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Message from the General Chair

Welcome to ICEE 2015

Professor Duro Njavro, Ph.D., Dean

Conference Chair

On behalf of the Conference Organizers, it is with great pleasure that we welcome you to the 19th Internation-
al Conference on Engineering Education (ICEE 2015): New technologies and innovation in education for global
business. With Croatian Ministry of Science, Education and Sports and Polytechnic of Zagreb as our partner,
we expect this Conference to offer a perfect mix of science and networking.

Croatia has a long tradition of producing engineering excellence within the institutions with a distinguished
reputation of its outstanding scientists. ZSEM, as well, has hosted many international conferences with huge
social and scientific impact. This particular one will continue the iINEER tradition of quality, highlighting the
developments in engineering education as well as focusing on innovation, globalization and networking.

The conference aims to be the ideal platform for making international connections for future collaborations in
various academics field. Also, it will allow the exchange of the best engineering practices that concern emerg-
ing areas related to entrepreneurship, management and education.

While the breadth and depth of the Conference will keep you busy, we encourage you to extend your visit and
enjoy all that ICEE 2015 has to offer. Take a trip to Plitvice lakes, our oldest and most popular National Park. In
1979 the National Park Plitvice Lakes was listed on the UNESCO list of natural World Heritage. Enjoy lakes and
views of waterfalls, amazing flora and fauna while driving boat and walking through the park. Furthermore,
take the opportunity to visit Zadar, a city monument, surrounded by historical ramparts, a treasury of the
archaeological and monumental riches of ancient and medieval times, Renaissance and many contemporary
architectural achievements such as the first sea organs in the world.

Once again welcome. Welcome to the leading higher education institution in Croatia in the usage of e-learning
as well as a proud holder of the Association of Advance Collegiate Schools of Business (AACSB) accreditation,
Zagreb School of Economics and Management (ZSEM), welcome to Zagreb, welcome to beautiful Croatia

where the great Nikola Tesla was born.

We look forward to sharing this week with you!
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19th International Conference on Engineering Education, July 20-24, 2015, Zagreb, Zadar (Croatia)

Keynote Speaker 1 - Krishna Saraswat

Prof. Krishna Saraswat is Rickey/Nielsen Professor in the School
of Engineering, Professor of Electrical Engineering and by courtesy
Professor of Materials Science & Engineering at Stanford
University. He received his B.E. degree in Electronics in 1968 from
the Birla Institute of Technology and Science, Pilani, India, and his
M.S. and Ph.D. degrees in Electrical Engineering in 1969 and 1974
respectively from Stanford University, Stanford, CA. During 1969-
70, he worked on microwave transistors at Texas Instruments.
Returning to Stanford in 1971, he did his Ph.D. on high voltage
MOS devices and circuits. After graduating he joined Stanford
University as a Research Associate in 1975 and later became a
Professor of Electrical Engineering in 1983. He also has an honorary appointment of an Adjunct
Professor at the Birla Institute of Technology and Science, Pilani, India since January 2004 and a
Visiting Professor during the summer of 2007 at IIT Bombay, India. Professor Saraswat’s research
interests are in new and innovative materials, structures, and process technology of silicon, germanium
and 111-V devices and interconnects for VLSI and nanoelectronics. Areas of his current interest are: new
device structures to continue scaling MOS transistors, DRAMs and flash memories to nanometer
regime, 3- dimentional ICs with multiple layers of heterogeneous devices, metal and optical
interconnections and high efficiency and low cost solar cells. Prof. Saraswat has supervised more than
80 doctoral students, 25 post doctoral scholars and has authored or co-authored 15 patents and over 750
technical papers, of which 10 have received Best Paper Award. He is a Life Fellow of the IEEE. He
received the Thomas Callinan Award from The Electrochemical Society in 2000 for his contributions
to the dielectric science and technology, the 2004 IEEE Andrew Grove Award for
seminal contributions to silicon process technology, Inventor Recognition Award from MARCO/FCRP
in 2007, the Technovisionary Award from the India Semiconductor Association in 2007, BITS Pilani
Distinguished Alumnus Awards in 2012 and the Semiconductor Industry Association (SIA) Researcher
of the Year Award in 2012. He is listed by ISI as one of the Highly Cited Authors in his field.

Presentation
What Makes Silicon Valley and Stanford University Tick?

Since the early part of 20th century Stanford University has had a meteoric rise and is regarded today as
a top teaching and research institution in the world. Since middle part of the 20th century Silicon Valley
has developed from small towns surrounded by farmland into a leader in innovation. Silicon Valley
accounted for less than 1% of U.S. population, about 12% of all new U.S. patents and 50% of all new
patents coming from California in 2009. Silicon Valley per-capita income is much higher than U.S. and
California averages. But so is the cost of living. How can Silicon Valley sustain such a high cost of
living? What are the secretes of the success of Silicon Valley and Stanford? Till 1940°s Stanford was
good but not great. Stanford realized that industry-academia partnership is the fundamental element of
cooperation for mutual growth. Stanford attracted many famous scientists from industry as pillars of
excellence to become faculty by giving them many incentives. They were encouraged to have interaction

ISBN 978-953-246-232-6 3
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with the industry. This was true not only for collaborative advanced research but also for providing
practical training to students by industry, and for further development of industrial employees. Industry
generally works on focused execution of technology R&D, and to bring technology to manufacturing
floor and thus is in competitive mode for value differentiation for unique technology, unique products
and time-to-market. On the other hand academia works on creation of new idea to proof of concept. The
industry academia collaboration is best in the non- and pre-competitive mode with knowledge and
resource sharing across broad spectrum of organizations, institutions and countries for critical mass.
Stanford has been at the forefront of such collaboration with the industry. How do we educate students
today beyond conventional methods? We develop them into T-shaped people with breadth of knowledge
about entrepreneurship, creativity, and innovation and depth of knowledge in a specific discipline. As a
result Stanford faculty and students have been instrumental not just in generating knowledge but also
inspawning very successful startups through innovation and grow them into large companies. Silicon
Valley thrives via an innovation-based entrepreneurial economy. It is a robust engine for new company
creation. Necessary elements of an innovation-based, entrepreneurial economy are dynamic coming
together of people, ideas, capital, and infrastructure. Well-known characteristics of Silicon Valley are
results-oriented and risk-taking social values, highly educated and mobile workforce, R&D activities in
many technology areas, concentration of venture investors, fascination with, and flexibility to reinvent
itself around “the next new thing”, strong supporting human infrastructure(lawyers, accountants,
technology and marketing consultants, executive search firms, etc.), and last but most importantly a very
strong industry friendly Stanford University. Stanford has been an important part of the meteoric rise of
the Silicon Valley. Stanford’s relationships with industry encourages innovation for real products,
collaboration on pre-competitive technology and human networking. In this talk we will explore the
reasons of the mutual success of Stanford and Silicon Valley with several examples.

Keynote Speaker 2 - Sinisa Krajnovic¢

Dr. Krajnovi¢ is a senior executive in Ericsson with more than 10
years of international management experience. Since 2011 he has
been living in Stockholm, Sweden. He works in Ericsson as Vice
President and Head of Development Unit Radio, leading a global
development organization consisting of 10+ R&D centers and
12,000+ engineers. Sinisa earned his PhD degree from the
University of Zagreb, Croatia, and completed executive education
programs at Columbia University (US), IMD (CH), Cranfield
University (UK) and 1SB (IN). He is Professor at the leading
business school in Croatia, Zagreb School of Economics and
Management, and Program Director of their General MBA

<P Program. Sinisa has extensive multicultural experience and
understanding gamed through living and working in Croatia, UK, Ireland, Japan, Hungary and Sweden.

4 ISBN 978-953-246-232-6
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Keynote Speaker 3 - Petar Jandric

Petar Jandri¢ (PhD) is tenured Senior Lecturer in e-Learning and Director
of BSc (Informatics) programme at the University of Applied Sciences in
Zagreb (Croatia), visiting Associate Professor at the University of Zagreb
(Croatia), professor and Director of Institute for Research and Knowledge
Advancement at the Global Center for Advanced Studies (Michigan, US).
His research interests are focused to the intersections between critical
pedagogy and information and communication technologies. Research
methodologies of his choice are inter-, trans- and anti-disciplinarity. Petar's
previous academic affiliations include Croatian Academic and Research
Network, National e-Science Centre at the University of Edinburgh,
Glasgow School of Art and Cass School of Education at the University of
East London. He writes, edits and reviews books, articles, course modules
and study guides, serves in editorial boards of scholarly journals and conferences, participates in diverse
projects in Croatia and in the United Kingdom, regularly publishes popular science and talks in front of
diverse audiences. His major current projects are focused to collaborative research and editing.

Presentation

Critical teaching as hacking the neoliberal agenda

Hacking cannot be thought of without learning. Actually, it can be said that hacking is a true celebration
of learning and empowerment / emancipation resulting from learning and knowledge. Certainly,
hackers’ views to learning and knowledge are very different from those used in traditional educational
systems. According to McKenzie Wark, “hackers desire knowledge, not education. The hacker comes
into being through the pure liberty of knowledge in and of itself. This puts the hacker into an antagonistic
relationship to the struggle on the part of the capitalist class to make education an induction into wage
slavery” (2004: 55). Such normative positioning puts the hacker culture in direct opposition to prevalent
neoliberal agenda characteristic for worldwide schools and governments; it also provides the hacker
culture some valuable allies such as the critical pedagogy movement.

Using digital technologies in teaching and learning is predominantly linked to the neoliberal agenda.
Indeed, it is hard to deny that usage of tools such as e-mails and virtual learning environments
contributes to Ritzer’s four primary components of McDonaldization of education: efficiency,
calculability, predictability, and control (2012). However, tools such as peer-to-peer and / or pre-
publication networks can aim exactly the opposite and serve as subversions (i.e. Vukovi¢ Peovi¢, 2015;
Ralston, 2015). Certainly, Gramsci’s teachers as organic intellectuals (Gramsci, 1992) or Giroux’s
teachers as transformative intellectuals (Giroux, 2012) reject the neoliberal agenda which is almost sub-
consciously peddled alongside digital technologies. However, sporadic subversions are only the tip of
the ice-berg, and we need to permanently hack the neoliberal agenda through creative usage of digital
technologies for social transformation. In contemporary digital technoscapes, critical teachers need to
wear one more coat — that of teacher-hackers or hacker-teachers.

This talk explores theoretical intersections between the hacker culture and the critical pedagogy
movement. Based on analyses of shared values and practices, it inquires what it means to be teacher-
hacker in the contemporary society.
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Teaching technology entrepreneurship at
engineering universities - experiences,
perspectives, challenges and assessment

Author

Sergej Lugovic is a senior lecturer teaching Information Economy, Technology
Entrepreneurship and e-business at the Polytechnic of Zagreb, Croatia. He’s also a PhD
student at the Information Science department of the Faculty of Humanities and Social
Sciences, University of Zagreb. His research interests are information behavior and
needs in intelligent socio-technical systems. He holds a Master of Science degree from
Plekhanov Russian University of Economics and an MBA from The London College
UCK. Along with his academic career, he had a business career in Moscow, London,
and Zagreb, working for blue chip companies, for the government of the Republic
of Croatia, in technology ventures, and in the fashion and the music industries.

He introduced the subject “Technology Entrepreneurship” to the Polytechnic of Zagreb
and edited the Croatian version of the textbook Technology Ventures published by
McGraw-Hill and used at Stanford University in the US, among others.

Workshop Purpose

The aim of this workshop is to exchange experiences in teaching entrepreneurship
and/or other business topics to engineering students. The workshop will encourage open
discussion between participants regarding how to assess teaching, what the challenges
are for teachers and institutions, and what teaching perspectives are applicable.

Workshop Description

Technology entrepreneurship is a relatively new discipline, finding its place in
curriculums of engineering universities around the world, in particular in the United
States. It addresses how entrepreneurs capitalize on technology changes. At the same
time, it’s relevant for the new technology-based firms (NTBFs) as well as incumbent
technology-based firms (ITBFs) teaching students how to use scientific and
technological knowledge in the real global marketplace.

Business and economics universities usually teach entrepreneurship. Today, however,
for technology-dependent business operations using engineering and scientific
advances, university research units and companies are exploring paths to capture
research results and transform them to value for the customers. We will ask the question
about importance of teaching entrepreneurship skills to engineering students.

We can apply different teaching perspectives, and for the purpose of the workshop, we
will use the following: transmission (subject content transmission), apprenticeship
(behavioral norms and way of working), development (from the learner’s point of
view), nurturing (achievements comes from the heart, not head), and social reform (the
impact on society) (Pratt & Collins, 2000). Another important related issue is what
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challenges universities face today, in particular, when teaching entrepreneurship to
engineers.

We see radical shifts in the academic environment, where incubators and accelerators
backed by financial industries and large companies are providing education around
their products and services to deliver fast-track education. At the same time, new
alternative models such a crowd-funding, share economy, and outsourcing are
emerging. This leads to another important question, one that opens inquiry about
assessment methods. Should we address how students perform in terms of financial and
business results? Should we assess how they understand the body of knowledge?
Should we observe how they behave and adapt in a real business environment, or should
we evaluate their decision-making processes?

Workshop participants are invited to openly share their experiences and afterwards
participate in a relevant conversation. The output of the workshop will be meeting
notes, which will circulate to all participants with the option to publish them as a paper
after post-workshop iterations.
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Abstract

Purpose — The purpose of this panel is to illustrate the trajectory of ideas that are conceptualized for
greater impact beyond their borders. The cases originating from Croatia, one of Teddy the Guardian,
a high tech teddy bear that aids in child patient diagnostics and the other, Serwantess, a device that
improves quality of life for home-bound patients are examined as both have customer markets that
extend well outside their country of origin. Design/methodology/approach — Two enterprises with
innovations in healthcare are explored through in-depth interviews with their founders as well as data
collected from secondary resources. Their stories are unpacked using Isenberg’s Domains of the
Entrepreneurship Ecosystem as a framework. The startup ecosystem assessment is seen from their
perspective to reflect the accelerators and inhibitors to their growth and development. Findings — The
two cases showcase the opportunities and threats of big ideas coming from small markets. Lessons
can be learned on how to create an environment that assists tech startups in navigating multiple
stakeholders. The double bottom line impact includes social, they are improving the care of patients
and financial, whereas and generating investments and sales internationally. Originality/value — This
panel provides real value by focusing on two emerging startups that launched within the past five
years with rapid traction made possible by focusing on solutions to universal problems.

Keywords: Entrepreneurship, Social Impact, Tech Startups, Healthcare
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Abstract

1t is expected that most, if not all, graduate students will posses skills necessary for doing literature reviews. It
is less clear how to teach these skills most effectively especially to students who are area novices and unfamiliar
with review process. Systematic literature reviews offer a solid instructional framework which can be
implemented across curriculum and offer an opportunity to teach course material differently so that student
learn not just the literature review technique itself but also some segment of the course material. Our pilot study
investigated issues related to practical implementation of systematic literature reviews in two classes, with
different course lengths and purpose of review assignments. Our initial results are encouraging: students’ self-
efficacy with respect to ability to do reviews improved and they think that this skill is useful. We have developed
a new rubric for evaluation of final reports as well as weekly schedule of tasks.

Keywords: sysiematic literature reviews, rubrics.

1. Introduction

Literature review is a skill that most faculty would profess all research-oriented graduate students should have.
Students can typically acquire this skill through a) mentoring, and/or b) course on research methods. The latter
can be generic or taught within a department. There are many resources on writing literature reviews, from
campus writing centers to books such as Machi and McEvoy [1]. One would also assume that this is among the
very first tasks that research-oriented students would undertake. However, our brief and preliminary survey of
students in two graduate courses in electrical and computer engineering department showed that they have very
little to no experience in performing literature reviews, and discussions with other faculty confirmed that
students in their classes are equally unprepared. The most obvious use of training graduate students in
performing literature reviews is in helping them write their thesis or dissertation. Literature reviews, however,
have other uses, such as starting a new research area by identifying holes in the existing literature or
summarizing one’s own research area. It has also been argued that a variant of literature review, so-called
“systematic literature review” (SLR) can help students publish their first original work and transition them from
novice to knowledgeable [2][3]. Finally, systematic literature reviews are research area by themselves, although
they are less common in engineering than in areas like medicine, psychology or education.

It is, therefore, appropriate to intentionally train and educate students in performing literature reviews in general
and SLR in particular. One possible approach is to design a research methods course that also covers SLR topics
or maybe even have a separate course or workshop on SLR. Experience with other so-called soft-skills, such as
technical writing, suggests that learning how to do literature reviews and SLR can best be accomplished by
incorporating them in various courses across the curriculum and not by designing a separate course [4]. In this
report, however, we will concentrate on the course-level implementation. Furthermore, there seems to be a lack
of familiarity among engineering faculty regarding differences between narrative and systematic literature
reviews (SLR). In this report we will clarify the differences and explain uses of SLR in different fields and how
it could be used in engineering education.

In the following we will present the case that iSLR is a useful educational tool in electrical engineering when
used either as part of research-like project on a specific subject matter covered in a course, or as a standalone
project. Expected educational benefits include improved critical thinking and writing, increased motivation, life-
long learning skills, increased topic coverage and depth. We modified two graduate courses to include SLR: a)
solid-state electronics course for MS and PhD electrical engineering students, and b) microwave circuit design
sequence for graduate students and undergraduate seniors. The rest of the paper is organized as follows: section
2. gives an overview of uses of SLR in other disciplines, section 3. discusses iSLR implementation, section 4.
presents some assessment data and analysis, and section 5. provides conclusions.
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2. Systematic literature reviews in different disciplines

A lot of resources are available for writing literature reviews and there are general and field-specific books that
cover the process, e.g. [1]. Typically, these books are aimed at graduate students preparing their theses or
dissertation proposals, but they do not discuss SLR- or iSLR-based approaches. Given that the use of SLR or
iSLR as a pedagogical tool is relatively recent, it is important to properly distinguish SLR from other forms of
review and to understand where it comes from, its history, and how it is used in different disciplines. One
discipline using SLR extensively is medicine where the purpose of SLR is not to just summarize the state-of-
the-art at a given point in time, but also to provide meta-analysis of available data, which then leads to some
conclusions and policy decisions. Given the potential impact and importance of such studies, there was a need to
provide specific guidance with respect to how such studies should be performed and reported, resulting in two
statements: QUORUM (Moher et al. [5]) and PRISMA (Moher et al. [6]). PRISMA statement defines SLR as:

A systematic review is a review of a clearly formulated question that uses systematic and explicit
methods to identify, select, and critically appraise relevant research, and to collect and analyze
data from the studies that are included in the review. Statistical methods (meta-analysis) may or
may not be used to analyze and summarize the results [6].

The PRISMA statement provides guidelines on seven areas that SLR studies should address: Title, Abstract,
Introduction, Methods, Results, Discussion, and Funding. There is a total of 27 items in a checklist format. For
example, it is required that an SLR study:

* Present full electronic search strategy for at least one database, including any limits
used, such that it could be repeated.

* State the process for selecting studies (i.e., screening, eligibility, included in systematic
review, and, if applicable, included in the meta-analysis) [6].

In software engineering procedures and guidelines on how to conduct SLR have been available since 2004
[71[8] and there is a similar attempt to define SLR:

A systematic review is a means of evaluating and interpreting all available research relevant to a
particular research question, topic area, or phenomenon of interest. Systematic reviews aim to
present a fair evaluation of a research topic by using a trustworthy, rigorous, and auditable
methodology [7].

While their emphasis and wording is different, both definitions are attempting to explain what “systematic”
means and implicitly distinguish such studies from other approaches to literature review.

Most engineers and engineering educators are more familiar with a different kind of literature review: narrative
review. Narrative review is meant to provide an overview of a given field and is written by a recognized expert
in that field. Compared to a systematic literature review, the main differences lie in the areas of problem
definition and methodology. Table 1 is adapted from the field of evidence-based medicine [9] and it summarizes
the main differences between the two review approaches.

Table 1. Summary of main differences between systematic literature reviews and narrative reviews.

Systematic Literature Review Narrative Review

Investigates a clearly defined research question. Provides an overview of a research area

Literature is gathered using explicit and systematic | Explicit, systematic literature search protocol is not
search protocols. used.

Studies are selected using a protocol that specifies | Inclusion and exclusion protocol and criteria are
inclusion and exclusion criteria. not specified.

Data from primary study may be synthesized in a Strength of evidence may be assessed for individual
meta-analysis. Strength of evidence is assessed for | studies.
individual studies.

When evidence is lacking, the authors usually When evidence is lacking, the authors make
recommend further research. recommendations based on their opinions and
experience.

Systematic literature reviews can be used to advance a given research field. For example, Borego et al. [10]
argued that the field of engineering education research would benefit from more SLR reports. They also
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provided a very useful and detailed explanation of methodology for proper application of SLR in engineering
education research and pointed out that “... narrative reviews differ from systematic reviews in that the
identification and selection criteria for sources are usually implicit; narrative reviews typically do not include
methods sections” [10]. Therefore, usefulness of SLR as a research tool is well established but its application in
engineering fields appears to be lagging behind other fields, such as medicine. Attempts to establish SLR as
pedagogical tool are more recent and are discussed next.

2.1. SLR as Pedagogical Tool in Engineering

There are not very many reports of SLR use as a pedagogical tool in engineering education and it seems that it
was first used in this fashion in the software engineering area. The most recent report in [11] discussed
development of iterative SLR (iISLR) and its educational benefits, while an earlier study [12] described
successfully teaching undergraduate students some software engineering skills and concepts. One attractive
feature of iSLR process is that it is flexible and allows for refinement of results at various stages in the process.
This flexibility makes it suitable for novices in a given area of study because their understanding of the problem
and process improves as they perform SLR. Studies in [11] and [12] have established that iSLR can successfully
be performed by area novices. In our pilot study we followed procedures discussed in [11] with a few
modifications, as discussed below.

There are eight stages in the iSLR process [11] as shown in Figure 1.

]

1. Review planning & traning activities

— 2. Question formulation

— 3. Search strategy: scope and search strings

4. Selection: inclusion & exclusion criteria

rocess monitoring

5. Strength of evidence: define quality

6. Anaysis: extract evidence

7. Synthesis: structure the evidence

Figure 1. Stages in systematic literature review process.

The usual SLR practice is modified in iSLR by allowing iterations between different stages. For example,
finding too many references during the initial search (stage 3.) may indicate that the question (stage 2.) was
defined too broadly and needs to be modified. One modification that we introduced deals with the Search
strategy stage. Instead of letting students come up with search strings right away, we provide them with one
seed article that they use for forward and backward snowballing, i.e., looking up references cited in that article
and looking up papers citing that article. In this way students can gain better understanding of the context of the
problem, learn the conventions and language of the specific sub-area, examine keywords used in the article etc.
This eases them into the heart of the problem and helps them formulate the initial question.

3. Implementing iSLR

Our first implementation of iSLR was done in a Solid-State Electronics I graduate course, which is taken by MS
and PhD electrical engineering students. The course covers many common solid-state physics topics such as
band theory of semiconductors, conduction in metals and semiconductors, and carrier transport in classical and
semi-classical approaches. Within this course, students undertook experimental characterization of very thin
metal films using THz Time-Domain-Spectroscopy (TDS) methods as a research project. This naturally led to
an iSLR project related to literature on the topic of “TDS characterization of thin metal films.” A total of seven
students took the course in the Fall 2014 quarter, and they were divided into three teams (2+2+3). Each team
was given a different starting paper. Initial results from this implementation have been reported in [13].

In Winter 2015 quarter, we ran another version of iSLR in Microwave Circuits Design I course which has a
follow-on 2™ part in Spring quarter. Both undergraduate seniors as well as graduate students take this course but
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at this time only graduate students are required to undertake iSLR. During the first 10-week long quarter we
cover passive microwave devices while in the second quarter we discuss microwave amplifiers and other active
circuits. In this course we approached the iSLR assignment differently: a) students were allowed to chose their
own topic, and b) there was no experimental component that related directly to the topics students selected. This
approach makes it more difficult to directly integrate the content of the iSLR project into the course but it retains
all the other educational benefits and better motivation stemming from students’ choice of their own topic. A
total of 11 students were divided into four groups (2+2+3+4).

In both courses each team was set up as an online group in Zotero [14] so that students could share papers they
found and do the sorting using directories and annotation features provided by Zotero. This made collaboration
on paper search and selection very easy and transparent. For example, each student can have their own directory
with papers assigned to them for further reading and within that directory they can further sort papers according
to specified selection and quality criteria. Tags and keywords associated with each paper can be used to further
group papers once the core idea and subtopics are established. One very useful feature of Zotero is the ability to
pull bibliographic information and paper directly from database webpage. This greatly speeds up the search
process and students quickly master it.

In order to define a weekly schedule, each stage in iSLR is broken down into a more detailed list of specific
tasks, e.g., for items 3. Search strategy and 4. Selection process we have:
a) Perform snowballing search from the starting paper and deliver
a. Raw list of references, (this should be exported from Zotero in some electronic format for
future inclusion in written documents)
b. Selection criteria for eliminating / keeping papers from that list
c. List of references after selection; each eliminated paper should have a comment or code
explaining why it was eliminated.
d. Suggestions for possible refinement of research question
b) Perform database literature search based on keywords and deliver:
a. Raw list of all papers
b. Selection criteria for eliminating / keeping papers from that list (can be the same as the one
used for snowballing)
c. List of references after selection; each eliminated paper should have a comment or code
explaining why it was eliminated.
d. Suggestions for possible refinement of research question
¢) Combine references from a) and b) into a single list

Underlined tasks indicate opportunities for iterative improvement of the research question — the “i” in iSLR.
Based on this list a weekly schedule specifying tasks and deliverables was developed. For example, in a 15-
week schedule students are given the following tasks in weeks 5 - 7:

Week 5:
[0 Do a selection of all the acquired papers based on stated criteria
o Separate papers on Zotero into directories — one for further reading and one for rejected papers
o Submit on D2L a list of papers you: a) examined, b) accepted and c) eliminated
Week 6:
As group, divide the references from snowballing and continue working on selection and annotation
Revisit selection criteria now that you have collected more papers
As a group, produce a draft annotated list from snowballing
After you have watched librarian’s presentation
o Decide as a group which search string you will use
o Perform database searches and explain why you used certain databases and not others
o  Store papers in Zotero for further processing

oOooo

Week 7:
Finalize the problem statement (last chance to refine it)
Divide the list of papers from database search among group members
Perform selection (use titles, keywords and abstracts)
Annotate and code (“tag”) papers as selection is done
Assignment for next week:
o Report the total number of papers found and number of eliminated ones
o Produce a diagram explaining the core idea or concept and how it is divided into sub-topics.
o List themes that you observed, if applicable.
o Report on how you are doing coding, i.e. which tags are used.

oOoood
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The end of week 7 is roughly where the first part of iSLR is finished and it coincides with the end of first
quarter in a two-quarter course sequence. Students are required to produce an interim report consisting of these
sections: Summary, Introduction, Division of Labor and Zotero Use, Research Question, Snowballing Results,
Database Search Setup, Selection Process and Annotated Bibliography. Total length should be from three to
four pages, excluding the bibliography. This breakpoint and interim report would also be recommended for a
semester long course but is difficult to fully implement in a single 10-week long course.

4. Assessment

In order to gauge effectiveness of SLR projects as educational tool, we assessed several items:
a) Student self-efficacy in doing literature reviews before and after iSLR project
b) Quality of iSLR reports
¢) Identifying major problems or roadblocks to successful implementation of iSLR

Pre-course survey was done at the beginning of the course to establish students’ familiarity with any type of
literature review process. As Table 2 shows, 13 out of 16 students have done literature review of any kind only
once or never. Even lower numbers are reported for literature reviews in technical fields, i.e. sciences and
engineering. However, results in Table 3 seem to indicate that students are reasonably confident in their ability
to do literature reviews. For example, 12 out of 16 selected strongly agree, agree or are neutral when asked how
confident they are they can do a literature review on their own (item 3.). This seems at odds with students’ lack
of experience in doing literature reviews. We believe that these results indicate poor familiarity with literature
review. Conversations with other faculty provide anecdotal support for this observation, i.e., that students are
generally unprepared to perform literature reviews. Table 3 also indicates that almost all students believe this
skill will be valuable in their education or work.

Table 2. Students' frequency of use of literature reviews prior to SLR project. Both courses included

Never Once Twice 3 or more
Literature reviews done in any field 6 7 1 2
Literature reviews done in technical fields 8 5 2

Table 3. Student self-efficacy for ability to do literature reviews, pre-SLR project. Both courses included.

Str. . Str. Not
Agree Agree | Neutral | Disagree Disagree | Appl.

1. I am familiar with literature review process 5 4 2 5
2.1 can explain various stages in literature review 2 3 6 5
3. I am confident that I can do a literature review 5 3 7 ) 2
on my own
4. Learning how to do literature review will be

. ) 5 10 1
valuable in my studies
5. Learning how to do literature review will be

. 3 9 2 2
valuable in my current workplace

In another report [13] we analyzed changes in student self-efficacy by comparing pre- and post-project survey
results but only from one course. Early indications are that student self-efficacy improves after SLR project but
their judgment of usefulness of SLR declines. We also found that the Selection stage was the most time
consuming while Question formulation was the most confusing. Finally, Synthesis stage needed to be explained
much better in class.

4.1. SLR report assessment rubric

Rubrics are widely used and there are many books and other resources devoted to their development, e.g. [15].
In our other courses we have found rubrics to be very helpful in grading. In addition, they lead to better and
more consistently assessment of the quality of submitted reports and provide more useful feedback to students,
especially if they are included as part of the assignment. At first, we adapted an existing rubric, which was
developed for assessment of general literature reviews [16]. Among the three reports in ECE 511, one was
assessed to be between Developed and Exemplary, one was Developed and one in between Average and
Developed. This was deemed to be a very good performance for a pilot study. However, it quickly became
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apparent that this rubric needed to be substantially revised to address items related to iSLR process and to make
it more applicable to the type of writing usually done in technical reports.

Tables 4 and 5 present our first attempt at designing an iSLR report rubric. It is split in two parts because the
project runs across two quarters and interim report is required. At this stage students have finished the Selection
stage which enables them to write an annotated bibliography. Therefore, the first part is very specific in terms or
requirements and the way they are assessed. This should help students write good reports even without initial
drafts. This expectation was confirmed in our first application of it during winter 2015 quarter when all of the
submitted reports met or exceeded expectations. However, the second part is more challenging both in terms of
critical thinking required as well as writing. This is reflected in the criteria and performance levels listed in
Table 5 which are less specific and rely more on evaluator’s experience and judgment. Nonetheless, they cover
areas that we have found useful in assessing previous set of reports. As of this writing, we do not have the
results from the second course — those will be presented at the conference.

Table 4. Systematic literature review report rubric - part 1.

Criteria Does not meet Approaches Meets expectations Exceeds expectations
expectations expectations
Format Does not follow specs Follows specs but sloppy | Follows all specs; has all
the required parts
SLR process Procedures not followed | Procedures followed but | Procedures followed Complete and detailed
and misunderstood some parts understanding of SLR
misunderstood demonstrated
Resea.rch 1. Trivial question with | 1. Acceptable question 1. Relevant and clear Original way to pose a
question little thought put into it | but poorly posed question question that shows deep
2. No evidence of 2. Some evidence of 2. Clear evidence of understanding of the
revision revision revisions field
Selection 1. Arbitrary selection 1. Few criteria given but | Clear and relevant Novel and unexpected
2. No clear criteria given | Some are unclear selection criteria given ways of defining criteria
: and utilized and applying them
3. No evidence of use of | 2- Some evidence of use ppiying
criteria of criteria
A_““_Otated 1. Does not follow IEEE | 1. Follows IEEE format | 1. Follows IEEE format | Detailed annotations that
Bibliography format would enable a serious

2. Number of papers is
too big or too small

3. No annotation or it
does not make sense

2. Number of papers is
reasonable

3. Most annotations are
sensible

2. Reasonable number of
papers

3. Clear and sensible
annotations

research project in a
given area

5. Conclusions

Our pilot study was limited in scope and it aimed to replicate some earlier findings and to demonstrate that:
a) iSLR is a very promising methodology that provides a framework for teaching students both the
methodology of systematic literatures reviews as well as material relevant to the course in question
b) Implementation is not onerous
¢) Students benefit from performing iSLR.

We have implemented it in two graduate-level courses along with detailed schedule of tasks, requirements and
assessment rubrics. Initial results indicate good student performance and improvements in self-efficacy but we
have yet to collect all the data. The study is limited by the relatively small number of students involved and will
have to be expanded to other courses, instructors, departments and institutions. We hope that more instructors
will decide to experiment and implement the methodology presented here and we would welcome collaboration
on its future development.
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Table 5. Systematic literature review report rubric - part 2.

Criteria

Does not meet
expectations

Approaches
expectations

Meets expectations

Exceeds
expectations

Report outline

1. Significant

1. Most sections of

1. All sections are

(Abstract, sections of the the report are present and have
Introduction, report are missing present appropriate content
Methods, Results, R
Synthesis 2. Distinction
Anno tate(’i between sections or
bibliography) their content is not
appropriate
Organization ) 1. Research question | 1. Research question | 1. Research question | 1. Research question
(resegrch question, | and core idea not and core idea and core idea clearly | and core idea clearly
core 1d_ea, established vaguely described outlined outlined
subtopics)

2. Subtopics either
not present, too
specific, too broad
or not appropriate

2. Subtopics present
but do not follow
logical sequence or
are inappropriate

2. Most subtopics
are appropriate and
follow logical
sequence

2. All of the
literature discussion
organized into
appropriate
subtopics, which
follow logical
sequence

Literature analysis
(strength of
evidence, relevance
and importance,
systematic
application)

1. Quality criteria
not defined.

2. Relevance and
importance of
individual studies
not discussed.

3. Relationship
among studies not
discussed.

4. Analysis not
applied
systematically.

1. Quality criteria
defined but not
applied consistently.

2. Relevance or
importance of some
individual studies
partially established.

3. Relationship
among studies
cursorily examined.

4. Systematically
applied to small
segment of the
literature.

1. Quality criteria
defined but not
applied consistently.

2. Relevance and
importance of most
studies partially
established.

3. Relationship
among studies
partially established.

4. Systematically
applied to most of
the literature.

1. All of the
components fully
satisfied, clearly
explained and
supported by the
discussion of the
literature.

Contribution and
rationale

1. Contribution of
current review not
stated.

2. Stated rationale is
unclear or follows
poor logic.

1. Contribution
stated but not
clearly.

2. Rationale stated
but not supported by
discussion of the
literature.

1. Contribution
clearly stated but
not fully supported
by the literature.

2. Rationale stated
and marginally
supported by
discussion of the
literature.

1. Clear, logical
explanations for
contribution and
rationale
established.

2. Contributions and
rationale are
supported by the
literature.

Clarity of writing

1. Writing style not
appropriate for
literature review.

2. Frequent
grammatical and
spelling errors.

3. Inconsistent voice.

1. Writing style is
appropriate but
occasionally
unclear.

2. Occasional
grammatical or
spelling errors.

3. Inconsistent voice.

1. Writing is
appropriate, clear
and free of
grammatical and
spelling errors, and
expresses single
voice.

1. Writing is
appropriate, clear
and free of
grammatical and
spelling errors, and
expresses single
voice.

2. Writing style
enhances the impact
of the conclusions.

Overall quality

1. Report has a feel
of a rush job with as
little effort as
possible put into it.

2. Many little
problems and a few
big ones.

1. OK overall quality
that students would
not be ashamed to
share with their
parents.

1. Excellent quality
so that students
would want to
include it in their
portfolio of projects
to show potential
employers.

1. Publication
quality.
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Abstract

The content of this paper is to recall some facts about the application of the quality system in the academic sector.
The goal of the application of the quality system at the University is not only to ensure the quality of teaching, but
gradually improvement at all levels of management and organization that will lead to raising the professional
level of students. Quality is often used words about, but many people are unaware of its real meaning and, above
all, its application in practice. Fortunately, there are practical experiences and results from the manufacturing
sector, where after the Second World War, Japan was able to turn the theory of Edward Deming in the economic
miracle. As a result, then a series of quality systems, which have been and still are successfully used in a number
of companies, for example 1SO, TQM and others. Unfortunately, in the academic sector is no uniform system of
quality and there is a question whether he could in the realty exist. Detection and monitoring data is full
responsible and fundamental step in all quality systems. There are some options, but for its successful introduction,
several conditions must be met, which are mentioned in this paper. It is emphasized that the human factor in the
educational process is prevailing indicator compared to the manufacturing sectors, where are measurable errors
and non-conformed products. Understanding the basic principle and the importance of the quality system is the
first step of its implementation. This paper outlined some basic principles related to the application of the quality
system at the university. It must be understood when the quality system is correctly applied, brings both process
improvement and also increasing of their efficiency.

Keywords: Engineering Education, Education System, Quality. TQM, 1SO

1. Introduction

In the area of quality two basic facts should be good to understand. Firstly, what quality means, and secondly,
what is the significance of the quality system in practice. Just as in the manufacturing sector are is trying to achieve
the highest possible quality, it is desirable to enhance the quality in the educational process too.

There are various definitions of quality but one has significant importance with worldwide impact, which defines
ISO 8402-1986 standard. The quality is defined as “the totality of features and characteristics of a product or
service that bears its ability to satisfy stated or implied needs”. If we assume that the educational process is a
service and its output are students with their knowledge, here are the first satisfied the prerequisites for the
introduction of quality in the education system. At the same time it is also fulfilled the second part of the definition,
which can be understood, so that the graduates of the University, as the resulting product, must meet the
requirements on the highest possible level of future employers.

Also other definitions of quality can be thought of in the context of the education system, such as for example how
good or bad something is, or a characteristic or feature that someone or something has, or something that can be
noticed as a part of a person or thing. Finally quality means also a high level of value or excellence.

The fundamental step leading up to the introduction of the quality system is understanding of its practical impact.
It can be described briefly and concisely as a system that provides two basic requirements: continuous
improvement and cost savings. It is indisputable that meet both objectives is the desire of all. The difference is in
the way of achieving this. A different approach between firms and universities can occur on both these
requirements, because the education sector is supported by the majority of public funds against companies that
have to finance themselves. Therefore, the management of funds has a different character than in manufacturing
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companies. There should perform an important role in the ministry, which controls the education sector. Find the
right way requires an understanding of principles and rules of the quality system, and also how the quality system
is applied.

There are to resolve two major problems for quality system implementation into the educational process. The main
problem number one is how to evaluate the quality of the educational process and second one is how to implement
improvements including cost saving into the University or Faculty development. The basis for the ability to solve
both these problems is to understand the functioning of the quality system. Then it can achieve effective and
efficient use of resources in education sector, as well as ensuring of high quality by education students.

2. What means quality system in higher education

The quality system can be defined as the organizational structure of the entity (company, institution, etc.), with
job descriptions that are necessary for the establishment and implementation of quality management. The base is
an organizational chart describing the activities for each position, including requirements for their occupancy.
There's the question, what level the quality system can be applied in education sector. In practice there are several
possibilities. If we assume the existence of international standards, the quality system can act according to the
diagram in Figure 1. The quality system but can be applied from the lower level, also only for the faculty. Here
the question is, what brings quality system implementation at the faculty? The answer is a higher requirements for
economical use of resources, and also the ensuring of high quality of student learning.

International institution
(standard, directive)

¥

National Ministry

x

University management

Y

I Faculty management I

Figure 1. Position of Quality management in the Faculty

It is apparent that where the quality system should be implemented, there must also exists quality management.
This is the first prerequisite for the implementation of quality system at the university. And this quality
management must be connected in an organizational chart directly with the head of university (faculty), and have
his full support, how is shown in the example of faculty level in the Figure 2.

Financial management Dean — Quality management
Vicedean Vicedean | _ ___________ Vicedean
Head of Department | = -=-==-=====-========-=--= Head of Department

Figure 2. Position of Quality management in the Faculty organizational chart

A comprehensive quality system contains three basic areas:
- Quality planning
- Quality control
- Quality improvement
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All of these areas are part of quality management in close cooperation with the dean and with department of
financial management, which are coordinating the cooperation with single departments. The quality system must
define all processes, from staffing to the structure of subjects including their material assurance, and also a final
evaluation of students and their subsequent employers. Improving the quality of production is most often assessed
by the number of failures expressed in ppm. In the education system, this may be the evaluation of students and
their employers who evaluate students' knowledge.

3. How does the system of quality in education process

The term of quality is now often used at universities, but the ideas are diverse. Improving quality is often presented
as a remedy deficiencies or changes in processes, which results in changes in the education system. Three different
ways of influencing the learning process are shown on Fig.4. Good and effective quality system causes not only
changes but leads to improve. It must be clearly documented.

D

Education system

Improvement Changes in the Correct of
in the process process the
shortcoming
Identifying Identifying Identifying of
reasons for the reasons for the the shortcoming
shortcoming shortcoming

Professionally
managed
process

Statistical
control

Figure 3. Depiction of different ways of managing the educational process

From Figure 3 it is evident that the main aim of quality management system is to achieve real and demonstrable
improvements. This means a system for monitoring data that are measurable and comparable must be created.
Data can be obtained internally from students and teachers, or externally from companies and institutions, for
example evaluation of publications. Determination of criteria for obtaining data from education process is a crucial
part of the quality system, because unlike the product depends on the human factor. Here, the main task is to
convince all those who are involved on providing data that results will benefit them. We can ask what benefits it
can be. In short, for students the higher quality of study programs, more support for teachers in the educational
process and the feeling of satisfaction for their work and for businesses students with better knowledge.

Long-term monitoring
and assessment

Specifications of
questions for students,
teachers and businesses

. Statistical evaluation of .
answers

Figure 4. Structure and procedure of data processing
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Based on experience, creation of documentation for the quality system of the educational process may be similar
to documentation generation for Total Quality Management in company [2], which demonstrated good efficacy in
a number of institutions in different sectors. From the basic point of view of process monitoring are usually
sufficient three protocols as shown in Figure 4.

From all this it is clear that the quality system must be fully supported from top management (in the case of
university by rector and vice-rectors, in the case of faculty by dean and vice-deans), and then also must involve all
staff and students. And there is one important principle, staff, and students must know what benefits it will bring
them.

Detection and monitoring data is full responsible and fundamental step in the quality system. It must be focused
primarily in three groups on:

Data from students:
- expression of students about meet their expectations,
- expressing of students about the contents of subjects,
- teacher evaluation.

Data from teachers:
- interest and participation of students in the particular subject
- material conditions of subject insurance and companies support,
- personal satisfaction,

Data from business:
- evaluation of students,
- level of collaboration with university,
- request for students and their skills.

Part of the quality system may be a variety of other data. For example tracking investment purchase and use or
monitoring and evaluation of teaching, research activities etc. The parts of quality system control are also
additional steps that must lead to administrative simplification, including a credible job description. We must be
careful to avoid an increase in unnecessary administration in the creation of each new quality system

4. How could be implemented the quality system at the University

Implementation of quality rules into the educational system has some similar factors as its implementation in other
processes generally, but also some specific rules and differences. The most used quality systems are in industry
for example International Standards ISO or successfully applied complex management method TQM. The main
difference is that the company must recover the invested funds, while University as non-profit organization has
not tools to directly control return on investment. Full responsibility for the management at the university depends
on the maturity of management staff, which plays in the quality application also the basic role. Therefore in the
quality application at University plays an important role not only the level of education, but also the organization
arrangement that is dependent on experience and readiness of management.

The main parts of structure that creates quality assurance are designed in Figure 5, in the widest context including
more necessary factors to reach good and powerful result. There are four main areas in quality management which
are:

- Staff, which must be technically and pedagogically high-level, including friendly economic thinking,
- Education system, which must be transparent, with clear rules and expertly balanced,

- Facilities, which must provide access not only the theoretical but also practical training,

- Organization of processes in all sectors, including restrictions of unnecessary administrative.

Very experienced staff is irreplaceable. Science runs ahead, but has its foundations in the past. Therefore,
requirements for management is constantly expanding and growing. This applies not only technical knowledge
but also teaching skills, attitudes in the area of economic management and other areas. And here are the best school
of practical experience that cannot be replaced theories. Therefore, filling leadership positions must be open to the
widest possible range of candidates, to be selected real personality.
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Education
system

Quality system

Processes

Organization in the university Facilities

education

Staff

Figure 5. Basic structure of quality system in the education

Experience is a guarantee not only for management functions, but also for academic staff. This concerns not only
technical knowledge, but also teacher training, which contains the knowledge of methodology, rhetoric,
psychology, and also ideas about personal, financial decision making, etc. Then all that remains is to create a
quality department. It initially may consist of only one experienced quality manager, which will generate
documentation for the complete quality system.

Each quality system must be built for the particular conditions since the beginning. The rules and requirements for
all four sectors must be defined (see Fig.5), and must be for them established assessment criteria. Where are the
most frequent typical shortcomings in the universities? It may be insufficient training of teachers, lack of
experience, also poor language skills etc. In the case of the educational system, it can be repetitive curriculum in
various subjects, redundancy of subjects, missing subjects, non-actual curriculum etc. A major problem at
universities in the area of labors is on the one hand, lack of equipment and on the other unused and multiple
equipment. And all of this can be controlled and improved with a functioning system of quality.

One part of the quality system consists of quality organizational structure and its useful functioning. The second
part consists acquisition, processing and utilization of data from the educational process. It is clear that both are
absolutely essential and necessary for the establishment of an effective quality system. Establishing a system for
data acquisition and their correct selection is a crucial part of the quality system. And here it is necessary to recall
the main points of Deming's theory of quality, where excessive administration and lack of clear goals acts as a
fatal disease.

One short example coming up from a survey, which was done directly with students at Brno University of
Technology is demonstrated. Survey was done repeatedly over two years among approximately eighty students
from the last year of Magister study program. The question was, what is your main criterion for assessing the
quality of teaching in the course of your studies? Over 90% of the responses were distributed into three groups,
with a frequency of 48%, 37% and 14% in the following order: level of lecturers and teachers, university facilities,
the organization and content of teaching. The responses confirmed the fact indicated on Figure 5. Moreover, there
is a factor “Process organization”, which is fully in line competence of management and determines in quality
system the level of efficiency. Here, it should be appreciated that the introduction of legislative and effective
quality system at the university is absolutely only possible with the full support of management.

Each quality system must be formed from basic steps, like the house, and must be adapted to the specific
conditions. And also every quality system must have a professional control that is fully engaged in this activity in
close cooperation with management. The quality system at the Brno University of Technology, Faculty of
Electronic and Electric Engineering is formed gradually, where the goal is to find optimized data from the each
areas.

5. Conclusion

The rapid development requires not only talk about quality, but also to deal with quality. Many qualitative and
quantitative changes in science occurred in recent decades. This produces new technical branches and increases
the amount of information. Thereby it creates a major problem to control and manage such a large amount of
information, often in areas that are highly specialized. Just like when were open markets in the world, it was
necessary to establish uniform standards for quality control, it is also necessary to look for an effective quality
control system in the university sector. It must be understood when the quality system is correctly applied, brings
both process improvement and also increasing of their efficiency. It then delivers the satisfaction of all partners
involved in the educational process, which also includes companies and institutions receiving students. These
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institutions must have a decisive role in determining the level of graduates, which together with the indicator
number of employed students from a particular school, should be the decisive criterion for allocation of state
subsidies. Not the number of students admitted, as it is often in reality.

Current status leads to uncontrolled activities towards the greatest number of publications, to obtain projects and
other activities that are currently valued. Notwithstanding that the publication does not, and in many cases it is not,
the real benefit in many cases also does not ensure return money. And then there is not time to update teaching
and monitoring its quality. Some basic facts, aiming to evoke reflections on the introduction of a uniform system
of quality in education are in this paper introduced. It outlines the main factors that affect the quality of the
educational process, and subsequently for obtain data for management. Of course the quality system is the issue
very broad and complex, which cannot be described in the short form.

After reading this article should be understood the importance of quality in practice, and start thinking about its
meaning. Then you can just ask ourselves whether we want to improve something, or to remain in the “old” system.
I am convinced that knowledge of the quality has for university teachers the same meaning as knowledge of
psychology or methodology, as every person is part of a system of quality. Therefore, the quality knowledge should
be included in the education of university teachers. Then we can regarded the quality of the educational process,
not only in terms of learning, but also improve the overall efficiency, including technical and economic control of
the University. This paper is not guidance on how to implement a quality system in higher education, but its aim
is to highlight the importance of the area that is often overlooked, even though it may raise the level of education
and also bring savings.
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Abstract

The curricula of all the engineering degree programmes of the Helsinki Metropolia University of Applied Sciences
went through a fundamental change in 2014. Most old programmes were merged and the pedagogy is based on
collaborative teaching and learning. The studies of most engineering programmes are organized in modules of
15 ECTS credits (10 weeks). The modular structure facilitates cooperation between programmes and gives the
students a much wider variety of choices in their study path. The degree programmes of Automation Technology
and Electrical Engineering (tuition in Finnish) were merged and combined organizationally as well to the degree
programme in Electronics (in English). It was decided that all the courses within the study modules in these
programmes will be completely integrated and one study module thus consists of just one single course of 15
ECTS credits based on course integration and collaborative teaching between multiple members of academic staff
as well as continuous assessment throughout the course leading to one single grade only. The goal was to improve
the student progression since the current funding model of the Finnish UAS’s is heavily based on it. The first
results after the first semester reported here show that this model significantly improves the results and more than
93% of all the students in these degree programmes have passed all the courses in time compared to the relatively
low values of 70% in 2013 and 50% in 2012.

Keywords: Integration of studies, Collaborative teaching and learning, Continuous assessment.

1. Introduction

All the engineering degree programmes in Helsinki Metropolia University of Applied Sciences went through a
fundamental change in 2014. The total number of degree programmes was significantly reduced by merging the
old degree programmes. Therefore all the curricula had to be renovated in spring 2014. It was decided by the
pedagogical management board of the university that the new curricula are based on a modular structure and the
pedagogy is based on collaborative teaching and learning [1].

The degree programme of Electrical Engineering and the degree programme of Automation Technology were
merged in that process and the first students started their studies in the new degree programme of Electrical
Engineering and Automation Technology (tuition in Finnish) in August 2014. The degree programme in
Electronics (in English) is still independent since the student intake process is different in the English programmes.
However its contents are heavily integrated to the Finnish degree programme and the study paths of the students
studying electronics in either of the programmes are combined after the second or fourth semester (depending on
the number of students selecting electronics as their major in the Finnish programme). The new curriculum of
these degree programmes is linked to the curricula of other engineering degree programmes in order to offer
efficiently multiple specialization options in the students’ study path [2].

In Finland most of the funding of the Universities of Applied Sciences comes directly from the Finnish Ministry
of Education. The level of this funding has been significantly reduced and the funding principles were totally
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changed for 2014. Previously the funding was based on the number of students as well as the number of graduates.
Currently the funding is still based heavily on the number of graduates but no longer on the total number of
students. Instead the funding is based on the number of students making more than 55 ECTS credits per study
year of the 60 ECTS total (i.e. 91.7% of the total credits completed). Therefore the universities want to improve
the student progression in order to make sure that the students make all the courses in time to fulfil the funding
criteria. The results in that respect have been relatively poor in the past, since the studies in the engineering degree
programmes has been rather flexible and therefore it has been possible for the students to leave some courses to
be completed in the future semesters instead of completing all the courses in due time. The curricula of the
engineering degree programmes in Metropolia have been previously based in small courses of 3 ECTS credits
only and if the students have two of such courses a year pending, the funding criteria is not met. In the old
programmes of Electrical Engineering, Automation Technology and Electronics the number of first year students
fulfilling the funding criteria was even small than 50% in 2012. This number is however 10% higher compared to
the mean level of all the engineering programmes in Metropolia. When the new funding principles were
announced in 2012, many actions were taken within the old curriculum as well. The teaching staff was encouraged
to use continuous assessment instead of the end exams, alternative resit options were given to the students etc. By
these means the number of first year students fulfilling the criteria in these three programmes was raised above
70% in 2013.

Further improvement was still necessary and since the curricula had to be renovated in 2014, it was decided that
all the courses in these programmes will be organized in larger entities of 15 ECTS credits based on collaborative
teaching and learning and continuous assessment. Much focus was given as well to student tutoring in the courses.
The students of the first intake studying according to the new principles have now completed the first semester of
their studies and therefore it is now possible to compare their progression results to previous years.

2. Modular Curriculum

The modular structure of the curriculum is described in detail in [2]. The students have to complete altogether 240
ECTS credits to get the Bachelor of Engineering degree. The studies in most engineering programmes in Helsinki
Metropolia UAS are organized in modules of 15 ECTS credits. The duration of studies is 4 years and each year
of study consists of altogether 4 modules (i.e. 60 credits). In university level the minimum content of one single
course is 5 credits and in many programmes one study module consists of three individual courses of 5 credits. In
the three degree programmes covered in this paper however each module consists of just one single course of 15
ECTS credits and the duration of each module is 10 weeks. Thus the students have to complete just two
consecutive courses per semester. Each course is organized by a larger number of professors and different subjects
are integrated within the courses by common exercises, projects etc. Finally the students will have just one single
grade of the whole module. There are three main reasons for this integration to larger course entities: 1) the
members of staff have to cooperate and take into account other subjects when they plan their own teaching and as
well organize common exercises and projects with each other, 2) the assessment of the courses is transparent and
all the professors have to work based on the given specifications of continuous assessment and 3) the students
may not leave one smaller topic/subject pending since by doing so they’ll fail the whole package of 15 credits.
The collaborative approach of 1) and 2) should improve the learning outcomes and those steps together with 3)
should improve the student progression and raise the number of students fulfilling the funding criteria.

The yearly student intake to the new degree programme in Electrical Engineering and Automation Technology
was 120 students in August 2014 (excluding the part time evening students) and 40 students to the English Degree
Programme in Electronics. Further 40 students started in the Finnish programme in January 2015. Thus the total
yearly intake is 200 students (and 50 part time evening students). The contents of the two degree programmes
(Finnish and English) are exactly the same through the first two semesters. After the 2" semester the students
continue their studies based on their selected major; electrical power engineering, automation technology or
electronics. The actual selection is done after the first half of the second semester, i.e. after the third study module.
The contents of the second year are exactly the same for all the students within a major. If only a small number
of students in the Finnish programme select electronics, their group is merged with the group of Electronics
students in the English programme. This merger will take place in 2015, since only less than 20 students of the
Finnish programme selected Electronics (selections in March 2015). Finally the total group of students is quite
evenly divided to three majors approximately 60 students continuing their studies in each major. The number of
dropouts has so far been 20 students.

After the second year of study the students may then select study modules quite freely. They have to complete
altogether two study modules of their major, two internships of 15 ECTS (10 weeks), the Metropolia innovation
project, two totally optional modules that the students may select from other programmes as well and finally they
have to do complete their bachelor project / thesis.
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3. Course Structure and Contents of the first Year of Study

The first year of study in the degree programme in Electrical Engineering and Automation Technology (in Finnish)
and as well the degree programme in Electronics (in English) consists of the modules and courses listed in Tablel.
The contents of each course or module are listed in the table as well.

Table 1. Contents of the first year of study in the degree programme in Electrical Engineering and Automation
Technology as well as in the degree programme in Electronics

Module ECTS | Name of the course / Course contents
number credits | module

Module 1 15 Orientation to Engineering Studies . expressions, equations and functions

. quantities and units

. graphical chart

. communications skills for technology

. oral and written reporting and communication
. introduction to programming

. learning and study skills

. introduction to current topics in the field

. key guidelines of higher education studies
10. Metropolia as a study environment

11. electrical safety at work

© 0 N O Ol B WN -

Module 2 15 Orientation to Electronics and
Electrical Engineering

. physics related to electronics and electrical eng.
. DC circuits

. basics of Analog Electronics

. basics of Digital Electronics

. vectors, matrices and complex numbers

. introductory project

OO WDN

Module 3 15 Orientation to Electrical Power
Engineering and Automation

. elementary differential and integral calculus
. concepts of a derivative and an integral

. mechanics

. introduction to automation

. introducton to electrical power engineering
. English language

. AC circuits

~No o wWwbN

Module 4 15 Project in Electrical Engineering
and Automation Technology

. applications of differential calculus

. magnetism

. computer aided design

.. communication and documentation in English
. design project

g b~ wN PP

Total 60

Each of the four modules listed in the table are thus organized as one single course of 15 ECTS credits. The student
will have just one single grade of the whole course. All the contents listed in the table are integrated within the
course and there is always multiple members of staff teaching the topics within a course. The courses are
consecutive, i.e. module 1 lasts first 10 weeks of the first semester, module 2 the last 10 weeks of the first semester
etc.

When these courses were organized for the first time in autumn semester 2014 the 160 students were divided to
four groups of 40 students (three groups taught in Finnish, one in English). Unfortunately these groups were
divided between two campuses, since the old degree programme of Automation Technology is located on another
campus 15 km outside Helsinki center where the main campus is located. This problem will be solved finally
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when the new Metropolia campuses will be constructed by 2018 and all the required lab facilities and staff will
be at the same campus.

Five members of academic staff organized the teaching for each group. Each group was given a certain specific
time related resources to organize the teaching and in most groups these resources were evenly divided to teachers.
Each teacher had his/her share of the content and the weekly schedule was split quite evenly between different
teachers teaching that group. The teachers were heavily encouraged to create common exercises, projects and
other tasks for the students to integrate the topics together. However, in the first round the teachers were not
heavily forced, since all the members of staff were needed and therefore the system was quite flexible. The
teachers did have to cooperate at least through the continuous assessment system and most teachers did create
common learning tasks for the students already during the first realizations of the courses.

Each group of the first year students were given a classroom of their own. If other facilities were needed (i.e. lab
facilities or computer classes), the teachers had to reserve those separately. The study schedule was organized in
a way that the students had 5-6 hours of teaching each day from Monday to Thursday ad 3 hours on Friday. The
daily hours were scheduled from 8 am to 10.30 am and then again from 1 pm to 3.30 pm. The time in between
was reserved for lunch as well as independent student work to complete all the weekly tasks given by the teachers.

In all the parallel groups there were five teachers organizing the first module: a mathematics teacher (content 1),
a physics teacher (contents 2 and 3), a teacher in Finnish (or English) communication (contents 4 and 5), an expert
of professional studies (contents 6 and 11) and finally a teacher organizing the introduction to engineering part
specified by the CDIO pedagogy [3] that is as well followed in all the engineering degree programmes in the
university (contents 7,8,9 and 10). In all the groups at least all the contents of communication skills were connected
to reports and documents of other topics. Much cooperation took place as well between the mathematics and
physics contents, but it was known already before the start, that this module is definitely the one with least
cooperation opportunities between the contents.

The contents of module 2 were split similarly between specialists in physics (content 1), electronics (3 and 4),
circuit theory (content 2), mathematics (content 5) as well as a specialist organizing the project (content 6). The
actual introductory project (as well a CDIO requirement [3]) was slightly different for different groups depending
on the responsible teacher. This module offered already much more cooperation possibilities compared to module
1 and in future modules it is still much easier. For example in module 4 the actual design project (content 5) is
designed by the CAD tools (content 3) and most project documents and most of the meetings are held in English
(content 4). In future years most modules will be much more focused on certain engineering topics and there’ll be
fewer teachers involved, and required mathematics and physics contents may be applied directly to the topic in
focus.

4. Continuous Course Assessment and Student Tutoring

The teachers involved were given relative freedom in organizing the teaching. There were however some
limitations. First of all the courses had to be based on continuous assessment meaning that there should be weekly
tasks and weekly feedback for the students, and end exams were totally banned. Other types of smaller exams
throughout the course were allowed, as long as a student does not fail the whole large course by failing one single
smaller exam.

The student tutoring during the courses was as well emphasized. Each parallel student group of 40 students was
divided to 5 subgroups of 8 students. Each of the five teachers was nominated as a tutor of one subgroup. The task
of the tutor was to meet with his/her subgroup weekly, follow the progression/results/behaviour of the students in
his/her subgroup as well as to give and receive feedback from the students and forward this information to his/her
colleagues if necessary.

The teachers were able to select their assessment method and procedure freely within given limits. Different
approaches were encouraged and the best practices will be chosen as common processes for the students staring
in August 2015. One of the teachers in each group was selected as the responsible teacher organizing the
assessment and other practices. Different teachers have had this responsibility and even more teachers have been
involved in different assessment processes. It has to be admitted that allowing different approaches has made it
quite tedious for some teachers, when it has been necessary to adjust to a new method all over again and again.

Organized feedback has not yet been collected on the different assessment approaches, but most groups in the

fourth module (or the second module for students that started in January 2015) have selected the procedure which
is very simple. In that method all the five teachers give the students weekly tasks (homework assignments, lab
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exercises, project reports etc.). Each teacher gives such tasks eight times during the course, and thus the total
number of tasks is 40. These tasks are assessed as pass/fail before the following week’s Wednesday and the
students will have a feedback of the tasks in the meeting of their subgroup in the end of the week. If students
complete more than 36 of these tasks, they’ll pass the whole course. The actual grade is then set by smaller exams
or other tasks assessed by points. Each teacher organizes small exams and other tasks to be assessed by points
throughout the course and gives a maximum of 20 points based on these tasks. The grade is finally set by the
points collected from these tasks. It is already clearly seen that using these methods of continuous assessment the
students work actively throughout the course instead of just focusing on the end exam. Nearly all students
complete the courses in time thus improving the student progression results.

Also the student learning outcomes have to be measured, analysed and compared to previous level in the future.
We do already however believe, that the student learning outcomes are at least at the same level as before and all
the students would as well be able to pass end exams comparable to ones of the previous year, but that has to be
further investigated through tests.

5. Student Progression Results

By the end of 2014 the first students in the new degree programmes had completed two modules of 15 ECTS
credits. All the results were fed to the university database by mid-January. The right-most posts in Figure 1. show
the distribution of the student credits after the first semester in the degree programme in Electrical Engineering
and Automation (in Finnish). As it may be seen, all the students have either 30, 15 or no credits at all after the
first semester. These graphs do not include the students of the degree programme in Electronics (in English). The
corresponding graph of that programme is similar, but some students have as well 20 or 35 credits, since some
students have completed as well courses of Finnish languages already during the first semester.
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Figure 1. The credit distribution of the students of the degree programme in Electrical Engineering and
Automation after the first semester in 2014 compared to two previous years (results of two old programmes
combined). The number of credits in x-axis and the number of students in y-axis.

The two other posts in Figure 1 show the corresponding distribution (first semester) of years 2012 and 2013, when
the studies were organized in 3 credit courses. These numbers include the students of both two old Finnish degree
programmes before the merger (Automation Technology / Electrical Engineering). Some students have completed
even 33 credits, which may be done by passing some optional courses during the first year. In 2012 the average
is 21 credits / semester and in 2013 the average is 23 credits / semester. In 2014 the average is 29 credits / semester.
The students who had completed no credits at all were omitted from these average calculations, since they had
not started the studies at all or had quit during the first weeks. The corresponding average values for the degree
programme of Electronics are 11 credits in 2012, 23 credits in 2013 and 32.5 credits in 2014. These values are not
totally realistic in all respects, since after having a closer look at the student records, it seems that some course
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results are still pending for some reason still in late January (the data for 2012 and 2013 is collected in January
31%). Therefore in the coming analyses in Figures 2 and 3 the data of the first semester in 2014 is compared to the
data of the first two semesters (i.e. credits after a whole year analyzed in late July when all courses are definitely
in the database) of the student intakes of 2012 and 2013.
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Figure 2. The percentage of students in three different degree programmes completing more than 55 credits a
year in 2012 and 2013 compared to the percentage of students completing more than 27,5 credits in the first
semester in 2014 (55 credits a year being the funding limit in Finnish UASS).

Figure 2 shows the percentage of first year students completing more than 55 credits in first two semesters in 2012
and 2013 and the percentage of the first year students completing more than 27,5 credits in the first semester of
2014. The limit in this analysis was set deliberately to the level of 55 credits per year since that is the funding
limit of the universities of applied sciences in Finland. As stated above comparing the whole year of 2012 and
2013 gives more reliable results compared to the first semester of 2014 even though now the results of 2014 may
be somewhat pessimistic compared to the previous years for the same reasons. The students completing less than
30 credits a year are omitted from the analyses of years 2012 and 2013 since such students may have changed the
degree programme after the first semester, gone to do their military service or just quit their studies. As before the
students completing no credits in 2014 are omitted for same reasons.

It may be directly seen that the impact of the new curriculum on the student progression is huge. These results
improve the funding of these programmes significantly. It may as well be seen that when the new funding
principles were announced in 2012, the results were already strongly improved from 2012 to 2013. Further
improvement however would not have been possible without a total renovation of the pedagogical model.

In Figure 2. the results of the degree programmes of Automation Technology and Electrical Engineering are
deliberately the same for 2014 since then the programmes were merged (this applies as well to Figure 3.). The
large differences between the results of the degree programmes in 2012 have to be further investigated. One of
the possible reasons for the poor results in the degree programme in Electronics compared to the other programmes
is that the Finnish government supports economically the Finnish students during their studies when the non-Finns
usually have to work to support themselves.

Figure 3. shows the percentage of studies completed in different degree programmes after the two first semesters
in 2012 and 2013 and after the first semester in 2014. The total offering for two semesters here is 60 credits and
30 credits for one semester. The high number in 2014 in the degree programme in Electronics is achieved by
foreign students completing optional courses in Finnish language in the first semester. These values are calculated
by comparing the student credit average to the total offering.
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Figure 3. The percentage of studies completed in different degree programmes after the two first semesters in
2012 and 2013 and after the first semester in 2014.

It may be seen that the results of 2012 and 2013 are surprisingly high compared to the corresponding results in
Figure 2, where the percentage of students reaching the funding limit is analysed. The reason for this surprising
result is that many students have completed a relatively large number of credits during the first year still however
not reaching the funding limit. For example the raise on only 0.5% of the credit average from 2012 to 2013 in the
degree programme in Automation Technology did raise the number of students reaching the funding limit by
17.3%. The same phenomenon may be seen in all the degree programmes. Thus if only the funding criteria is
taken into account, the results have been greatly improved already from 2012 to 2013 and the new pedagogical
approach and curricular structure seem to maximize the results.

6. Conclusion and Future Plans

According to the analysis described here the student progression results have been greatly improved in the degree
programme in Electrical Engineering and Automation Technology and in the degree programme in Electronics of
Helsinki Metropolia University of Applied Sciences. This is achieved by using a modular curriculum and
integrating the study contents to larger course entities when the students finally have to complete all the courses
in time to proceed in their studies. Much emphasis is put to continuous assessment during the courses, student
tutoring and feedback as well as increased cooperation between the members of staff organizing the courses.

The first results after the first semester are described in this paper. Further analysis will be done after the second
semester. The learning outcomes of the students has to be analysed in detail and compared to the learning
outcomes of the previous years as well. Organized student and teacher feedback has to be collected and analysed.
The major feedback survey in Helsinki Metropolia UAS is organized during the third semester, but minor feedback
surveys may be organized before that.

The different assessments have to be compared as well in spring 2014 and the standard method should be selected
for students starting in August 2015. The results have to be as well compared to other degree programmes of the
university, since the modular approach has been introduced in other programmes as well.
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Abstract

The strong job market in Engineering and Computing is attracting more students to these majors but
shortages at crisis levels are still widely projected. Freshman retention is an important factor affecting
graduation rates and number of degrees granted [1]. Most Universities use freshman experience
classes/seminars (and other methods [2]-[4]) to provide incoming students with the skills and encourage
behaviors that will help them succeed in these demanding majors. In this paper we discuss and evaluate
three freshman experience classes: a university-wide class during 2007-2010 and its School-based
successors in the School of Engineering and Computer Science and the School of Management during
2011-2014. We report on approached used, retention rates, evaluations and lessons learned.

Keywords: Freshman retention, Freshman experience classes, Retention rates

1. Introduction

Up to and including the 2010-11 academic year, the University of Texas at Dallas required its incoming
freshmen university-wide to take RHET 1101 Oral Communication/Critical Thinking (1 semester credit
hour). The class focused on adapting to college, personal management skills, motivation, work habits,
communication and social skills, critical thinking and planning. It could be used towards the free elective
requirements in a student's degree plan. RHET 1101 was delivered in small sections of up to 19
students; the instructors included many faculty members earlier on but by the mid-2000s it was taught
mainly by university staff (mostly academic advisors).

In the School of Engineering and Computer Science, efforts to introduce an “Introduction to Engineering
and Computer Science “ class date back to at least 2005. The initial efforts included a summer head-start
program for incoming freshmen that served as a vehicle for trying out ideas for a freshman experience
class; it included a project-based class in which instructors from the student organizations led freshmen in
team projects like programming robots to follow a black line and race through a maze. Requiring such a
class for all freshmen met with significant opposition from faculty who argued that there was no room in
the curriculum for such a class and questioned its value. The closest to a freshman experience class was
EE 1202, a laboratory class that introduced students to laboratory procedures, engineering measurements,
simple circuits. The first headway was made with the proposal for a new program in Mechanical
Engineering which was submitted with an “Introduction to Mechanical Engineering class” in its degree
requirements and prior to the hiring of faculty for the new program. The new degree program started in
Fall 2008 with a three credit hour “Introduction to Mechanical Engineering class” that was immediately
split into a two class sequence to provide contact with the Mechanical Engineering majors through their
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first year (during which they enrolled mostly in preparatory Science and Mathematics classes offered by
other Departments).

Finally in Fall 2011, ECS 1200 — Introduction to Engineering and Computer Science (2 credit hours) was
introduced as a degree requirement for all majors in the School. It incorporated several best practices [5]
including Living Learning communities, Project-based learning, block scheduling. At the same time, the
rest of the University abandoned RHET 1101 in favor of a new UNIV 1010 requirement for the First-
Time-In-College (FTIC) students in its other schools. In this paper we discuss and evaluate the last four
years of the RHET 1101 class and the first four years of the ECS 1200 and UNIV 1010 university
requirement (in the School of Engineering and School of Management respectively) by reporting on
approached used, retention rates, evaluations and lessons learned.

2. RHET 1101 from Fall 2007 to Fall 2010

The University of Texas at Dallas has had a rather unusual history. It started as a Graduate Research
Center in the 1960s focusing on Space Sciences. Graduate programs were added first and then upper-
level only undergraduate programs were introduced to provide Bachelor degree options for students
enrolled in local community colleges. Continuing on this track, the University admitted its first freshman
class for Fall 1992. The School of Engineering and Computer Science was established in 1986 by
moving an existing Computer Science Program from the Department of Mathematics to the new school
and starting a brand new Electrical Engineering program. The School has experienced tremendous
growth going from an initial enrollment of about 600 students to over 5,700 in Fall 2014 ranking second
in size to the School of Management (with an enrollment of over 7,000).

To serve its incoming freshmen, the University introduced RHET 1101 Oral Communication/Critical
Thinking, which all students entering from High School had to take in their first year and preferably
during their first semester in attendance. This small group class focused on the most important aspects of
adapting to college e.g. personal management, motivation, academic skills and work habits,
communication skills and social relationships, critical thinking and creative planning).

During the four years period 2007-2010, the RHET 1101 class was delivered mostly in the Fall semester
(with 60-70 sections of it in Fall while only 2-3 sections in the following Spring). Class size was capped
at 19 to improve student involvement in discussions and activities. Course content was set centrally for
the most part with instructors given flexibility on what to do for 2 to 3 weeks out of the semester.
Although students tended to enroll in sections with instructors associated with the school of their major,

Most sections had enrollments from across the university. Course evaluation scores spread over a very
wide range (from lows of 15% to highs over 90% satisfaction with the class) with the ratings remaining
pretty consistent for instructors over the years. Table 1 shows the freshman retention rates for the
University going back to the freshman class of 2007.

Table 1. Freshman retention rates at the University level.

Year UTD-retain
2007 83%
2008 84%
2009 85%
2010 83%
2011 85%
2012 89%
2013 87%
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3. The Evolution of the Freshman Experience Course in JSOM

The Jindal School of Management (JSOM) is the largest School at the University of Texas at Dallas.
RHET 1101 Oral Communication/Critical Thinking was the original freshmen experience course, based
on the transition from high school to college, and taught originally by faculty, but over the years was
ultimately primarily by advisors and staff, with the help of upper level students. The curriculum was
managed through the office of Undergraduate Education. The course was one credit hour and was
graded. Several sections of the course were taught by JSOM faculty and staff, and though students were
encouraged to register in those sections, the students from various majors were mixed, and content was
not major specific.

For incoming freshmen in fall 2011, the new course, UNIV 1010 was instituted, and was taught primarily
by deans, associate deans, and other faculty, with fewer staff and advisors involved. The course was zero
credit hours, and graded as credit/no credit. The goal was to enroll freshmen in the sections taught by
instructors from their major areas, but due to schedule conflicts, this did not always work.

In JSOM, all of the sections were taught by the one faculty member, for consistency. The course required
attendance at university level lectures, small section sessions, and online learning modules.
Unfortunately, the class sections were not purely JSSOM students — and JSOM students were therefore
place in sections for other majors. The result was that though major-related content was provided in the
courses, the composition of students in the class sections did not match the content provided. The
retention rate for JSOM freshmen was 77.14%, certainly disappointing, but not surprising, since many
students were never exposed to the course material designed to introduce them to their major.

Overall for the university, the course curriculum had improved by adding academic content, but we
lacked consistency. Students were surveyed and the overwhelming response was that the specific course
content that most benefitted the students was both related to their major and to possible career paths.
Since some sections of the course were still taught under the old model by staff and advisors, those
students were not exposed to any of that content. The credit/no credit grading did not motivate students to
work or participate in class. Given the inconsistencies, it was decided that one course and one hour per
week were not enough to accomplish our goals for freshmen.

Therefore, given the inconsistencies and lack of necessary contact hours to accomplish the goals for the
freshman experience, the model changed again for fall 2012. The new requirement became two courses:

e UNIV1010
o Taught by an upper classman
o Content centered on the transition to college
o Supervised by the Office of Undergraduate Education
o Zero credit hours
o Credit/No credit
e A school based course 1100
o Taught by faculty
o Content centered on academic area and careers
o 1 credit hour
o Graded
o 20% of grade based on passing UNIV 1010 (all or nothing 20 or 0 points)

In 2012, all JSOM sections of the 1100 course were taught by a single faculty member. The curriculum
remained the same as in the 2011 UNIV1010 course, but this time all JSOM students were enrolled in the
JSOM 1100 course along with UNIV 1010 sections taught by JSOM students. The faculty and student
instructors met regularly. The switch to a graded format helped engage the students. Retention increased
to 84.9%. Students were pleased with the major and career curriculum.

In 2013, the number of JSOM freshman increased 70%, and the instruction changed again. The JSOM
sections of the 1100 course were taught by 2 instructors, and the curriculum was changed to include

ISBN 978-953-246-232-6



19th International Conference on Engineering Education, July 20-24, 2015, Zagreb, Zadar (Croatia)

outside speakers, more writing, and a more formal procedure for the group project, as the focus turned
more toward an introduction to business than an introduction to the majors. The student instructors of
UNIV1010 were less engaged with the faculty than in the prior year. Retention decreased to 81%.

In 2013 and 2014, the university worked on improving the 1100 class curriculums within the schools,
since there were many different approaches across the schools. At the same time, the university was
designing a new core curriculum that would satisfy the new state requirements. This included
reclassifying courses, rewriting course descriptions, and defining assessment plans. The committee
determined that the most effective way to assess the core would be to begin with a baseline measure for
incoming freshmen across the core objectives, then to assess again upon core curriculum completion. We
decided that the most appropriate venue for the baseline assessment would be UNIV1010.

During fall 2014, students were being assessed within UNIV 1010 and ECS 1200. Once we have those
results, we can better adjust future course content. Going forward to 2015, the plan is to utilize
UNIV1010 as an instrument for student academic success and introduction to the university.

Table 2. Freshman retention rates in the School of Management.

Cohort Freshman Retention Rate
FTIC-2011 77.14%
FTIC-2012 84.92%
FTIC-2013 81.05%

4. The * Introduction to Engineering and Computer Science” Class

ECS 1200 - Introduction to Engineering and Computer Science was introduced as a degree requirement
for all ECS majors in Fall 2011 after several years of trying to introduce such a class to help retention.
In Fall 2011, ECS 1200 was taught as a (1-2) lecture—lab hour class with a total of 3 contact hours per
week and two credit hours. The university-wide UNIV 1010 graduation requirement was satisfied
through ECS 1200 for majors in the School of Engineering and Computer Science by including some of
the content from UNIV 1010 in ECS 1200 and creating a parallel lecture series within the School. Besides
the FTIC Freshmen with ECS majors, the class enrolled over 200 new transfer students and students that
changed major as it was felt that they would also benefit from such a class.  The class was delivers in 9
section of about 75 with six instructors.  The large size of the sections was dictated by the (un-
)availability of instructors. The class included a Living Learning Community section, a section with
students sharing at least two classes, Peer-Led Team Learning (PLTL) support and peer mentors. ECS
1200 had large variations in grading among sections. The need for common attendance and grading
policies and the connection to UNIV 1010 turned out to be significant issues that were never fully
resolved.

In Fall 2012, both ECS 1200 and UNIV 1010 dropped the lecture series. Also bypass conditions were
developed to replace the ECS 1200 degree requirement with upper level hours in the major for non-FTIC
students and enrollment in ECS 1200 was limited to FTIC freshmen. Only two of the six instructors from

ISBN 978-953-246-232-6

43



19th International Conference on Engineering Education, July 20-24, 2015, Zagreb, Zadar (Croatia)

44

2011 were involved with the class in Fall 2012. The class met in two 75-minute sessions one of which
was treated as a separate “lab” that was delivered mostly by advisors and upper-classmen interns (we had
15 lecture sections staffed mostly with senior lectures provided by the Department and 22 lab sections).
Grades from the two parts had to be combined but the grading was more uniform grading across sections.

Demands for more control by the instructors provided by the Departments led to further structural
changes for Fall 2013. Instructors handled 2 of 3 50-minute meetings a week with the remaining meeting
handled by advisors/interns. This trend continued in Fall 2014 with three of the four Departments in the
School taking full control of the class; ECS 1200 was delivered in sections scheduled by the Departments
and “strongly recommended” for their own majors.

Table 3 shows freshman retention in the school and university for the FTIC cohorts in the School of
Engineering and Computer Science since 2007.

Table 3. Freshman retention rates for the School of Engineering and Computer Science

School FTIC Year Retain-School  Retain-University

ECS 2007 74.4% 87.7%

ECS 2008 73.3% 86.6%

ECS 2009 71.4% 86.00%
ECS 2010 68.1% 81.50%
ECS 2011 72.4% 84.80%
ECS 2012 76.4% 86.40%
ECS 2013 76.7% 85.60%

In general, students liked the instructors more than the class itself (questioning its value was a very
common comment). Similar classes in other schools were better received. ECS 1200 experienced very
high rates of instructor turnover and that likely affected ratings (many of the instructors were brand-new
hires) Control over grading was a major issue with both tenure-track faculty and lecturers and was likely
linked to teaching evaluations [6], [7]. The mandatory attendance policy for ECS 1200 was the main
reason for high failure rates; but it was balanced by grade inflation for the group that attended. An
analysis of the transcripts of students that were not retained identified two main groups: one group
consists of students that did not adjust to the university well and did poorly in most/all of their classes
(most left the university); a second group consists of students that were not well-prepared and had
difficulties with gateway classes like Calculus (with Programming classes a close second) — many of them
changed to a less demanding major.

5. Conclusions

With the introduction of ECS 1200 in Fall 2011, freshman retention in the School of Engineering and
Computer Science improved each year with significant improvements of at least four percentage points
the first two years and a marginal improvement for the 2013 class. Retention at the University level was
significantly higher as one would expect [4], [5]. This improvement followed a few years of declining
freshman retention (with RHET 1101) but it is likely that other factors are involved as well (since
retention was at higher levels in the early 2000s. In the School of Management, the major improvement
resulting from the addition of the 1100 class in Fall 2012 is worth noting.
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For Fall 2015, the focus of the freshman retention efforts will shift to the Schools; each school will have
its own 1100 class which will incorporate the UNIV 1010 content by meeting on a (1-1) pattern (two 50-
minute sessions a week ECS 1200 will be split into a School-wide ECS 1100 class that will operate
similarly to the 1100 classes in the other schools and an “Introduction to the Major” class administered by

each Department. One can view this as a university-wide return to a RHET 1100 class with double the

contact hours.
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Abstract

This paper explains thematic approach formulation looking for beginners’ context at Engineering and
Computer Sciences courses. First task is to present an introductory text for the students. The text shows how
wide themes, titled thematic, wed with Object Oriented knowledge modeling tool to achieve the thematic
formulation at first glance. The paper illustrates a practical example of introductory text in the Environmental
Engineering field of knowledge. After this, it is presented a case example of a Numerical Analysis teaching topic
under, both, traditional discipline oriented approach and thematic oriented approach. Conclusion enhances it
is possible to implement thematic oriented view also in very traditional discipline oriented curriculum. The
proposal challenges teachers and students because it effectively changes engineering education towards new
curricular approaches. The ‘change’ is to treat knowledge as a wide theme at first glance. The ‘challenge’ is to
understand this concerns a paradigm shift, adequate to deal with educational demands at globalization times
including technological areas.

KEYWOI‘CIS: Thematic Oriented Approach, Object Oriented Tool, Thematic Introduction .

1. Introduction

The present paper discusses about new educational concepts which are useful in globalization times. They are
times of increasing complexity in terms of engineering and computer sciences projects. The present paper author
unifies two proposals (Complex Approach and Object Oriented knowledge modelling) enhancing how
Engineering and Computer Sciences courses can implement complex thought ideas in terms of technological
education since beginners’ level. The author formulation is titled Thematic, Integrative, or even, Wide Theme in
terms of knowledge modelling approach. A practical example will be explained, step by step, considering
Thematic approach implementation in a traditional discipline oriented curriculum. They are no limitations about
thematic approach practical implementation. The proposed example enhances it is always possible to
implement the thematic proposal right now, even without other curricular modifications. Conclusion points out
combination of Complex Though approach with Object Oriented knowledge modelling tool approach under
thematic vision can effectively be implemented since beginners’ level with positive pedagogic results.

2. What is Thematic Approach formulation? Advantages from Wide
Themes vision

A terminology about thematic approach can be useful because it is coming popular on the last years under
different names. Thematic approach concerns also to Project approach if project is considered as open models
where it is possible to unify practical implementable and intangible (social, ecological, etc) topics, all together,
influencing project solution. This approach can also be titled integrative view because of its synthesis character,
[1]-[2]. Two authors, from different countries, have proposed quite at same time, the theoretical formulation for
thematic approach. Edgar Morin, French philosopher has proposed the “Complex Thought” approach for
knowledge treatment, [3]. Kristen Nygaard, Norwegian Mathematical and Informatics researcher has proposed
the “Object Oriented” approach for knowledge modelling. The Object Oriented approach is applied to
informatics knowledge systems modelling . The present paper author identifies Morin and Nygaard proposals as
useful to all levels of education and shares her experience with those mentioned guidelines at class room
activities at beginners’ level. On this direction, thematic approach formulation, considering an academic course
context, is a pedagogic proposal which refers to the implementation of wide themes as the knowledge axis
structure using the Morin principles of complex thought combined with Nygaard knowledge modelling tool, [4].
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2.1. Advantages from Wide Themes vision

Wide themes refer to the called 'real world” vision. Under this focus knowledge embeds, for example, social,
economic, ecological, and technological aspects, all together. A global vision weds with local regional demands,
which increases students’ motivation contributing to create relevance or called by Morin, pertinence, and
integration, two pedagogic parameters.

e Relevance of knowledge creation. This expression derived by Edgar Morin [3], represents a first
advantage of wide themes presentation to students at first glance. It means student will learn well when
he/her is motivated by the context of study (broad theme). Morin says, in his work about complex
approach, what is associated with its wide context is more relevant, or pertinent following Morin term,
to learn than isolated theoretical or without practical and direct necessity issues.

e Integration of knowledge creation. This directive offers possibility to save energy looking for project
themes, at first glance, instead of isolated technical issues. Project approach is in accordance with Abet
Criteria 2000. [5].

3. How to implement Wide Themes at Beginners’ level?

Wide themes usually appear late at curricular structure, under disciplines titled Engineering Project or
Information Systems Project, and so on. Those disciplines are typical located at master level and they depend of
basic knowledge including softwares and computer numerical data analysis, for example. However, wide
themes can be treated since beginners’ level. How can it be done?

What is really important at initial moment? It refers to the first class of the first year at university. An open
discussion will point out some wide theme of study. It is expected to discuss about a theme concerning the
student specific career (some Engineering or Computer Science one). At the first class day, of course, it is
impossible to implement all possible aspects emerged from a theme context. In addition, it is considered not
usual to create and list problems that are not to be solved immediately concerning technological
teaching/learning environment. Because of this, it is perceptible wide themes approach changes educational
paradigm from technical focused to integrative one. It represents a change and a challenge. It invites people to
follow another logic. Thematic approach, focused in wide themes vision, changes objectivity to somehow not
implementable aspects but pertinent for the theme discussion. It is important, at first glance, to discuss open
way, all possible aspects about the theme, without boundaries. It is not to worry about the possible or impossible
solutions but to have a list of problems to solve in a future perspective, under a sequential line with increasing
difficulty projects.

4. Wide Themes Pedagogic Proposal in Some Steps

Wide themes approach is still new concerning beginners’ level in many curriculum of engineering and computer
sciences undergraduate courses. The theme or project approach is implemented in some universities all over the
world, [1],[4],[6],[7]. The author experience on this subject has occurred in an undergraduate course under a
traditional curriculum structure. It means to say the theme approach boundary concerns an introductory
discipline to teach computer sciences programming for all Engineering and also for Computer Sciences and
Information Systems careers. This observation points out it is possible to implement this approach everywhere,
in different educational contexts and curriculums. It will be suggested how to treat this pedagogic approach with
students, in four steps, as follows.

4.1. Step one - Introductory Pedagogic Method Explanation

It is important to conceptualize the adopted pedagogic method. The most important directive to present to
students is the integrative vision in education. This is relevant because it changes the traditional way to treat
knowledge, as well as evaluation, and other pedagogic aspects. People must understand what is going on. This
previous discussion also provides comprehension of method advantages. Some additional aspects to be
explained are: knowledge approach (wide theme vision) and its foundation using Object Oriented knowledge
modelling tool support; the first problem approach (principle of abstraction); the evaluation spirit under project
approach (several dimensions of evaluation outer of traditional written evaluation).
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4.2. Step two - Explanation about Knowledge Approach under Wide Theme
Vision

It must to be clear for the students that this approach focus, at first glance, is the comprehension of the whole
and not to the concrete implementation of practical problems. Students can bring ideas and suggestions of
problems, independent from their implementation viability. Curiosity and not obvious aspects can be included in
the wide theme discussion without censure. Students can explore, without restrictions, all kinds of information
support like internet, newspapers, TV videos, cinema and so on. It arrives the moment to be explained to the
students about a tool support to help to model such kind of problems which is expected to have increase
difficulty versions, as times and course goes by. The teacher can explain about the advantages of using a
knowledge modelling tool support to lead since the initial until advanced knowledge level. At this time, it is
presented the principles of Object Oriented knowledge modelling tool for participants. Object- Oriented
knowledge modelling tool is useful, independent from computer system implementation, to create adequate
knowledge structures in easy and secure way considering vertical and horizontal expansion of knowledge
categories, as projects increase complexity, [8]-[9].

4.3. Step three - Discussion about First Problem Approach under Wide Theme
Vision

Wide theme vision brings a large range of problems with different levels of difficulty to solve. Some of those
problems can be open problems referring to not, yet, have a practical solution. And how it is possible to begin to
work if, at beginners’ level, students do not still have technical skills to solve those different proposed
problems? The answer is to clearly explain, knowledge is to be treated as projects concerning a process of
sequential increasing difficulty projects, and not as an individual event. In this case, the first project abstracts, at
maximum level, the reality and focus a very simple technical aspect. At same time, it will be understood the
initial focus must be to the pedagogic method together with the technical aspects concerning the little project
which will be developed, tested and solved. This way, student will not be frustrated to solve some easy
operation like a sum to solve the first problem from an initial project belonging to a wide theme.

4.4. Step four - Discussion about Contents Evaluation Method under Wide
Theme Vision

It arrives the moment to discuss how this pedagogic approach affects classroom pedagogic activities? To discuss
about contents evaluation is important for students comprehension of the pedagogic method. Usually at practical
engineering education context, written evaluation is a very popular evaluation method. Sometimes it combines
some written works with written evaluation to arrive to the final and expected student score. The reality is
affected by the wide theme vision because it transforms event focus towards process evaluation focus.
Evaluation method now must create a combination of different kinds of evaluation parameters. But, if it is to
follow the traditional written evaluation method, it is also possible to create an open evaluation vision under this
traditional evaluation method, [10]. They are infinite way to arrive, somehow, to the spirit of integrative
educational vision. It is important to not hurt the previous state of the art relative to each specific context or
curriculum organization. To develop a new educational culture, a step by step implemented action is much more
feasible than to impose a revolutionary one.

5. A Practical Example of Wide Theme Introduction - the Climate
Study

The concrete experience with Climate study theme refers to the Environmental and Sanitary Engineering
Course, as well as Computer Sciences and Information Systems undergraduate courses teaching. Discipline time
duration was respectively 54 and 108 class hours. The wide theme came from Environmental Engineering
course and the complex knowledge tool support (Object —Oriented tool) came from Computer Sciences courses.
The pedagogic experience deals with an Introductory Computer Programming Discipline, for both courses.
Climate Study theme introduction will be divided in four suggested tasks, as follows.

5.1. Task One- Introductory Method Explanation for Students

Table 1 illustrates some aspects of the formal presentation of the pedagogic method to the students. Climate
study is one example. Students can bring other parallel themes of interest. Different themes can be developed
parallel enhancing common math and technical aspects.
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Table 1. A Practical Wide Theme Context

1.Theme Climate Study

2.Disciplines(introductory level) Computer Programming / Eng.
Project/ ...

3.Courses Environmental and Sanitary Eng./
Computer Sciences/
Information Systems/ ...

4.Knowledge Modelling Tool Object Oriented Tool

5.Teaching Methodology Thematic Vision in Education

6.Theme Life Cycle A semester (in the specific example)

This initial discussion is specific in accordance with each context (for example, sanitary engineering course, or
computer sciences course; Structured Pascal, or Object-Oriented modelling tool, and so on). Issue 5 is the most
important to discuss with students. They must walk together with teacher on those new educational ways.

5.2. Task Two- Example of Data Research about Climate Study Theme

Now is it time to organize information about the theme of study (Climate Study theme). A summary of
information are presented, random way. Students have collected and brought to the classroom those contents
contributing to theme initial discussion. What is relevant to observe is how wide and open context can be
associated with them.

e Practical Climate Study Applications: Aircraft Flights, Tourism, Agriculture, Ocean Engineering,
Hydro- Meteorology (hydraulic studies, hydroelectric, floods), Fish Engineering, Industry and
Commerce, etc.

e Historic of International Climate Study: the scientific knowledge is at the called fifth phase.
Nowadays the theme concerns the planetary global dynamics. The world meteorological stations were
founded about hundred and forty years ago. Those stations net are organized by the IMO (International
Meteorological Organization). They are 29 core points over the planet surface. Headquarter is at
Geneve- Swiss, and they are other three headquarters respectively at Washington, Moscow, and
Melbourne.

e Some Technical Attributes of Climate Study: temperature, atmosphere pressure, air relative
humidity, wind velocity and measure of rain follows.

e Climate Theme National (Brazilian) Historic: the first Meteorological Research Institution in Brazil
was founded in 1909. This institution holds climate and astronomic researches together. The three core
meteorological areas are meteorological, Hydrological and Agriculture Economics. For this, Brazil was
divided in 8 districts. In 1969, the National department of Meteorological studies had already 10
districts. Since 1992, the National Institute of Meteorology was born. Now Brazil is already certificated
by ISO 9001 for Meteorological Studies.

e Climate Measure Instruments: barometer, hygrometer, thermometer and pluviometric instrument.

e A Brazilian Research Institute Example: Sao Paulo Spatial Research Institute (INPE). INPE Institute
uses to monitor forest fires, specially from Amazonas forest. It also deals with atmosphere
phenomenon. The fires monitoring programming verify fires source according to three different
identifiers: absence of rain falls, high temperature and less atmosphere pressure.

e Climate District Research Work: International model is intuition. Because it refers to weather
forecast, researcher can create hypothesis to check together with the scientific method output. Those
two parameters together will constitute the official weather bulletin.

e Brazilian Meteorological Districts (each district name refers to different Brazilian regions): 1)
Amazonas, Acre, Roraima; 2) Para, Maranhao, Amapa; 3) Pernambuco, Ceara, Piaui, Rio Grande do
Norte e Paraiba;4) Bahia, Alagoas, Sergipe;5) Minas Gerais;6) Rio de Janeiro, Espirito Santo;7) Séo
Paulo, Parana;8) Rio Grande do Sul, Santa Catarina;9) Mato Grosso, Mato Grosso do Sul,
Rondonia;10) Goias, Tocantins.

e Brazilian Organizational District Division: Each district is divided by meteorological stations. Brazil
has about 450 meteorological stations. In the present case example, students belong to Santa Catarina
brazilian region . The data about Santa Catarina meteorological district is of special interest for them.

e Meteorological Stations of Santa Catarina District: Santa Catarina district is the eighth national
meteorological district. Santa Catarina meteorological district has about 30 meteorological stations.

e Additional Technical Informations: The agriculture climate bulletins output by Santa Catarina
stations contains prognostics of five days to agricultural planning. This information can be updated but
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its essence for the teaching methodology do not changes. Usually, prognostic of about hours has a 90%
average positive result. It decreases to about 50% at the rate of 4 days.

e Brazilian Climate Monitoring Services Devices: Super computers with high performance are used to
climate monitoring service. Parallel processors are used. Information to be updated always.

e Prognostic Range Area: in old times it has referred 100 X 100 km, after this, it has arrived to 40 X 40
km global and 15 X 15 km regional area. This data is to be carefully updated in accordance with new
informations.

e Brazilian Universities which Offer Courses in Climate Study: Pelotas Federal University (Rio
Grande do Sul state); Sao Paulo University (Sao Paulo state), Para Federal University ( Para state) ,
Paraiba Federal University (Paraiba state), Alagoas Federal University (Alagoas state).

5.3. Example of Numerical Analysis Teaching Topic under Traditional
Sequential Disciplines Curriculum Approach

Gregory Newton formula, G.-N., for interpolation, is a traditional method which belongs to the Numerical
Analysis teaching. Traditional Engineering and also Computer Science curriculum usually contains Numerical
Analysis discipline in the early years of university course. Usually, there is a sequence of teaching topics to
arrive to the G.-N. formula. Later, different practical applications arrives. For example, how to calculate an
interpolation value at climate study theme. Table 2, below illustrates the usual sequence of teaching tasks under
a traditional Engineering and Computer Sciences curriculum. First, an introductory discipline to teaching
Computer Programming shows how to calculate N factorial explaining about loops structures. Second, a
Numerical Analysis discipline shows how to calculate an interpolation value in the Gregory-Newton formula
using denominator N factorial calculus. Third, a Project or Information Systems discipline demonstrates how to
calculate an interpolation value in a practical theme, like Climate Study theme. The interpolating value can be,
for example, over Barometric measures offered by a regional district climate research unit.

Table 2. Numerical Analysis Topic Applied to Climate Study Theme

Topic Discipline
1-N factorial Introduction to Computer
Programming

2-Gregory-Newton  Interpolation | Numerical Analysis
method ( embeds n factorial)

3- Barometric Value Interpolation | Engineering Project/Information
in Climate Study System

Table 2 illustrates traditional Engineering and Computer Science curricular approach. It shows isolated tasks
(step 1 and 2) are presented to students waiting for future applications (step 3). Table 3 will present how it is
presented the same idea under integrative curricular approach. In this case, it comes first, a wide theme and the
sequence of knowledge, emerges somehow inverted way.

5.4. Example of Numerical Analysis Teaching Topic under Integrative
Curriculum Approach

The difference from the sequential tasks (traditional curriculum approach) to arrive to a teaching topic of
Numerical Analysis like the presented above, in 5.3, is that now, in integrative curriculum approach, the
problem (project) already exists and it demands a specific and specialized knowledge which is presented to
solve with aid of different disciplines.

Table 3. Numerical Analysis Issue under Integrative Curriculum Approach

Topic Discipline
Gregory-Newton Interpolation | Introduction to Engineering Project /
method (embeds N factorial) Computer System
in the Climate  Study
(barometric parameter

interpolation, for ex.)
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Table 2 can be compared with Table 3 example. In Table 2, the specific topics appear, isolated way. Practical
application appears later. They refer to a mathematical, and, sometimes, to computer sciences programming
topic. At the initial stages, they do not belong to a project itself. In Table 3, the project comes before the
problem/ topic. It is possible this topic appears before the students have mathematical background to solve it.
But the problem is saved carefully in a list of sequential projects proposal. The considered basic disciplines
(Numerical Analysis or Computer Programming) now are considered specialized ones. What is called  basic’
in the integrative logic paradigm is the theme discussion. After theme generic discussion it emerges a sequence
of projects / problems to be solved during the whole course (Engineering or Computer Science Course).

6. Conclusion

The presented example implemented by the author for several years in different courses (Environmental and
Sanitary Engineering, Computer Sciences and Information Systems), with different disciplines (Introduction to
Computer Programming, Numerical Analysis I and II), under different computer tool support (Structured Pascal,
Object Pascal), and different times life cycle (from 54 class hours until 108 class hours), shows it is possible to
deal with integrative vision also under very traditional curricular organization, like the case of the presented
pedagogic practice. Implementation of those ideas is open for new possibilities, under different curriculum
approaches in accordance with each cultural context. The importance is to move on. The suggested introductory
tasks about teaching method and wide theme approach are considered relevant to implement this pedagogic
proposal with positive results even in traditional curricular organization.
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Abstract

Numerous assessment formats have evolved in higher education in recent years — many inspired by task-
related activities in the workplace. Some are not new: at Masters level, the dissertation is long-
established, whereas at undergraduate level, the use of projects and portfolios is becoming increasingly
fashionable.

However, implementing these different forms of assessment is not always easy even when strict rubrics
are enforced. As a consequence, double-marking is frequently used to offset the subjectivity of marks
awarded. Unfortunately, this strategy too is not without its difficulties — as recent studies have shown —
especially when there is fundamental disagreement between first and second examiners. Focussing on this
issue of inter-marker conflict, a series of simple statistical models are developed to help assess how final
marks might be more objectively determined.

Keywords: Assessment, Dissertation, Double-Marking, Statistical Modelling.

1. Introduction

At Master’s level, the dissertation is a well-established and major form of assessment. Such is its success
that recently it has been taking hold on undergraduate courses — as a dissertation per se or possibly in the
form of a project report. In contrast, reflective portfolios — a widely adopted form of assessment on

undergraduate programmes — have been finding increasing take-up at postgraduate and professional level.

In their study of a large sample of portfolios, Tomkinson and Freeman [1] found that though there was
reasonable consistency between first and second markers, the mean marks awarded by those marking for
the first time were significantly different from more established markers.

Subsequently, in 2011, the authors found worrying differences between dissertation marks awarded by
different groups of markers on a Master’s programme, As a result, changes were made to the ways in
which markers were assigned in the programme and the authors have now had an opportunity to examine
consequent results. A first impression is that ostensibly little had changed. However a more detailed
analysis together with a short qualitative survey sheds valuable light on why this has happened and how
corresponding arrangements might be made more equitable in the future.

2. The studies

Following on from previous work on a large cohort of Master’s students [2] some changes were made to
the procedures for marking students’ dissertations. The principal change in procedure was to eliminate
from the corpus of second markers a number of individuals who teach in unrelated subject areas. Instead,
the supervisors of students were all invited to second mark. This was made possible by a smaller cohort
for the year under investigation and also the funding of ‘external’ supervisors to carry out second
marking. This meant that, in broad terms, the same body of individuals was responsible for second
marking as was responsible for first marking. Where there was lack of close agreement between the two
markers, the dissertation was referred to a third marker, drawn from a small subset of the markers. In the
study, the effects of these third markers were subject to special investigation.

In addition, a small-scale survey was carried out of markers to solicit opinions on why differences in
marking might have remained. The questionnaire used appears in the Appendix 1; this questionnaire was
sent to 30 of the markers whose names and addresses were readily available and responses were received
from 17, not all of whom responded to every question.
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3. Results

A comparison of the average percentage marks given by the first and second markers is shown in Table 1.
These details give rise to a z value of 3.6, which is significant at the 1% level confirming the average
percentage mark for the first marker is significantly higher than that for the second marker. Though this is
clearly a matter of concern, the effects of the third marker also need to be examined.

Table 1. Summary Statistics by Marker

First marker (supervisor) Second marker
Mean % mark 63.88 60.30
SD 8.95 9.66

A third marker is used when the difference between the two marks is greater than 8 i.e. [X1-X2| >8 and, in
this cohort, 57 dissertations of the 178 sample (32.3%) were referred for third marking. Note that this
figure compares with the percentage of 29.2% obtained for the 2011 study [1].

For the 121 cases where the difference was 8 or less, the final mark, y was estimated by averaging the
first and second marks

ie. Y= (1 + x2)/2 1)

When a third marker was involved in the marking, the rule was that the estimated final mark y had to fall
within the range of the first two marks i.e. X1 < y < x». In practice it was found that y was consistently set
below the average of the x; and X, limits.

A one-way analysis of variance of these third marks suggested that one marker had a significantly lower
mean mark than the other third markers. It had always been assumed that third markers would bring a
degree of consistency to the marking process but the presence of this one individual amongst third
markers in this latest analysis appears to throw doubt on the theory.

A number of rival models were adopted for estimating the final mark when a third marker was involved.
These were borrowed from the 2011 study.

In the first, significant differences between third marker mean marks were ignored yielding the regression
formulation:

9 =224 Blx; — x| &)
Using MINITAB, this model was fitted with an adjusted R square of 33.0% and
B~ =-0.211. See Appendix 2 for details.

Whereas the term % here reflects the agreement between the first and second marker, the term |x1 —

x2| is an indicator of the disagreement between the two markers. From our modelling results we deduce
the estimated final mark is significantly reduced according to the level of disagreement between the first
and second marker when a third marker is involved, B being a measure of the necessary adjustment.

To allow for the ‘rogue’ third marker, the following revised model was fitted to the dataset:

Xq1+x3

J=="+Plxi—x;l+aDd ()

where D is a dummy variable which takes the value, 1 for the rogue marker in question (corresponding to
cases 10-15 in the dataset) and O for all other third markers.

Using MINITAB, a significant model was obtained, for formulation (3) with R square = 47.3%, 8 = 0.158
and ¢ =-7.52. See Appendix 3. Subsequent Stepwise analysis revealed that that the latter model was a
significant improvement on model (2). See Appendix 4.

By way of complete contrast, when a stepwise generalised linear model analysis of agreed dissertation
marks by first, second and third markers was undertaken, the results in Appendix 5 were obtained. With
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an R square of 55% it not only has better goodness of fit characteristics than model (3) but, intriguingly
provides a measure of first marker (supervisor) bias in the assessment — supervisors with initials JR, MK
and AH evidently being preferred from a student perspective, to their JP and DW counterparts. (Note that
interestingly, second and third marker factors were excluded from the model as not significant.)

Referring back to the significant difference between supervisors’ and second markers marks in Table 1,
what are the possible explanations? Whereas examination scripts are mostly anonymised these days this
is just not possible for portfolios, dissertations and project reports. In the latter case, this is because
markers are likely to know many of the students personally, even for large cohorts. John Archer and
Barry McCarthy [3] suggest two principal forms of bias: stereotyping and ‘halo’ effects. They quote
research that suggests that the student’s gender and socio-economic background may influence the mark.
Possibly, national or ethnic origins may also thought to be of relevance. The ‘halo’ effect relates more to
the individual, where previous high marks can influence the marking. In examining the marking of
undergraduate short research projects at the University of Edinburgh, Brian McKinstry and his colleagues
[4] found that supervisors marked higher than second markers but attributed this to ‘leniency in the
supervisor resulting from the student being part of the supervisor’s team’.

To investigate some of the preceding ideas a small survey was conducted, based on the questionnaire
shown in Appendix 3. Although some results from this were revealing, the small numbers of respondents
concerned means that many are not statistically significant.

Figure 1 shows the responses to question 2, which links with the statement “Some people are hard
markers and others are generous markers”. This figure shows that 69% of respondents agreed with the
statement and 19% strongly so. None of the respondents disagreed with the statement. Although this is a
significant result, the answer is perhaps self-evident and is confounded by the responses to questions 3
and 4 concerning individual self-perception, where most markers perceive themselves as being ‘hard’
markers.

12

10

Figure 1. Hardness / generosity of marking

Since many of the responses were anonymous, it was not possible to check whether this perception was
grounded in reality. However, in their additional comments three respondents indicated that their
marking was designed to give a clear pass (or merit or distinction) or fail, where pass marks might be
thought lenient in contrast to fail marks which might be considered harsh

Looking at possible supervisors’ motivation, Figure 2 shows the responses to question 7, which limks
with the statement “Supervisors tend to give higher marks than second markers because they understand
better what the student is trying to say, particularly where the English is not good.” This figure shows
that 67% of respondents agreed with the statement and 7% strongly so. Only 7% disagreed with the
statement and none strongly so. Again, the responses are statistically significant. It must be borne in
mind that for the great majority of students on the programme English was not their first language.
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Figure 2. Supervisor bias

4. Conclusion

Previous work in 2007 had yielded the conclusions that first and second markers of portfolios did not
differ significantly in their assessments except when one of them was marking for the first time. Also,
significant differences in marking in the case of dissertations, was due, in part, to the large numbers of
second markers who had no direct experience of the field of study. The present study shows that there are
still differences between markers, with first markers tending to mark more highly, and that the practice of
using third markers itself has problems. The principal reason for this is believed to be that supervisors
(first markers) better understand what the students are trying to say. The cohort, studied, comprised
largely students for whom English was not their first language and this may be one reason for feeling that
supervisors understand them better. The argument used by some commentators that supervisors are more
lenient markers attributes a greater degree of objectivity to second markers than evidence permits: there is
a counter-argument that second markers are less familiar with the subject matter and the thought
processes of the students and hence mark harshly. This counter argument suffers from the same lack of
supporting evidence but is equally convincing. In truth, both marks are estimates of a ‘true’ mark for a
dissertation or other piece of work and neither can be thought of as being more ‘accurate’ than the other.
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Appendix 1: Survey Questionnaire

Questionnaire

Dear Colleague

You will remember that | have been looking at differences between marks given by first and second
markers, particularly on XX dissertations. The results so far have been a bit inconclusive, although a
change has been made to the corpus of second markers as a result of the analysis. In order to try and find
out a bit more about what is happening, | would like your help by responding to a short survey.

Please circle the appropriate answer in each line, where: 1 = Strongly agree; 2 = Agree; 3 = Unsure; 4 =
Disagree; 5 = Strongly disagree:

1 | I often disagree with the marks given by a second marker 112|345
2 | Some people are hard markers and others are generous markers 112345
3 | I tend to be a generous marker 112|345
4 | | tend to be a hard marker 112345
5 | Ithink that | probably give higher marks to my supervisees than to 1123 |4/|5
dissertations that | second mark
6 | Markers tend to give higher marks to students that they know well 112|345
7 | Supervisors tend to give higher marks than second markers because they 112345

understand better what the student is trying to say, particularly where the
English is not good

8 | Second markers tend to give higher marks than supervisors because they are 112345
less certain of what the marks should be and do not wish to disadvantage the

students

9 | Supervisors tend to give higher marks than second markers because they 112|345
understand the subject of the dissertation better

10 | Second markers are more objective than supervisors 112|345

11 | I find it difficult to mark objectively because | do not know what the standards | 1 | 2 | 3 | 4 | 5
are

12 | Differences in marks occur randomly and this is to be expected 112|345

Please add any further comments here:
Appendix 2: Model 2 results

Regression Analysis: Agreedmark-meanmark12 versus absdiff

The regression equation is

Agreedmark-meanmarkl2 = - 0.211 absdiff
Predictor Coef SE Coef T p
Noconstant

absdiff -0.21143 0.04021 -5.26 0.000
S = 4.96618

Analysis of Variance

Source DF SS MS F P
Regression 1 681.87 681.87 27.65 0.000
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Residual Error 56 1381.13 24.66
Total 57 2063.00

Unusual Observations

Obs absdiff Agreedmark-meanmarkl? Fit SE Fit Residual St Resid
7 17.0 8.500 -3.594 0.684 12.094 2.46R
10 24.0 -18.500 -5.074 0.965 -13.426 -2.76R
20 35.5 -0.750 -7.506 1.427 6.756 1.42 X
26 16.0 7.000 -3.383 0.643 10.383 2.11R
33 31.5 -6.750 -6.660 1.267 -0.090 -0.02 X
47 29.0 -11.500 =-6.132 1.166 -5.368 -1.11 X

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Appendix 3: Model 3 results

Regression Analysis: Agreedmark-meanmark12 versus absdiff, D

The regression equation is

Agreedmark-meanmarkl2 = - 0.158 absdiff - 7.52 D
Predictor Coef SE Coef T P
Noconstant

absdiff -0.15795 0.03854 -4.10 0.000

D -7.519 1.943 -3.87 0.000

S = 4.44270

Analysis of Variance

Source DF SS MS F P
Regression 2 977.43 488.72 24.76 0.000
Residual Error 55 1085.57 19.74

Total 57 2063.00

Source DF Seqg SS
absdiff 1 681.87
D 1 295.56

Unusual Observations

Obs absdiff Agreedmark-meanmarkl?2 Fit SE Fit Residual St Resid
7 17.0 8.500 -2.685 0.655 11.185 2.55R
9 27.0 -13.500 -11.783 1.846 -1.717 -0.42 X
10 24.0 -18.500 -11.310 1.828 -7.190 -1.78 X
11 12.0 -6.500 -9.414 1.829 2.914 0.72 X
12 10.0 -2.000 -9.098 1.840 7.098 1.76 X
13 26.5 -14.750 -11.704 1.842 -3.046 -0.75 X
14 9.0 -7.000 -8.940 1.847 1.940 0.48 X
26 16.0 7.000 -2.527 0.617 9.527 2.17R
34 20.0 -13.000 -3.159 0.771 -9.841 -2.25R

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.
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Appendix 4: Stepwise results

Stepwise Regression: Agreedmark-meanmark12 versus absdiff, D

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is Agreedmark-meanmarkl2 on 2 predictors, with N = 57

Step 1 2
No constant

absdiff -0.211 -0.158 T-Value
-5.26 -4.10

P-Value 0.000 0.000

D -7.5

T-Value -3.87

P-Value 0.000

S 4.97 4.44

Mallows Cp 15.0 2.0

Appendix 5: General Linear Model: Stepwise results

General Linear Model: Final Dissertation Mark versus First marker, Second
Marker, Third Marker

Method

Factor coding (-1, 0, +1)

Stepwise Selection of Terms

o to enter = 0.15, o to remove = 0.15

Factor Information

Factor Type Levels Values
First marker Fixed 23 AG, AH, AW, BT, CK, CM, DW, IS, JN, JP, JR, KK,
ME, MK, MS, PC, PF, PG, PT, RY, SW, TLW, TR

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
First marker 22 3261.07 148.23 1.93 0.042
Error 34 2614.97 76.91
Lack-of-Fit 33 2574.47 78.01 1.93 0.524
Pure Error 1 40.50 40.50

Total 56 5876.04

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
8.76988 55.50% 26.70% *
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Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 6l1.16 1.37 44.57 0.000

First marker
AG -2.16 6.08 -0.35 0.725 2.85
AH 10.18 5.03 2.02 0.051 2.30
AW -2.16 5.03 -0.43 0.671 2.30
BT -5.36 3.99 -1.34 0.188 1.86
CK -3.16 8.49 -0.37 0.712 4.54
CM 8.84 8.49 1.04 0.305 4.54
DW -14.16 6.08 -2.33 0.026 2.85
IS -4.16 5.03 -0.83 0.414 2.30
JIN 3.84 8.49 0.45 0.654 4.54
JP -12.91 4.41 -2.93 0.006 2.02
JR 12.84 5.03 2.55 0.015 2.30
KK -6.16 5.03 -1.22 0.229 2.30
ME 2.09 4.41 0.47 0.638 2.02
MK 8.59 4.41 1.95 0.060 2.02
MS -0.16 5.03 -0.03 0.975 2.30
PC 9.84 8.49 1.16 0.255 4.54
PF -1.16 8.49 -0.14 0.892 4.54
PG -3.16 8.49 -0.37 0.712 4.54
PT -9.16 8.49 -1.08 0.288 4.54
RY 10.84 8.49 1.28 0.210 4.54
SW 0.34 6.08 0.06 0.955 2.85
TLW 4.59 4.41 1.04 0.305 2.02

Regression Equation
Final Dissertation Mark (rounded)

= 61.16 - 2.16 First marker AG

+ 10.18 First marker AH - 2.16 First marker AW

- 5.36 First marker BT - 3.16 First marker CK

+ 8.84 First marker CM - 14.16 First marker DW -

4.16 First marker_Ig + 3.84 First marker_JN_

- 12.91 First marker JP + 12.84 First marker JR

- 6.16 First marker KK + 2.09 First marker ME

+ 8.59 First marker MK - 0.16 First marker MS

+ 9.84 First marker PC - 1.16 First marker PF

- 3.16 First marker PG - 9.16 First marker PT + 10.84 First

marker RY + 0.34 First marker SW
+ 4.59 First marker TLW - 8.16 First marker TR

Fits and Diagnostics for Unusual Observations

Final Dissertation
Obs Mark (rounded) Fit Resid Std Resid
34 44.00 59.00 -15.00 -2.09 R

R Large residual

Author

Jim Freeman holds a BSc degree in Pure Mathematics from UCW Aberystwyth, MSc in Applied Statistics from
University of Bath and a PhD from the University of Salford .
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Fundamental problem-solving skills are found
across the board in education: Are our power
engineering students on-board?
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Abstract

Fundamental problem-solving skills are common to many disciplines and could be found to exist across the
board in all forms of education, including Power Engineering. Industrial Projects IV is a compulsory capstone
module for students enrolled for the postgraduate Baccalaureus Technologiae (BTech) in Electrical
Engineering (Power) in South Africa. This module makes use of project-based learning to prepare student
graduates for further postgraduate studies in terms of Masters and Doctoral degrees. This module does not
involve the physical construction of an electronic project, but considers case studies from Industry where
million rand projects need to be implemented to solve existing problems which may include network, substation
or feeder strengthening. The purpose of this paper is to assess a singular Industrial Projects IV dissertation with
regard to project-based learning principles where fundamental problem-solving skills are involved. These skills
include identifying and understanding a problem and developing and evaluating alternative solutions. An
illustrative case study is used where qualitative data is analysed in terms of a singular Industrial Projects IV
dissertation. Quantitative data is also presented, in the form of the final dissertation grades for all Industrial
Project’s IV students for 2014 which is an indication of whether they successfully achieved the fundamental
problem-solving skills. These results suggest that not all engineering students mastered these skills, leading to
the conclusion that not all engineering students are on-board when it comes to problem-solving.

Keywords: Industrial Projects 1V, capstone, skills, dissertation, assessment

1. Introduction

“Economists who have studied the relationship between education and economic growth confirm what common
sense suggests: The number of college degrees is not nearly as important as how well students develop cognitive
skills, such as critical thinking and problem-solving ability”. These words by Derek Bok, an American Lawyer
and author of the book entitled “Our Underachieving Colleges”, highlights a very important point. Helping some
students in higher education to develop problem-solving skills (PSS) is more important than just awarding a
large number of degrees. The degree in itself does not indicate that the student has acquired any PSS, but is
simply an indicator that the student passed all of the required modules or subjects. Capstone modules form a
crucial part of many higher education programmes where student acquisition of fundamental problem-solving
skills can be assessed. These modules became increasingly popular in the higher educational sector of the
United Sates as a means of encouraging students to draw their learning together at the end of their programmes
[1]. Capstone modules often overlap with problem-based learning [2] and would therefore often require the
assessment of PSS. Problem-based learning may be equated to project-based learning in the following way.

Project-based learning is defined as an important method which is used to make students acquire necessary
knowledge, vital skills and citizenship values for the 21st century and includes portfolios, performance
assessments and written reports [3]. Donnelly and Fitzmaurice [3] define project-based learning as an
“individual or group activity that goes on over a period of time, resulting in a product, presentation, or
performance”. However, problem-based learning may occur within one module, or even within one practical
experiment covered in a module [4]. So while there are subtle differences between project-based and problem-
based learning, it may be fair to say that the one includes aspects of the other, as solving a problem does not
necessarily include executing a project in the formal sense [5]. Project-based learning is used in Industrial
Projects IV (IP4), which is a capstone module offered over a period of one calendar year, where students need to
compile a portfolio of written reports evaluating different solutions to a specific real world problem. This
project-based learning approach, which includes problem-based learning, requires students to submit a final
report or dissertation which is based on the structure of a Master’s degree and has the sole purpose of assisting
students to prepare for further postgraduate studies.
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However, it is recognised that some students struggle with problem-based learning. This has been documented
in the field of automation [6], geography [7] and nursing [8]. The research question therefore arises: “Do
undergraduate Power Engineering students struggle with problem-based learning which is fundamental to many
programmes in higher education, or are they all on-board when it comes to demonstrating specific PSS”? The
purpose of this paper is to assess a singular IP4 dissertation with regard to project-based learning principles
where specific PSS are involved. Fundamental PSS are firstly established and then the course structure of IP4 is
outlined. An illustrative case study using an explanatory mixed method design is then introduced and
substantiated in the methodology section. The assessment of a singular 1P4 dissertation is then given along with
the final grades of students registered during 2014.

2. Fundamental problem-solving skills

The purpose of a capstone module is to provide the opportunity for participants to earn credits by integrating
and applying the knowledge and skills acquired from each of the other modules so as to extract the best possible
benefit from the programme in a particular career [9]. The integration of knowledge and skills in an electrical
engineering capstone module often involves the design and development of an engineering project [10]. Large
research projects within capstone modules have also been used for postgraduate Master’s degrees [11] while
many of these modules lend themselves readily to problem-based learning [12] where fundamental PSS need to
be assessed. PSS include being able to identify and understand a problem and then to develop potential solutions
[13, 14]. Rational PSS further include evaluating and choosing the best solution [15]. These citations are based
on research in construction management, PhD attributes, clinical psychology, elementary school principals,
institutional decision-making, mathematics, software engineering, and oil recovery. However, these PSS are also
encapsulated in the graduate attributes defined by the International Engineering Alliance [16] to which the
Engineering Council of South Africa is a signatory. This highlights that fundamental PSS are generic to all
disciplines, including Power Engineering. These skills with their requirements are indicated in Table 1 and are
applied within the Power Engineering context for IP4. These skills form the acronym iUSE, where each letter is
used to represent a specific PSS.

Table 1. Key generic PSS and their requirements
PSS (iUSE) Requirements
Identifying a problem requires simplicity in the presentation of data or
information (quantitative or qualitative) and can be made more effective
by the use of graphics [17].

Identifying the problem
(Chapter 1 of the dissertation)

Understanding the problem The first step in understanding a problem is to build a mental picture of it,
(Chapter 2 of the dissertation) so that we can see it in our mind's eye and predict its behaviour [18].
Developing solutions Developing solutions requires the identification of alternatives, and
(Chapter 3 of the dissertation) assessment of relative costs and benefits of each alternative [19].

Evaluating a solution often requires a simulation run [20], and especially
so in Power Engineering where possible solutions can imply costs well
beyond the million rand mark.

Evaluating the solutions
(Chapter 4 of the dissertation)

Identifying the problem requires that the problem statement be brief and to the point, which should be able to
be accomplished in no more than five sentences. Graphics should be required to clarify and substantiate the
problem, being given either directly before or directly after the problem statement. In Power Engineering, these
graphics should include a geographical layout of the site where the problem is being experienced, a line diagram
and proof of the problem (e.g. forecasted load growth, SAIDI performance indicators or feeder voltage profiles).

Understanding the problem requires building a mental picture of it, or compiling a well-structured written
scientific report. This report or dissertation must include in-text references referring to similar studies which
were done in the past, documenting the exact problem, implemented solution and subsequent results.

Developing the solution requires the student to use critical-thinking where the advantages and disadvantages of
each alternative solution needs to be tabled. These solutions need to be relevant to the problem and be supported
in the literature review. In other words, solutions similar to the proposed alternative solutions must have been
used in previous studies or projects with good results.

Evaluating the alternative solutions must involve sketches or tables that need to be used to correlate the same
parameter or principle in order to draw the correct conclusions. In Power Engineering, this often necessitates the
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use of common commercial software tools such as DigSILENT / PowerFactory, PSS/E, PSCAD, NE- PLAN,
PSSE SINCAL and MATLAB / SIMULINK [21]. A financial analysis of the alternative solutions should also
be contrasted in table form. Capstone modules need to integrate and harmonise the knowledge and skills from a
variety of modules with the student’s experience. However, the assessment procedures for capstone modules
pose challenges and requires careful course structuring [22].

3. Structure of Industrial Projects 1V

IP4 is a compulsory offering within the Baccalaureus Technologiae: Engineering: Electrical qualification, more
commonly referred to as the BTech in Power Engineering. The course structure used at the Central University of
Technology (CUT) for this module is shown in Table 2, which needs to be completed over a 1 year period
(registration takes place in January with the final assessment in October). No formal electrical or electronic
based project or operational circuit is required from these students. Their final summative report or dissertation
is usually based on a real life case study which exists in Industry. The structure and purpose of the project
proposal along with the research methodology course and project plan is covered with the students over the first
9 week period of the course. This usually comprises a singular 4 hour session per week arranged for a late
afternoon in order to grant full time working students the opportunity to attend. Theory relating to the title,
problem statement and proof of the problem is emphasized! The project proposal is assessed formatively, giving
students the opportunity to rectify any deficiencies. This is important as the project proposal usually forms the
core of the first chapter in the dissertation.

The progress report covers the first three chapters of the dissertation, along with the front matter (declaration,
expression of thanks, abstract and table of contents), references (a minimum of 16 references are required of
which at least eight must be journal references). The first chapter basically comprises the updated project
proposal, while Chapter 2 should cover relevant literature that supports the problem and the alternative
solutions. Students are requested to include specific references to previous Industrial projects where a similar
problem to theirs was encountered. Implications of that problem along with its solution and results must be
provided along with scientific references. Chapter 3 of the progress report should introduce at least three
alternative solutions to the problem, presenting proposed electrical diagrams, possible installation sites,
geographical topologies and the advantages and disadvantages of each solution.

The final summative dissertation comprises the largest weighting towards the student’s final mark which is
based on academic feedback given to the student with regard to the progress report (Chapter 1 — 3). The final
dissertation must include chapter 4 (results section comparing the alternative solutions by means of simulation
software) and chapter 5 (conclusion of the project substantiating the use of the preferred solution along with
pertinent recommendations). However, 40% of the final dissertation is awarded to the structure of the portfolio,
the front matter (declaration, expression of thanks, abstract and table of contents) and the back matter
(references and annexures). Therefore it is appropriate to consider only 60% of the final dissertation as an
indication of whether students have successfully achieved the PSS skills listed in Table 1, which is indicated in
the following research methodology section.

Table 2. Course structure of 1P4

Requirement Month of submission Final grade weighting
Project proposal and plan April 10%
Research methodology test June 0%
Progress report July 10%
Article August 5%
Poster August 5%
Oral presentation September 10%
Final summative report October 60%

4. Research Methodology

An illustrative case study using an explanatory mixed method design is used. Illustrative case studies are
descriptive where one or two instances or “slices of life” are used to illustrate a situation [23]. In this research,
the situation is the demonstration of specific PSS by a singular Power Engineering student during 2014. A case
study also intends to explore a bounded system in-depth [24]. A system could refer to a programme, event or
activity (in this research it is a final dissertation for I1P4), while the word bounded implies that the research is
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conducted within the boundaries of a specific place (in this research it is the CUT). A singular case study was
used by Lajoie et al. [25] to describe in detail an online international problem-based learning approach.

In explanatory mixed method designs, the qualitative component is primary and is used to generate theory or
specific theoretical constructs [26]. The quantitative component is used in the service of the qualitative
component. Qualitative data is primarily used as the final dissertation of a singular Power Engineering student is
analysed in terms of the PSS outlined in Table 1. Approval to use this dissertation in a conference paper was
given by the student, who is also the co-author for this paper. Quantitative data is then used to determine how
many Power Engineering students obtained 50% or more for the section within the dissertation dealing
specifically with PSS. This quantitative data is given in the form of the final throughput rate of the module and
the individual student grades obtained for the final dissertation. The throughput rate is not an absolute indicator
that students achieved the specific PSS listed in Table 1, and is defined as the number of students enrolling for
the module as compared to the number of students successfully completing the module. The final student grades
need to be multiplied by 0.6 (final dissertation counts 60% towards the final grade — see Table 2) and then again
multiplied by 0.6 (only 60% of the final dissertation considers PSS where the other 40% is awarded to the
structure of the portfolio, front matter and back matter as previously discussed). This quantitative data is then
analysed using a histogram, where students achieving more than 50% were viewed as achieving the desired
PSS. The final grade results (quantitative data) would therefore inform the research question if all Power
Engineering students are on-board when it comes to demonstrating specific PSS (qualitative data from a
dissertation). The assessment of all the Power Engineering students’ dissertations for 2014 followed the same
process as that outlined below for the singular dissertation.

5. Assessment of a singular Industrial Projects 1V dissertation

5.1. Student identification of the problem
Student project title
Establishment of a new Kathu-West 132/11 kV substation in the Northern-Cape province [27].

Student problem statement

The existing Kathu substation has three 20 MVA 66/11 kV transformers that can provide a total capacity of 60
MVA power load. In case one of the transformers fails, the maximum firm supply capability from the substation
will be 40 MVVA. The Kathu substation is currently sitting on 26.5 MVA load with a new request of an
additional 40 MVA firm supply from the Gamaraga municipality. If this additional load is to be fed from the
existing Kathu substation with the current setup, the substation will overload and run the risk of failure [27].

Student proof of the problem

Figure 1 presents the load flow analysis of Kathu substation, where the installed capacity and forecasted load
growth is visible. It illustrates that, with the forecasted load growth, by 2022 3.2 MVA of customers will be
unsupplied and the substation will need to be reinforced. It further highlights that if the new industrial customers
from Gamaraga municipality (40 MVA) are supplied from the existing network, Kathu substation will not cope
which will result in a detrimental effect to the customers [27].

Kathu substation
= Forecasted = |nstalled Firm
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Figure 1. Forecasted load growth versus installed capacity and firm supply as proof of the problem [27].

Academic assessment of the identification of the problem

Academics need to ensure that the title clearly indicates the overall scope of the project. In this case, the student
proposes a new substation for a specific region in the country. Possible reasons for this could be due to new
industrial, commercial or residential developments or due to the fact that an existing confined substation can no
longer provide the required demand. Academics now need to determine the validity of that title by reviewing the
problem statement which needs to be supported by physical proof. Academics can discern from this problem
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statement that the existing Kathu substation is inadequate to provide additional power to the Gamaraga
municipality, necessitating the establishment of a new substation called Kathu-West. This should already
highlight to the examiner the student’s preferred solution to the current problem and create anticipation for the
next section which should prove that the current substation is constrained and limited in physical size. The
inclusion of Figure 1 by the student illustrates the forecasted growth and proves that the additional 40 MVA
cannot be catered for at the moment.

5.2. Student understanding of the problem
Chapter 2 will cover the literature review of load forecast, site selection, material selection for a new substation
and expected life cycle costs. Individual sources and their applicability to this study are therefore presented [27].

Academic assessment of the understanding of the problem

This is the student’s introduction to Chapter 2, which covers the literature review. The student obviously wants
to discuss the merits of load forecasting, which has been used to support the problem. This is good, as the
literature review should always seek to support the problem and the alternative solutions. This is hinted at by the
words “site selection” and “material selection for a new substation”. However, what this student did not cover
was previous examples of where a similar problem occurred, along with its specific solution and results. This
would add force to the alternative solutions and especially to the preferred solution if the results from a previous
similar study were presented by means of scientific references.

5.3. Student alternative solutions to the problem

Alternative solution 1 — Increase the capacity of the existing substation. This alternative involves increasing the
capacity of the existing Kathu substation. The current setup of Kathu substation is 3 x 20 MVA transformers
connected between a 66 kV HV busbar and a 11 kV LV busbar. The firm supply capability of this substation is
40 MVA which can be upgraded to 60 MVA by the addition of a new 20 MVA transformer. Table 3 outlines the
advantages and disadvantages of this alternative, clearly indicating that it is not possible to increase the
switchyard footprint, rendering this alternative obsolete [27].

Table 3. Ads and disads of increasing the capacity of the existing substation [27].

Advantages Disadvantages

No need to upgrade the The problem with this option is that the existing substation is in a densely

existing 66 kV line populated area, so increasing the switchyard footprint to accommodate the new
transformer and switchgear is impossible

Provides additional 20 It will be adequate for only four to five years due to the on-going developments in

MVA in the service area | and around the area that this substation is serving

Alternative solution 2 — Establish a new 2 x 40 MVVA 132/11 kV substation at Kathu-West. This substation will
be next to the new industrial area and will be feeding from the newly constructed Ferrum — Umtu 132 kV
transmission line. Table 4 discusses five distinct advantages as compared to two disadvantages of this
alternative solution. A key advantage here is the provision of the n-1 contingency which indicates that when one
transformer requires planned maintenance, the second transformer will still be able to provide continuous supply
to the new proposed connection required by the Gamagara municipality. It must be emphasized that the existing
Kathu substation will be retained [27].

Table 4. Ads and disads of establishing a new 2 x 40 MVA 132/11 kV substation at Kathu-West [27].

Advantages Disadvantages
If any of the transformers is down there will always be continuity of service Land acquisition
Maintenance of the busbar, circuit breakers and transformers can be performed Two transformers needed

without affecting continuity of service

Sectionalized busbar will ensure that with any busbar fault or circuit breaker
failure the entire station is not shut down

Reliability improvements and operational savings

Higher system voltage reduces electrical losses

Alternative solution 3 — Establish a new 1 x 80 MVVA 132/11 kV substation at Kathu-West. This substation will
be next to the new industrial area and will be feeding from the newly constructed Ferrum — Umtu 132 kV
transmission line. Table 5 discusses the advantages and disadvantages of this alternative indicating many
disadvantages as compared to advantages. The most notable disadvantage is the lack of providing the n-1
contingency [27].

64 ISBN 978-953-246-232-6



19th International Conference on Engineering Education, July 20-24, 2015, Zagreb, Zadar (Croatia)

Table 5. Ads and disads of establishing a new 1 x 80 MVVA 132/11 kV substation at Kathu-West [27].

Advantages Disadvantages
Higher system voltage reduces | The problem with this option is that failure of the circuit breaker or any
electrical losses busbar fault will cause loss of the entire substation

Only one transformer, so transformer failure will affect the entire station

Transformer maintenance will require total loss of service

Transformers above 60 MVA are difficult to transport by road

Land acquisition

Academic assessment of the solutions to the problem

Academics need to clearly see that the student can contrast the alternative solutions with regard to specific
parameters or principles. These are clearly visible by means of the tabled advantages and disadvantages, where
alternative 2 stands out in terms of firm supply and redundancy.

5.4. Student evaluation of the solutions

Figure 2 illustrates the new Kathu-West substation where 2 x 40 MVA 132/11 kV transformers or 1 x 80 MVA
132/11 kV transformer is installed. A provision for an additional load is made should the load demand increase
beyond our forecasting. This figure illustrates the same load flow analysis for both alternative 2 and 3, although
only alternative 2 will have a firm supply if scheduled or unscheduled maintenance is taking place [27]. Table 6
covers the cost components of all three alternative solutions. Alternative 1 is having the highest acquisition cost
while alternative 2 has the lowest. Alternative 3 is having the highest scheduled and unscheduled operating and
maintenance cost due to the fact that it has only one transformer and one busbar [27].

Kathu-West substation
= Forecasted = |nstalled Firm
100
80
2 2
0
2013 2015 2017 2019 2021 2023 2025
YEARS

Figure 2. Forecasted load growth versus installed capacity with only alternative 2 having a firm supply [27].

Table 6. Project net summary results (net present cost base year 2014) [27].

Item Alternative 1 Alternative 2 Alternative 3
NPC Acquisition R49 529 506 R33 466 913 R41 358 997
NPC Losses R18 312 R18 312 R515 467
NPC O&M Schedule R50 376 R50 376 R150 327
NP O&M Unscheduled R6 748 705 R8 455 989 R17 564 967
Life-Cycle Cost to company R56 023 610 R41 603 643 R59 589 759
NP Customer Interruption Cost R56 023 610 R56 605 831 R59 589 759
Life-Cycle Cost to company & customers R112 629 441 R56 605 831 R146 296 258

Alternatives 1 and 2 have similar results on NPC losses, scheduled maintenance and NP interruption cost which
is influenced by the system redundancy. A power transformer may take up to 30 days to replace, hence
influencing the net present customer interruption cost as shown for alternative 3. Alternative 2 indicates the
lowest life cycle cost, while also including the additional engineering advantage of the n-1 contingency. This
redundancy may incur a higher initial cost investment, but will reduce the probability of total system failure and
subsequent lower penalty costs in the long run [27].

Academic assessment of the evaluation of the solutions

The student has been able to improve on Figure 1, which was the original proof of the problem. The student has
also been able to contrast alternative 2 and 3 in terms of installed capacity and firm supply by making use of a
singular sketch. Academics also need to discern that students are able to contrast the financial aspects of all
three alternatives. In this regard, the student makes a final recommendation of establishing a new Kathu-West
substation with 2 x 40 MV A 132/11 kV capacity to ensure firm supply at the lowest life-cycle cost to company.
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6. Final student grades

Figure 3 presents a histogram of the grades relating to PSS (0.6 of the final grade to calculate the dissertation
grade and then again 0.6 of that value to calculate the PSS grade). This distribution highlights that 17 students
were not able to demonstrate the required skills, with 12 of these students lying in the 40-49% bracket. The final
throughput rate for the module was 70% (considering all weightings given in Table 2) and the final percentage
of students who achieved 50% or more for the PSS section within the final summative dissertation was also
70%. Descriptive statistics of the results highlight that the mode was 50 (most occurring grade) while the
median was 52 (half of the enrolled students lie above this grade). A low kurtosis value of less than 3 indicates a
relatively flat distribution, which is evident in Figure 3 for student grades between 40 and 60%.

25
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S 10 -
3
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< 0

<39 40-49 50-59 60-69
Percentage awarded for problem solving skills

Figure 3. Number of students who achieved specific percentages for the assessment of their PSS

7. Conclusions

The purpose of this paper was to assess a singular IP4 dissertation with regard to project-based learning
principles where specific PSS are involved, illustrating its usefulness in capstone modules. These skills included
identifying and understanding a problem and developing and evaluating alternative solutions. The assessment of
the singular IP4 dissertation revealed that the student could identify a problem and provide logical proof to
support the problem. Student understanding was demonstrated by the literature review while three alternative
solutions were suggested and then successfully evaluated with regard to advantages, disadvantages, forecasted
load growth, redundancy (n-1 contingency) and financial implications. Overall results of the students with
regard to only that part of the final dissertation that considers PSS revealed that 70% of the students could
indeed achieve the four specific skills (ilUSE) outlined in Table 1. This indicates that not all engineering students
are on-board when it comes to demonstrating fundamental PSS. Flagging these students during the course after
completing the assessment of their first progress report is vital if they are to develop the required cognitive
skills. Additional academic support should then be given to these students in order to enable them also to
develop the fundamental PSS that are generic across the board for education.
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Abstract

In this paper the comprehensive case study will be presented which illustrates how business simulation can be
used to augment learning and how it can contribute to many of assurance of learning requirements. There are
three approaches to achieving knowledge integration in marketing strategy simulation courses: theoretical,
applied, and practical. Simulation enables students to build the practical integration skills in a risk-free
environment so that they can make better decisions in their real business environment. The paper will also
discuss how distance learning pedagogies can actually improve classroom teaching. It is clear that no single
assessment tool can fully meet the assessment requirements of either a course or a curriculum. Paper will
illustrate an assortment of enhancements and assessment tools that can expand learning opportunities and
provide a variety of feedback information about students” knowledge, skills, and reactions to various market
challenges. It will display the process of measurement methods and rubrics selection used to measure student
outcomes, as well as the process of setting the acceptable results. This paper will present the approaches to
“closing the loop” for several learning goals: knowledge in new and unknown circumstances through
conceptual understanding of marketing strategy; capacity of critical and analytical thinking; usage of new
technologies; oral and written communication skills, and student work in teams.

Keywords: assurance of learning, “closing the loop”, distance learning, marketing strategy,
simulation

1. Introduction

The paper tries to support earlier research which suggests that active learning techniques such as simulation
games can enhance student learning outcomes [1] [2] [3]. Authors argue that in addition to lectures and learning,
students need to be immersed in some kind of a real business environment adapted for educational purposes.
Simulation games such as Marketing Strategy Simulation (MarkStrat) mimic a real business ecosystem so that
students can gain experience, test their decision-making, and check their fit for the competitive business settings.
Just as pilots use simulations to prepare for a real flight, marketing students use simulations to better understand
how their actions can affect company performance before they actually take an action in a setting that will not
tolerate rookie mistakes. This risk-free environment enables students to practice specific skills such as problem
solving, cooperation and teamwork, and decision-making [4] [5] [6]. Authors believe that traditional didactic
methods still remain essential, but argue how they need to be supported by a simulation of reality.

Another aspect of this paper is the evaluation of effectiveness of integration of distance learning within the active
learning techniques. Markstrat simulation enables students to make periodic decisions both in the classroom, and
at home. In that way it once again mimics the fast-paced business environment, where students are compelled to
use video conferences, virtual meetings, and other web-based technologies as they most probably will in their
future business settings. Lecturers can therefore evaluate how students utilize different online technologies for
better teamwork and successful decision-making. According to a meta-analysis done by the U.S. Department of
Education, students who took all or part of their course online performed better, on average, than those taking the
same course through traditional face-to-face instruction [7]. This paper uses the comprehensive case study which
illustrates how marketing simulation can be used to augment learning and how it can be used for measuring
student learning goals set within the assurance of learning project (AOL) at the Zagreb School of Economics and
Management (ZSEM).
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2. Mission-driven assessment strategy at ZSEM

The development of the Zagreb School of Economics and Management assurance of learning process starts with
the mission statement of ZSEM. The mission of ZSEM is to transfer values, knowledge, and skills that students
need for long-term success in a globalized business world undergoing constant technological and market
transformations. This statement defines the direction for the ZSEM as an institution and is leading it to the
specification of the learning goals supported by their objectives for each program. The ZSEM has set six goals
and objectives for the graduate MBA Program in Marketing which comes from the mission statement and refers
to the knowledge and skills that students need to acquire. The learning goals and objectives for MBA Program in
Marketing are [8]:

Learning goal 1: ZSEM students will have internalized a value system where ethics and corporate social

responsibility are important.

Objective: The students will be able to identify the problems of ethics and corporate social
responsibility, as well as forecast costs and benefits of ethical conduct related to a company’s business.

Learning goal 2: ZSEM students will be able to apply the acquired knowledge in new and unknown

circumstances through conceptual understanding of certain fields within the discipline of Marketing.

Objective: The students will study different literature from the field of Marketing. They will link
theoretical knowledge with real business cases. When they face a business problem, in order to solve it,
they will apply adequate methods, coming from different fields of Marketing.

Learning goal 3: ZSEM students will have the capacity of critical and analytical thinking.

Objective: The students will discover problems and offer possible solutions, as well as identify possible
risks of a proposed solution.

Learning goal 4: ZSEM students will have the capacity for adaptation which is necessary for doing business in

the global environment.

Objective: The students will identify key global trends in their discipline and discuss the influence of
those trends on the entire activity of a company.

Learning goal 5: ZSEM students will communicate effectively in a way appropriate for management positions.
Objective: The students will develop interpersonal and communication skills needed by business, such
as teamwork, oral and written communication, and presentation skills.

Learning goal 6: ZSEM students will be able to use new technologies.

Obijective: The students will know how to use information technology in the delivery of course projects
and results of their analysis.

As can be seen from goals and objectives, within the different courses of the MBA Program in Marketing, high
ethical values are fostered. Aside from acquiring knowledge of key areas of marketing, students need to develop
problem-solving skills and critical and analytical thinking, which are necessary for a successful career in the
discipline. Taking into consideration the global nature of business and the constant technological and market
changes they are exposed, students are taught how to do business in a global environment, while respecting the
economic and other issues specific to our geographical area. Besides that, students are expected to be good
communicators, to be able to express themselves in writing as well as orally, so a lot of emphasis is placed on
perfecting communication skills and team work of each student. Team-working skills are developed in order to
enable students to work well with others and carry out their responsibilities in team projects. Finally, one of the
goals is to encourage the use of modern technologies and improve computer skills.

3. Assessment process at ZSEM

Goals and objectives graduate of MBA Program in Marketing are a starting point for determining the goals and
objectives of each course in the program. Thus, in the course Marketing Simulation - MarkStrat four goals that
describe what students will achieve on the course are determined, and from them objectives that describe what

students should specifically do to achieve it are derived. Objectives are described in the syllabus with active
verbs that are underlined in Table 1. Objectives are indicated outcomes that have been developed to assess each
individual student directly.
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Table 1: Goals and objectives from syllabus of MBA course Marketing Simulation — MarkStrat

General goals of the course:

Objectives of the course:

1. | Students will be able to apply the acquired Students will recognize the importance of situation analysis in marketing
knowledge in new and unknown circumstances planning, realizing the integrative nature in development of marketing strategy.
through conceptual understanding of marketing
strategy.

Students will recognize the importance of market
research as a basis in developing marketing strategy.

2. | Students will have the capacity of critical and Students will develop the integrated marketing program and explain how the
analytical thinking, marketing decisions are connected with the other functions of the firm (R&D,
Students will develop an ability to make marketing Production, Finance, etc.).
decisions, as a part of corporate decisions. Students | Students will apply the market and financial concepts in experimental way.
will understand the importance of marketing
expenses and pricing.

3. | Students will be able to use new technologies.l The students will practice how to use the Markstrat simulation and their results.

4. | Students will communicate effectively in a way Students will work in teams. They will analyze results of some 15 market

appropriate for management positions.
Students will develop skills in team work and
improve their ability of oral and written
communications.

research projects, make marketing decisions based on available data, analyze
result of their decisions and make necessary changes in their marketing plans
(or strategies). (The team work will be monitored and mentored by the
professors.) Participating, helping, and sharing will be encouraged. At the end
they will analyze their complete work and prepare business reports and final
presentations.

After all syllabi were aligned, the goals that need to be achieved in every course are mapped. Table 2
shows the mapping process for the MBA Program in Marketing.

Table 2: Mapping goals of the graduate MBA Program in Marketing

1. goal — Ethics & 2. goal — 3. goal —critical | 4. goal - global 5. goal- 6. goal- new
CSR business and analytical environment ication technologi
Name of the course knowledg thinking skills
MBA Marketing
Marketing Research + +
Services Marketing + + +
Marketing Metrics + +
Distribution and Logistic Management + + +
Consumer Behaviour + +
Product Design and Management + +
International Marketing +
Integrated Marketing Communications + +
Price Management + + +
Marketing Strategy Simulation + ¥ + +
Business Ethics + + + +

After this mapping it can be seen which goals are present in which courses (Figure 1). It is very
important to take into consideration if all goals are included in the program and determine courses in
which each goal can be measured (Table 2). This analysis is the basis for drafting the measurements plan
that contains information about which goal is measured on which course using which specific method
and measuring instrument.
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Figure 1. Number of courses fulfilling certain goal in MBA Program in Marketing
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The MBA Marketing program started in the academic year 2006/2007 and the first measurements
started in academic year 2008/2009 as can be seen in Table 3.

Table 3. Assessment Plan for Graduate MBA Marketing program

1t cycle of 2" cycle of 3 cycle of 41 cycle of 50 cycle of 6th cycle of
measurement measurement measurement measurement measurement measurement
2008/09 2009/10 2010/11 2011/12 2012/13 2013/14
All goals and All goals and Only goals and 1. goal: Ethics & 3. goal: Critical 5. goal:
objectives objectives were | objectives which CSR, and and analytical Communication
were measured measured one are not fully 2. goal: thinking, and skills, and
more time achieved in the Knowledge 4. goal: Global 6. goal: New
1%t and 2™ + goals and environment + technologies + goals
measurements objectives which goals and and objectives
were measured are not fully objectives which | which are not fully
achieved in the are not fully achieved in the
previous cycle achieved in the previous cycle
previous cycle

The faculty in charge of the courses were responsible to include a measurement of a chosen goals and objectives
into the course, and to conduct the measurement accordingly. Before the measurement they select or create the
most appropriate measurement instrument - rubric. Brainstorming sessions were scheduled in order to create
those instruments. After completing the measurement it was possible to analyze results and make reports. At the
end, the changes were implemented if necessary. The whole Assessment process at ZSEM is shown on Figure 2.

1. Define
learning goals
and
objectives

5. Use
assessment
data for
continuous
improvement

2. Align
curriculum
with goals

4. Collect,
analyze, and
disseminate
assessment

data

3. Identify
instuments
and measures

Figure 2. Assessment process at ZSEM

In the first two cycles, the direct measurements at the MBA Program in Marketing included a large number of
courses in order to assess the situation regarding all goals within the program. In addition to measuring, faculty
members also participate in other activities, such as: development of measuring instruments, implementation of
changes within the curriculum etc. In this sense, 100% of faculty members are involved in the AOL process.
Results of measurements are discussed at the brainstorming sessions with all faculty members. Depending on a
type of changes, implementation of changes and improvements are the responsibility of various faculty members
who are in charge for courses, or the Quality Committee if the necessary changes were implemented in the
program. There have been courses, program and organizational changes. These changes include, but are not
limited to: allocating more time to certain skills; changing the syllabus; introducing new material/content to
some courses; devoting extra time to explaining certain material/content; re-allocating in-class time; changing
the grading system, adding new elements to the assessment of certain skills; improving the use of rubrics (the
students were given the rubrics in advance and were familiarized with all the evaluation elements); adapting the
rating scale; etc. With the implementation of changes we close the loop on the assessment process.
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4. Marketing Simulation - MarkStrat course in assessment process
4.1. An introduction to course

Marketing Simulation — MarkStrat course is designed to provide an in-depth understanding the job of a typical
manager in marketing departments. While the specific duties of a marketing manager vary considerably across
industries and companies, the course focuses on the four major activities common to the position: (1) analysis of
market information, (2) developing a marketing strategy, (3) programming the strategy, and (4) implementation.
The course draws knowledge and skills from a variety of areas, including marketing strategy, consumer

behavior, market research and statistics, and attempts to simulate the marketing manager's job through the
development and implementation of a marketing plan in the context of MarkStrat simulation [9]. Besides working
on simulation, the course hours are used for discussions on marketing strategy, market research techniques,
segmentation and product positioning, product and price management, sales forces, and advertising management.
Students work in teams both in the classroom, and from home, and have an open possibility of continuous
discussion with professor in class and through e-learning platform- Blackboard. Their results are also openly
discussed. The teams are comprised of the three to four students each, observed and mentored by the professor.

4.2. Grading and assessment in the course

Students are expected to participate actively, and their individual work, participation in discussions, and
teamwork is assessed accordingly. Each team member is evaluated with the same assessment metrics: rubrics,
according to the several outcomes. The example of the rubric for assessing teamwork is in the Table 4.

Table 4. Rubric for assessing teamwork

Below expectations Meets expectations Exceeds expectations Points
0-1 point 2-3 points 4-5 points
Students are not well organized; Students are well organized Students are well organized
Organization and He/she_doesn’t collaborate and most of time; He/she u_suaIIy within; He/shg collaborates
participating share ideas. They dor)’t know collaborate and share ideas. and shares ideas. They_
within the team h_ow_to manage the time and They oftep know hqw to succe§sfu_lly manage the time
distribute the task within the manage the time and distribute | and distribute the task within
group. the task within the group. the group.
Student usually discusses the Student communicates and
Collaborate Student doesn’t discuss the methodology for the task. discusses the methodology
decision making methodology for the task. His/her |  His/her method is appropriate for the task. His/her method
regarding method is individual and not for teamwork, but the is appropriate for teamwork
methodology appropriate for teamwork. performance is not very good. and well adjusted to specific
task.
Student doesn’t agree on data. Student most of the time agrees Student agrees on data.
Collaborate He/she is not sure whether the on data. He/she is usually sure He/she is sure about the
decision making presented results are correct and about the presented results and correctness of the presented
regarding data doesn’t want to comment on often wants to comment on results, and critically
them. them. comments on them.
. pro?ttel;gi%nr:alljlsytjglr:g ﬁ?;iher Student acts professionally
Professionalism Student doesn’t act professionally performance is acceptable and_hls/her performance is on
p and has excuses for bad - L high level. The student is
and attitude Student has a positive attitude -
towards the task perfor_mance:. T he group has the about the task. motivated and shows
negative attitude about the task. advanced knowledge on the
task.
Total scoring

Active participation requires commitment to adding value in a group work and in class. This refers to a group
project of the creation of the business report at the very end of the course through which the participant show to
what extent they analyze results of some 15 market research projects, make marketing decisions based on
available data, analyze result of their decisions and make necessary changes in their marketing plans (or
strategies). Business results of the group are also taking into account. In addition to that, grades are given for the
consistency of the marketing strategy and its long term perspective. At the end students analyze their complete
work and prepare business report and final presentation where each student needs to present part of the plan.
This is also used to evaluate communications outcomes. Besides that, the students complete six examinations
covering the course content. The business competencies and the integration of analytical and critical thinking
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outcomes are evaluated in both oral presentations and written report. Evaluations are guided by rubrics that have
been developed for assessing each outcome. A summary of these assessments and the student feedback create the
final grades.

How grades are often not sufficient indicator of knowledge it is important to use rubrics to have more detailed
information on what exactly and to what extent has each student mastered. By adding numbers of categories in
rubrics it is easier to get information on which part of the certain goal (leaning outcome) does student needs to
improve. It is professor’s expectation that students will rise to the challenge and meet or exceed the established
earning goals. However, if some students fail in doing so, this assessment will prove valuable. For example, in
the first two cycles of measurement we assessed four goals of our course: knowledge; critical /analytical skills;
communication skills and teamwork; and use of new technologies, and feedback was used to gain insight into the
nature of factors that limit the students, identify potential paths for improvement, and enhance learning
opportunities for the students. We will describe some actions and improvements.

4.3. Assessment of knowledge

The assessment of cognitive outcomes was provided with objective methods: multiple choice test questions [10].
At the beginning there were two tests covering the course content in 11 parts, and the results were unacceptable.
Specifically, results show that more in-class time should be allocated to five parts: brands, marketing objectives,
production, customer’s perceptions, and R&D. Particularly, students should get more detailed instructions related
to these areas during the simulation. Also, an overview of these areas could be given before the simulation starts.
The necessary changes were done and implemented in the syllabus. Instead of only two, four additional tests
were introduced so theory is now covered with 6 tests.

4.4. Assessment of critical / analytical skills

In the same year, there was some concern that students were not meeting desired level of critical / analytical
abilities. To assess those abilities it was measured how students were using appropriate tools in situation
analysis, how they identify the problem and multidisciplinary approach, how they understand other perspectives
and the facts, how they analyze the quality of evidence, apply strategic tools and financial analysis, generate
alternatives, and conduct a thorough business judgment. As an improvement, some parts of the course were
adjusted to better teach the students how to use a multidisciplinary approach to the problem and to incorporate
financial indicators into the case analysis.

4.5. Assessment of communication skills and teamwork

The communication skills were rated as acceptable already in the first two cycles when individual presentation,
(oral) skills, and written skills were assessed, while teamwork skills were just partially acceptable, with good
performance in:; listening, persuading, questioning, and respecting. In the field of teamwork, the report
highlighted several issues: students indicated the natural tendency to concentrate in his or her area of expertise,
which is not a problem itself, but if there are few students whose expertise is promotion and no one in the team is
good in finance, then this becomes a problem. Another issue came later in the simulation, when everybody had a
common understanding of the strategic issues but the management of the firm became more complex in terms of
number of brands. Some conflicts within the teams could be observed, but these were resolved quickly. Thus,
monitoring the work of each team and helping them in overcoming their internal issues was necessary. Overall
objective was to improve in the future some aspects of working in teams, especially helping, participating, and
sharing. At the beginning, all course sessions were conducted in the class, but later online lectures were
introduced in a form of distance learning, which required new approach to teamwork, especially the role of team
leader, in order to build its weakest aspects.

4.6. Assessment of use of new technologies

Relating to the use of new modern technologies was also measured, and then analyzed trough some aspects of
working in the computer lab, and also at home, throughout distance learning on the MarkStrat simulation.
Students were trained to enter, search, and analyze new data (product-related, segment-related, distribution-
related, and financial data), search the results of market research, and use the data to create final report and
Power Point presentation (see the Table 5).
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Table 5. Rubric for the goal new technologies

Below expectations
0-1 point

Meets expectations
2-3 points

Exceeds expectations
4-5 points

Points

Students will know how
to search for different
types of data.

Student doesn’t know how to
search for data or does it
incorrectly.

Student does it correctly, but
with some difficulties and
mistakes.

Student does it correctly
and without difficulties.

Students will know how
to enter different types of
data.

Student doesn’t know how to
enter data or does it
incorrectly.

Student does it correctly, but
with some difficulties and
mistakes.

Student does it correctly
and without difficulties.

Students will be able to
interpret and analyze the
data.

Student doesn’t know how to
interpret and analyze the data
or does it incorrectly.

Student does it correctly, but
with some difficulties and
mistakes.

Student does it correctly
and without difficulties.

Students will know how
to appropriately transfer
the data into the final
presentation.

Student doesn’t know how to
appropriately transfer the
data or does it incorrectly.

Student does it correctly, but
with some difficulties and
mistakes.

Student does it correctly
and without difficulties.

Total scoring

As students showed underperformance in the first two rounds of measurements, but also in the upcoming round,
this was the area of most intense work. Preparatory session at the beginning of the course was introduced in
order to clarify the importance of using simulation handbook. Search for different types of data was associated
with lack of knowledge so students were encouraged to prepare for classes in detail and regularly solve online
tests. This helped them to find their way in the simulation. Additional presentations and instructions were posted
on Blackboard so students can access it anytime and anywhere. From these materials the students could learn at
home. Last measurement in the academic year 2013/2014 showed improvement in student’s performance. That

measurement will be explained in details to present the way of measurement.

Assessment metric was rubrics with trait used to identify performance level of each student. Student’s
performance was analyzed upon the four criteria (see the Table 5). They could minimally score zero, and
maximally 5 points on each trait. Their performance is evaluated as below expectations (BE) if they scored 0-1
points; if they scored 2-3 points they were considered to meet expectations (ME); while if they scored 4-5 points
they exceeded the expectation (EE). The sum of their score on each trait gave their overall score for the
measured goal. The distribution of score is as follows: 0-13 points = below expectations; 14-17 points = meets
expectations; 18-20 points = exceeds expectations. Expectations were: 20% of students in BE category; 40% of
students in ME category, and 40% of students in EE category.

Table 6. Summary of results

MBA Marketing

AOL: New Technology

SURNAME & NAME Cl Cc2 Cc3 c4 SUM
Students will know how | Students will know how | Students will be able to Students Mf‘” know how Expectations
. . . . to appropriately transfer .
MBA Marketing to search for different | to enter different types |interpret and analyze the . ) Points (BE, ME, EE)
types of data of data data the data into t_he final
presentation
1 4 4 3 4 15 ME
2 B. B. 5 5 5 5 20 EE
3 B. N. 4 4 4 4 16 ME
4 H.B. 5 4 4 5 18 EE
5 I.F. 3 3 4 5 15 ME
6 J. V. 5 5 5 5 20 EE
7 ). Z. 3 4 3 4 14 ME
8 K. A 4 3 3 4 14 ME
9 K. 1. 3 4 3 4 14 ME
10 M. Mo. 5 5 4 5 19 EE
11 M. D. 5 5 4 5 19 EE
12 M. Ma. 3 3 3 4 13 BE
13 P.O. 5 5 4 5 19 EE
14 R. L. 3 4 3 4 14 ME
15 S. H. 5 4 4 5 18 EE
4,13 4,13 3,73 4,53
SUMMARY OF RESULTS

category BE ME EE

condition 0-13 14-17 18-20

# of students in the cate 1 7 7

percentage 6,67% 46,67% 46,67%
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Total of 15 (100%) of students participated in this individual assessment. Student’s use of new technologies was
observed throughout the several weeks of classes. Summary of the results (Table 6) shows that only one
student’s performance was below expectations (in percentage only 6.7%). On the other hand, there was an even
distribution of student in categories “expectations met” (46.7%) and “expectations exceeded” (46.7%).

5. Conclusion

Assurance of learning is an important project at the Zagreb School of Economics and Management, which is able
to assess learning outcomes that contribute to achieve goals and objective derived from mission. It also allows
quantifying the very level to which students underperformed, meet the expectation or exceeded them according
to every objective. For the MBA course of “Marketing simulation-MarkStrat”, which case was presented in this
paper, this is especially important due to complexity of the course that involves technology (simulation) with
both traditional and new ways of learning (especially distance learning). The case presented shows that using
assurance of learning methods and instruments, learning outcomes are achieved more efficiently which enables
the whole class environment to become more effective in acquiring knowledge and skills, that according to the
mission statement they need in ever-changing globalized world.
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Abstract

In preparing students for today's employment, in addition to their technical and digital skills, there is a need for
them to understand and develop professional skills. Students should be made aware of the role of their
appropriate professional body, and be encouraged to become involved with its activities. All of the professional
bodies have a Code of Conduct, which can be used to discuss professional practice. Various mini case studies to
illustrate this will be included in the paper, which can and have been, adapted to students on different technical
courses. Examples from the news can be used to further illustrate both ethical and legal issues, as students need
to be aware of these both for their own sake and that of their employer's. Examples are given in the paper. In
addition, the need to develop the softer skills, particularly presentation skills, that are so important to the initial
employability and future promotion of students, are discussed. The issues of linking presentations with other
topics, to overcome the reluctance of students, are reported. These include students working in small teams and
with weekly feedbacks by one member of the team in turn; providing confidential feedback of presentation style.
The understanding of these professional skills is not only important for the students' future employer, but also
for their own employability and their future life.

Keywords: Professional Bodies, Ethical and Legal Issues, Soft Skills

1. Introduction

The need to prepare students centrally for employability throughout their working lives is a major aspect of
education. In addition to being able to cope with the constantly changing technologies, they will be confronted
with various ethical issues. The majority of technical degree courses in the UK include either a dedicated unit on
professional issues or proof that the topics of that unit are embedded within different aspects of the course. To
date this unit also normally addresses skills needed for employability, such as preparation of CV and
presentation skills.

In order that a university can achieve accredited status by their professional body, an inspection team from that
institution, (such as the IET or the BCS, The Chartered Institute for IT) would examine the syllabus,
specifications of the assignments, also normally discuss how the various elements associated with professional
issues are addressed both with the relevant staff and separately with the students.

Regardless of how initially, well designed and organised a course would be, it would not have become

accredited by the professional body unless it was seen to provide adequate coverage and normal assessment
associated with professional issues.
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In order for a course to remain accredited, it would have to again be re-examined, usually every five years, or
when a major change in the content or correction of the course takes place and to prove that the professional
issues is still adequately covered.

2. Content

The content of professional issues unit normally involves ethical issues, including knowledge and understanding
of the appropriate Code of Conduct of the accrediting institution, legal issues and skills relevant to
employability. In a recent study involving the use of a personal report of communication apprehension (PRCA)
instrument for measurement of students soft skills. It was found that students realised the need to enhance their
soft skills in order to have a competitive advantage when seeking employment [1]. The two specific skills
identified were team skills and interpersonal skills. Results of the study showed no significant difference
between the attitudes of male and female learners. Even in the case of PhD which is seen as an important
training for future scientists, followed by postdoctoral fellowship period, key issues relating to employability
beyond academic institutions into industry and public sectors are vital [2]. This has resulted in changes in the
nature of programmes offered relating to specialisation and breadth. In the final stages career planning and
structures are considered for entry into employed as an independent fulfilled scientist.

2.1. Employment Skills

These skills would normally be presentation skills, preparing a CV, understanding the process of applying for a
position, producing a covering letter and preparing themselves for interviews. The manner in which these are
taught varies slightly for different courses. An example of the process, at Southampton Solent University, is as
follows. The students, working normally in small teams of three or four, would examine the Internet and other
sources, to identify jobs suitable for their degree course, and then if possible, draw down the relevant supportive
information about one of the jobs. This would include further details of the qualifications, skills and experience
expected, possibly details of the type of work to be undertaken by a successful candidates, and relevant
information about the organisation.

One member from each team would stand up, and briefly describe the findings of that team, including where the
job was originally advertised. This encourages confidence in informal presentations, and it also makes all the
students aware of different sources and content for future employment.

This theme is continued by asking each student to produce a two side A4 CV. This would include details of their
skills, their education, qualifications with the most recent, being probably their previous year's results on the
course, at the top of the list. It would also include any work experience relevant to the nature of their course, and
then any other experience, such as working part-time in a supermarket and also including any unpaid voluntary
work, giving details, dates and length of involvement. In addition there would be a section on their hobbies or
sport. This can be extremely useful for a potential employer such as:

A team sport, indicating team working ability;

Team captain, indicating potential leadership and management skills;

Representing the university, college or school, implying self-motivation to reach that level and reliability;
Achieving Awards or prizes, could imply in addition a competitive inclination.

The CVs were exchanged between the members of the team for comment and suggested improvement. The
enhanced version of the CVs were then commented on by the lecturer, taking account of not only of content but
layout and appearance of the CV, with feedback given to the student. As a further exercise, the students in each
team constructed a fictitious job, together with the supportive "further information" and each member, from a
different team, individually applied for each of the jobs of the other team, modifying their CV to suit, such as
changing the order or emphasis, and also providing an application letter for each of the jobs. The first team
would then read the letters and applications, decide on to typical interview questions, and interview each of the
"candidates"”.

By the completion of this exercise, across several weeks, all students would have been "interviewed for a job"
and have interviewed other students. The lecturer would sit in on some of the interviews, and after discussing
alternative answers to some of the questions, when the students had not provided the answers in the most
effective way.
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2.2. Legal Issues

At Southampton Solent University, various computing programmes are undertaken, ranging from software
engineering, networking, web design, business IT and games development. The elements of the professional
issues unit are modified to provide relevant examples for the different computing programmes. The topics on
legal issues included:

Data Protection, and included the differences with the American legislation and those of another country such as
India;
e  Computer Misuse including issues involving hacking and creation of viruses;
e  Copyright, particularly relevant to the computer games industry;
e WEEE, consisting of disposal of Waste of Electrical and Electronic Equipment relating to green issues
and potential legislation in that area;
e Ergonomics and Health and Safety legislation.

Throughout the various topics, the means to encourage the correct, ethical attitudes were discussed. For
instance, the students in the teams produced posters to illustrate key issues, such as with Health and Safety and
with ergonomics. One member of each team would stand up in front of all the students with the poster or the e-
poster, to describe the key points of the poster.

For each activity, a different member of each team would be making the formal or informal presentation, so
their confidence was gradually increased. This was felt to be important, as many employers often require
candidates to make a presentation, in addition to interviewing and possibly other tests. When the different legal
topics considered, these students were encouraged to identify recent case histories when the law was broken,
and also the difference in the penalties imposed from different countries. These were also reported back to all
the groups by a member from each team.

2.3. Ethical Issues

A series of mini case studies were used to illustrate different situations, leading to discussions, by the teams of
the impact on the individual, on the employer and also on wider society, with feedback provided by a member of
each team.

The students were encouraged to identify from the Internet, actual case histories which were presented by a
team member to the group. In addition, the teams developed fictitious case studies relevant to their future area of
employment, with informal presentations made, as before by a member of each team, relating the case study to
the relevant elements in the BCS’s Code of Conduct. This Code was chosen, as the courses were accredited by
the BCS. A selection of mini case studies follows:

You work for a consultancy firm, which is also an agent for a major software supplier. You realise that your
firm is recommending, and also purchasing this supplier’s software, for their clients. The clients are unaware of
the link between the two parts of your consultancy firm.

A contract requires an experienced Web designer to develop an e-business system. You have just been awarded
the contract but you failed to mention that your sole knowledge was second-hand and that you had not worked
on an e-business system before.

While working for FinCo you were surprised and delighted to discover, by examining their systems
specification, that there is going to be a merger of that company so you have decided to purchase shares.

A supermarket is concerned about its reputation and its liability, with respect to any potential problems
associated with personal data relating to the staff or customers (including online customers), both currently and
in the future. Indicate briefly, in order of priority, (the first being in your view the most critical for the
supermarket) the issues related to personal data that you feel could make the supermarket liable to prosecution
or litigation, currently or in the near future. Justify your choice.
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Students were also given case studies, where the different teams considered the ethical dilemmas from different
perspectives. An example of this is considering a "wicket" employee of a software house creating a "hidden"
access to a system. The possible options and the various outcomes of these actions would be considered, from
the viewpoint of the friend of the "wicked" employee who discovered this; of the direct manager of the "wicked"
employee; of the senior management of the company; of the shareholders and of the clients of the company.
Presentations were made from each of the teams, from their allocated perspective, leading to general
discussions. This scenario is then changed to indicate that the justification provided by the "wicked" employee
was for the purpose of whistle-blowing, possibly to "right a wrong". This led naturally to a series of case
histories and of case studies in emergency situations when the correct action is more difficult to identify. An
example of this would be for a 24 times 7 trading company, when a certain procedures might not be followed in
order to be able to "re-start" the activities of the company very quickly. In this type of situation, the students
consider the actions they would recommend during and after the "non-standard” procedures.

With the ethical case studies, the students were encouraged to discuss their own possible actions, and for each of
these actions, what the outcomes could be on their own future careers.

3. Assessment

One of be assessments of a professional issues unit at Southampton Solent University was to encourage each
student to develop a portfolio of their activities each week. Part of their portfolio would have been provided by
the team, but there would be individual elements that would be sorely produced by the student. The portfolio
would be submitted, with particular elements identified. :

e (A) produce case histories (real or synthesised) of maximum length one side each, together a brief
explanation (one side each) for

o DDA [Disability Discrimination Act],
0 WEEE - [waste of electrical and electronic equipment],
o legislation related to ergonomics and the use of computers.

e Each of the 3 case histories must be related to the relevant piece of legislation, and related to the
computing industry or the use of computers. Include three references for each piece of legislation, at
least one of which should be a web reference and at least one a non-web reference. Reflect on the
ethical and social implications of the legislation from the point of view of a graduate from your degree
course, and also from the view point of their employer.

e (B) produce 2 case histories (real or imaginary) of minimum length half a page each, and maximum
length one side each, together with a learning activity, and an explanation of the correct solution to
each of the learning activities, associated with each one, . Each case history must be related to a
different element of the BCS Code of Conduct, which you must clearly identify in each case. The case
histories must be relevant to computing or its use and be appropriate to your degree course. Produce for
each case study, an appropriate power point presentation, together with the speaker’s notes as a text
explanation of each screen, which should include as well as the case study, the relevant element of the
Code of Conduct, the learning activity, the solution and explanation of the solution.

e (C) produce your cv, of two sides A4, including a passport size photograph on the top right-hand corner
of your word document. Include details of your level 2 (and if appropriate level 1) units including your
separate results for each unit. Separate out relevant experience (if appropriate) and other experience,
and include Interests and other relevant information. Take care with the layout and the order of the
sections of your 2 page cv.

This provided a framework for the assessment criteria as shown in table 1. It has to be noted that all the criteria
have the same weighting, and cover the learning outcomes
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TABLE 1: ASSESSMENT FRAMEWORK CRITERIA

Third (40 — 49%)

Lower Second (50—
59%)

Upper Second (60 —
69%)

First (70% and above)

Able to recognise the basic
skills and knowledge
developed from a
learning experience

Able to recognise the
skills and
knowledge
developed from a
learning experience

Able to integrate
learning from
individual activities
into a coherent
whole

Able to reflect fully on own
learning

and relate this to
evidence from the
Appendices

Presentation of the
assignment but with

Clear, well structured
assignment.

Structured presentation
of the assignment

Clear evidence of ability to

poor structure. with limited professional standard.
additional
material.
Limited participation in task | Reasonable Good participation in Very good participation in task

in Appendix A - of 3
legal case studies etc

participation in
task in Appendix A

task in Appendix A in Appendix A

Reasonable
participation in
task in Appendix B

Limited participation in task
in Appendix B — 2
ethical case studies,
different learning
activities, with
solutions, and power
point material

Good participation in

task in Appendix B in Appendix B

Reasonable
participation in
task in Appendix C

Limited participation in task
in Appendix C — cv as
specified

Good participation in

task in Appendix C in Appendix C

4. Higher Education Curriculum Relevance and Employability

As a result of multiple pressures sparked off by economic crisis in the mid-seventies and in recent years from
2008 till now, leading to budget cuts, austerity and financial stringency, there seems to be a move of power and
authority away from departments to faculty or even institutional level, that is from the periphery to the centre.
The voice of students in programmes development and course provision are seen to be no more successful than
the voice of employers. The potential is recognised for conflict between the concerns of higher education
teaching staff concerns to induce critical perspective based on research and speculative enquiry and the need to
adapt to employment requirements. However the direction remains unclear [3].

There is the need to carry out a thorough reorganization of the curriculum on an interdisciplinary

basis, focusing on particular areas of study, field problems, and historical periods. Through these and the use of
diverse tools, methodologies and theoretical models higher education could combine students’ curiosity and the
priorities of researchers and teaching staff with appropriate relevance to the content of their future work.
Universities would have to move away from post-school school mentality, towards research and align itself to
knowledge creation that is informed by research and best practice fit for the world of work aimed at improving
lives of individuals and society.

80 ISBN 978-953-246-232-6

produce the assignment to a

Very good participation in task

Very good participation in task




19th International Conference on Engineering Education, July 20-24, 2015, Zagreb, Zadar (Croatia)

5. Generic Skills and Technical Learners

We live in a world that where progress, wellbeing and sustainable development of individuals, businesses and
society in general depends on the knowledge economy, which is itself dependent on human capital. In this era of
globalization, employers everywhere expect educational institutions to produce skilled graduates required by the
employment market without additional training. The higher education sector plays an important in providing
human capital for achieving knowledge economy and meeting the demand of the industry. There is the concern
of most employers today about the generic skills which should be mastered by graduates to enable them fulfill
their effective roles as they embark in the world of work which requires not only technical but generic skills. It
has been reported that a major challenge today is that in order to continue to prosper in a global economy,
individuals are expected to have well-developed technical skills, as well as generic skills that allow high levels
of flexibility and adaptability and an ability to work across a range of jobs[4].

Studies have identified skills needed in the workforce and it has been revealed that 75% of the eight domains of
competencies to which higher education providers should be placing more emphasis refers to generic skills.
These generic skills comprise Basic skills [5, 6, 7, 8], Working in team skills [7, 8, 9, 10], Thinking skills [6, 8],
Problem solving skills [5, 7], Personal qualities [6, 7, 8, 9], Technological skills [8, 9], Information management
skills [7, 8], Entrepreneurship skills [10],Leadership skills [7], and Lifelong learning skills [6]. Leadership and
entrepreneurial skills are areas least developed for technical students. They remain areas of concern where
efforts should be directed at improvement. Over the past ten years at Ulster University at the postgraduate level
modules in work based learning, entrepreneurship and innovation have been delivered as core modules in the
Master’s degree programme in Engineering with specialism. This has been well received with positive feedback
from both students and employers who have seen and experienced vast improvements in their skills for work.
Skills in entrepreneurship enable and empower the ability to explore and discover new opportunities, the
willingness to take risks and the enthusiasm for the individual to try out new methods or ideas [11]. It is one of
those skills that drives the learner to aspire to being an employer instead of being an employee after education
and training.

6. Changes in the Sectors and Individual Competences

Employee competences are critical to the adoption of technological and organizational changes and to the
development of the necessary innovation capabilities in any organisation. Although studies involving the
analysis of competence and skill development have identified gaps between education and practice,
environmental dynamics have always been taken as fixed and there is the continuous revelation of current
demand for competence [12, 13, 14, 15, 16].

Technological and market changes leads to disruption of several sectors which impact on business and is shaped
by employees. The future needs a workforce of people that are organized and can handle and make use of
technologies to serve and meet customers needs [17, 18, 19]. Digital innovation affects not only production
technologies and production processes, but also the components and devices, interfaces, platforms, and user
scenarios [20, 21]. The impact of changes continue on individual competencies continue to evolve as society
and the sectors evolve too.

7. Conclusion

In getting fit for practice, it is important that the graduates of today are knowledgeable and skilled for the
workforce, that is, fit for practice. The knowledge economy can only make progress if all those employed are
equipped with the right knowledge and are skilled. In our present work, we have identified that there is the need
to strengthen competency development within higher education. This has implications for future research and
curriculum improvement in engineering and allied subjects. In order for engineering education to serve the
individuals and organizations in society Issues of professionalism and ethics must be addressed having a
professional curriculum of study in which issues of skills development and future employability of the learner is
robustly from the perspectives of the profession and discipline areas, which have influenced its evolution. It is
important that the fundamental concepts of value, relevance and capability be used to identify key industry
requirements at the beginning of a career and to examine how well students respond to them. This should help
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provide focus for programmes of key competencies needed for career success [22, 23]. Employers and graduates
from a wide range of different industries could be involved in the development of particular study programmes
utilizing a step-by-step industry-driven approach.
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Abstract

Teaching can simply be referred to as an act, practice or an exercise of exchanging ideas or principles usually
by an authority unto the person(s) being taught. The author believes that teaching can also be referred to as the
process of imparting knowledge and skills to students or learners. This process may involve the activity of
educating and instructing which often time has a formative effect on the mind, character and physical ability of
a learner. For this act to be effective, it is expected that a teacher will employ pragmatic teaching methods to
drive his/her point home to ensure that the students acquire the requisite learning and thereby imparting the
lives of the learner at the long run. This paper reports some pragmatic teaching practices that have been
employed in teaching a final year module course in an Engineering Faculty in South Africa. In addition, the
feedbacks on how the students felt about the teaching methodologies employed were received and analysed to
further improve the teaching practices employed. Some of the teaching methods introduced to the students over
a period of time include the use of relevant PowerPoint slides, video, industrial visits, show casing of prototypes
in class, brainstorming sessions in class and once in a while have a class in a relaxed atmosphere for example
under a tree with a good shade. From the feedbacks received from the unanimous teaching evaluation
questionnaires analysed, it was revealed that all the students either agreed or strongly agreed that the teaching
and learning materials and the methods employed have supported and facilitated learning in the module during
the course of the semester.

Keywords: Engineering Education, Final year Engineering module, Pragmatic, Teaching practices/methods

1. Introduction

The highlight on improving engineering module teaching methodologies is due to recent complaints from the
industrial sector in many developing countries especially in Sub-Saharan Africa on engineering graduates who
lack applicable practical skills, exhibit low level of confidence and technical know-how of the recent cutting
edge technology [1]. This has increased considerably the level of unemployed graduates, increased the cost of
hiring and re-training, negatively impacted the economics of many industries and also the gross domestic
product (GDP) of the countries affected [2]. These problems are more pronounced in very poor countries with
inadequate infrastructure, teaching and learning aid, power, information communication technology (ICT), over
population of classrooms and lack of a functional engineering workshops [1]. In places where these
inadequacies have been overcome and students still do not effectively grasp the fundamental knowledge for
practical applications, a background check on pre-university education, reassessment of the curriculum to meet
industry demand and improving the teaching methodology is of utmost importance. This will reduce the
widening gap of knowledge between an academic engineer and an industry engineer. Infusing the later into the
former will create a balance and a convergence point for industry and the university. The re-assessment of
teaching curriculum must cater for all genre and social class of students and also satisfy the demand of the
community/industry. Pre-university problems have been highlighted mainly as due to poor mathematical,
scientific and technological foundation knowledge upon which engineering principles are built [1, 2]. According
to Fink, et al. [3] a curriculum that is all encompassing must; expose engineering students to early experiential
activities while in school; cut-across various relevant disciplines; accommodate different learning
methodologies; encourage explicit skills improvement for effectiveness; showcase the impact of engineering
decision on sustainability; systemic; project management and incorporate ethics. From time immemorial,
knowledge has been passed through teaching. Teaching and learning is a dynamic approach in which the
sequence of thought and reasoning of a person is changed in a particular field. In simpler terms, teaching is an
act, practice or exercise that involves the exchange of ideas and principles within a field of knowledge usually
by an authority unto the person(s) being taught. Teaching methodologies keep evolving along social, economic
and technological advancement [4]. This assertion is also true for engineering education in higher institution of
learning in South Africa as they desire to be more competitive in practical sciences and technology on a global
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scale. Teaching of engineering modules for effective learning goes beyond preparation and presentation rather
more on reassessment of the impact of the knowledge shared. Between preparation and presentation, the loop of
continuous review of course content and reformulation to suit the advancement of engineering and organization
to deliver a more cognitive skill set is required. The quality of the delivery of engineering education in the
country is monitored by the Engineering Council of South Africa (ECSA) through accreditation visits to
institutions of higher education across the country. However, it is expected that after the presentation of
modules, there is a need to re-evaluate if the teaching outcomes have been met. This is achieved through student
assessments and teacher observation to verify if the knowledge has been adequately communicated. This
teaching cycle is as summarised in Figure 1 [4].

{ PREPARATION |

REVIEW
{ ORGANISATION } »| PRESENTATION l

> —

REFORMULATION

REFLECTION ASSESSMENT

OBSERVATION

Figure 1. The teaching cycle

To improve the employability level and industry acceptance of engineering graduates, universities need to
deliver their course contents in best way possible. Good course content delivery can enhance the satisfactory
levels of the students and the graduates [5, 6]. Many universities are exploring better ways to deliver their
primary assignment, teaching and research, through constant evaluation of the teacher’s performance. The
teaching and the module evaluation is a key index performance tool which is necessary for teacher’s self-
reflection, professional development and to maintain the university academic achievements and remain
competitive [7]. The ability of a teacher to effectively deliver an engineering module depends partly on the
nature of the school environment including all deplorable teaching aids, ICT and the teacher’s sense of efficacy
[8]. Due to classroom diversity, distribution of students, and varying degree of conceptualization and
understanding of the course contents, a singular teaching methodology might not be best suited for all students
[9]. However, a blend of innovative teaching methodologies must encourage deep learning with support for
independent learning, appropriate learning activities, encourage interaction with others while simultaneously
improving the communication skills and self-confidence and use of appropriate assessment techniques. The
advancement of ICT has opened a new channel where teaching module can be adequately delivered in a much
more practical sense than the conventional method. This of course adds to the cost of teaching and due to
spending limits, many public funded universities have not fully deployed ICT in their teaching approach. In the
Faculty of Engineering and the Built Environment where the author teaches, ICT has been fully deployed to
enhance student’s understanding of engineering concepts. Due to the increasing level of interest from
government parastatals, research funding agencies and the industries, the level of alertness for skilled
engineering graduates has been heightened, with emphasis on improving teaching methodologies. As engineers
are needed in all facets of problem solving and economic advancement of a country, their skill set must be
adapted to localised problem solving with an international exposure. Improving on the skill set has been
pragmatically approached by providing a dynamic teaching methodologies to accommodate almost all classes of
students at the University. Power-point presentations and MS Excel has been employed for teaching and
iterative calculations while modelling and simulation software like MATLAB, Autodesk AutoCAD and Solid
works to mention a few, are available for students use. Video presentations have also been used to explain
abstract concepts and theories. The use of customised tablets for direct access to the library e-book materials has
also been implemented. Worthy to be mentioned, is the University’s blackboard, an online web-based platform
for teaching and assessment. Access to hands-on practical with updated machineries are encouraged in various
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modules as required. Also, collaboration with sister universities and industries are also encouraged to ensure that
the students are exposed to a wide learning environment. Also, informal teaching in a more relaxed environment
has been employed to increase the student-teacher interaction. To this end, this paper presents a quick
assessment of all the teaching methodologies employed for teaching a final year module to engineering students
with a view to improve the academic and the industrial expectations from the students. The evaluations were
independently conducted by the tutors assigned to this module.

2. Methodology

2.1. Participants
The participants for this evaluation are final year students of an Engineering Faculty in a University in South
Africa. The students that participated in this evaluation attended between 80-100% of the lectures for the course.
67 students registered for the course but only 48 students responded to all the questions in the questionnaire.

2.2. Data collection procedures

Personnel in the Centre for Professional Academic Staff Development at the University in collaboration with the
lecturer designed the teaching and the module evaluation questionnaires. The questions were structured using a
five point Likert scale (Not applicable (0), Strongly disagree (1), Disagree (2), Agree (3) and Strongly disagree
(4)) and were used to obtain the opinions of the survey participants in relation to the teaching style of the author
and also the overall delivery of the module. An open ended was also included to allow the participants freely
express their opinions. The evaluation questionnaires were distributed to student during a contact session for the
module. The questionnaire was designed to gather feedback from the students regarding certain aspects of the
teaching, learning and assessment. The evaluation questionnaire is divided into two parts; teaching evaluation
methodology with 14 mandatory quantitative questions, one qualitative and a maximum of 12 additional
quantitative questions as selected by the lecturer; and the course module content was evaluated with 13
mandatory quantitative questions, one qualitative and a maximum of 13 additional quantitative questions as
selected by the lecturer.

3. Results

The mandatory teaching evaluation results for the 2014 academic session is as presented in the clustered bar
chart on Figure 2. The data analysis on question 13 not included in the bar-chart reported the percentage of
class attendance by the students who responded to the questionnaire. It was observed that 97.87% of the students
attended all lectures. From the Figure, 35% agreed strongly and 58% agreed to the effectiveness of the teaching
methodologies employed by the lecturer. 2% of the students did not find any of the question applicable.

0 20 40 60 80

- Made the purpose of the learning clear

«a Prepared well for teaching and learning activities

«  Teaching and learning materials supported learning

- Lecturer communicated effectively
w Encouraged student involvement
e Encouraged critical thinking
® Gave appropriate feedback that support learning
a Response to learning needs

10

Explained concept clearly

——
—
-
||
'_‘ﬁ
—
Lol Gave prompt feedback on assessment m——
—
P
| =
——
— Learning activities stimulated my interest in module Fwwm
—

12

‘Was available for consultation outside classes mwwm

m9% Not applicable 5% Strongly disagree =% Disagree % Agree H% Strongly agree

Figure 2. Clustered bar-chart on the mandatory teacher evaluation for 2014

The students’ responses on the additional questions on the teaching evaluation further confirmed their
satisfactory acceptance of the teaching methodologies of the author. 41% agreed strongly and 51% agreed while
8% either reported not applicable or disagree with the teaching methodology. The distribution of their responses
in as presented in Figure 3.
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Figure 3. Additional questions on teaching evaluation for 2014

80

On the overall, the results and the feedback of the teaching evaluation viewed and interpreted in relation to the
overall response rate of the survey revealed that the teacher scored above 3,2 out of 4 point for every question in

the questionnaire and there was none that had a mean score less than 3,2. Nonetheless, the author
there is always a room for innovation and improvement in her teaching skills.

believes that

The students’ responses on the course module contents (the module evaluation) was also analysed and the
results are presented in Figure 4. 33% of the students strongly agree with the course module contents and
appropriate and 54% only agreed.10% of the student disagreed with some aspect of the module content. On the
additional questions in course content module evaluation, the result were similar to the mandatory questions.

32% of the students agreed strongly, 60% only agreed and 7% disagreed.

0 20 40
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gl Knew beforehand how tasks would be assessed s
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Figure 4. Clustered bar-chart for mandatory questions for module evaluation for 2014
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Figure 5. Additional selected questions on module evaluation for 2014

On the overall, the results and the feedback of the module evaluation viewed and interpreted in relation to the
overall response rate of the survey revealed a mean score above 3,2 out of 4 point for every question in the
questionnaire except the question on how tutorials were organised which had a mean score less than 3,2. This
feedback has been reviewed and more tutorial classes have been organised in the 2015 academic session for this
module.

4. Discussion

The author has consciously ensured that all her students have the privilege of experiencing a balanced learning
process in innovative ways. She regularly supports her teaching with relevant PowerPoint slides, videos;
industrial visits, show prototypes in class and once in a while have a class in a relaxed atmosphere under a
shaded tree. The author recognises and enjoys the good student-teacher relationship that exists between her and
her students. Learning experiences have always been exciting to her students and the students always feel free to
share personal issues with her and she enjoys discussing such issues with the students. From time to time, the
applicant encourages and motivates the students.

The analyses of the responses of the students to the questionnaires revealed that the students either agree or
strongly agree to the points being assessed both about the teacher, the delivery of the module and the design of
the module contents except in very few exceptional cases. The author believes that this is a true reflection of the
effectiveness of the teaching pedagogies employed in this module. With respect to the teaching evaluation, some
of the responses to the open ended question on comments about the teacher include “Learning was fun”, “The
teaching was great, no complaints”, “Videos, trips, teaching — all these were done to add to m learning”, “Keep
it up!”, “Best class ever!”, “The lecturer made sure that everyone knew and understood the work” and “The
lecturer was really helpful”. While for the module evaluation, some of the responses to the open ended question
for comments about the module content and delivery include “Keep it up”, “More tutorials should be done”, “I
found the module very useful”, “Course well presented”, “It was all well organised”, The module was taught in
different ways in order to improve our understanding”, “The module helped me to integrate theory with
practical knowledge” and “The lecturer provided everything necessary for this course and more”. The author
recognises the fact that the feedback is an opportunity for self-reflection and improvement both in the way she
teaches and the way in which the module was delivered despite the excellent remarks.

5. Conclusion

The analyses of the feedback of the teaching and module evaluations in a final year module in an Engineering
Faculty have been presented and discussed. The author presented some of the practical and pragmatic
approaches employed in delivering the module. Different methods of assessments were employed in the module
to test the skills acquired by the students. All the students agreed that the assessment tasks improved their
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thinking skills while above 90% of the students either agreed or strongly agreed that the teaching methodologies
employed and the course module content was appropriate. Furthermore, 98% of the students also agreed or
strongly agreed that the learning activities helped to achieve the outcomes of the module. It is worth mentioning
that this module had 100% throughput rate in the 2014 academic session.
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Abstract

Though various techniques to improve the student motivation and learning performance in programming
courses have been developed, the aspect that is often forgotten is the communication between students and
teachers. Student feedback, if properly collected and analysed, can be used to encourage self-reflection and to
collect important feedback on the course methodology redesign. In this paper, we present a redesign of an
introductory programming course, with focus on improving the communication between students and teachers.
For this, two weekly surveys were conducted: one after the lecture, and one after a tutorial session. Each week,
the feedback collected was analysed and issues addressed in forthcoming lectures and tutorials. In the paper we
discuss the process of designing the weekly surveys, the methods for analysing them and the changes made in
the course design based on the surveys. Also, a collective analysis of feedback collected with the weekly surveys
is presented. The results show, that continuous surveying is an excellent tool for tracking errors and issues in
materials, and should be utilized whenever major changes in course methodology are made.

Keywords: Programming learning, Surveys, Course redesign, Educational technology

1. Introduction

As seen in various studies, student performance can be significantly improved by increasing the level of active
learning (see e.g. [1]). Thus, several new methodologies for teaching have been presented during the recent
years. In programming, the benefits of actively engaging into process are obvious, as the best way to learn
programming is to write programs. Hence, educators are eager to try out new methodologies (such as flipped
classroom) in their programming courses. Still, one area which has been discussed less is the communication
between students and teachers. This can be seen especially important when the course is redesigned, since
adapting new methodology can potentially be difficult at first.

Facilitating communication has several potential benefits: first, the student motivation can be enhanced if the
possible flaws in the course design, methods or staff can be properly communicated. Second, filling out surveys
or other forms of feedback can be a powerful tool for students’ self-reflection. Third, the feedback can be used
to fine-tune the course methodology and materials, if analysed throughout the course. However, constant
surveying must be designed carefully. Things to consider are for example the tools to collect feedback, and the
rewards for answering. Rewarding is especially important if the surveys are used each week.

In this paper, we present a redesigned programming course that utilizes active learning and collaboration. The
important part of the redesign was facilitating teacher-student communication by presenting two weekly
surveys, one after the lecture and one after tutorial session that utilized active learning and collaboration. First,
the redesign and the effects on student performance are presented. Then, the research setup is described,
including the design of the surveys and the methods used for analysis. Finally, the results are presented and
discussed accompanied with suggestions to fellow educators and researchers.

2. Related Work

According to various studies [2] — [5] programming is an extremely difficult skill to learn for various students.
The students have problems in acquiring the required skills, and in maintaining adequate motivation throughout
the course. Hence, drop-out rates are often high in introductory programming courses. Tan et al [6] state, that
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because the students do not understand the basic concepts properly, they have no interest for further exploration
and self-experimentation in programming. Consequently, the problems in programming learning often become
cumulative: when the basic concepts are not learned, building up further knowledge becomes impossible.

Jenkins [7] states that passive learning methods (such as lectures or reading) are not useful to convey the skills
required in programming. Hence, active learning methods can be seen as a solution for redesigning
programming education. Tynjala [8] compared passive learning environment to a constructivist environment and
found out that students using the latter acquired more diversified knowledge. Hadjerrouit [9] presents a
constructivist approach to teaching object-oriented programming, and concludes that the learner should play an
active role in constructing the object-oriented knowledge. Moreover, Wulf [10] discusses the application of
constructivist approaches to teach programming in high school and undergraduate level, and concludes that
utilizing such approaches enhance for example active learning and cognitive apprenticeships.

Hence, several different suggestions to enhance active learning in programming courses have been made in
recent years. McDowell et al. [11] studied the effects of pair programming in introductory programming courses
and found out that collaboration is an effective tool for teaching programming. Moreover, flipped classroom is a
methodology, where lectures are delivered as videos, and the time spent in classroom is dedicated to active (and
often collaborative) learning sessions. Amresh et al. [12] present a study where flipped classroom setup was
utilized in introductory programming courses. While the authors state some positive effects, they also identify
potential pitfalls on the setup.

Karahasanovia et al. [13] discuss the various issues in collecting feedback from the engineering students. The
authors found the existing methods of collecting feedback insufficient, and hence developed their own feedback-
collection tool which was utilized in four different experiments. They conclude, that the feedback can be used
for example to check process conformance, understand problem solving process and identify problems with
experiments. Sanders [14] collected students’ perceptions on extreme programming and pair programming by
asking them to write opinion papers, and states, that the feedback should be considered carefully before actually
introducing practices into curriculum.

3. Course Redesign and Effects on Student Performance

The “Basic Course of Programming and Algorithms” is an introductory programming course at University of
Turku. The course is a mandatory course for all computer science majors as well as for some other majors in the
faculty. It is typically taken in the first year of studies after an introductory course in computer science. The
course design traditionally consisted of fourteen two-hour lectures, demonstrations (where students presented
their solutions to programming tasks assigned a week earlier) and a pen-and-paper exam at the end of the
course. Hence, the methodology was quite typical for any programming course anywhere.

For the 2013 instance, the course methodology was redesigned to better facilitate active learning, teacher-
student communication and proper methods for evaluation. The first step was to change half of the lectures into
VILLE (see [15]) tutorials, where students answered the exercises in collaboration with other student. Second,
two weekly surveys were introduced (see the next Section for details) to receive students’ perceptions on the
lectures and tutorials. Finally, the exam was changed into electronic exam with automatically assessed exercises
to make the evaluation process as authentic programming situation as possible.

To find out the effectiveness of the redesign, the course grades and drop-out rates were acquired from the
redesigned course instance (2013) and from the instance using the old methodology (2012). The pass rate
increased from 53.3 % (old methodology) to 80.8 % (new methodology). The difference was statistically
significant, as confirmed by Mann-Whitney U Test (p = 0.004) and Kolmogorov-Smirnov test (p = 0.001).

A complete description of the redesign effects can be found in [16].

4. Research Setup

To facilitate the student-teacher communication, a set of surveys was prepared in ViLLE. At the beginning of
the course each student answered to a simple survey about their major, previous programming experience and
whether they could provide own laptop to be used in course tutorials. Additionally, after each lecture and
tutorial session a small survey was conducted.
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4.1. Course Structure

The course lasts for eight weeks, and contains seven learning modules (consisting of lecture and tutorial) and the
final exam. The modules are described in Table 1.

Table 1. The course structure

Module Topic

Week 1 Introduction to course and programming

Week 2 Strings, conditional statements and command line arguments
Week 3 Loops

Week 4 Methods

Week 5 Arrays

Week 6 Using Java’s API, recursion

Week 7 Exceptions, summary

As seen in the table, structurally the course is a typical introductory programming course. Each week consists of
two-hour lecture and a two-hour tutorial session, where the students solve the exercises in collaboration with
another student. The tutorial sessions were organized in the lecture hall, and were supervised by various course
staff members and older students (i.e. mentors) who assisted the students when required.

4.2. Survey Design

After each learning session (lecture or tutorial) a short survey was opened in VILLE. The surveys were kept as
brief as possible to encourage answering. Additionally, the students were awarded a few ViLLE points for
answering the surveys. The survey consisted of three open questions:

a) What did you learn in this session
b) What topics remain unclear after this session
c) How would you improve the session

The questions were designed to give the course staff quick information about possible modifications needed in
the course design, and to give students a change for self-reflection after each learning session.

4.3. Data Analysis

The data conducted with tutorial and lecture surveys was analysed by first counting the answers into all three
questions, respectively. After that, the answers to question 3 (“How would you improve the session”) were
tagged into different categories. For the lecture survey, the answers were categorized under following types:

a) Suggestion for improvement: answers that clearly suggested how a lecture could be improved,
including for example handing out lecture slides before the lecture or what topics should be covered in
more detail.

b) No improvement necessary: answers that clearly stated that no improvements are necessary, as the
lecture was good the way it was. Still, empty answers were excluded from this category.

c) Negative: answers that clearly expressed flaws in the given lecture (but did not suggest an
improvement), such as “the lecture slides were too vague at some part”.

d) Other: answers that were not left empty, but which could not be adequately categorized into any of the
previous categories. The answers in this category mainly concerned other parts of the course (such as
announcing course exam dates) or were meant as a joke (such as “It would be nice if coffee was served
in the lectures™).

For tutorial sessions the answers to question 3 were tagged into seven categories:

a) No improvement necessary: similar to lecture survey, the answer indicated that the tutorial was good
as-is.

b) Too easy: the answer indicated that there were too few exercises in the tutorial, or the exercises were
too easy.

c) Too hard: the answer indicated that there were too many exercises in the tutorial, or the exercises were
too difficult.
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d) Technical issue: the answer reported an issue concerning the session arrangement, for example the
problems with the network or poorly arranged seating.

e) Mentoring issue: the answer indicated that there were problems with the course staff mentoring the
tutorial session, typically two few mentors or student mentors that were unprepared.

f) Content issue: the answer indicated a problem with the tutorial content design, such as two few
examples or a lack of materials needed to answer the exercises properly.

g) Course design or tool issue: the answer either argued that there was something wrong with the tutorials
as methodology (some students expressed dissatisfaction to the fact that the tutorials needed to be
completed in collaboration and in the lecture hall), or there was a problem with ViLLE as a tutorial
platform.

The categories were selected to try to catch the issues as specifically as possible. In the next section the results
of analysing the survey answers are presented.

5. Results

In this section the results are presented, starting with the pre-course survey and continuing with lecture and
tutorial feedback. In the final section the results are discussed and conclusions are made.

5.1. Pre-Course Survey

The pre-course survey was conducted before the first actual lecture. A total of 161 students answered to the
survey. The majors of the respondents are displayed in Table 2.

Table 2. Major subjects of pre-course survey respondents (N=161)

Major N
Computer science 67
Mathematics 27
Physics 18
Biotechnology 18
Statistics 16
Other 15
Major N

Of all users, 125 (77.6 %) reported having an own laptop they could use in the course tutorials. Since there were
two students working on each computer, this was a sufficient number.

The students were also asked to pick up their favourite learning method. The results are displayed in Table 3.

Table 3. Respondents' favoured learning methods

Favored learning method N Ratio
Demonstrations 14 8.70 %
Web based exercises 40 24.84 %
Combination of both 107 66.46 %

As seen in the table, most students preferred a combination of traditional demonstrations and web-based
exercises. Notably, only a handful preferred demonstrations. Moreover, the students were asked to evaluate their
previous programming experience in a scale of 1 to 5 (1 = no experience at all, 5 = very much experience). The
average of all answers was 1.87 with standard deviation of 1.061. This shows, that most of the students taking
the course were novices.

5.2 Lecture Feedback

The total number of answers to each question in the lecture survey for all seven lectures is visualized in Figure
1.
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Figure 1. Total number of answers to questions in the lecture survey per week

As seen in the table, the total number of respondents decreased a little by the end of the course. For individual
questions in the survey, no significant peaks are found. The answers for the question 3 (“How would you
improve this lecture”) were tagged by their content (see previous section for details). The results are visualized
in Figure 2.

100 % -
80% -
m Other
60% - .
= Negative
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Figure 2. The answers to question “How would you improve this lecture” tagged by their content

As seen in the table, most of the respondents seemed to think that the lectures were good as-is. Moreover, the
low number of negative comments seems to confirm this. Still, there were plenty of suggestions for
improvement each week (and especially at third and sixth week), which is elementary to further improve the
course.

5.3. Tutorial Feedback

The total number of answers to each question in the tutorial survey for each seven weeks is visualized in Figure
3.
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Figure 3. Total number of answers to tutorial surveys per each week
Again, the number of total responses decreased a little at the final weeks of the course. Again, the answers to the

third question were tagged by their content. The answers categorized by whether they reported an issue or not,
are visualized in the Figure 4.
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Figure 4. Issues reported in tutorial surveys

The issues reported were categorized further to find out which areas of the tutorials and tutorial sessions needed
improvement. The number of students reporting the tutorial as too easy or too difficult is visualized in Figure 5.
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Figure 5. Tutorial difficulty issues reported each week

As seen in the table, though most of the students seemed to think that the difficulty level was adequate, some
tutorials can clearly be identified as too easy (week 2) or too difficult (week 3 in particular). The other issues are
visualized in Figure 6.
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Figure 6. Other issues reported in tutorial surveys

By analysing the survey data, valid explanations for the peaks in the figures can be adequately explained. For
example, the mentoring issue in the third week was based on the tutorial being seen as too difficult by various
students (see Figure 5), and hence the number of mentors present was seen as too low. Moreover, the high
number of content issues in the final tutorial is based on the error in the final exercise in that tutorial.

6. Conclusion

Though the number of respondents’ decreased a little by the end of the course, surveys like these were still
considered as an excellent tool for collecting immediate feedback after lectures and tutorials. The first question
in the survey was mainly included for students’ self-reflection right after the lecture. This effect was emphasized
by including a few simple VIiLLE exercises which were meant to be answered after the lecture. The second
question (“What things remain unclear after this lecture”) was briefly analysed after the lecture, and the topics
mentioned were quickly addressed at the beginning of the next lecture.
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The issues raised in the lecture feedback mainly concerned technical issues such as providing lecture slides
before the lecture or arguing whether there should (or should not) be a break in the middle of the two-hour
lecture. There was very little negative feedback; still, some of the issues mentioned were for example the pace
of the lecture (either the topics were presented too fast or too slow), and that the lecture contained too much
information. Notably, various students commented, that though the topics presented might seem a little
overwhelming after the lecture, things are quite clear after practicing them at the tutorials. This seems to be in
favour of the redesign, where each module contained a theory session and a practice session.

Analyzing the tutorial feedback proved to be really useful for improving the course design. The difficulty level
reporting shows, that tutorial at week three was seemed particularly difficult. This effect is also visible as a peak
in mentoring issue reporting. Overall, the tutorial difficulty level was probably in line with the other tutorials.
However, one clearly more difficult exercise was included (namely an exercise where a decimal number was to
be converted into binary number without using any external libraries). It is likely, that various groups reached
the exercise at the same time, and hence felt that they could not get enough help from the mentors. This was
addressed in the next tutorial session by increasing the number of mentors as well as by giving more instructions
for solving the exercise for the next course instance.

Technical issues in the tutorial decreased drastically after the first week. In the first tutorial, there were problems
with the network functionality. Moreover, the seating order was not planned beforehand, which lead to a
situation where the mentors were unable to access some groups sitting in the middle of the rows. Both of these
issues were fixed after the first tutorial, which can be clearly seen as a decrease in reporting technical issues.
Also, the peak in the content issues at week 7 can be explained by the fact, that there was an error in one of the
exercises in the tutorial making it impossible to score the maximum. The slight peak at the week four in the
course design or tool issues was caused by presentation of a new Robot exercise, which some of the students
found too complex.

All in all, the number of issues reported was either constantly low or decreased by the end of the course
(excluding the aforementioned content issue). Hence, the students seemed to be quite pleased with the
redesigned course. Notably, the “Nothing, things are great” selection dominates the answers for most weeks
both, in tutorial and lecture surveys. This is even more remarkable since the survey asked for suggestions for
improvement instead of positive feedback.

Based on the feedback and the analysis, we would recommend collecting students’ perceptions throughout the
course. In our opinion, there are two major advantages: first, the possibility to modify the course design during
the course, and the likely positive effect on student motivation when the issues are addressed. Based on the
feedback, various little modifications were made in the course: the most obvious one is fixing the technical
errors and the errors in tutorial content, but other smaller issues were also addressed, such as clarifying the
descriptions in the tutorial exercises.

Possible flaw of continuous feedback collection is that the students might find the constant surveys annoying or
boring. This effect is slightly visible in the decreasing number of total answers received at the final weeks. In the
course redesign it was decided to provide a couple of VIiLLE points for answering a survey, which likely had a
positive effect on the number of answers. Hence, this is also something we recommend. Other important issue to
consider is addressing the issues reported in the surveys during the course. This way the students realize that
their feedback has real effect, and it is likely, that they pay more attention in giving feedback.
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Abstract

Chemical engineering teaching has evolved over the last 10 years with more emphasis on product development
and process intensification. Sustainability is also becoming an essential part of chemical engineering where
environmental, economic and social dimensions meet. An essential part of design now incorporates safety with
Life Cycle Analysis (LCA). These changes are having major impact on the chemical engineering practice
especially on biotechnology and related industries. In this paper, the new trends in chemical engineering
education will be highlighted along with the different accreditation criteria in Europe, UK, and the Middle East
which follows an American system. The differences between these systems will be highlighted and discussed in
terms of profession requirements in these regions. It is worth mentioning that these regions' education systems
and accreditation policies meet at some point especially when we are talking about multinational institutions
across the globe.

Keywords: Education, assessment and sustainability.

1. Introduction

The Chemical Engineering curriculum has been traditionally delivered in a very conservative manner up to the
year 2005, despite the fact that this method has been argued to be ineffective. Many emphases were put on the
unit operations approach and very little on the underlying sciences especially biological sciences and product
development [1]. However the engineering discipline has been undergoing rapid change during the last 10
years. This change is driven by developments in the market world-wide, as well as societal advances and the
demands from employers where a greater level of competencies from engineers is sought. A review of the
content of the traditional chemical engineering curriculum is thus required along with the mode of delivery of
fundamental knowledge and skills. Versatility in a number of areas and not just the core in the technical domain
is required. Hence, there is great urgency to design curriculum capable of delivering well educated engineers
who can contribute to all aspects of sustainable development in an increasingly competitive world [2,3].

In this paper, the curriculum changes in different continents will be investigated in terms of underlying sciences,
sustainability, product and process development and project design tools. The different assessment methods of
the chemical engineering programs in the US system, UK and Europe are highlighted and compared.
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2. Chemical Engineering Curriculum

Chemical Engineering around the world is going through changes in response to rapid technological
advancements.  The perceived change is attributed to biotechnology, information technology and
nanotechnology. Many chemical engineers are finding jobs in areas other than the traditional petrochemical
industry. Concern for the chemical engineering education typically revolves around core knowledge questions
such as “How far is a curriculum based on classical unit operations approach will equip our engineers with
necessary expertise? How about the basics? As well as “Is chemical engineering changing into computer
science? Does it need more product orientation? What about bio-process engineering? [4]. The main strategy
for the chemical engineering discipline is defining it within the academic knowledge that would preserve its
identical identity and allow it to succeed in a rapidly changing environment. Some people think that the
solution is to revise textbooks to consider applications that integrate molecular science. Others prefer the
transport phenomena approach while many advocate fundamental changes concerning molecular processes,
multi-scale analysis and system design and synthesis.

There have been changes in the chemical engineering curriculum across the European Union. In 2003 the
European Federation of Chemical Engineering (EFCE) welcomed and supported the Bologna Process. They
announced the preparation of an update of the recommendations for core chemical engineering curriculum
studies taking into account recent developments in study organisation, in curricula accreditation guidelines and
in science and engineering. The recommendations put much emphasis on the learning outcomes. The core
curriculum covers about two thirds of the curriculum and leaves space for modifications and innovations.

In France a large number of engineers successfully moved to administrative positions where their work has
served national interest. They focus on problem solving as an applied science combined with engineering lateral
thinking. In Germany, there has been emphasis on the development of quality techniques in terms of process
and product development coupled with cost reduction techniques.

Sustainable development has been introduced into the new curriculum in chemical engineering at the individual
level and often in elective courses. In fact there is a high demand for the introduction of this concept into the
curriculum even at an early stage. The work by Blottnitz et al [5] presented a review of a reformed
undergraduate curriculum with central focus on sustainable development. It was even introduced in the first
year of the curriculum as a core course. This study even shows that complexity can be added in the first year of
the curriculum through theory, project, practice and assessment. The inclusion of the project in the first year has
added additional teaching and learning challenges. It has also enhanced engagement, stimulation with regard to
the inclusion of sustainable development issues.

In the US, More underlying sciences have been introduced into the curriculum especially biological sciences.
This was mainly driven by the biotechnology industry in the fields of food, pharmaceutical, renewable energy
(biofuels) and waste management technologies. Product development from molecules to products has also been
introduced into the chemical engineering curriculum.

In the UK, the curriculum changes have been very conservative in terms of introducing more of the biological
sciences, except in some universities and despite the efforts of the Institution of the Chemical Engineers in this
regard. There has been more emphasis on process intensification and product development. In some European
countries, chemical engineering curriculum is a mixed bag of chemical sciences and engineering practice.
Sometimes, it is not very clear whether the degree is in chemical engineering or in industrial chemistry from
which chemical engineering evolved over the years. This is a reflection of the chemical industry in Europe
which is different to that in the US and the UK. Over the last 10 years, there have been more scientists
(especially chemists) involved in the development of the curriculum which became research driven.

While the sustainable development has been introduced to the curriculum in the Western World at a large scale,
in other countries such as in the Middle East and China, the chemical engineering curriculum has been the same
for many years. This is due to the oil and gas industry which is dominating in this region. The environmental
impact of chemical processes is having little consideration in the curriculum despite the accreditation efforts,
mainly, by the American Institute of Chemical Engineers (AICHE). As a result, the introduction of biological
sciences has become a major component. However, neither sustainability nor product development has been
largely introduced into the curriculum except in the final year design project.
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3. Industrial Feedback and Support

Teaching faculty in many universities in the US, UK and other regions are increasingly becoming research
active and this is impacting on the curriculum development and tracks in chemical engineering. The industrial
experience is not passed on to many universities for the reason and the requirement for faculty members to have
a rich research record in preference to industrial experience. This is despite that many industrial members in
institutions worldwide are chemical engineers. In the UK the Royal Society is trying to fill the gap between
industry and academia, by offering industrial placements for new faculty members in chemical engineering
schools. This came under major criticism since most universities are not willing to jeopardise their academic
ranking, which is mostly dependent on research output.

4. Accreditation and Assessment

4.1. Introduction

Engineering professional bodies around the world have devised a road map by directly linking the impact on
economic growth through various means such as technology, learning, access and quality. In order to maintain
quality human resource in the professional engineering practice, accreditation and assessment of engineering
degrees must become a key focus. This would foster engineering education for socioeconomic development at
all levels. This is vital to identify and realize achievements and goals through the engineering profession and to
attain student learning outcomes in accordance with both institutional and professional criteria.

In this section the assessment by professional international bodies such as the AICHE, IChemE and EFCE will
be highlighted in terms of achieving learning outcomes of the chemical engineering degree programs. A
comparison between the three will be made based on personal experience in the IChemE accreditation in the UK
and ABET accreditation in the US system.

4.2. ABET Accreditation

Accreditation is proof that a collegiate program has met certain standards necessary to produce graduates who
are ready to enter their professions. Students who graduate from accredited programs have access to enhanced
opportunities in employment; licensure, registration and certification; graduate education and global mobility.
ABET accreditation has impact on students, programs and institutions, public and professionals in business and
government. Accreditation is an assurance that the professionals who serve us have a solid educational

foundation and are capable of leading the way in innovation, emerging technologies, and in anticipating the
welfare and safety needs of the public.

o Before an institution submits a formal Request for Evaluation for a program, the program must have in
place processes for internal assessment. These processes may take several years to develop. During this
preparation phase, a program must:

o Implement the assessment process for program educational objectives and student outcomes.

o Demonstrate a continuous improvement loop.

o Collect student work examples.

o Review the most up to date Accreditation Criteria, Accreditation Policy and Procedure Manual, and

Self-Study Questionnaire(s) which are updated every year.
ABET accreditation is based on eight general criteria (i) Students, (ii) Program Educational Objectives

(PEOs), (iii) Student Outcomes (SOs), (iv) Continuous Improvement, (v) Curriculum, (vi) Faculty, (vii)
Facilities and (viii) Institutional Support. There may be additional program specific criteria. [ABET, 2015].

100 ISBN 978-953-246-232-6



19th International Conference on Engineering Education, July 20-24, 2015, Zagreb, Zadar (Croatia)

In the UK chemical engineering continues to evolve rapidly as a profession. Nowhere is the need to take account
of change more important than in the education and academic formation of engineers. Accreditation makes sure
that new graduates have the necessary minimum skills to perform in an ever-wider variety of roles and
industries. Moreover, they must not only be equipped to contribute quickly during their early careers, but also
have a quality academic grounding in chemical engineering principles ‘to last a lifetime’. IChemE responds to
this challenge with its accreditation activity, through which educators benefit from our knowledge of best global
practice in chemical engineering education. IChemE concentrates upon assessment of ‘learning outcomes’ (i.e.
what is learnt by students) rather than traditional methods of specified degree program content (i.e. what is been
taught to students). The accreditation is done at two levels; the Master level (MEng) and Bachelor level (BEng)
with emphasis on a number of learning outcomes [6]. The IChemE looks at the learning outcomes [7] with the
number of the European Credit Transfer System (ECTS) as shown in Table 1,

Table 1. 1ChemE Accreditation: minimum credit allocation guidance

Credit basis = European Credit Transfer System (ECTS)

Item Master Level Bachelor Level
Underpinning mathematics and science 20 20
Core chemical engineering 85 85
Engineering practice 10 10
Embedded learning (sustainability, SHE) Sufficient Sufficient
Embedded learning (general transferable skills) Sufficient Sufficient

Advanced chemical engineering (depth)
Advanced chemical engineering (breadth)
Advanced chemical engineering practice

Advanced design practice

55 with a minimum
of 10 in each
category
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As Europe is implementing the Bologna two cycle degree systems, the European Federation of Chemica
Engineering (EFCE) has put in place recommendations for accreditation. The recommendations cover the
learning outcomes which include general and transferable skills and knowledge. It will also cover achieving the
learning outcomes in terms of the core curriculum; teaching and learning; industrial experience; review of the
educational process and student assessment. This is done through two cycles that are known as the first and
second assessment cycles [8].

4.3. Personal Prospective

In this section two case studies of accreditation will be presented. The accreditation of chemical engineering in
Sultan Qaboos University (ABET accreditation) and the Queen’s University of Belfast (IChemE) will be
discussed in terms of the learning outcomes mapping and other aspects of the accreditation process.

The Program Educational Objectives (PEO’s) of the chemical engineering are to prepare graduates so that few
years after graduation they should be able:

e PEO-1: To become skilled Chemical and Process engineers who can serve as professional role models
for the next generation;

e PEO-2: To take part in the development of the country’s Chemical and related industries and are able
to work abroad;

e PEO-3: To develop themselves professionally or follow graduate studies;
e PEO-4: To apply principles of mathematics, chemistry, and chemical engineering to the design and
operation of safe, economically feasible, and environmentally responsible chemical and petroleum

processing systems.

The learning outcomes in Sultan Qaboos University relation to the different objectives is shown in Table 2.
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Table 2 Mapping of the program objectives to the learning outcomes in Sultan Qaboos University

Program educational Objectives = PEO1 PEO2 PEO3 PEO4

Student Outcomes

A) An ability to apply knowledge of mathematics, \
science, and engineering

B) an ability to design and conduct experiments, as well ~ +/
as to analyze and interpret data

C) an ability to design a system, component or process \ v
to meet desired needs within realistic constraints
such as economic, environmental, social, political,
ethical, health and safety, manufacturability, and
sustainability. .

D) an ability to be a team player working in multi- v \
disciplinary fields.

E) an ability to identify, formulate, and solve \ v
engineering problems

F) an understanding of professional and ethical
responsibility

N
G) an ability to communicate effectively ) ~
H) the broad education necessary to understand the «l v
impact of engineering solutions in a global and
societal context
1) a recognition of the need for, and an ability to A Y
engage in life-long learning
J) aknowledge of relevant contemporary issues v v
K) an ability to use the techniques, skills, and modern v \ v
engineering tools necessary for Engineering
practice.

The different outcomes (A to K) are mapped in the different courses as shown in Table 3 below.

Levels of Emphasis:
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High

Medium

blank = little or none.

Table 3. Learning outcomes mapping in the different courses

er|Code

Course Name

ABET A-K

>

Pls

CHPE3102

Engineering Thermodynamics

CHPE3112

Principles of Chemical Processes

CHPE2211

Organic Chemistry

(G20 MU IR

CHPE3302

Fluid Flow

CHPE3101

Materials Engineering

CHPE3211

Applied Physical Chemistry

CHPE3402

Heat Transfer

PNGE3202

Numerical Methods

= EA S e

ECCE 3015

Fundamentals

CHPE3103

Professional Practice

CHPE4112

Thermodynamics

CHPE4212

Unit Operations |

CHPE4312

Chemical Engineering Lab |

PNGE4101

Statistics for Engineers

CHPE4114

Computer Aided Design

CHPE4412

Process Heat Transfer

CHPE4512

Chemical Reaction Engineering

CHPE4612

Unit Operations Il

PNGE5103

Engineering Economy

CHPE4712

Chemical Engineering Lab Il

CHPES5112

Chemical Process Control

CHPES5312

Project |

CHPES412

Plant and Process Design

ClO|O|[O|O[R|P]|P|[W|0|N|IN|IN|IN|IY

PNGE5203

Management for PCE

CHPE3212

Chemical Process Industries

CHPE5212

Chemical Engineering Lab IlI

CHPES512

Project Il

PNGE5102

Health, Safety and Environment

CHPES612

Chemical Process Safety

CHPE5712

Process Integ, Syn and Sim

CHPES812

Hetero Catal and Rct Des

CHPE4102

Polymers

CHPE4202

Corrosion

=

CHPE4302

Desalination

CHPE4402

Natural Gas Processing

oPPPRRREeERTE PRl

Lol
alaalaads
= [ D[]

CHPE4812

Special Topics |

CHPE4912

Special Topic ll

CHPE5207

Petroleum Refining Processes

=
{
&
=N

g

Sl 0l e g
|alalalElal L
R o 0 R R
L ala] L
NGNS T L
Do o ) e 4

{
&
p=
p=
{
&

The assessment process has two parts. These are the direct assessment of the different courses including the
final year design project and the indirect assessment. The indirect assessments are carried out via student-
faculty liaison committee, student exit interview, and student exit surveys, activities of students’ society, and
industrial advisory board meetings. The learning outcomes assessment data are collected from the different
courses in the curriculum. Direct and indirect assessment results are checked for deficiencies which will be fed
back for corrective measures to improve the performance. This is known as continuous assessment which is a

major component of the assessment process.
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Queen’s University Belfast went through accreditation in 2011. The learning outcomes are mapped to the
different courses in the curriculum from basic introductory courses through intermediate core chemical
engineering courses including design in the second year. The breadth and depth of knowledge is also mapped to
the second and third year courses and the design in the final year project. The ethics and safety outcomes are
evaluated in the final year design project and the loss and prevention course. The skills required are assessed in
the final year project, marketing project and the professional studies course.

Having been involved in accreditation by both ABET and IChemE, a comparison between the two systems can
be made. It is obvious that all accreditation systems are to make sure that there are processes in place to
maintain the quality of chemical engineering education and that the graduates possess the necessary skills for
long life learning. The accreditation process feeds back into the curriculum where changes are adopted to ensure
that the curriculum and the education can cope with the technological, economic and social constraints. The
IChemE accreditation looks at the depth and breadth of knowledge and focuses on the safety, health and the
environment (SHE) while ABET focuses on the Ethics, biology component and the different outcomes
especially the transferable skills. The role of the external examiner in the UK accreditation is a major
component of the process and it can influence the outcome greatly. The role of the external examiner in the US
is not very well defined and in many institutions is non-existent. The outcomes in the ABET accreditation are
quantified numerically and always reported as minimum acceptable range even when there is a rubric in place
that describes the outcome. The accreditation panel in the UK is composed of industrialists and academics
while the ABET is mainly academic.

5. Conclusion

ABET accreditation is always evolving to take into account new developments in education and assessment.
Training courses are offered at different times of the year while the IChemE offers very little training and it is
always conducted via the rules and guidelines published on the IChemE website. ABET accreditation is
becoming like a business tool especially for these conducting the accreditation process. Despite all this,
accreditation is in our opinion is an essential tool to maintain the quality of education in chemical engineering.
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Abstract

Important engineering competencies can be developed within a Problem-Based Learning (PBL) environment.
However, learning facilitation plays a majorrole in guiding students’ learning towards the anticipated learning
outcomes. The purpose of this case study is to analyze students’ perception of learning facilitation during an
interdisciplinary engineering design course delivered using a PBL approach. Based on criteria from a PBL
inventory [1], students’ feedback on their PBL facilitator was collected. The results show that students’ project
work led to overall positive learning outcomes. Also, students were found to show a strong preference to work
as a multidisciplinary team as opposed to an interdisciplinary team. From the case considered here it can be
inferred that learning facilitators may have the potential to improve formative assessments (i.e. feedback)
during students’ project based learning. Furthermore, the connection of students’ project work with the
anticipated learning outcomes may need to be reinforced. This is to ensure that students realize they are
carrying out projects so as to learn pre-defined knowledge and skills.

Keywords: Problem-Based Learning, learning facilitation, students’perception, engineering design.

1. Background

Important engineering competencies can be developed within a Problem-Based Learning (PBL) environment.
The PBL approach originated at McMaster University [2] and the characteristics of PBL have been summarized
as follows [3]:

»  Students must have responsibility for their own learning;

»  Problem simulations must be ill-structured and allow for free inquiry;

» Learning should be integrated from a wide range of disciplines;

e Collaboration is essential;

»  What students learn during their self-directed learning must be applied back to the problem with reanalysis
and resolution;

* A closing analysis of what has been learned from working with the problem, and, a discussion of what
concepts and principles have been learned is essential;

»  Self and peer assessment should be carried out at the completion of each problem and at the end of every
curricular unit;

« The activities carried out must be those valued in the real world;

+  Student examinations must measure student progress towards the goals of problem-based learning; and,

» Problem-based learning must be the pedagogical base in the curriculum and not part of a didactic
curriculum.

Different variations, models, and perspectives on PBL have emerged [4, 5, 6] and led to approaches such as
“Problem-Oriented and Project-Based Learning” [7] and ‘Problem-Based Project-Organized Learning” [8]. The
common focus of the PBL variations and models is learning around problem scenarios rather than discrete
subjects [9]. The problem scenario could be a badly structured situation, which is tackled as a project (Project-
Based Learning), or could be a case (Case-Based Learning), as it is common in medical education, psychology,
social science or science education [10, 11]. Most PBL models are classified as “hybrid models” since they
include aspects of traditional learning approaches such as lectures [12, 13]. Research has shown the potential
benefit of a PBL supplementing lecture [14]. PBL stimulates critical thinking, self-learning skills, lifelong
learning, self-achievement, self-regulation, self-efficacy, communication skills, interpersonal skills and
students’ motivation [15]. Most of these competencies are among the competencies required from graduates by
professional bodies such as Engineers Australia [16].
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The importance of learning facilitation (versus teaching) withina PBL environment has been already stressed by
Boud and Feletti [12] who emphasized the importance of facilitators’ own self-awareness and psychological
sensitivity [17]. Learning facilitation was also one of the key dimensions of PBL as identified by Lowernthal
[18], and the importance of learning facilitation during a PBL Engineering Skills course has been shown
recently [19]. Based on twenty-one PBL environment characteristics taken from Senocak’s PBL Environment
Inventory [1] and an Exploratory Factorial Analysis (EFA), [19] showed that all characteristics belonged to one
of the following groups of characteristics:

. Learning facilitator support;
. Student responsibility; and,
. Project quality.

Based on this study [19], learning facilitation seems to be as important as the students’ responsibility for their
learning, and, the quality of their learning project. However, a Confirmatory Factorial Analysis (CFA), carried
out as part of the same study, showed that the strongest influence on students’ ability to succeed in the course
came from the perception of the students’ own responsibility, followed by their perception of the project quality.
Interestingly, virtually no influence on students’ ability to succeed came from the perception of the facilitator
support. This confirmed that projects need to be carefully chosen in order to match students” ability to succeed,
and, supporting lectures used to explain design tasks in more detail may support the development of students’
responsibility for their learning. Although facilitator support was not perceived as having a direct influence on
the students’ perception of their ability to succeed, the study showed that the importance of learning facilitation
lies in facilitators’ feedback, motivation, stimulation, encouragement and guidance during the PBL process and
problem solving work (e.g. project work).

2. Purpose and Course Description

The purpose of this study is to identify students’ perception of their facilitator support during the delivery of the
course “Engineering Design and Management - Implementation”, with the aim to contribute to a continuing
improvement process of learning facilitation related to PBL engineering design courses.

The course is based on two pre-requisite PBL courses, “Engineering Skills” and “Engineering Design and
Management — Planning”, and the course learning outcomes are shown in Table 1.

Table 1. Learning Outcomes.

1 Apply the techniques of project management to design and implementation of engineering projects

Dewelop a personal framework for engineering design and project management processes and for the
roles of stakeholders in these processes, based on evidence of reflection on designand project
management

3 Designorselect as appropriate, components and elements for the project, relevant to disciplines

4  Dewelop adetailed project design consistent with relevant Standards and engineering practice froma
conceptual designand client approved project specifications

5 Model and evaluate the detailed design

6  Demonstrate and justify the incorporation of a systems approach to design activities based ona
sustainability framework, which includes social, environmental, economic, business, usability and
health & safety benefits and risks

7 Identify, justify and apply the technical knowledge and skills required to successfully complete an
engineering project

8  Produce professional and technically competent project management and design documentation

9  Produce professional and technically competent project management and design documentation

10 Provide evidence of a professional capacity to communicate, work and learn; individually and in peer
learning teams

At the end of the course each of the fifty students was required to submit the following portfolio items for
assessment:

. Reflective Journal showing thoughts on their learning and learning process;

. Workbook showing work related to the project;

. Drawing Folder of technical drawings related to the project;

. Peer- and Self-evaluation (strengths and weaknesses in essay style to reflect the ability of professional

judgments; peer-evaluations did not impact lecturer evaluations);
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. Individual Grade nomination; and,
. Reflective paper on an interview with a practicing engineering about the project.

Course learning outcomes, assessment criteria of the course learning outcomes and details regarding the
portfolio items were explained to the students during week one of the semester, and it was emphasized that all
portfolios will be assessed individually (i.e. no “team marks”). The learning facilitator facilitated students’
learning throughout the course through formative assessment and feedback in a manner consistent with the PBL
environment [1] and assessed students’ portfolios at the end of the course. Finally, each student had to undergo
an individual viva voce to explain their work and learning.

The intentionally loose, problem description, included the following information:

An owner (represented by your learning facilitator) wants to build a typical villa in a local residential
area. An architect finished already the architectural drawings (uploaded to the LMS) and the owner is
satisfied with the architectural design. However, he wants to convert it into a “Green Building”. The
owner requires from an engineering design firm (design team) to find a cost-effective solution which
reduces the energy consumption by 50%. Specifically, he is asking the engineering firm to re-design two
components of the villa:

1. Re-design the external wall structure and find a solution which is as sustainable as possible.

2. Re-design the AC system and find a solution which is as sustainable as possible.

The owner requests the calculations and drawings of the solution to be ready in week 5. The design team
must design the solutions according to relevant standards and regulations and based on industry standard
practices. Required material needs to be locally available.

Furthermore, he requests from the design team to hand over the design documents (drawings and related
documentation) in week 5 to a third-party contractor (production team), in order to have the suggested
solutions tested.

Specifically, the owner is requesting two testsin week 13, which prove that the solution “really works”. In
week 13, he wants to see one test related to the external walls, and another test related to the AC system.
It’s up to the production team how they want to carry out the test and how they want to prove the
effectiveness. Professional interaction with the design team will be necessary.

The production team needs to manage the purchase process (from requesting quotes, evaluating offers,
negotiations with suppliers, writing a purchase order, quality control of delivered material, to paying) and
afterwards submitting a filled-in reimbursement request form. In order to qualify for reimbursement, your
purchase order needs to be approved by your learning facilitator.

Evaluation of the design solutions will be based on meeting the requirement of 50% reduced energy
consumption and, secondly, on the net cost increase of the solution (i.e. cost increase of external walls and
AC system) compared with conventional solutions.

In contrast to proceeding PBL courses, where student teams were assigned by the course leader, it was decided
to allow students at this stage to manage the team building process themselves, meeting the requirements that
teams had to include at least two students from each discipline (civil and mechanical engineering), and, teams
had to consist of four or five students. During the first five weeks of the semester, student teams were requested
to work as interdisciplinary design teams and to present their design solutions in week five to a different team
assigned by the learning facilitator. This team was requested to work as the production team throughout the
remainder of the semester. In this way, each team worked as a design team and, on a different project, as a
production team. This scenario triggered the need for interaction between design and production teams as well
as potential for the need to resolve conflicts. Communication with the “owner” (represented by the learning
facilitator) was kept to a minimum since the owner was just interested in an economically and environmentally
sustainable solution which would meet the requirement of 50% reduced energy consumption.

Each week of the semester included a one hour project related presentation by the learning facilitator, and four
hours per week were scheduled for team work, during which the learning facilitator was also available for
feedback and guidance. The course outline (syllabus) included a learning schedule (Table 2) which showed the
weekly presentation topics inaddition to some events and activities which students were encouragedto consider
as the basis for development of their personal schedules and team schedules.
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Table 2. Learning Schedule.

Week Presentations by learning facilitator Student activities

1 Introduction to course, project and effective Team formation & building; Team ethics statement; Team schedules
group norms

2 Design Process Individual: Carry out interview with practitioner (Reflective Paper),
Design Team: Research and analyse typical solutions

3 Heat Transfer Design Team: Research applicable material and analyse properties,
Develop and discuss design ideas

4 Air Conditioning Design Team: Select design, Prepare workshop drawings

5 Risk Identification Design Team: Present design solution to production team / submit
documents, Individual: Reflective Paper due

6  Procurement Process Production Team: Verification of documents, purchase material

7  Safety Management, Project Production Team: workshop, Design Team: monitoring

Communication

8  Time Monitoring Production Team: workshop, Design Team: monitoring

9  Budget Control Production Team: workshop, Design Team: monitoring

10  Quality Control Production Team: workshop, Design Team: monitoring

11 Guest Presentation “Green Buildings” Production Team: workshop, Design Team: monitoring

12 Testing Procedures and communication of  Production Team: workshop, Design Team: monitoring
testing results

13 Reflection Production Team: Testing of design solution /products, Design Team:
Finalizing Design Report, Individual: Portfolio submission
14 VivaVoce Viva Voce Timetable TBA

The presentations by the learning facilitator in week 2 and 3 were very important for the students’ learning
process and had a direct influence on the development of design ideas. In week 2, the presentation included
aspects such as energy transfer, conduction, convection, radiation, simultaneous heat transfer mechanisms and
thermal resistance. In week 3, topics covered were dry and atmospheric air, specific and relative humidity, dew
point temperature and modelling the Air-Conditioning process.

3. Method

Table 3 shows the questions which were used to measure students’ perception of learning facilitation. These
questions were selected from the PBL environment inventory [1] since they matched similar questions, albeit
composed differently in order to evaluate traditional courses (i.e. non PBL courses), of the college’s SETL
(Student Evaluation of Teaching and Learning) questionnaire. Students were asked to answer the shown
questions on a 5 point response scale (from 1 - strongly disagree to 5 - strongly agree) and the survey was
conducted after students’ portfolio submissions, but prior to students’ viva voce (i.e. before students were
informed about their final grades).

Table 3. Student Survey Questions.

The Learning Facilitator directed us with some stimulating questions

The Learning Facilitator gave us a clue instead of the correctanswer, when we had a question
The Learning Facilitator considered my performance during the problem solving process

The Learning Facilitator asked us how we arrived at a solution

The Learning Facilitator provided us with positive and negative feedback on our project work
The Learning Facilitator encouraged us to use various information sources

The Learning Facilitator encouraged us to express our ideas clearly

The problems were of the kind for which one can produce different solutions

I had to collaborate with the other members of my group

The problems we studied were related to the learning outcomes

11 | feltthe needto use various information sources

© 00 NOoO OB W N -
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In addition to these questions, students’ were encouraged to add any other remarks related to the course on the
bottom of the questionnaire.
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4. Observations

Before the results of the questionnaire survey are shown and discussed, observations regarding the students’
project work are described.

Even though no specific or detailed instructions were given, all teams were able to develop design solutions and
built appropriate ‘testing devices”. They utilized information from the presentations by the learning facilitator,
literature, local building code, standards and meetings with practitioners. For example, students of one “testing
device” chose plywood panels and glass wool insulation (Figure 1). Students of another “testing device”
preferred gas-aerated concrete blocks (Figure 2).

Figure 1. “Testing device” based on plywood and glass wool insulation.

Figure 2. “Testing device” based on aerated concrete blocks.

As may be seen from Figure 1, students had to think about appropriate connections with an Air-Conditioning
unit, required insulation and possibilities to measure temperature and time. Testing of the design solutions (i.e.
measuring room and surface temperatures of walls and ducts, with infrared and electronic thermometers)
enhanced students’ critical reflection on their design.

Most students felt there were advantages of interdisciplinary work, where discipline specific knowledge was
required. The same was observed regarding complementing different skill sets. However, the learning facilitator
strongly encouraged the learning of new knowledge and skills by team members from the discipline that was not
their own.

Although students enjoyed group work, a strong trend from interdisciplinary to multidisciplinary work (i.e.
work carried out by different disciplines without much interaction) was observed. Two main reasons for this
were identified: First, students realized it was saving time if students from the two disciplines focused on more
familiar knowledge and skills; and, secondly, students’ identification with “their discipline” was quite strong
and resulted in two sub-teams (i.e. a civil engineering sub team and a mechanical engineering sub team). Two
“‘reminders” helped to counteract this trend, and, increased students’ interest and participation in work carried
out by team members of the other discipline:

a) “You may also be asked during your individual viva voce about work which was carried out by other team

members”; and,
b) “Teaching others is one of the assessment criteria which needs to be met in order to be assessed excellent in
Learning Outcome No. 10”.
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The first “reminder” especially led to an increased participation in the work carried out by students of the other
discipline. Although it is not focus of this study, it should be mentioned that students had to solve more team
conflicts than during their team work of the two pre-requisite PBL courses (Engineering Skills, Engineering
Design and Management Planning), when the Learning Facilitator had assigned students to teams.

5. Discussion of Survey Results

Table 4 shows the results of the questionnaire survey. The maximum possible mean value was five and even the
lowest agreement (i.e. No. 8) which was 4.3 is still considered high. The five statements with which there was
least agreement are now discussed.

Students agreed least with statement No. 8 (The problems were of the kind for which one can produce different
solutions). Students did not perceive the large variety of potential solutions and may need more encouragement
from the learning facilitator to “think outside the box”.

The second least agreement was with statement No. 2 (The Learning Facilitator gave us a clue instead of the
correct answer). Since the Learning Facilitator was consistent in counteracting questions with clues and hints,
the result cannot mean that students perceived the Learning Facilitator as giving correct answers instead of mere
clues. However, the result may point towards the impression that not enough clues were given.

Students were more united (i.e. lower SD) in the trend towards disagreement with statement No. 3 (The
Learning Facilitator considered my performance during the problem solving), which may point towards
potential for improving learning facilitation. The Learning Facilitator needs to increase formative assessment
during students’ project work. Although the Learning Facilitator gave individual feedback to students when they
presented their design ideas in week 5, this was obviously insufficient since students may have presented parts
of the design solution which was actually developed by another member of the design team, or it may have been
copied from other students.

Responses to statement No. 1 (The Learning Facilitator directed us with some stimulating questions) show less
disagreement than responses to the previous statements. However, similar to statement No. 2, the learning
facilitator does not see potential for improving stimulating questions. The reason for the students’ perception
might have been the students’ misinterpretation of the phrase “directed us” as “helped us”. Anecdotal evidence
shows that the students studied here interpret “help” as “receiving correct solutions”. However, the learning
facilitator intentionally did not give correct solutions, since developing solutions was the task of the students.

Assimilar level of disagreement to statement No. 1 was with statement No. 10 (The problems we studied were
related to the learning outcomes). Although the learning outcomes were explained in week 1 of the course, this
may have been insufficient and the learning outcomes need to be connected to the project work more frequently.
Again, the standard deviation for this statement was the highest and interpretation requires adequate caution.
However, the result may confirm an earlier finding which showed that PBL students need to be reminded
throughout the course that the course is not primarily about carrying out projects, but about learning based on
carrying out projects [20].

Table 4. Results of Questionnaire Survey [1 - strongly disagree to 5 - strongly agree].

No. Question Mean SD

1  The Learning Facilitator directed us with some stimulating questions 4.5 0.70
2  The Learning Facilitator gave us a clue instead of correct answers 4.4 0.78
3 The Learning Facilitator considered my performance during the problem solving 44 0.60
4 The Learning Facilitator asked us how we arrived at a solution 4.7 0.46
5 The Learning Facilitator provided us with positive and negative feedback 4.6 0.78
6  The Learning Facilitator encouraged us to use various information sources 4.6 0.60
7  The Learning Facilitator encouraged us to express our ideas clearly 4.6 0.48
8  The problems were of the kind for which one can produce different solutions 4.3 0.69
9 | had to collaborate with the other members of my group 4.6 0.72
10 The problems we studied were related to the learning outcomes 4.5 0.78
11 I had to use various information sources 4.8 0.45

ISBN 978-953-246-232-6 111



19th International Conference on Engineering Education, July 20-24, 2015, Zagreb, Zadar (Croatia)

6. Conclusion

The purpose of this study was to identify students’ perception of their facilitator support during the delivery of
the course “Engineering Design and Management - Implementation”, with the aim to contribute to a continual
improvement process of learning facilitation related to PBL engineering design courses. The interpretation of
students’ responses shows that the learning facilitator needs to increase formative assessments (i.e. feedback)
during students’ problem solving process. Furthermore, the connection of students’ project work with the
anticipated learning outcomes may need to be referred to more frequently in order to ensure that students realize
they are carrying out projects in order to learn defined aspects.
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Abstract

Japanese government selected 37 universities as the Top Global Universities among 758 universities in Japan
in 2014 in order to enhance their international competitiveness. The government financially supports the
selected universities. Shibaura Institute of Technology has been elected as a top global university. For the
global human resource development program, we designed an e-portfolio system with three portfolio categories.
The first category is the learning portfolio, which consists of rubrics as evaluation standards for measuring the
degree of achievement of learning outcomes. The learning portfolio also provides a weekly-report submission
site for students exchange and overseas internship programs. The second category is the carrier portfolio,
which includes the Progress Report On Generic skill test (PROG test) as a means of generic skills assessment
and reflection for students. Third category is the language portfolio. For the language portfolio we adopted the
Common European Framework of Reference Languages: Learning, Teaching, Assessment (CEFR) and
extended it to technical communication capability assessment. The e-portfolio system has been utilized to assess
global project based learning courses, student exchange and overseas internship programs, and has proven to
be effective in motivating students and improving the quality assurance of these educational programs.

Keywords: portfolio, global, PBL, rubric, internship, cross-cultural.

1. Introduction

In 2014, Japanese government selected 37 universities as the Top Global Universities among 758 universities in
Japan in order to enhance their international competitiveness. The government financially supports the
globalization of these selected universities, including seven technical universities. Shibaura Institute of
Technology (SIT) is the only private technical university among those which has been elected as a top global
university. In addition, SIT established South East Asian Technical University Consortium (SEATUC) with
leading technical universities in South East Asia in May 2006, and has been strengthening its collaboration with
overseas universities. Along with these globalization steps, SIT has been implementing its Global Human
Resource Development Program to educate students in global environment. In this paper, we introduce an e-
portfolio system designed and implemented at SIT to advance its global education.

2. Global Human Resource Development Program

We designed the Global Human Resource Development Program in order to strengthen students’ abilities in
relation to four aspects of global skills: global leadership skills, communication skills including technical
communication in a foreign language, problem-solving skills with ethics and inter-cultural understanding with
the recognition of their identity.

(1) Global leadership skills:
The ability to cultivate international cooperation with a long-term vision, a sense of commitment, and a can-do
attitude in a positive sprit of collaboration.

(2) Communication skills:
The ability to understand and to have others understand products and services in the field of engineering by
using language skills.

(3) Problem-solving skills:
The ability to identify and solve problems by using problem-solving skills based on the social impact of
technological and economic activities.

(4) Intercultural understanding skills:
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The ability to appreciate cultural diversities as well as a strong sense of the identity of one’s own country and
the ability to convey these attitudes though one’s action.

In order to develop the abilities mentioned above, we initiated Global Project Based Learning Courses by
enhancing international university collaborations and our Engineering English Overseas Training Programs.
Also, we increased student exchange and overseas internship programs (Figure 1). We determined clear
educational objectives, measured the outcomes, and executed a Plan-Do-Check-Act (PDCA) cycle of quality
assurance of the education.

The University’s Educational Aim (School Philosophy)
The Education of Engineers by Society to
Contribute to Society

Mission: Global Human Resources
Training whereby “An engineer can contribute to the world and
society with integrated problem solving skills.”

N
Global Human Resources Global Manpoyver Communication Cross—cultural
Mission-critical capability Problem—solving Skills Understanding
14 ability

International -Cross- ESP

Global capacity- Exchange Student-

- Cultural i i
building courses L | | Englishfor | Jinternational Intern
J _ ommunication PBL Specific Purposes
N\ Z
e

Specialty Engineering Foundation - Specialized
: Knowledge - Applied Skills
What Industry requires:

Manufacturing human resources International-class quality built Into_the Development of positive
for overseas expansion framework of a system of education human resources with
Global Engineer * guaranteed by PDCA cycle engineering identi
*‘y Reform Promotion Project "Quality assurance of education by IR framework and

* Global Engineer: human resources with these capabilities as defined by the American Society of Mechanical Engineers (ASME)

Figure 1. The University’s Educational Aims and Global Human Development Program

University Policy:

3. E-portfolio: Objective and Requirement

3.1. Definition and Objective of the e-portfolio system

An e-portfolio system was developed as part of an educational program of the global human resource
development. The portfolio system is an electric accumulation of achievements and career developments of
students. One of the objectives to implement the e-portfolio system is to facilitate the reflection of students for
active learning, and exhibiting and sharing the products of students among students, faculty members, and the
society [1]-[5].

3.2. Requirements for the e-portfolio system

We analysed requirements for the e-portfolio system by taking in account both the goals of global human
resource development programs and demands form stakeholders. We defined the stakeholders of the human
resource development program as students, faculty members, staff members, and partner universities and
companies involved in our student exchange and overseas internships programs. Project Based Learning
Courses [6], Engineering English overseas trainings, student exchanges, and oversea internship have been
improved to develop the four aspects of global skills. For each education program, clear learning and
educational objectives have been determined and the learning outcomes have been quantitatively measured to
execute its PDCA (Plan, Do, Check, and Act) cycle for the quality assurance of education. The e-portfolio
system was designed to meet the following requirements. It has to motivate students and improve the quality
assurance of the educational programs. Its interface has to be easy for students to use and to enable them to
access the system at anytime and anywhere by using PCs, tablet PCs and smart phones. Also, it can be used by
students to use for their carrier selections.
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4. E-portfolio: Design

We designed three categories of e-portfolios for the program (Figure 2). The first one is a learning portfolio,
which consists of rubrics as evaluation standards for measuring the degree of achievement of learning outcomes.
The learning portfolio also provides a weekly-reports submission site for students participating in overseas
exchange programs and overseas internship programs. The second category is a carrier portfolio, which has the
Progress Report On Generic skills test (PROG test) as a means of generic skills assessment and reflection for
students. The third category is a language portfolio. For the language portfolio, we adopted the Common
European Framework of Reference Languages: Learning, Teaching, Assessment (CEFR) and extended it to
technical communication capability assessment. The e-portfolio has been utilized to assess global project based
learning programs, student exchange programs, and overseas internship programs, and proved its effectiveness
in motivating students and improving the quality assurance of these educational programs.

e-Portfolio
[ - L I ] 1
] arrier
Learnlr?g Development Language ResearF:h
Portfolio Portfolio Portfolio Portfolio

Program Assessment of . CEFR based . Research
— Out<':1c_>mes and || Generic Skills [ Rubric Achievement
istory | (PROG)
Course TOEIC
— Outcomes and ||  carrier Design | _ TOEEL Research Plan
history | Note

Score History

Rubric for PBL and
—  Undergraduate

Research e-Learning

—  (English)
Portfolio

Course Planning
Support System

CEFR: Common European Framework of Reference for Languages
PROG: Progress Report On Generic Skills

Figure 2. E-portfolio for Global Human Resource Development Program

4.1. Learning portfolio

The learning portfolio was designed to assess the learning outcomes of SIT’s educational programs and to
provide reflection for students. For this portfolio, rubrics were defined for engineering education to show
learning objectives clearly to students and to assess the outcomes of educational programs [7]. A rubric is a
scoring guide that clearly differentiates levels of student performance. Rubrics provide a clear description of
proficiency levels of students’ work and serve as a guide for helping students achieve and exceed a performance
standard. The rubrics supply not only the basis for self-assessment by students but also evaluation by faculty
members.

We implemented the global PBL course as a joint program of Shibaura Institute of Technology and King
Mongkut’s University of Technology, Thonburi in Thailand [8]. In the global PBL course, students form project
teams, and each team decides on a project theme through team discussion on keywords suggested by faculty
members—such as ecology, energy, eco-tourism, mobility, welfare and medical systems, and disaster
prevention. The project teams are composed of multidisciplinary, undergraduate-graduate mixed, and Japanese,
Thai and Indonesian international students. This culturally diverse team structure can realize a simulating global
environment, which resembles the situation that students can encounter at workplace in their future (Figure 3).

116 ISBN 978-953-246-232-6



19th International Conference on Engineering Education, July 20-24, 2015, Zagreb, Zadar (Croatia)
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Presentation

Definition (Redefinition)
of the Problem

Requests/Needs from
Environment, Society,
and Market
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multiple areas/disciplines

The solution would be formed by correlating various science and technology each other,
which has been obtained through environment and social activities

Figure 3. Process for Global Project Based Learning Course

gPBL Outcomes Assessment Sheet YYYYMMDD:
(for student)
Bachelor/Master Grade: Number: Name:
Ou Self and Peer A (High:5.4,3,2,1:Low)
Peer it Peer #2 Peer #3 Peer #4 Peer £5 Peer #6
.Self Assessment MName Name Marme Name Narme MName Average of Peer
Learning Outcomes Competency B
[Work in mutti-cutture and interdisciplinary Communicate and teamwork in multi-culture
team and interdisciplinary team

Design system, service and process which

Engineering Dasi ° !
nemeering Lesien satisfies needs and constrains

1Understand engineering process and apply it
to sclve interdisciplinary problem,

2. Recognize and analyze problem, and design
and evaluate solution.

" System Thinking”
- Solve interdisciplinary problem by
understanding engineering process

Personal Outcomes

“Engineering Methedology™
- Apply engineering methadologies to solve
interdisciplinary problem.

1Understand engineering methodologies and
apply them to model, and determine system.

Team Outcomes Self Assesment (High:5,4.3.2,1:Low)

Project Qutcomes Self Assessment
Originality Propose original system and service
Usefulness Propose useful system and service
[ccuracy Based on scientific analysis and engineering
design

2 |Feasibility Technically, socially and economically feasible

8

g

3 |Goal Set appropriate goal

g

B |Achievement Achieve goal

Written presentation
[Written and Oral Presentation

Oral presentation

Figure 4. Assessment sheet for Global Project Based Learning Course

Criteria of evaluation for the deliverable of Global Project Based Learning Course on the final presentation are
indicated as Team Outcomes in Assessment sheet for Global Project Learning Courses (Figure 4). The
Deliverables were evaluated with a five-point scale from 1 to 5, based on the following evaluation standards:

(1) Creativity: Did the group obtain a creative result?

(2) Applicability: Did the group obtain a result that is to the point of the theme, which is applicable to general or
global problems?

(3) Completion: Did the group obtain a result with a higher degree of completion through conducting an analysis,
planning, and evaluation?

(4) Feasibility: Did the group set a goal with an adequate level of feasibility?
(5) Achievement to the Goal: Did the group achieve the goal that was set at the beginning?
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Evaluation on the learning outcomes as follows was made after the global PBL course was completed. Figure 5

shows an input view for the electronic Learning portfolio based on Rubrics.

ICourse Name

I Evaluation Input

§ evaluation period

| 1.2015/03/24~-20135/03/31(Middle examination) V|

I behavioral characteristics

roblem and a derivat
ive problem and can
explain the effect th
at a solution to the p
roblem brings

middle

m (group) then to oc
cur logically.

relations between pr
oblems discover a p
roblem and can expl
ain it

roblem or the backg
round logically.

evaluation comment
H 3 2 1
@k : :
Iﬂu;lf:gs;l;ﬂ :hb::: Although it cannot b|
I discover a problem in the society |/ darstand t;e relati e understood enoug 7
and can explain results of research | (n¢' o an essential 1 can explain a back |h, the background o I cannot explain the
and social relations. P ground and a proble |f the problem or the |constitution of the p @

H

3

2

Ia)

I set the final aim, and the range that
oneself should untie is decided

I grasp big game an
d the relations of pr
oblems properly and
can set the problem
range that oneself sh)

middle

I grasp a level of the|
difficulty of the pro

blem to some extent
and can set the prob
lem of an appropriat

I cannot explain the
overall positioning,
but a makeshift aim
is decided

[Even if an aim is gi
ven, I find a proble
m from that and can
not set it

ould untie from that e range..
Having learned by this subject 4 N\
and the thing that | obtained @
Having wanted to learn by this subject more
- J

(D select grade in 1-5 based on Rubric
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Figure 5. Learning portfolio based on Rubrics

4.2. Carrier e-portfolio

A test to assess generic skills, Progress Report On Generic skills test (PROG test) [9] has been carried out to
validate this educational program in terms of the development of students’ competency, since competency is
necessary for global human resources. A PROG test measures the "competency" as generic skills obtained from
students’ experience and the "literacy" as abilities based on the students’ knowledge. Students take a PROG test
when they are in the first and third year of university, the first year of their Master’s program, and just after they

complete Global PBL courses. The strucure of a PROG test is shown in Figure 6.

Knowledge

Literacy

Ability for problem solving
based on knowledge:
application capability of

knowledge and an ability to

continue learning

Result report

118

Generic Skills

ProG

PROGRESS REPORT ON
GENERIC SKILLS

Report &

Training

Competency

Experience

Behavioral characteristic
mastered from experience:

Capability which can be
transferred to any work

Result report

Figure 6. PROG test: Progress report on generic skills
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Figure 7. Competency Generic Skill: Progress Report On Generic skills (PROG)

We compared the results of PROG tests taken by students in the first and third year of university, the first year
of their Master’s program, and by students who completed Global PBL courses, with the results of the test taken
by high-performance (domestic) busssiness professionals and high-performance global bussiness professionals.
Figure 7 shows the levels of competency with three types of skill sets: commucation skills, self-control skills,
and problem-solving skills. The results showed that students who had experience with Global PBL reached a
high level of problem solving skills and communication skills.

4.3. Language e-portfolio

Basic Structure of
- the CEFR-based Can do list
c 1 =Can understand a wide range . -
of demanding, longer texts, for engineering context

and recognize implicit Y
meaning.

JERUCILIIIR]

>

B2 = Can understand the main
ideas of complex text on
both concrete and abstract

B1 =Can understand the main
points of clear standard
input on familiar matters

195 3uapuadapu|

|

>

*Can understand sentences and
frequently used expressions
related to areas of most
immediate relevance

195 dIseg

*Can understand and use .Langu?ge Input
familiar everyday expressions (Receptlon)

(Interaction) and very basic phrases
ge Output (Production

@ Overall Performance (Competency)

Figure 8. Common European Framework of Reference Languages: Learning, Teaching, Assessment (CEFR)

We aim to develop human resources who can work in a global environment and communicate sucessfully in
English in techincal context. A means to measure the achievement of foreign language communication skills in
engineering context is required to assess the learning outcomes which can not be measured in a general English
proficiecy test such as The Test of English for International Communication (TOEIC). We adopted CEFR (The
Common European Framework of Reference for Languages: Learning, Teaching, Assessment) criteria (Figure
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8) and created a Can-do list, which is an extension of CEFR criteria for engineering context. The Can-do list is a
self-assessment criteria of foreign language communication skills. It is an indicator of achievement of language
communication skills in engineering contents. The Common European Framework of Reference for Languages:
Learning, Teaching, Assessment (CEFR) has been proposed by The Council of Europe for a common
achievement indicators for languages. CEFR index is not intended to be limited to the English but to each
language. CEFR has three levels of the ABC (Basic User = Level A, Independent User = Level B, Proficient
User = Level C). Each level is divided to two sub level and total steps are composed of Al, A2, B1, B2, C1, C2.
CEFR Can-do list in engineering content is divided into the four language activities (Production, Resception,
Interaction and Competency). Studets are required to fill out the CEFR Can-do list every year and during Global
PBL courses. The results of the CEFR Can-do list have been anlyzed in a collelation with TOEIC test scores.

4.4. System Configuration for e-portfolio and Learning Management

Figure 9 shows the configuration of the Portfolio/LMS system, which has a web server, a web application server,
and a DB server that is interfaced to a Bussiness DB server. The e-portfolios can be access by using a PC and a
smartphone via the Internet.

. Portfolio /LMS
- Sakai 2.7.1
¢
\
\ Web Server DB Server 3
\ ! <
N I' Apache HTTP ’
\ pache /
\ / i Server / '\543:35%-
Firewall g i 2.4.10 V4 o
[/ 1 ,I
B e e e e e e ] 1 /
1 /
1 ,I
4 B
7 Business
4
4 . .
I/ application DB
; server server
Apache Tomcat
br\;v\f/:er 8.0.9 Oracle DBMS
11g R2

CentOS 6.5 (64bit)
Figure 9. Portfolio/LMS system configuration diagram

5. Conclusion

For global human resource development programs at SIT, we designed and implemented an e-portfolio system
with three categories of portfolios: learning portfolio, carrier portfolio, and language portfolio. The e-portfolio
system has been utilized to assess project based learning courses, student exchange programs, and overseas
internship programs. The outcomes of the e-portfolios proved that the design of the portfolio system was
effective in motivating students and it had improved the quality assurance of the educational programs. The
analysis of the e-portfolios shows that it is useful for international education programs that involve students with
different cultural and language backgrounds. For Global PBL courses, we prepared the PROG tests and the
rubrics in different languages, such as Japanese, English and Thai language. The CEFR Can-do list was also
prepared in Japanese and Thai language. The analysis also indicates that international collaboration among
universities in different countries can be more useful when the quality of international education programs
jointly provided by the universities is assured by utilizing the e-portfolio system and data exchange through the
system.
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Abstract

Engineering education communities have long recognized that graduates not only need to poses technical
knowledge in their chosen disciplines, but also need to be better educated in areas of communication skills,
teamwork and leadership. Several studies mention these so-called “soft” skills as increasingly important for
future engineers. Such skills include communication, cooperation, creativity, leadership and organization.
For many years, the engineering educations at Aalborg University have been working with the Problem
Based and Project Organized Learning pedagogical approach. An important part of the first year engineering
curriculum is to learn how to make a project and how to work in groups. Part of the study is about getting
these “softer” qualifications. Students are given the course “Communication, Learning and Project
management (CLP) ” and are at the same time working in groups so they can transfer theory into practice. In
addition to their project, students have to make a “Process Analysis”, which is an evaluation of their
experience of the soft skills or process competences. Results show that “Soft Skills” are hard to learn.

Keywords: Process competences, Problem Based Learning, Project work, Group wor

1.Introduction

Engineering education communities have long recognized that graduates not only need to posess technical
knowledge in their chosen disciplines, but also need to be better educated in areas of communication skills,
teamwork and leadership [1]. Several studies mention the so-called “soft” skills as increasingly important for
future engineers, where such skills include communication, cooperation, creativity, leadership and
organization [2]. Another study showed that “soft” skills topped the list of what employers would be looking
for when hiring an engineering candidate beside the technical skills, and that employers view communication
skills (98%), and teamwork skills (92%) as being important or very important when hiring for entry-level
positions [3]. “Soft Skills”, or process competencies as we will call them, include conscious awareness of own
learning, creativity, collaboration, communication, independent work, behavioral changes, self-management
and self-evaluation, etc. The concept of competencies can be seen as an individual’s potential capabilities [4],
and represents the potential for personal development [5]. Process competencies cover more or less the same
as transferable skills, generic skills; higher order skills, metacognitive skills etc.

In this paper we focus on the development of process competencies for students at the Faculty of Engineering
and Science at Aalborg University. An essential part of the working life of an engineer takes place in project-
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organized environments. At Aalborg University, we want to educate students so they become qualified to
enter directly into a project organized working environment after their studies. We do this by applying the
problem-based and project organized learning processes into various parts of their education. The students
must be able to plan, manage and be in charge of projects. They must be able to organize themselves
internally in a project group, and have competencies within co-operation and communication. In short, they
have to develop the necessary process competencies to be able to work as team members or team managers in
a project organized working environment [6].

When teaching process competences, one of the main challenges is how to transfer the idea of such tools and
methods as one that is a useful asset for the students, and in turn, how to evaluate this in a meaningful way for
both students and teachers.

Since Aalborg University was established in 1974, students of engineering have had a part of their education
organized with regard to achieving these ambitions [7]. The teaching of process competencies is thought
through a course in Cooperation, Learning and Project Management (CLP) and implemented by the project
supervisors in the first year program at Faculty of Engineering and Science, Aalborg University [8]. The
course is taught by a group of teachers, who have their background in both engineering and educational
research.

This paper describes the current content of the 1st year CLP course and the didactic principles on which it is
based. We analyze the students’ Process Analyses reports with the conclusion that achieving soft skills or
process competences is very important but also difficult, but it also show how the making of the Process
Analysis allows students to review their project work, and give some well-argued suggestions for
improvements.

A recent questionnaire from 2nd year students shows that they after completing the CLP course, many would
want their knowledge about process competences refreshed or improved. This suggests that process
competences (or “soft skills”) are needed and valued, but take time and continuous practice to acquire, are
generally hard to use in practice, and need to be maintained for many students to be at their disposal when
necessary.

2. Theoretical Background for Teaching and Learning Process
Competencies

The objectives of the course are that the students obtain theoretical and practical skills within the CLP
framework [7]. Teaching in this field is based on experience-based pedagogy and the purpose is to train the
students to work in an experimental and reflective way, described by Schén as the reflective practice [9].
Process competencies are special, because they are learned and developed through practice — but at the same
time imply an awareness, which is developed through reflection and experimentation.

The didactic approach is based on facilitating actions, experiments and reflection. The theoretical
understanding is based on an experience-based pedagogy, as the process competencies are in fact an
integrated part of the individual’s world of experiences [6].

We have developed a learning theory model (as illustrated in Figure 1). The model is an illustration of our
theoretical understanding of how students acquire process competencies as well as a didactic tool [6].
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2.1. A Learning Strategy Based on Experimentation and Reflection

Our basic approach to facilitation of experimentation and reflection is based on Schén [9], Kolb [10] and
Cowan [11]. The three authors have different understandings of how experiments and reflections can be used
as learning strategies.

Schon’s basic concepts are “reflection-in-action” and “reflection-on-action”. “Reflection-in-action” is a
process where reflection and experimentation take place at the same time — in any case it is difficult to
separate the two processes. ‘“Reflection-on-action” is reflection at a distance and contains an element of
evaluation of former actions. Cowan add reflection before action, which is both about how to use previous
experience in general and how to use experience from previous learning situations. Kolb [10] does not deal
with reflection as a method - but it is an important element in a learning process consisting of experience,
reflection, conceptualization and experimentation. It is important to emphasize that reflection and
experimentation is separated - and that it is an analytical, objective and observing reflection, which involves a
distance to what is going to be reflected on [11].

When developing our model, we used Schon and Kolb as a starting point in order to find methods, which are
operational in the development of process competencies. We began by developing various types of reflection.
Our research data lead us to use three different types of reflection [6]:

Common Sense Reflection means to be conscious of the experience. This is an everyday consciousness which
Schon calls espoused theories [9]. The knowledge, which is gained from the experience, is not questioned.
The Comparative Reflection is learning through comparing different experiences. Finally, Vertical Reflection
is based on induction and deduction — to be able to pass from single experiences to more abstract categories
and vice versa.

We later became aware of the importance of working with the experiment as a learning strategy. There are
several reasons for developing experiments as a learning strategy:

- By experimenting it is obvious to define objective, methods, outcomes etc. It gives the possibility of
gaining awareness of action.

- Itis a method for creating innovative experiences — to provide the opportunity for setting the stage for
creativity, new thinking and innovation.

- It fits very well with the learning style among engineering students, who are much more active than
passive. Most of the engineering students have an accommodating or converging learning style.

- Experimentation is a traditional way of defining learning and innovation among engineers.

It is important to stress how the types of experimentation we are referring to are very different from the
traditional scientific approach to experiments, such as e.g. controlled experiments. The experiments we are
referring to are linked to the students practice. Here, it is very difficult (for anybody) to limit areas for control
— which means that it is not merely a question of achieving knowledge, but practically trying different
strategies and activities as a solution to the problem that has to be solved [5]. These experiments are often
generated by the teachers.

2.2. A Didactic Model Based on Experimentation and Reflection

Fundamentally, we do not understand Kolb’s learning circle as a circle, where learning only takes place if the
learner reflects, forms his/her own conceptual understanding, tests hypothesis, acquires new experiences as
the basis of reflection etc. (see figure 1). If we analyze our own students, they do not always go “full circle”,
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i.e. the whole way round the learning circle. On the contrary, at the beginning of the CLP-course students tend
to go directly from the reflective observation to new experiments without any conceptualization. If the
students are going to conceptualize, this has to be facilitated through questions and learning concepts,
theories, models and methods connected to the field in question.

Reflection-in-action is not only deliberate and structured reflections, but also an awareness which is based on
susceptibility, empathy and intuition [6]. Reflection-in-action contains two essentially different forms of
awareness: Conscious reflection and intuitive awareness. Sometimes the most important aspects in group-
based project work are those created by the intuitive awareness, which includes motivation, commitment and
drive for the individual student either through studies or work.

Concrete

Experience

Common sense refleksion

Active . . Reflective
L . Comparative refleksion H h
Experimentation Observation

Vertikal refleksion

Abstract Conceptualization

Figure 1. A didactic model developed to understand the theoretical approach to the CLP course. It contains
different types of experimentation and reflection, which is related to a Kolb inspired learning circle [5,6].

Conscious reflection and intuitive awareness are important aspects of all work - and at the same time very
difficult to relate to - and to teach. In the CLP course we deal with this aspect in connection with a discussion
of which conditions that create inner motivation, commitment, drive and peace of mind is in focus. The
problem concerning this type of teaching is that all you can do is to attract the students’ attention to the fact
that here is a large and important potential in connection with their development of process competencies.

3. The Co-operation, Learning and Project Management Course
The CLP Course is a 2,5 ECTS course taught at the 1% semester and extra consultation is offered for all
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groups on the 2™ semester. The following is a short description of how the above didactic method has been
translated into the CLP course [7]. The structure of the course is based on four subjects:

1. Learning and problem-based project work

2. Project management and project planning

3. Organization, co-operation, communication and conflict handling
4. Reflection and development of the project group (Process analysis)

The courses are traditional classes, workshops and seminars. Students are often given small experiments to try
out in their group. The course has two written assignments and is finished with a written exam.

3.1. Learning and Problem-based Project Work

The concept of Problem-based project work refers to a method, where the students are working with problems
in their projects. At Aalborg University the students have to find, formulate and solve / discuss a problem,
which can be guiding for their project. Behind this approach is an implicit wish to educate engineers, who are
able to find and solve problems through critical analyses — and an understanding that the process of solving
problems consists of interplay between formulating the problem and focusing on the solution. Therefore, we
have chosen to call the total process “problem managing”. The students learn that parts of a solution to a
problem is found while you are working to reach a better understanding of the different components of the
problem, and that the understanding of the problem often will change while you are working with it. At the
same time, they should understand that one way of regarding a problem is trying to solve it. This illustrates
the interplay between formulating and solving the problem. In relation to the didactic model this is exactly
what the reflective practitioner is doing, when he/she is by turns reframing the problem through experiments
and communication in the group and by reflecting on the outcome of the experiments.

During their project work the students are in groups of 6 - 7. Each semester is divided in 15 ECTS for courses
and 15 ECTS for the project. Each group has 1 or 2 teachers (supervisors) connected, and they know about the
CLP courses and are able to support and facilitate the students within this area.

The theory and methods from the course are implemented simultaneously into the students’ semester projects.
Some of the most important, but difficult subjects are as follows:

3.2. Project Management

Students must obtain knowledge and skills in project planning and management techniques [7]. Project
management is defined as answering the question: What do we want to do and how do we carry out our
plans? It is a question of pinpointing the aim of the project and the means to achieve the aim. We do not use
much literature, which advises finished solutions to how projects are planned and managed. The argument in
favor of this is that a specific project-planning tool can be seen as an integrated part of the project group’s
way of co-operating, principles of organization, and communication. Teaching is based on the principle that
project plans are seen as a visualization of the project group’s common understanding of the aims and means
of the project. Therefore, they have to be adapted to the organizational structure, which is used by the project
group, and which fits into the actual composition of personalities and experiences.(Examples from previous
groups are given).

3.3. Organization, co-operation, communication and conflict handling
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During the CLP course, the student groups are inspired to experiment with their internal organization and
forms of co-operation for their semester project. Students get several methods and tools dealing with
communication, but teaching mainly consists in challenging the group’s initial organization through a number
of facilitating questions. For example we ask them about their form of management, how they share the work,
roles and functions as chairman, secretary etc. Furthermore, the students are presented to a number of
inspiring examples of how former project groups organized themselves.

One of the themes in co-operation is conflict handling. The starting point is a positive approach to conflict
handling, where conflicts are seen as a potential for development. They indicate the presence of a dynamic in
the organization where they arise. In the course we stress that conflicts should be prevented through co-
operation relations considering positive conflict handling. Conflicts may originate in different attitudes to
ambitions, engagement, management system, allocation of roles, understanding of problems etc. Conflicts are
often the visible incentive to change the organization of the group.

3.4. Reflection and development of the project group — The Process Analysis

The experiences obtained by the students from the training during the course and their experiences from the
project work are presented in an additional report called a Process Analysis [7]. The Process Analysis works
as a tool for development of competencies, documentation of competencies, and as the basis for evaluation of
the students’ process competencies. The Process Analysis must contain a description and analysis of the
process experiences obtained by the group during the project period. Furthermore, it should contain proposals
for improvement of future project processes. These proposals must be described on an operational level,
which can more or less be used as a basis for a subsequent project period. As such, the Process Analysis
contains both comparative and vertical reflections. The comparative reflections reflect the qualitative
development obtained by the group through explorative and move-testing experiments. The vertical
reflections reflect this development in relation to the theories and methods of the course. On this background
the Process Analysis is also expected to contain hypotheses of how the group is going to develop in future.

Prior to examination, the students receive a written response to the Process Analysis from the course teacher.
It consists of a number of facilitating questions, and the aim is to initiate further reflections by the students.
The response is sent to the students, their supervisors and the external censor, and it is used as a discussion
paper at the examination.

4. Do the Students learn Soft Skills or Process Competences?

Analysis of students first semester Process Analyzes show that about 1/3 are doing well though not perfect.
They describe, analyze and reflect the main areas: project planning and management, corporation and
communication and come up with areas where they have experienced specific problems or where they want to
improve and how to do it in their next semester. Another 1/3 is in the first semester dealing with problems like
planning and management. They start their project with a planning tool, but forget during the semester.
Another big issue for them in the first semester is to coordinate and delegate tasks to all students in the group
in a fair manner. The communication is not good enough, especially because some group members lack
motivation and discipline. If someone in a group is demotivated and undisciplined, the result is that the rest of
the group risk losing their motivation and give up on repairing or improving the group work. Another problem
is lack of trust in each other, which can lead to conflict. Sometimes a group is able to solve the conflict
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themselves and sometimes they need assistance from a supervisor, but eventually they learn how to do it with
no external assistance. The last 1/3 of the groups does not make acceptable Process Analyses. These Process
Analyses only reach a descriptive level, without analysis or reflection.

Beside the process analyses, students also have to document their learned process competences in a written
exam format. The content is according the goals in the study regulation and is based on knowledge, skills and
competences. Each question gives a certain amount of points.

The first part of the exam assignment is based on concrete questions such as (examples):
- Provide examples of group agreement points that aim to ensure that the aspects of importance are not
neglected.
- Provide two examples of methods that can be used to analyse or improve group collaboration.
The last part of the exam assignment is based on a case (being in a media company developing apps). The
questions are connected to:
- Creativity techniques, project plans and management, teamwork, communication strategies.

Process competences are not easy to learn for all students. 20% are failing their written exam and have to go
for reexamination.

The Process Analysis from the second semester is better regarding analysis, reflections and documentation,
e.g. about new methods and experiments students have tried out. However, they are dealing with the same
problems, though to a lesser extent, and the suggestions for improvements are realistic and well argued. We
can see that for some students it is very hard to gain the necessary process competences, either because of
their individual preference or because the combination of students in the project groups. Students have
experienced that group work has demanded a lot of resources and not allowed any time for developing
positive process competences. Some of the students in those groups actually learn a lot, but it is not always
visible in their Process Analysis.

The learned process competences are easier applied in the next semesters, but some students still wanted more
training of the tools and methods. From a resent questionnaire from third and fifth semester 70% of the
students found process competences very useful, but 15% of the students wanted more support for their group
work.

These are good results as a survey among Danish companies employing engineers showed that almost 60%
found that Aalborg University was particular good at developing engineering educations according to the
need of society and companies. In the same survey the three highest ranked qualifications beside the
engineering expertise was communication, understanding business models and project management [12].

5. Conclusion

The course in co-operation, learning and project management is arranged with a view to develop the students’
process competencies. Through the continuous development of the course we have become aware that the
development of process competencies implies the use of several kinds of reflections. The didactic model
illustrated in figure 1 is an attempt to understand, which forms of learning that are the most advantageous to
the students in this specific topic. From the students process analyses it is visible how the students work with
their project and progress their process competencies throughout the semester. Many of the reflections and
experiments the students work with during the course are actually leading to an improved practice. It is first of
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all the common sense reflection and the comparative reflection, which is used. The students’ Process
Analyses indicate that in general, they have difficulties in conceptualizing their experiences.

All students learn how to get a group to function, so they have got a lot of experience using and developing
their process competences, but “soft skills are hard to get” as one student said when finishing his Bachelor
degree.
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Abstract

The fast-evolving technological advances make it easier for entrepreneurs to implement their ideas and reach
their users. Because of their training, generally entrepreneurs come from a business background rather than an
engineering background. On the other hand, computer science and engineering students are the ones who have
the technical skills to develop most of the technology-related entrepreneurial ideas. However, computer science
and engineering curriculum usually does not provide room for entrepreneurial exposure. Even the real-world
environment is experienced by computer science and engineering students mostly through limited time and
scope internships. In this paper, we propose a framework to seed entrepreneurship during computer science and
engineering students' studies and to encourage continuation during their professional career. The goal of our
proposed framework is two-fold: computer science and engineering students start working in the real-world,
experience state-of-art development technologies, and