad Med Singapore,
35, 354-360.

ICT allows the planning of fun, interactive activities
keeping the teaching fresh, current, and interesting
(Baid & Lambert, 2010). This can be enhanced by
combining multiple forms of media together
(multimedia) such as text, graphics, images, animation,
audio and video (Eskicioglu & Kopec, 2003 cited in
Baid & Lambert, 2010). Our online interactive platform
has tapped on ICT to help to sustain interest among the
students.

Miliszewska, I. & Sztendur, E. M. (2011). Playing it
safe: Approaching Science Safety Awareness through
Computer Games-Based Training. Issues in Informing
Science and Information Technology, 8, 38-47.
Van Noorden, R. (2011). A death in the lab: Fatality
adds further momentum to calls for a shake-up in
academic safety culture. Nature, 472, 27-271.

The pop-up messages narrated through the scene and
the videos (Figure 2) incorporated offering a variety of
learning methods that would attract the students’
attention and interest. The game (Figure 3) on the other
hand has certainly brought excitement among the
students and further motivate them to learn laboratory
safety more effectively. The platform also allows
students with different learning pace to achieve the
learning outcomes at their own pace, own time and
venue. This may also explain the tremendous
improvement in the assessment results for the
experimental group. This group of students has the
flexibility to learn at their own pace and convenience
therefore achieving better learning experience and
outcomes.
The proposed online interactive platform was found
to achieve better learning experience and outcomes than
the traditional “Briefing” methodology. It is
recommended that the proposed online interactive
platform be adapted to other Years of students in the
School of Chemical and Life Sciences for the teaching
and learning of laboratory safety.
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This paper summarizes the approach and
outcomes of a flipped classroom teaching innovation
using an evidence-based approach (Petty, 2009;
Hattie, 2009; Sale, 2015) in a Digital Electronics
module at Singapore Polytechnic for 3 consecutive
years. The paper outlines both the rationale of
implementing the flipped classroom format and the
evidence-based pedagogic framework employed. It
then shares the full instructional strategy,
demonstrating how high effect teaching methods,
calibrated to cognitive scientific principles, were
combined with appropriate educational technology
tools to create highly effective learning experiences
for students. The outcomes of the innovation were
evaluated based on 2 areas – (1) the subjective
experience of the students in terms of how they felt
about the programme and their learning and (2)
actual attainment levels in terms of meeting stated
outcomes. For the first area, initial data were mainly
collected using student surveys. During the third
year of implementation, more extensive evaluation
methods such as using students as co-participants
and evidence-based reflective practices were
incorporated. Student feedback clearly showed that
they were positively receptive to the flipped
classroom format. In terms of attainment levels,
comparison was made between the flipped classes
and the entire cohort of students taking the same
module, with overall results from both formative and
summative assessments throughout the semester.
Results showed a consistent improvement in student
attainment for consecutive 3 years. From the 3
years’ experience, it is suggested that the flipped
classroom format, when underpinned by a strong
evidence-based pedagogy, guiding both the learning
design process and the selection and creative use of
educational technology tools, can be an effective and
efficient format for student learning. A key challenge
will be in further developing the creative teaching
competence necessary for expertise in designing and
facilitating the student learning experience using the
approach presented here.

Introduction
Educational Technology (EduTech) was identified
by Singapore Polytechnic (SP) in October 2014 as one
of the key initiatives to prepare our students to be life
ready, work ready and world ready. The EduTech
initiative has 3 focus areas, namely (1) to promote
EduTech literacy of teachers, (2) to integrate the use of
EduTech tools in large modules (more than 500
students), and (3) to cultivate an EduTech learning
community through sharing sessions. At present, the
flipped classroom is the most popular blended learning
format used in SP when integrating the use of EduTech
tools in the large modules (e.g. Lee, Ng & Quek, 2015;
Chua-Moraes, Kee & Wah, 2015).
We have been flipping the Digital Electronics
module in the School of Electrical and Electronic
Engineering in SP for 3 years and the results have been
encouraging (Teoh & Wan, 2014; Chong & Wan,
2015). This has led to a more substantive research
approach to identify the critical success factors
underpining the design and facilitaiton of the flipped
classroom format.
From prior research, the students’ ability factor has
been explored (Teoh & Wan, 2014; Chong & Wan,
2015) and it was documented that weaker students
benefitted from flipped learning and underpinning this
success may have been the application of an EvidenceBased Teaching approach (EBT) (Petty, 2009; Hattie,
2009; Sale, 2015).
This paper documents our ongoing research project
which is systematically employing and evaluating an
EBT approach to flipped classroom learning. Key
apsects of the approach and methodology are identified
and illustrated, new findings presented and
interpretations made, and a frame regarding the impact
of using an EBT approach as a learning model
underpinning
flipped
classroom
practices
is
summarized.
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Pedagogic Approach
There is much interest in flipped classroom among
the academic staff in SP, which reflects the wider global
activity in terms of delivery modes. The flipped
classroom is essentially a blended learning format, and
there is increasing evidence of its effectiveness over
both fully online and face-to-face delivery modes (e.g.
Means, Toyama, Murphy, Bakia, & Jones, 2010), as
well as the obvious efficiency benefits of cost saving.
However, despite the buzz around the flipped
classroom as an exciting new pedagogical approach,
there is a lack of consensus on what exactly the flipped
classroom is and how best to implement it, especially in
pedagogic terms. Indeed, a major critique of flipped
classroom in the literature is the lack of a learning
model to base the learning design on. As noted by
Picciano, Dziuban and Graham (2014)
A prominent feature of much of design research to
date has been a focus on surface features, or physical
attributes (e.g. online, face-to-face), of the design
without articulating clearly the core pedagogical
attributes. (p.27)

Figure 1: EBT Design Process for Blended Learning
In practice this design process is iterative, seeking to
refine the blending of methods, cognitive scientific
principles, and EduTech tools, to continually improve
both the lesson design and teaching practices. The
blending of high effect-size methods to create powerful
learning experiences as been analogously referred to by
Hattie (2009) as “Russian Doll” strategies. For readers
not familiar with ‘Russian Dolls’, they are a set of
different sized dolls, usually around 5, and they fit one
inside another from the smallest to the biggest. Figure
2’s illustration of Hattie’s Russian Doll analogy
provides a visual example of high effect method
combination.

…the heavy focus in existing models on physical or
surface-level characteristics rather than pedagogical
or psychological characteristics is impeding
progress. (p.29)
The original design of the flipped classroom for
Digital Electronics (Teoh & Wan, 2014) was based on
the 3 distinct stages proposed by Norrman (2014). This
3-stage flipped classroom design was enhanced
pedagogically in 2015 through the application of key
principles of an EBT approach documented by Chong &
Wan (2015). For example, in the learning design
process, high ‘Effect-Size’ teaching methods (those
most likely to have high effect on student attainment Hattie, 2009), were calibrated to cognitive scientific
principles relating to how people learn best
(Willingham, 2009; Sale, 2015). Furthermore, the
selection of EduTech tools was based on their predictive
capability to enhance specific aspects of the learning
process. For example, the EduTech tool Kahoot was
chosen for its capability, when used effectively
(especially creatively) to get good student attention and
engagement with the content learning, activate prior
knowledge and check conceptual understanding. In the
language of cognitive science, this had an excellent von
Restorff Effect and hit the ‘sweet spot’ in terms of an
appropriate motivation strategy for many students. The
approach taken and research outcomes are more fully
documented elsewhere (Sale, 2015; Chong & Wan,
2015). The aim is to create learning experiences that
have high predictive outcomes in terms of students’
attainment opportunities and an engaging learning
experience. The design process is illustrated in Figure 1:
EBT Design Process for Blended Learning.

Figure 2: Hattie’s Russian Doll Analogy
Hattie, for example, noted how a number of effective
methods can be strategically and creatively combined to
produce powerful instructional strategies that
significantly impact student attainment. To quote Hattie:
…some effect sizes are ‘Russian dolls’ containing
more than one strategy. For example, ‘Feedback’
requires that the student has been given a goal, and
completed an activity for which the feedback is to be
given; ‘whole-class interactive teaching’ is a
strategy that includes ‘advance organizers’ and
feedback and reviews. (p.62)
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In our approach, the Russian Doll analogy is further
enhanced in terms of the blending process to incorporate
those EduTech tools that have a best predictive outcome
for supporting aspects of the learning process. As Sale
(2015) highlights:

•

Selection and infusion of EduTech tools are based
on the above EBT approach (e.g. EduTech tools
that can enhance key aspects of the learning process
in a given instructional design – lesson).

Implementation: Translating EBT into everyday
practices

In terms of Hattie’s ‘Russian Doll’ analogy, the dolls
are getting an added ICT ‘makeover’, so to speak.
(p.141)

Digital Electronics (ET1003 and ET1004) is one of
the fundamental core modules which all first year
students in the School of Electrical and Electronic
Engineering (EEE) have to study. The traditional class
consists of 60 hours of instruction per semester of 15
weeks; divided into 30 hours (2 hours per week) of
lectures, and 15 hours each of tutorial and laboratory
sessions (2 hours per fortnight of alternating tutorial and
laboratory lessons). The module was first flipped in
2004 and this is the third year we are flipping the
module. For all 3 years, the 2-hour lecture was flipped.
There are 6 diplomas offered by the EEE. Table 1
below shows the breakdown of the pilot groups
involved.

The ongoing professional development process is
modelled on the long established Japanese method of
Lesson Study (Stigler & Hiebert 1999), where groups of
teachers meet regularly to work on the design,
implementation, evaluation, and improvement of a
specific lesson over time. In this process they observe
each other teach, obtain feedback from students and
seek to develop the most effective and efficient lesson
for the particular topic area. For example, at the end of
each lesson, feedback was obtained from the students
using an exit poll and used as part of the evaluation
approach for the next lesson design. Over time many
modifications and refinements were made, which is to
be expected in any new area of learning requiring good
thinking and deliberate practice to achieve competence
and, eventually, expertise.
The underpinning EBT principles are summarized
below:
• The selection of methods are those deemed most
suitable
for
promoting
high
attainment
opportunities (e.g. high Effect Sizes) but
contextualized to the situated context (e.g. learning
outcomes, student profile and resource access and
availability)
• Thoughtful application of the following cognitive
scientific principles (e.g. Core Principles of
Learning, Sale (2015)) as key guiding heuristics to
design our flipped learning experiences:

Table 1: Breakdown of Pilot Groups

1.

Motivational strategies are incorporated into the
design of learning experiences
2. Learning goals, objectives and proficiency
expectations are clearly visible to learners
3. Learners prior knowledge is activated and
connected to new learning
4. Content is organized around key concepts and
principles that are fundamental to understanding
the structure of a subject
5. Good thinking promotes the building of
understanding
6. Instructional methods and presentation mediums
engage the range of human of senses
7. Learning design takes into account the working of
memory systems
8. The development of expertise requires deliberate
practice
9. A psychological climate is created which is both
success-orientated and fun
10. Assessment practices are integrated into the
learning design to promote desired learning
outcomes and provide quality feedback

Year/
Semester

Module
Code

Diploma(s)
Involved

No of
students
involved

No of
lecturers
involved

2014/2015
Sem 1

ET1003*

DCEP (2
out of 8
classes)

36
(motivated
students)

1

2014/2015
Sem 2

ET1004*

DEEE (2
out of 24
classes)

35
(academic
ally
weaker
students)

1

2015/2016
Sem 1

ET1003

DCEP (4
out of 8
classes)
DEB (2 out
of 2
classes)

112
(randomly
picked)

3

2015/2016
Sem 2

ET1004

DASE (4
out of 8
classes)
DCEP (1
out of 4
classes)

88
(randomly
picked)

3

*ET1003 - Digital Electronics 1 (taught in semester 1)
*ET1004 - Digital Electronics 2 (taught in semester 2)
The implementation methodology was similar to
previous pilots (described in Chong & Wan (2015)).
Table 2 shows an overview of the flipped learning
design:
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Table 2: Overview of the Flipped Learning Design
Flipped
Classroom
Stages
Pre-Class

Cognitive
scientific
principles

In-Class

Core
Principles of
Learning by
Sale (2015)

Post-Class

Key teaching
methods
used
-Video
lectures
-Two-way
feedback
-Quiz
-Mini
lectures
-Application
activities
-Peer
instruction
-Mid-point
quiz
-Learner
support for
weaker
students
-Exit poll
-Two-way
feedback
-Question
and Answer
video

Evaluation
The evaluation focused on two key areas: (1) the
subjective experience of students in terms of how they
felt about the programme and their learning and (2)
actual attainment levels in terms of meeting stated
outcomes.
For the first area, initial data were mainly collected
using student surveys. During the third year of
implementation, more extensive evaluation methods
such as using students as ‘co-participants’ (e.g. Lincoln,
1990) and a systematic Evidence-Based Reflective
Practice approach (Sale, 2015) were incorporated. The
use of student as co-participants in the research process
proved invaluable as it meant we were able to explore in
more depth how they were experiencing the ongoing
flipped classroom activities and which aspects were
more (or less) effective from their perspective.
For the pilot in 2015/2016 semester 2, 18 out of 88
students were involved in the research. It is to be noted
that the students were volunteers (not ‘conscripts’) and
expressed an interest in working collaboratively with
the teachers towards enhancing learning effectiveness in
this new flipped classroom environment. They were
fully briefed on their role as members of the research
team, which included conversing with classmates on the
learning experiences, and recording key summaries at
the end of each lesson. Finally, a focus group session
was conducted at the end of the semester by an
independent evaluator fully familiar with the flipped
classroom format and EBT.

EduTech
tools used
-Screen-Omatic
-WhatsApp
-Socrative

-Kahoot/
Socrative

-Socrative
-WhatsApp
-Screen-Omatic

However, it is important to remember that even high
effect methods or EduTech tools are likely to lose the
level of attention or attainment impact if over-used.
Quite simply, students will become habituated to them,
even bored. As with our favourite foods, if we eat them
too often and in too much quantity, they lose that ‘wow’
appeal. That’s how the human mind works in this
respect, and most vividly described by Friedrich
Nietzsche:

Results from Student Surveys
Student surveys were conducted at the end of each
semester to identify key aspects of the subjective
experience of the students. Figure 3 shows the
consolidated responses over the 3 years. Altogether 118
out of 271 students responded to the survey. The
questions were on a 5 point Likert scale from Strongly
Disagree (SD), Disagree (D), Neutral (N), Agree (A) to
Strongly Agree (SA). There was also a free response
question at the end of every section for students to give
their comments and views freely.

Against boredom even gods struggle in vain
Hence, over reliance on any particular EduTech tool is
not advised and the same principle applies to method
use. There is no one single ‘silver bullet’ method, just
better methods in context. Fortunately, now, there are an
increasing number of effective and interesting EduTech
tools that can be blended into the instructional strategy
to create sufficient variation to reduce habituation. In
fact, creative blending, using the approach outlined in
this paper, offers a practical metaphor for motivated
teaching professionals to become ‘Adaptive Experts’
(Hatano & Inagaki, 1986) in Creative Teaching
Competence as depicted by Sale (2015). Adaptive
expertise is seen as the ability not only to solve routine
problems, but also those posing novel and unpredicted
features. In the same context, creative teaching
competence refers to the ability to blend methods,
EduTech tools and other resources into high impact
instructional strategies and apply them effectively and
creatively in practice.

Pre-Class Phase
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In-Class Phase

Student Performance
Apart from what the students told us about their
learning experience, we also wanted to find out the
actual attainment levels in terms of meeting stated
outcomes. We used both formative and summative
assessment strategies to facilitate our learning goals and
objectives throughout the semester.
Comparison was made between the flipped classes
and the entire cohort of students taking the same
module, with overall results computed using marks
from general participation, continual assessment,
laboratory tests, mid-semester test and final exam.
Figure 4 shows the comparison of student performance
over 3 years.
The results show better student attainment for the
flipped classes as compared to school overall.
Furthermore, there is a consistent improvement in
student attainment for consecutive 3 years.

Post-Class Phase

Figure 3: Consolidated Responses of Student Surveys
Data from Student Co-participants
The focus group of student co-participants
comprised 11 of the class members. Based on agreed
areas by the majority of students, the following
inferences and interpretations were recorded:
• The anytime, anyplace and opportunities for
repeated exposure received a strong majority
affordance (which was to be expected).
• The use of the EduTech tools such as WhatsApp,
Socrative Exit Poll and Kahoot were widely noted
as supporting learning.
Students found the
provision of the short videos both supporting of
content understanding and interesting. They also
identified and confirmed the learning benefits of
some of the key explicit EBT strategies employed
(e.g. activation of prior knowledge, checking
understanding, timely and quality feedback, and the
creation of humour and fun as part of the learning
experience).
• Of note, while the design of the instructional
strategy is important, much of the feedback seemed
to be contextualized to how individual teachers
actually facilitated the learning process and
interacted with students. In most basic terms the
teachers’ style, personality and competence are key
components determining the success or otherwise
of a flipped classroom approach. However, that
applies to teaching in any context, which is widely
documented in the literature (e.g. Izumi & Evers,
2002; Rowe & Rowe, 1993).
Overall, the students’ reporting of their learning
experience from the focus group interviews is consistent
with the positive data from the student surveys.

Figure 3: Comparison of Student Performance
Evidence-based Reflective Practice
During the pilot in 2015/2016 semester 2, we used
an Evidence-Based Reflective Practice Approach (Sale,
2015), to structure our evaluation of the learning
experience in terms of method effectiveness,
compliance with Core Principles of Learning, and
impact of the EduTech tools used. Reflective Practice is
far from new in the literature and practices of teachers.
However, as Hattie (2009) wrote:
The current penchant for “reflective teaching” too
often ignores that such reflection needs to be based
on evidence and not post-hoc justification. (p.241)
The point is that reflection on practice, without a clear
evidence-based framework for what one is seeking to
develop and an effective mode of inquiry (good
thinking), will likely result only in partial and limited
improvement at best. Willingham (2009) made the key
point concisely:
Education makes better minds, and knowledge of the
mind can make better education. (p.165)
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Summary and Recommendations

Lincoln, Y. S. (1990). ‘The Making of a Constructivist:
A Remembrance of Transformations Past’, in E. G.
Guba (ed.). The Paradigm Dialog. London: Sage.

The evaluation to date is proving a rich bank of data,
both qualitative and quantitative, supporting an EBT
approach for the design and facilitation of a flipped
classroom format; indeed for blended learning per se.
In summary, from the 3 years’ of implementation
and ongoing evaluation, we conclude that the flipped
classroom
blended
learning
approach,
when
underpinned by an evidence-based pedagogy, is an
effective and efficient format for student learning. A
key challenge will be in further developing the creative
teaching competence necessary for expertise in
designing and facilitating the student learning
experience using the approach presented here.
Finally, and perhaps the most significant finding, is
establishing the basis for a high level of pedagogic
literacy (Sale, 2015) which is essential for learning
design, irrespective of delivery mode. Teachers need to
be fully conversant with validated research on human
learning and how this translates into effective and
efficient instructional strategies. As Olbrish Pagani
(2013) argued:

Means, B., Toyama, Y., Murphy, R., Bakia, M., &
Jones, K. (2010). Evaluation of evidence-based
practices in online learning: A meta-analysis and
review of online learning studies. U.S. Department of
Education, Office of Planning, Evaluation, and Policy
Development.
Norrman C., Bienkowska D., et. el. (2014). Innovative
Methods for Entrepreneurship and Leadership Teaching
in CDIO-based Engineering Education, Proceedings of
the 10th International CDIO conference
Olbrish Pagano, K. (2013). Immersive Learning:
Designing for Authentic Practice. Alexandria, VA:
ASTD Press.
Petty, G. (2009). Evidence-Based Teaching: A Practical
Approach. Cheltenham: Nelson Thornes.
Picciano, A. G., Dziuban, C., & Graham, C. R. (2014).
Blended learning: Research perspectives, volume 2.
New York: Routledge.

Technology will change, but good design is
constant. (p.8).
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Abstract

Introduction

This paper attempts to explain how teachers at
Kosen can adopt their own study to their classes or
homerooms. Here, Kosen represents colleges of
technology in Japan, five-year schools for students
from 15 years old. Teachers at Kosen are also
researchers in various fields of study such as
engineering, mathematics, physics, literature,
philosophy, etc. Since they check the newest or
hottest research everyday via web news, preprint
servers, journals, SNS or news letters from their
societies, they can adopt such topics to their field of
education before others. Moreover, they can explain
the topics to students professionally, and students
would be able to derive rich knowledge and
motivation to learn. Now we need to discuss what
exactly teachers at Kosen can effectively do as
experts in their field of research during classes and
homerooms in a limited amount of time. In this
paper we report an effort in this matter by the
authors working on mathematics. They held a
supplementary lecture in which anyone in the college
can participate with the theme of math games and
linear algebra. They introduced a math game called
Region Select which is based on a recent study of
knot theory, which is a branch of topology in
mathematics. Although one can play Region Select
just as a puzzle game, the game can also be played
using linear algebra. More precisely, we can find the
solution to the game by solving simultaneous
equations modulo 2, and we can also find that the
number of the solutions is always just four by
considering the rank of the coefficient matrix. The
authors tried to make students aware of this fact
through active group discussions about how to find
the solution to the game.

Since teachers at Kosen are experts in various fields
of study, they can adapt hot topics of the study to the
fields of education. For example, the first author
introduced three hot topics of mathematics to her
homeroom students briefly; pentagonal tiling, the foldand-cut theorem and knot theory. In particular,
pentagonal tiling was a very hot topic in mathematics at
that time because it was just after the discovery of a new
important tiling. Some students checked up on the
topics by themselves with interest, and they made
posters and displayed them at a school festival.

Figure 1: Pentagonal tiling made of origami.

Keywords: Active learning, homeroom teaching, linear
algebra, mathematics teaching, region select

Figure 2: Knot table made of strings.
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Knot theory, which is a branch of mathematics, is
applied to fields of education positively and widely. For
example, Region Select, that is a puzzle game based on
knot theory created in 2011, is expected to apply to
primary education making good use of the friendly
design of the game without words or numerical
equations. Also, there are efforts to apply Region Select
to rehabilitations to train cognitive functions to
recognize shape.

The lecture consists of the following two parts:
Part I: Let's think with modulo! In this part we give a
lecture about “modulo”.
(a) The lecture starts with the following question:
Question 1 What day of the week is it today one year
later?
In fact, this question concerns with the concept of
“modulo”, which is a term in number theory in
mathematics.
(b) Teachers introduce the definition of modulo as
follows:
Definition 2 Let m be an integer. We say integers x and
y are congruent modulo m if x – y is an integer multiple
of m, i.e., the remainders of the division of both x and y
by m are the same, and write x≡y (mod m).
(c) Students try the following exercises:
Exercise 3 Prove the following:
If x≡y (mod m) and x’≡y’ (mod m), then (1) x+x’≡
y+y’(mod m) and (2) xx’≡yy’(mod m).

Figure 3: Region Select (Android app. version).
Materials and Methods or pedagogy

Exercise 4 What day of the week is it today 34 years
later?

We planned a supplementary lecture which was open
for every student in the college and was announced by
the following poster.

Exercise 5 Find the integer x (0≦x≦6) satisfying the
following equations (1)-(3):
(1) 8x≡9 (mod 7).
(2) 3x≡1 (mod 7).
(3) 7x≡2 (mod 7).
Part II: Let's play Region Select! In this part we play
the math game “Region Select” with group-work style.
(d) Teachers explain about topology and knot theory
quickly.
(e) Teachers introduce Region Select and show
examples on a blackboard. Each pair of students
play Region Select together with a small white
board; One drew a knot figure and make a game,
and the other try it.
(f) Students discuss how to find the solutions to
Region Select and show it.
Goal: Students set up simultaneous equations modulo 2
to find a solution.

Figure 4: The poster of the supplementary lecture.
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Results and Discussion

At the end of the lecture, the teacher added a comment
that the Region Select game can be expanded to mod m
for any natural number m.

Eleven students, most of them are third grade,
joined the supplementary lecture. They attended the
lecture more actively than usual lessons, and could
reach our goal. More precisely,
(a) A student answered the question quickly with the
clear reason: “Because the remainder of the
division of 365 by seven is one.”
(b) The definition of modulo was well-understood by
the students.
(c) Exercise 3: Some students succeeded the proof of
(1) and one of them showed it using blackboard. A
proof of (2) was explained by the teacher. And after
that, a student found out another way of proof and
explained it to teachers and students.
Exercise 4:Because it was running behind schedule,
the formula “365×34+8” was given by the teacher
in advance, and students found the answer by using
properties of Exercise 3.

Figure 6: Part II.
Students’ comments
-We enjoyed a lot. (9 students)
-We would like to join again if we have a chance. (5
students)
-It was little bit difficult for me. (3 students)
-I hope the usual classes to be like this. (3 students)
-I like this lecture because we can relax and speak freely.
(2 student)
-I could see how this topic and linear algebra relate each
other and I think it is interesting. (2 students)
-I would like to use this topic in the future. (2 students)
-I want to share today’s topic with my friends. (1
student)
-It is fun to listen the other’s opinions and solutions. (1
student)
-Group work is fun and helps us to understand well. (1
student)
-Honestly, active learning style does not fit me because
I want to listen to teacher’s explanation carefully during
class and think it over by myself later. (1 student)
-Topological thinking is interesting. (1 student)
-It is amazing that Region Select is well-defined and I
want to make such games. (1 student)
-I got a new knowledge. (1 student)
-I think this lecture makes students like mathematics. (1
student)

Exercise 5: From this question, this lecture tended
to group-work style. All students discussed about
the question for about 15 minutes, and three
students explained it by using blackboard.

Figure 5: Part I.
(d) Students seemed to listen carefully. Some students
took a memo.
(e) They understood the rule of the game and were
trying it excitingly. They were also surprised when
a teacher told them that the game can be solved for
any knot figure with any initial condition.
(f) One of the students could set up simultaneous
equations to solve the game, and explained it to the
other students. Some students also challenged to
find another way of solutions.
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Figure 7: Handout for review.
Conclusions
Students seemed to have active and enjoyable time
at the lecture and most of them spoke up their opinions
during the exercises. Since it is difficult to estimate the
right amount of time needed to the lecture, this style
seems to be suitable for homerooms or supplementary
lectures.
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Abstract

practice and monitor learning during the educational
path of students. In the 2016 model, the evaluation must
be consolidated as a process that contributes to
cognitive self-regulation through feedback and
meaningful rather than rote learning. The evaluation
must be the result of a variety of methodologies and
tools and, being part of a teaching sequence should not
be exclusively conclusive or summative. In that sense, it
is necessary that teachers observe some essential
methodological principles. First, they must conceive
learning as a process that can learn, create an
appropriate environment for learning and utilize ICT –
Information and Communication Technologies- to
support learning processes and assessment (SEP, 2016).

The assessment of learning is a lifelong process
that allows decisions and judgments about the
achievements of a student before, during and at the
end of the educational experience. In traditional
school, teachers has chosen to evaluate learning with
a only instrument, exam. This type of evaluation
usually consists of a series of questions usually
written and expects an open answer, an explanation
that describes the solution to the question usually
using memory, this practice is used to evaluate and
qualify the knowledge acquired by student. The
purpose of this paper is to demonstrate that the use
of technology in the process of learning assessment
helps to improve the educational experience, because
it causes the student a better level of understanding
of the contents evaluated, provides a playful
atmosphere even competition among students,
determine areas of opportunity for the teacher to
develop strategies of feedback for concepts not
included, consider the test only as a part of the
integrated grade.

Assessment processes of learning at school are
made in writing, with a series of questions that await an
open response, that describe how memorized the
answer, in the best case can be questions with multiple
choice answers , true / false, fill related keywords gaps
in the definitions. In my teaching experience, use of
information and communications technology in learning
and assessment processes have allowed me to improve
the educational experience of my students, using various
technological tools and systems for the management of
learning such as Moodle, using applications of software
for creating learning activities using JClic and games
like Hot Potatoes, Organization of learning activities,
assignments and assessments using Edmodo, and
learning assessment with Kahoot and Socrative.

Introduction
Mexico is living a profound educational transformation,
which sees the school as the center of public policies,
looking for professionalisation of teachers, improving
infrastructure and equipment, updating the curriculum,
and the participation of parents family in the formative
process,
Constitution and laws was modified to
addevaluationn of Education the term quality education,
and the National Institute for Evaluation of Education
was created (INEE for their initials in spanish) with
assessment processes are:
• Improve the quality of education.
• To guide the formulation of educational policies.
• Measure the degree of learning alumnus.
• Improve school management.
• Promote transparency and accountability. (Nuevo
Leon State Government, 2016):

Using of Apps for learning assessment as Kahoot
allows a playful learning and healthy competition
through games, Kahoot is a platform for free based
learning games (Kahoot Academy, 2016) using the term
Gamification as the use of mechanical playing in
recreational environments and not in order to enhance
applications, motivation, concentration, effort, loyalty
and other positive values common to all games. This is
a powerful new strategy to influence and motivate
groups of people. (Gamification, 2013)
Materials and Methods or pedagogy
The proposal applied in my group of students for
learning assessment is the use of applications (Apps) as
Kahoot.it, socrative.com or edmodo.com may also
include the use of assessment tools that provide
platforms the learning management system as

This year, the Government of Mexico presented the
Educational Model 2016, this document includes the
evaluation as a process for improving students, being a
factor that promotes the transformation of pedagogical
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moodle.com or blackboard.com.
For the group of students who I work consider
using the App Kahoot.it, this tool allows the creation of
quizes, discussions, and surveys, these can be answered
using the smartphone, tablet or computer access to
Internet.
The first step is to create an account in the address
getkahoot.com and access to the system in which the
test is created. Once you have your user account and
password, you have access to the website administration
panel Kahoot, the following figure 1 shows the screen
Kahoot management.

Figure 3. Panel to create questions.
Once you have the complete test, you can see the
questions in the overviewing panel, each question can
be edited, copied, deleted, or change the time limit for
response, this can be seen in Figure 4.

Figure 1. Management Panel Kahoot.

Figure 4. Panel overall view.

The second step is to create the test. In the figure
2, you can see three test options: quiz, start a discussion
or survey. For our purposes of assessment learning we
use the quick test Quiz. Figure 2 shows the screen in
which the description of the test with title options is
performed, the description, visibility, language and
audience, you can include an image or video as the
cover of the test.

At the end of the design of the test, teacher
launches the test and projects each of the questions, to
start the game a PIN number shown, this number you
should write the student in a web browser on your
phone, tablet or computer in kahoot.it page, figure 5
shows the simulator game with the screen that projects
the teacher and the screen shown to the students in his
cell, this figure shows that the game can be done in two
modes: classic and by teams.

Figure 2. Page of options test description.

Figure 5. Simulator test.

Once it has the description, the next step is to
create the questions. Professor builds test, writing the
question and add answers include multiple choice, true
or false, or complete response, of which one is correct.

Figure 6 shows the screen of the simulator in
which the PIN is requested, once the PIN is introduce, it
is asked students their name to register it as a player, so
each student will add to the game.

The professor gives the number of points that will
add value to the correct answer and sets the time it will
take the student to provide his response, the question
may include images that support the description of the
question and you can even add videos to improve the
experience. Figure 3 shows the panel to create the
question.
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Figure 6. PIN to join the game.

Figure 9. Top Scorer with the highest scores.

In the projector the question is displayed, start to
discount the time limit and expect the student's answer,
in the electronic device or the student's computer just a
series of geometric figures that correspond to each of
the responses shown (Figure 7 ), the students should
select the figure that corresponds to the correct answer
within the granted time, when the time question expire,
the application displays the number of students who
answered correctly and the number of students who did
not do so, so we can provide feedback on each question
when the largest number of students do not answer
correctly (Figure 8), after each question the application
displays the ranking of the top 5 students answered
correctly and in the shortest possible time (Figure 9),
which makes it become a competition to respond as
quickly as possible and correctly, in the team mode you
can even compete with teams of students.

The test system provides an overview in Excel
with the number of students and the answers that were
answered correctly and that no, also provides a
summary for each student, the time it took to respond
and if he did so correct or not (Figure 10). With these
summaries can determine what issues or questions need
to strengthen knowledge and provide feedback.

Figure 10. Excel with the view of overall results and
questions.
This ranking of scores we use to give qualification
that will be part of the comprehensive evaluation, and
the tool can be used for the three stages of assessment:
diagnostic, formative and summative.
Results and Discussion
The results have been amazing. Students have fun
with the assessment, now request that tests be made
with this tool, an environment of healthy competition is
created and causes the student is better prepared for the
test. Enhances the experience of evaluation, various
multimedia resources that support the understanding of
the topic, question or problem raised are used. It
provides a Excel summary of each group and compared
to the diagnostic and summative evaluation to determine
the level of learning. It is important mention that it is
very useful to use other Apps for the evaluation of
learning so that students have different experiences with
the help of technological tools, this has a very good
impact on how to assess and how as the student learns.

Figure 7. Panel questions projected by the teacher and
answers panel that has the student.

Figure 8. Bar graph with the number of students that
answered correctly.

Conclusions
The use of technology enhances assessment
processes of learning, makes learning more meaningful
causes a fun experience and healthy competition,
motivates the student to better preparation, recovering
prior knowledge, qualifies and provides feedback as
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well as identify areas of opportunity to enhance
knowledge.
Keywords
playful experience, gamification, learning management
systems,
apps,
learning
assessment,
Kahoot,
Information and Communication Technologies.
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Abstract

motivated in building their prototypes and engaged
during the classroom discussion. They were also able
to work in team and more confident in sharing their
views with peers. The flipped classroom and 3D
printing technology imbued active learning and
design thinking in the minds of the students,
enhanced their learning experience in designing
biomedical products, and improved their academic
performance and achievement of learning outcomes.

This paper describes our journey in using flipped
classroom and 3D printing technology to inculcate
active learning and design thinking in a 3rd Year
Biomedical Project Module for the Diploma in
Biomedical Engineering, offered by the School of
Engineering at Nanyang Polytechnic. Flipped
classroom was deployed to allow students working
off-campus to carry out research, to empathise and
define the problems they plan to work on. Teams
were form with 2-3 students each to discuss on
problem they plan to work on in a collaborative
environment. 3D printers were used to build
prototypes and facilitate testing and refinement of
designs for best functional and design outcomes.
Team then worked on business plans with inputs
from lecturer as facilitator. Finally, the teams
presented their solutions to their peers in a miniseminar set-up, also attended by assessment
panellists. Before Academic Year (AY) 2015, it was
challenging for students to complete their prototypes
in time, leading to failure in achieving the intended
learning outcome of “Implementation and Testing”
of products. With Flipped Classroom and 3D
printers, students were able to spend quality and
equitable time to achieve all learning outcomes.
Assessment results were collected from 48 students
for AY 2015 semester 1 (S1) and 32 students in AY
2014 semester 2 (S2). Out of 20 teams, 17 teams or
85% submitted completed prototypes in AY 2015/S1
as compared to 60% in AY 2014/S2. In terms of
product functionality, 70% of teams were able to
score 20 or higher, out of 25 marks allocated, as
compared to about 55% scoring 20 marks or better
in AY 2014/S2. The prototypes developed in AY
2015/S1 were also more complex than those
developed in AY2014/S2. Both quantitative and
qualitative feedbacks by students indicate the active
learning approach adopted in AY2015/S1 is much
better, where students have the opportunities to
empathise and define their problems, solve a more
complex real-life problems through a rapid 3D
prototyping process, and validate their concepts and
designs by testing the completed product iteratively.
Lecturers’ feedbacks show that students were more

Keywords: Design thinking, 3D printing, business
ideas, active learning, and biomedical product design.
Introduction
Nanyang Polytechnic in Singapore provides industry
relevant education and training for our students, to
prepare our graduates for the workforce and give them a
competitive edge in the knowledge-based economy.
Students enrolled in the Diploma in Biomedical
Engineering (DBE) at the School of Engineering are
given learning and development experiences that
nurture their potentials and help them develop valuable
attributes to excel in work, life and learning. Within the
curriculum, practice-oriented project modules allow
students to go through the process of ideation, designing
and prototyping to hone their skills. In these modules,
typically a few problems related to healthcare and
biomedical engineering fields were given to students
and they would form teams of two to three members to
work on possible solutions. Students used to generate
two to three ideas or designs and built prototypes using
recyclable materials. Often it turned out to be a mere
paper exercise where students shared their ideas through
poster presentation due mainly to time-consuming
prototyping processes that students had to go through if
they were to fabricate slightly more complex prototypes.
The limitations of such approach were obvious in that
the students were not able to recognize and experience
the true challenges in innovating biomedical products.
They were also not able to empathise with the user’s
needs, appreciate the process in building and testing the
functionality of the products and hence affecting their
learning outcomes. From the Design Thinking
perspective, students experienced the “define”, ideate”
and (to some extent on) “prototype” aspects of the
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process, lacking on the “empathize” and “test” aspects
of the principle, where students need to experience in
order to understand users’ needs, solicit feedbacks from
product testing, and iterate designs to better meet
customer’s needs. Due to these constraints, students’
performance and feedback were not as good as we
hoped to achieve at the end of the modules.

development process, students are involved in an
iterative and connected process that allows them to
experiment their innovative design concepts and to
experience various facets of engineering and design
disciplines. Further to the emphasis on usability and
functionality of engineering design, the students have to
perform cost analysis, understand business entity and
structure, business plan and intellectual property
protection, to provide business perspective of product
development. At the end of the module, each student
team is required to complete a business plan to market
their products.

Methodology
To overcome the gaps identified, we reviewed our
practices and implemented the Contextual Teaching and
Learning (CTL) pedagogical approach (Robert and
Patricia, 2001) in our diploma, which encourages
lecturers to relate subject content to real world situations
or context, and to motivate students to connect acquired
knowledge to applications in real life environment by
learning subjects in an integrated and multidisciplinary
manner. In order for CTL to be deployed effectively, the
Project-Based Learning ((Blumenfeld et al., 2000)
teaching approach was introduced, where students are
involved in problem-solving investigation, work
autonomously to construct their own learning and build
an innovative product through teamwork; just like any
engineering professional would do in real world context.
For the same reason, we embed the Design Thinking
principle in the product development process to train
our students with contemporary engineering design
practices. The Design Thinking concept was first
introduced by Peter Rowe, professor of Architecture and
Urban Design at Harvard University, in his book Design
Thinking (Peter Rowe, 1987) where he describes Design
Thinking in the context of architecture and urban
planning challenges. The concept was subsequently
used and popularised by Tim Brown, the CEO of the
design firm IDEO. He defined Design Thinking in his
book (Tim Brown, 2009) as a collaborative process by
which the designer’s sensibility and methods are
employed to match people’s needs with what is
technologically feasible and what a viable business
strategy can convert into customer value and market
opportunity. The design process of Design Thinking is
depicted in Figure 1, we want to imbue this concept into
students’ mind through a learning model that combines
practice-oriented project with opportunities to connect,
contextualise and apply the knowledge gained in a team.
To address the constraints in traditional prototyping,
which can be time consuming, we need to shorten the
prototyping process so as to allow more time for
product testing and improvements to be carried out. We
evaluated 3D printing technologies and identified some
cost-effective 3D printers for our laboratory. Through
our review, we learnt that, in addition to be able to
perform rapid prototyping, institutions exploiting 3D
printing technologies also enhanced students’ practice
of visual spatial skills to perceive and visualize
significantly more complex objects (Igor and Amir,
2015). The same technologies also allowed institutions
to adopt the techniques of rapid prototyping engineering
and fundamentals of engineering service processes in
their curriculum (Lauri et al., 2010). More importantly,
by incorporating 3D printing into the product

Empathy

Learning
about the
audience for
whom you
are
designing

Define

Construct a
point-ofview that is
based on
user needs
and insights

Ideate

Brainstorm
and come
out with
creative
solutions

Prototype

Build a
representation
of your ideas
to show to
others

Test

Return to
your original
user group
and testing
your ideas
for feedback

Figure 1: Typical Design Thinking Process
Constructive Aligned Curriculum Design
As part of the Outcome-based education adopted by
the School of Engineering (SEG), we use constructive
aligned curriculum (Biggs, 2003) model to design our
curriculum. The module learning outcomes are
constructed with student learning in mind and they are
consistent with and aligned to the student learning
outcomes and course educational objectives of the DBE
programme. We formulate the module learning
outcomes, design the learning activities and develop
assessment strategies in an inter-related manner, as
shown in Figure 2. In this paper, we’ll be using the
Biomedical Project module as the reference module to
illustrate the implementation of the new approach in the
DBE programme. For this Biomedical Project module,
as learning outcomes, the students will be able to
perform the following at the end of the module:
design an innovative product
identify and analyse design constraints
associated with the product
interact and collaborate with others in teams to
complete the design of an innovative product
develop a business plan

Figure 2: Constructive Aligned Curriculum Design
The learning activities are carried out in the form of
lectures and practical sessions. Table 1 shows the
instructional plan for Chapter 1 to 3 (part of the
curriculum), where duration of the learning activities
and the cognitive skills levels using Bloom’s revised
taxonomy (Krathwohl, 2002) to be achieved for each
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activity; such as Remembering ( Level I),
Understanding (Level II), Applying (Level III), and
Analysing/Evaluating/ Creating ( Level IV and above).
The module is designed with 15 hours of lectures and 45
hours of practical sessions. Chapter 1 and 2 are
conducted through lectures to introduce business
concepts to students. Chapter 3 consists of 45 practical
hours for students to work on product design and
development, culminating to an innovative biomedical
product at the completion of the module. The Design
Thinking concept is emphasised to provide integrated,
active and collaborative learning opportunities for our
students, with the aims to develop skills in problem
formulation, ideation and product prototyping and
testing. To make more effective and efficient use of
student learning time in acquisition of multidisciplinary
knowledge concurrently with personal and interpersonal
skills, we incorporated other active learning strategies in
the module, including flipped classroom during lectures
and a mini-seminar at the end of the semester for
students to pitch their business ideas and products.
Assessment of learning outcomes are based on both
functional products as well as sound business plans.
Rubrics of assessment for each component are defined
as shown in Table 2. The assessment panel consists of
facilitators and one independent faculty member who is
not involved in delivery of this module, to give
alternative views to the business plans and products.

Lesson Delivery and Implementation Plan
The module is allocated 60 hours a semester,
spreading over 15 instructional weeks (four hours per
week). As time could critically impact the students’
ability to complete their projects, we need to guide the
students closely to achieve the learning outcomes.
Learning from our past experience, instead of having
one hour of lecture and three hours of practical lesson
weekly, we felt that it is more effective to use different
learning activities over a duration of 14 weeks, and the
implementation plan is two hours of lecture and two
hours of practical lessons on odd weeks (1, 3, 5 …) and
four hours of practical lessons on even weeks (2, 4,
6…). At the 15th instructional week, students will spend
the remaining four hours to prepare and present their
business ideas and products in a mini-seminar setting.
For the first and third weeks, students will access
and learn from module materials provided in our
Learning Management System (LMS). The 2-hour
lecture is conducted using flipped classroom approach,
where students will read materials provided off-campus.
We also encourage students to use this off-campus time
to empathise problems by observing the environment
and people in the communities. At the beginning of the
product development phase, the class is organised into
teams of two to three members. The teams are to plan
and organise themselves autonomously for the tasks
assigned. The face-to-face sessions on campus consist
of group discussion, presentation, and brainstorming on
product ideas. The lecturer, acting as facilitator, guides
them in classroom activities and provides technical
consultation on product designs. Student teams submit
progress report weekly through LMS. Lecturer will
monitor and provide feedback to the students on the
work submitted, allowing them to make correction or
further improvement. For instance, as part of learning
activity planned, the teams discuss their products’
strengths and weaknesses as compared to competitors’
products. Based on the findings, they review their
designs to improve their products. As students
progressing on their design, the lecturer monitors and
participates in their design evaluation and review
process. The lecturer shares his or her experiences and
provides insights to various design thinking principles.
Once the product designs are ready, the students will
begin constructing their prototypes using 3D printer.
From the 3D printed parts, students assemble and
construct their first prototypes. Lecturer will share
techniques in evaluating the prototypes, in particular the
fit and functionality of the products. Often students are
able to identify mistakes made from the first prototype
and make changes to their design to rectify them. The
benefits of this iterative approach are many folds. First,
students are able to find the right context and
connection between the knowledge acquired in other
modules, integrate them and apply them in this practiceoriented project module. Second, students are able to
acquire higher order thinking skills when they are
evaluating and testing the prototypes. Third, students
are more confident in marketing their works as they are
able to complete and validate a functional prototype.

Table 1: An excerpt of Instructional Outcomes (LLecture, T-Tutorial, and P-Practical)

Table 2: Assessment for Business Plan and Prototype
(a)
(b)
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A student mini-seminar is organized during the last
instructional week, allowing students to showcase their
completed work. The platform allows the students to
‘sell’ their ideas and the completed products (see
Figures 3 for pictures taken at the mini-seminar). In this
mini-seminar, each team have 10 minutes to present
their products to a panel of assessors. Following the
presentation, an exhibition is organized for the teams to
display their posters, business plans and products as
well as to provide opportunity for the teams to hone
their skills in seeking ‘seed money’ from the assessors
who act as ‘potential investors’.

through this iterative process that most students were
able to demonstrate a complete and functional
prototype, leading to overall improved module grades
performance.
In addition to academic performance, we also
examined the data collected from the end-of-semester
module feedback where students provide feedback on
all modules they attended in a semester, covering
module content, delivery and learning environment as
well as equipment and facilities. We observed
improvement in the module feedback of the Biomedical
Project module as well, where ratings of “Agree” and
‘Strongly Agree’ showed an increase of 10 percentage
points, from 85% in AY2014/S2 to 95.5% in
AY2015/S1. These survey items include the clarity of
module learning outcomes, the design and organization
of module materials, the availability and quality of
facilities and equipment, the e-learning components and
the grading criteria. This improvement indicates a good
acceptance of the new approach implemented in this
module.

Figure 3: Students sharing and presenting their concepts
to panellist.
Results and Discussion
To measure the effectiveness of this new approach,
assessment data was collected from an experimental
group of 48 students who were enrolled in the
Biomedical Project module in semester 1 of academic
year 2015 (AY2015/S1), to compare with 32 student
enrolled in semester 2 in academic year 2014
(AY2014/S2). Out of 20 teams formed in AY2015/S1,
17 teams or 85% submitted completed prototypes as
compared to 60% in AY2014/S2. In terms of product
functionality, 70% of teams were able to score 20 or
higher, out of 25 marks allocated, as compared to about
55% scoring 20 marks or better in AY2014/S2. The
prototypes developed in AY2015/S1 were also more
complex than those developed in AY2014/S2. This is
due mainly to the availability of 3D printers, where
students were able to construct their prototypes rapidly,
to visualize and validate their designs, and made
multiple improvements to finalise their prototypes. An
example of such complex product is shown in Figure 4,
where all parts are fabricated using 3D printers. It was

Figure 4: iWALK – a product that targets people with
leg injuries or difficulties in walking
Finally, we examined the data collected from a
survey that was specifically administered to students of
AY2015/S1 to gauge
effectiveness
of the
implementation and student's acceptance of the new
approach. The results show that flipped classroom
pedagogical approach gave them an opportunity to learn
in a dynamic and interactive environment where module
materials were read by students before the face-to-face
session in the classroom. On-campus group discussion
also allowed students to have more time to interact and
collaborate with their team members leading to better
learning experience and teamwork spirit for the
students. The survey results are shown in Figure 5
where 83.7% of the students responded strongly
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(Strongly Agree and Agree) to better learning
experience through flipped classroom. In addition,
86.1% of the students preferred group collaborative
activities (Strongly Agree and Agree) and able to work
in team constructively.

shortcomings found in their prototypes. Through this
process the students gained valuable experience in
translating 3D models into actual functional physical
parts which they would not have achieved if they were
not able to build the complete prototypes. The students
also learnt that features that they have created in digital
models might not be translated successfully into a
functional prototype due to issues such as space,
assembly, materials, and many others that they
discovered in this process.
The student mini-seminar, on the other hand,
provides the students an avenue to hone their
communication skills by marketing their ideas and
products. The presence of ‘investors’ at the exhibition
created an exciting and real-life environment for the
students to showcase and sell their products. The
environment also required the students to be creative in
using various media to promote their products and be
able to respond to queries quickly and confidently.
Under such situation, the students need to demonstrate
their ability to think and respond on their feet.
We conclude that leveraging on 3D printing, flipped
classroom and active learning approach undertaken by
this module improves the students’ learning experience
and increases their knowledge and skills in building and
marketing their biomedical products. The use of 3D
printing technology enhances the complexity level of
the projects that students can work on. With this new
approach put in place, we are moving closer to build a
generation of future-ready graduates which are
innovative and enterprising, producing biomedical
engineering professional with business prospective.

(a) Flipped Classroom

(a) Group Collaborative Activities
Figure 5: Results of a survey carried out at the end of
AY2015/S1.
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The learning outcomes of the Biomedical Project are
for students to produce an innovative, functional
biomedical product with a sound business plan. The
successful development of these products and plans
required active participation of the students. To
facilitate the learning process, active learning
environment needs to be created for students to
participate actively in a collaborative manner within a
team. The higher level of active participation from
students in the experimental group was seen from the
completion of their final prototypes and business plans.
It is important to empower student on the
development of the biomedical product. With the
lecturer taking the facilitator’s role using the flipped
classroom approach, students are responsible for their
learning and the deliverables. It encourages students to
explore and discuss among themselves to find the best
solution with the lecturer providing the necessary
facilitation. They gain more valuable inputs by
discussion and seeking inputs from their peers.
With the use of 3D printers, the realisation of finer
details in the prototypes become achievable within the
time frame given in the Biomedical Project module. In
fact, many students in the experimental group were able
to iterate their designs for more than 2 times to address

References
Berns, Robert G.; Erickson, Patricia M. (2001)
Contextual Teaching and Learning: Preparing Students
for the New Economy. The Highlight Zone: Research @
Work No. 5.
Biggs, J. (2003). Teaching for Quality Learning at
University. The Society for Research into Higher
Education and Open University Press.
Blumenfeld, P., Fishman, B. J., Krajcik, J., Marx, R.
W., & Soloway, E. (2000). Creating usable innovations
in systemic reform: Scaling-up technology-embedded
project-based science in urban schools. Educational
Psychologist, 35, pp. 149–164.
Brown, Tim (2009). Change by Design: How Design
Thinking Transforms Organizations and Inspires
Innovation. New York: Harper Business, 2009.
Igor Vernera, Amir Merksamerb (2015). Digital Design
and 3D Printing in Technology Teacher Education. 25th
CIRP Design Conference, vol. 36, 2015, pp. 182-186.

423

Transactions of ISATE 2016
The 10th International Symposium on Advances in Technology Education
13-16 September 2016, ISATE Sendai
Krathwohl, D. (2002). A revision of Bloom's taxonomy:
An overview. Theory Into Practice, 41(4), 212-218.
Peter G. Rowe (1987). Design Thinking. MIT Press,
1987.
Tenhunen, Lauri; Aarnio, Seppo; Niittymäki, Seppo;
(2010). Rapid Prototyping Service Model by the CDIO
Educational Framework. Proceedings of the 21st
International DAAAM Symposium, pp. 1571-1572.

424

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

2206

STUDENT-CENTRED PROJECT OFFICE AS A LEARNING
ENVIRONMENT IN ICT ENGINEERING EDUCATION
Janne Roslöf
ICT Unit, Faculty of Business, ICT and Chemical Engineering,
Turku University of Applied Sciences,
Joukahaisenkatu 3 C, FI-20520 Turku, Finland
janne.roslof@turkuamk.fi
Abstract

Introduction

In Engineering Education, it is important that
students gain competences relevant for the
requirements of the working life. Learning
environments providing opportunities for active
participation and facilitating the intrinsic motivation
of the students are important tools when reaching
this goal. In this paper, a learning concept and
environment, “theFIRM”, developed at the ICT
Education and Research Unit of Turku University of
Applied Sciences (TUAS) is described and discussed.
“TheFIRM” is a student-driven project office that
operates like a small company providing support
services and development projects to both university
internal
and
external
customers.
Typical
assignments include website designs, small-scale
database applications, and end user training
sessions. The office has an internal organization that
consists of students. The student CEO is responsible
for general administration, staffing and selling
activities, student project managers coordinate the
assignments, and different technical student staff
members focus on implementing their tasks.
Naturally, theFIRM has responsible staff and faculty
members who mentor the operations and who are
responsible for both defining the learning objectives
and assessing the students’ results. Also the faculty’s
subject experts are available to support the projects
when needed. However, all the activities are studentcentred and they have a collaborative responsibility
of the operations. The learning takes place in a reallife context while working with authentic customer
projects and solving practical challenges connected
to them. In addition, theFIRM is a platform for
regional university-industry collaboration especially
focusing on small companies and third sector
organizations.

The CDIO Initiative (http://www.cdio.org) has
defined general goals to engineering education. That is,
the aim is to educate students who are able to: 1) Master
a deep working knowledge of technical fundamentals,
2) Lead in the creation and operation of new products
and systems, and 3) Understand the importance and
strategic impact of research and technological
development on society (CDIO, 2010). The ultimate
goal is that the students gain competences relevant for
the requirements of the working life and, thus, become
able to aim at successful professional careers.
Reaching these goals is especially challenging in the
fields that develop rapidly; Information and
Communications Technology (ICT), for example.
Significant tools and technologies may become obsolete
and new ones emerge already during a student’s study
time. In 2015, several different approaches to address
this challenge in Bachelor’s level Engineering
Education were discussed (Roslöf, 2015). These
approaches included both curricular tools, different
ways of university-industry collaboration, as well as
faculty competence requirements and development
processes.
In this paper, the focus is set to present a case study
on utilization of active learning methods and
environments. “TheFIRM” is a student-driven TUAS
ICT project office that operates like a small company
providing support services and development projects to
both university internal and external customers. The
learning happens in a real-life context when working
with the customer projects and solving practical
challenges connected to them. First, the generic factors
behind student motivation and learning results are
summarized. Thereafter the operational drivers behind
theFIRM are discussed and, accordingly, the activities
of theFIRM environment are described from different
perspectives. Finally, the experiences on the past and
current activities are discussed, and a set of future
development thoughts presented.

Keywords: Active learning, Assessment, CDIO,
Entrepreneurship, ICT, Project-based learning,
Learning objectives
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Background on Student Motivation
Lim (2004) lists six types of motivation valid for
studying the context of online learning. However, the
categories can also be utilized to reflect the motivational
settings in general:
 Reinforcement: Reinforcement maintains and
increases the probability of the response it
follows. Examples and tools of reinforcement are
grades, teacher feedback and peer support.

Figure 1: Student’s and teacher’s complementary
motivational task orientation (simplified) (Salonen,
Lehtinen, & Olkinuora, 1998).

 Relevance: Relevance refers to the value residing
in the learning content as reflected in the
learners’ needs and expectations.
 Interest:
Motivation
promoting
learner
involvement also requires intrinsic factors to be
present. The motivators include challenge,
fantasy and curiosity. These elements are
especially relevant when aiming to achieve a
flow experience.

Drivers Behind theFIRM
In addition to the global trend of facilitating active
learning, and the support from findings in educational
science, there are several operational drivers behind the
development of learning environments like theFIRM.
Firstly, the Finnish universities of applied sciences
shall provide education that is based on the
requirements and development needs of working life
and its development, as well as on research, artistic and
educational foundation, aiming at professional expert
tasks. Also, regional development is one of the central
tasks of these higher education institutions (FINLEX,
2014a and 2014b). In other words, also TUAS shall
maintain and develop a close co-operation with the
industry and other organizations of the region.
Especially fostering new innovations, start-up
enterprises, as well as small and medium size
companies (SMEs) has been considered main focus
areas of our activities.
This mission is fulfilled, for example, by initiating
and conducting applied Research, Development and
Innovation (RDI) projects serving regional needs often
connected to practical project and organizational
development tasks. Many of these RDI projects have
several different external partners and they are typically
funded both by the partners themselves as well as
different governmental and institutional funding
agencies. However, the ICT Unit of TUAS gets often
contacted by SMEs or other small organizations with
requests to help them with different engineering
challenges. Many of these requests deal with website
design needs, small-scale software application
development task, or practical problems with server
configurations, for example. The assignments are
important to the organizations but, in many cases, too
small and research-wise too simple to provide enough
challenge, content or volume for full-scale RDI projects.
Even though the requests are usually very well
suited for student project assignments, TUAS did not
have clear processes on how to answer these requests in
a flexible way. The project-based courses and thesis
assignments were (and are), naturally, possible tools to
use but, still, we were too often forced to reject many of
these requests – especially those that were presented late

 Self-efficacy: Self-efficacy refers to students’
beliefs and feelings of self-worth and abilitybeliefs in how well they can perform and be
responsible in a learning task. Students who are
confident and motivated to learn will often spend
more time and effort to gain better learning
results.
 Affect: Inclusion, attitude, meaning and
competence should be present in every learning
situation. Affect describes the state of emotional
feelings, concerns and passions of the individual
while learning. Affect is influenced, for example,
by organizational culture and climate, peer
opinions, degrees of frustration or determination
present, and attitude towards change.
Developing such learning environments in which all
students could achieve a high level of motivation is an
important goal. How can we mediate and reinforce the
relevance of the different learning objectives, and
facilitate interest in the different subjects and the future
profession so that the learner could reach a proper level
of self-efficacy and, furthermore, experience a positive
attitude and climate?
Salonen, Lehtinen and Olkinuora (1998) have
presented a model describing the mutual relations of the
student/learner and teacher, as well as their potential to
approach, explore and master the challenging aspects of
the environment and turn this “curiosity” into learning
outcomes. The model describes the core relationships
between the student, teacher, the learning task, and the
reciprocal effect of the task definition in a socially
guided learning situation (Figure 1).
The model helps in the understanding and analysis
of the different aspects of a learning situation and its
dynamics. These relations present especially in
customer-driven student projects have been discussed in
more detail by Roslöf (2013).
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in the academic year when most of the courses had been
planned and started already.
Secondly, also a challenge with flexible possibilities
for students to progress in their studies was identified.
There are continuously students who are able and
willing to proceed faster in their studies than what is
planned in the curriculum. Likewise, some students may
have missed or failed some courses that are no longer
available or that will not be provided before the next
academic year. Many students have also gained
compensation of certain courses based on their previous
studies and competencies which produces “empty slots”
into their schedules. In all these cases it was difficult to
provide dynamic opportunities to the students in order
to proceed and complete their studies without
significant delays.
In other words, there was a clear indication to
develop activities that would answer to the dynamic
need of ICT-connected services of the SMEs and,
simultaneously make it easier for students to complete
studies in a flexible manner when the need, opportunity
and/or desire emerges.
These challenges have been approached stepwise
through several different pilots and phases including
different types of project courses and student-driven
helpdesk activities, for example. The following chapters
focus on describing the current operations of theFIRM,
one of the main tools to answer these needs at the ICT
Unit of TUAS today.

different technical student staff members focus on
implementing their tasks. Depending on the individual
interests and competencies, the students can focus on
different ICT engineering topics. These topics include,
for example, website design, graphics, network
administration, and software testing. The topics can
change from project to project in order to make it
possible for the individual students to get familiar with
different aspects of the field. The students apply to
theFIRM via a light-weight recruitment process in the
same way they would apply to any small company
position. If the applicant is accepted to join theFIRM,
the student can participate in one project only – or
continue to work in several projects and tasks
throughout the studies. After gaining some experience,
it is possible to advance to more advanced tasks
connected to technical topics, or to managing of the
projects and people.
The customer requests and projects are implemented
using predefined processes. The customers are provided
an offer including an initial version of the project plan,
staffing proposal and cost offer. Most of the projects
have a price tag, i.e. the customers pay to TUAS an
agreed fee after the project has been successfully
delivered. This income is then used to cover some of the
staff expenses and device updates. Most of the students
do not get paid but they gain credits instead. However,
some of the most senior students (the student CEO, for
example) may get a limited number of hours per week
salary in a student assistant role.
In the project contract it is also agreed what it means
to work with students. For example, tight schedules are
difficult to commit to, and the customer is expected to
keep close contact to the students during the project and
guide the work. Despite the learning by doing aspect
present in all the projects, most of the assignments are
completed as planned and with good quality results.
TheFIRM has own dedicated facilities at the
campus. The current space consist of two old class
rooms that have been refurnished into a collaborative
office space that contains sections for different types of
activities. Figure 2 illustrates the current working
environment. TheFIRM’s “employees” can also use the
other TUAS facilities, meeting rooms and computer
classrooms for instance, when they are available.

Description of theFIRM’s Activities
“theFIRM” is a student-driven project office that
operates like a small ICT solution provider that offers
support services and development projects to both
TUAS internal and external customers. Typical
assignments include, for example, website designs,
small-scale database applications, and end user training
sessions. Customers can contact theFIRM directly or via
the website (http://thefirma.fi/). Also TUAS service
organization routes suitable customer requests received
by other channels to theFIRM.
The office has an internal organization that consists
of students. The student CEO is responsible for general
administration, staffing and selling activities, the student
project managers coordinate the assignments, and

Figure 2: Students working in the premises of theFIRM at TUAS.
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Figure 3: The curriculum structure of the Bachelor of Engineering
in Information and Communications Technology at TUAS (TUAS, 2016).
Connections to Curricula, Learning, and Assessment

complete a Bachelor’s Thesis project on an assignment
connected to theFIRM. These thesis assignments are
typically advanced customer projects, or alternatively
different development projects connected, for example,
to the internal process development of theFIRM. In all,
it is possible to complete 15 – 140 ECTS (almost 60 %
of the degree at most) credits within this activity,
although it has been very rare to fully use this
opportunity. In practice, only the student CEOs and
some of the technical expert students have reached close
to the maximum.
The credits can be earned and completed in several
ways. Participating in the project activities can produce
credits but typically the directly project-based studies
are integrated with theoretical content. TheFIRM offers
a possibility to take official Microsoft Technology
Associate certification exams. Thus, if the student’s
project deals with the technologies connected to these
exams, usually some part of the credits are bound to
completing a respective certification. For example, if
the project utilizes HTML5, the total credits are partly
based on the students’ participation and performance in
the project itself, and partly on the competence level
demonstrated in the MTA HTML5 Application
Development exam.
This integration provides a well-functioning
combination of very flexible working-life-relevant
project studies and a structured examination-based
assessment of the gained knowledge and skills. If the
student continues to work with more advanced projects
within theFIRM, it is also possible to complete
professional-level technical certificates. TUAS does not
have a certified test center for these exams at the
moment but they can be completed at a third party exam
facility instead. The certification expenses are covered
by the project incomes.

Although one of the fundamental goals of studying
within theFIRM and its projects is to enable a high
degree of flexibility, the studies are yet bound to the
curricular framework. When the student starts working
in theFIRM, the first module to study is called ICT
Service Production. The extent of the module is 15
credits (European Credit Transfer System, ECTS) that is
typically divided in three parts so that it is possible to
gain the credits stepwise especially if the student only
works for theFIRM part-time. This module belongs to
the optional professional studies of the Bachelor
Engineering in Information and Communications
Technology program. These modules are typically
studied during the second academic year (the program is
a four years’, or 240 ECTS credits, program) but this
module can be started and studied flexibly whenever the
student is willing and accepted to start. Thus, there is a
clear connection to the curriculum.
In addition to the initial module, it is possible to
study the free choise modules (30 ECTS credits) and to
complete the Practical Training (= industrial placement,
30 ECTS credits) within theFIRM. However, it is
recommended that a student should not invest all his/her
optional courses or, especially, practical training to
theFIRM in order to be able to experience also other
environments and employers.
Those students that are interested and skilled enough
to focus to the activities theFIRM has to offer, have the
possibility to major in ICT Service Production. That is,
they do not select any of the competence tracks
presented in the curriculum structure (Figure 3) but,
instead, a tailored path focusing of theFIRM’s activities
is provided for them. These students usually work on
advanced positions in theFIRM, such as project
managers, technical leaders. Finally, it is possible to
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fact, it can be said that theFIRM has a continuous HR
crisis because the best experts (graduating students) are
all the time leaving it and new unexperienced ones (new
students) are recruited and need to trained.
Discussion & Conclusions
In this paper, an active higher education learning
enviroment for Bachelor's level ICT students has been
described and discussed. The student-driven ICT project
office theFIRM has been operating in its current form
for about two years now and the experiences are
promising. It seems that this type active and
collaborative of studies fit very well to, at least, some of
the students and encourage them to learn and develop
their professional competences.
TheFIRM has answered rather well to its main
operative goals, too. It provides opportunities for
students to join the project activities very flexibly when
they have time, energy and/or need to complete studies
that are not bound to tight classroom schedules in the
traditional way. Furthermore, theFIRM is already now
playing an important role in serving the SMEs and other
small organizations of the region. The students have
completed more than 50 projects a year. Also those
customers whose assingments have not been possible to
be implemented by theFIRM have received a proper
response and, often, proposals of possible other local
vendors to discuss with.
Naturally, there are also development items to
consider in oder to improve the activities of theFIRM
even further. For example, there is a need to anchor the
project-based studies even more clearly to the
curriculum so that it is easier for the students to
understand the opportunities and, on the other hand,
communicate the continuum of stepwise increasing
challenge level objective of these studies. Another
development idea deals with the organization of
theFIRM's steering as well as support of the student
CEO and the other senior students. It has been proposed
that theFIRM could have a board consisting of local
entrepreneurs and industrial experts who would meet
few times a year to review the activities, to propose
business and process improvements, and to challenge
both the senior students and the staff members.
To conclude, it is important to continue the
development of innovative and collaborative learning
environments in which the students can reach high
levels of intrinsic motivation and achieve challenging
learning objectives. As listed by Lim (2004), we need to
be able to provide both interesting and relevant
activities and, simultaneously, to create an athmosphere
that provides reinforcement and strengthens the
students' self-efficacy and affect experience. TheFIRM
has potential to develop towards a fruitful learning
community that is able to consider all these
perspectives. Although theFIRM focuses on ICT service
production, the experiences gathered so far can be easily
utilized in other diciplinary contexts, too.

Figure 4: Recruitment advertisement of theFIRM
[Finnish version of the bane: theFIRMA].
Teacher and Staff Roles
One of the central thoughts behind theFIRM
learning environment is to keep allow the students be
the active counterparts in all activities, also including
the managerial roles and customer negotiations. Yet, it
is equally important that TUAS staff and teachers are
available to provide guidance and support when
necessary.
Currently, there are three main staff roles at
theFIRM. There is a staff project manager who has the
overall responsibility of the theFIRM and its operations
from official TUAS perspective. S/he participates also
the customer negotiations and helps defining feasible
project goals, pricing levels and formal contracts.
In addition, there is one teacher whose main task is
to take care of the learning process. This lecturer defines
the learning objectives for the students and projects,
agrees on the number of credits connected to the project
participations, and takes care of the assessment. Another
important task connected to this is to ensure that the
projects provide enough challenge and opportunity to
learn. In other words, if a student participates in several
projects during his/her studies, each new project should
be more challenging than the previous ones.
The third teacher role is a technical consultant. If a
project assignment contains so difficult engineering
tasks that the students are not able to solve them by
themselves, it is possible to consult any of the faculty
subject experts and analyse the task together. This
ensures that there will not be too many “deadlocks” in
the process and makes is possible to accept rather
challenging projects to theFIRM, too.
It is also important that especially the main staff
members are continuously and regularly available for
the students. Also, theFIRM needs human resource
(HR) management activities, as any real ICT company,
to ensure that there are enough resources and expertise
available to complete the project throughout the year. In
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Abstract

In this paper, we describe the detailed
achievements and results addressed up to now, and
report the future plan of competence development
within the visualization of learning outcomes.

The National Institute of Technology, Anan
College (NIT, Anan College) was selected by the
Ministry of Education, Culture, Sports, Science and
Technology for Acceleration Program for University
Education Rebuilding subsidies in 2014. Many
institutions of higher education in this country
applied for this project, and after strict evaluation,
the effort of NIT, Anan College was highly evaluated.
Especially, in Theme Ⅱ(Visualization of Learning
Outcome), NIT, Anan College was the unique
College of Technology designated. We provide an
environment where students can thoroughly study
unsupervised. Of great importance for students is to
evaluate academic results by taking notice of their
daily learning process, to get in the habit of studying
voluntarily, to visualize the competence of the
student as an acceptable member of society and to
fully utilize their capability for career planning.
Four programs will be the core of the approach:
(1) Ensure the learning time by accumulating the
Learning Portfolio. (2) Evaluate creative skills. (3)
Implement student surveys to evaluate the actual
learning situation. (4) Make an Academic Portfolio
leading to improving education and developing skills
of teachers. We describe the challenges concerning
the above in FY2015. At the beginning of the fiscal
year, all students set goals in three categories which
consist of career, academic study and co-curricular
activities, and they evaluate themselves at the end of
the fiscal year. Trial evaluation of competency in
fourteen regular curriculums through the second
semester of FY2015 using newly developed rubric
was conducted. In order to visualize the results of
the student surveys, we made an illustrated sheet.
All faculty have easily understood the major index of
the student surveys at a glance. We investigate the
correlation parameters which influence the
satisfaction level of overall college life. We host a
workshop for creating an Academic Portfolio as
faculty development and also host a workshop with
reduced hours in order for faculty to easily join.

Keywords: Visualization of Learning Outcome,
Management of Teaching and Learning, Career Design,
Learning Portfolio, Competence, Student Survey,
Academic Portfolio
Introduction
The August, 2012 report released by the Central
Council for Education, emphasized quality assurance.
There were keywords listed: active learning and
visualization of learning outcomes. The second Basic
Plan for Promoting Education released by Ministry of
Education, Culture, Sports, Science and Technology
(MEXT) was approved in a Cabinet meeting in June,
2013. One of the basic policies is to promote university
reform to increase the overall study hours of students.
They have to acquire skills to continue studying by
themselves throughout their career. Therefore, we have
to improve our educational method in order to foster
students to achieve their goal.
In 2014, MEXT selected our educational program as
the Acceleration Program for University Education
Rebuilding (AP). Our program is classified in Theme
Ⅱwhich is aimed at visualizing learning outcomes and
is characterised by focusing on competence. So we
could gain insight into the educational improvement
system based on the activities proven worth.
Materials and Methods or pedagogy
Recently, teaching portfolios have attracted
significant attention as a key faculty development
activity. Kurita (2013) arranged a teaching portfolio
workshop suitable for Japanese. Though various faculty
development activities have been conducted at NIT,
Anan College, the portfolio workshop was held for the
first time in 2010, with the aim of further improvement
in the quality of teaching. Creating a teaching portfolio
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within the National Colleges of Technology has
prevailed more-so than at universities and colleges.
Eighteen workshops have been held both on and off
campus with cooperation between the Colleges of
Technology for three and a half years. More than 80%
of NIT, Anan College faculty members created
portfolios.
Saupe (1990) defined Institutional Research (IR) as
“research conducted within an institution of higher
education to provide information which supports
institutional planning, policy formation and decisionmaking”. IR has become popular at many universities
in Japan. The use of IR is typically limited to teaching
and learning. NIT, Anan College has implemented the
use of IR for teaching and learning since 2010. We
compile the survey targeted at first grade students as
well as student body survey and graduation survey,
these surveys share the importance and the method of
using IR in the professional development workshop for
faculty in which almost all faculty participate.
By these means, NIT, Anan College has
fundamental understanding to improve teaching and
learning. Quality assurance and teaching improvement
using IR and TP at NIT, Anan College from 2010.

On-going activities
Our program started from the second semester in
2014. Office for Excellence in Teaching and Learning
was newly-organized to carry out our program. At first,
we prepared the LMS as educational infrastructure and
carried out a survey to understand the trend of
competence for all current students using LMS.
Actually 97% of current students responded.
Homeroom instructors returned the result report sheets
to each student at a meeting and the students received
the same result of PDF file on LMS. After that students
recognized their own competence and they set specific
goals for achievement within the year using learning
portfolios on LMS. We expect students to set a goal by
reflecting on themselves. Homeroom instructors have a
regular meetings to help them achieve success. Ｗｅ
expect students to have an attitude to achieve their goals
to make an effort toward achieving their aims. In order
to realize our idea, we allow students to begin with a set
of goals and to analyse on themselves at the end of the
fiscal year.
We investigate the relationship between the
competence and each subject in the academic
curriculum.
Active learning is increasing in the
classroom as well as developing competence. Then the
competence should be embedded in an academic
program. We recognize that co-curricular activities
facilitate the development of various skills and want to
evaluate the experiences. In order to evaluate the
competence, we are discussing adapting the rubric
reputation.
The Teaching Portfolio (TP) workshop schedule at
NIT, Anan College is shown in Table 1. The workshop
is held for two and a half days. Basically, the workshop
involves three meetings between mentee and mentor,
and activities are also set to motivate each other during
the workshop: “Exchanging Idea”, “How to be a Good
Mentor”, and “TP Presentation". During creating TP
time, there is some conversation with visiting
participants from other campuses when they receive
hints and help reconsidering, finding, giving feedback to
their educational philosophy, or getting new ideas.
Furthermore, Academic Portfolio (AP) can reveal the
effectiveness and balance of teaching, research, and
services, which are recognized as the main components
of higher education faculty, as results of their own
reflection and evidence.

Program of visualization of learning outcomes
The overview of AP program at NIT, Anan College
is shown in Figure 1. Our aim is to prepare educational
circumstances which provide the ability to study by
themselves. Then we improve educational management
emphasizing the learning of students to visualize the
learning outcomes. We think it better to put much
value on the learning process in order to achieve an
attainment target for students. Cloud-based Learning
Management System (LMS) is one of the solutions. It
can offer e-learning, so students study anywhere at any
time. All students can access the LMS from anywhere
that can connect to a network. Faculty can take care and
maintain a connection students through the network
anytime and anywhere.
Students have to learn practical expertise necessary
in society. Recently, the competency to adapt socially
and to get through life is also required. Therefore we
prepare the visualization of competence that allows the
student to get through their student life in our college
and support their career formation.

Ensure the learning time
by accumulating the
Learning Portfolio

Visualization of
Competence
Development of
rubrics to evaluate
the competency
Creating an academic
Portfolio and Teaching
Portfolio

Reform the faculty of
consciousness
Faculty Development

Visualization of
Learning Outcomes
Quality assurance
of student learning

Using Cloud-Based LMS

Table 1

Typical schedule of workshop.
First day

Use of Model Core Curriculum
Introducing a rubric to evaluate
the learning process

a.m.
Student Survey
Institutional Research

Second day
Follow-up
meeting (2)

Kick-off
meeting
p.m.
Follow-up
meeting(1)

Grasp the situation
learning outcomes
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Follow-up
meeting (3)
Mentoring
workshop
Celebratory
Graduation

Get-together

Figure 1 Overview of AP program at NIT, Anan
College. There are four important approaches.
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It is useful for both personnel evaluation and
educational improvement. AP workshop is held in the
same way as TP workshop, and is able to be held at the
same time with TP. After the workshop, all of
respondents felt that the workshop was useful and
beneficial for their careers. The participants recognize
that the workshop is significant for the faculty at the
College of Technology, however, it costs much for a
three day workshop. Then we hold a brief version of
AP workshop for four hours in which documentation is
minimized and much value is put on reflection. This
short version of the workshop relates to academic
portfolios is also useful for making participants think
clearly about the work balance for faculty in the future.

total
5th grade
4th grade
3rd grade
2nd grade
1st grade

0%

20%

achieved

40%

somewhat achieved

60%

80%

a little achieved

100%

not achieved

Figure 3 Status of the achievement of goals for
academic study with self-assessment.

Results and Discussion

total

At the beginning of the fiscal year, almost all
students set goals in three categories which consist of
career, academic study and co-curricular activities, and
they evaluate themselves at the end of the fiscal year.
The ratio of students who set goals of FY2015 is 96%
and the ratio of students who evaluate themselves at the
end of the fiscal year to students who set goals at the
beginning of the year is 79%. There are three categories
of goals which consist of career, academic study and cocurricular activities. Fig. 2 shows the status of the
achievement of goals for career planning with selfassessment. The ratio of “achieved” increases with
moving up to a higher grade from Fig. 2.
Upperclassmen describe specific plans of getting a job
or going on to universities. Fig. 3 shows the status of
the achievement of goals for academic study with selfassessment. Lowerclassmen tend to set a goal of getting
good study habits with concrete numerical targets
concerning academic results. On the other hand,
upperclassmen tend to set a goal concerning acquisition
of academic credits like failing a test. Fig. 4 shows the
status of the achievement of goals for co-curricular
activities with self-assessment. Freshmen tend to set a
goal of social common sense and common courtesy.
Sophomore tend to set an example by their own
behaviour and provide guidance for freshmen.

5th grade
4th grade
3rd grade
2nd grade
1st grade
0%

20%

achieved

40%

somewhat achieved

60%

80%

a little achieved

100%

not achieved

Figure 4 Status of the achievement of goals for cocurricular activities with self-assessment.
In order to analyse competency assessment of
student survey, we conducted a PROG test as a
competency assessment test for freshmen at FY2014,
freshmen at FY2015 and sophomore at FY2015. We
analysed the difference of achieving competency
between day students and boarding students. Trend of
the distribution for total level of competency from the
results of PROG test are shown in Fig. 5 to Fig. 7.
These figures show the results of freshmen at FY2014,
sophomore at FY2015, freshmen at FY2015,
respectively. From Fig.5 and 6 in which the subjects are
the same, the rate of students gaining higer level
increases. On the other hand, from Fig.5 and 6 in which
the tests are the same, the rate of sophomore who
achieve higher level is larger than the one of freshmen.

30

Rate of component students [%]

total
5th grade
4th grade
3rd grade
2nd grade
1st grade

0%
achieved

20%

40%

somewhat achieved

60%
a little achieved

80%

100%

boarding student
25

15
10
5
0

not achieved

day student

20

1

2

3

4

5

6

7

Level

Figure 2 Status of the achievement of goals for career
planning with self-assessment.

Figure 5 Rate of component of freshmen at FY2014.
(n=151)
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In comparison with average level, the results of
boarding students are higher than the one of day
students in both cases. It is considered that the trend of
competency of PROG test has validity. Next, we
analysed the correlation between academic results and
competency. It is proved that some courses among
thirteen analysed courses reveal a correlation. From
these points of view, we can make students gain
competency in the curriculum.
Trial evaluation of competency in fourteen regular
curriculums through the second semester of FY2015
using newly developed rubric was conducted. Faculty
using rubric gave us some feedback to make
improvements.
Furthermore, the guideline of
competency in Model Core Curriculum of National
Institute of technology will be revised. Then we are
improving our rubric in order to test it for real.
In order to visualize the results of the student
surveys, we made an illustrated sheet. All faculty have
easily understood the major index of the student surveys
at a glance. We put it on the web server in our college
and share with faculty.
Conclusions
Ｗ ｅ expect students to make an effort toward
achieving their aims. At the beginning of the fiscal year,
almost all students set goals in three categories which
consist of career, academic study and co-curricular
activities, and they evaluated themselves at the end of
the fiscal year.
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Abstract

talents with a range of capabilities at different levels
in STEM knowledge development. In addition, the
team organizes solar car workshops and
demonstrations, and supervises group projects for
secondary school students. Result of the study
implied that STEM with PBL in school benefitted
students in that they achieved a greater extension on
extra-curricular and academic aspect, especially
gaining more solid knowledge in technology and
engineering.

The purpose of this paper is to examine how
extra-curricular and academic performance is
affected by student participation in Science,
Technology, Engineering and Mathematics (STEM)
under project-based learning (PBL) activities.
General observation and quantitative analysis was
used to evaluate the two aspects. A solar car team
project under the philosophy of STEM and PBL is
developed and more than two hundred students
from electrical and mechanical engineering field
participated in the team project and learnt the
STEM PBL core value. The team aims to develop a
solar-powered vehicle to demonstrate the viability of
a renewable energy through the use of green
transportation, to promote the awareness of
environmental sustainability among the public. It
also provides students with an opportunity to put
theoretical knowledge into practice, gain hands-on
experience, and practice project management skills
during development, and thus leading student to
understanding science and new technology; and
practising engineering skills and mathematics. Till
now, six solar vehicles were built with the massive
efforts of students. Moreover, design thinking
process is adopted to engage and motivate students
to learn and develop in the team. The entire process
includes the following steps: ‘Empathize’, allowing
students to learn about their audience for their
designing process; ‘Define’, constructing a point of
view that is based on user needs and insights;
‘Ideate’, brainstorming and coming up with creative
solutions; ‘Prototype’, building a representation of
one or more of student ideas to show to others and
‘test’, returning to original user group and testing
their ideas for feedback. The team students showed
significantly growth rates on research, planning,
project implementation and reporting. The team also
assists students’ further STEM studies and STEM
career planning, and the nurturing of diversified

Keywords: STEM, PBL,
integration, problem solving

design

think

process,

Introduction
According to the study from Anthony P. Carnevale
(2015) that, the highest paying group after graduating
from university in the United States is Science,
Technology, Engineering, and Mathematics (STEM)
group, especially engineering majors which followed by
health and business. As a result, talented students in the
United States compete for an engineering degree. The
situation, however, is totally different in Hong Kong as
it is found that science and engineering are considered
“undesirable” for Hong Kong students. The 2014 Joint
University Programmes Admission System data show
that, the admission requirements for engineering and
science degrees are significantly lower than those of law
and medicine, even business programmes in Hong
Kong.
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students were initiated that streamline shape cover shall
be added on top to maintain the vehicle overall
aerodynamic performance.
Till now, six ‘SOPHIEs’ were built under the
massive effort of students. Three of them participated in
three races under students’ leadership, “Shell EcoMarathon Asia 2012” with SOPHIE SEM, “World Solar
Challenge 2013” with SOPHIE IV and “World Solar
Challenge 2015” with SOPHIE V. In each competition,
students demonstrated their telnets in building solar
vehicles. Students have applied the knowledge learned
in classroom to design and fabricate the solar vehicle for
competitions and showed their confidence and interest
in building the solar vehicle. These experience broaden
their view in terms of problem solving, design concept
and technology application, thus self-confidence was
highly enhanced. From that, it is without doubt that
STEM PBL has positively influenced student’s extracurricular performances. STEM PBL showed positive
attitudes toward learning itself, team communication,
and collaborative behaviour which were discussed in
literature (i.e. Dominguez & Jaime, 2010; Kaldi,
Filippatou & Govaris, 2011; van Rooij, 2009).
Furthermore, STEM PBL was examined with respect to
increasing students’ interest, self-confidence, and selfefficacy, found by Baran & Maskan (2010), which was
highly related to the components of STEM BPL such as
collaborations in group work and contextual problems
reflecting students’ real world experiences.
In fact, design thinking process is also adopted to the
team operation. The process is divided into five stages,
including: Empathize, making use of the Internet, social
media and local visits to under the design challenges to
understand the way and why peoples engaging in
similar projects, the needs are then identified; Define,
through the empathizing stage, questions are uncovered
and actionable problem statement of what needs to be
built; Ideate, with the problem statement on hands, the
team started to brainstorm and innovate on building the
solar car; Prototype, these innovative ideas are realized
by prototyping different parts of the solar car and were
tested; Test, improved version of these prototypes were
put together for testing (e.g. in campus parking lot), to
realize the target product is finally delivered, and the
project outcomes are being demonstrated.

Figure 1. 2014 University Admission Median
In 2015 and 2016 policy address, Hong Kong
Government stated that the Education Bureau of Hong
Kong SAR will renew and enrich the curricula and
learning activities of STEM, allowing students to fully
unleash their potential in innovation. The critical
problem is how STEM and students attracted each
other. Lap-chee Tsui (2015) found that, the major
challenge to Hong Kong’s Innovation and technology
advancement is STEM programmes face strong
competition in attracting students with the best
academic results.
To promote STEM and equip student with
professional knowledge and practical skills, and to be
work prepared, Vocational Training Council (VTC)
already applied STEM PBL in Hong Kong Institute of
Vocational Education (IVE) Tsing Yi, Engineering
Discipline, the project is known as ‘SOPHIE’, a solar
car project, and the result showing that STEM give a
positive influence to students.
STEM PBL in VTC IVE
In 2010, the IVE Solar Car Team, a team that focuses
on developing a solar-powered vehicle, was established
by the IVE Engineering discipline of the HKIVE Tsing
Yi under VTC. STEM PBL is one of the core values of
the team in respect to educating students. The team
consists of students from Electrical Engineering and
Mechanical Engineering working together and aims to
design an innovative and more sustainable vehicle
called ‘SOPHIE’ to demonstrate the viability of
renewable energy through using the green
transportation. From 2010 to 2016, more than two
hundred students learnt the core value of the team,
among them, around fifteen students were selected to be
the core team member every year. They learnt about
solar power technology and advanced application, hightech automotive design and fabrication, logistic
management and team cooperation. The vehicle
‘SOPHIE’ allow students to learn by doing and applying
ideas, which is the key feature of project based learning
which discussed in Bulmenfed (2000). The principle is
that students actively construct their understanding by
working with and using ideas when they gain a deeper
understanding of materials, for example, video camera
is used as the side mirror in SOPHIE, responsible

Workshop to secondary school
To examine more on the extra curricular and academic
aspects, a solar car workshop which is similar to the
IVE Solar Car Team working operation is designed for
senior secondary school students (i.e. S4 to S6). As
junior secondary school students (i.e. S1 to S3) or even
primary school students may not have the fundamental
knowledge on STEM area, senior secondary school
students were chosen.
The workshop introduces the basic solar car
structure including solar panel working principle,
energy conservation, and mechanical system to the
participants, with the real product demonstration, (i.e.
SPOPHIE) and divided them in group that hands on a
project, a small scale solar car model. From the
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workshop, it is observed that there are positive effects
for students in acquiring content knowledge and
nurturing positive attitude toward learning. The primary
reasons are the workshop contains hands-on activities
and field-based contexts. Moreover, students’ problem
solving skills are improved since students were required
to solve problems embedded in the project.
A set of pre-event and post event survey were
conducted with the participants. The results are shown
in the following:

Figure 4. Survey score of Engineering session

Figure 2. Survey score of Science session

Figure 5. Survey score of Mathematics session
Result
The figures and the observation deliver that while
STEM PBL was implemented, there is an expected
positive growth rate in students’ achievement especially
in technology and engineering scopes (see Fig. 3 and 4),
since these two area are not usually covered in
classroom. Collaboration, group projects, ill-defined
tasks, and student-centered environments all are interrelationally function with each other. STEM PBL
activities benefitted students in that more additional
opportunities were given to students to communicate
with peers and teachers than would traditional lectures.
Teachers of the senior students appreciate that the
workshop is interesting and helpful for students’
learning. To increase the gaining of every STEM areas,
the workshop would be further developed.

Figure 3. Survey score of Technology session

Conclusion
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The effectiveness of implementing STEM PBL in terms
of improving students’ science and mathematics has not
demonstrated as much improvement, however, the
findings of this paper assists teachers to rethink how to
promote STEM to students out of the traditional
classroom and how the STEM PBL varied with the
performance levels and benefit students by engaging in
STEM PBL activities. STEM is an important key to
nurture creativity, innovation, collaboration and
problem solving skills of our next generation and to
enhance the international competitiveness of Hong
Kong.
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Abstract

have confirmed that the revised assessment process
is easier to manage in the terms teaching & learning
and assessment.

Many engineering courses have a final year
project as part of the course curriculum. This final
year project or capstone is an important graduating
experience for their students. However, commitment
of the supervisors, subjectivity of the assessors,
variations in assessment and evaluation methods,
complexity of each project being offered and the
different technologies of the projects, raise many
questions with regards to how engineering schools
manage such projects to ensure a credible and
reliable assessment process.
This paper outlines the development and
implementation of Teaching and Learning
Integrated Assessment for Project (TLIAP), in two
final year engineering project modules, Project
Design and Development Part 1 (PDD1) and Project
Design and Development Part 2 (PDD2) at the
School of Engineering, Electronic and Computer
Engineering (ECE) Division to address the problems
as stated above.
The TLIAP Rubric is a demonstration of an
innovative approach to assessment. The TLIAP
Rubric revised the scoring rubric into a tool for
structured teaching, learning and feedback, moving
beyond the basics of being a tool for consistent
marking. Its criteria focus not just on the end
product but also on the development and learning
processes e.g. prototyping, in completing the projects
and 21st century skills such as collaboration. TLIAP
also provides supervisors and students with easy to
follow, clear and consistent guidelines to effectively
monitor project progress.
The TLIAP Rubric criteria was carefully put
together in consultation with students, project
supervisors, technology cluster leaders and course
leaders, and are aligned with the learning outcomes
of the modules. It is a generic process-based, learnercentered teaching and learning assessment strategy
that moves away from the more traditional
supervisor-centered and end-product focused
assessment.
The assessment criteria are tailored based on
Structure of Observed Learning Outcomes (SOLO)
taxonomy by John Biggs, assessing students’ work in
terms of its complexity and quality. Feedback have
also been gathered at different stages of
implementation and the results obtained showed a
positive impact to student’s learning. Supervisors

Keywords: assessment rubric, constructive alignment,
assessment, SOLO taxonomy.
Introduction
Final year projects are common graduating
requirements for many engineering students. In the
School of Engineering, Electronic and Computer (ECE)
Division, Ngee Ann Polytechnic (NP), students
undertaking the final year project have to go through
two modules in their two final semesters of their course.
They are PDD1 (April semester) and PDD2 (October
semester). Student’s performance in these modules are
often referenced by employers for employment or
universities for admission into their degree courses.
In the recent years, there has been an increase in the
complexity, diversity and depth of the projects that are
being offered to students. This increase in options for
students is also matched by the increased number of
staff that are involved in project supervision and as
moderators which can result is variation in supervisory
styles, evaluation and assessment of the projects leading
to inequality in the learning experience. There is a need
to develop some level of consistency in assessment
across the variety of projects.
Challenges in assessing Final Year Projects
Literature review has indicated that an increase in
students and projects would also result in issues
associating with assessing project submissions.
According to Black (1975), wider range of topics,
increase in scope, involvement of more staff as
supervisors give rise to many issues such as ill-chosen
topics, lack in clear objectives and poor supervision,
resulting in frustrations and affecting students’
performance. Black further argues that in most cases,
marks awarded by individual supervisors are seldom
challenged by external examiners which can lead to the
notion of “unfairness” in evaluation.
In a similar study by Littlefair & Gossman (2008),
they reported that there is significant discrepancy in
assessment criteria amongst supervisors. Every
supervisor seemed to have their own subjective views
and students were often confused when supervisors and
moderators have their own interpretation of the
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Gossman, 2008).These learning outcomes focus on
project development processes and key graduate
outcomes e.g. 21st century skills such as project
management, working in groups and presentation skills.
Focusing on project development processes also
gives supervisors the opportunity to show guidance, and
thus integrate teaching into project development process.

requirements which may conflict with one another. The
lack of clear assessment criteria give rise to subjective
assessment, lacking in transparency.
Jawitz & Moore (2002) did a comprehensive study
on project management and assessment practices within
University of Cape Town. Their study also concludes
that there is large variation in project management and
assessment practices within the same faculty.
Based on related studies and study conducted by the
author, ECE also faced similar problems. These
problems can be summarised as:






Table 1. Module Objectives and its learning outcomes

Wide range of topics offered as projects
Different approaches by supervisors
Supervisors using own criteria for assessment
Assessment criteria not communicated to students
Lack of communications amongst supervisors

In order to ensure consistency in supervision and
fair assessment across the wide range of topics and
different approaches adopted by various supervisors,
there is a need to develop an assessment tool that would
ensure consistency in supervision and fair assessment.
In addition, this tool must also be clearly communicated
to students and supervisors.
Development of TLIAP Rubric for Engineering
Project
Constructive Alignment and the T&L aspects
According to Biggs (2003), teaching and learning
objectives, content and learning approaches must be
aligned to the assessment criteria to achieve
constructive alignment. This alignment optimizes the
conditions that support higher order learning processes.
To ensure constructive alignment in TLIAP, a rubric is
designed using the learning outcomes as the assessment
criteria. Andrade (2000) concludes that properly
designed rubric can be used for teaching, assessment
and also used by students to support self-learning.
Therefore, it is important to establish the learning
outcomes of this engineering project first before the
TLIAP rubric and assessment can be developed.

Classifying the Assessment Criteria
According to Thompson, the assessment criteria
influence how students approach the project. Using a
holistic set of assessment criteria encourages students to
look beyond the bits and pieces of the project for which
they think they can gain marks (Thompson, 2007). As
the projects can become more complex as it progress,
and it is important that TLIAP rubric is also able to
reflect this increase in complexity. To do so, TLIAP
criteria classification was developed based on SOLO
taxonomy. SOLO, which stands for the Structure of the
Observed Learning Outcomes, is a method that is used
to classify learning outcomes in terms of their
complexity and quality. This classification enables
project supervisors to assess and feedback students’
work in terms of its complexity and quality
(http://www.johnbiggs.com.au/academic/solotaxonomy/).
Besides assessment and feedback, SOLO is also
useful in helping project supervisors scaffold their T&L
around knowledge and skills required for the project in
stages. At the initial stage of project development,
supervisors can guide students to pick up only one or
two aspects of the task required for the project (Unistructural), several aspects, when the students have
progressed (Multi-structural), integration of tasks
(Relational), and finally, for the students themselves to
design and develop untaught applications (Extended
abstract). Appendix 1 shows the complete TLIAP rubric
classification using SOLO taxonomy.

Establishing Learning Outcomes
For sound educational curriculum design,
assessment criteria must be linked to module or course
objectives (Jawitz & Moore, 2002). These assessment
criteria should be based on a set of clear learning
outcomes to be developed when students complete the
module or course. The initial development of TLIAP
rubric is the learning outcomes of the final year
engineering project and these were derived from the
project module objectives. These objectives become the
assessment criteria for final year engineering project.
Table 1 shows the module objectives and its learning
outcomes.
While it is important that an engineer’s primary
concern is correctness of the final product but in reality
the final product depends largely on the skills,
approaches and management of the task (Littlefair &
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•
•

TLIAP and Project Development Cycle
The traditional engineering project development
cycle and Design Thinking Process are defined in
TLIAP rubric. The Table 2 summarizes the different
phases that both processes go through to complete their
project and also how the 2 different processes are
“linked” through the T&L approaches used in each
stage.

Moderated grade varies by a big margin.
Disagreement with the moderated grade by
supervisor

Implementation of TLIAP Rubric
Previously, one of the problems ECE faced when
working with students on the final year project was the
lack of clarity in the communications to students the
project assessment criteria. With the implementation of
TLIAP, all cluster leaders must brief all project students
in their clusters in week 1 about the assessment criteria
using the TLIAP rubric. The overall Assessment
Schedule is shown in Table 3. Students are grouped in
twos or threes to start on their selected projects. All
supervisors are allocated three hours of contact hours
with each group of project students which are scheduled
in the students’ time-table.
As students are aware that their supervisors and the
different panels that would be assessing them using the
TLIAP rubric, they can plan and monitor their own
learning and manage their own progress using the rubric,
and supervisors can also monitor, guide and scaffold
teaching using the TLIAP rubric. These guidelines and
schedule make it clear for both students and supervisors
of the expectations of the final year project.

Table 2. Project Development Process and its T&L

As there are common T&L approaches used,
TLIAP rubric is thus applicable to both approaches.
This is important to cater to the wider range of topics in
projects, and the different ways in which students would
take in the engineering project development process.
For examples, the traditional approach using the five
phases would be more suitable for a project if it has
clear specifications, with defined steps and tools used to
design and developed the final product. However, if the
project requires students to modify either the current
design or specifications, based on new findings or
techniques that have become available, it may be more
suitable to adopt the Design Thinking process where
ongoing modifications are performed to remove
discrepancies from the initial defined requirements or
specifications. (Braha &Maimon, 1997 in Razzouk &
Shute, 2012).

Table 3. Assessment Schedule

Note:
PDD1 assessment do not include project integration
PDD2 assessment do not include project specification and planning

Project Standardisation and Moderation

Review of TLIAP: Supervisors’ Perspective

One of the goals of TLIAP is to standardise the
complexity of the topics being offered and its rubric is
to ensure fairness in the assessment. All projects and
supervisors are grouped into eight technology clusters.
Each cluster is headed by a cluster leader with in-depth
knowledge of the technology. The technology cluster
leaders moderated the complexity of the projects
proposed by supervisors in each cluster, ensuring all
projects meet the predefined standard in depth and
scope before being offered to students.
All student grades provided by supervisors within a
cluster are first moderated by the cluster panels. After
this, the grades will be moderated again by other cluster
panels. Examiner Review panels consist of cluster
leaders and three divisional deputy directors who will
moderate when
• ‘A’ or Failing grade is awarded after moderation

Prior to the implementation of TLIAP rubric, the
rubric was reviewed by all the technology cluster
leaders for benchmarking against some selected A, B, C,
D graded projects from previous semester, including the
log books and project reports. There was general
agreement after the weighting of the assessment criteria
is adjusted.
After benchmarking, an online survey among the
supervisors was also done to gauge their views of the
revised TLIAP rubric. Feedback obtained from the
supervisors were very consistent. Almost all agreed that
the revised TLIAP rubric
 is clear, concise and easy to follow
 gives clearly stated assessment criteria for each
grade
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However, many supervisors also commented that
the current workflow for TLIAP to collate the grades
and tracking the grades with the hardcopy spreadsheets
is a daunting task. Following this feedback, a web-based
data entry system for project management and
assessment tracking has been developed to compliment
TLIAP rubric. This web-based database system
simplifies assessment tracking processes.
According to Macías-Guarasa et al. (2006),
administrative and teaching tools are important in
project based learning courses with large enrolment.
When information can be accessed easily, it can
significantly reduce workload of project supervisors in
monitoring students’ progress. Figures 1 and 2 show
two screenshots of this web-based system

improvement in project management. Figure 3 shows
the survey results with 81% of the students agreeing that
TLIAP has been useful in their preparation of the
project.
Figure 3

Figure 1. Project groups tracking

Survey 2 - Before Final Review of PDD2
In this online survey, the students were asked for
specific areas in which TLIAP was useful to them.
These included the TLIAP rubric criteria, using the
rubric to set targets, overall project requirements,
supervisor feedback and improvement. Figures 4, 5, 6
and 7 shows the survey results. The majority of
students were positive about the TLIP criteria and
requirements, and also acknowledged that TLIAP help
them set targets and allowed them to better understand
the project requirements. Students were also satisfied
with the feedback provided during the project
development process.

Figure 2. Individual project group marks entry

Figure 4

Review of TLIAP: Students’ Perspective
Student evaluation is important and also essential for
improvement (Rovai, 2003). Two student surveys were
used to gather feedbacks on the value of TLIAP rubric
to them.
Survey 1: Before Final Review of PDD1
In this survey, students were asked to rate how
useful is the TLIAP rubric was in helping them to
prepare for the final review, as well as comments for
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allows students to design and develop their projects
using both traditional engineering project development
cycle and Design Thinking processes.. TLIAP replaces
a traditional approach that is subjective and open to
challenge with a rubric that is clear in its criteria.
The development of TLIAP rubric involved
feedback from project supervisors and the results
showed that most agreed that the revised TLIAP rubric
is clear, concise and easy to follow. It is able to
communicate clearly to students what is expected of
them, and supervisors are more consistent when grading
different projects across different levels of topics and
difficulty.
Technology clustering is used to overcome the
problems related to diverse topics and three levels of
moderation provide a fairer and more reliable
assessment system. The daunting workflow of
managing project and assessment is simplified using a
web-based data entry and tracking system.
Student evaluation of the approach has also shown
that it has achieved its objectives as the majority of
students received feedback on their performance and
indicated being able to set their own targets and prepare
for the final project presentation.
This approach is by no means perfect to meet the
expectations of all supervisors and students. However, it
has enhanced student learning outcomes, reduce
subjectivity in the assessment, and provided a more
transparent and robust assessment system.

Figure 5

Figure 6
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The Student Counselling Room had felt the
importance of prevention before troubles occur, together
with the traditional way of support which aims to solve
worries and problems students have. While one of the
authors was the head of the Counselling Room, we began
to cooperate with Saijo Public Health Center in the
eastern part of Ehime prefecture where Niihama college
is located. Saijo Public Health Center launched a project
to support the mental health of adolescents as one of
efforts to prevent suicide in the year 2015. Niihama
College become a model school for the project and we
named the activity “Mental Skill-up Education.”
We carried out the following two things. One is to
carry out a lecture for teaching staff by public health
nurses and to acquire the skill to give a lesson toward
students. The other is that our teaching staffs actually
deliver a class to support students’ mental health. This
class includes group works and presentations which are
necessary for engineering education. The key feature is
that our teaching staff especially homeroom teachers
acquire the skill and give a class to students so as to
maintain this education in the limited amount of budget.
It is also meaningful to improve students’
communication ability through group work and
presentation in the process of learning the method of
mental health.
In the following sections, we will introduce our
method, then analyze the results of questionnaire, and
finally discuss the importance of our activity and future
issues.

Abstract
This paper reports the mental health education
that we conducted at Niihama College. Cooperating
with Saijo Public Health Center, we gave lessons to
first-year students. These lessons aim to support
students’ mental health and to improve their
communication ability. Our method is based on
cognitive behavioral therapy. We also adopted the
method of active learning in the class, such as group
work and presentation. We believe this helps to
nurture the ability of independent learning and
communication. We carried out a questionnaire to
receive feedback from the students and to check their
level of understanding. This paper analyzes and
evaluates our activity. We finally discuss the
importance of mental health support in engineering
education and recommend introducing it in the
curricurum of National Institute of Technology.
Keywords: mental health, cognitive behavioral therapy,
engineering education, group work, presentation
Introduction
Student Counselling Room in Niihama College made
various efforts to support students’ mental health. The
Counselling Room has recently employed two school
nurses and enriched the system of counsellor outside the
college. As a result, the number of user of the
Counselling Room has increased. This does not mean
that the number of students who has troubles and worries
has increased, but this does mean that students feel easier
to consult. Consequently, we can grasp students’ mental
troubles and worries better, and now work on each case
carefully. For the next step, we believe that it is important
to improve self-control ability of emotion in order to keep
fit mentally before serious troubles occur.

Method
Out activity has two purposes. One is that both
teachers and students learn the basic method of cognitive
behavioral therapy that “emotion and behavior is affected
by the way of thinking”, consider the worries and
situation that we face, and judge what we should do
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“black and white thinking”. Students answer a small
questionnaire and check features and habits of their way
of thinking.

flexibly. The other is that teaching staff can deliver a
class and continue our activity in the long term.
To accomplish our purposes, we first provide a
lecture for our teaching staff and then give a lecture to 5
classes of 212 first year students. Out of 5 classes, first 3
classes were taught by staff from Saijo Public Health
Center and teaching staff at Niihama College took charge
of the other 2 classes.
1. Lecture for teaching staff
A lecture by two public health nurses at Saijo Public
Health Center was held in July 2015, and 47 staff
attended the lecture. We learned the basics of cognitive
behavioral therapy that “emotion and behavior is
affected by the way of thinking” and discussed how to
deliver a lesson towards students.

(3) Consider the relation of “incident (fact)”, “thought”,
and “feeling / action”
Students consider the following case and classify into
“incident (fact)”, “thought”, and “feeling / action”.
‘On Sunday, A wanted to play with B and sent a
message on LINE. A sent massages several times, and
the messages were already read but there was no reply
from B. A thought that B went to play with C (another
friend) and A felt left out. A got upset thinking that ‘I
did something terrible to B’ or ‘B got into a serious
trouble’. A got a stomachache and couldn’t work on
homework that A had to do.’

2. Lessons towards students
We gave lessons towards 5 classes of first year students,
212 in total. The public health nurses carried out first 3
classes and our teaching staff learned by observation.
Then, 4 staff took charge of the other two classes (2
teachers for each class). The lesson are 90 minute long
and the contents of the lesson are as follows.

(4) Discuss among group members and prepare for
presentation
Students imagine how A thinks and how it affects A’s
feeling and action. Students make groups of six and
discuss advice to A within a group. Students decide a
chair, a secretary, a timekeeper and speaker, and prepare
for their presentation.

(1) Understand the basic idea of cognitive behavioral
therapy
First, staff role-play the scene “A said ‘Good morning’
to B (A’s friend) but B did not reply”. Next, students
imagine how A feels. Students choose their feeling from
5 choices (sorrow, anger, anxiety, composure and other)
and raise a colored paper corresponding to their feeling
(see Figure 1). At that time, staff tell students that
perception and feeling vary and there is no right or
wrong. Then, students consider the reason of their
feeling, the cause of their feeling (i. e. the way of
thinking) and the next action. Staff convey that
“emotion and behavior is affected by the way of
thinking.”
Figure 2. Group work
(5) Presentation
Each group gives a presentation for about two minutes.

Figure 1. Student raise colored paper corresponding to
their feeling
(2) Check their way of thinking
Staff introduce 6 patterns of way of thinking: “thinking
ahead”, “obligatory thinking”, “subjunctive
impression”, “thinking too much”, and “self-criticism”,

Figure 3. Presentation
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During adolescence, the body and mind go through
many complex changes, and students tend to have many
concerns. Therefore, it is necessary for students to learn
how to deal with their stress and refresh their mind. It
would be very effective to ask an expert outside of the
college to give a talk, but it is difficult to continue in the
long term in the limited amount of budget. Under these
circumstances, we started the project aiming our teaching
staff to acquire the skill of mental health and actually
deliver a lecture. Judging from the results of
questionnaire and reaction of students during the classes,
we believe that we accomplish our aim. It is necessary to
continue our efforts to understand the ideas of cognitive
behavioral therapy and to learn the skill of giving a
lecture. At the same time, we need to look closely at the
circumstances of students and the number of consultation.
In 2016, we plan to carry out the similar lectures by
homeroom teachers to first year students and start to give
a lecture of assertion to second year students cooperating
with Saijo Public Health Center.

(6) Sum up
Students review what they have learned and fill in a
questionnaire.
Results and Discussion
This section shows the results of questionnaire we
took. First, we report questionnaires of teaching staff
after the lecture by the public health nurses at Niihama
College. The reply to the question whether they already
knew the cognitive behavioral therapy is the low 10.8%.
However, 21.6% of the participants fully understand the
content, and 70.3% understand the content. As these two
replies are above 90%, we accomplish the aim to have
our teaching staff understand the basics of the cognitive
behavioral therapy. We also asked their willingness to
adopt the cognitive behavioral therapy into education.
3% has already used the method, and the majority 75.7%
are willing to work on it. This means that many teaching
staff show positive attitude toward our project.
Now, we report the results of questionnaire of
students after the class that the teaching staff of Niihama
College give classes.
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Did you enjoy the class?
Yes very
    27.9%
Yes
       70.9%
Not much
  1.2%

References

Do you understand the idea that “emotion is affected by
the way of thinking”?
 Yes very    
47.7%
 Yes
       51.1%
 No
    1.2%

Japanese Association of CBT Education in Schools.
(2015) The Theory and Practice of Mental Skill-up
Education. 「こころのスキルアップ教育の理論と実
践」認知行動療法教育研究会
Y.Noda. (2014). A Student Counseling in cooperation
with “A Local Youth Support Station”. Memoirs of
National Institute of Technology, Niihama College, 50,
7-12.

Do you understand the importance of thinking “incident ”,
“thought” and “feeling” separately when you are
worried?
 Yes very        31.3%
 Yes
    62.9%
 Not much
5.8%

Y.Moriya, Y.Noda, M.Asato. (2016). An approach to
improving a mental health consciousness of students and
faculty. Memoirs of National Institute of Technology,
Niihama College, 52, 1-6.

Do you think this class would be useful for you?
 Yes very
     24.4%
 Yes
        65.1%
 Not much
   10.4%
Do you want to take this kind of class (mental health
class) again?
 Yes very    
17.4%
 Yes
        61.6%
 Not much
   16.3%
 No
      4.6%
As you can see from the above results, most students
show positive attitude towards the contents of the class.
It turns out that our attempt was quite effective despite
the first year of activity.
Conclusions
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Abstract
In his book Digital Game-Based Learning,
education thought leader Marc Prensky argues that
the pervasiveness of playing computer and video
games has impacted current generations in the way
they learn. In this light, he proposes that games are a
good tool for learning. For one, its very nature
arouses passion and involvement. Moreover, while
rules give structure and context, goals provide
motivation as learners push themselves to progress
to higher levels of achievement through stages.
Outcomes and feedback in games direct players
towards improving their play and problem solving
skills. Finally, interactivity in games allows learning
to happen through doing, so that assimilation of
information comes naturally.
In the School of Engineering at Temasek
Polytechnic, Year 1 students need to take a core
mathematics module in Calculus. With a wide range
of student academic ability, inadvertently, a group of
students will often lag behind because they could not
grasp the basics. Due to the nature of the module,
students need to be familiar not only with
mathematical notation but also basic formulas and
algebraic skills. Two online packages were designed
to help students level up their basic skills in
differentiation and integration by gamifying the
learning experience. They supplement formal lessons
by revisiting important calculus concepts. This
allows students to have a gauge of their competence
and the opportunity to improve on specific areas
before sitting for formal assessments.
The differentiation online package was
implemented during the Off Campus Learning Week
in January 2016. A total of 1350 Year 1 engineering
students took part in the exercise and were surveyed.
Since it was a pilot run, the survey aimed to assess
whether this form of learning was effective and what
the experiences of students were like.
The majority of the students seemed to have
enjoyed the experience, with 79% giving it a positive
rating. As the details of the survey were unpacked,
students’ experiences and learning issues were
surfaced that hint at some directions for future
improvements.
As a follow-up, the integration online package
was implemented at the end of the semester for
students to attempt for their own review.

Introduction
The phenomenal growth of the online gaming
industry at the turn of the millennium, and its impact on
student learning, are of great interest to both educators
and employers alike. This is what Marc Prensky
(Prensky 2007) cautions us about the Games
Generations:
“Based on the latest scientific research and evidence
in neurology, there is no longer any question that
stimulation of various kinds actually changes brain
structures and affects the way people think, and that
these transformations go on throughout life.”
In fact, Prensky suggests, approaches that dominate
the education system now could actually retard learning
for this group. For example, the Games Generations
thrive on twitch speed, graphics, parallel processing of
ideas and random access of content, whereas teaching in
schools still resort to conventional speed, texts, linear
processing of ideas and step-by-step instructions. Gamebased learning, with attributes naturally suited to this
group, could very well be a significant teaching tool in
the future, although it has its limitations. One example
stands out - reflection for critical thinking is not a skill
usually associated with games. Nonetheless, certain
genres, such as chess and military simulation games, are
already integrating it into their game-play, indicating
potential for game-design developments in this area
(Prensky 2007).
Lisa Galameau and Melanie Zibit (Galameau &
Zibit 2007) have similar views. They went on to assert
that while current education systems are not preparing
students with 21st century skills, online games are. In
their view, the 21st century workers will need to
collaborate with diverse teams of people, master
knowledge by filtering through quasi-accurate
information, and thrive on chaos to allow rapid
decisions to be made in resolving new dilemmas. They
call for the breaking down of barriers in the education
systems to games by improving digital literacy and
offering online learning environments. As young people
embrace modern communication technologies and play
in virtual environments, real-world capabilities can be
developed organically.
More recently, gamification is a concept that is
making headway in business, and trickling into the
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education arena. Defined as “the use of game design
elements in non-game contexts” (Deterding et at 2011),
gamification seeks to create target behaviours in the
player towards emotional responses through game
components (Hunicke et al 2004). Contrary to what
some may believe, research shows that rewards such as
points, levels and leaderboards do not actually harm the
intrinsic motivation of the player to play the game for its
own sake if the game is properly designed (Mekler et al
2013).
Gamifying learning content is gaining interest
among schools and institutions in Singapore. A 2009
study of Singapore schools (Koh et al 2012) found that
58% of teacher respondents incorporated games in their
teaching, though not frequently, and 16% of them firmly
believed in the benefits of games. A similar study in a
local polytechnic (Tan A. 2014) revealed that about
40% of the teacher respondents used games in their
teaching and most were positive of its benefits despite
its limited use. At the same time, game-based learning
has taken on greater dimensions in some schools and
institutions in the United States. Lee Sheldon discusses
several case studies in his book The Multiplayer
Classroom (Sheldon 2012). Notably, he commends
Quest to Learn, an innovative high school in New York
launched by Katie Salen in 2009, where the curriculum
mimics the action and design principles of games.
These experimentations act as signposts pointing to
much room for harnessing the power of well-designed
games to engage students in problem-solving skills as
we anticipate where game-based learning is going
(Trybus 2014). Selecting meaningful game elements for
the subject content is definitely an important
consideration. For example, simulation with game
elements has much to offer in engineering subjects. In
the School of Engineering at Temasek Polytechnic,
students who went through simulation-based learning in
the subjects Machine Technology and Gas Turbine
Engine were found to experience deeper learning than
their counterparts in traditional classroom teaching
(Fang et al 2008, Tan H. S. et al 2014).
For the semester spanning October 2015 to March
2016, the School of Engineering at Temasek
Polytechnic made an attempt to gamify some of the
learning of Calculus for Year 1 students. This paper
discusses student experience and learning as fed back by
the cohort of engineering Year 1 students of Calculus in
January 2016.

they aced the more difficult Additional Mathematics.
Taking various factors into account, approximately 10%
of the cohort would often be found struggling with the
Calculus module.
The difficulty these 10% face is largely two-fold:
while coping with new concepts and new mathematical
notations in the module, they need to level up with
others in algebraic manipulation skills. Tutorial classes,
peer-tutoring among classmates, and tutor-led remedial
classes are the usual avenues for their catching up.
However, the need for countless basic drills is difficult
to effect because the amount of individual attention
needed to bridge large learning gaps is unrealistic.
There is also the common understanding in the school
that the teaching of the module should benefit most
students, and capable students should be suitably
challenged. While instructors try to pitch teaching to
suit most students, there will always be students who
inadvertently fall behind.
In attempting to gamify the learning experience of
Calculus, a few aims were considered.
Firstly, the 10% struggling with the module need to
find the activity meaningful. This means that the entry
level of the game should be focused on drills in basic
level Calculus that involve minimal Algebra. If they can
repeat the activity sufficiently, they should be able to
handle simple problems afterwards.
Secondly, the bulk of the students should be able to
sharpen their skills in doing both simple and moderate
level Calculus.
Thirdly, more exceptional students could be affirmed
of what they already know, hone their skills, and
nudged towards more advanced problems that go a little
beyond the usual mathematics they see in class.
Additionally, the gamified learning experience
should be an enhancement of what is already happening
in class. Most questions should echo what they have
seen in formal lessons, but broken down into smaller
portions and then gradually brought to higher levels of
complexity.
Lastly, the gamified experience should give the
students a different yet pleasurable experience.
Gamifying the learning hopefully brings fun and a fresh
way of looking at learning, thereby giving students
additional motivation to progress somewhat beyond
what they are normally able to do in formal lessons. The
game elements of levels (Basic, Intermediate,
Challenging, Insane) and badges (gold, silver, bronze
medals, or none) are meant to help students assess their
competency and motivate them to acquire and polish
more advanced skills.

Aims
Students who take up Year 1 Calculus at the School
of Engineering in Temasek Polytechnic come from a
wide range of mathematics background. About 30% of
them are identified as students with poor mathematics
skills and are required to take up compulsory remedial
classes during their Year 1 first semester of polytechnic
studies, with some continuing with remedial classes in
their Year 1 second semester. There are also students
(about 12% of the cohort) who not only took two
mathematics subjects at high school level (GCE O-level
Elementary Mathematics and Additional Mathematics),

Method
The attempt to gamify Calculus at the School of
Engineering involves introducing two online packages
into the module. Both named Calculus Games, the first
package “Let’s differentiate” focuses on Calculus
differentiation, while the second package “Let’s
integrate” centres around Calculus integration. To
ensure that students attempt at least one package
intentionally, “Let’s differentiate” was made a required
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task for these students during Off Campus Learning
week from 9 to 17 January 2016. The week is
designated once a semester for Temasek Polytechnic
students to access online learning material from home
for all their modules.
The game starts off with simple instructions with
upbeat background music. Once the quiz is launched,
sound effects enhance immediate feedbacks of their
choices - a whoosh goes with a tick for the right answer,
and a buzz goes with a cross for the wrong answer.

Figure 3: Screen capture of an Intermediate level quiz
question when the wrong answer was selected.

Figure 1: Screen capture of a Basic level quiz question
when the correct answer was selected.
Students are able to repeat the quiz or move on to the
next level provided minimal score is achieved. They can
also review the quiz to see the right answers. The idea is
that while students are motivated to do the sums
quickly, they are also encouraged to improve their
scores through repeated tries, and given the option to
see the answers of their last try. A time limit of 10
minutes is allotted to each quiz.

Figure 4: Screen capture of the medal slide when the
student either exhausts all given tries or ends the game.
Created using the eLearning authoring tool
Articulate Storyline 2, about 100 questions were
randomized in the package so that repeated tries are still
fresh experiences to students.
Minimal instructions were given and the interface is
designed such that students intuitively know what to do,
such as clicking a button, dragging objects, or just
waiting for results to appear.
The whole environment of upbeat music, sound
effects, levels, scores, and badges was crafted with the
aim of making the experience more game-like, hence
more enjoyable for students.
After going through “Let’s differentiate” online,
these students were asked to give feedback of their
experience before working on the next online tasks of
watching an online video lesson and doing an online
quiz as required for the module.

Figure 2: Screen capture of the Results slide at the end
of the quiz with options for the next step.

Results & Discussion

In “Let’s differentiate”, students progress through
four levels of quizzes at increasing levels of difficulty,
starting with Basic level, and move on to Intermediate,
Challenging and Insane levels if they meet minimal
scores at each level. A final score together with a medal
(gold, silver, bronze, or none) are displayed when the
student either exhausts five given tries or chooses to end
the game.

A short survey of seven questions was conducted for
students who played the Calculus Game “Let’s
differentiate”.
In the first five questions, students gave an overall
rating and feel of the game by choosing one out of four
choices. All in all, 1350 responses were collated for the
first five questions, corresponding to 89% of the cohort
of 1520 students taking the module.
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Figure 9: Survey response for Question 5.

Figure 5: Survey response for Question 1.

The highest positive ratings were given to questions
2 and 3, where most students (90-91%) showed
satisfaction with the problems posed and overall ease of
use.
Students generally found the problems pitched at
appropriate levels of difficulty. This could mean that
they were able to do a certain amount of problems
correctly, yet suitably challenged at some level. In
written responses elsewhere in the survey, students
mentioned being pleased that the problems looked
similar to problems done in tutorial lessons, which they
perceived to be useful in learning relevant concepts.
The game interface was also easy to navigate for the
majority of them, indicating that despite minimal
instructions, they knew how to progress to next steps
intuitively. The simplicity of the game itself was also
something appreciated by students as indicated in their
written responses.
Questions 1 and 4 had to do with how students
perceive the aesthetics of the game – whether the
graphics and interface were pleasing to the eyes, and
whether the experience was a pleasurable one. Despite
the many suggestions for game improvement in
question 7, a large portion of the students (80-84%)
seemed satisfied with the aesthetic standards achieved
for the purpose of mathematics drill. This was quite
surprising considering the high quality of graphics and
special effects that students, likely gamers themselves,
are exposed to.
Question 5 was an important measure of how
successful students deemed the game-based learning
initiative was. It is heartening to know that students on
the whole (79%) were satisfied with the activity through
what they experienced.
In question 6, students responded freely on the
strengths of the game, for instance, whether they found
the experience helpful in their learning. In question 7,
they gave suggestions to improve the game. Both
questions drew written responses from about 60% of the
cohort.
A frequent response for question 6 was that the game
was helpful for learning. Several explained that it was a
good after-term-break revision to go through virtually
all relevant Calculus topics in anticipation of the
scheduled quiz in the following week. Others were glad
to find that simple formulas were edged in their minds
after a few rounds of play, giving them a greater sense

Figure 6: Survey response for Question 2.

Figure 7: Survey response for Question 3.

Figure 8: Survey response for Question 4.
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of competence in doing subsequent problems. Students
also commented that the fast-paced game pushed them
to think harder about their choices since it was not
always easy to guess the answers. A pocket of them
observed that the game-play enabled them to identify
wrong concepts which had led them to make mistakes
repeatedly. They were then able to brush up on those
concepts through further self-study and practice. This
feedback was a pleasant surprise for teachers.
Students who did not enjoy the game cited a number
of reasons. Some could not make sense of the questions
at all. Others felt that the game was not “game-like”
enough as they expected better graphics, catchier music,
livelier animation, or even an immersive experience. A
few students expressed that gaming was not something
they associated with learning. They preferred instead to
do pen-and-paper assignments and attend formal
lessons, where they felt “real” learning and teaching
was taking place. Furthermore, some expressed that
games did not appeal to them at all, as the anxiety of
accumulating points under time pressure was too much
for them. It was interesting to note that students’
perception and preference of a game environment
differed greatly across the cohort.
One area that affected students’ experience
significantly seemed to be related to software-hardware
compatibility and connectivity issues. About a third of
the students experienced severe hanging and system
shutdown problems during game-play, particularly
when they reached Challenging and Insane levels of the
game. Unlike the ease of clicking multiple choice
answers at Basic and Intermediate levels, they reported
difficulties with keying in answers or dragging objects
as required for some questions at Challenging and
Insane levels. It is likely that the package is not
compatible to touch-screen laptops or similar devices
used by students. It is also possible that the school
server was not able to support large numbers of students
accessing it over the same period. In spite of the
difficulties, many of them said they tried many times to
re-play the game to get it to work. Fortunately, a third of
the cohort did not experience any technical problems at
all, while the rest of the third experienced one or two
problems which they overcame after the second or third
try at the game.
The responses for this question were also observed
for students with different aptitude in Calculus.
Average performing students (those who received
grades B and C eventually) seem to have gained most
from the experience compared to their fellow students.
They generally reported that the progression of
difficulty across the levels was reasonable, and that they
were able to learn something new from the answers’
feedback.
High performing students (with a good grade A or a
distinction grade Z) were pleased to have a review of
the concepts learnt but wished there were more
challenging questions for deeper learning.
Those who performed poorly (those who obtained a
pass grade D or a fail grade F eventually) said that the
game had clear presentation and that the fun experience
pushed them to try harder. However, they also felt that

the game only benefitted those who knew the answers
or had some understanding of the concepts since the
feedback did not give them the explanations they
needed.
Question 7 of the survey attracted lively responses
on how the game can be improved, some of which can
be easily implemented. Suggestions include:
 Allocate more quiz tries per game and longer times
per quiz to make the game more attainable.
 Improve the immediacy of the feedback by
displaying the correct answer once they click the
answer rather than reviewing all of them at the end
of the quiz.
 Include a hint in each question, so that when the
student chooses to read the hint and gets the correct
answer, he or she would still get some points, albeit
partially penalised.
 Display leaderboards for the highest scoring
students.
 Display full working solutions at the end of each
quiz.
 Increase or decrease the number of levels in the
game.
 Make the problems easier or harder.
 Improve the graphics, music, and animation, perhaps
even introducing immersive experiences.
A number of students commented that they were
contented with the game if only the hanging and
shutdown problems could be resolved. There were also
a few students who suggested going back to pen and
paper, instead of playing a game. Judging from the
thoughtful suggestions from students, however, most of
them were positive about learning Calculus through a
game.
It would have been good to be able to say that
students improved in overall grades following the
implementation
of
the
Calculus
packages.
Unfortunately, it is difficult to make such assertions due
to the different spread of students and slightly different
assessments on year. In fact, the cohort did improve on
the previous year’s cohort in terms of higher
percentages of A’s (a good grade) and lower
percentages of F’s (a fail). Instructors generally found
that Year 1 Calculus students in the semester spanning
October 2015 to March 2016 displayed better learning
attitude compared to their counterparts in the previous
year. This could have contributed to better overall
grades among other factors.
Conclusions
The attempt to gamify Calculus for student learning
began with the intention to motivate students in
sharpening Calculus skills from the basics up. The
gamified experience did seem to spur students to learn
the concepts through trial and error, feedback, and
repetition under time pressure.
On the whole, students liked the idea of a gamebased learning environment and were willing to
cooperate within the rules of the game. Most felt that
the experience was helpful to them in learning, be it
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revising known concepts or learning new ones. What
stood out in these feedback, however, was that a
meaningful learning experience seemed uppermost on
students’ minds, not the fun of the game itself. Students,
preferring the game or otherwise, always spoke from the
perspective of how well their learning was progressing
and how they liked it improved.
Given the readiness of students to experience gamebased learning, there is much scope for implementing
improved versions for Calculus or other areas of
mathematics
learning.
Notwithstanding,
future
endeavours need to take into account students who have
widely differing sentiments towards a gamified
experience and those with different learning styles.
Perfecting game elements and technical aspects to
match expectations, while daunting tasks for educators,
will not be as critical as crafting the right questions in
the right way to facilitate helpful learning.
It remains to say that gamified learning experiences,
while not able to fully replace the teacher as yet, could
very well fill in some important gaps in large learning
cohorts.
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system in Mongolia. In particularly, to translate training
program name and index according to the UNESCO
classification and develop a human-based training
curriculum frequently.
Due to updating engineering education
curricula, content and methods in the international
standards have following the outcome: engineering
graduates will gain project based skills, complete
engineering and operating capabilities.

Abstract
Every
country’s
development
and
competitiveness is dependent on the level of
engineering education and its results.
The CDIO initiative 1 , (Conceive, Design,
Implement and Operate) has been gradually
introduced into Mongolia from 2012. It is now
broadly used in outcome-based training curriculums
which prepare our new generation of engineers.

Materials and Methods or pedagogy
Mongolian Ministry of Education has produced
a document to develop Mongolian education to 2021
and it states that “to have training programs and
curriculum that meet international standards". .
According to “Government action plan from
2012-2016”, which talks about best initiatives, methods
and implementing CDIO model in engineering
curriculum which focuses on producing the next
generation of engineers.
What
is
a
"CDIO-Initiative"?
In 1997, Edward F. Crawley, a professor of astronautics
and engineering systems at Massachusetts Institute of
Technology initiated the idea to strengthen training
outcomes, make theory closer to industry, develop
creative thinking and intensify research.

Understanding
CDIO
models,
its
fundamental
theoretical
and
methodological
backgrounds, the main goals are essential to
determine the correct actions to be taken during the
outcome-based training.
According to our paper, we studied CDIO’s
two main principles that have been accepted as the
best and most efficient structure for engineering
education. We also have developed human-based
training guidelines and offered efficient methods
tailor made for our country and our people.
Keywords: engineering education, curriculum
reform, outcome-based training, initiative

The initiative was named CDIO (Conceive, Design,
Implementation, and Operation) and developed 4 levels
of competencies that should have been acquired.

Introduction
There are significant revolutions in the
education sector throughout the world. Main reason for
this revolution is emerged from world globalization,
rapid reform in technology and transition process to the
knowledge era. It leads us to understand the latest trends
of higher education, learn about best international
experiences, and make higher education more open,
flexible and accessible.
In the recent years, there have been organized
many jobs which are related upgrading higher education

CDIO initiatives were accepted and
implemented by the Swedish Institute of Technology,
Omsk Polytechnic University and Cambridge
University in 2000.
In 2014, CDIO association was formed which
included the world’s biggest universities. According to
statistics (Asia region countries conference was held in
China March 23-25, 2016) CDIO association has
membership in the world's 129 top universities.

CDIO Russian : Современный подход к инженерному
образованию
CDIO English : Conceive, Design, Implement and Operate

1
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Figure 1. CDIO Initiative- Collaborating
countries and institutions

3.

Communication and teamwork skills
(Learning to live together)
4. Systems of environmental and industrial
thinking,
planning
and
designing,
operating and using (Learning to do)
These levels of classification models are useful
for use as a list of learning outcomes of the program:
“Х-level”: List of learning outcomes are
designed to determine the goals and objectives of the
training program.
“ХХ-level”: List of comprehensive learning
outcomes are consistent with national standards,
knowledge and skill sets of accreditation criteria that
students should have adopted.
“ХХХ-level”: List of performance indicators
are defined more precisely.
“ХХХX-level”: Training outcome indicators
are determined in a specific lesson.
X levels of competencies divided into XX
levels, XX levels of competencies divided into XXX
levels and XXX levels of competencies divided into
XXXX levels. The following chart shows how CDIO
competencies are divided general to specific.

According to figure 1, biggest CDIO members
belong to regions such as North America and Europe.
But there are only 20 CDIO schools in Asia
(headquarter in Singapore). Mongolian University of
Science and Technology joined CDIO Initiative in 2015.
CDIO suggested member schools being managed by
regions and each region is led by one or more regional
leaders.
Why is CDIO initiative considered as “Best
educational model to train engineers of new
generation”?
CDIO model interprets engineering from a broad
perspective. In this perspective, engineering is no longer
limited to just technology, engineering combines closely
with
social
development,
market
discipline,
management model , history and culture, values,
psychological, aesthetic and so on. CDIO model
constructs the curriculum system based on such a large
engineering concept. The CDIO model is not just to
train technical experts, but also to train engineers who
can engaged in system development of product under
the modern organization and management models and
market operation mechanism, but also the founder of
engineering talent with a sense of social responsibility
whose purpose is based on human well-being and social
civilization. CDIO model is training engineering talent
from a system macro perspective. The training
objectives, the curriculum system and teaching mode
are all under the command of such concept.
CDIO framework consists of two parts: CDIO syllabus
and CDIO standards.
About CDIO syllabus and standards CDIO syllabus
CDIO syllabus is the preliminary list of
training outcomes. On the other hand, syllabus indicates
competencies that should have been possessed by
students’ end of the training. Competencies are given in
4 levels and marked as x, xx, xxx, xxxx. When levels
increase, contents of competencies become more
detailed and precise.
“Х” level competencies determine main
objectives of CDIO and it is divided into 4 categories.
The organization of the CDIO Syllabus can be described
as an adaptation of the UNESCO framework to the
context of engineering education.
1. Basics of science and professional general
knowledge (Learning to know)
2. Personal and professional skills and
attitudes (Learning to be)

Chart 1. Breakdown of 3rd levels of CDIO
competency
х level

3.
Comm
unicati
ons
and
teamw
ork
skills

хх level
3.1.
Teamwork
3.2.
Communicat
ion
3.3.
Communicat
ing in a
foreign
language

ххх
level

3.1.1.
Effectiv
e
teamwo
rk

хххх level
3.1.1.1. Stages and
cycles of team
3.1.1.2. Tasks and
activities of team
3.1.1.3. Duties and
responsibilities of team
3.1.1.4. Team goals,
needs and
characteristics
3.1.1.5. Pros and cons
of team members
3.1.1.6. Team
regulations and rules

CDIO standards:
In order to ensure training activities, there are
12 standards which are based upon the СDIO syllabus.
The 12 CDIO standards address program philosophy
(Standard 1), curriculum development (Standards 2, 3
and 4), design-build experiences and workspaces
(Standards 5 and 6), new methods of teaching and
learning (Standards 7 and 8), faculty development
(Standards 9 and 10), and assessment and evaluation
(Standards 11 and 12). Standards have the following
objectives:
Chart 2: Standard objectives
Standards:

1
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Standard 1:
CDIO as Context

Standard objectives
Adoption of the principle that
product and system lifecycle
development and deployment –
Conceiving, Designing,
Implementing and Operating are the context for engineering
education
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2

Standard 2:
Syllabus
Outcomes

3

Standard 3:
Integrated
curriculum

4

Standard 4:
Introduction to
engineering

5

Standard 5:
Design-Build
Experiences

6

Standard 6:
CDIO Workspaces

7

Standard 7:
Integrated
Learning
Experiences

8

Standard 8:
Active Learning

9

Standard 9:
Enhancement of
faculty CDIO
skills

10

Standard 10:
Enhancement of
faculty teaching
skills

11

Standard 11:
CDIO skills
assessment

Specific, detailed learning
outcomes for personal,
interpersonal and product and
system building skills,
consistent with program goals
and validated by program
stakeholders

12

A curriculum designed with
mutually supporting
disciplinary subjects, with an
explicit plan to integrate
personal, interpersonal and
product and system building
skills
An introductory course that
provides the framework for
engineering practice in product
and system building, and
introduces essential personal and
interpersonal skills
A curriculum that includes two or
more design-build experiences,
including one at a basic level and
one at an advanced level

Standard 12:
CDIO program
evaluation

appropriately to learning
outcomes that address disciplinary
knowledge, as well as personal,
interpersonal, and product and
system building skills
A system that evaluates programs
against these twelve standards,
and provides feedback to students,
faculty, and other stakeholders for
the purposes of continuous
improvement

Training activities for implementing, and
evaluating programs will be organized in accordance
with the objectives of CDIO standards.
Results and Discussion
1. To determine the aim and objective of
program and the result of training
The aim and objective of program and the
result of training should be determined on the base of
Bloom system and its updated versions.
Educational aims now have become
educational activities and as a result of it this system has
become the base of CDIO model.
Also this complex system organizes the
cognitive activities of students and leads from simple
intellectual action to advanced cognitive level.
It provide opportunities to answer the questions
such as how to work, what kind of cognitive actions
must be done for students in each level of learning and
what tasks should be developed and how they should be
evaluated.
When the purpose of the training curriculum is
determined depending on a country's labor market
demand and interests, the objective is defined by
competency based 4 types of above mentioned x level.
The most responsible part to develop
curriculum is to define the training result.
There are many ways to determine it clearly.
DACUM analyze is the most appropriate research
method and it involves all participants.

Workspaces and laboratories that
support and encourage hands-on
learning of product and system
building, disciplinary knowledge,
and social learning
Integrated learning experiences
that lead to the acquisition of
disciplinary knowledge, as well as
personal, interpersonal, and
product and system building skills
Teaching and learning based on
active experiential learning
methods. Active learning
methods engage students directly
in thinking and problem solving
activities. There is less emphasis
on passive transmission of
information, and more on
engaging students in
manipulating, applying, analyzing,
and evaluating ideas.
CDIO programs provide support
for faculty to improve their own
competence in the personal,
interpersonal, and product and
system building skills
Actions that enhance faculty
competence in providing
integrated learning experiences, in
using active experiential learning
methods, and in assessing student
learning

2.

To develop curriculum:
Curriculum is one kind of matrix that shows
combination between subjects and result (PLOs1) during
the training.
The matrix below indicates at what level and
rank students must obtain CDIO skills depending on the
final outcomes of subjects that are included in the
curriculum.

Assessment of student learning is
the measure of the extent to which
each student achieves specified
learning outcomes. Instructors
usually conduct this assessment
within their respective courses.
Effective learning assessment uses
a variety of methods matched
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Chart 3: Type of knowledge, evaluation rating
and matrix of actions
Classification
of knowledge

Recall
(knowledge)

Understanding
(cognitive)

Application

Facts

Listing

Expressing by
other words

Classifying

Understandings

Recalling

Explaining

Proving

Actions

Mapping

Calculating

Creating

Activities

Producing

Giving
example

Combining

Principles

Determining
accurately

Converting

Solving

Knowledge
transformation

Appropriate
usage

Translating

Developing

Analyze

Evaluate

Create

Mapping

Classifying

Ranking

Comparing

Criticizing

Upgrading

Diagram

Finding solution

Thinking

Figuring out

Criticizing

Planning

Seeing differences

Evaluating

Controlling

Evaluating

Predictring

Implementing

3.

with student behavior. Bloom's cognitive taxonomy
gives a perfect answer for this.
Combinations of testing, interviewing, written
exam, reports, doing experiment, organizing exhibitions
can be used during the assessment of student
performance. The right mixture and good harmony of
these methods is essential.
The purpose of assessment is to define how
well the students obtain the learning goals and results.
Therefore, it requires much more methodologies and
times from the lecturers.
According to Allan C.Ornstein, there are 4
basic forms of assessment: placement, diagnostic,
progress and final.
Using the appropriate combination of
assessment is the key for the evaluation and weaknesses
could be eliminated by advantages of other assessment.
Thus, understanding of each assessment’s objective,
intention, pros and cons are essential.
The assessment is not only done by teachers;
students should be involved in evaluating each other
when the student participation is ensured.
Conclusions
1. Developments of social and economic
tendency have been changing in Mongolia.
Especially, in the engineering education
the latest and most efficient world
frameworks has to be adopted. Learning
about sets of 12 standards and its 4
syllabus of CDIO is important.
2. During the implementation of CDIO
models, we suggest that Bloom's
taxonomy the three lists cover the learning
objectives in cognitive, affective and
sensory domains are effective. However,
the usage of improved versions of Bloom’s
taxonomy can be used in our school and in
Mongolia as well.
3. When developing the curriculum, we have
to consider all aspects in systematic way
such as concepts, structures, updating
contents and removing overlaps.

To develop lesson plan

It starts with identifying the teachers and
student’s activities and results during classes.
Planning a particular lesson consists of
defining aim correctly, choosing good methods and
sequences as well as teachers creative activities of
thinking and researching.
The aim of lesson plan should be focused on
developing student’s skills.
4. Evaluating
learning
outcomes
and
developing methodologies
This is the main part of the outcome based
training curriculum. Assessment criteria, methodologies
and planning are used to assess learning outcomes.
However, evaluating process is very complicated and
accurate.
How and what criteria should be evaluated?
Many different replies are given on these issues: Some
people say that learning results should be evaluated;
others say knowledge, skills and attitudes should be
evaluated and third ones say that learning strategies and
observances are the key factor for the evaluation.
Assessing the student performance is more
realistic than the above mentioned objects. The
effectiveness of teaching and learning can be considered
evaluation to assess student performance in conjunction
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