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WELCOME TO PAEE/ALE’2020

Dear Participants,

Welcome to the International Conference on Active Learning in Engineering Education (PAEE/ALE’2020). This
is the fifth collaboration of the International Symposium on Project Approaches in Engineering Education
(PAEE) and Active Learning in Engineering Education Workshop (ALE), and is the first time in Asia. The theme
for the conference is Striving Engineering Education Towards Student Competence Development.

As we are experiencing, technological advancement has created a new landscape for how business functions.
All industry sectors at all sizes have been forced to adjust to remain competitive in the circumstance, and this
change is reshaping job functions prompting companies to revisit their human capacity building to ensure
appropriateness to support the business functions. More importantly, the unprecedented COVID-19
pandemic has expedited the change at a pace that we cannot imagine. Several companies that have not been
able to adjust or have resisted this change start disappearing from the picture.

This chain effect ripples back to all academic institutes. As a key supplier, it is inevitable for the academic
institutes to adjust how they train their graduates to match the need for a human resource with competence.
The conventional lecture style will not be sufficient to build graduate competence. The change urges the
academic institutes to not only keep their curricula up-to-date but also equip their instructors with various
teaching and learning methods.

As aforementioned, we are in a challenging period. Many other similar events have been disrupted by the
COVID 19 pandemic. They have been postponed or canceled. But our community has shown a strong
determination all along to make this event possible. The organizing committee has not only introduced a
hybrid format for the conference to alleviate hurdles caused by the travel restriction but has also tried to
create a good conference atmosphere for the participants to enjoy. Our participants, in return, show a
passion and a strong commitment to keeping engineering education up with the change.

We want to express our sincere gratitude to our participants for their strong support. Despite the pandemic,
a reasonable number of academic people from different parts of the world have submitted papers and
registered for PAEE/ALE' 2020 for both onsite and online participation to exchange their knowledge and ideas
on Engineering Education. Furthermore, prominent keynote speakers have accepted to share their visions on
education to inspire and to expand the horizon of our participants. Contributions in all aspects from all
parties make this PAEE/ALE' 2020 successful. Together we can make our education stronger.

Pisut Koomsap

(Chair of the PAEE/ALE’2020)
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PAEE/ALE’2020 Invited Speakers

PAEE/ALE’2020 attracted renowned keynote speakers from different sectors to share their viewpoints on the direction of education,
especially in engineering education in this new era. We are honoured to have the following inspiring keynote speakers:

e  Hon. Abhisit Vejjajiva (Former Thai Prime Minister)
o David Rosen (Georgia Institute of Technology, USA)
e Sampan Silapanad (Western Digital, Thailand)

e Cynthia Finelli (University of Michigan, USA)

HON. ABHISIT VEJJAJIVA

Former Thai Prime Minister

Title of the keynote - Future, We Hear You: Reforming Education for Lifelong
Learning

Short bio

Hon. Abhisit Vejjajiva was Thailand’s 27th Prime Minister, holding the post from December 2008

to August 2011. He was first elected to Parliament in 1992 and has been reelected eight times.
] He had served as Government Spokesperson (1992-1994) and as a Minister Attached to the Prime
Minister’s Office (1997). Over two and a half decades, he has assumed many responsibilities
including Deputy Secretary General to the Prime Minister for Political Affairs; Chairman of the
House Committee for Education; and as Leader of the Opposition in the House of Representatives
for three terms. Within the Democrat Party, he has also assumed many positions: Party
Spokesman, Deputy Party Leader; and from 2005-2019, Party Leader. He also served as Chairman
of the Council of Asian Liberals and Democrats in 2017-2018. Born in Newcastle-upon-Tyne in the
United Kingdom in 1964, after completing his primary education in Thailand, he returned to the
United Kingdom to study at Eton College. He later graduated with a Bachelor’s Degree in
Philosophy, Politics, and Economics (PPE) with 1st class Honours from Oxford University, where he also earned a Master’s Degree in
Economics. Before entering politics he taught at the Chulachomklao Royal Military Academy from 1987 to 1988 and at the Faculty of
Economics, Thammasat University from 1990 to 1991.

DAVID ROSEN

Georgia Institute of Technology, USA

Title of the keynote - Active Transdisciplinary Engineering Education for Competence
Development in An Intelligent Manufacturing Era

Short bio

David Rosen is a Professor in the School of Mechanical Engineering at the Georgia Institute of
Technology. He is Director of the Rapid Prototyping & Manufacturing Institute at Georgia Tech.
Additionally, he is the Research Director of the Digital Manufacturing & Design Centre at the
Singapore University of Technology & Design. He received his Ph.D. at the University of
Massachusetts in mechanical engineering. His research interests include computer-aided design,
additive manufacturing (AM), and design methodology. Most of his research is focused on design
for additive manufacturing, including conceptual design methods, lattice structure design, and
topology optimization methods. He has industry experience, working as a software engineer at
Computervision Corp. and a Visiting Research Scientist at Ford Research Laboratories. He is a
Fellow of ASME and has served on the ASME Computers and Information in Engineering Division
Executive Committee. He chairs the ASTM F42 subcommittee on design for additive
manufacturlng He is the recipient of the 2013 Solid Freeform Fabrication Symposium, International Freeform and Additive
Manufacturing Excellence (FAME) Award and is a co-author of a leading textbook on AM.
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SAMPAN SILAPANAD

Western Digital, Thailand
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Title of the keynote - Be Comfortable in Uncomfortable Zone: Workforce 4.0 will

never be the same

Short bio

Sampan Silapanad is Vice President and General Manager of Western Digital, the worldwide
leader in Digital Data Storage Device manufacturing. Western Digital had revenues of USS 19
billion for the fiscal year ending June 2017 and employs more than 70,000 employees worldwide.
Sampan graduated with a Bachelor degree in Mechanical Engineering from Kasetsart University,
Thailand, a Master degree in Management from Sasin Graduate Institute of Business
Administration of Chulalongkorn University, Thailand, and was bestowed an Honorary
Doctorate degree in Industrial Engineering by Suranaree University of Technology, Thailand.

Sampan has more than 35 years of experience in executive positions of large firms, mainly in
Electronics and Digital Storage industry, including National Semiconductor, Seagate Technology,
Hitachi Global Storage Technology, and Western Digital Corporation. Besides, he has a special
and keen interest in improvement of Thailand’s education and has been working with many

governments and international organizations and educational institutions both in Thailand and all over the world on many impactful
programs, such as Cooperative Education and Talent Mobility, for the manpower development for Thailand and other countries.

CYNTHIA FINELLI
University of Michigan, USA

Title of the keynote - In Pursuit of Active Learning: Challenges, Insights, and

Opportunities

Short bio

Dr. Cynthia Finelli is Professor of Electrical Engineering and Computer Science, Professor of
Education, and Director of Engineering Education Research at University of Michigan. In her
research she focuses on increasing faculty adoption of evidence-based instruction. Dr. Finelli is a
Fellow of the American Society of Engineering Education, Deputy Editor for the Journal of
Engineering Education, Associate Editor for the IEEE Transactions on Education, and member of
the Governing Board of the Research in Engineering Education Network. She founded the Center
for Research on Learning and Teaching in Engineering at University of Michigan in 2003 and
served as its Director for 12 years. Dr. Finelli earned the B.S.E., M.S.E., and Ph.D. degrees in
Electrical Engineering from University of Michigan.
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Lisbon Brasilia 26/ago/20 27/ago/20 28/ago/20
(GMT +1) (GMT -3) AIT Center AIT Center Pinehurst Golf Club & HotelO
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Experiences in
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P4-1: Student Engagement
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Workshop 1-2: Creating
Value for Society by
Providing Lean
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Project Management: An
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Workshop 2-1: Application
of Two Modules of a
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Support & Automation
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Outcomes and the Revised
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P7-1: Education for

Sustainability I P7-2: Student Session Il
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Dinner

1.15pm-1.30 pm

9.15am-9.30 am

Welcome Remark

Dinner

Break

Cultural Session and Closing Remark

1.30 pm-2.30 pm

9.30 am - 10.30 am

Keynote 1: Hon. Abhisit Vejjajiva

Keynote 3: Dr. Sampan Silapanad

2.30 pm - 3.30 pm

10.30 am - 11.30 am

Keynote2: Prof. David W. Rosen

Keynote 4: Prof. Cynthia J. Finelli

3.30 pm - 4.00 pm

11.30 am - 12.00 pm

Break

Break

Gala Dinner

4.00 pm -5.50 pm

12.00 pm - 1.50 pm

P2-1: Innovative
Experiences in
Engineering Education Il

P2-2: Active Learning and
ICT Support

P5-1: Research on PBL
and Active Learning Il

P5-2: Student Assessment
in PBL and Active Learning

Hybrid Activities

Online Activities

Xi



PAEE/ALE’2020 Paper Sessions, Hands-On Sessions and Students
Sessions

Day 1

Bangkok Lisbon Brasilia 26/ago/20
(GMT +7) (GMT +1) (GMT -3) AIT Center
10.00 am -11.30 am
11.30 am-1.00 pm Lunch

1.00 pm - 2.30 pm

7.00 am - 8.30 am

MSIE 4.0 Curriculum Development

2.30 pm - 3.00 pm

8.30 am-9.00 am

Coffee Break

3.00 pm - 4.30 pm

9.00 am - 10.30 am

5.00 am - 6.30 am

P1-1: Innovative Experiences in Engineering Education |

Session Chair: Prof. Huynh Trung Luong

with the

of Technical Studies in Poland and Thailand's (ID 23)

Developing Lean Competencies Through Serious Games (ID 29)

A Service Leaning Experience with Engineering Students (37)

Adapting Problem Based Learning for Human-Centric Design Course (ID 60)

Success Factor of Activity-Based Learning Experiences for 14.0 SMART OPERATION
Course Design and Implementation (ID 85)

P1-2: Interdisciplinarity

Session Chair: Prof. Rui M. Sousa

Ir y Contents. 1 and Key C D

of Industrial Engineering and Management Third Year (ID 4)

ped in a Project Work

Design of a New Workstation in a Productive Process: Importance of Multidisciplinary

Integration (ID 12)

Global PBL: Cross-Cultural Educational Project for Engineering Students (ID 55)

Students Feedback on the Forced Transition to Online Classroom During Covid-19 (ID 63)

International Student Projects and Sustainable Development Goals: A Perfect Match (ID
70)

4.30 pm - 4.45 pm

10.30 am - 10.45 am

6.30 am - 6.45 am

Break

4.45 pm - 6.15 pm

10.45 am - 12.15 pm

6.45am - 8.15 am

Workshop 1-1: Agile Project Management: An Online Scrum Workshop

Workshop 1-2: Creating Value for Society by Providing Lean Competencies

6.15 pm - 7.15 pm

12.15 pm- 1.15 pm

8.15am - 9.15 am

Dinner

7.15 pm - 7.30 pm

1.15 pm- 1.30 pm

9.15am-9.30 am

Welcome Remark

Dr. Eden

Y. Woon

President, Asian Institute of Technology

7.30 pm - 8.30 pm

1.30 pm - 2.30 pm

9.30 am - 10.30 am

Keynote 1: Future, We Hear You: Reforming Education for Lifelong Learning

Hon. Abhisit Vejjajiva,
Former Thai Prime Minister

Session Chair: Prof.

Kanchana Sethanan

8.30 pm - 9.30 pm

2.30 pm - 3.30 pm

10.30 am - 11.30 am

Keynote2: Active Tl Engineering for

Ci D pi in An ing Era

Prof. David W. Rosen
Georgia Institute of Technology, USA

Session Chair: Dr. Pisut Koomsap

9.30 pm - 10.00 pm

3.30 pm - 4.00 pm

11.30 am - 12.00 pm

Break

10.00 pm - 11.50 pm

4.00 pm - 5.50 pm

12.00 pm - 1.50 pm
u
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in Engineering ion I

Session Chair: Prof. Valquiria Villas-Boas

360° Educational Robotics Project Management with High Abilities and Gifted Students (ID
15)

of Games in

Training and Its Influence on Productivity|
in the Sugar-Energy Sector: A Case Study (ID 17)

ity-B c
Thinking and Trust (ID 50)

on SMEs: An Program on Creativity, Critical

The Role of Partnership in Launching PBL Approach in Cooperation with Network of

P2-2: Active Learning and ICT Support

Session Chair: Prof. Marietjie Havenga

Design and Development of Automated Guided Vehicles for Active Learning in Material
Handling for Smart ing Operation (ID 19)

Double Degree M.Sc Program on Industrial Safety Engineering with Aerospace
| Application: A Case Study (ID 36)

Peer-Assessment for Holistic Student Development (PAHSD): Implementing a Digital
Application on a PBL Platform (ID 43)

Team Building through Student's Preferences and Competences (TBSPC):

on a PBL platform (ID 44)

Social = Case of C: University of T (ID 51)
Curricular and gogi in a Social Findings From the
Implementation of PBL (ID 64)

Structuring a Course Based on the Global Engineer (ID 65)

COVID-19: Transition to Online Problem-based Learning in Robotics — Challenges,
Opportunities and Insights (ID 58)

The Use of Games as A Support Tool for Active Learning in The Context Of 4.0 Industry
(ID 74)

Onsite Activities

Hybrid Activities

Online Activities

xii



DAY 2

e

Bangkok

(GMT +7)

Lisbon

(GMT +1)

Brasilia

(GMT -3)

27/ago/20

AIT Center

10.00 am -11.30 am

Learning Future Factory Laboratory Visit

11.30 am-1.00 pm

Lunch

1.00 pm - 2.30 pm

7.00 am - 8.30 am

P3-1: Research on PBL and Active Learning |

Session Chair: Prof. Athakorn Kengpol

Bringing PBL to Philippines’s Higher Education: How Much Are Teachers Geared for the Transition from Traditional to PBL Approach? (ID 13)

Problem-based learning (PBL) in ing P (ID 27)

Collaborative Manufacturing Systems: Active Learning from lts Name (ID 35)

Implementing Problem-Based Learning Model for Elevator Spare Part Procurement Planning in a Group of Airport Buildings (ID 61)

Community Learning and Engagement of OTOP Product Design (ID84)

2.30 pm - 3.00 pm

8.30 am - 9.00 am

Coffee Break

3.00 pm - 4.30 pm

9.00 am - 10.30 am

5.00 am - 6.30 am

P4-1: Student Engagement in Learning

Session Chair: Prof. Anabela C. Alves

Make Product Design and Development Beyond Active Learning with ‘LOVE’ (ID 8)

Students’ Participation in the Internal Quality Assurance System and Their Role in
Enhancing Learning (ID 9)

Analyzing Online Learning Behavior and Effectiveness of Blended Learning
Using Students’ Accessing Timeline (ID10)

NPS Better Predict Online Classroom (ID 54)

Experiential Learning Through Students Non-Profit Organizations: ESTIEM Case Study
(ID 83)

P4-2: Curriculum Design
Session Chair: Prof. Tomasz Nitkiewicz
Building a Needs-Based Curriculum in Data Science and Artificial Intelligence: Case
Studies in Indonesia, Sri Lanka, and Thailand (ID 14)

Design, Implementation, and Improvement of the Course for Master's Degree Program in
Industry 4.0: A Case Study in Digital Factory Subject (ID 20)

LOVE Model-Based Assessment of Teaching Practices Within Industrial Engineering
Master Programs in Poland and Thailand (ID 25)

|An OBE Curriculum Design for a Manufacturing Engineering Program, from Thai
Traditional to Outcome Based Education (ID 52)

A Gap Analysis Between the Expectation of Industry 4.0 and the Ability of the Current
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Abstract

Ethics in engineering is (or must be) a topic included in the set of transversal competences included in every engineering
degree. Notwithstanding, having time for including it in classroom sessions is not an easy task, as the technical contents
usually have priority when programming the schedule of courses.

An activity has been designed to introduce the topic in engineering courses. The activity is designed looking for two
outcomes. On the one side, to make students aware of the ethical derivations of real-life situations related with the
engineering profession. On the other hand, to know, from the students’ point of view, the degree of implication of
institutions in the inclusion of development of these type of competences in engineering studies.

The results of the study sate that, while students agree with the relevance of having this topic included in the program,
there is a lack of including ethics and social implications of the engineering profession in the curriculum.

Keywords: Education for sustainability; Ethics in engineering.

1 Introduction

Ethics in engineering is (or must be) a topic included in the set of transversal competences involved in every
engineering degree. This is not a new topic, as there are lots of references about the social implications of
engineering, spread over all the history of engineering itself. Just to highlight some of these references, | would
like to mention some quotes:

e 'What the engineer is as a man is more important than what he is as an engineer’, (Curtis, 1950).

e ‘Engineers should realize that they do not practice their craft in a social vacuum’, (Hirsh, 1995).

e 'What we do as engineers and why we do it, is based on our underlying values. However, rarely in
engineering education is any consideration taken of our values, what they are and where they come
from’, (Nahar et al., 2009).

e ‘Students as well as engineers need to recognize their own values and perspectives and what influences
their point of view when they make scientific and engineering judgements’, (Nahar et al., 2009).

e We may also include ethical considerations related with how COVID-19 has affected the researching,
teaching and learning processes: ‘Academia must foster a culture of care, help us refocus on what is
most important, and redefine excellence in teaching and research’ (Corbera et al., 2020).

Notwithstanding, having time for including it in classroom sessions is not always easy, as the technical contents
usually have priority when programming the schedule of courses. But is important to take into account that
students themselves are demanding having ethical and social issues included in their learning framework, as
can be derive, as one clear example, from the outcomes of the meeting of the Board of European Students of
Technology (BEST) symposium on education (BEST, 2006), in which the idea of having a course on ethics was
supported by all the participants:

e The necessity of ethics in the engineering education was corroborated by the problems faced by
engineers. They will be critical about all the information they will receive. Also they will be more
confident when standing up for their own opinion, resisting outer pressure if needed. The critical
thinking will be raised with a background on ethics that the engineers will have with this kind of
courses. Thus, in everyday situations, the dilemmas will be solved in a better way and the long-term
consequences of engineering discoveries will be more carefully evaluated.
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e Ethics also have an important role on the gaps that there are inevitably in laws and involve the
responsibility of communicating with the society, of presenting, objectively, one person’s own work.

e Big need exist for engineers to understand ethical issues that will occur during their carrier, especially
as engineers are the ones making the discoveries and they need to stimulate the consequences of
those. Engineers have to stand up for their positions in ethically questionable cases.

Another interesting outcome of the BEST meeting was the definition of the role of the person in charge of
ethics training, joining the practical and theoretical points of view, considering two different models:

e The person should have not just theoretical knowledge but also a practical background, the person
should have experience as working as an engineer or as an option, special training on ethics.

e Cooperation among two persons: engineer who will be practical and philosopher who will be
theoretical.

In the particular case of the Sound and Image in Telecommunication Engineering (SITE) degree in the University
of Alicante, the general objectives of the program include some specific references to the topic:

e General aim (#4): The ability to solve problems and take decisions with initiative and creativity, and to
communicate and transmit knowledge, skills and expertise, adhering at all times to the ethical and
professional guidelines applicable to Technical Telecommunications Engineering.

e General aim (#7): The capacity to analyse and assess the social and environmental impact of technical
solutions.

e Transversal competence (CT3): Students should have the ability to gather and interpret relevant data
(normally within their field of study) to give opinions that include a reflection on important, social,
scientific, ethical matters, etc.

e Specific competence (C6): Capacity to conceive, deploy, organise and manage telecommunications
networks, systems, services and infrastructures in residential (home, urban and digital communities),
business and institutional contexts, as well as understanding their economic and social impact.

But, when taking a detailed reading to the syllabus there is no real inclusion of these goals in any of the degree
courses. One of the few exceptions is the 4™ year course Advanced Audio-visual Systems that includes the goal
'Students will be concerned about the challenges and social implications of the engineering work’. Besides, the
fact of finding a goal about the topic does not necessarily implies that the problem is considered in the course
development.

With these ideas in mind, an activity was designed to make students reflect about the social and ethical
implications of engineering that can be included at any level taking a gap between 1,5 and 3 hours of class
time. The activity pursues a double objective, on the one hand, to include the reflection about the topic with
the students in an explicit way and, on the other hand, to collect information about students’ opinion to analyse
if issues related to engineering values are (or not) taken into account in the SITE (or any other) degree.

A pilot study was done in 2011 (Roma4, 2012) to have a picture about students’ opinion about this topic and its
results will be used as a reference for the analysis of the results In the present work.

2 Goals

Project goals can be summarized in a series of specific objectives:

e Design and implementation of activities to work in an explicit way general aims #4 and #7 and
competencies CT3 and C6 as stated in the SITE degree program.

e Evaluation of SITE degree students’ opinion about the necessity of considering the social derivations
of the engineering work as a part of their curriculum.

e Assess if general aims #4 and #7 and competences CT3 and C6 are treated in the degree and evaluate
possible changes respect the previous study from 2011
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3 Method

Even though the activity can be implemented without restrictions with students of any course and any age, in
order to fulfil with the last goal, the results that will be presented correspond with the experience carried out
with last year students. The data has been collected from almost 40 students enrolled in the course Advanced
Audio-visual Systems during the first semester of the 2019-20 academic year.

After running the activity, the main information source comes from a questionnaire complimented as an
outcome of the reflection stage.

The most useful tool that has been considered is to face students with realistic situations they would find in
their working environment, stimulating, as much as possible, confronted positions. To put these situations into
context, the examples have been selected taking into account their relationship with the audio-visual
engineering framework.

To ensure a proper debate, the activity is planned as a role game, so students have to take a clear position
supporting or refusing the facts presented. It is, obviously, important, that the situations presented to the
students facilitate the search of arguments from both points of view. Figure 1 shows the front slide used to
present the activity. The idea of the pros and cons of technology or engineering underlying the roles
assignment is clearly shown in the image.

Social impact of Engineering

['C: g Advanced Audio-Visual Systems SST jomaiese
Tnbversfint o At —_— e
Tinhversiiad dr Alcusde

Figure 1. Front slide of the presentation of the activity.

Ideally, after a first stage of ‘white or black’ positions the debate will show that a reflexive decision making
process is a complex tax that will lead to many derivatives not easy to handle and usually out of control. The
background of some of the topics presented are:

e Production deallocation and the debate between final product price vs real production cost and
employment generation in the production country vs labour conditions.

e Lack of funds for research projects vs having research funds from arms industry.

e Reduction of manufacturing or maintenance costs of vehicles vs environmental implications.

Students will have a specific and detailed situation to distribute roles related with each one of the mentioned
situations.
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3.1 Debate stage

As an introduction to the topic, students will first have to answer, individually and in a personal and honest
way, to the question 'why did you decided to become an engineering student?. After that, the activity is
structured as follows;

e Acase and a role (supporting or refusing the case) are assigned randomly to each one of the students.
Students will have to find, in a personal and honest way, their starting point of view about the
designated case.

e Groups are arranged including all the students with the same designated case and role to prepare a
list of arguments to support their designated role.

e Rearrangement of groups with students with both roles of the same case for the debate. A list of the
most relevant aspects will be prepared after the debate.

e Students join the working teams they use in the course and share debates outcomes. Each group is
asked to think about a couple of real life decision making situations in which the ethical background
is relevant. Finally they have to answer to the questions "has this task been useful for you?' and ‘have
you obtained any new point of view?’

3.2 Reflection stage
After the debate activity, students are asked to answer, individually, a series of reflection questions:

e Prepare a list of aspects related with the topic ‘ethics in engineering’ that, according to your opinion,
should be included in engineering degrees.

e Classify each ones of those aspects in the following categories: ‘compulsory’, ‘important’ (but not
compulsory), ‘'expendable’.

e Grade in a 0-3 scale your opinion about the level of inclusion of each one of the aspects in the SITE
degree (without taking into account this activity): 0 — not treated, 1 — marginally treated, 2 — treated in
an insufficient way, 3 — treated in a sufficient way.

4 Results

This section includes two different aspects. On the one side, some considerations derived from the observation
of the debates dynamics. On the other side, the analysis of the outcomes from the questions students answer
in the reflection stage.

While all the groups are in the debate stage, it is interesting that the facilitator joins every group to provide
new arguments if the debate is in stand-by and to gather information about debate dynamics in each one of
the cases. It is remarkable that, in all the cases, as the starting point is well defined with black and white
positions, the debates start vividly. As the students delve deeper in their topics they are aware that, in real life
situations, the amount of derivatives is so big that having a clear position is not an easy task. Some of the
students’ most remarkable comments sate the relevance of broadening their own initial point of view or their
astonishment when the economic approach is considered to be the only or most relevant one.

An interesting aspect of the results appears when analysing the real-life situations proposed by the students
in which the ethical background is relevant. These examples generate a vision of the topics that are interesting
for them and can be used as cases in future editions of the activity. The most significant aspects are:

e Robotics and its effect in employment.

e Autonomous vehicles and artificial intelligence systems involved in decision making processes.
e Genetic engineering and dilemma between ethics and health.

e Inequity in labour relationships due to, among others, gender or raze reasons.

e Duality between development and environment.

Regarding students’ opinion about the relevant aspects that may be included in the syllabus, the number of
different ones has been high. All the mentioned items have been categorized in groups including similar

10
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elements for the analysis. Just to make easy the comparison with the results from the pilot study in 2011, in
this paper the same six categories are going to be used, even though a more detailed study have been done
using specific categories that are more consistent whit the aspects obtained in 2019. Table 1 collects the
number of mentions of each category in % obtained in 2011 and 2019 and also the deviation between the two
sets of data. As not all the different topics can be clearly included in one of the defined categories, a seventh
category includes the topics that cannot be included in the previous ones.

Table 1. Number of mentions of the most remarkable aspects highlighted by the students.

Topic 2011 (%) 2019 (%)
1 Acting according personal principles 24 19 (-5)
2  Social and environmental effects of own job 21 32 (+11)
3 Personal attitude (confident, personality, effort, ...) 16 11 (-5)
4 Fair labour conditions / work intrusion 12 5(-7)
5  Economic considerations 9 1(-8)
6  Professionality 9 12 (+3)
7 Another not classified aspects 9 20 (+11)

It is remarkable the increase in the ‘social and environmental effects’ category and the reduction in the
economic consideration.

As expected, using the categories that were designed in the pilot study and not for the present one, there has
been an increase in the not classified category.

Figure 2 summarizes students’ opinion about the average value of the relevance index of each one of the
categories listed in Table 1 (solid lines), where the 0-2 scale represents ‘expendable’, 'important’ (but not
compulsory) and ‘compulsory’. The dashed lines represent the average value of the perceive level of inclusion
of each category in the SITE degree. The 0-3 scale represents: 0 — not treated, 1 — marginally treated, 2 — treated
in an insufficient way, 3 — treated in a sufficient way.

Relevance index ==
2 = Inclusion index === — 3

Relevance index (0-2)
(€-0) xopur uorsnouy

Figure 2. Summary of students’ opinion about relevance index (solid) and inclusion index (dashed) for the topics included
in Table 1 for 2011 (black) and 2019 (blue).

Even though there is a slight difference in the relevance index between the two sets of data, this is due to the
use of the same categories in the analysis and leads to non-significant results. The average relevance index

11



€+ RIE,

slightly decreases from 1.6 to 1.4 in the 0-2 scale, when the same categories is used in both data series.
Comparing the relevance index using the categories designed for 2019, the obtained average value is 1.7.

The bad news come from the inclusion index results. This index indicates students’ perception of the inclusion
of each one of the topics without taking into account the presented activity. As this activity is performed in the
first semester of a 4" year course, in almost 10 years gap there is not a perceived difference, and the index
remains in very low levels. The average value of the inclusion index varies from 0.7 in 2011 to 0.5in 2019 in a
0-3 scale, meaning that the overall result fits between not or marginally treated.

Being aware that the obtained values do not have real statistical significance, the clear outcome is that there is
a remarkable gap between the need of having ethical related concepts and the inclusion of those concepts in
the SITE degree. In the actual situation, that have been static over the years, the inclusion of ethics in
engineering is only supported by individual interests without real implication of author’s institution.

5 Conclusion

An activity has been designed to introduce the topic of ‘challenges and social implications of the engineering
work’ that can be carried on in any engineering course, taking between 1.5 and 3 hours.

Students reaction to this proposal is very positive and it expands their vision about the conscious decision
making process.

Comparing the results with those obtained in the pilot study, the interest and demand of this topic from the
students is maintained but there is a remarkable difference between their demand and their perception of the
inclusion of the topic in the degree.
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Abstract

“Peer assessment” and “self-assessment” are both active evaluation methods used in a C ++ Object-Oriented Programming
integrated project, a module taught to second year computer science students at ESPRIT - School of Engineering. These
approaches are used to evaluate projects in which work is divided into phases, each phase is followed by a regulatory
validation. We opted for peer and self-assessment methods in order to calculate the continuous monitoring average of this
module.

In this paper, we will discuss the implementation of these approaches, their impacts on the learner and some
recommendations to improve limitations and have better results in the future.

Keywords: Peer Assessment, Moodle Workshop, Object-Oriented Programming C ++, Self-Assessment, Instructor
Assessment, Teamwork, Project, Evaluation methods, Engineering Education, Active Learning, Student assessment

1 Introduction

For several years now, many courses and integrated projects have been taught using an active learning
approach at ESPRIT namely the module "Object-Oriented Programming C++ Project” (OOP C++Project). The
latter consists in a multidisciplinary project where the workload is divided into different sprints with regular
control via regulatory validations. It aims at second year common core of IT engineering students. Since the
academic year 2019/2020, we have begun to use self and peer-assessment as formative assessment of the
project instead of instructor-assessment, in the aim of making this module more active. The final score was
included as 30% of the continuous monitoring average.

The students who participated in this study are familiar with active learning approaches such as Project-Based
Learning (Alaya, Chemek, Khodjet El Khil, Ben Aissa, & Marzouk, 2016), Problem-Based Learning (Alaya, Khodjet
El Khil, & Bettaib, Active Learning for Freshmen Students in a Software Engineering Education, 2015), flipped
classroom (Khodjet El Khil, Alaya, & Bettaib, 2016) and Team-Based Learning (Louati, Bettaib, & Derbel, 2014)
in their first year.

As a first experience with active methods of assessment in an integrated project, the class was divided into six
groups based on a random draw. Teachers of this module chose three active pursuits which are evaluated by
different forms of active assessment. The first activity was evaluated by a self-assessment method, the second
and the third we opted for peer-assessment. During the first part of the semester, students followed a
continuous formative assessment to validate their projects.

Assessment refers to “any methods used to better understand the current knowledge that a student possesses”
(Collins & O'Brien, 2003, p.29). Teachers' assessment as the sole assessment tradition in classes is no longer
valid nowadays (Leung, 2007)

Various innovations in assessment procedures have been carried out, where the attention to summative
assessment has shifted to formative assessment. These innovations involve thinking of alternatives that require
guestioning the learning process and using learning assessment activities together rather than regular testing
methods. Therefore, to overcome the inherent limitations of teachers’ assessment, alternative assessment, such
as self-assessment and peer assessment, gained momentum in the field of education (Hargreaves, Earl,
&Schmidt, 2001).
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Self-assessment is conceptualized as “procedures by which the learners themselves evaluate their skills and
knowledge” (Bailey, 1998, p. 227). The main merit attributed to self-assessment is that it encourages students
to be more actively engaged in the educational process. They are required to reflect on their own performances
and encouraged to take greater responsibility in setting goals and making decisions about their own learning
(Hughes, & Mylonas, 2002). According to Boud (1995), self-assessment is the technique by which students
judge and give feedback on their own performance, which is aimed at improving students' active participation
in classroom activities. Boud and Lablin (1983 as cited in Boud 1989) categorized self-assessment as one of the
most important processes that can be implemented in undergraduate education because of its potential to
develop students’ ability to accurately evaluate their own performances and to monitor their own learning.

Peer-assessment is also defined as “an arrangement for peers to consider the level, value, worth, quality or
successfulness of the products or outcomes of learning of similar status” (Smith, Swanson, & Elliot, 2000, p.
150). Freeman (1995) highlighted the efficacy of peer-assessment to compensate for weaknesses in many
assessment practices that usually fail to foster the development of independent, reflective, critical learners.
Similarly, Cheng and Warren asserted that peer-assessment “...provides learners with an opportunity to take
responsibility for analyzing, monitoring and evaluating aspects of both the learning process and product of
their peers” (2005, p. 94).

Peer and self-assessment, which enable learners to assess themselves and their peers, can potentially
encourage them to take greater roles in their own learning by getting engaged with the assessment criteria
and reflect on their own performance and that of their peers. Topping (1998) believes that peer-assessment is
an arrangement where individuals consider the amount, level, worth, and quality of success of the products or
outcomes of learning of peers of similar status. According to Henner-Stanchina and Holec (1985), self-
assessment is a technique with which “learners simultaneously generate and undergo the evaluation
procedure”. Students’ assess their peers’ performance and work based on their own evaluation criteria under
consideration of their learning objectives and expectations.

Overall, considering the results of the above empirical studies and the significance of both peer- and self-
assessment, this study investigated the effectiveness of the implementation of self-peer-assessment in an
integrated project. In the next paragraph we will describe the module then our approach and how it was
implemented. At the end, we will analyze the results and finish with a conclusion.

2 Description of the module

It is a six-credit module which consists of an integrated project entitled Object-Oriented Programming C++
Project (OOP C++ Project). It is taught during the first semester of each academic year. The former is extended
for 14 weeks, and 3 hours of face-to-face coaching per week. This module is intended for second year common
core IT students whose number is approximately 270 divided into 9 cohorts.

The project integrated four disciplines; Object-Oriented Programming C++, Oracle Database, Unified Modeling
Language Diagram and Arduino. The purpose of this project is to develop all the necessary skills to come up
with a real prototype of a desktop application. Students are required to implement a desktop application in
order to meet the requirements of their real client.

Teachers prepare a Moodle space related to the project where learners can find all the necessary tools and
resources in order to follow up with their courses. Teachers upload assignments for students to complete and
add a discussion forum for further interaction in addition to other useful links.

3 Description of the approach
In this paragraph, we will provide a thorough description of the strategy we use to implement self and peer -
assessment procedures.

The first step in the implementation of the integrated project is to divide into six groups based on a random
draw. Each group is composed by five or six students. As teachers, we provide three activities as homework
which are evaluated with an active assessment. The first activity consists in each group choosing a client and
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suggesting an application that meets their needs. This is an individual task, during which each member of each
group is required to write a version of the specifications following a meeting with the client and to describe
the intended services. The duration of the activity is one week. During the following session, each member of
each team should assess their work and then compare it with the team members’ works. We opted for self-
assessment as a method of evaluation. To assess the work, the assessor has to respect a detailed grid which is
already prepared by the tutor and then justify each point in feedback.

Many teachers, parents, and students believe that if students have a chance to mark their own work, they will
take advantage and give themselves higher scores regardless of the quality of their performance. We have
found that students may do this if left on their own. But, when students are trained to systematically use self-
evaluation procedures, their judgment becomes more reliable. Contrary to the beliefs of many students,
parents, and teachers, students' propensity to inflate grades decreases when teachers share assessment
responsibility and control (Ross, et al., 2000). When students participate in the identification of the criteria that
will be used to evaluate in-class production and use those criteria to assess their work, they get a better
understanding of what is required. The result is the gap between their assessment and the teacher's role is
reduced. And, by focusing on evidence, discrepancies between teacher and self-evaluation can be negotiated
in a productive way (Carol Rolheiser and John A. Ross,2013). For this reason, tutors should explain to the
students the process of self-assessment, introduce some examples, prepare a grid with detailed evaluation
criteria and follow this process in the project session. To improve this skill each team, at the end of this activity,
should finalize the project specifications based on the work of each member.

The second activity should be done in groups. Each group is divided into two subgroups. Each subgroup
prepares a draft of analysis and design of the application based on the final document of specifications already
prepared by the group at the end of the first activity. The duration of the activity is two weeks. This activity
consists in a workshop on Moodle Platform. Students should stick to a submission deadline. For the work
evaluation, we opted for peer assessment between subgroups of each group. A grid with detailed evaluation
criteria was prepared. Assessors and assessees should be part of the same group.

The third activity is also based on teamwork. Each team is required to prepare a prototype of their executable
desktop application and submit it on Moodle. The duration of the activity is three weeks. We also plan this
activity on Moodle platform as a workshop with a deadline for submission. After the deadline, each group
assesses the work of the other groups and gives their feedback. A grid with detailed evaluation criteria is
prepared and submitted by the tutors. At the end of this workshop, each team should finalize the application
and take notes of their peer-assessor's comments.

According to Bouzidi and Jaillet: « Peer-assessment can be trusted if applied to exams referring to the exact
science field and if marked by at least four peers » (Bouzidi & Jaillet, 2009). That's why tutors should interfere
to manually verify whether the assigned work submitted by each team is accessible to the other five groups.

For the second and third activities, the deadline to complete the evaluation was three days. After that, tutors
verify that assessments are well done and alter scores if necessary. Finally, the results are published to the
students.

The score of each activity is included as 10% of the continuous monitoring average. The final continuous
monitoring average is 30% of the final score of the integrated project’s average.

4 Results

41 Method
This study was conducted at the beginning of the second semester of the academic year 2019/2020.
Quantitative measures were applied. A total of 270 second year students enrolled in this 6-credit module
participated in the study. We asked the students to give us their feedback using a paper survey. The survey
was anonymous.
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We received 230 responses from 270 registered students which is ~85% of the participation rate. We used
Google Sheets to analyze the responses.

4.2 Scholar Results
In Tunisia, learners are evaluated with scores between 0 and 20. To validate a project at ESPRIT, a student has
to obtain at least 10 out of 20. The module average is calculated as follows:

Average = 30% Continuous Monitoring (CM) + 70% Final Validation
We apply self and peer assessment to calculate the Continuous Monitoring grade.

We compile some scholar results with final average details in Figure 1 and the continuous Monitoring grade in
Figure 2

Final Average Per Interval
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Figure2: Final Average of the project

Figure2 shows the number of students per interval of their averages in 2019-2020. From this figure we can
conclude that about 89% of students validated this project similarly to previous years.
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Figure 3: Final Continuous Monitoring Average

Figure 3 shows the number of students per interval of their final continuous monitoring averages in 2019-2020.
From this figure we can conclude that about 93% of students validated this part.
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Table 1:Results of participation

Legend Activity 1 Activity 2 Activity 3
(SA) (PA) (PA)
Workshop submission on Moodle 80% 78% 83%
Students who did the workshop evaluation 78% 67% 80%
Students who validate the workshop 72% 73% 79%

Table 1 shows that 80% completed the first activity, 78% submitted the second activity and 83% submitted the
third activity

Table 1 also shows the number of students who evaluated their peers’ submissions. 78% of students completed
the self-assessment phase of their workshop, 67% completed the peer-assignment of the second workshop
and 80% completed the peer-assignment of the third workshop. It shows also the number of students that
validated their workshop (activity 1, 2 and 3) and they obtained at least 10/20. Finally, 72% of students validated
the first activity, 73% of students validated the second activity and 79% of students validated the third activity.

In Table 1, We can also see that, compared to activity 1 and 2, the number of students who submitted and
peer- assessed activity 3 is bigger. Tutors think that at the end of the semester students are more likely to work
harder in order to complete their projects.

We also noticed that the percentage of students who validated their activities using peer-assessment is higher
when using than self-assessment. Tutors think that the reason is that students became more familiar with the
assessment process and criteria than the first activity which applied self-assessment only.

4.3 Survey Results

The survey included 14 open-ended questions about this experience (experiment). Questions with responses
are listed here in four tables Table 2: Self-Assessment (Activity 1), Table 3: Peer Assessment (Activity 2 and 3)
and Table 4: Overall Satisfaction.

Table 2: Self-Assessment (Activity 1)

Question Totally Disagree Disagree No opinion Agree Fully Agree
Igsrgﬁatilénsovrf: ;gftgh to 14,80% 20% 6,20% 25,47% 24,63%
Th li ht

evaelljj:taedt;]”eevyjrskenoug © 16,35% 17,95% 16,67% 37,5% 9,94%
Ilzearevaluanon instructions were 01,41% 19,88% 21,80% 26,61% 30,30%
The rules and steps of the

workshops have been clearly 10,81% 12,63% 11,20% 25,45% 39,91%
explained by your tutor

The grid was clearly with detailed 09,82% 10,01% 523% 15,81% 40,87%

evaluation criteria

According to Table 2, we found out that about 50% are satisfied with the deadline of the first activity and said
that it was enough to submit their final work. Only 48% said that the deadline was enough to evaluate the work
applying self-assessment, 57% think that the evaluation instructions were clear, 65% said that the rules and
steps of the workshops have been clearly explained by their tutor and 57% said that the grid was clearly
detailed.
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Table 3: Peer Assessment (Activity 2 and 3)

Question Totally Disagree Disagree No opinion Agree Fully Agree

The deadline was enough to

submit the home work 15,83% 12,71% 20,20% 11,86% 38,47%
Th li h

s temerk 16,35% 17,95% 16,67% 9,94% 37,5%
Th luation instructi

Clez:eva uation instructions were 19.56% 10,88% 21.80% 2661% 030%
Course materials provided on 33,00% 27.89% 21.16% 1218% 385%

Moodle were relevant

The rules and steps of the
workshops have been clearly 22,76% 11,86% 20,52% 30,77% 11,86%
explained by your tutor

The grid was clearly with detailed

. L 07,82% 12,01% 9,23% 11,81% 40,87%
evaluation criteria

As we can see in Table 3, about 51% are satisfied with the deadline and said that it was enough to submit their
final work. Only 48% said that the deadline was enough to evaluate the work applying the peer assessment,
16% are satisfied by the course materials uploaded to Moodle, 43% said that the rules and steps of the
workshops have been clearly explained by their tutor and 53% said that the grid was clearly detailed.

We list below some comments extracted from our survey:

“We need more flexibility in terms of deadline “

"More instructors and details about the work required”

“Dispose more clear videos with explanation, more explanations from my tutor”

Since it was our first experience, we can understand the different opinions shared by several students. For the
coming year, we planned to work on several points in order to improve this experience. We propose to plan
more training sessions to our team of tutors, have some videos on Moodle to explain each phase whether in
the self and peer-assessment activities. We should also improve the course materials available on Moodle,
explain the steps and rules in the assignments and provide more details about the process.

Table 4: Overall Satisfaction

Questions Totally Disagree  Disagree  No Opinion  Agree Fully Agree
The final mark reflects your work done 08,03% 19,20% 5.30% 22,44% 44,70%
The active assessment was a good

experience 16,78% 15,65% 9,80% 12,54% 45,23%
Teachers assessment is more reliable 15,67% 51,61% 8,93% 12,45% 11,34%

| feel that | can do better next time 7.38% 2.57% 10,58% 32,06% 4520%

We can see in Table 4 about 68% are satisfied with their grades and think that it reflects their effort. We can
see also that about 58% were satisfied with the experience of active assessment so learning with self and peer
assessment was a good experience. 68% don't agree with Teacher-assessment and said that it is less reliable
than active assessment. However, less than 10% believe that they cannot do better next time.

We list some comments extracted from our survey:
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“Personally, | admired the self-assessment method, it allowed me to learn how to correct my mistakes “
“It is the first time that | feel like a principal actor in the process of my evaluation”
"I think that we must apply the active assessment in all of our courses”

The purpose of using this method is to give the student an opportunity to contribute in the process of their
own evaluation.

Thanks to this survey, we detected that self-assessment can encourage students to critically reflect their own
learning progress and performance. It enhances their critical-thinking skills mainly when they assess the work
of other group members. More feedback can be generated by students compared to one or two teachers. It
also helps them become more aware of their weaknesses and strengths. Peer and self-assessment reduce the
time and workload of marking for teachers.

On the other hand, we noted that self-assessment can be subjective as students can be unreliable in their
grading and may even over-evaluate their own performance. They may also have a tendency to give everyone
the same grade, i.e all the groups get goods marks.

For this reason, we decided to offer other unrated activities in order to familiarize students with the evaluation
process and control them.

5 Conclusion

In this paper, we presented our implementation of active assessment approaches which are self and peer-
assessment in our project using the Moodle Platform. The purpose was to ascertain that this approach
represents a viable alternative to traditional assessment methods.

The results of the study showed that these approaches have good impacts on grades and a better assimilation
of learning outcomes of the module.

While the results are encouraging, we think that some adjustments should be made to improve the whole
experience. Improvements include setting up a communication strategy to better explain the process,
designing a detailed grid of each part, adding other resources on Moodle and providing several training
sessions for students and tutors in order to familiarize them with the assessment criteria.

References

Alaya, Z., Chemek , A., Khodjet El Khil, G., Ben Aissa, M., & Marzouk, A. (2016). An Integrated Project for Freshmen
Students in a Software Engineering Education. In M. Auer, D. Guralnick , & J. Uhomoibhi (Ed.), ICL 2016.
Advances in Intelligent Systems and Computing. 544. Springer.

Alaya, Z., Khodjet El Khil, G., & Bettaib, L. (2015). Active Learning for Freshmen Students in a Software Engineering
Education. IJCLEE2015, 5th IRSPBL. Mondragon University, San Sebastian, Spain.

Bailey, K. M. (1998). Learning about language assessment. Cambridge, Heinle & Heinle

Boud, D. (1989). The role of self-assessment in student grading. Assessment and Evaluation in Higher Education, 14, 22-
30. https://doi.org/10.1080/0260293890140103

Boud, D. (1992). The use of self-assessment schedules in negotiated learning. Studies in Higher Education, 17, 185-200.
https://doi.org/10.1080/03075079212331382657

Boud, D. (1995). Enhancing learning through self-assessment. London: Kogan Page.

Bouzidi, L., & Jaillet, A. (2007, Juin). évaluation par les pairs pourra-t-elle faire de I'examen une vraieactivité pédagogique?
EIAH. Retrieved 2 26, 2019, from https://hal.archives-ouvertes.fr/file/index/docid/161484/filename/16.pdf

Bouzidi, L., & Jaillet, A. (2009). Can Online Peer Assessment be Trusted? Educational Technology & Society, 12, 257-
268.

Collins, J.W., and O’Brien, N.P. (Eds.) 2003. Greenwood Dictionary of Education. Westport, CT: Greenwood

Freeman, M. (1995). Peer assessment by groups of group work. Assessment & Evaluation in Higher Education, 20(3),
289-301. https://doi.org/10.1080/0260293950200305

Gielen, S. (2007). Peer assessment as a tool for learning. PhD dissertation, (p. 70). University of Leuven, Belgium.
Retrieved 2 25, 2019, from https://lirias.kuleuven.be/handle/1979/1033

Hargreaves, A., Earl, L., & Schimidt, M. (2001). Perspectives on alternative assessment reform. American Educational
Research Journal, 39(1), 69-95.https://doi.org/10.3102/00028312039001069

Henner-Stanchina, C., & Holec, H. (1985). Evaluation in an autonomous learning schema. In P. Riley (Ed.), Discourse and
learning. London: Longman.

19



€+ ME,

Hsu, T. (2016). Effects of a peer assessment system based on a grid-based knowledge classification approach on
computer skills training. Educational Technology & Society, 19(4), 100-111.

Hughes, K., & Mylonas, A. (2002). Developing procedures for implementing peer assessment. Assessment & Evaluation
in Higher Education, 27(5), 427-441. https://doi.org/10.1080/0260293022000009302

Khodjet El Khil, G., Alaya, Z., & Bettaib, L. (2016). Application de la classe inversée et I'apprentissage par probléme dans
un cours de programmation. In E. J. Chair (Ed.), Colloque SIEST Méditerranée, 3. Marseille.

Kim, M., & Ryu, J. (2013). The development and implementation of a web-based formative peer assessment system for
enhancing students' metacognitive awareness and performance in ill-structured tasks. Educational Technology
Research and Development, 61(4), 549--561. do0i:10.1007/s11423-012-9266-1

Leung, C. (2007). Dynamic assessment: Assessment for and as teaching? Language Assessment Quarterly, 4(3), 257—
278. https://doi.org/10.1080/15434300701481127

Louati, K., Bettaib, L., & Derbel, L. (2014). Team Based Learning in mathematics courses. SEFI. Bermingham.

Rey, O., & Feyfant, A. (2014). Evaluer pour (mieux) faire apprendre. Dossier de veille de I'lFE, n°94, septembre.

Rolheiser, Carol, and John A. Ross. "Student self-evaluation: What research says and what practice shows." Plain talk
about kids (2001): 43-57.

Ross, J. A, Rolheiser, C., & Hogaboam-Gray. (1998). Skills training versus action research inservice: Impact on student
attitudes on self-evaluation. Teaching and Teacher Education, 14(5), 463-477.

Topping, K. (1998). Peer-assessment between students in colleges and universities. Review of Educational Research, 68,
249-276. https://doi.org/10.3102/00346543068003249

Topping, K., Smith, E., Swanson., |., & Elliot, A. (2000). Formative peer assessment of academic writing. Assessment &
Evaluation in Higher Education, 25(2), 149-169. https://doi.org/10.1080/713611428

Topping, K. (2009). Peer Assessment. Theory Into Practice, 48(1), 20-27. doi:10.1080/00405840802577569

20



€+ RIE,

Interdisciplinary contents integration and key competences
developed in a project work of Industrial Engineering and
Management third year

Anabela C. Alves!, Filomena Soares?

T ALGORITMI Centre, Department of Production and Systems, School of Engineering, University of Minho, Guimaraes, Portugal
2 ALGORITMI Centre, Department of Industrial Electronics, School of Engineering, University of Minho, Guimarées, Portugal

Email: anabela@dps.uminho.pt, fsoares@dei.uminho.pt

Abstract

The traditional curricular structure of organizing courses adopted by many university programmes is not suitable for the
students to relate and integrate different interdisciplinary contents. The main consequence of this fixed structure is the
students’ difficulty of applying these contents in an integrated way to develop a project or just to solve a problem. Industrial
Engineering and Management (IEM) programme from the University of Minho, Portugal, is, for a long time, trying to break
this paradigm. So, it implements Project-Based Learning (PBL) in three semesters in a five-year programme (ten semesters).
Attending to the small sample (three in ten semesters) much more can be done and it does not have to be all the semesters
PBL. This was the motivation for the authors of this paper to propose a common project between two courses of the IEM
third year, first semester (IEM31): Production Systems Organization | and Process Control and Automation. These two
courses have in common the need to design production systems and/or industrial applications to be integrated into these.
The main project work objectives were to design a virtual or real-world automated production line/cell and simulate it
using a hands-on activity and a cell mock-up in the classroom. Students were organized into teams of seven to ten
members. This research was based on a qualitative research (case study) approach through the analysis of an on-line
questionnaire. Therefore, the students’ feedback to the hands-on activity was registered through the on-line questionnaire
and each response was classified to address the key competencies developed by the students. The paper objectives are
twofold: 1) describe the teamwork outcomes, showing the contents integration of the two courses and 2) discuss the
questionnaire results, highlighting the key competences acquired. This interdisciplinary experience was implemented in
two editions (2017_18 and 2019_20) and the students’ feedback was very positive in both editions.

Keywords: Industrial Engineering and Management Education; Active Learning; Project work; Hands-on activities.

1 Introduction

The traditional compartmentalized way of course organization do not provided a satisfactory way for
engineering students to develop their profession. The engineering students need a holistic view of the system
that enables the connections between bodies of knowledge (Flumerfelt et al., 2014). According to Grasso and
Martinelli (2007): “In this evolving world, a new kind of engineer is needed, one who can think broadly across
disciplines and consider the human dimensions that are at the heart of every design challenge. In the new order,
narrow engineering thinking will not be enough.”

At the same time, engineering students need to be always open to learn, as the world is continuously changing
and needing different technologies. In this position they need to learning to learn that has been a concern
since last century (Hounsell, 1979). According to UNESCO (2015), due to the volume of information now
available on the internet, this was never as important as it is today.

Nevertheless, to have this profile, an engineering student should have competencies. Competencies are more
than knowledge and skills (Rychen & Salganik, 2000). It also implies attitudes, recommended the Council of
the European Union (Council of the European Union, 2018). Knowledge is related to facts and figures, concepts,
ideas and theories which are already established and support the understanding of a certain area or subject.
Skills are the ability and capacity to carry out processes and use the existing knowledge to achieve results.
Attitudes are the disposition and mind-sets to act or react to ideas, persons or situations (Council of the
European Union, 2018, p. 14). This council defined eight key competencies: 1) Literacy; 2) Multilingual; 3)
Mathematical, science, technology and engineering; 4) Digital; 5) Personal, social and learning to learn; 6)
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Citizenship; 7) Entrepreneurship and; 8) Cultural awareness and expression (2018, p. 15). The key competences
are all considered equally important; each of them contributes to a successful life in society. According the
same council (2018, p. 14): “These can be applied in many different contexts and in a variety of combinations.
They overlap and interlock; aspects essential to one domain will support competence in another. Skills such as
critical thinking, problem solving, teamwork, communication and negotiation skills, analytical skills, creativity,
and intercultural skills are embedded throughout the key competences. " These skills are the most reported for
the 215t century (Kang, 2019; The Economist, 2015; UNESCO, 2016; World Economic Forum, 2015).

The competence-oriented education could be promoted in formal context, as well as in informal, through
activities promoted by the teacher but also by their peers in a network of collaboration (Zhang et al., 2008).
The learning should take place, independently, of the space, time and relations in a fluid approach (Kang, 2019;
UNESCO, 2015). In the education system these competencies are promoted by adopting more effective
learning methodologies, suitable environment and experiential learning to stimulate these competencies
(Anabela C. Alves et al., 2018; Bonwell & Eison, 1991; Felder & Brent, 2006; Fernandes, 2014; Freeman et al.,,
2014; Gibbs & Habeshaw, 1992; Shapiro, 2014). At the same time, these learning methodologies should be
supported by digital technologies (High Level Group on the Modernisation of Higher Education, 2013; Uebe-
Mansur et al, 2019; Vicente et al,, 2014). Due to the declared COVID-19 pandemic crisis in March of 2020,
teachers, students and parents are rapidly learning how to use such digital technologies. This means that such
experiential is gained if students are involved in real-world contexts what could be achieved with partnerships
with companies and/or active learning contexts (Council of the European Union, 2018; Kang, 2019; Nair et al.,
2009; Pellegrino & Hilton, 2012; UNESCO, 2010).

This need to provide active learning environment and conditions for the students to connect the disciplinary
contents of different courses was the motivation for the paper authors to offer an interdisciplinary project
among two courses of Industrial Engineering and Management third year, first semester (IEM31). This
interdisciplinary project was requested as an assignment to do in the context of Production System
Organization | and Process Control and Automation. In this paper, this interdisciplinary project is presented
with two main purposes: 1) describe the teamwork outcomes, showing the contents integration of the two
courses and 2) discusses the questionnaire results, highlighting the key competences developed through
examples of students outcomes and knowledge, skills and attitudes assumed by them during the project
developed and hands-on activity.

This paper is divided in five sections. After this first introduction, the research methodology is presented. The
study context is described in section three, while section four presents the results analysis and discussion.
Finally, section five depicts some concluding remarks.

2 Research methodology

The research strategy follows a case study (IEM third year) through a qualitative approach by using
questionnaires as the technique for data collection and result analysis. To fulfil the defined objectives for the
paper, the teams outcomes related with contents integration of the two courses will be presented. Additionally,
to discuss the key competences developed, it was used an on-line questionnaire results and teachers
observations and experience. This questionnaire has been used to evaluate the hands-on activity developed in
the context of one of the teams’ task assignment of PSOI course since 2016_17

The survey included 38 questions: 34 closed questions and four open-ended questions. The closed questions
were scored in a Likert scale [1: Totally disagree to 5: Totally agree]. The questions of the questionnaire were
in a simple language for the students understanding (e.g. “Question 1: After reading the task/work statement,
| was curious and | looking forward immediate material for it execution.” or “Question 2: “I did extra work for
this task”). They were not settled with the purpose of analyse the competences but there is a strong relation
with the competences. So, in a previous study, the authors classified and grouped the 34 closed questions in
15 categories related with competencies as characterized by Rychen and Salganik (2000). These results were
presented in Alves and Soares (2020). For the study presented in this paper, it was used the skills embed in the
eight key competences proposed by the Council Recommendation on Key Competences for Lifelong Learning
(Council of the European Union, 2018), as referred in section 1. For example, question 1 above was related to
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the attitude of the students when they read the task statement, if they get curious about that and look for
material for it execution. This attitude reveals pro-activity, problem-solving skills that are embed in literacy and
entrepreneurship competences.

3 Study context

This section gives an overview of Industrial Engineering and Management (IEM) third year (IEM31). The IEM of
University of Minho is a Master Integrated programme of five years, 10 semesters. Each semester has 5-6
courses of five European Credit Transfer System (ECTS) each in a total of 30 by semester. In the final of the
programme students obtain 300 ECTS. This is so since 2006, when Bologna process was introduced in Portugal
(Veiga & Amaral, 2009). With this, some Integrated Projects were included in engineering programmes. In [EM
were included three Integrated projects in the first year, first semester and fourth year, both semesters. In a
general way, students felt motivated by these and would like to have more projects (A.C. Alves et al., 2018).
Others courses are organized in a compartmentalized way (Flumerfelt et al., 2014), with some exceptional
interdisciplinary projects, as the one that was presented in Soares and Alves (2019) and it will be detailed in
this paper.

3.1 Industrial Engineering and Management - third year, first semester

The third year, first semester of IEM includes the courses presented in Figure 1, being Production System
Organization | (PSOI) and Process and Control Automation (PCA) two of them. These are briefly presented
below.

51 Energy, Environment and Industrial Systems CE 5
S1 Process Control and Automation CE 5
51 Production Systems Organization | CEsp 5
51 Quality Engineering and Management CE 5
51 Stochastic Models of Operational Research CCp; CEsp 5
51 Opcao Tecnolégica lll 5

Apparel Production Technologies CE 5

Introduction to Polymers CEP 5

Figure 1. Study plan of IEM third year, first semester (UMINHO, 2020)
The PSOI learning outcomes (LO) are settled as:

Identify different production paradigms;
Distinguish Lean Thinking principles and others methodologies that question the production system adequacy;
Distinguish wastes types and their impact on production systems;
Classify the production systems relating to different criteria;
Distinguish the main production systems type;
Project and organize production cells/lines:
a) Form parts families, using clustering algorithms or others criteria;
b) Instantiate production cells, calculate machines number;
¢) Instantiate workstations, calculate takt time and operators number;
d) Balance lines/cells, applying heuristically methods;
e) Organize intracellular layout, applying layouts methods;
f)  Select the operating mode more adequate and skills matrix;
g) Organize intercellular layout and integrate the whole system;
7. Simulate the operating modes working of a production cell.

oSO vk wnn =

To assess these LO, teacher defined with the students for 2019_20 academic year an assessment methodology
that includes three components:

1) three quizzes, five minutes tests done in pairs (weight: 15%, 5% each);
2) two individual tests of one hour each (weight: 30%; 15% each); and
3) two assignments done in teams (weight: 55%; 10% 1%t task + 45% 2" task).
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In previous years, the number of components were even higher, but the teacher recognizes that it was too
much work, for her and for the students. The second task is the interdisciplinary project work that will be
detailed in the next section and it is the base for this paper.

PCA learning outcomes are:

Identify the main problems related to industrial automation and control;

Distinguish between different input and output transducers, their characteristics and application;
Discuss the architectures and characteristics of the programmable logic controllers (PLC);

Design combinational controllers;

Design sequential controllers in different automation systems using Grafcet.

Implement automation problems in ladder diagrams.

OV hAwN =

In 2019_20 academic year the PCA assessment methodology includes three components:

1. Anindividual test weighing 50%. The test has a minimum score of 7/20. The written test is carried out without
consulting documents (if necessary a form with the main equations is provided). The test will explicitly indicate the
contribution, in values, of each question.

2. A group work in simulation, the interdisciplinary project work that will be detailed in the next section and it is the base
for this paper, that solves an automation and control problem with a weight of 40%. The work has a minimum grade
of 8/20 and can be performed in a) a company selected by the group or b) a “virtual” company defined by the group.
The project must include the specifications, selection of sensors and actuators to be used, Grafcet and ladder diagram
of the proposed automatic system. The work is mandatory.

3. Activities Flipped Classroom with a weight of 10%. The evaluation of this component takes into account student
participation in the Flipped Classroom activities.

The approval grade of the course unit is 9.5 out of 20.

3.2 PSOIl and PCA project work organization and assessment

The project work for PSOI and PCA is an assignment that was requested as an interdisciplinary project to the
IEM31 students in two academic years: 2017_18 and 2019_20. Due to the sabbatical license of PCA lecturer in
2018_19, the interdisciplinary project work was not requested.

In the case of PSOI, since 2016_17, a similar task assignment has been requested to the IEM31 students as part
of their assessment, being one of components assessments (with the highest weight), as explained in section
3.1. Also, in PCA a project work has been part of the assessment since 2014_15. The students had until 2017 -
18 to develop two different and independent works.

The goal of the project was to design and implement a virtual or real-world (in a company selected by the
students) based automated assembly line of a product (designed by the students).

They should design the assembly line/cell by selecting the operating mode, estimating the demand for the
product, defining the operations and calculating all the necessary elements, balancing, and the supply mode.
Students should also preview an automated line, including the automation project specifications, selection of
sensors and actuators, Grafcet and ladder diagram of the proposed system. They should also include other
techniques learned from other curricular if necessary.

Students were organized into 11 teams of seven to ten members each. From the 11 teams, nine went to
companies to develop the project. Table 1 presents the number of students and teams in each year. In 2019/20
the number of students increased but the number of teams was kept; the teams were bigger. It is worth
pointing out that some students were only enrolled in PCA and they were not considered in this analysis.

Table 1. Number of students and teams in each academic year

Academic year PSOI PCA
° of students N° of teams N° of students ° of teams
2017/18 72 11 82 11
2019/20 92 11 105 11
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As mentioned before, the overall assessment of the work contributes with 40% of the final grade in each course.
The criteria used by each curricular unit is presented in the Table 2.

The type of materials submitted for evaluation had no pre-defined format. Students were allowed to choose
the type that they considered the best (novelty was valued): video, PowerPoint, simulations, poster, web page,
blog, and the traditional report. Students should explicitly state the contribution of each team member in the
development of the work.

In the end, a one-day public presentation of the projects was scheduled. The 30-minutes presentation included
also the demonstration of the production cells to obtain the designed product, demonstrating and measuring
some performance variables by performing the hands-on activity.

Table 2. Assessment criteria of each curricular unit

Criteria PSOI Criteria PCA eight

Automation system design. Presentation of documentation 1
Preparation and creativity

1

Contents exploration

Public presentation 2
Presentation and exposition

Grafcet and ladder diagram of automatic system 2
Demonstration and

simulation

Critical evaluation of final project 1
Results and discussion

Materials delivery on time 5
Materials delivery on time

4 Contents integration and key competences developed
This section presents the team outcomes, highlighting contents integration, as well as the analysis of the results
obtained through the on-line questionnaire filled by the students.

4.1 Interdisciplinary contents integration: teamwork outcomes

In this edition, teachers used padlet (https://padlet.com/), Figure 2, as a means to share information and as a
repository of the project works. Project rules and videos from previous works were publicize in the first column.
Each group had a dedicated column where they put in the information related to the project development and
considered relevant for evaluation: tasks, meeting outcomes, company visits, work developed, simulations and
videos, documents, links to webpages. Padlet is an appropriate means of sharing information, while allowing
transparency, and a healthy competition, between teams.
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Figure 2. Padlet with the whole vision of teams work and simulations (2019_2020)

All teams simulated the production of a good in a production cell, organizing people in the cell accordingly to
a previously selected operating mode. In the cell/line is included automated production subsystem
components.

All the teams fulfilled the requisites of integrating PSO | and PCA contents in the designed cell/line production.
One example of this integration is presented in Figure 3. The group worked in a real company dedicated to the
production of cheese. Students designed the best layout (on the left) in order to optimize production
parameters as well as they designed an automated filling machine (on the right).

Armazém

Pasteurizador

=

Sala de Lavagem

Figure 3. One team project outcome: Cheese production, layout and filling machine draft.

4.2 Key competences developed: on-line questionnaire results

The discussion in this section is based on the key competences and skills defined by the Council of the European
Union (2018) and presented in the section 1. This discussion is partially based on the questionnaire questions
developed for the hands-on activity, by analyzing the students answers of the academic year 2017/18 and
2019/20. The response rate was of 21% in 2017/18 and in the 2019/20 it was almost 50%.

Attending to the eight skills embed in the eight key competences referred in the Council of the European Union
(2018), the 34 questions of the survey were classified and grouped around these eight skills. Because some of
the questions were not clear which skill belongs, the paper authors added the “Learning to learn” to this list.
After obtaining the average for each question, it was obtained the average for each skill group for each
academic year. The results of this study is presented in Figure 4.
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Figure 4. Results of on-line questionnaire results

Some of the questions were not reflected in these skills because they were designed by the negative side, i.e,,
related with passive attitude of the students. For example, these three were: “The main reason for completing
the task was to perform the course requirements”, “I did the task to avoid the blame of not doing” or “The
classes where | just have to be "present” are the best.” The average of these questions received a score of 2,3
that was a low score.

The open questions were related what the students enjoy more in the hands-on activity. The words cloud in
Figure 5 shows the most referred words. It is possible to highlight the words company and practice. Others are
much related with the skills referred: teamwork, problem-solving, applied theory, learning to learn, among
others.

S RE Search Needs e y Freedom
Class Learned Team Teamvl\lcgrl:h prOdUCtTEac;’r&t%ct
Apply ||  APPlyContent.ZPractice fis
Business oo WOrk i
e
Contact:-- "alsimulation

a)

b)

Figure 5. What the students enjoy more in the hands-on activity: a) 2017/18; b) 2019/20

What pleased least in the first edition were the unbalancing workload among all team members, short duration
for this assignment, the missing assessment criteria, difficulties to the product presentation in a classroom, the
lack of sync among company and teacher objectives, the difficulty in interpreting the task statement (Figure 6).

MOde Elements
pel(:)epelle Confusesg Teachers - Fact Coversd
Desired Statement Up More ‘ lato Way
Ratﬁresent D'EEJS,E!} E3H) PrYyr-1oe 1
“Company::|[*: L &
ig ithin
- a vy Huge Aud L i
Classroom - $hort time Visit Best > Day
Objectivity Conflicts eop Waltm
G°'"qw k Criteria 4= Operating

a)

b)

Figure 6. What the students enjoy less in the hands-on activity: a) 2017/18; b) 2019/20
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The students were very critical and made some recommendations to improve the task assignment. Some were
attended. Other were not attended due to the objectives of the activity defined by the teachers, namely, to
have a template for the presentation, to have more specifications for the simulation, to have a previously defined
operating mode, have a previous contact with companies made by teachers. Teachers did not attended to
suggestions because they did not accomplish the objective of the teachers that want to stimulate students
creativity and initiative. Students also recommend more time for the simulation and discussion. Students also
pointed out the lack of attention in all presentations (remember that are 11 presentations of 30 minutes each),
the team dimension (seven to 10 members), the lack of interest of some team members. Some students (are
third graders) continues in an immature state and preferred to be commanded, instead of taking decisions.
What is understandable because many people, according to the Theory X of Douglas McGregor (Chapman,
2002), felt more comfortable when someone tells them what to do. More about the survey results could be
consulted in Alves and Soares (2020).

Nevertheless, it is important to discuss knowledge, skills and attitudes embed in the competencies. Due to the
limited space of the paper, just four out of the eight most striking were chosen and discussed through some
examples retrieved from the elements delivered by the students, their presentation and hands-on activity, their
attitude in the contact with the companies (it was optional, but nine teams preferred to do the work in
companies). Table 3 presents these examples.

Table 3. Examples of knowledge, skills and attitudes related to competencies acquired by the students

Skills

Competencies Knowledge Attitudes

Mathematical, Calculate takt time, number of | Apply the operating mode in | Build the products

science, operators, KPI,  develop | the production system | prototypes

technology  and | grafcets, transform company | designed and design the | resemble real

engineering data in graphs automated system companies
products

Digital Be aware of new tools to | Digital tools use (e.g. Padlet, | Initiative to use

communicate videos) different tools, to

share information

Personal, social | Plan a project and activities, | Go & See in the Gemba (as | Initiative to develop

and learning to | plan, distribute individual and | requested by lean theory), | prototypes;

learn team tasks, establish a contact | negotiate and solve conflicts, | communicate with

company and collaborate in a
big team; creativity by
developing the prototypes;
attend meetings with CEOs or

mobilize resources; Initiative to
contact local industries

with a company, public | Initiative to present a topic and | companies, how to
presentation answer to questions; role-play | act in public
Entrepreneurship | Manage a project with a | Build the products prototypes, | Stimulus and

motivation to make
the project, leading
with company
unavailability

technical directors

5 Conclusion

This paper presents an interdisciplinary project developed between two courses of IEM third year, first
semester. These courses are lectured by teachers belonging to different departments and expertise areas, that
complements each other. Nevertheless, students are many times unaware of this complementarity, as the
courses have been lectured as silo-discipline. With this project, teachers intended to close this gap, contributing
for a more holistic view of the courses, at least of these two. By the perspective of the students, this seems
being achieved. Also the evidences of students work, reveals they were beyond the knowledge, acquiring

28



€+ RIE,

competencies. With this type of project, competences as entrepreneurship, personal and social skills are
promoted in parallel to engineering and technical expertise. For future work, the authors have in mind to
improve the questionnaire to include more competence-related questions.
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Abstract

This paper presents findings from a PBL approach which takes place in the Integrated Master's degree of Industrial
Engineering and Management (IEM), at the University of Minho, Portugal. It is part of a curricular unit in the 1%t year of the
15t semester called Integrated Project of Industrial Engineering and Management 1 (IPIEM1). This curricular unit follows PBL
approach. In total, 56 students participated in the PBL approach in the academic year 2019/2020, forming six teams of nine
to ten students. This paper aims to analyse students’ initial expectations about PBL and compare them with their final
perceptions concerning their experience. Data were collected from an online survey, applied at the beginning of the project
(n=41), in the 15t week, and at the end of the project (n=33), in the last week. This survey has been used successfully, since
the year 2008/20009, to evaluate PBL approaches from students’ point of view. In 2019/2020, the survey was adapted to be
used for the first time, also at the start of the project, to collect students’ initial expectations. Authors understand that the
first week of the project is very intense and demanding, as students become aware of the several challenges which they
will face throughout the semester. Findings form the comparative analysis of the survey show that teamwork appears as
one of the most positive aspects about the PBL experience, but also one of the most challenging issues for students to
overcome. Beyond the "normal” students’ concerns about teamwork, high workload, and other issues, the second survey
revealed interesting insights from students in regard to their understanding of the PBL assessment model, that were not
perceived in the first week. Qualitative data from findings will also be explored and discussed in the paper.

Keywords: Industrial Engineering and Management Education; first-year students, student perceptions; project-based
learning (PBL).

1 Introduction

Project-based learning (PBL) is an active learning approach where a team of students works together through
a period of time to solve large-scale complex open-ended problems (Powell & Weenk, 2003). This author, who
designated this approach as Project-led Education (PLE), with its origins in the Engineering Education field in
Denmark, describes this methodology as the following: “a team of students tackles the project, provides a
solution and delivers by an agreed time (a deadline) a team product such as a prototype and a team report.
Students show what they have learned by discussing with staff the team product and reflecting on how they
achieved it" (Powell, 2004, p. 221). At the School of Engineering at the University of Minho, PBL has been used
in several engineering programmes (Industrial Engineering and Management; Mechanical Engineering;
Electrical Engineering; Polymer Engineering; Textile Engineering) as a positive strategy to promote active
learning and increase student motivation for learning.

According to Powell (1999), it is important to present a balanced picture of PBL by recognising its advantages
and disadvantages. Below, we will present findings about the effectiveness of PBL and the positive and less
positive aspects that are related to its implementation. The identification of these characteristics of PBL are
important to guide the discussion of this paper, which aims to analyse students’ expectations and compare
them with their final perceptions about PBL.

Powell (1999, p. 13) identifies a list of advantages of PBL, namely: 1) Students are strongly motivated to work
hard and effectively (on projects); 2) Students learn to learn; 3) Students pass rates can improve; 4) There is
better communication and teamwork by students; 5) Students build up a learning partnership with each other
and (in later years) with staff: learning together; 6) The syllabus is seen in the context of the project; 7) Students
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find out what they don't know and can seek what they need; 8) Students learn to work to agreed deadlines; 9)
PBL identifies early on those students who are “suitable” for real engineering at academic level; 10) Reasonable
group expectations by staff and students put psychological pressure on all students to succeed. Unsuitable
and lazy students are thrown out; 11) There are still opportunities for some traditional examinations where
depth of understanding in specific subjects can be explored in detail; 12) Teachers must talk to each other
about education issues across boundaries, 13) Staff must work together in project planning.

Apparent disadvantages of project-led education, according to Powell (1999, p. 15), include the following: 1)
Students do not have precise knowledge of all the most advanced theories; 2) Students do not have a lot of
memory knowledge; 3) The atmosphere compels students to work at the group tempo; 4) PBL is frustrating for
those students who find it difficult to work in groups; 5) Not all the syllabus can be covered by any project; 6)
It is not always easy to motivate students on subjects such as Maths; 7) Assessment is certainly not easy; 8)
Project rooms cost money; 9) Tutors need to be open-minded and supportive of student development; 10)
Tutor support of groups is a new skill and needs training; 11) There are big challenges for staff when students
bring in good but unexpected questions; 12) In later years of the course, tutors cannot always “know
everything”, thus we need teams of tutors and recognition of the need to do some redirecting of student
questions to other tutors; 13) PBL requires teamwork for tutors, teachers, administrators and integration over
the traditional subject boundaries.

Taking in consideration these important remarks about PBL and their implications on students’ and teachers’
role, this paper analysis students’ perceptions about a PBL semester, comparing their initial expectations (after
the first week of the project) with their final perceptions (last week of the project), in the first year of an
engineering degree programme at the University of Minho, Portugal. The aim of this study is to compare the
results before and after the PBL semester, based on the application of an online questionnaire, including both
quantitative and qualitative data. After a brief introduction to the definition of PBL and its principles, in the
Introduction of this paper, section two describes the context of the study, followed by the research methods
in section three. The results are presented and discussed on section four, which is organized based on the
quantitative and qualitative data. The last section of the paper presents the conclusions and final remarks.

2 Study context

This section briefly presents the study context by introducing the Industrial Engineering and Management
program of the first year, first semester project-based learning (PBL) (IEM11_PBL) developed in the context of
the course called "Integrated Project of Industrial Engineering and Management 1" (IPIEM1). An overview of
the IEM11_PBL is given, followed by a short description of the first and final week moments, which correspond
to moments of high workload for both teacher and students (Alves et al., 2019) and also to the moment when
the survey discussed in this paper was applied.

2.1 Description of IEM11_PBL

The first semester of the first year of Industrial Engineering and Management includes six courses and currently
such courses are all integrated in PBL. This was not always the case but since the first experience that occurred
in the academic year of 2004_2005 (Alves et al., 2007; Lima et al., 2007), it was permanently an endeavour. This
was accomplished after some years with a more or less stable team of teachers collaboration that manage the
difficulties of this complex educational project (Alves et al., 2016a; Alves et al., 2016b).

Its complexity comes from various factors. One of these factors is the dimension of staff coordination team
that includes all teachers from the courses involved, that are from different departments belonging to different
schools, tutors and educational researches. The number of European credits is five, equal for each course, in
the European Credit Transfer and Accumulation System (ECTS), as the Figure shows. Introduction to [EM (IIEM),
IPIEM1 and Algorithms and programming (AP) are from School of Engineering (brick colour), department of
Production and Systems (the first two) and Information system (third one). General Chemistry (GC), Linear
Algebra (LA) and Calculus (CC) are from School of Sciences (blue colour), department of Chemistry (the first
one) and Mathematics department (the last two courses).
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Figure 1. Courses of IEM11_PBL

Some or part of the contents of each course must be included in the project developed in the IPIEM1, according
to each teachers guidelines and teaching styles, i.e. by specific task assignments. Students do these tasks in
teams, the teacher provides feedback and students show their learning in the presentations, reports and project
development. Each course has its own assessment method that could include various components such as
tasks grade, written tests, among others. Students, normally, have more than one assessment moment by week
of each course and IPIEM1. The main idea is that they work continuously for the project integrating along the
semester (from September to February) components of each course in the project (Alves et al., 2019). The
following section explains how IPIEM1 is planned.

2.2 Planning and development of IPIEM1

This section details the planning and development of IPIEM1. First of all, it is important to notice that this
educational project is managed as a real project where the resources, time and cost are intended to be levelled,
being divided in five main phases with the respective durations: 1) preparation (3 months); 2) set-up (1 month);
3) start-up (1 week); 4) execution (6 months); 5) conclusion (1 week) (Alves et al., 2009; Lima et al,, 2012). The
first two phases just involve staff coordination team. By doing this, students have also an example of how to
manage a project, one of the competencies to acquire in IPIEM1. So, the first step is to plan the project and
deliver a document, the learning project guide (Equipa de coordenacdo 2019_20, 2019) to the students with
the description of project, i.e,, it is similar to a project specification or project charter. This document has 14
pages and includes the following sections for the academic year 2019_20: 1) Introduction; 2) Advantages and
challenges of the process; 3) Students; 4) Staff coordination team; 5) Tutor role; 6) Project description (theme,
brief description, objectives); 7) Competencies (technical and transversal); 8) Timing (schedule, semester plan,
milestones and first week project-pilot organization); 9) Assessment (for IPIEM1 and courses); 10) Physical
resources; 11) E-learning platform and 12) Commitment declaration and checklist of space and material
requirement. This document is delivered to students in the first presentation from the staff coordinator of
semester where the project is presented to the students, which occurs in the start-up phase. After that, students
are in conditions to start to develop the project. Each section of the document is a rich part of discussion but
for this paper just the activities performed in the first and final week will be deeply discussed in the following
sections. Before that, it is important to present, at least, the milestones where teams have some deliverables to
send to the staff coordination team and the assessment model. The list, schedule and main deliverables of the
milestones are presented in the Table .

Table 1. Milestones and deliverables of academic year 2019_20

Phase # Week Deliverable

M1 Week 2 | 14h10 - 17h00: Mini-project presentation (10" min/team + 5’ discussion).
M2 Week 6 | 14h10 — 17h00: Intermediate presentation (10" min/team + 5’ discussion).
Execution M3 Week 9 | 14h10 — 17h00: Extended tutorial (20" min/team).

M4 Week 12 | 18h00 - Deliverable: Preliminary report (maximum of 50 pages).

M5 Week 16 | 18h00 — Deliverable: Final Report (maximum of 60 pages) + Prototypes.

Part of M6 Week 18 9h30 - 11h30: Individual written test about the project (2 questions).
Conclusion 9h10 — 13h00: Final presentation & discussion (15" min/team + 20’ discussion.

The deliverable of M1 and M3 are usually not assessed, all the others are assessed by course teachers. The
assessment model and its components (individual and team) are presented in the Figure 2.
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Figure 2. Assessment model of IPIEM1 of academic year 2019_20

2.2.1 First week of the project

The first week represents a high workload for teachers, in particular, for the coordinator, and students. It is a
stressful moment but it is also a discovery moment for the students, meeting a new university, new colleagues,
and for some, even a new city and country (international students). The students have to process a lot of
information given in the first week of classes. During this week, students will have the welcome presentations
from the Rector, from the dean of the department, from the course director and finally, from the coordinator
of the semester and of the IPIEM1.

In a session organized by staff coordination team, the coordinator presents, through videos and reports from
UNESCO, the global changes needing different competencies for the 21t century to contextualize the
importance PBL. Then, introduces the IPIEM1, the historical of PBL editions in IEM11_PBL, some alumni testifies
in person or written about PBL importance, the staff coordination team, the learning project guide, the tutor
role, the milestones, the project theme of this particular year, the assessment model, the project-pilot, the
semester plan and schedule, the e-learning tools and finally, the teams formed by one member of staff
coordination team before this presentation and the tutors assigned to them. After this, they go with the
coordinator and tutors to the projects rooms for them to start working if they want, or at least, to know each
other and organize the first assignment as a team. Because there are only six spaces for the teams (two project
rooms) only six teams are formed, that will put nine to ten members by team (always dependent on the number
of freshman students). Also, IEM is always a programme with many working students (older) and transferred
students that are also grouped in teams but do not take part in the PBL project (Alves et al., 2018).

The first-week project-pilot organization is also described in the learning guide project, section 8, and the idea
is to pass by all phases of the project in a short period of time. A document of one page is provided to the
teams with the description of the pilot project explaining what is expected from the teams, the duration of the
activity, how they prepare and when to present and which main points to focus, reflecting also in the learning
lessons to retrieve. Mainly, it consists in a week or a little more to prepare a presentation doing a state-of-art
of the theme chosen for the specific year. In the academic year 2019_20, the theme was to design a production
system to process/valorise organic residues into a valuable product, using composting or other process. An
example of a first presentation of a team is shown in Figure 3.
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Figure 3. First presentation of a team
The teams must also have to set-up a blog where the team introduces itself and their project. The blog must
be updated with diary meetings and tasks that they are doing, the data and information being collected. The
objective is to monitor team work. This blog was one of the student assessment components, for the first time
this year.

2.2.2 Final week of the project

The final week also represents a lot of work because it is the conclusion of almost six long months of hard work
including activities, tasks, tests, training sessions, events, and, of course, “praxe” (activities organized by the
third grade students to welcome the freshman). The main deliverables in the last week are the final presentation
and discussion done in teams and the individual written test about the project, synthetized in the final report,
delivered in two weeks before.

With the final presentation, teams also present videos of production system in Legos Mindstorm demonstration
and of the product, physical prototypes of the product, holder names in tags, some flyers of their
product/company, among others elements that are optional elements (Figure 4).

N

Figure 4. Last presentation of the teams: elements bring by them to the presentation
After this last presentation, teams must deliver the project rooms keys. Before that, they must assure everything
is clean and took all of their belongings. This does not have been an easy task, so in this academic year they
were forced to sign a commitment declaration (section 12 in the learning project guide) where they declare to
do this last task before leaving.

The last presentation means the last item for obtaining the grade. After that, the teams will be waiting for the
final grades. Meanwhile, they are asked to fill out the questionnaire referred in the following section 3. But one
more task is asked of them, the one in participating voluntarily in the final workshop organized by the staff
coordination team in order to discuss the semester functioning. What ran well, what did not run well and
suggestions for the future. In 2019_20 academic year, the coordinator started the workshop by presenting the
summary of all projects, using padlet where all team elements were registered, and a video with all important
moments occurred during the workshop. After that, the workshop was organized in four main parts:
suggestions given by the students from the previous year and how these were implemented/not implemented
and why, open discussion in focus groups about the main dimensions of the PBL questionnaire (as will be
presented in the next section), the grades discussion and the questionnaire results. From this workshop, a lot
of suggestions are obtained, being collected and used to improve the IEM11_PBL (Alves et al., 2012; Alves et
al, 2019; Fernandes et al, 2014; Mesquita et al., 2009). Examples include having only one tutor third year
student by team (Alves et al., 2017) and reducing the number of tasks and milestones (Alves et al., 2009; Alves
et al, 2019).
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3 Methodology

To analyse students perceptions about the PBL semester, data were collected from an online survey, applied
at the beginning of the project (n=41), in the 1st week, and at the end of the project (n=33), in the last week.
The survey is organized in six sections, including the following topics: i) project theme (D1); ii) learning and
competences developed (D2); iii) teamwork (D3); iv) teacher’s role (D4); v) assessment model (D5); vi) PBL as a
learning approach (D6), evaluated based on a 5-point agreement Likert scale (1 — strongly disagree to 5 —
strongly agree). The online questionnaire also includes a set of open-ended questions for a better identification
of the most positive (strengths) and less positive (weakness) aspects and suggestions for improvements. So,
for the analysis, both quantitative and qualitative data will be considered. Due to the relevance of the topic, in
this paper, the dimension that will be quantitatively analyzed is solely regarding the assessment model (v).

This survey has been used successfully, since the year 2008/2009, to evaluate PBL approaches from students’
point of view (e.g. A.C. Alves, Moreira, Fernandes, Ledo, & Sousa, 2017; Mesquita et al., 2009). In 2019/2020,
the survey was adapted to be used, for the first time, also at the start of the project, to collect students’
expectations of PBL. Authors understand that the first week of the project is very intense and demanding, as
students become aware of the several challenges which they will face throughout the semester. The last week,
where all developed activities and tasks in the project have been fulfilled and finished, allowing students a
complete and comprehensive perception of how the semester run. These two moments will allow to
understand and evaluate students’ perceptions change.

4 Results

This section is divided in two subsections according to the nature of the data in analysis: (1) qualitative data,
from the open-ended questions of the questionnaire, which provided an overall perspective of the dimensions
most and least positively evaluated by students, as well as suggestions for future improvement; and, 2)
guantitative data, based on results from the closed questions using a 5-Likert scale, which are analyzed solely
in regard to the "assessment model” dimension (D5) from the questionnaire. The comparative analysis is
described based on the results obtained in two different moments: first week and last week of the PBL semester.

4.1 Overall results from the PBL questionnaire - first and last week

Based on a thematic content analysis (Bardin, 2011), qualitative data from the open-ended questions was
organized in categories. The frequency of the topic was also included to show the relevance of each category
mentioned by students. Table2 presents a summary of the main results achieved.

Table 2. Comparison of qualitative results, before and after the PBL experience

Dimensions Initial Survey - first week (n, = 41) Final Survey - last week (n, = 33)
. Teamwork (26) . Development of transversal skills (14)
. Project theme (9) e  Teamwork (9)
Most positive | o  Successful integration at university (2) e  Understanding of the curricular units (7)
aspects e  Sharing ideas (2) e Successful integration at university (4)
e Presence of all teachers at the Mini-project | e  Contact with future professional area (2)
presentation (1)
. Teamwork (7) . Workload and tasks (14)
. Problems with time management (6) . Teamwork (5)
Less positive . Mini-project presentation (5) . Stress (5)
aspects . Feeling lost in the first week (4) . Assessment methods (5)
. Greater support from teachers (1) . Nothing to refer (3)
° Others (3)
e  Review project presentation dates (3) e  Review assessment process and methods (21)
e  Better link between project theme and the curricular | ¢  More active role by teachers (6)
. units (3) . Review task deadlines and milestones (6)
Suggestions . N . , o
for . Improve group meetings and organization (3) . Imprgve the project rooms’ conditions (3)
improvement . Develop more research (1) . Nothing to refer (2)
e  Provide lecture about the project theme (1) e Improve the team formation process (1)
e  More information about the project goals (1) e Select attractive themes for the project (1)
. More presence of teachers in project rooms (1)
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In general, it is possible to say that students’ expectations about PBL in the first week match their final
perceptions about the experience. One of the most positive aspects mentioned by students about this
experience is definitely teamwork, both at the start (f=26) and also at the end (f=9) of the project. Teamwork
has a strong influence on students’ work and performance, either in a positive or negative way. These quotes
from students’ answers, after the first week of the project, confirm the importance of teamwork for students:

e The sense of feeling that my team can jointly develop something useful considering the qualities of each one.

e The work developed with my team throughout the week.

e The friendly relationship with team members.

e Learn to deal with different personalities and get the best out of each one.
Also, at the end of the project, students emphasised the importance of teamwork and its role for the project
success:

e During the project, it was difficult, sometimes, to learn to deal with the different opinions of my colleagues, in addition,
the pressure to deliver everything on time and to know that it was not just up to me was not easy. | think they are
many people on each team and that sometimes becomes difficult to manage.

e From the moment that the project was presented to us, there was a strong union between the PBL group members. So,
not only did it facilitate our integration at the university, but it also made the work that we knew we had to do more
interesting from the start. PBL gave us the possibility to carry out a project from its initial phase to its final phase, so
we were able to acquire knowledge that will help us in the future life. In addition, although it can be quite arduous and
stressful, it allows us to constantly overcome ourselves, developing many transversal skills.

As mentioned in this last quote, PBL has a positive impact for the successful integration of 15t year students at
the university, which is a great advantage of PBL considering that the transition to higher education is always
a difficult and challenging phase of students’ life (Araujo, 2017; Casanova, Araujo, & Almeida, 2020).

Concerning the suggestions for improvement, the majority of students (f=21) agree that the assessment
method in PBL needs to be reviewed. This is definitely the main suggestion presented by students, who identify
problems related to the peer assessment method, the final test of the project and the individual classifications,
as issues that require further improvement in the assessment process of PBL.

e The individual test does not fulfil its purpose! | propose that this test is completely reformulated, because even the
members involved in the execution of tasks like WBS did not memorize it. Since the test is so short when compared to
the execution of the entire project, in addition to being reformulated, it should have a lower weight in the final
classification. Note that the classification obtained in this test was the main differentiator of the final grades of the
group! "

e The final test does not correctly assess the role of each person in the project and whether or not they were aware of it.
Peer assessment is necessary, but it should not count so much because many times our colleagues are unaware of the
work underlying the results obtained.

These qualitative results are in agreement with the quantitative results and express and explain the directions
of students’ opinions.

The problems concerning the assessment model of PBL are a recurring topic on the evaluation of PBL editions.
It is considered the most controversial issue of PBL, both by students and the staff coordination team. The
research team at the University of Minho has developed several studies and research projects to better
understand this phenomena and develop a continuous improvement process (Alves et al,, 2017; Alves et al,
2016a, 2016b; Fernandes et al., 2009, 2012a, 2012b; Lima et al.,, 2017).

4.2 Results related to the “Assessment Model” dimension

The assessment model dimension considered (D5) 10 items as described in Table 2. For the comparative
analysis, the difference between students’ mean rates considered was (before — after), assuming that, in
average, the results for the assessment PBL project dimension is reduced. In Table 2 also some descriptive
statistics (mean (m), standard deviation (sd), median (M), minimum (min), maximum (max)) for all the items
considered for the assessment dimension are presented. A total of 41 (=np) students answered the online
questionnaire in the first week and 33 (=n,) in the last week. For the data analysis the SPSS statistical tool was
used and non-parametric Mann-Whitney test U was considered (as alternative to the t-test for two independent
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samples), through Z-score value, to analyze differences between students’ perceptions by moment, with a
significance level of 5%.

Table 3. Descriptive Statistics and difference between students’ mean rates (before — after = b — a) for D5.

. . m, sd, M, min, max Statistics Z-score
Dimension Item
b a (b-a)
D5.1 | have read and understood the assessment
criteria in the Student Guide. 42,14, 43,5 41,74, 4,2,5 231, p=817
D5.2 The number of milestones during the project 41, 63,4,3,5 29,.76,3, 1.5 5.884, p=.000°
should be lower.
D5.3 Tgachers feedback on reports and 47, 47,545 35 87.41,5 5.989, p=.000°
presentations was clear.
D5.4 P‘eer evaluation is an appropriate tool for 42 64435 34,122,415 3.003, p=.003°
evaluating teamwork.
D5.5 The results of the peer evaluation reflect the 43,5943 5 31.126,3,1, 5 4.280, p=.000°
commitment of each element.
v.
Assessment | D5.6 Fvaluatlng another team's report was a useful 43, 60,4 3,5 38, 83,4,1,5 2.971, p=.003°
model experience for me and allowed me to learn.
D5.7 The final mdlvu'jual test on the project helped 41,6943 5 21105215 5.410, p=.000°
me prepare for the final presentation.
D5.8 The project grade should be the same for all 31,983 1,5 20,77.2,1,5 4.779, p=.000°
members of the group.
D5.9 | think that the weight of the individual test
should be lower in the final individual assessment 33,963 1,5 40,1.03,4,2,5 -2.894, p=.004°
of the student.
D5.1.0 In general, I am satisfied with the results 43,6443 5 35 121,4,1.5 3.178, p=.001°
obtained at the project.

2 Statistically significant

With a single exception (D5.1 | have read an understood the assessment criteria), all students in average have
change significantly their opinion during the moments beginning and end of the semester. The values reflect
a changing to a more negative opinion regarding the several items in evaluation, showing that in average the
initial expectations about PBL were higher than their final perceptions. This trend was particularly steep for
D5.7 (The final individual test on the project helped me prepare for the final presentation), D5.3 (Teacher's
feedback on reports and presentations was clear) and D5.2 (The number of milestones during the project
should be lower). Namely the two last items, D5.3 and D5.2 show, somehow, a dissatisfaction regarding the
teachers’ feedback and strengthen the importance that the milestones have for the development of the PBL
Project, despite the work involved.

However, results show that not everything has been negative or in a negative direction: item D5.9 increased,
showing that, in average, students perceived that the weight of the individual test should be lower in the final
individual assessment of the student. This issue is recurrent, however, it is teachers believe that this must be a
term to be considered in the assessment model. The weight of the individual test on the student's final
assessment has been undergoing significant changes over the past years (Anabela Alves et al., 2016a; Sandra
Fernandes, Flores, & Lima, 2012).

5 Final remarks

This paper compares the initial expectations of IEM11_PBL students in the first and final week of the PBL phases
that are the most intensive hard-working weeks. Although previous research and a number of studies have
been developed about this PBL process, it was the first time that the survey was applied in two different
moments. Beyond the “normal” and usual concerns about teamwork, high workload, time management and
others issues identified by students, which were not, somehow, surprising, the second survey revealed
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interesting insights about the assessment model, that were not at all perceived by students in the first week.
Besides the continuous effort taken every year, by teachers and specially the PBL coordinator, to make students
aware of how the PBL semester will impact on their final assessment and learning, this dimension seems to be
something that is not entirely clear for students at the start of the semester. At the end of the semester, students
certainly take many “lessons learned” from their PBL experience, which helps them to prepare themselves for
the second semester in a more conscious and critical way. Based on the findings from our study, it is possible
to recognize the major advantages of PBL, as stated in the introduction section of this study, which somehow
relief the teachers and PBL coordinator in regard to the aspects that were considered less positive by students.
These features are part of students’ learning process and should be seen as an opportunity for their own
development. Future work should focus on supporting and improving PBL, following some of the valuable
suggestions provided by students in the final survey.
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Abstract

Nowadays, active learning/problem-based learning/project-based learning approaches are widely used in many academic
programs of various institutions all over the world. It is believed that these approaches will help to train students in a better
way, especially in building the skills through self-studying process and through dealing with practical problems. However,
the use of these modern teaching/learning approaches does not mean that lecture-based approach should be completely
ignored. Anyway, the time allocation of lecture-based approach should be reduced. During the limited time where lectures
are delivered in the traditional way, the key requirement is how to equip the students with enough background knowledge
so that they can proceed with self-studying or working with projects without committing critical mistakes related to
theoretical background. From the author's experience of more than 20 years teaching statistical analysis related courses,
this paper aims at identifying and sharing the common misunderstands observed from the students when studying
statistical analysis course. These experiences can help to deliver statistical analysis related courses in an effective and
efficient manner when using active learning/problem-based learning /project-based learning approaches.

Keywords: Active Learning; Statistical Analysis; Statistical Inferences.

1 Introduction

Statistical analysis has become a very important subject in all academic courses related to engineering study,
management science and social science, just to name a few. Statistical analysis will help to withdraw useful
conclusions from available datasets which can help the decision makers to make appropriate decisions for
many practical problems. Due to the importance of statistical analysis, the course related to statistical analysis
has been introduced even in secondary high school level in many countries. At universities, statistical analysis
has become a required course in most curricula regardless of the field of study the students registered for.
However, to most of students who took courses on statistical analysis, understanding and applying many
statistical analysis techniques delivered in the course is not that easy, and hence, they might commit with
various critical errors when applying these techniques. From the author’s experience of more than 20 years
teaching statistical analysis related courses, this paper aims at identifying and sharing the common
misunderstands observed from the students when studying statistical analysis course. This issue is very
important especially when active learning/problem-based learning/project-based learning approaches are
used in delivering statistical courses. When the above-mentioned approaches are used, the lecture time is
reduced, and the students are encouraged to learn through self-studying and problem solving. Hence, how
to help the students avoid making mistakes when analysing practical datasets and to make correct decisions
should be aimed at during the very limited lecture hours allocated for the course. This paper aims at identifying
and sharing the common misunderstands observed from the students when studying statistical analysis course.
These experiences can help to deliver statistical analysis related courses in an effective and efficient manner
when using active learning/problem-based learning/project-based learning approaches.

2 Literature Review

Recognising the fact that traditional methods of teaching statistics are not effective and fails to help the
students to apply statistical knowledge to deal with practical problems in the real world, Mustafa (1996)
proposed the relevant objectives that should be aimed at to help develop competencies in the fields that do
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not require the students to have a strong mathematical/statistical background. These competences include
the ability to link statistics and real-world situations, the knowledge of basic statistical concepts, and the ability
to synthesize the components of a statistical study and to communicate the results in a clear manner. To serve
this purpose, a revised course design approach has been proposed. In introductory statistics courses, many
instructors recommended that the courses should place greater emphasis on data collection, graphical display
of data, design of experiments, problem solving, and process improvements (Easton et al., 1988; Snee, 1990;
Hogg, 1991; Moore, 1992). Following this recommendation, many courses on statistical analysis started with
data analysis directly without introducing the theoretical background of statistical analysis techniques, i.e.,
probability theory. Even though probability concepts were introduced in some of these courses, the less
emphasis on mathematical and probabilistic concepts (such as random variables, probability distributions,
conditional probability, etc.) has led to the fact that the students failed to develop a real understanding of
many basic statistical concepts, and hence, failed to apply these concepts in dealing with practical problems.
However, it should be noted that teaching too much probability in statistical course is not good. It will be
good if students have learned about probability theory before taking the course on statistical analysis.
Otherwise, only the necessary probabilistic concepts needed to understand the derivations of statistical
techniques should be introduced (Moore, 1992). A study by Konold (1995) also indicated that inappropriate
instruction on probability concepts might fail to provide students with the skills to master statistical reasoning.
Emphasizing on the issue of how to help students understand the concept of variation in statistics, Ballman
(1997) recommended to change the traditional way of teaching probability with the use of appropriate topics
and activities so that the students can easily capture the characteristics of random variation and relate the
application of variation in statistics.

In relation to the use of active learning approach in statistical courses, Anderson-Cook and Dorai-Raj (2001)
presented an active learning demonstration on the Internet using Java applets to show a poorly designed
experiment and then subsequently a well-designed experiment. The framework demonstrates the concepts of
randomization and blocking, as well as the need to carefully consider the objective of a study and how well the
data collected answer the question of interest. The activity involves student participation and data collection.
Later, Anderson-Cook and Dorai-Raj (2003) also proposed a number of applets to help students understand
the role of power in hypothesis testing that allow them to obtain numerical values without having to perform
any calculations for a variety of scenarios. These applets are introduced from the observations that the
concepts of hypothesis testing, trade-offs between Type | and Type Il error, and the use of power in choosing
an appropriate sample size based on power are usually included in many introductory statistics courses.
However, many students do not really understand these ideas, and hence, are unable to apply them in a correct
and effective way in real world problems. Anyway, these applets only help the students to avoid mistakes but
cannot help them develop an in-depth understanding about those concepts. Aberson et al. (2002) also derived
an interactive Web-based tutorial that supplements instruction on statistical power. This tutorial provides
several interactive exercises that guide students as they draw multiple samples from various populations and
compare results for populations with differing parameters. The sampling exercises utilize an interactive Java
applet that graphically demonstrates relationships between statistical power and effect size, null and alternative
populations and sampling distributions, and Type | and |l error rates. The applet allows students to manipulate
the mean and standard deviation of populations, sample sizes, and Type | error rate. However, the same
question on if the students really understand those concepts is still remained.

In other research lines, Alacaci (2004) investigated the knowledge base necessary for choosing appropriate
statistical techniques in applied research. In this study, the author compared knowledge used by six experts
and six novices in two types of statistical tasks, i.e, comparing research scenarios from the perspective of
choosing a statistical technique, and direct comparison of statistical techniques. From the research results, the
author recommended that statistical techniques should be taught in relation to relevant research designs,
moreover, conceptual connections between statistical techniques should be explicitly taught. Examining the
need of collaboration in learning and teaching statistics, Roseth et al. (2008) provided practical examples of
how instructors may apply a cooperative framework to classroom teaching and teacher collaboration. This
research aimed to persuade statistics instructors who are reluctant to adopt more student-centered teaching
approaches, as well as those instructors who have tried these methods but ultimately returned to the traditional
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teacher-centered instruction. Recently, Da Silva and Moura (2020) addressed the problems of teaching
statistical concepts in biostatistics where students often experience anxiety caused by the complexity of
statistics and might express negative attitudes towards the subject.

For more literature and resources on teaching statistics, the readers are encouraged to read the review report
of Becker (1996). Journal of Statistics Education is also a good resource for this purpose. To the best of my
knowledge, most research works conducted in the past did not communicate clearly the common mistakes
related to understanding of students when taking statistical courses. So, in the paper written here, | would like
to share some experiences related to this issue with the hope that it will help the instructors who are in charge
of delivering these courses at their institutions to recognise the problems the students usually faced with when
taking statistical courses so that the courses can be delivered in an effective and efficient ways with more fun
from the students’ viewpoint.

3 Common Misunderstands in Studying Statistical Analysis

In this session, the discussions will be firstly on basic descriptive statistics including measures of central
tendency, measure of variability, the z-score, and coefficient of variation. Then, discussions on hypothesis
testing will be presented with the focuses on how the set the null hypothesis, what are the valid conclusions,
and Type Il error as well as how to control Type Il error which is an issue that many students feel very confused
when facing.

3.1 Measures of Central Tendency

Measures of central tendency yield information about particular places or locations in a group of numbers.
The commonly used measures of central tendency in statistical analysis are mean (or weighted average,
expected value), mode and median. When learning these measures, the students usually don't know when to
use each of them, especially mode and median. It is noted that the mean value is familiar with all students,
and later, nearly all statistical analysis techniques will be derived based on the mean. But why the mean is a
good representative for a dataset? Why not use mode and median? In which cases, mode and median are
better measures instead of the mean? The reason why the mean of a dataset is a good representative of a
dataset is because it is an unbiassed estimator of the mean of the population from which the dataset is
withdrawn from (i.e., the expectation of the mean of a dataset equals to the mean of the population). This
property is a requirement for a good estimator (apart from efficiency and consistency properties of an
estimator) which can be used to establish confidence interval and to test hypothesis about the mean of
population. However, in some practical situations, the use of mean is not appropriate. For instance, in garment
industry there is a need to determine the modal sizes (i.e., S, M, L, XL, XXL) of clothing. If the mean is used, the
product will not fit with any customers. In such a situation, the mode should be used instead so that the
product produced from modal sizes will fit with many customers in each category. Related to the use of
median, this measure is appropriate when there exist extreme values in the dataset. In such a case, the mean
will give biased information about the dataset, and hence, it is better to use median because this measure is
not affected by extreme values. Anyway, it should be noted that there exist no statistical analysis techniques
using mode or median. Therefore, in order to employ the mean for further analysis, the extreme values (or
outliers) in the dataset should be excluded. Related to the determination of outliers, many students (and also
some statistical software packages) use the range which is defined by three standard deviations from the mean
(especially for the case when the population is assumed to follow normal distribution), and any value located
outside this range will be considered as outliers. This is a wrong way to determine the outliers that many
students committed when studying statistics.

3.2  Measures of Variability

Measures of variability describe the spread or the dispersion of a dataset. The most commonly used measures
of variability in statistical analysis are variance and standard deviation. Mathematically, the standard deviation
is just the square root of the variance. But why need both? This is a question that most students cannot
answer, and hence, they may apply those concepts in a wrong way. It should be noted that the variance of a
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dataset (or sample) S2 can be used to approximate the variance of the population ¢2, but the standard
deviation of a dataset, S, cannot be used to approximate the standard deviation of the population, o. The
reason behind this is that the expected value of S is exactly the same as the variance of the population o2 (i.e.,
E[S?%] = ¢?), and hence, S? is an unbiassed estimator of 62. However, the expected value of S is not the same
as the variance of the population o (i.e, E[S] # ), and hence, S is not an unbiassed estimator of a. Anyway,
when the sample size is large enough, we will have E[S] = o, and therefore, o can be approximated by S.

3.3 The z-score

The z-score (or the standardized value) of a specific value in a dataset is a measure in term of how many
standard deviations the value is different from the mean of a dataset. In fact, it is impossible to say that the
absolute difference between a specific value and the mean is small, medium, or large. Therefore, to have a
clear picture about this difference, the z-score should be used. For instance, if we look at the difference
between the monthly salary of an engineer working in a manufacturing plant and the mean salary of the group
of engineers working in the same functional department, we cannot say anything about the position of that
engineer in the department and his authority in the group. But the z-score of his monthly salary will reveal
such an information. If the z-score is negative, that engineer does not perform well; if the z-score is between
0 and 1, the engineer performs normally but he is just a normal engineer in the group; if the z-score is between
1and 1.5, he is a good engineer; and if his z-score is greater than 1.5, he performs excellently, and hence, some
authority has been vested on him. In quality control, the z-score is also usually used to identify if the shift in
mean of the proves is small, medium, or large (e.g., <1: small; 1-1.5: medium; >1.5: large). Then, appropriate
control charts will be derived to monitor the process (e.g., the Shewhart control charts can be used to help
detect medium to large shifts, CUSUM or EWMA control charts can be used to detect small shifts).

3.4  Coefficient of Variation

Coefficient of variation is a measure of relative dispersion in the dataset. It is determined as the ratio of the
standard deviation to the mean, expressed as percentage. Similar to the z-score, the coefficient of variation
will reveal the true information about variation in the dataset. In many practical problems, using standard
deviation alone will not help the analysts to conclude that variation in the dataset if high or low. For instance,
when observing records on demand of a product, if the average weekly demand is 100 units/week with the
corresponding standard deviation is 20 units/week, then the coefficient of variation is 20% which means that
the demand variability is high. However, if the standard deviation of demand is still 20 units/week but the
average weekly demand is 1000 units/week, then the coefficient of variation is only 2%. In such a case, the
demand rate can be considered as a constant (i.e., not change). Using coefficient of variation will help the
students to determine if a deterministic model or a stochastic model should be use when analyzing the dataset.

3.5  Hypothesis Testing

Hypothesis testing can be used to determine whether a statement about the value of a population parameter
should or should not be rejected. The common procedure recommended in many textbooks for testing
hypothesis is as follows:

e Establish hypotheses: state the null and alternative hypotheses.

e Determine the appropriate statistical test and sampling distribution.
e Specify the Type | error rate a

e State the decision rule.

e Gather sample data.

e Calculate the value of the test statistic.

e State the statistical conclusion.

The common mistake that many students made in step 7 is to conclude that “"Accept the null hypothesis”. It
should be noted that the null hypothesis is just an assumption and the ultimate target when conducting the
test is to find evidence to reject the null hypothesis. So, if there exists evidence to reject the null hypothesis
then the statement in the alternative hypothesis can be confirmed (with the probability of error «, called Type
| error). However, in case the null hypothesis cannot be rejected, it should not be accepted. In this situation,
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the assumption stated in the null hypothesis is still valid, but it is true or not we don't really know. The decision
to accept the null hypothesis might lead to a very high error (Type Il error B).

Another mistake usually observed from students in social sciences and management is that they usually
establish the null hypothesis in a wrong way. For instance, H,: Price has effect on demand. It should be noted
that the assumption in the null hypothesis should point to a unique scenario because we need to have a unique
assumed distribution for the population to help conduct the test. The assumption stated in the above null
hypothesis does not satisfy this requirement (i.e., has effect! How large???). Instead, the above null hypothesis
should be stated as H,: Price has no effect on demand. It should be also noted here that if the null hypothesis
H,: Price has effect on demand is used in the test, there is no way to confirmed that price is actually has effect
on demand (this is usually the target of this test) because we are not allow to say that the null hypothesis is
accepted.

One interesting point related to hypothesis testing is also about the one-tailed test. In one-tailed test, such as
the right-tailed test for the mean of population Hy: u = po; Hy: 1 > py, the students usually did not recognize
that this test seems to violate the basic requirement in which the statements in the null hypothesis and the
alternative hypothesis must be collectively exhaustive. So, the correct establishment should be Hy: pu <
Uo; Hy: > py. However, the null hypothesis Hy: u < uo does not refer to a unique scenario, and hence, the
test cannot be conducted because the hypothesized distribution of the population is not well-defined. Due to
this, the null hypothesis should be revised to Hy: u = py. Can we do this? The answer is certainly yes because
the test is considered to provide useful conclusion only when the alternative hypothesis is confirmed. So, if we
cannot confirm this, it means that the original null hypothesis, i.e., Hy: 1 < i, is still a valid assumption. This
is similar to the problem where we want to prove that a variable (such as p) is greater than all values in a set,
we need to prove that that variable is greater than the maximum value of the set (i.e., t).

Related to using one-tailed test or two-tailed test, it depends on the nature of the problem at hand. For
instance, if we want to test if the lifetime of a battery is not different from the nominal lifetime declared by the
manufacturer (null hypothesis), the test should be conducted on both tails of the sampling distribution.
However, if we want to test if the concentration of a harmful substance in the outflow of a water treatment
plant does not violate the regulation on environmental protection (null hypothesis), the test should be
conducted on the right tail of the sampling distribution. But in many practical applications, the analyst might
convert a two-tailed test into one-tailed test. The reason for this is to enlarge the rejection region so that it is
easier to reject the null hypothesis, and hence, the alternative hypothesis can be confirmed.

3.6 Type ll Error

Type Il error B is the probability to conclude that the null hypothesis is “accepted” when in fact it is false. Type
[l error is usually very high and it is not under the control of the analyst, especially when the statement in the
null hypothesis is not violated too much, and hence, it is difficult for the analyst to find enough evidence to
reject it. When analysing Type Il error, many students feel very confused because they don't really understand
how to determine Type Il error and what is the application of this concept. In the course of statistical analysis,
the instructors should spend enough time to help the students understand the derivation of the formula used
to determine Type Il error for the test. For a two-tailed test, the general formula used for determining Type Il
error is:

Ho — 1 Ho — Hq
g =q>( ot +Z%)_¢< e _Z%)
From the above formula, it should be noted that even the analyst cannot control Type Il error, but the value of
Type Il error can be manipulated by increasing sample size. Also, a critical shift (i.e., the shift at which we want
to reject the null hypothesis with a high probability) § = uq — ¢4 should be defined. Understanding Type I
error and how to manipulate it is very important in many practical situations. For instance, in establishing
quality control charts, Type Il error must be analysed in order to select an appropriate sample size and sampling
frequency so that the control charts can help detect the critical shift in an expected time period.

45



€+ RIE,

4 How to Help Students to Avoid Mistakes

In the former sessions, the common misunderstands the students usually committed in studying statistical
analysis have been shared. How to help students to avoid making mistakes is a very challenging issue. Using
traditional teaching/learning approaches with home assignments/exams will not help. In fact, active
learning/problem-based learning/project-based learning approaches can be employed for this purpose.
Following the above-mentioned learning approaches, it is recommended that the lecturers should request the
students to work in groups to deal with practical problems/projects. Through these group projects, the
students are encouraged to apply statistical knowledge to analyse the existing problems, find the root causes
of the problems based on historical data, test the efficiency/effectiveness of various possible solutions, and
finally, select the best solution for the problem at hand with sound statistical evidences. Inappropriate
decisions making during the analysis process will become learning lessons for the students and help them to
digest the knowledge with the hope that they will not make similar mistakes in their future career.

5 Conclusion

In this paper, some mistakes and misunderstands the students may commit when studying statistical analysis
courses are communicated and shared. Helping the students to avoid these mistakes/misunderstands will help
to build confidence in them when applying statistics in dealing with practical problems, and also help them to
study more complicated statistical analysis techniques without facing any big problems. These experiences are
shared with the hope that active learning/problem-based learning/project-based learning approaches can be
launched in an efficient and effective manner for courses on statistical analysis.

6 References

Aberson, C.L, Berger, D.E., Healy, M.L,, and Romero, V.L. (2002) An Interactive Tutorial for Teaching Statistical Power. Journal of Statistics
Education, 10(3), DOI: 10.1080/10691898.2002.11910682

Alacaci, C. (2004). Inferential Statistics: Understanding Expert Knowledge and its Implications for Statistics Education. Journal of Statistics
Education, 12(2), DOI:10.1080/10691898.2004.11910737

Anderson-Cook, C.M,, and Dorai-Raj, S. (2001). An Active Learning In-Class Demonstration of Good Experimental Design. Journal of
Statistics Education, 9(1), DOI:10.1080/10691898.2001.11910645

Anderson-Cook, C.M., and Dorai-Raj, S. (2003) Making the Concepts of Power and Sample Size Relevant and Accessible to Students in
Introductory Statistics Courses using Applets. Journal of Statistics Education, 11(3), DOI: 10.1080/10691898.2003.11910721

Ballman, K. (1997). Greater Emphasis on Variation in an Introductory Statistics Course. Journal of Statistics Education, 5(2), DOI:
10.1080/10691898.1997.11910529

Becker, B.J. (1996). A Look at the Literature (and Other Resources) on Teaching Statistics. Journal of Educational and Behavioral Statistics,
21(1), 71-90.

Da Silva, H.A., and Moura, A.S. (2020). Teaching Introductory Statistical Classes in Medical Schools using RStudio and R Statistical Language:
Evaluating Technology Acceptance and Change in Attitude towards Statistics. Journal of Statistics Education, DOI:
10.1080/10691898.2020.1773354

Easton, G., Roberts, H. V., and Tiao, G. C. (1988). Making Statistics More Effective in Schools of Business. Journal of Business and Economic
Statistics, 6, 247-260

Hogg, R. V. (1991). Statistical Education: Improvements Are Badly Needed. The American Statistician, 45, 342-343.

Konold, C. (1995). Issues in Assessing Conceptual Understanding in Probability and Statistics. Journal of Statistics Education, 3(1),
DOI:10.1080/10691898.1995.11910479

Moore, D. S. (1992). “Teaching Statistics as a Respectable Subject,” in Statistics for the Twenty-First Century, eds. Florence Gordon and
Sheldon Gordon, MAA Notes No. 26, Washington: Mathematical Association of America, pp. 14-25.

Mustafa, RY. (1996). The Challenges of Teaching Statistics to Non-specialists. Journal of Statistics Education, 4(1). DOI:
10.1080/10691898.1996.11910504

Roseth, C.J., Garfield, J.B., and Ben-Zvi, D. (2008) Collaboration in Learning and Teaching Statistics. Journal of Statistics Education, 16(1),
DOI:10.1080/10691898.2008.11889557

Snee, R. D. (1990). Statistical Thinking and Its Contribution to Total Quality. The American Statistician, 44, 116-121.

46


https://journals.sagepub.com/action/doSearch?target=default&ContribAuthorStored=Becker%2C+Betsy+Jane

€+ RIE,

Make Product Design and Development Beyond Active
Learning with ‘LOVE’

Duangthida Hussadintorn Na Ayutthaya, Pisut Koomsap

A-Cube Research Group, Department of Industrial Systems Engineering, School of Engineering and Technology, Asian Institute of
Technology, Thailand

Email: duangthidaHNA@gmail.com, pisut@ait.asia

Abstract

Product Design and Development has become a standard course in engineering and business master programs. The
objective of this course is to provide students knowledge on a systematic product design and development process. With
the new market trend and dynamic change of customer needs, the course content has been enhanced and put more
emphasis on strategic design, creativity, and innovation. These changes have made an impact on the way this course should
be taught. Intensive lectures with and without assignments cannot make the learning effective. Project-based learning,
game-based learning, and university-industry teaching collaboration are some examples of active learning methods that
have been promoted for delivering this course. They aim to provide practical and hands-on learning experiences for
students. However, the students may or may not gain the learning experience as expected. Reasons are, for example,
improper designed learning activities, improper preparation and execution process, the mismatch between teaching and
learning styles, and undesirable learning environments. Therefore, this paper presents a framework of designing learning
activities in the view of the student learning experience journey considering three key components of the learning
experience: functional component, mechanic component, and humanic component. In order to ensure that the journey is
dedicated to the cultivation of a strong learning experience, a recently developed learning experience model, ‘LOVE’, is
incorporated. The proposed framework was implemented through the intensive product design and development course
offerings at Tunghai University, Taiwan. Fifteen students attended the course. They were asked to provide feedback at the
end of each session to keep track of their learning progress and crosscheck the effectiveness of the proposed process.
According to their feedback, various dimensions of the courses were rated on the range of ‘most satisfied’ and many
positive comments were also reported.

Keywords: Effective learning; Learning experience; Student Learning Experience Journey; Learning Experience Component;
Product Design and Development; LOVE.

1 Introduction

Product design and development (PDD) has been playing important roles to drive and sustain the growth of
businesses. How a product should be designed to be competitive and effectively respond to the customer
needs as well as being survived in the fierce market is not easy. It requires a strategic thinking and systematic
approach. The impact of well-designed products can also be seen as a mechanism that drives industries and
the economy. Therefore, a course on PDD has been taught globally in different schools, from engineering to
business at undergraduate and graduate levels. The content of the courses offered in different universities is
adjusted according to the education level and the area of specializations.

As the customer needs are always dynamic and the advancement of technology expedites the capability to
develop a new product, the course content has always been updated. Academic and practical researches in
various dimensions - under the product design and development umbrella - rapidly produce up-to-date topics
that can be integrated into the course. Besides the well-accepted literature developed by Ulrich (2003), many
new topics, for example, Blue Ocean Strategy, Kano Questionnaire, and Quality Function Deployment (QFD)
have been added to the PDD course offered at Department of Industrial Systems Engineering, Asian Institute
of Technology, Thailand. The up-to-date course content, however, shall not be considered as the only key
element that provides an effective learning experience for students to achieve the course learning outcomes
and expected competencies. Teaching and learning methods is another crucial factor. How the course should
be taught must also be considered. The regular lecture is perceived to be inadequate for deeper understanding,
complex problem-solving skills, and creativity (Sajjad, 2010). According to that, the active learning approach
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has been promoted (Shekar, 2007). For example, at Gazi University (Turkey), students learned the industrial
design course through the project-based learning method. The students were put in teams to collaboratively
design an equipment bag for cycling, hiking, and mountain climbing sports with users (Yalman & Yavuzcan,
2015). At the University of Twente (Netherlands), the teaching format used to deliver the course product design
was adjusted. In addition to the regular lectures, game-based learning, and practical workshops were also
employed to provide practical and hands-on learning experience to students (Becker & Wits, 2014).

However, there are two sides to every coin. The active learning approach also has both pros and cons.
Requesting students to play an active role in an activity may produce negative learning experience and lessens
the enthusiasm in their learning if, for example, the activity disconnects them to the real-world practice. A
student survey on a product design course reveals that students preferred fewer exercises with more depth.
They mentioned that they would like to apply tools more on the design of a real product instead of analyzing
existing products (Becker & Wits, 2014). This issue can be alleviated by applying the LOVE model (Hussadintorn
Na Ayutthaya & Koomsap, 2017) which proposes designing balanced learning activities based not only on the
level of student involvement but also on how the activity connects students to the learning process to cultivate
a strong learning experience. In addition to that, an execution plan is also important to properly deliver the
designed learning activities and avoid undesirable learning environment.

Therefore, this paper proposes a framework, in which the LOVE model is integrated, to design learning activities
in the view of the student learning experience journey. The framework also considers three key components of
the learning experience: functional component, mechanic component, and humanic component.

The framework was implemented through the intensive product design and development course offered at
Tunghai University, Taiwan. To keep track of student learning progress and crosscheck the effectiveness of the
proposed framework, fifteen students who attended the course were asked to provide feedback at the end of
each session. According to their feedback, various dimensions of the courses were rated on the range of 'most
satisfied’ and many positive comments were also reported.

The remainder of this paper is structured as follows. In section 2, the LOVE model and its application are
presented. The proposed framework is explained in section 3. Section 4 illustrates the implementation of the
proposed framework to the intensive product design and development course and the student feedback.
Conclusions are provided in section 5.

2 LOVE Model

The LOVE Model (Figure 1) describes that learning experiences along a learning journey are stimulated based
on how students involve into a learning activity — depending upon the type of approach used by teachers,
methods and tools used, and also on students’ attitude —and how the activity connects students to the learning
process. These two dimensions termed as student involvement (passive/active involvement) and nature of
learning (absorption/immersion). In term of the nature of learning, absorption occurs when a teacher brings
knowledge to the students while immersion occurs when students bring themselves to get involved to obtain
the knowledge. Learning experience, therefore, is categorized into four realms: L-learner, O-observer, V-visitor,
and E-experimenter.
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Figure 1. LOVE Model (Hussadintorn Na Ayutthaya and Koomsap, 2017).

Learner role implies active engagement of students but with rather specific, teacher originating, content.
Observer role is a passive type of experience that is also made on teacher-based content. Visitor role is also
passive but the circumstances are not ordinary ones and students can get immersed with the experience that
is not, or not completely, prepared by the teacher. Experimenter role is both active and immerse type of
experience that gives students partially or fully opportunity to use its own understanding and competences to
participate and create the experience. In order to attain to researcher role, students must gain a variety of
experiences which are transformative, influential, practical, effective and memorable to shape their research
capability (Hussadintorn Na Ayutthaya & Koomsap, 2018). The outcome of this transformation is changing
students from knowledge consumers to knowledge producers (Lovitts, 2005; Gardener, 2008). LOVE model
suggests to include all type of experiences in studying programs and in specific courses. Balancing the
experiences, which nowadays means including more active and more immersive approaches in education,
should give the best results (Prince, 2004; Freeman et al,, 2014).

Since some of teaching and learning methods, by their characteristics, share some similarities resulted in
providing the same type of learning experience. The teaching and learning methods, collected from literatures,
have been classified into four different categories of experiences (Hussadintorn Na Ayutthaya et al., 2019), as
illustrated in Figure 2, to assist instructors for the selection of teaching and learning methods.

V-Visiting ) E-Experimenting
\:/ (passive immersion) - (active immersion)
1. Field classes, trips and excursions 1. Project-based learning (PjBL)
2. Conference 2. Laboratory classes
3. Virtual reality 3. Virtual laboratory
‘ O-Observing L-Learning
\\_/ (passive absorption) N— (active absorption)
1. Lecture 1. Discussion 13. Guided practical
2. Guided conversation 2. Demonstration with exercising exercises
3. Integrated or interdisciplinary teaching 3. Classdebate 14. Role play
4.  Showingvideo material 4.  Smallgroups debate 15. Assignments
5. Seminars conducted in classes 5. Simulation 16. Individual
6. Live lecture from a remote place 6. Problem-basedlearning (PrBL) presentation
7. Programmedteaching
8. Workshop
9. Brainstorming
10. Case study
11. Online interactive learning
12. Game-based learning

Figure 2. Teaching and Learning Methods on LOVE grid (Hussadintorn Na Ayutthaya et al., 2019).
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3 Proposed Framework

An effective learning experience journey that students walkthrough to complete a course to achieve the
expected knowledge, skills, and competence is the result of their interactions with the three key components
of the learning experience (Figure 3). They are (1.) functional component: proper course content, (2.) humanic
component: the ability of instructors to transfer knowledge and implement their teaching ability within a variety
of learning activities, (3.) mechanic component: the variety of teaching and learning methods that stimulate
the LOVE experience, and desirable learning environments.

If any component is omitted, the learning journey will be undesirable and ineffective. For example, when the
course content is up-to-date, but the course is delivered in the traditional lecture-based teaching method. The
course, therefore, does not provide any hands-on and practical experience that supports student competence
development. In another case, when functional component and mechanic component are properly design, but
the instructors cannot implement the designed modern activities. This causes a poor learning journey. The
students gain improper learning experiences and have difficulty in completing the course.

Therefore, this paper proposes a design framework that begins with designing proper course content. The
content should be up-to-date. The topics are aligned with the course learning outcomes and connect students
to theory, tools, applications, and practices. Next is selecting proper teaching and learning methods. The proper
result of this step is a set of learning activities that stimulates LOVE learning experience to students. The last
step dedicates to the execution plan. The learning environment should support the implementation of
designed learning activities. The result of this framework produces an effective learning experience journey for
students. The designed journey does not only benefit the instructor to prepare and deliver the course but also
assist students to properly prepare themselves to attend the class. The level of student involvement also signals
students to be enthusiastic and get involved in the activities.

Course

Topic 1 Topic 2 Topic 3 Topicn
-
| l «
Functional Humanic Mechanic ,ﬁ .n’
Component Component Component P

[o.=]
Knowledge
— Teaching and Skills

Learning Methods Competence
Course content Instructor Learning
Environment

Figure 3. Key components affecting the learning experience.

4 lllustration on Intensive Product Design and Development Course
This section illustrates the implementation of the proposed framework on the intensive product design and
development course.

4.1 Product Design and Development Course (PDD)

This is a 1-credit intensive course completed within four days. The course was offered at Tunghai University,
Taiwan. The objective of this course is to provide students knowledge on a systematic approach for product
design and development process. Students, on the completion of this course, were expected to: (1.) analyze
products offered in a market for their effectiveness and (2.) develop a mission statement according to the
identified business opportunity. The topics covered in this course are presented in Figure 4. In this course, the
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students will learn and practice how to systematically design products in a team environment. It is a participant-
centered learning course that the students actively involve.

f
ALE,

4.2 Designed Learning Experience Journey

As the course content has already been updated, the design process for this intensive course focused on
selecting appropriate teaching and learning methods and designing a proper learning environment. The
process started with understanding the student profile and background. The majority of students who
registered for this course were undergraduate students. A few of them were Ph.D. students. Their areas of
specialization were different. This course was new to them. Therefore, the instructor selected a simple product
that all students could easily work on for their group project work. It was a vending machine (VM).

The duration of each class was within three hours excepting the class on the 4th day which was separated into
two sessions — morning and afternoon. The number of course topics that were taught each day was distributed
based on scope, depth, and class duration. Teaching methods used for each class were selected to provide a
variety of learning experiences and balance the level of student involvement in the learning activities.

Figure 4 presents the designed learning journey for this intensive course. On the 15tday, the class began with
group work on designing a VM. The students assigned into three groups. Without any lecture, each group
applied their knowledge to design a VM. Then, the gallery walk was conducted. The class visited each group
to listen to its short presentation. The groups received feedback from the instructor and classmates. After that,
the groups were asked to discuss among the members and compare their ideas with other groups. The class
ended with the lecture on the Introduction to PDD. The students started realizing how a product should be
designed and perceived the importance of PDD.
3 )
5.

Start >> 1t Day >>
2
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Customer Need
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| .
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I [
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2 0 B
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¥ Blackboard
¥ Projector
v’ Pointer
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v Wi-Fi
v Stationery (Post-it notes, A1&A4 papers, Markers)

*VM: Vending Machine, PDD: Product Design and Development

Figure 4. Designed Learning Journey for the Intensive Product Design and Development Course.
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On the 2" day, the class began with a lecture followed by a case study in which the students worked in groups
to apply their knowledge gained from the lecture to the case study. Their ideas were presented to other groups
through the gallery walk activity. The discussion among the members was the place for them to compare and
reflect the pros and cons of their designed strategy canvases. The instructor continued the class with the lecture
on the mission statement and asked the students to practice in the groups by identifying the mission statement
for their VM. The instructor visited all the groups to provide supervision.

On the 3™ day, the class began with the lecture on translating the voice of the customer to customer need
followed by the implementation in their group projects on designing the VM. Supervision from the instructor
was provided during the group work. The class ended with the lectures on the Kano questionnaire and QFD.
For the last day, the morning session began with the lecture on the last topic of the course. Then, the class
played three games related to the PDD. The games aimed to push the students to think outside the box and
stimulate their creativity. After lunch, the students were asked to continue on their group project and prepare
for the class presentation. After a few hours, each group presented their project to the class. The other groups
made comments and the instructor provided feedback to all the group at the end. The last activity was showing
examples of products developed for blind people. It aimed to provide the overall picture of the PDD process
to the students.

It can be seen that the learning journey provides the four types of the learning experience (LOVE). At the
beginning, the students played the roles of learners and observers. When they started working on their group
projects, they were immersed in the real applications of the theory. Their roles were changed to be
experimenters. When attending the class presentation, their roles lied into two dimensions. Delivering the
presentation put them in the experimenter role. Their roles changed to visitors when listening to the other
groups’ presentations.

For the level of student involvement — based on the type of learning experience stimulated by different
activities, it was varied and fluctuated. The students were demanded low involvement in lecture and gallery
walk; medium involvement in the first trial of designing a VM and in the game-based learning activity; high
involvement in case study, project work, and class presentation.

In terms of classroom layout and facility, the classroom was arranged in a U-shape layout composing of fifteen
seats —five seats on each side. The size of the room was medium to facilitate the discussion and communication
during the classes without using microphones. Equipment for lectures was provided. The lighting system and
the sound system supported showing video materials. The Wi-Fi connection was available to all. The stationery
such as post-it notes, paper sheets, and markers was always available for the students. The designed journey
does not only benefit the instructor to prepare and deliver the course but also assist the students to properly
prepare themselves before attending the class. The level of student involvement also signals students to be
enthusiastic and get involved in the activities.

4.3 Implementation and Student Feedback

The designed journey has been implemented. Fifteen students attended the course. Figure 5 displays the class
ambiance from various activities conducted during the classes. The classroom was arranged in a U-shape layout
according to the design. All the designed learning activities were conducted. However, the students sometimes
were already exhausted from their other classes. In order to have student enthusiastic in collaborating with the
designed learning activities, especially for some of the activities that demand high level of involvement, the
instructor normally provided refreshment and applied 5-minute or 10-minute breaks. Therefore, the average
level of student involvement along the whole journey closed to the expectation.

At the end of each day, the students were asked to complete the online survey developed in each particular
class. To keep track of the students' learning progress, they were asked to report what they have gained from
each class and their pain points during the class activities. The course teaching assistant collected the data and
reported it to the instructor every day. On the first day, some students reported having difficulty in listening
because they were not familiar with the instructor's accent and his speaking speed. According to that, the
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instructor spoke slower. When students reported that they were not clear on some topics, the instructor
revisited those topics in the following classes. Table 1 presents the students’ reports on what they have
obtained from the last session of the course. It can be considered as a reflection which shows that the students
could achieve the course learning outcomes.

To monitor the quality of every class, the students were also asked to provide feedbacks on various dimensions
covering three aspects: functional component (1. Quality of content), mechanic component (2. Quality of
teaching methods, 3. Quality of teaching materials, 4. Quality of classroom infrastructure and facility, 5. Quality
of learning environment during the class), and humanic component (6. Performance of the instructor, 7. Style
of the instructor). Table 2 shows that, overall, the student satisfaction on this course is very high (1: least
satisfied, 5: most satisfied). The overall score of all dimensions increased day by day. The students also rated
very high score on recommending this course to their friends.

e |
Group Work

S

Figure 5. Class ambiance.

Table 1. What Students Obtained from the Last Session.

No. Please explain what have you obtained from this session? (at the end of the 4th day)

How to make a mission statement, target the market, and design is not as simple as that. If we have a
clear design, the next step will be not hard.

We finally summarized our mission statement and present our vending machine product design based

2 on the mission statement.

3 The main idea of design is considering the fact of your product.

4 The big picture of how to design and develop the product.

5 Teamwork on product design.

6 Good at thinking.

7 Really helpful!

8 Know what costumer need is the most important thing about product design.

9 What is the difference between my vision and others’.

10 To know what customers want, to design what they really need.

11 | have learned about how important teamwork is, and how difficult a team to make desicon and make
it happen.

12 | understand that when working on product design, | must put aside my prejudices and think about

multi-faceted or cross-disciplinary possibilities.
13 How to design a good product for customer.
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Table 2. Student Satisfaction on the Intensive Product Design and Development Course.

Dimension 1t day 2" day 3rd day 4* day
n=15 n=12 n=13 n=13
1. Quality of content ‘4.53 j 475 j 4.85 j 4.85 j
2. Quality of teaching 460 483 477
4 ’ : 477
- ethods | A - A .
3. Quality of teaching 433 W e W 469 B :c0 A
materials
4. Quality of classroom 230 450 469
L : : 477
infrastructure and facility ‘ 1 1 j j
5. Quality of learning
environment during the ‘4-40 1 475 j 4.69 j 4.62 j
class
.6‘ Performance of the ‘ 467 j 467 j 485 ] 477 ]
Instructor
7. Style of the instructor ‘ 447 1 4.75 j 4.85 j 4.85 ]
8. How likely are you to
recommend this course 9 e e 9 e e 9.54
to your friends or 0 1 2 3 4 5 6 ’

4\1
[e+]
4\0
Y
o

colleagues?

5 Conclusions

The student learning journey-based design framework has been developed. In order to ensure that students
do achieve the course learning outcomes, their learning experience journey must be properly designed. The
journey shall be designed to provide the four learning experience types (LOVE) and balance the level of student
involvement in the designed activities. Many key components that contribute to stimulating learning
experience have to be considered, from course content, teaching and learning methods, learning environments
to the role and style of the instructor. The designed journey does not only benefit the instructor to better
prepare and deliver the course but also provide a guideline for students to properly prepare themselves before
attending the class. The level of student involvement also stimulates student self-regulation and raises their
awareness in collaboration along the learning journey.

The proposed framework, according to the implementation and results of the student survey, presents its
effectiveness and potential to be applied in other courses.
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Abstract

Quality assurance has seen many improvements since the Bologna Process in 1999 and internal quality assurance (IQA)
systems have been emerging in Higher Education Institutions (HEls), looking forward to the transparency and accreditation
of study programs across Europe. Furthermore, quality systems should be focused on the improvement of students’
experiences and, therefore, their learning. In this context, the effective involvement of students in the internal quality
assurance system is vital to assure the enhancement process of teaching and learning and, consequently, the overall
educational process.

Despite the variety of ways to obtain students’ feedback, the most commonly used method by IQA systems is the
pedagogical questionnaires. These have become an increasingly established way for students to have their voices taken
into account. In this way, students can share their point of view, which is fundamental, because they have a clear and
transparent perception of what is going well, as well as what is lacking in their study cycles, providing useful information
for the IQA system. For this reason, these questionnaires are extremely important, and only with students’ contribution,
HEls can act towards to improve.

Given the new developments of quality assurance, the purpose of the present paper is to emphasize the importance of
students’ involvement in the internal quality assurance system and propose methods to achieve it. Firstly, to understand
the students' opinions regarding the pedagogical questionnaires, simple questions were applied to students of the
University of Minho. The results showed that almost half of the students are unaware of the importance of their role in
enhancing the quality of their HEI. To overcome this problem, HEIs might need to adjust their methodologies and processes
to increase students’ involvement in quality assurance. To this end, new strategies to capture students’ attention and to
improve the quality assessment are proposed.

Keywords: Higher education institutions; Internal quality assurance; Pedagogical questionnaires; Student engagement;
Quality management.

1 Introduction

The concept of quality in Higher Education (HE) has become an increasingly important matter for institutions.
Over the past fifty years, European HE has been undergoing reforms, however, since the late 1990s, the pace
of change has significantly accelerated, mainly driven by the Bologna Process in 1999 (Diogo, 2014; Prisacariu,
2015). This is an intergovernmental HE reform process that emerged, mainly, to enhance the quality and
recognition of European HE systems globally, encouraging a coherent and continuous development of quality
(Reis, Formosinho and Lobo, 1974; Veiga and Amaral, 2009; Huet et al, 2011; Diogo, 2014; Campanini and
Bicocca, 2015; Fedeli, 2016).

Given this changing context, it is extremely important to implement a successful quality assurance system to
guarantee and enhance the quality of Higher Education Institutions (HEIs). This can be reached through Internal
Quality Assurance (IQA) and External Quality Assurance (EQA) (Figure 1). The first one occurs when the HEI
carries out its own assessment using internal staff (e.g students) to check if policies and procedures set to
ensure quality, meet the standards. The second one occurs when entities (governmental, para-state, or private
agencies) carry out the assessment of the HEI (Kegetep and Ozkan, 2014; Fedeli, 2016; Matei and lwinska, 2016;
Overberg et al, 2019). In Portugal, the institution in charge of accrediting HEIs and courses is the Agéncia de
Avaliacdo e Acreditacéo do Ensino Superior (A3ES). This is an autonomous institution, that aims to guarantee
the quality of HEIs in Portugal, through evaluation and accreditation of its study cycles (Santos, 2011).
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Figure 1. Quality assurance practices in HEls.

Students are important stakeholders in the quality monitoring and assessment processes, and their
participation in both external and internal quality assurance is vital (Alaniska et al, 2006; Harvey, 2010).
Currently, their involvement is mainly at the level of definition and political coordination of the evaluation
process, in the pedagogical questionnaires, and in the participation in the audits managed by the external
commission of evaluation (art. 12° and 19° Law 38/2007) (Lidice and Saglam, 2013).

Focusing on internal quality processes, HEls implemented its own IQA system, which consists, mainly, of
questionnaires that have to be filled in by students. These can be used for a quick gathering of information
that helps the maintenance and improvement of the HEIl quality (Friend-Pereira, Lutz and Heerens, 2002).
Nevertheless, there is an ever-present difficulty that HEIs frequently deal with, caused by the lack of answers
of students to this type of questionnaire. This led to the development of different studies on this matter (Little
et al, 2009; Lizzio and Wilson, 2009; Coffey and Gibbs, 2010; Little and Williams, 2010; Ryan, 2015). For instance,
Elassy (Elassy, 2013) presented an interesting study where a model to increase students’ involvement in QA
was addressed, with great points to overcome this problem. Another interesting study was undertaken by
Overbeg and her team (Overberg et al, 2019), where a new procedure for internal quality management
focusing on students’ competences was considered and the questionnaires played an important role. Other
authors only have shown that the role played by students is inevitably important. For instance, Lidice and
Saglam (Lidice and Saglam, 2013) studied the students’ perspective by asking them to comment and evaluate
the educational quality, course objectives, the performance of their instructor, their learning, learning support
they received, among other important factors. Their findings provided some useful insights and revealed
certain action points for the development of the teaching program.

As can be seen, the students’ participation in the IQA system is crucial. Their insight is a powerful tool in
maintaining quality and enhancing learning, due to their engagement in the study cycles’ processes. For this
reason, they hold a perspective on teaching and learning that cannot be drawn from any other source (Ryan,
2015). Despite the different studies about the desirability of increasing student involvement in the QA systems,
very few existing studies have focused on the particular issue of student involvement in the IQA system by
showing new strategies to overcome the devaluation and position of indifference that students face the IQA
system. In this regard, an important focus of this work lies on giving an overview of students’ perspectives
about the pedagogical questionnaires and explaining the necessity of developing new methodologies to
capture their attention and involvement in evaluating and enhancing the quality of their HEI. Additionally,
another strategy to guarantee quality maintenance is presented.
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2 Students’ role in the IQA system and improvement proposals

Students’ involvement in evaluating and enhancing the quality of their HEI is carried out through various
specific activities. Nevertheless, one of the thoroughly developed and most widely used method by the IQA
systems to obtain students’ feedback, is the pedagogical questionnaires (Ryan, 2015). These are extremely
important to evaluate the teaching quality and educational performance of teachers, providing direct student
input into decision-making and discussions about the study cycles and institutional development. In this way,
students can openly share their opinion and suggest what should be improved, since only they know how they
have reached their learning outcomes and how the teaching has assisted them in this process. (Little and
Williams, 2010).

Students have the ability to evaluate the situation from the learner’s perspective, which others may not be able
to take into account and, since they have a special interest in the quality of the academic program, their
statement is crucial (Alaniska et al., 2006). Also, involving students in IQA initiatives is beneficial because of
their transparency, i.e. all participants see the outcomes and subsequent changes and, therefore, provide an
important contribution for quality assurance in HEls (Lidice and Saglam, 2013; Ryan, 2015; Akareem and
Hossain, 2016).

Nevertheless, most students tend to ignore these questionnaires, making it difficult to correctly and completely
evaluate a curricular unit (CU). To overcome this problem, the IQA system of the University of Minho (UM)
opted to impose consequences on students who do not answer the questionnaires, making this process
mandatory. To understand the students' opinion regarding the pedagogical questionnaires and if this
mandatory process is actually needed, the following questions were made:

1. If it was not mandatory to answer the pedagogical questionnaires, would you still answer?
2. If you think that your study cycle needs improvements, do you write in the suggestions of the
pedagogical questionnaires or ignore them? Justify your answer.

It is important to note here that this study was applied to all students of UM and only 25 answered. The results
obtained for each question are represented in Figure 2 and Table 1, respectively.

43% ® VYes
® No

Figure 2. Percent of answers to question 1.

Looking at Figure 1, it can be observed that 48 % of students would not answer the questionnaires if it did not
involve consequences. The results show that, in fact, the measure implemented by the IQA system of UM seems
to be necessary. Otherwise, almost half of the students would not answer the questionnaires.
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Table 1. Examples of answers obtained in the second question.

ME,

Positive answers

Negative answers

Statements

“Yes, it is one of the few ways that we have to
express ourselves in a simple way”

“I think that our opinion is not taken seriously. If so,
there would be serious improvements between
years and complaints from past years would not be
repeated. | think that if they took full advantage of
our opinions as students, it would be essential.”

“Yes, this way the University will know about
the failures of the course which will enable
their improvement.”

“I ignore because the measures suggested by
students to improve the quality of teaching are not
put into practice by the university or department.”

“Yes, since it is a way to better evaluate our
CUs and consequently the teachers”

“|'usually ignore because | think who analyzes the
results are not interested in what the students
really think or say. Because many times, people
complain but no change is visible.”

“Yes, because there are always aspects to
improve in the CUs"

“I'ignore it for a matter of time. Sometimes | am
not willing to waste time on questionnaires.”

“Yes. Because it is an opportunity for students
to show their perspective of their CUs"

“l ignore because | don't think anyone will read
that”

“Yes, but only when something bothered me
alot.”

“No, because if | have a complaint, | stop going to
those classes.”

“Yes, when | vividly remember points to

“No, because they do not change anything.”

improve.”

Despite the few data obtained, an overview of students’ perspectives of quality in HE was obtained, and by
observing Table 1, it can be concluded that the second question was ignored by most students, and only
fourteen statements were obtained. This shows clearly that HEls must act and promote students’ participation.
The biggest problem lies in students' lack of knowledge about the importance of their contribution to
improving the quality of their HEI. One of the main reasons for this problem may be that the HEI does not
adequately convey what it is doing to meet students' needs. In fact, UM shares the quality report of each study
cycle with their students, however the measures they are willing to take to improve it, are missing, but more
importantly, students are unaware of the existence of such documents. It should be highlighted that, to surpass
this problem, the University of Minho has made some improvements, for instance, the website now presents
all the necessary information on quality assurance processes. They even created a flyer that contains all the
instruments and mechanisms used. Even so, students are still not aware of the importance of quality assurance
in HEIs. To overcome this problem, it is necessary to communicate to students the importance of their answers
to the quality assurance system and that their contribution is, effectively, considered.

Note that, although students are a remarkable part of the IQA, professors play a fundamental role as well, and,
accordingly, at the University of Minho they have also to answer specific questionnaires developed for them.
Moreover, course commissions are also important, because make a direct connection between the perspective
of students and professors.
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3 Strategies to capture students’ attention for its role in enhancing

learning and to improve the quality maintenance

Given the important role of students in quality assurance, the development of strategic plans is crucial in the
student-centered education context. In this sense, aiming to capture students’ attention for its role in
enhancing learning, new strategies are suggested. This can be achieved in many different ways and in a simple
manner. For instance by sending an institutional email to students stressing the importance of their
contribution, instead of merely informing the deadline to answer. Another powerful tool is the role of
professors’ testimony. They should work on persuading students about the importance of their views. Similarly,
the delegate of each year must also take an active role in this matter, having the possibility to encourage
students to answer the surveys and emphasize their role on IQA. The delegate can also transmit to the
remaining colleagues the value of their participation, for instance, by means of social media, which nowadays,
is the most powerful tool.

Additionally, another strategy that can attract students' attention is proposed, which is depicted in Figure 3.
The idea would be to hold a meeting at the end of each year, in which the Course Director exposes to students
the results from questionnaires and the measures they are considering implementing in the following year.
Moreover, sharing measurements previously implemented by the study cycle would be of importance. This
way, students would have the opportunity to actively contribute to improve their study cycle and see that,
effectively, their opinions are taken seriously by the HEI and that is effective in the decision-making process.

Colect information
from the pedagogical ’.

questionnaires

Analyse the
answers

Plan the
improvements

Share with

students the
improvements

plan

Figure 3. Schematic methodology to encourage students’ participation in the IQA system.

Although the previous strategies are important, it is fundamental to use the information contained in the
pedagogical questionnaires wisely. In Portugal, when the HE institution performs its auto-evaluation reports,
the SWOT analysis is one of the tools applied. However, an extra methodology could be applied by having in
consideration the Juran trilogy (Figure 4) applied in this context, i.e taking the students as costumers.
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Figure 4. Juran Trilogy. Adapted from (McGrath and Bates, 2017).

According to Juran, quality is “fitness of use” and the emphasis should be on the customer. In this sense, the
purpose of quality systems in higher education should act taking into account the enhancement of student
experiences, by taking them as costumers (Santos, 2011). In this regard, after the SWOT analysis is completed,
it is important to plan, control, and improve quality.

Firstly, the HEI should identify the student’s needs, based on the questionnaires and, then use that information
to create processes that can fully satisfy the students’ needs. It should be developed and put in place the
strategic and tactical goals that must be achieved. Note that this has already to be present in the auto-
evaluation reports.

Secondly, during the implementation of reforms, the HEI should prevent or correct unwanted or unexpected
changes, through periodic checks, measuring quality performance against expectations, identifying where the
gaps are. This can be obtained by applying the same questionnaire in the middle of each semester and analyze
the results.

Thirdly, quality planning could fail to meet student requirements and it is necessary to act in order to rectify
any deficiencies and, therefore, improve the quality (McGrath and Bates, 2017). Establishing these steps, it is
easier for the HEls to improve the weaknesses and plan how to overcome the threats presented. It should be
noted that this requires hard work from the HEls since it is necessary to control the quality over the year, and
it is not a task easy to take. However, it seems to be a powerful way to ensure that the HEIl is effectively
improving their quality by attending to students’ needs.

4 Conclusions

Quality Assurance is one of the key elements of the Bologna Process and IQA systems have been emerging in
HEIls aiming to achieve the transparency and accreditation of study programs across higher education systems.
In this context, the effective involvement of students in IQA is crucial to assure the improvement process of
teaching and learning within the study cycles. Their view offers very useful information resource for IQA and
has a great impact in shaping vision and encouraging HEls to adapt and improve their services. Nevertheless,
the results presented in this study showed that almost half of the students are unaware of the importance of
their contribution through the pedagogical questionnaires and, therefore, in the IQA system. This is worrisome
since students’ evaluation is a vital assessment instrument used for stimulating the quality enhancement of
HEIls and without their active participation, this is difficult to achieve. This can be due to the feedback that HEI
gives on the matter lacks details on what improvements they are prone to do and to what extent students’
opinion is considered. By applying the strategies proposed, changes are expected in students’ perception of
quality and also in the quality evaluation process. Mainly, the strategy that involves holding a meeting at the
end of each year with the students and the course director, is promising, because they can share their opinions
and suggestions, and discuss the actions that should be implemented in the following year to enhance the
quality of its study cycle. Despite the proposals presented in this study are based on the analysis of results
obtained only at the University of Minho, they can be applied, if needed, at a national and international level
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in order to enhance the quality management of HEls. As previously mentioned, this will imply further work for
all those involved in IQA, namely professors and course directors. Nevertheless, other perspectives should also
be taken into consideration to improve the quality assessment process involved in HEls. Thus, it is necessary to
make use of multi-faceted approaches to the evaluation of HEIs' quality.
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Abstract

Fundamental courses in most engineering curricula usually retain high enroliment rate, yet they induce several challenges
on the course delivery such as learner differentiation, low interactions between learners and instructors, and thus leading
to poor studying performance. This paper investigates and analyzes the effectiveness of applying a blended learning
approach to overcome such important challenges. We applied a blended learning approach to the design and delivery of
an engineering mathematics course to the first-year engineering students at a university in Thailand. The students' online
learning behavior and learning performance have been analyzed using learning analytics and visualization techniques,
resulting in two groups: i) Attentive students, who learned the online materials in parallel with the contents taught in
classroom; and ii) Bypass students, who accessed merely online tests just before the course ending. The analysis found that
most high performers were attentive students, while the majority of low performers were bypass students. The correlation
between the student performance and the ratio of attentive to bypass students could be used as fundamental factors to
evaluate the effectiveness of the blended learning approach for courses in the similar setting.

1 Introduction

Principal engineering subjects such as mathematics, physics and chemistry have been standing courses in most
undergraduate engineering curricula for early-year students. Those course contents are basic knowledge
essential for engineering and rarely change overtime. Blended learning is considered an effective pedagogy
improvement over typical classroom methods since it can provide students extended learning supports by
incorporating online learning tools and materials. To-date there exist several models to implement and deliver
blended learning depending on the nature of the course and the learning environment (Blended Learning
Universe, 2020). A ‘Station Rotation model’ rotates students through stations where at least one of them is
online learning which is suitable for courses that have lab works or activities. ‘Flex model’ has online learning
as a backbone while teachers provide support and instructions as needed. ‘Flipped-classroom model’ requires
students to learn from online lectures and join the classroom for activities. ‘Wrapped course’ (Bruff et al., 2013),
is a model where instructors “wrap” their courses around existing MOOCs. Students participate in part or in
whole in a MOOC hosted at another institution, while teachers conduct face-to-face, classroom interactions.
'Online-as-a-supplementary’ model uses face-to-face classroom as a core delivery while students are
encouraged to study from online as a supplementary.

This research studied an engineering mathematics course which applied ‘online-as-a-supplementary’
approach. The online materials were designed as a MOOC course mimicking the classroom content and
contained quizzes and assessments. The instructors announced that the MOOC score will be used as incentive
scores, which counts as a part of the class final scores in order to promote student’s usage of the MOOC. This
strategy is effective to ensure students’ engagement but some students merely participated to gain the
incentive score without an intention to learn from it. Therefore, it is difficult for the instructors to evaluate the
effectiveness of the blended learning.

Our research investigated student’s behaviors in terms of efforts spent and accessing timeline on online
materials in order to identify student's learning intentions and to evaluate the effectiveness of blended learning.
The study revealed that most high performance students appropriately adopted the new methodology as they
spent considerable efforts on online materials along with the classroom teaching period. On the other hand,
most low performance students were stuck with traditional classroom teaching and attended online
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assessments just before the course ending period aiming to gain the incentive score. The different ratio
between 2 intention groups can infer the effectiveness of the application of blended learning.

This paper is organized as follows. First, the background and structure of selected course are described. Second,
the instructors’ concerns on student’s learning intentions and effectiveness of blended learning are explained.
Next, the analysis results and recommendations for blended learning instructional design are discussed. Finally,
the conclusion is presented.

2 Applying Blended Learning to Engineering Mathematics Il

2.1 Background

‘Engineering Mathematic II' is a fundamental engineering course in the undergraduate engineering curriculum
of Kasetsart University. It is a standing course scheduled for the first-year students. The number of enrolled
students is approximately 1,500 yearly. The course content covers advanced mathematics e.g. vector and
quadric surface in 3D, partial derivative, multiple integrals and vector calculus. Because of the challenging
contents and the variety of background knowledge, certain students struggled to catch up. The instructors also
had trouble adapting their pace to ensure that students understand the contents well in the large classrooms
setting. As a result, a number of students failed or unenrolled from the course. The course has been offered
every semester for reattempting.

Thus, the instructors adopted the online-as-a-supplementary blended learning model, and published the
online course on the Thai MOOC platform (www.thaimooc.org) in 2018 with the following objectives:

Students who miss or do not catch up in class can access the course and replay as they wish.

- Students who seek to extend their understanding from the classroom content can find additional
examples.

- Instructors can use certain online materials in classroom teaching e.g. 3D animations or quizzes.

- Students can practice mathematical problem solving to prepare for their exams. The online materials
also provide valid resolutions with detailed explanation.

- Students can download classroom sheets and extra materials that the instructors prepared, e.g., formula

summary or cheat sheet.

2.2 Course Structure and Delivery Method

The online materials were designed to mimic the classroom content, which comprised 5 chapters with the total
of 165 video clips, 41 readings and 250 problems. Each chapter started with a pre-test, followed by an
introduction video and contents (videos and readings), then ended with a quiz session and a post-test
respectively. All videos had the duration between 2 — 10 minutes. Most readings were lecture slides that the
instructors used in the classroom teaching. Problems on pre-tests, post-tests and quizzes had the same
difficulty level. The grading policy were defined to consider the scores from classroom exams and from the
online quizzes. The proportion can be broken down as shown in Figure 1a.

The course was launched in the inter-semester 2018 during June to August. There were 2 classrooms with 168
and 113 students. Most students were freshmen from the Faculty of Engineering. The online materials were
hosted in Thai MOOC platform, based on Open edX. The suggested online learning effort was 5 hours/week
with the total of 45 hours. The instructors spent their first session informing their classes about the online
materials, its objectives including scoring policy as well as how to enroll and learn online. Throughout the
semester, the instructors consistently motivated students to watch videos for additional detail on what he/she
had taught. Students were encouraged to practice online problems when the instructors finished the lecture
of each chapter. A week before the final exam, the instructors advised students to practice the MOOC post-
test to get a direction of the final exam problems.
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2.3  Learning Intentions and Blended Learning’s Effectiveness: the Concerns

The instructors promoted the utilization of the online materials by including a score of the MOOC as 25% of
the total course score. This incentive scheme is commonly used to stimulate student’s engagement on online
content. Surprisingly, to the best of our knowledge, there was no study on learning behaviors affected by such
a scheme.

The instructors had two concerns:

1) Using incentives unavoidably diverse students’ learning intentions. There were 2 groups of students;
'Attentive students’ who utilized the online materials in order to gain more understanding, and ‘Bypass
students’ who merely focused on earning the incentive score without an intention to learn from it.
These learning intentions can be linked to the classic learning approaches introduced by Duff et al
(2004): i) ‘deep approach’ which refers to behavior of students who seek to understand, ii) ‘surface
approach’ which is based on behavior of memorization, and iii) ‘strategic approach’ which refers to
student with the attitude to achieve the highest grades. Since the mathematics course is hardly
memorizable, the ‘attentive’ and ‘bypass’ intentions concerned by the instructors in this course are
associated with 'deep’ and ’strategic’ learning approaches in Duff's research accordingly. The
instructors had a requirement to distinguish students by these intentions to be able to understand the
student’s nature and to adapt delivery strategy appropriately.

2) Since it was the first time to introduce the blended learning approach in their classes, the instructors
needed a method to evaluate its effectiveness. In our review of literature, many researches on blended
learning evaluation were based on qualitative approaches which using questionnaires and surveys.
Bowyer and Chambers (2017) concluded a blended learning evaluation framework from many
researchers containing elements and a rubric to measure its effectiveness in multiple dimensions. Israel
(2015) studied a model of integrating MOOC into traditional classrooms and analyzed passing rates
between different categories of learners. Kenny and Newcombe (2011) compared the score difference
between students in a blended and a non-blended learning environment. As far as we know, there was
no evaluation that were quantitative or based on student’s behavior in previous research.

We believed the analysis of specific students’ learning behaviors could be an indicator of their learning
intentions and could reflect the effectiveness of the blended learning. In a blended learning environment,
where the learning pace was controlled by the instructors, attentive students accessed the online materials
during the period that the topics were taught in the classroom, and spent an appropriate amount of time in
learning and problem practice. On the other hand, bypass students accessed the scored tests near the deadline,
and spent less effort since they may know the correct answers from their friends. In other words, attentive
students fully utilized blended learning while bypass students mostly depend on classroom teaching and rarely
benefit from the online materials. If we could identify the relationship between students’ performance and
attentive / bypass student behaviors, we could verify the effectiveness of blended learning.
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3 Analysis of Online Learning Behavior

Effectiveness
The research studied student behaviors from their efforts and accessing timeline. The event logs on Thai MOOC
were passed through the ETL process and analyzed in combination with learner’s performance. This section

and Blended Learning

explored general statistics and the relationship between the learner's behaviors and their performances.
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Figure 1. Course score policy (a) and Student performance distribution (b).

3.1 Score Distribution: MOOC Scores vs. Final Grades

Figure 1b illustrates the number of students by their final performances. The instructors partitioned student’s
final grades with normal distribution as shown in the orange line. The average online scores for each grade
were plotted along. We found a direct variation between average online score and final grades. Note that there
were only 2 students with the 'F' grade which were insufficient to make a meaningful analysis, and thus
excluded from the study.

3.2 Student Effort Analysis

Student efforts were analyzed for each grade in two aspects: 1) the number of actions a student performed,
and 2) the duration a student spent on online materials. For the first aspect, we calculated the average number
of actions a student in each grade performed on problems and videos. The action type for problems was answer
submission, while the video actions included all media controls i.e. play, seek, pause, stop and speed change.
With the incentive score offering, most students had completed all scored problems and since most problems
allowed only one attempt, the average number of actions on problems among students were in the close range
(denoted by the blue bars of Figure 2a). The blue dotted trendline with a linear decline pattern (R-
squared=0.87) indicates students with higher grades have a higher action rate.

Considering the second aspect, i.e., the duration spent, the timestamp of the first action and the last action
that a student performed consequently on each topic were calculated and cumulated. There were cases that
students left their PC or browser without logging out which caused the duration to overrun (too long). We
replaced such values with an upper bound duration that the instructor expected a student to spend on that
material which, for this course, were 2x of video's length for videos and 15 minutes for problems. A polynomial
trend line was applied on the average duration on the problem shown as the blue dotted lines in Figure 2b.
The trend line presented an obvious decline pattern (R-squared=0.93) illustrating that high performance
students spent more effort on a problem practice compared to low performance students.
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Figure 2. Student's Effort by Grades

The effort trend lines on video (the orange dotted lines) fluctuated. The average durations spent on videos
among student of various grades showed insignificant difference when compared to the actual video length
(average of 464 seconds). This is because of very few student engagements on videos. A majority of students
(83%) watched less than 25% of total videos. Almost half of students (44%) did not watch any video at all. This
concurred with some research that low attention in video content is a common student’s behavior. Gil and
Williams (2017) revealed that the average video watching duration is 3 minutes. Ho et al., (2014) found a similar
rate of content engagement; 56% of students engaged about a quarter of content while 35% never visited at
all. The results illustrated that the more students utilized the online problems, the better learning performance
they gained. This is correlated with the result of Albrecht et al., (2018) which studied blended learning in an
introductory programming course.

3.3  Online Material Access Timeline Analysis

To enable us to analyze online material access timeline, the number of students accessing a courseware in each
chapter grouped by date was extracted. In our analysis, students were categorized into 3 groups based on their
performance: high performers (A, B+ grades; n=53), middle performers (B, C+, C grades; n=147), and low
performers (D+, D grades; n=63). Since the total number of students in each group were unequal, the number
of daily accessing students were normalized to percentage for comparison. Polynomial equation was applied
to reduce fluctuations of the original data and visualize the trend lines. We found the 6th order polynomial
trend lines was the best fit with R-squared values ranged from 0.4 in early chapters to 0.84 in late chapters.
Even though they were not statistically satisfied, the trend lines let us visualize and distinguish clearly the
patterns among groups of students.

As the instructors regularly reminded students to watch videos and practice on the online problems, we
hypothesized high access rates on videos and problems in parallel with the topic taught in the classroom for
attentive students. On the other hand, we also hypothesized a high access rate near the course deadline from
bypass students who tried to complete all online problems for the incentive score.

The results in Figure 3 revealed the correlation of students’ accessing timeline with their performance. Our
analysis considered the highest peak as the access date of each student group. The blue trend lines represent
high performance students (A, B+ grades). They accessed videos and problems earlier on every chapter with
the most intensive rate which match the behavior of attentive students. The gray trend lines are low
performance students (D+, D grades). They accessed the online materials later especially on problems which is
the behavior of bypass students.
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Figure 3. Online material accessing timeline on videos (left) and on problems (right)

The midterm exam contained the content of Chapters 1 and 2 Note that problem accessing trend lines of both
chapters have two humps. The first one on the same period as the topic taught in the classroom demonstrated
a group of students who intended to learn from online materials. The later hump is closing to the end date
illustrated another group of students who tried to complete early chapters’ problems with a clear intention to
gain incentive scores since those chapters were already tested in the midterm exam and would not recur on
the final exam. The trend line for Chapter 3 also has two humps but was not included in our analysis since the
content was taught both before and after midterm exam. The trend lines of Chapters 4 and 5 have only one

69




€+ RIE,

hump since the teaching was close to the end date causing students to access the chapters crowded in one
period.

3.4 Blended Learning Effectiveness Analysis

From the results, the distinctive behaviors on online materials indicate clearly whether or not students had
adopted the blended learning approach. The relation between these behaviors and students’ performance
reflects the effectiveness of blended learning. The effort analysis in Subsection 3.2 depicts that the more effort
students spent on problem practicing, the better course score they gained. The online problem accessing
behaviors in Subsection 3.3 also shows the correlation with student’s performance. The blue trend lines of pre-
midterm chapters in Figure 3 with higher first humps clearly stated that most high performers were attentive
students who adopted the blended learning. On the other hand, the gray trend lines with higher second humps
depict that most of the low performers were bypass students who did not adopt the blended learning
approach.

The study extended further to calculate the ratio of attentive and bypass students by performances. We
classified students who completed more than 50% of problems in Chapter 1 and 2 before midterm exam as
‘attentive’ and students who start accessing those problems after the exam as ‘bypass’. Figure 4 demonstrates
the ratio of attentive and bypass students by performance. Ratio of attentive students was significantly high
for good performers (81% for A grade) and reduced according to the performances (17% for D grade). On the
contrary, ratio of bypass students raised on lower performers.

We believe the ratio of attentive/bypass students by performance and student effort by performance can be
further developed to be a behavior-base data-driven approach for evaluate effectiveness of blended learning
courses in the similar setting.

100%

80% 43% % Attentive Students

58% (adopt Blended learning)
60% ' -
% Bypass Students

(rely on classroom teaching)

40% 81%
68%
57%
20% gk 42%
29%
17%
0%
A B+ B C+ C D+ D

Figure 4. Ratio of student intention by performance

4 Blended Learning Instructional Design: Recommendations

Founded on the analyzed results presented in the previous section together with the observation obtained
during the classroom instruction, the course instructors have made the following suggestions regarding the
blended learning instructional design of a similar course:

1) The online materials in blended learning should be laid out to complement with content the instructors
teach in the classroom, not to produce as a complete course with the similar content.

2) For engineering-related courses, self-practice problems with solutions in online materials can help
promote student’s learning.

3) To effectively implement the incentive score strategy, the number of available online problems should
be properly considered and be separated into problems for learning and practice purpose, and
problems for assessment purpose. Students should be encouraged to work on the practice problems
without any restriction in terms of time and number of attempts, while the assessment problems should
be randomized with the limitation on the number of attempts and the time to ensure a valid evaluation.
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5 Conclusion

This paper explored a fundamental engineering course that applied blended learning with an incentive score
from online materials. This strategy was shown to be effective for promoting the online material utilization.
However, it unavoidably diversified students into 2 groups: i) ‘attentive students’ who utilized the online
materials according to the designed approach, and ii) ‘bypass students’ who relied on classroom teaching and
took advantage of the online materials merely to gain the incentive score.

The study analyzed the following specific learner’'s behaviors on the online materials which can indicate their
learning intention: i) student’s effort including the number of online actions and time spent, and ii) students’
accessing timeline. The analysis result yielded two interesting online behavioral patterns of the students. The
first group is the students who accessed online materials in parallel with the content taught in the classroom
with reasonable amount of effort; hence matching the profile of attentive students. The other group of students
completed only the provided assessment near to the course ending period with considerably less effort spent;
and thus matching the bypass student’s profile.

Taking student’'s performance into account, the research found a distinctive ratio of attentive and bypass
students as follows. Low performance students had a significant ratio of bypass over attentive behavior. On
the other hand, high performance students had an outstanding proportion of attentive behavior over bypass.
We believe this data-driven and behavior-based approach could be applied to evaluate the effectiveness of
other courses in the similar setting. Further research is required in order to establish a plausible quantitative
mechanism and incorporate with traditional qualitative methods, e.g., questionnaires and surveys to enhance
the effectiveness evaluation for blended learning.
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Abstract

The realm of Engineering education has great challenges; one of them being related to taking the students to real-life
situations that can simulate the future challenges of their profession. Second-year Industrial Engineering students from the
Engineering School of Lorena at the University of Sdo Paulo (Brazil) were challenged to work on projects in companies of
different areas and sizes. All projects were related to improvement opportunities identified in the companies. As a
quantitative outcome, the students were asked to answer questionnaires at the end of their project by the end of the
semester, in which they needed to assess the development of their individual skills and to evaluate the project carried out.
The qualitative methodology applied to this study, thus, evaluated through a case-study some core concepts on behalf of
the students through a questionnaire. The self-assessment demonstrated a positive development of technical and
transversal skills by the students that are likely to have been useful in the development phase of the project development.
Students highlighted on the project side that clarity on the definition and expectation is essential, as well as previous
technical knowledge relevant to the development of the activities throughout the semester. They also stressed the fact that
a deep skillset on project management, coupled with quality tools and methods, are desirable, if not, essential to a fruitful
pace of activities. From a summary among all the obtained data, the greatest learning for the coordination of the discipline
was the importance of receiving a critical analysis from the students at the end of the project.

Keywords: Project-Based Learning; Engineering Education; Second-year Engineering students

1 Project-Based Learning: Fundamentals

The long-standing tradition of Engineering courses taught through professor-oriented classes in a passive-
learning setting still figures out as the most common reality of the learning practices applied on the most
colleges and universities worldwide. The passive-centered and instructor-oriented learning setting implies that
the learning is unidirectional, having the student as the receiving agent of information and knowledge, while
the teacher stands as the information center, acting as a message transmitter. Intensive research on education
highlighted that novel learning practices can be better applied to these settings, especially taking into account
that the scarcity of information availability, which was a common limiting factor to previous decades and
centuries, should not be taken as a significant portion of learning centers. The widespread information available
on the internet with tools that were previously unthinkable urge the necessity of revising the tradition of passive
and unidirectional teaching, i.e., relying upon the need of an instructor to pass information to a student. Among
the approaches developed as an adaptation to the era of information and knowledge abundance available to
the learners, some active-learning and student-oriented methodologies have been disclosed and applied to
numerous settings under different degrees. An example of those is Project-Based Learning (PBL), which relies
as an effective tool to promote the excitement and challenge-driven learning, based on the application of
actual and complex problems as the main driver for the promotion of knowledge, having the students seek the
information and knowledge necessary to fulfill the solutions for such problems, and the instructor as a tutor to
assist on the development of solutions.

PBL aims to place the student as the main actor in their learning process. As a result, the role of the teacher
must change, since he leaves the position of bearer of all knowledge to that of facilitator of the learning process
(English & Kitsantas, 2013, Mitchell & Rogers, 2020). PBL, in addition to enabling students to become
responsible for their own learning, also promotes the development of transversal skills, such as: teamwork,
communication and leadership, among others (Lehmann, Christensen, Du & Thrane, 2008; Chimendes,
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Andrade, Rosa, Miranda & Silva, 2018; Murzi, Chowdhury, Karlovsek &, Ruiz Ulloa, 2020). The use of PBL in
engineering courses is a way of adding value to student learning, as well as being recognized to be effective
in preparing for the professional development required in engineering-related jobs (Jollands & Molyneaux,
2012; Chimendes, Rosa, Miranda & Andrade, 2017; Larsen, Kjeersgaard, Bigum & Jacobsen, 2019).

PBL has been applied to real problems such as educational strategy in various situations of partnership between
universities and companies; for example, a course on Digital Lean Manufacturing and the related industrial
applications, (Raweewan & Kojima, 2020), or a group of Civil Engineering and Industrial Engineering developing
solutions to problems of standardization of procedures in the Netherlands (MacLeod & van der Veen, 2020),
or even in rural applications, in which Finnish students evaluated the design of innovative low-cost projects
using mobile internet technologies of things in Engineering courses (Mielikdinen, Angelva & Tepsa, 2019). This
is also being done in the Industrial Engineering course at the Engineering School of Lorena at the University of
Sdo Paulo. This course was first implemented in 2012 and receives 40 students annually. PBL was first
implemented in the coursework in 2013, after technical visits made to schools in the United States
(Massachusetts Institute of Technology and Harvard University), Portugal (University of Minho) and Brazil
(University of Brasilia). The lessons learned from the two North American universities was the realization of the
intense partnership with companies in which their students work through projects to solve real problems
(Edstrom & Kolmos, 2014). At the Portuguese University, one of the lessons learned was about a project-based
course in which students in the fourth year of the Industrial Engineering and Management career along the
same lines as American universities and with the adoption of the Project-Based Learning (PBL) methodology.
The University of Brasilia in its Production Engineering course also adopted PBL in specific design disciplines
from the fourth to the tenth semesters of the career (Lima, Silva, Janssen, Monteiro & Souza, 2012). The
Engineering School of Lorena hosts two project-based courses aimed at partnering with companies: Integrated
Project of Industrial Engineering Il (IPIE 1l) in the fourth semester and Integrated Project of Industrial
Engineering Ill (IPIE IIl) in the seventh semester. The objective of IPIE Il is to put the student to work on projects
related to real problems that are proposed by small / medium sized companies. IPIE Il has a similar objective
to IPIE Il, but usually with problems of greater technical complexity. This study focuses on the application of
IPIE Il at the Engineering School of Lorena. The case presented herein refers to a group of 39 students who
took the course from August to November 2019.

2 Methodology and Application of PBL to the Study Context

The method of research utilized was case study. This research method shows inductive focus on analysis of
obtained data and a descriptive one for the presentation of results. A case study is generally organized around
some questions referring to “how” and “why” of such investigation, and it can be decomposed to its most
relevant components. There are four essential steps for a case study. They are: (i) — delimitation of the case-
unit, (i) — data collection, (iii) — selection, analysis and data interpretation, and (iv) — report writing; the four of
which are applied and can be easily visualized on the structure of this work.

The first activity of the course consisted on prospecting projects with partner companies about a month before
the start of the semester. Once the partnership is closed and the project is defined, each company prepares a
Project Charter with Project information. Usually, two or three meetings are held in the companies to align the
project at the students' level (second year of the Engineering course) and the time they will have to carry out
the project (4 months). In this class of 2019, seven projects were aligned with five companies. Table 1 presents
the main characteristics of the companies and the projects carried out.

The classroom schedule during the semester had 14 meetings coordinated by the class instructor. An
introductory presentation on Project Management was made in the first class, with an emphasis on six key
PMBOk processes(PMI, 2017; Novaes & Andrade, 2018) Define Scope, Work Breakdown Structure, Define
Activities, Sequence Activities, Estimated Activity Durations and Develop Schedule.
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Table 1 - Projects developed in 2019 by the students enrolled in IPIE II

Project Business Type Project Goals

To improve administrative-financial and supply inventory
management processes

ICT (Information and Communication  To improve inventory management of ICT supplies and

A Veterinary Clinic

B . . .
Technology) Service Provider equipment
To operate in the control of operations aiming to balance the
C ICT Service Provider distribution of services among the different teams working in the
field.
. To assist in the implementation of Lean Healthcare in a sector of
D Hospital .
the Hospital
Steel Painting Industry To increase the degree of use of an industrial painting line.
o To develop a systematic acquisition of pallets used in the
F Steel Painting Industry velop y Ic ¢ quisth P Y3 !
assembly of racks for the various measures of steel coils
G Food Packaging Industry To contribute to the improvement of the engraving process of

cylinders used in rotary printers
The main phases of the project that occurred throughout the semester are presented in table 2.

Table 2 — Project Phases and Activities

Phase Class(es) Classroom Activity Activity in the Business setting
1 1 Class on Project Management None
2 2 Presentation of projects; Team formation None
Review on theory on essential topics for the . . .
3 3and 4 . y P First visit to the businesses
projects
3 5through 8  Project follow-up meetings Business visits and meetings
4 9 Oral presentations Project follow-up meetings
5 10 through 13 Project follow-up meetings Business visits and meetings
Instructions on the final report, competence . . .
6 14 . . P . P Business visits and meetings
evaluation, and project evaluation
Final oral presentation and delivery of
7 15 None P y

solutions

In the second class, the teams were divided and the leader of each team was defined. In the next two classes,
essential concepts for good project management were explored: PDCA, process design software and some
basic quality management and productivity management tools. From the fifth to the eighth class, the instructor
met with the teams on an alternating basis, i.e., a class with four teams and in the following class with the three
remaining teams.

In the eighth class, the teams delivered a first project report. In the ninth class, there was a presentation of all
teams to the course instructor and two guest professors. After each presentation, feedback was given by the
professors. From the tenth to the thirteenth class, the instructor met again, alternately with the teams.

In the thirteenth class, the teams delivered the second partial report of the project, which was evaluated by the
course instructor and returned to each team in the next class.

In the fourteenth and last face-to-face class of the course, the teams received instructions on the final
presentation of the project to be made in the companies, followed by a mandatory survey with three
questionnaires to assess their feedback and perception on key points.

Parallel to this schedule of activities in the classroom, between the fourth and the fourteenth week of the
project, all the teams visited the companies. These visits took place at the intervals required by the project.

During the semester, the teams delivered three reports. The first was delivered in the eighth class and aimed
to provide a complete description of the first phase of the project divided into four parts: problem
identification, observation, analysis and action plan. The second report was delivered in the thirteenth class,

74



€+ 13

about 15 days before the final report was delivered to the company. In this report, the team should present a
final draft to the report to receive feedback in order to improve the report to be delivered to the company.
Finally, the third report was delivered to the company.

3 Results and Discussion

3.1 Evaluation of Project-Based Learning Methodology

The assessment was made from the first questionnaire called the PBL Questionnaire which contained 4
questions based on a 5-point Likert scale: 1 (Strongly disagree), 2 (partially disagree), 3 (Neither disagree - nor
agree), 4 (partially agree) and 5 (Totally agree). This questionnaire was answered individually.

Table 3 presents the results for each of the four questions (column 2). From the third to the ninth columns are
the simple arithmetic averages for each of the questions for the seven teams. The codes from A to G are those
that represent each of the companies shown in table 1. Finally, the last column presents the simple arithmetic
mean of each of the questions for the 35 respondents.

Table 3. PBL Questionnaire.

ID Question A B C D E F G Average

The use of PBL in the discipline is one of the differentials of

1 . : .
the Industrial Engineering course

500 500 500 483 500 500 500 4.97
| understand that PBL concepts should be used in more

. 450 460 5.00 467 480 500 500 4.77
subjects of the course

3 PBL methodology makes learning more motivating 417 500 500 450 475 500 500 4.74

The PBL methodology improves the development of

: ) : 433 480 450 483 500 5.00 500 4.77
interpersonal relationships

The data in table 3 show almost complete agreement that the use of PBL in this course is one of the differentials
of the Industrial Engineering coursework from the students' perspective. The other three questions show that
students have a very high degree of agreement that the concepts of PBL should be used in other disciplines,
that the use of methodology makes learning more motivating and improves the development of interpersonal
relationships. All of these results reveal that the PBL methodology is recognized and validated by students as
very important in their professional training.

3.2 Competences

The assessment was made using a questionnaire called the Competence Questionnaire, which contained 10
questions based on the Likert scale in the same way as the PBL Questionnaire. This questionnaire was answered
individually. It aimed to evaluate the development of 2 transversal competences (teamwork, personal
development) and 1 technical competence (project management).

Table 4 presents the results for each of the ten questions and its structure of columns and numerical results is
identical to that of the PBL Questionnaire. The first four questions refer to teamwork. Questions 5 and 6 refer
to two aspects of personal development (creativity and critical thinking). Finally, questions 7-10 were related
to the technical competence of project management.

The analysis of the first four questions related to teamwork reveals that the students more agreed than
disagreed, since all answers are higher than the average 3.0. However, a point to highlight is that, in general,
students knew how to manage conflicts well in all teams (question 4), which suggests a good degree of maturity
taking into account that they are second year engineering students and aged average of 19 years. On the other
hand, the results of questions 1 to 3 point out serious difficulties in relation to teamwork for the team that
worked on project A (Veterinary Clinic) and a little difficulty for the team that worked on project C (ICT service
provider).
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Table 4. Competence Questionnaire

ID Question A B C D E F G Average

All the members of my team contributed to the success of

2.67 500 250 400 3.60 480 5.00 3.88
the work

The success of my team was due to the union between its

267 500 400 433 340 500 500 4.12
members

3 All the members of my team fulfilled the tasks established 267 460 325 433 3,60 500 500 4.03

All conflicts experienced in my team were overcome in a

483 500 375 483 500 500 500 4.63
coherent and respectful way

The project helped develop my creativity for problem

. 417 500 475 417 380 5.00 500 4.51
solving

| realize that | developed a greater critical sense in this
6 project that helps me to evaluate the differences in work 3.83 500 475 417 440 440 475 443
proposals

The meetings that took place were productive and decisive

7 : 333 460 450 400 280 480 500 4.09
for the good results of the project

8 My team met all deadlines 483 480 500 4.83 340 440 500 4.31

9 My team knew how to manage time well, fulfilling the 267 440 475 433 220 460 500 3.91
proposed schedule

10 The necessary knowledge for the development of the 483 500 425 400 340 480 500 4.46

project was sought from different sources

Regarding the two questions that aimed to evaluate aspects of personal development, it appears that students
in general more agreed than disagreed that the project helped in the development of creativity and critical
sense.

One aspect that draws attention in the analysis of the results of transversal skills is that when it comes to
individual development (creativity and critical sense) the numerical results suggest their development in greater
intensity, from the perspective of the respondents, when compared to the characteristics of teamwork who do
not depend only on an action by the individual (student), but on the other individuals (colleagues) who interact
with him in the team.

Questions 7 to 10 are related to the technical competence of project management. In the four questions, the
students more agreed than disagreed in relation to aspects of the development of a project, which points out
that these aspects (productive meetings, meeting deadlines and time management) were developed during
the execution of the project. The question 10 stands out, which is related to a typical characteristic of PBL,
which is the fact that students often need to acquire specific technical knowledge throughout the project. And
the results reveal that students sought knowledge from different sources, since not all the technical information
they could have only with the course instructor.

3.3 Course evaluation

The third questionnaire called the Discipline Evaluation Questionnaire aimed at evaluating the discipline and
contained four open questions, which consisted in essay-like questions answered by the team after a meeting
between its members in the fourteenth week.

The first question was: What are the positive aspects of the project carried out? The answers given presented
a series of positive points involving technical and transversal skills, as well as aspects of professional life. Four
teams stressed the importance of having carried out a project through an experience in the practice of solving
a real problem. Three teams highlighted the issue of professional responsibility that this project brought to the
students, because for all its members it was the first time that they were facing a medium or high complexity
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challenge in a company. The learnings were highlighted, which were accelerated from technical topics that
came into contact for the first time, such as ERP (management software), logistics and specific Lean
Manufacturing tools (Value Stream Mapping, Chronoanalysis). Some teams pointed out that the projects made
it possible to experience teamwork in practice, as well as “professional” communication with managers and
employees with whom they had contact.

The second question was: What are the points that need to be improved in the discipline of IPIE II? Three teams
pointed out the need to improve the project contracting process before the beginning of the semester: “further
study of the feasibility of the proposed problem” (Project F - Steel Painting Industry); “To establish more
precisely the problem to be studied, as it turned out to be greater than that contained in the Project charter”
(Project A - Veterinary Clinic); “Greater clarity in the definition of the project's focus by the company” (Project
B - ICT service provider). Some other points were also pointed out so that they can be improved: a more in-
depth feedback from the teacher for the reports delivered, and the availability of a technical bibliography to
support projects of greater complexity.

The third question was: What previous knowledge is very important to develop the project in the discipline of
IPIE 1I? The responses were very varied, but pointed to a series of technical knowledge that students had already
acquired in the first three semesters of their course, such as: (i) - quality management tools (Ishikawa diagram,
5 whys); (ii) - productivity management tools (5w2h, Kanban, Kaizen, Key Process Indicator) and (iii) -
management tools in general (SWOT, flowcharts).

The fourth question was: Would the team indicate the company in which it worked so that new projects in the
discipline are carried out there? Yes or no? Why? Four of the teams replied that YES (Project B - ICT Service
Provider; Project D - Hospital; Project F - Steel Painting Industry; Project G - Food Packaging Industry). And all
the answers were assertive and highlighted the intense learning that the team had. Three of the teams
answered NO (Project A - Veterinary Clinic; Project C - ICT Service Provider; Project E - Steel Paint Industry).
Each of the teams when answering NO pointed out reasons for their answer, two of which stood out: difficulties
in communicating with managers and / or employees of the company and difficulties in receiving information
from the company necessary to carry out the project.

Two projects were carried out at the ICT service provider. Below, the answer given by the two teams:

YES, because everyone we interact with in the company was very open during the execution
of the project (Project B)

NO, since the group's performance was limited due to technical information that the company
cannot provide. However, the team emphasizes that the company is extremely receptive and
provided us with great support. So, if the project was in another area of the company it could
be very interesting (Project C)

This response from the team that worked on project C shows that the problem was not related to the company,
but with characteristics of the project that contained technical information that the company cannot provide
due to confidentiality issues with its supplier. In this case, it is clear that the answer was NO, but with a possibility
that it could be YES if it were in another area of the company.

Two projects were also carried out in the steel painting industry. A similar fact to the one described above also
occurred, as one of the teams signaled positively and the other negatively. The responses were:

YES, because the company shows confidence in the students' work, and gave the
group a lot of freedom of action and welcomed us in a very solicitous way. (Project
F)

NO, because the company unfortunately has a series of communication problems,
which impacted the quality of delivery reliability. (Project E).

Reading these two responses reveals quite different scenarios in the same company. In reality, students when
answering the question did not directly analyze the company, but the employees of the company with whom
they had contact. This is a very complex factor to be evaluated by the instructor when defining the project
before the semester begins, as the evaluation of the project is technical, and it is difficult to assess the degree
of communication that company employees will have with students.
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The only categorical NO was the students who carried out the project at the veterinary clinic. This seems to be
related to the fact that it is a small company with high management informality and a low degree of
standardization of its processes.

The Competencies Questionnaire analyzed in section 5.2 allows for another type of analysis: the arithmetic
mean of the respondents of the teams for each of the three competencies. Table 5 shows these results and the
last line shows the average of the answers to the 10 questions for all respondents in each of the teams. This
was not the objective of this questionnaire, but the results allow a more in-depth analysis of the answers given
to the fourth question of the Discipline Evaluation Questionnaire.

Table 5. Team Evaluation

Competence A B C D E F G
Teamwork 2.96 4.89 3.38 438 3.90 495 5.00
Personal Development 4.00 5.00 475 417 4.10 470 4.88
Project Management 3.50 4.70 4.63 4.29 2.95 4.65 5.00
Average 3.38 4.84 4.15 4.30 3.56 4.78 4.97

A point that draws attention is the fact that the four teams that answered that they would indicate the company
to carry out a new project are the ones that have the highest arithmetic mean of the answers in this competency
questionnaire. And the three teams that answered that they would not indicate for the new project are those
that have the lowest arithmetic mean in relation to the development of competencies. Was the students'
perception about the development of skills linked to the good performance of the project? This is a thought-
provoking question, to which the first answer is apparently yes, but only better research could better clarify
this point.

Two facts stand out, the almost unanimous answers of total agreement of all the elements of the team that
worked in the project G (Food Packaging Industry). This team, when indicating the company so that new
projects could be carried out, replied: "Yes, because everyone involved in the project was very helpful and
available for any doubts and problems that arose". This answer seems to reinforce that the students' perception
of skills development is related to the success of the project, including the good interaction between students
and employees of the partner company.

On the other hand, it is also worth noting the fact that the only categorical NO (Project A - Veterinary Clinic)
was given to the team that apparently had problems with teamwork, as shown by the average 2.96 in table 5.
Therefore, this categorical NO may be related to problems that go beyond the informal management of the
company. This too is an assumption that would need to be further investigated.

The analysis of the teams' responses in the open questionnaire when confronted with the arithmetic averages
in this table 5 point out ways for further research to be carried out. The application of evaluation questionnaires
is relevant to the management of a discipline of projects carried out in companies, which are quite different
from traditional and contentious disciplines. The greatest learning for the coordination of the discipline is about
the importance of receiving a critical analysis from the students at the end of the project.

4 Conclusion

The development and application of alternative methods of learning in Engineering is a continuous effort to
fulfil the expectations of a trained engineer to the challenges one will face outside of the Academic settings.
Project-Based Learning, as an example of the possible array of new methodologies applied to Engineering
courses, has been established as an adequate method to integrate theoretical core concepts of Industrial
Engineering to open-ended problems faced by actual businesses through the approach taken by the
Engineering School of Lorena at the University of Sdo Paulo. The findings described herein demonstrate the
development of competences throughout the application of PBL with second-year Industrial Engineering
students, relying on the development and validation of solutions to projects proposed by partner industries.
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The results demonstrate that, albeit a wide variance of degree of satisfaction of working with a type and size
of business, positive outcomes were obtained. Using Likert-analysis, the results demonstrate accordance to the
positive outcomes self-evaluated by the students regarding the methodology applied to the course, as well as
to the development of core competences by themselves, and aspects of teamwork. In this sense, this work
summarizes that, through proper guidance, the application of PBL can be a rather powerful tool to bring the
students close to the realities they will likely face in a few years after graduation within Engineering settings.
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Abstract

During the 7t semester of the Integrated Master Degree in Industrial Engineering and Management (IEM) at University of
Minho - Portugal, teams of students develop projects in interaction with industry. The project lasts the whole semester and
each team works in a different company. This type of projects is formally included in the IEM curricular structure through
the course unit (CU) PIEGI2 (Integrated Project in IEM 2) and in fact involves all the remaining five CU of the semester as
PSU (Project Supporting Courses). This paper is associated to the work carried out by a team of students in an electrical
wiring company (supplier of the automotive industry) and, using qualitative analysis, aims to show the importance of the
integration of the contents addressed by the PSUs. Thus, the main goals of this empirical paper are: (i) describe the design
process of a new workstation (required due to a problem identified by a customer) and (ii) show how the multidisciplinary
integration was important in this project. To design the new workstation, various concepts/tools from the several PSUs
were used, namely: (i) anthropometry and illuminance (PSU - Ergonomic Workplace Analysis), (ii) Business Process and
Modelling Notation — BPMN (PSU - Integrated Production Management), (iii) Generic Product Data Management —
GenPDM (PSU - Production Information Systems), (iv) Value Stream Mapping — VSM and Key Performance Indicators - KPI
(PSU - Production Systems Organization Il) and (v) SIMIO (PSU - Simulation). By combining contents of all the PSUs of
PIEGI2, the students’ team was able to develop an integrated solution encompassing not only the physical installation but
also managerial aspects (e.g. product data management). Although the new workstation was not yet implemented, the
work developed by the students was highly appreciated by the company engineer’s and by all the teachers involved.

Keywords: Industry interaction; Active learning; Project-based learning; Multidisciplinarity; workstation design

1 Introduction

Industry 4.0, otherwise known as the fourth industrial revolution, is currently attracting the industry attention,
in a logic of innovation to ensure competitiveness. This revolution is driven by innovative technologies that
have impact in production systems and business models. Industrial companies, namely those in the automotive
and machinery sector, are part of a dynamic and highly competitive market, which requires a demand for
continuous improvement in production planning, manufacturing processes and operations management. To
be competitive, a company must be ahead of technological advances, to respond more efficiently to the
increasingly demanding market, with shorter lead times, high quality, reduced cost and diversity.

In many sectors, including the suppliers of the automotive industry, the progressive involvement of customers
in the process of developing new products is crucial to ensure the complete alignment of perspectives /
requirements. Often, the specific requisites of a new product imply the development of a new production
system, or the improvement of existing ones. For this, the design of new production processes may be
necessary, eventually involving modified / new equipment (and the respective financial feasibility study), thus
constituting a challenge for the company.

This was exactly what happens at the company where the project described in this paper was developed. A
specific customer asked for a modification in the products: elimination of the printed identification label affixed
to each connector of the electrical wiring and its replacement by the direct printing of the identification code
on the connector body. The reason for this customer’s request is simple: the label is prone to peel off. Although
apparently simple, this modification has major implications, namely in terms of (i) printing process, (ii) supply
of materials (connectors) to the assembly line and (iii) wiring assembly process. As for aspects (ii) and (iii), the
requested change will increase human error implying thus the development of error-proof mechanisms (poka-
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yoke). However, as previously mentioned, this paper addresses aspect (i), i.e., the development of a new
workstation with a laser engraving machine to produce connectors with printed identification. Even so, as the
new workstation is part of a whole, it is necessary to analyse the entire production process. Naturally, this work
(analysis and development) involves the integrated use of different methodologies/techniques/tools, to
address aspects such as: ergonomics, process mapping, value stream mapping and product data management,
and, at a later stage, production process simulation. In fact, the main purpose of this paper is to emphasize the
importance of integration of all these aspects while developing interdisciplinary projects.

As already referred, these projects are developed by teams of students during an entire semester and are based
on the Project-Based Learning (PBL) approach (Graaff & Kolmos, 2007; Powell & Weenk, 2003). This kind of
projects in interaction with industry is being continuously implemented since 2005 at the Production and
Systems Engineering Department of University of Minho, Portugal (Lima et al., 2017).

Thus, in terms of conceptual contribution, this paper aims to contribute to the existing literature on PBL
developed in cooperation with industry, by providing evidences of the interdisciplinary integration importance.

The paper is organized as follows. After a brief introduction on chapter 1, chapter 2 presents the theoretical
foundation used in the project, namely in terms of lean manufacturing, ergonomics, product data management,
process modelling and simulation. The work developed is described in the third chapter and addresses the
analysis of the current production process and the development of the new workstation (already mentioning
some expected results). The main achievements, problems and conclusions are outlined in chapter 4.

2 Theoretical Foundation

The literature review of an empirical paper should present the underlying theories or the related existing
knowledge (Nakano & Muniz, 2018). Thus, this chapter will address the concepts / techniques / tools involved
in the project, namely in terms of definition, expected achievements, advantages and disadvantages.

2.1 Lean Tools
Inherent to the lean manufacturing paradigm, there is a large set of methodologies / tools / techniques than
can be used both to analyse and improve production systems.

Key Performance Indicators (KPIs) are measures of system achievements during a given period and are defined
accordingly to the intended goal. Organizations use KPIs at multiple levels to evaluate their success.

Value Stream Mapping (VSM) is a graphical tool to represent the material and information flows associated to
a product or family of products (Rother & Shook, 2003). A VSM encompasses the entire path taken along the
supply chain, from the suppliers to the customer. Like other process mapping methods, it helps in terms of
introspection (better understanding of the process), but mainly regarding the analysis / diagnosis and
improvement of the process under study.

More specifically, the use of VSM allows (i) the identification of wastes and other problems, which in fact
represent improvement opportunities, (i) the identification of the lean concepts/tools applicable in the
analysed context, and (iii) the development of an action plan (eventually a 5W2H plan (what, where, why, who,
when, how and how much)) to define and schedule improvement actions.

5S is a widely referred methodology (yet often misunderstood) for organizing spaces so work can be performed
efficiently, effectively, and safely. This system focuses on putting everything where it belongs and keeping the
workplace clean, which makes it easier for people to do their jobs without wasting time or risking injury.
However, the main challenge is to maintain the "5S culture”. 5S also facilitate visual control, flow, standard
operations and other Just-In-Time (JIT) aspects. The 5S program is usually implemented as a strategic plan for
some key aspects of the company to begin to show improvements towards total quality.

2.2 Ergonomic Analysis
From an ergonomic point of view, there are several aspects that may compromise the introduction of a new
process/system in a factory. In fact, this is an important area to consider, since it is dealing with the welfare of
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the human being. It is still worth mentioning that this topic has an even higher relevance in factories that
require a high human work labour, as the employee satisfaction is a key point.

First, ergonomics studies the relation between the human being and the work he executes, seeking to develop
an integration between the work conditions, the physical and psychological capacities and limitations of the
worker and the efficiency of the productive system. The goal is to increase the safety, health and comfort of
the worker, so the workspace adapts to the worker and not the other way around. Indissociable from
ergonomics, is anthropometry, which studies the dimensions of various human being parts (using different
measuring tools), giving valuable information on the physical and biological conditions of an individual.

Workers performing Manual Material Handling tasks (MMH) are prone to Work-related Musculoskeletal
Disorders (WMSD), which are the most frequent occupational health problem in the EU, and MMH is a major
cause of vertebral lesions, more specifically in the lumbar region, especially if the materials are heavy and
difficult to pick up or handle. When MMH tasks are inevitable, companies should strictly follow the existing
legislation to make this task as safe as possible. One of the quantitative methods approached to try to define
safe limits is the NIOSH Lifting Equation, or simply NIOSH'91.

Regarding occupational noise, one of the main aspects is the sound pressure, which is expressed in Pascal (Pa).
As the human ear reacts logarithmically to stimulation, the sound pressure level scale (logarithmic measure)
was created and the unit is the decibel (dB). Noise can cause problems such as loss of audition, reversible
lowering of hearing acuity, and destruction of cells. In fact, one third of professional diseases is deafness,
resulting from the exposure to high sound levels.

Lighting is an essential factor for a good work environment. Without adequate lighting for the workplace,
negative impacts are more likely to happen, either for the health of the worker or for the efficiency of the
workplace, resulting in visual damage, an increase in the number of accidents and consequently lower
productivity. The lighting provided by natural light is ideal. However, it is not always possible to resort to it, so
it is necessary to install artificial light, which can be general, localized or combined.

The fundamental photometric quantity to be taken into consideration is illuminance (E). llluminance is the
measure of the incident luminous flux per unit of surface, measured in lux (Ix).

2.3 Product Data Management

"Information systems are interrelated components working together to collect, process, store, and disseminate
information to support decision making, coordination, control, analysis, and visualization in an organization.”
(Laudon & Traver, 2011). There are two different ways of defining information systems: the components that
put together an information system and the role that those components take part within an organization. In
addition to the obvious components of data, software and hardware, the process and the people are also
important components for a system (Boutgeois et al., 2007), as it could not function without them. Focusing
on the role that these systems play, it is fair to say that production information systems take an engaging role
within the production system of any company (Snehal, n.d.). These systems accelerate the daily pace of actions,
change the structure of organizations and shape the essence of work as knowledge and information have
grown into vital economic assets (Gutenberg et al., 2017). The versatility to make available different kinds of
information at any given time and the ability to provide detailed data (Essays, 2018), is the key factor to an
efficient information system. Most organizations depend on external firms to deliver their information services
(Gutenberg et al., 2017) as it can be a complex task to achieve a suitable system.

Generic Referencing

In the age of industry 4.0, amongst other requirements for a company to be eligible as a Smart Manufacturing
System, it is the capacity to address product diversity and mass customization, which in addition to working to
satisfy the exact needs of customers, tries to preserve the gains of mass production (Pine, 1993).

Traditional representation models have fallen short to match up the requirements to deal with the very high
diversity of products that characterizes current markets (Gomes et al., 2011; Martins & Sousa, 2013). In this
context, the Product Data Management (PDM) function becomes extremely complex, demanding innovative
approaches, namely the generic referencing paradigm. Generic referencing seeks to group articles by families,
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differentiating them by previously established parameters that facilitate referencing. To obtain a trustworthy
information system and being generic referencing one of the main tools to use, it was followed the six-step
method introduced in Gomes et al. (2011).

2.4 Process Modelling

Business Process Model and Notation (BPMN) allows the representation of business processes by creating a
diagram using a set of standard graphical symbols (OMG, 2011). The primary goal of BPMN is to provide a
notation that is readily understandable by all business users, from the business analysts that create the initial
drafts of the processes, to the technical developers responsible for implementing the technology that will
perform those processes, and finally, to the business people who will manage and monitor those processes.
With BPMN it is possible to fill the information gap between the conceptual and process implementation.

As for existing processes, BPMN is used to diagnose problems and identify improvement opportunities.
However, communication failures are an obstacle to its adoption: it is essential to inform organization
employees about the inherent purpose and benefits. Also, the lack of support from management, as well as
the lack of knowledge about the model (leading to “fear of change”), always weigh in accepting BPMN use.
Financial issues also represent resistance to BPMN utilization. The difficulty in expressing the monetary results
obtained with this model, contributes to the scepticism of the managers regarding the return on investment.

2.5 Simulation

In general terms, simulation can be interpreted as the imitation of the operation of a real-world process or
system over time (Banks, 1999). According to this author, it is an experimental method with detailed modelling
of a real system, where, through visual models’ and/or graphical animation, it is possible to predict how the
system will behave in each period of time. In the context of learning environments, Guneri & Seker refer that
an abstract computer simulation can be used to represent the essential features of the intended system, so
that learners can test their analytical and design skills in a convenient and safe environment.

Among many simulation programs, SIMIO was adopted for this project. It is based on intelligent objects, and
unlike other simulation systems, there is no need to write any programming code, as the process is completely
graphic (Pegden, 2007; Sturrock & Pegden, 2010). In SIMIO, a vehicle, a customer or any other agent of a
system are examples of possible objects and, combining several of these, one can represent the components
of the system in analysis. Thus, a SIMIO model may look like the real system.

To create a simulation process, it is needed to identify the problem and formulate it, draw the model, collect
data. After that it is crucial to verify and validate the model. If the model is approved then the test plan is next,
model execution and results analyses.

SIMIO allows the simulation of various situations that may occur and directly influence the production process.
The observation of the material, people or information flows provides a better insight of the process behaviour.

3 Developed Work

In this chapter will be presented the practical application of the techniques referred above.

3.1 Value Stream Mapping and Workplace Organization
The application of some Lean tools in the company where this project was carried out, was extremely useful,
as they allowed to understand the current problems and conditions of the production process.

In the assembly lines, various KPI have been measured, such as cycle time, takt time, work in process, setup
time or line efficiency. These values allowed to evaluate the current performance of the assembly line and to
compare it with the performance of the assembly line after the implementation of the new workstation with
the laser engraving machine. This machine will allow four employees to work simultaneously.

VSM was applied in order to identify problems and respective causes (current state VSM). Next, the intention
was to develop a future VSM to illustrate what was expected to be achieved with the changes, such as the
creation of the new workstation that would in turn change the way the assembly line was supplied. However,
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due to time constraints, the future state VSM was not developed. Nevertheless, the current state VSM provided
valuable input for the design of the new workstation, namely regarding the previously mentioned KPI.

To create a better working environment in the company, and consistency for high quality processes, the 5S
methodology was applied. It was mainly used in areas adjacent to the assembly lines, where there were too
many boxes and other components, completely messy and stacked on top of each other. As for the new
workstation, an "ideal" layout was developed, however, it was not implemented.

3.2 Noise, llluminance and Anthropometric Analysis
NIOSH'91 equation will not be implemented in this company, as the tasks performed by the workers do not
require the movement of objects.

Companies where lower exposure action values L (Ex, 8h)) exceed 80 dB (A) or (c, peak) exceed 135 dB (C),
must provide employees with Personal Protective Equipment (PPE) to prevent hearing damage. As the new
workstation will be located close to a noise producing source (sectioning area), additional constructive
measures to reduce the propagation of noise, such as noise-proof panels, will be necessary.

The analysis of the values provided by the company, revealed that the illuminance in the assembly line was
between 300 and 500 lux. ISO 8995:2002 states that illuminance values shall be calculated according to the
visual requirements of the task to ensure its proper performance. In addition to this, the costs associated with
the lighting system should also been taken into consideration, without affecting optimal energy use.
Depending on the tasks, visual requirements range from low to high, ranging from 200 lux to 1000 lux. At the
station considered, which was one the assembly lines, the visual demands are high, so a lighting system with a
range between 500 and 1000 lux is recommended.

The integration of contents/tools of the PSU Ergonomic Workplace Analysis, made it easier to design an
ergonomic workstation, e.g. by defining some important dimensions. Naturally, the worker's satisfaction and
welfare at his workstation are quite important in terms of productivity.

3.3 Generic Referencing

The company works with more than 600 electrical wiring references. In order to deal with diversity, the use of
the generic referencing concept was proposed. To demonstrate the usefulness of this approach, it was
developed the generic PDM model of a cable, a major component of any electrical wiring (Figure ).
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Figure 1. Generic PDM model of a family of cables.
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This model includes the family characterization (upper area), the generic bill-of-materials (lower left area) and
the generic bill-of-operations (lower right area). With this approach, instead of being stored in the system, the
bill-of-materials and the bill-of-operations of any specific cable are automatically generated only when they
are necessary. This is just one of the aspects that shows that the effort associated to PDM is much lower when
generic referencing is adopted.

3.4 Failure Recovery Procedure Modelling

When the customized connectors (with the engraved identification code), produced in the new workstation,
start to be used in the assembly lines, there will have to be a new procedure to face a specific problem: the
need to replace a defective connector. In this scenario, both the employees and the segment leaders need to
know how to act. The process was designed and represented with BPMN (Figure 2).
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Figure 2. Process for substitution of a defective connector.

This BPMN diagram determines the tasks that each person involved must execute to deal with the referred
problem, and, thus, can be interpreted as an alternative way of defining a standard work procedure.

3.5 Material Flow and Production Rate Simulation

To study the material flow from the warehouse to the assembly line, passing through the laser engraving
machine, a simulation was created. Thus, in a controlled environment it was possible to understand the impacts
of certain variables in the process, e.g. the absence of a worker of the new workstation. The SIMIO technique
allows to verify how this absence will influence the production of the laser engraving machine and if this will
compromise the supply of the assembly line (by estimating the supply delay time).

After running the simulation and doing some tests, it was concluded that one worker could engrave 8000
connectors in 8 hours, so the new workstation will be able to produce 32000 printed connectors. To supply the
four workers of the workstation, it is needed one supplier working for 8 hours too.
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4 Conclusion

The design of a new workstation to produce customized electrical connectors, composed by a laser engraving
machine and operated by (at most) four workers, was achieved. The development of this workstation implied
first the analysis of the entire production process of electrical wiring, which has led to the development of
improvement proposals. In the entire project, different aspects were addressed, namely value stream mapping
and workplace organization (section 3.1), ergonomic workplace analysis (section 3.2), product data
management (section 3.3), process mapping (section 3.4) and simulation (section 3.5). These areas were
integrated, to a greater or lesser extent, making it possible to design a workstation with an estimated output
of 4000 connectors per hour. One example of such integration occurred between process modelling (PSU -
Integrated Production Management) and standard work (PSU - Production Systems Organization II),
materialized in the BPMN diagram of Figure 2. Also, the ergonomic design and the 5S methodology worked
closely for the workstation development. The layout proposal, for the assembly lines adjacent areas, was
developed taking into consideration results coming from simulation. Finally, the work developed in terms of
PDM (excerpt represented in Figure ), encompassed contents from two PSU: Production Information Systems
and Integrated Production Management.

With regard to less successful aspects, it is worth mentioning the case of illuminance and occupational noise,
as the students’ team had not access to the necessary measuring instruments and, thus, they had to rely on
the data provided by the company. Proposals involving noise reduction panels and new lighting systems were
developed. However, as the company will be relocated in 2020/2021, the necessary investment is not pertinent.

Unfortunately, it was not possible to implement the new workstation in the period of time allotted for the
project. In fact, the only implementation in the shop-floor achieved by the team, was the application of the 5S
methodology. However, two important aspects should be mentioned: (i) the feedback from the company
regarding the work developed by the students’ team was very positive, and (ii) the effective implementation of
solutions in the industry, although desirable, is not the primary goal of the PIEGI2 project.

Despite the referred problemes, it is clear from above, that the integration of contents from the several PSU was
determinant for the project success.
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Abstract

A teacher’s teaching philosophy is the Northern star for directing their practices. Different teachers have their own views
of effective routes for their students’ academic achievement and thus follow different teaching approaches in delivering
courses. Project-based learning (PBL) is constantly gaining popularity in computing and engineering education, especially
in Western education systems. However, this approach is still preliminary in the Philippines, and the transition from the
traditional to PBL is still challenging for educators of this region, where most of the teaching is still very much teacher-
centered and lecture-based. This study explores the compatibility and mismatches between Computing and Engineering
teachers’ teaching philosophies and principles of PBL approach. The teaching philosophies are investigated through the
two lenses of Behaviorism and Constructivism. The participants are non-PBL practitioners from different universities and
colleges in the Philippines who have the desire to deliver PBL in Computing and Engineering courses for the first time. The
study is conducted with mixed methods utilizing a survey followed by an in-depth interview, which cover the participants’
(1) belief of learners, (2) curriculum flexibility, (3) teaching-learning activities, (4) teachers’ roles and (5) assessment in
comparison with the commonalities of PBL approach. The survey's data analyzed in SPSS showed that the participants
leaned more on the side of constructivism in their belief of teaching and learning; however, the analysis of interviews in
NVivo revealed different degrees the teachers sticked to Behaviorism or Constructivism as regards teacher’s role, learning
style, and assessment in different parts of their teaching.

Keywords: project-based learning, teaching philosophy, constructivism, behaviorism.

1 Introduction

Teaching practice is guided by beliefs in effective teaching and learning. Such beliefs are formed from teachers’
learning experiences, teaching experiences, observation of good teaching practice, as well as exposure to
academic workshops, conferences and trainings. Also, different disciplines may have discrepant effective
teaching practices. In computing and engineering education programs, course content and teaching methods
are required to be constantly updated to keep up with the shifting sands of the word of technology. Among
various teaching methods, PBL is widely recognized as effective for education in this field; however, whether
this drastic approach is challenging to cultures appreciating rote learning is questionable. PBL is a teaching-
learning approach, stemming from constructivism (Jumaat, Tasir, Halim, & Ashari, 2017), which assists
independent and autonomous learners to resolve real-life problems in authentic projects (Krajcik, Czermiak, &
Berger, 1999). If fosters active, collaborative learning, individualization of learning, and intrinsic motivation of
learning to satisfy self-inquisitiveness with the assistance or facilitation of teachers (Chua, 2014; Orevi &
Dannon, 1999). The emphasis put on self-discovery of knowledge by self-learning and learning in groups
corresponds to the core principles of constructivist learning theory.

On the contrary, for Eastern context, (Subramaniam, 2008) favored the idea that most Asian students try to
keep a harmonious atmosphere, avoid raising individual voices, consider teachers as distributors of knowledge,
and evaluators of their learning. In such learning environments, the constructivist approach would find a slim
chance to fit in (Bekerman, 2001).
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Generally, it is expected that education in the region will be characterized by teacher-centered classrooms
(Campbell & Yong, 1993), an emphasis on extrinsic motivation (Young-lhm, 2002), and a focus on “drill-like
approaches” (Agarkar & Brock, 2017). However, there has been a shift to encourage more student-centered
classrooms in Asia (Hallinger & Lu, 2013), even in places with a long tradition of teacher-centeredness, product-
based teaching, and students’ passiveness (Braine, 2003). The movement away from Behaviorism in Asian
education has been clearly proved with the rarity of research publications mentioning teacher-centered
instructions in this region in the recent literature. However, the comparison between the present level of
teachers’ remaining application of this teaching method and the scope of their implementation of constructivist
approach has not drawn much attention. Obviously, these two teaching approaches are quite contradicting
and can hardly tolerate each other in the same delivery. Thus, this creates a paradox-like situation in the
Philippines where the Behaviorism is deeply rooted in the educational system while that very system is in the
mandate to transform to a Constructivist era, especially for the application of PBL in computing and
engineering education. As part of the research project to introduce PBL approach into Colleges and Universities
in the Philippines, this study investigates the compatibility between teachers’ teaching philosophies according
to Behaviorism and Constructivism in accordance with the principles of PBL approach. The findings of this study
will answer the following research questions: (1) To what extent are the teaching philosophies of Philippines
university lecturers compatible with Constructivism? (2) To what extent are the teaching philosophies of
Philippines university lecturers compatible with PBL principles?

The result then serves as an orientation for intervention in the action research that manages to conduct PBL
courses for computing and engineering courses in selected colleges and universities in the Philippines.

2 Background Theories

2.1 Teaching Philosophy

Teaching philosophy is defined as "a systematic and critical rationale that focuses on the important
components defining effective teaching and learning in a particular discipline and/or institutional context”
(Schonwetter, Sokal, Friesen, & Taylor, 2002). There goes a proverb: 'The teacher has not taught until the
student has learned’. Therefore, before developing a teaching philosophy statement normally come discussions
of teachers’ belief in how learning actually takes place. However, there are slight differences in the components
of a teaching philosophy statement following the teacher's belief of teaching and learning. A teaching
philosophy statement as considered to be composed of learning models, teaching models, and assessment
(Eierman, 2008), but learning goals, teaching methods, learning assessment, and teaching assessment (Kearns
& Sullivan, 2011), or conceptualization of learning, conceptualization of teaching, goals for students’ learning,
the implementation of the philosophy and personal growth plan (Chism, 1998), and conceptualization of
learning, conceptualization of an effective teaching and learning environment, expectations of the student-
teacher relationship, student assessment, and assessment of learning goals (Owens, Miller, & Grise-Owens,
2014).

As can be seen, common concerns can be found in teachers’ belief of learning serving as a foundation for the
teaching and learning activities, the organization of curriculum, the roles of teachers, and the design of
assessment to favor learning. However, in this study, the teaching philosophy is used as reference checklist for
comparison of Behaviorism against Constructivism and PBL approach, which embrace quite contrasting views
of learners. Therefore, the teachers’ beliefs of learners should also be included in the following review of the
two learning theories.

2.2 Behaviorism vs Constructivism as foundation for teaching practices

The Table 1 compares and contrasts the two learning theories following the aforementioned components of
teaching philosophy statements to lay the foundation for more insight into the status quo of PBL education in
the Philippines’ Universities.
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Table 1. Behaviorism vs constructivism as the foundation of teaching practices.

Behaviorism Constructivism
Teachers’ belief  of | Teachers consider learning as a change in | Teachers conceptualize learning as the
learning behaviour in response to stimuli, and this | active interaction of learners to the
happens in students’ observation, exposure | surrounding physical and social
to teachers’ explanation, and practice with | environment to interpret and reinterpret
teachers’ feedback and motivation (Fosnot, | their understanding of the world (Fosnot,
2013). 2013).
Learning is achieved when a desired | Learning occurs when one constructs both
response is given to a target stimulus | mechanisms for learning and his or her own
(Ertmer & Newby, 1993). unique version of the knowledge, colored by
background, experiences, and aptitudes
(Roblyer & Doering, 2012).
Teachers' belief  of | Students take a passive role in receiving | Students are expected to actively search for
learners  (Ertmer & | knowledge by reacting to the stimuli knowledge and validate their
Newby, 1993). understanding through collaboration and
communication with relevant people.
Teaching activities Teaching is to (1) select the cue to gain | Teaching is to guide students in their
target responses from students; (2) develop | meaning making, and in self-monitoring,
the proper practice to elicit desired | evaluating and  updating  meaning
responses; and (3) set up situations with | construction. Also, teachers need to create
stimuli to get students’ response and then | real-life situations for students to experience
give them feedback for reinforcement | (Ertmer & Newby, 1993).
(Gropper, 1987).
Teachers' roles Teachers are knowledge transmitters | Teachers are facilitators or collaborators
(Scheurman, 1998). (Scheurman, 1998).

The organization of | The curriculum is predetermined, divided | Curriculum comprises tasks that are complex
curriculum into small tasks and arranged in an | and authentic (Applefield, Huber, &
increasingly complex order (Fosnot, 2013). Moallem, 2000).

The design of | Criterion-referenced assessment (Ertmer & | Assessment tests students’ knowledge and
assessment Newby, 1993) which is the assessment | their application of knowledge in solving
comparing learners’ performance with a set | problems (Ertmer & Newby, 1993).

of criteria to decide whether they pass or fail
the test (Clifford, 2016).

2.3 PBL Principles

Project-based learning approach is an instructional approach encouraging students to be autonomous learners
to carry out their authentic projects (Krajcik et al., 1999). However, according to (Heitmann, 1996) PBL
approaches can be divided into two versions: “project-organized curriculum” and “project-oriented studies”.
The former is described as a mixture between other methods of instructions and PBL approach with small
projects for each course, which are built up to the final project before university graduation; whereas, the latter
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is probably unconnected project work in each course. In the condition of the Philippines higher education,
where PBL courses are still not common, it is expected that the project-oriented studies are reasonable for
universities that apply PBL for the first time. However, regardless of whatever version of PBL is used, in many
cases, the PBL approach is laid on the foundation of constructivism (Chu, Tse, Loh, & Chow, 2011; Seet & Quek,
2010) with the following principles.

As regards the mechanism of learning, PBL looks at learning as a process of students’ responding to the task
to construct knowledge through social interaction based on their previous knowledge and experience (Seet &
Quek, 2010). Learning occurs when students can use their schema — their individual accumulated understanding
of the world - to interpret and comprehend the relevant knowledge taught to them. The bridge between what
is already known and what is new and reasonably challenging should be done in the zone of proximal
development where, according to (Vygotsky, 1978), students can reach their potential levels of development
after exceeding their actual levels thanks to the scaffolding of more capable peers or the teacher. In practice,
project-based learning is fulfilled through individual research and group work to complete the project
(Perrenet, Bouhuijs, & Smits, 2000). Indeed, after the project has been given to a team, students have to divide
workload to each team member and work on the given tasks individually. However, because of the complex
nature of the project, the collaboration among different students, and between students with teachers and
local experts is essential for the investigation and realization of the artefact as claimed by Marx, Blumenfeld,
Krajcik and Soloway (1997).

As for teachers' roles, teaching in PBL courses, teachers rarely give pure lectures, but predominantly act as
facilitators (Blumenfeld et al., 1991; Chua, 2014). The final goal of teaching is to help individual students to
construct their own knowledge through meaning making which is aided by exchanges and guidance of friends
and teachers. As regards in-class activities, inquiries will unveil some certain areas of knowledge that need
addressing for further learning in the course. As for presentations, teachers play a crucial role in discovering
challenges of student groups to either guide them through to the solutions or match groups for cross
assistance. Also, sometimes students construct incorrect understanding of the issue and show problems that
need troubleshooting. These difficulties prove the necessity of tutorials for student groups (Perrenet et al,
2000) where evaluation of the project progress and solution to technical or group management problems are
figured out. The most striking teaching activities in PBL approach, therefore, can be concentrating on lectures
for introducing new concepts, presentations moderation for assessing students’ work and providing feedback,
and group tutorials for troubleshooting students’ challenges, especially technical problems.

For learning styles, PBL is largely learner-centered, so it upholds the “considerable individualization of
curriculum” (Moursund, 1998). The content of a PBL course is therefore developed from the learning needs of
students to complete their assigned projects and is also guided by the learning outcomes of the course and
the program as a whole. The teachers’ project selection is, therefore, of utmost importance for the success of
the course because either too challenging or too easy projects will render students bored with learning. Also,
the intricacy of projects sometimes requires the combination of expertise of two or more disciplines (Mills &
Treagust, 2003), which improves students’ experience of how different knowledge should be integrated in real-
life work.

When it comes to assessment, PBL approach assesses not only academic but also non-academic skills (Chua,
2014) to gear students towards working in authentic projects currently demanded by the industry. Assessment,
therefore, is designed to evaluate the academic performance of students together with their manipulation of
soft skills in group work and communication with related agents for their projects. To do so, a multi-component
assessment scheme is required to include students’ presentations, peer evaluation, learning journals, quizzes,
and the final artefact itself. In that manner, PBL courses are mainly equipped with formative assessment (Bell,
2010; Montequin, Fernandez, Balsera, & Nieto, 2013). Additionally, the use of rubrics is recommended since
they provide students with clear expectations of outcomes and clarifies criteria for assessment as emphasized
by (Grant, 2011).
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3 Methodology

The researcher performed a structured survey and interview to obtain the quantitative and qualitative
understanding of the compatibility and mismatches between Computing and Engineering teachers’ teaching
philosophies and principles of PBL approach.

24 non-PBL practitioners in selected colleges and universities in the Philippines were identified by the
researchers. All non-PBL practitioners are teaching in computing and engineering. Cronbach alpha will be
applied to validate the reliability of the questionnaire.

The survey is adapted from (Zinn, 1990) investigating teachers’ beliefs about learners (items 11 and 12), beliefs
about the purpose of education (item 3), belief about content (items 1 and 5), and beliefs about the learning
process (items 2, 4, 9, and 15). Items about the instructional process and the role of educators (items 6, 7, 8,
10, 13, and 14). The questions about Constructivism are based on literature review of that learning theory as
presented above. The data from the survey will be analyzed using paired t-test for each category.

A follow-up interview was conducted upon 5 participants whose belief, according to the survey result, fell into
the category of behaviorism. The in-depth interview showed the participants’ rationale as to why and how they
are practicing behaviorism. The interview will focus on five (5) points: belief of learners, teaching activities,
teachers’ roles, curriculum flexibility, and focus of assessment (on academic skill only in tests or also include
soft skills in presentations, and students’ portfolio). The data will be analyzed in NVIVO to bring forward the
highlights of the teachers’ beliefs and current practice in comparison with the fundamentals of PBL approach.

Finally, recommendations were presented to future researchers to introduce PBL methodologies to the
participants.

4 Research Findings

4.1. Survey Results

Table 2 shows the reliability of the questionnaire exploring the conformity of teaching philosophies of non-
PBL practitioners in the Philippines and the principles of behaviorism and constructivism. The differences are
evaluated using the two-tailed test statistical method.

Table 2. Comparison between behaviorism and constructivism.

Teachers' Belief Criterion Cronbach Alpha a t-value p-value
Beliefs about the learning process 969 -.10057 .780655
Beliefs about the content 965 15695 .7818965
Belief about the purpose of education 929 2262 .822045
The instructional process and the role of .984 -.00198 .848725
educators
Teachers' belief about learners .786 -.79912 45545

Table 3. Cronbach alpha interpretation.

Cronbach'’s alpha Internal consistency

a>=0.9 Excellent
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09>a>=038 Good
08>a>=07 Acceptable
07>a>=0.6 Questionable
06>a>=0.5 Poor

05> a Unacceptable

Cronbach alpha was used to check the reliability of the questionnaire. The result shows that all items per
criterion received an excellent reliability, except item “Teachers’ Belief About Learner” (a = 0.786). The result of
Teachers’ Belief About Learner has an acceptable internal consistency based on Table 3. This identifies the
question’s reliability as "acceptable” or “fair" and can be interpreted as to how the respondents understood
the learner's role while in a student-centered environment.

The foundations of the practices for teaching were identified as either behaviourism or constructivism, which
can be seen in Table 1. Six factors were used as the criteria, namely: teachers’ belief of learning, teachers’ belief
of learners, teaching activities, teachers’ roles, organization of curriculum and design of assessment. Using t-
test with a critical value of p<0.05, the p-value obtained was based on the probability of a null hypothesis,
which identifies the teacher as a behaviorist, versus that of an alternative hypothesis, where a teacher leans
more towards a constructivist. The results were taken from the survey conducted using the adapted questions
from Zinn (1990), identifying two varying degrees of the participants’ inclination toward each of the two
teaching methodologies. Based on p-value result in Table 2, the participants had identified the following criteria
as mostly the same with their personal teaching practice: (1) learning process, (2) content, (3) purpose of
education, (4) instructional process and role of educators. This result was used to determine the correlation of
each criterion to one another. It should be pointed out, however, that the t-value is smaller than the value on
the degree of freedom chart; this means Behaviorism and Constructivism is understood to be significantly
different.

The teaching philosophies of the participants were identified mostly under constructivism, which were also
aligned with their understanding of the PBL principle’s use of a project-oriented studies approach. Likewise, it
can be said that few were familiar with project-organized curriculum and would only partially apply to
professional courses which are specifically intended for capstone project’s preparation but not for the entire
curriculum. Because of this, with the mechanisms of learning, students are constrained to working within their
own course. Collaboration and social interaction are limited to specific groups which would oftenly change per
course. As evidently shown on Table 2 results where belief on the learning process, content, and purpose of
education are identified as somehow correlated in defining how projects are developed.

4.2 Interview Results

Based on the interviews, the teacher’s role, learning style and modes of assessment are still considered mixed
between the two teaching methods. Participants still deliver pure lectures, mixed with facilitator roles during
hands-on activities. Because of this, the learning style is also mixed as either teacher-centered during pure
lecture days, to student-centred during classroom activities. Indicative of the results as shown in Figure 1, the
Teacher's Role and Teaching Activities come out as Very Positive and Very Negative, indicating extreme
identified beliefs showing a big difference on how the participants understand and practice PBL. The correlation
between the teacher’s role and activities signify how it affects the participants' decision in designing and
delivering teaching and learning activities. Assessments are based on a fixed syllabus given for each course.
The modes of assessment given are mostly summative in the form of quizzes and exams, with projects and
activities identified to be formative, measuring technical skills, as well as soft skills, such as communication.
However, participants still identify that knowledge comes from the teacher, making the classroom setup as
teacher-centered, with activities given to students after a lecture. The interviewees also agreed that a student'’s

93



€+ L,

role (belief of learners) and how and what they learn (belief of learning) is related to the design of the curriculum
and the assessment given to them. This is again indicative of how the Philippine education system is based on

a set curriculum.
{ Teachers' roles
Teaching activities
{ Very negative

Very positive

{ Belief of learners

Belief of learning

{ Curmniculum flexibility

Focus of assessment

_: Moderately negative

Moderately positive

FPositive

Figure 1. Nvivo interview result

5 Discussion and Conclusion

The Philippines educators’ vision to uplift the current state of economy is very clear and orientation of PBL in
the educational system can take up this vision (Tiangco, 2005). And in this study, 19 out of 24 participants from
different Philippine universities were identified to be focusing more on constructivism. Though the approaches
in teaching computing and engineering discipline for the participants signify that they are transitioning from
teacher-based approach to a learner-based system. This is due to the fact that in every Philippine University
setting, it starts with the curriculum where program outcomes are identified, to the course syllabi where
learning outcomes are then derived. This then translates to the teaching activities and design of assessments
to validate if said outcomes have been met. However, a teacher's role and how their students are supposed to
learn is identified still on the behaviorist point-of-view where students are expected to be passive listeners to
teachers who deliver lectures.

The philosophies in teaching computing and engineering of teachers leaning more on constructivism and those
sticking more to behaviorism are similar in terms of the beliefs about the learning process, content and purpose
of education as shown in Table 2. Though teachers still believe that they are knowledge providers rather than
facilitators that lead students to the solution to the problem. The teacher expects the learners to acquire
knowledge through the education process. Improving the aptitude of learners to sustain, nurture and cultivate
the students to harness their potentials through their maturation process (de Leon-Carillo, 2007). Learning
occurs through the process of constructing the artefacts, so the end product is critical to the learning goals
(Grant, 2011; Prince & Felder, 2006). Teachers have a clear intention to meet students' needs by means of class
activities and motivate students' learning.

While teachers' role is still that of being a knowledge provider rather than a facilitator, teachers have clear
intention to guide students’ learning by providing class activities that motivate students’ learning in the
process. This is shown in Figure 1 from the Teachers' role and Teaching Activities results, which has very
negative and very positive results respectively. The result identifies how the Constructivist participant and the
Behaviorist participant have very different beliefs when it comes to PBL.

In conclusion, although the Computing and Engineering programs at most Phillipine universities still quite
strongly adhere to behaviorism with fixed curricula, quizzes and tests, teacher roles and student roles. But it
can be noted that the approach is shifting from teacher-based to learner-centered based on the outcome of
the study, that: (1) while behaviorist and constructivist differ in opinion on how learning is delivered, based
from the six factors, there is no significant difference with regards to desired knowledge gained by its learners;
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(2) while teachers are considered the prime source of knowledge in Philippine setting (de Leon-Carillo, 2007),
the teaching philosophies of the participants were identified mostly as under constructivism; and (3) Philippine
universities are seen to be transitioning from being teacher-based to embracing PBL beliefs, such as defining
student learning outcomes, identifying the roles of teachers as facilitators, use of rubrics and small project
collaborations.

With this, it can be said that the openness in using PBL in Computing and Engineering programs can prove to
be vital in the readiness of the students to enter the real-work life experience as mentored by their teachers.
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Abstract

Indonesia and Thailand are middle-income countries within the South-East Asia region. They have well-established and
growing higher education systems, increasingly focused on quality improvement. However, they fall behind regional leaders
in educating people who design, develop, deploy and train data science and artificial intelligence (DS&AI) based
technology, as evident from the technological market, regionally dominated by Singapore and Malaysia, while the region
as a whole is far behind China. A similar situation holds also for Sri Lanka, in the South Asia region technologically
dominated by India. In this paper, we describe the design of a master’s level curriculum in data science and artificial
intelligence using European experience on building such curricula. The design of such a curriculum is a nontrivial exercise
because there is a constant trade-off between having a sufficiently broad academic curriculum and adequately meeting
regional needs, including those of industrial stakeholders. In fact, findings from a gap analysis and assessment of needs
from three case studies in Indonesia, Sri Lanka, and Thailand comprise the most significant component of our curriculum
development process.

Keywords: Curriculum Design; Higher Education; Data Science; Artificial Intelligence.

1 Introduction

The use of data science and artificial intelligence (DS&AI) techniques is rapidly growing in several sectors
around the world, e.g., in the health care (Jiang, Jiang, Zhi, et al., 2017), transport (Abduljabbar, Dia, et al., 2019)
and financial sectors (Gomber, Koch, and Siering, 2017). This revolution is accelerated by advances in data
collection, storage and analysis, efficient algorithms, and an increasing computer processing power. Although
the United States, China, and Europe (Carrigo 2018) are the frontrunners in developing such DS&AI methods,
these world-wide scientific advances also have a major impact on other countries, such as Thailand, Indonesia,
and Sri Lanka. As the fields of DS&AI have the potential to contribute positively to the economic and social
climate of those countries, there seems to be a great need for training professionals in this area (McKinsey
Global Institute, 2017b).

Thailand, Indonesia, and Sri Lanka are middle-income countries within the South-East and South Asia region.
While DS&AI based technologies are gaining traction and becoming strategic priorities, these countries are
still falling behind regional leaders in the technological market, such as Singapore and Malaysia, while the
region as a whole is far behind China (McKinsey Global Institute, 2017a). Thailand, Indonesia, and Sri Lanka
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have well-established and growing higher education systems, increasingly focused on quality improvement.
However, they fail in educating people who design, develop, deploy, and train DS&AI based technology, as
evident from the acute shortage of data analysts in public and private companies (McKinsey Global Institute,
2017¢c, Mathur, Aneja, et al., 2019).

These trends make clear that development of talent and capabilities is needed if DS&AI are to reach their full
potential throughout the region. The success of political and economic initiatives by governments in these
countries to transform the current export-based economy into an innovation- and knowledge-based economy
will critically depend on the readiness of the labour force for ICT in general and data-driven technologies in
particular. Economic and social development increasingly depend on innovation (Bundy, 2017). Universities
have an important role in driving innovation and development. They can do so both through their role in
carrying out research and development and by training workers for the knowledge economy. Higher education
is not only playing an important role in human resource development, but also in bringing students to
companies through internships and in the regional workforce education via professional training.

In this paper, we investigate the great demand of employees in the field of DS&AI in Thailand, Indonesia, and
Sri Lanka. In particular, we look at the requirements that small-, medium-, and large-sized companies, both
public and private, have on their next generation of workers. These requirements impose new challenges for
higher education in computer science across these countries: maintaining and improving education quality
(Wittayasin, 2017); and improving the relevance of curriculum and instruction at a time of rapid change in
labour market needs. Extraordinary effort is demanded to diversify curricula and to develop, for example, a
needs-based curriculum for a master's degree in the fields of DS&AI. These needs are vital for companies to
grow larger and keep pace with the advancement in the rest of the world, more importantly in USA, China, and
Europe. The design of a novel curriculum in DS&AI is a nontrivial exercise because we have to take into account
a constant trade-off between having a sufficiently broad academic curriculum and adequately meeting regional
needs, including those of industrial stakeholders.

This paper reports the work compiled using the input from three different activities in the context of the
Erasmus+ project on Curriculum Development in Data Science and Artificial Intelligence, registered under the
reference number 599600-EPP-1-2018-1-TH-EPPKA2-CBHE-JP. We proceed as follows. In Section 2 we identify
the existing academic curricula, in Section 3 the labour needs from industry, and in Section 4 the gaps that
need to be fulfilled by a new curriculum in DS&AI. The curriculum development is described in Section 5. Finally,
we draw some conclusions in Section 6.

2 Identifying existing academic curricula

Through desktop research and using a common template, we have collected data from 35 master's degree
programmes in DS&AI in Thailand, Sri Lanka, and Indonesia. Many of the programmes we collected data from
are generic master's in computer science and contain only few courses related to data science or artificial
intelligence. Only 13 out of 35 programmes are directly related to data science or artificial intelligence. Of
these, only two are full-fledged programmes on artificial intelligence. The main reason is because in Asia
computer science education programmes are often developed in a generic way, e.g., based on ACM curricula
recommendations. Most common programmes are therefore named Computer Science, Information
Technology, Information System, and Computer Engineering. These programmes often include several elective
tracks, such as hardware and computer architecture, communication and networking, computer systems or
software. However, there are almost no programmes specific to DS&AI. As a result, students are only allowed
to follow a limited number of elective courses within their track, limiting their dedicated knowledge on data
science or artificial intelligence.

In Thailand, the fields of DS&AI are currently part of the national strategic plan, called Thailand 4.0, which is a
20-year strategy to accelerate the country’s development from upper-middle-income country to high-income
country status through digital transformation of manufacturing. Therefore, the development of study
programmes in DS&AI are encouraged by the government, although only four dedicated master's degree
programmes in Data Science (and none in Artificial Intelligence) are currently available. A related major
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challenge comes from the northern and north-eastern regions of Thailand, because of the limited number of
experts who are eligible to teach and supervise research in master’'s and doctoral programmes.

In Indonesia, the name of the study programmes in the computing field must be as specified in the ACM
Computing Curricula: Computer Science, Information Technology, Information Systems, or Computer
Engineering. Due to the above naming regulations, we were able to identify only three specific master's
programmes in DS&AI, while several courses are typically available under existing computer science,
information technology, and Information systems curricula.

The situation in Sri Lanka is very similar to the one in Thailand, with a government pushing towards a new
digital revolution in industry, but with a not well developed higher education programmes specialised in DS&AI
to absorb the increasing request from the labour market in these areas.

To summarize the curricula of the existing programmes in areas related to DS&AI, we divided the course types
into three groups: core, elective, and supportive course. The core courses are the mandatory courses in the
curricula. The elective courses are additional ones that can be selected by students among several alternatives.
The supportive courses are related to the basic knowledge which may be the pre-requirement for admission
or a preparatory course for the programme. Skills such as communication and presentation, and DS&AI ethics
are not always present as full-fledged courses, but incorporated into the programme of other core, elective or
supportive courses. The most popular topics among the core courses in all programmes we analysed are data
management, data mining, data warehousing, machine learning and research methodology. There are various
elective topics which are hard to categorize because of a non-uniform naming. There is only one topic which
is taught in all programmes: data and text analytics. Finally, all programmes make available three groups of
supporting knowledge: programming, algorithmics, and mathematics/statistics.

3 Identifying labour needs from industry

Across South-East and South Asia regions, talent shortages in DS&Al—caused by gaps and mismatches
between labour market needs and the available supply of educated and trained professionals—constrain
economic growth (Skinner, Saunders and Beresford, 2004). These shortages prevent companies from scaling
up, meeting demand in new locations, and launching new products and services. The talent shortage will have
a direct impact on their competitiveness and productivity. We explored the current needs that companies in
Thailand, Indonesia, and Sri Lanka have for DS&AI experts. We gathered information systematically through a
guestionnaire sent to several companies in the above countries, asking to quantify their needs in DS&AI job
positions and internship, and which knowledge/skills they require or would ask for professional trainings. We
differentiated between the needs of the companies by their size in terms of employees (small: < 50, medium:
50-249, and large: > 250 employees), and we covered several sectors including both public and private
companies. We received a response from 59 companies: 23 from Thailand (no medium company responded),
26 from Indonesia, and 10 from Sri Lanka. Here, we consider labour needs not only concerning knowledge, but
also those that can occur in skills (programming) or practice (tools).
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Figure 1. Subject areas with high demand in Thailand for internship placement of companies with different sizes.
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In Thailand, an analysis reveals the highest demand for jobs as data scientist, Al/data analyst, software engineer,
and business analyst, respectively. The demands of job positions follow a similar trend for small- as well as
large-sized companies. Companies require interns to have a strong background in programming (Python, R,
SQL, Anaconda, Tensorflow, Genetic Algorithm, and NoSQL), to be fast learners, to have basic skill to complete
the end-to-end workflow (public cloud computing platform, SAP, Microsoft Office 365, Power Bl, Microservice
(Docker for deployment project)), and to have knowledge on several subject areas as illustrated by Figure . The
priority on the knowledge required lies on data modelling and management, databases, machine learning, data
engineering, and algorithms development, and statistics. The most important subject areas for professional
trainings are data modelling and management, machine learning, data engineering, and knowledge
representation.
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Figure 2. Subject areas with high demand in Indonesia for internship placement of companies with different sizes.

In Indonesia, the highest demand for DS&AI job positions includes data scientist, software engineer, and
artificial intelligence/data analyst, respectively. The latter are especially demanded in large-sized companies.
All companies we surveyed require interns to have knowledge on data modelling, machine learning and data
engineering. In addition, small-sized companies require knowledge on databases and algorithms. Natural
language processing is felt in general as not necessary. This is surprising since text analytics is the only course
that is taught in all existing programmes (see section 2). Maybe companies do not realize that text analytics is
an important subfield of natural language processing. Interestingly, also statistics is one of the knowledge areas
that is not really required from interns by large companies. Figure 2 summarizes the average score given by
the companies on the required knowledge. Concerning programming languages, required knowledge covers
Python, Tensorflow, R, SQL, Java, or any web-based languages, while that for statistical and data visualization
tools includes Hadoop, D3.js, Microsoft Power Bl, SAP and similar. The needs for training courses cover topics
on data modelling and management, machine learning and data engineering. However, the needs for
professional courses on statistics, natural language processing and management of information systems are
considered, on the average, less interesting.
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Figure 3. Subject areas with high demand in Sri Lanka for internship placement of companies with different sizes.
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In Sri Lanka, we received a response from only 10 companies, 4 small-sized, 4 mid-sized, and 2 large ones. They
were all private companies, and all positioned in an ICT related area. Overall, the highest demands for DS&AI
job positions are machine learning engineer, data scientist, and artificial intelligence/data analyst, respectively.
Students are required to have knowledge of programming language such as Python, TensorFlow, R, SQL, and
to be able to use Matlab, Hadoop, and Git. There are large differences between what is considered important
as knowledge of the interns, depending on the size of the company. Large companies prefer interns with
knowledge of market analysis, whereas small- and medium-sized ones prefer knowledge of machine learning
and algorithms, and consider market analysis as the least important subject. Other topics that are considered
important are data modelling and management and data engineering. Figure 3 summarizes the findings. The
most important subject areas for professional trainings are data modelling and management, machine learning,
and data engineering. Large companies find algorithms also very important. The least important subject areas
are databases, statistics and market analysis, probably because the employees already have knowledge on
these subjects and do not need extra training.

4 Identifying the gaps

In this section, we explicitly identify the gaps to be addressed in the development of master's degree
programmes in DS&AI in Thailand, Indonesia and Sri Lanka. With this goal, we organized in each country a
focus group composed of at least 4 academics, 3 students and 3 representatives from ICT companies. This
composition guaranteed that all relevant stakeholders provided their input in understanding what is needed
by a new education programme in DS&AI. We investigated the following issues:

1. Identification of subject areas related to DS&AI that are most in need in the country (and wider
region).

2. ldentification of a set of skills that the curriculum should develop and promote.

3. Teaching and learning processes that are appropriate for the curriculum (project-based
learning, professional certifications, trainings, practical and industrial projects, workshops,
internships, research, theses, etc.).

4. Required resources, facilities, tools, as well as support that the universities should provide (what
we lack or need).

5. Any concerns and opinions regarding internships and job opportunities that the curriculum
should provide.

Next, we briefly summarize the results of the discussion fora in Thailand, Indonesia, and Sri Lanka. The teaching
and learning of the DS&AI curriculum must be able to meet both the needs of the industry and the interest of
students. Teaching and learning should lay down the foundation of core knowledge that is sufficient for
learning DS&AI, including (1) mathematics, logic, and statistics, (2) programming and computational thinking,
and (3) data management. The need for knowledge of business analytics and machine learning depends on
the student group characteristics and the objectives of the students. Therefore, it is preferred to have different
tracks in the curriculum ranging from (1) applying data analytics techniques to solve problems, analysing data
for the industry, and (2) developing deep knowledge in DS&AI, which can enhance the higher performance for
the particular industry.

The laboratory equipment should be prepared and ready to use for the most effective learning. The tools used
in teaching and learning should be in line with those commonly used in the industry, including Google cloud,
Hadoop, Python, and Tensorflow. Students should have the skills to use those tools that can lead to the product
development, not just a tool that running or testing as experiments. The courses must be built in collaboration
with the industry in applying the real case study for teaching or for students to experiment. Students should
practice an internship in a company, or work on industrial projects.

Finally, students should not only gain hard skills through courses and internship training, but also soft skills.
The soft skills that are suggested to be developed include: (1) communication skills, (2) analytical skills/
empirical skill, and (3) presentation skills, both in terms of how to present and how to use visual tools to
effectively communicate the results of data analysis to the users.
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5 Developing the curriculum

In agreement with the international views on higher education, the objective of a master’s degree programme
in DS&AI is to provide students with a suitable basis for a further career, both in research as well as in industry
and society in general. As such, it provides the student with the specific knowledge and abilities, exemplified
in the form of a master’'s degree that allows graduates access to a PhD programme in DS&AI and related
disciplines. Also, it prepares graduates for a position in which they can earn their own subsistence, for example
by working in knowledge-intensive companies. Our starting point in the development of the curriculum was
to take into account the needs and gaps described in the previous sections as well as to provide graduates
with a basic understanding of all the key areas of DS&AI, and an advanced understanding in some of these key
areas.

The programme has a duration of two years, and includes core courses, electives, an internship, and a thesis
work. The core courses define the key areas of the curriculum in DS&AI, and are therefore present as a
dedicated mandatory course in the programme. From the data we collected, we arrived at the conclusion that
there is a general, and largely worldwide (Quality Assurance Netherlands Universities, 2015), consensus that
our proposed five core courses below define the key areas of DS&AI:

e Artificial intelligence: This course introduces the students to fundamentals of Artificial Intelligence, in
particular to several techniques on planning and decision procedures ranging from precise to uncertain
and temporal reasoning with applications to intelligent agents.

e Business Intelligence and Analytics: Business intelligence is a process of analysing business data to
obtain business insights and actionable intelligence and knowledge, to support better business
decision making and capture new business opportunities. This course gives the students an
understanding of the principles and practices of business intelligence and data analytics to support
organizations in conducting their business in a competitive environment.

e Computer Programming for DS&AI: This course is a laboratory course that provides students with the
computer programming background necessary for preparing, manipulating, analysing, processing, and
visualizing data sets as well as for building-data-driven predictive models

e Data Modelling and Management: The course emphasizes on emerging data models and technologies
suitable for managing different types and characteristics of data. In particular, the focus is on
developing skills for analysing, evaluating, modelling, and developing database applications with
concerns on both technical and business requirements.

e Machine Learning: This course introduces the fundamentals and applications of machine learning.
Students learn to design, implement, and evaluate intelligent systems incorporating models learned
from data.

The above set of core courses is not intended to constitute the complete master's programme. Programme
flexibility and adaptability to the regional needs is obtained through additional elective courses. Within the
Erasmus+ project on Curriculum Development in Data Science and Artificial Intelligence, we have developed
the following 11 elective courses:

e Natural Language Processing

e Computer Vision

e Distributed Systems

e Human Computer Interaction and Information Visualization
e Knowledge Representation

e  Multicriteria Optimization and Decision Analysis
e Nature Inspired Computing

e Recent Trends in Machine Learning

e Social Network Analysis

e Software Development and Project Management
e Spatial-Temporal Data Analysis
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Core and elective courses cover all aspects of data science intended as the extraction of useful domain
knowledge from large, complex data sets. Core courses like Machine Learning or Data Modelling and
Management provides the critical knowledge needed for decision makers based on statistically significant
patterns in data. Business applications are treated in courses like Business Intelligence and Analytics, while the
detection of anomalies in patterns of behaviour is developed in the electives Social Network Analysis and
Spatial-Temporal Data Analysis. Finally, the course Distributed Systems treats, for example, the analysis of
services in cloud computing.

The curriculum we developed covers the broad field of artificial intelligence as the theory and development of
computational systems able to perform tasks inspired by human intelligence. We basically develop on three
main views of the field of Artificial Intelligence:

1. Symbolic Al - consisting of knowledge representation, logic reasoning, inductive logic programming,
precise planning, and decision procedures;

2. Statistical Al - consisting of decision networks, probabilistic programming (including Bayesian program
synthesis), computer vision (activities and image recognition as well as machine vision), natural
language processing, and machine learning; and

3. Subsymbolic Al — consisting of distributed artificial intelligence (including agent-based modelling,
swarm intelligence and multi-agent systems), distributed computing, natural computing, multi-
objectives optimization, and autonomous systems.

It is not a surprise that machine learning plays a pivotal role in the curriculum, as, today, it can be considered
the most widely applied discipline within Artificial Intelligence. Machine learning comes in the curriculum in at
least three "flavours”: supervised learning, unsupervised learning, and reinforcement learning. Supervised
learning refers to methods for learning a model from a set of training data containing both input and output
results. Regression and classification are typical examples of supervised learning techniques. Unsupervised
learning consists of building a model from a data set, via for example visualization or clustering. Reinforcement
learning is about taking actions in an environment to maximize some notion of cumulative reward, as for
example used in robot navigation and games (including chess, Go, and business games).

As part of the programme, students are required to get few months placement with a company before
graduating. As students participate in internships, they gain real work experience, which not only benefits
employers, but also provides a valuable complement to university education and an input to job counselling
(Vairis, Loulakakis, and Petousis, 2014). All knowledge required by the companies as described in Section 3, is
covered within the core or elective courses before the internship takes place.

6 Conclusion

In this paper we described the design of a master’s level curriculum in data science and artificial intelligence
based on a gap analysis and assessment of needs from three case studies in Indonesia, Sri Lanka, and Thailand.
On the one hand, we realize that in these countries many of the master’'s programmes we collected data from
are generic master's in computer science and contain only few courses related to data science or artificial
intelligence. On the other hand, we proceeded via a systematic process by gathering information from several
companies in Indonesia, Sri Lanka, and Thailand to understand the needs and the gaps. Based on all
information, we developed a novel curriculum for a master's programme in DS&AI that covers the main areas
of the fields, it allows flexibility of study depending on the regional needs, and it comprises an internship for
students to gain work experience. The approval and accreditation of the developed curriculum to be delivered
by eight participating institutes in three countries are underway; hence, the programmes are expected to be
launched in fall 2020 or spring 2021.
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Abstract

This paper presents the results of a project that analysed Specialized Educational Assistance (AEE) for High Abilities and
Gifted Students (AH/SD) aged 7 to 15 in two public schools in the Federal District over a period of 24 months. The work
was developed through a partnership between University of Brasilia (UnB) and the State Department of Education of the
Federal District (SEEDF). This project enabled the implementation of two educational robotics laboratories, acquisition of
electronic devices (five educational robotic kits and two kits for assembling 3D printers), among other materials. The project
also provided scholarships for Mechatronics and Computer Engineering students at the university as well as opportunities
for teacher training, including support for the monitors and students in class throughout the project period. It was als