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Foreword

It is a pleasure to present the proceedings from the International Research Symposium on PBL (IRSPBL2021), organised
by the Aalborg UNESCO centre for PBL in Engineering Science and Sustainability. The IRSPBL has moved around the world
to Australia, the United Kingdom, Malaysia, Spain, Colombia, China, and India.

Twelve years after the first symposium, it was our intention to return home and organise the IRSPBL 2020 in conjunction
with the PAN-PBL annual conference, the PBL 2020. However, due to COVID 19 pandemic both conferences has been
postponed for the summer of 2021, where Aalborg University is hosting an entire week dedicated to PBL, the Aalborg
PBL Week 2021 (August 15-20, 2021).

Even though much has been achieved during 2020 regarding vaccination and controlling the spread of COVID-19, we
are still forced in isolation and facing several waves of infection. This pandemic change the world, how we connect with
each other, and carry out our academic and professional activities. We live now in a “new normal” with digitalisation,
and facing social and environmental challenges. Presently, connectivity assumes new shapes and meanings; the aim of
IRSPBL has been to share experiences and research results on the transformation in engineering and science education
to be more project-organised, and problem-based learning, i.e., PBL.

Additionally, the amount of best practice and research has increased enormously all over the world. The need for change
has also increased during these years, from requests for engineers and scientist who are able to contribute to the solu-
tion to societal challenges, such as the UN’s Sustainable Development Goals and Digitalisation. Therefore, competencies
such as collaboration and leadership have to be learned in inter- and disciplinary contexts as well as in complex problem
solving for society, and with society.

The IRSPBL has always been proactive in bringing practitioners and researchers together, in creating communities and
enabling collaborations across world. For example, with postponement of IRSPBL 2020, we organised a series of online
events in the advent of IRSPBL 2021. We started with a kick-off seminar, entitled “PBL in a pandemic world”, on 18 Au-
gust 2020, followed by the Flipped IRSPBL 2020 webinar series, entitled “Moving towards a virtual PBL community” in
the fall of 2020. The Flipped IRSPBL 2020, run from October 2020 until March 2021, took the point of departure in the
IRSPBL 2020 contributions and provided the opportunity to keep the PBL community ‘connected’. The Flipped IRSPBL
2020 counted with more than 200 participants from 48 different countries and all regions of the world.

Research has also proven the value of PBL and the question is no longer if PBL works, it is now a question of which type
of PBL works for which learning purpose and outcome? The variation of PBL is crucial to look into, as projects for entre-
preneurship and innovation might need a type of organisation of the student learning process other than projects for
understanding the theoretical foundation of a discipline. There is a variation in the use and integration of digital tools for
the problem-solving process and the collaborative process. There is a variation in the educational cultures and adaptive-
ness for co-constructed and student-centred learning processes.

The IRSPBL 2021, the postponement of IRSPBL 2020, will be fully online and free of charge. The overall goals mentioned
above remain the same, and we have prepared an interactive, dynamic and comprehensive programme where, for ex-
ample:

e Conversations with world-renowned experts address trending topics in engineering education;

* Networking sessions aim to foster discussion and reflection among participants, including interaction with students;
* Interactive paper presentations provides our contributors the opportunity to share their work; and

* Young researchers show case their PhD studies, among other activities.

The IRSPBL 2021 has collected 21 contributions from 13 different countries, all compiled in this book. The contributions
cover a number of relevant topics: blended PBL environments and online learning; sustainability, creativity and inter-
disciplinarity; PBL implementation for professional competence development; assessment and management of change.

This book represents some of the newest results from research on PBL and best practice to inspire other practitioners
to innovate their teaching and learning activities. We hope that you will find the book useful and inspirational for your
future work.

The editors:
Aida Guerra,
Juebei Chen,
Maiken Winther,
Anette Kolmos,
Stine Randrup Nielsen
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Analysing Self-Directed Learning at Iron Range Engineering:
Framework and preliminary findings

Nicolaj Riise Clausen
Aalborg University, Denmark, Nclausen@plan.aau.dk

Ron Ulseth

Iron Range Engineering, United States, ron.ulseth@ire.minnstate.edu

Bart Johnson
Itasca Community College, United States, bart.johnson@itascacc.edu

Abstract

The Bell Program at Iron Range Engineering is an ABET accredited upper division engineering transfer
program for students coming from a United States community college or equivalent education experience
at a university seeking a Bachelor of Science in Engineering degree. This program model allows students to
graduate with 2.5 years of engineering experience. The first half-year is called the Bell Academy which is an
intensive growth phase where students learn to work in industry by completing design projects, taking
technical courses, and developing professional skills. The Bell Academy is an intensive PBL experience in the
Iron Range Engineering model, while the two years of co-op learning also adhere to PBL principles. The
following two years are spent taking courses remotely while having the opportunity to work as engineers
full time in industry for up to 24 months .

As essential part of the Bell Program is the students involvement in remote courses, and as such, the
students ability to direct and regulate independent learning is paramount for their success, and is one of
the main foci of the Bell Academy. This study will attempt to measure and map out the development of
behaviors and attitudes conducive to self-directed learning in students in the Bell Program, by applying the
Oddi Continuing Learning Inventory (OCLI) self-reporting survey on all students currently enrolled (Oddi,
1984).

The study will continuously gather data every 6 months for the next 3 years, collecting answers from all
enrolled students. The analysis will evaluate both longitudinal progress of individual student cohorts as well
as interventions and changes to the Bell Program by comparing the generations to each other.

This article will present the framework of the study and preliminary results from the first data collection
conducted in January 2021.

Keywords: Self-directed learning, longitudinal data, hybrid model, work-based learning

Type of contribution: PBL research
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1 Introduction

A concern of adult and higher education research that has recently been highlighted is the absence of
guantitative research. While bibliographical studies of the most recent decades have shown a resurgence of
empirical studies, the rise has not been a result of more quantitative studies, but rather, almost exclusively,
by qualitative ones (Fejes & Nylander, 2015). Even among studies reporting quantitative results, most only
apply descriptive statistics from questionnaires, seemingly not applying any other quantitative analytics
(Boeren, 2018). This methodological skew hampers the collective field of research to the point where
answering some research questions becomes increasingly difficult, and opportunities for research, like
those created by the massive automated data collections of big data, are missed (Daley et al., 2018). One
approach which could be applied to mitigate the skew is to attempt to reinvigorate statistical instruments
developed and applied primarily in the 80s and 90s. Taking advantage of the developments in
computational power, statistical software packages, and statistics, such instruments can be validated more
easily, reinterpreted, and discussed in greater detail.

For several decades there has been a persistent call for improvements in engineering education as the
variety of needed skills for engineering graduates continues to evolve and outpace academia's response. In
the early 2000s, the U.S. National Academy of Engineering published the attributes of Engineer 2020
(National Academy of Engineering, 2004). More recently, as the list of new competencies continues to
grow, publications continue to call for a wider and deeper set of needs (Goldberg & Somerville, 2014;
Graham, 2018; Madhavan, 2016). One such skill that emerges time and again and has an avenue of
research that has a long history of applying such instruments is self-directed learning (SDL). SDL is one of
the most prolific themes within adult and higher education research. With the proliferation of active
learning methodologies like PBL in engineering, it has become even more critical. In this paper, we present
the methodological framework and preliminary findings of a study applying the Oddi Continuing Learning
Inventory (OCLI) to students of the bell program at Iron Range Engineering. In the discussion, we will
elaborate on the potentials and limitations of the suggested methodological approach.

In this paper, we report preliminary descriptive statistics from the study but have so few respondents and
cohorts that any analytical conclusions based on these numbers should be drawn with severe reservations.
Therefore, this article's contribution is first and foremost to present and discuss the methodological
framework, its potentials, and limitations.

2 Background
2.1 The Bell Program

The IRE Bell program was inspired by both the Iron Range Engineering program in the U.S. and Charles Sturt
University in Australia (Rogalsky et al., 2020). Iron Range Engineering was started in 2009 as an adaptation
of the Aalborg University model of PBL (Johnson & Ulseth, 2015). Similar to Bell, IRE was developed to serve
students in the last two years of a 4 year bachelor's degree program after they completed the first two
years at a community college (50% of bachelors degree). The focus of IRE was and is to graduate
practitioners ready to act as professionals in engineering practice after graduation in Barnett and Coate's
category of "acting" (2004). The goal of the developers was to create more balance in the development of
professional or work-place competences, whereas engineering curricula at the time were imbalanced
preferring the acquisition of technical skills at the cost of developing professional skills (Sheppard et al.,
2008). The IRE program attained levels of recognition after less than one decade of existence by, for
example winning the ABET Innovation award for the innovative curriculum that was enacted.
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While the IRE model had students spend their entire education on campus at the university, in Australia, a
new model of educating "acting" engineers was being developed at Charles Sturt University (CSU). In the
CSU model, students spend one and a half years on campus in a PBL learning environment and then spend
four years in the field working in co-operative (co-op) education experiences while also completing their
coursework on-line (Morgan & Lindsay, 2015). By 2018 both IRE and CSU had risen to the point of being
recognised as "emerging world leaders" in the Global State of the Art in Engineering Education report
published by MIT (Graham, 2018).

Bell was purposefully designed as a hybrid of Iron Range and Charles Sturt (Johnson & Ulseth, 2018). Its
design directly takes the curriculum and most of the learning strategies of IRE and its co-op based structure
comes directly from Charles Sturt. See figure 1 for a graphical representation of the Bell model.

Bell Program

Supported in technical learning by

professors
Year 1 Year 2
. Engineering . . .
Community Engineering Design B.S.
College §> Development D Co-op* D Co-op* Degree

Supported in professional development by

facilitators and peers

Figure 1. Visual description of the Bell program (Rogalsky, Johnson, & Ulseth 2020).

Bell subscribes to many principles of PBL as described in the Aalborg model (Kolmos et al., 2004). Student
engineers spend roughly half of their time on project work, both during the development phase and on co-
op and half of their time on academic work. Project work is done in teams. Student projects are facilitated
by engineers with experience in industrial practice. The technical, professional, and design coursework are
applied in the projects. Finally, as with the Aalborg model, the main focus is that the project sits at the
center of the student learning process. As can be seen from this analysis, the Bell program is considered to
be a form of PBL implementation.

During the engineering development phase, student engineers spend one hour per week developing a
conceptual understanding of many frameworks from cognitive theory. Examples include Bloom's taxonomy,
affective traits, self-efficacy, goal setting, self-regulation, resource identification, and reflection. An
outcome from this first part of the program is students acquiring an ability to manage portions of their own
future technical learning. While in co-op, the working student engineers take one technical course each
month for 24 months. Roughly half of these are on-line, instructor-led. The other half are called SLA
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(student-led advanced) technical competencies. In these, students identify technical content aligned with
either their engineering projects at work from their personal passions. They write a course proposal in the
form of a syllabus with outcomes, deliverables, and a detailed timeline. After a process of negotiation with,
and approval from, a professor, the student spends 3.5 weeks completing all of the learning independently.
At the end of the course, they present their deliverables and defend their knowledge in a verbal exam
format similar to a thesis defence. Success in these SLAs requires high levels of self-regulation and self-
direction.

2.2 SDL

In the past, many different, somewhat overlapping conceptualisations, such as independent learning, self-
planned learning, self-teaching, self-directed inquiry, autonomous learning, self-education and self-
regulated learning, have all partly, if not wholly, covered SDL (Guglielmino, 1977; Oddi, 1987; Saks & Leijen,
2014). Self-directed learning has a long history in adult and higher education literature, ever since Houle
initiated research into the field with his seminal work, the inquiring mind, in which he took an explorative
approach to self-directed learners, identifying them based on whether their community peers readily
recognised them as such (Houle, 1961). Two of his students took up the mantle and continued his
endeavour, Malcolm Knowles seeking to create a unified theory of how learners became self-directed and
Allen Tough applying a very empiric approach more reminiscent of his supervisor. He linked it to general
maturity, reasoning that one type of learner, typically children, were malleable and easily motivated by a
kind of pure lust for knowledge and accepted the authority of their elders and teachers, another type,
typically more mature and older, were motivated by their understanding of the applicability of the things
they learned, and was not as easily swayed by traditional authorities (Knowles, 1975, 1980). Allen Tough
contributed to the field in several ways, including a new theoretical approach, self-planned learning, and by
the empirical results which showed the extensive nature of self-initiated learning projects. The most
impactful contribution was, however, the development of learning project research, especially a set of
highly structured interview-schemes that he applied to investigate how active adults were in planning and
managing their learning projects (Tough, 1967, 1971). The methodology he developed became so
widespread and attained such great success in its goal of proving the extent to which adults undertake self-
planned learning, that eventually researchers in the field warned that any further iterations should be
avoided. They considered the methodology applied in such a vast number of studies that any additional
uses would be redundant and that the deductive approach along with its rigid interview structure, might
help reproduce misconceptions cemented in the underlying conceptions of the interview scheme, that
other new approaches to the field could help dispel (S. Brookfield, 1981; Caffarella & O'Donnell, 1988).

One of the methods of research to supplement Tough's learning project research was statistical
instruments designed to measure SDL in different ways (Brockett & Hiemstra, 1991). To this end, several
self-reported questionnaires were developed, most successfully the Self-Directed Learning Readiness Scale
(SDLRS) and the OCLI. Lucy M. Guglielmino developed the SDLRS for her doctoral dissertation to, as the
name suggests, ascertain how ready individuals were for self-directed learning, based on complementary
skills, attributes and attitudes that she had identified through a three-round Delphi survey as being related
to SDL. The resulting instrument was a 58-item questionnaire, applying a 5-point Likert scale (Guglielmino,
1977).

Another instrument that was developed to measure SDL, though with a slightly different approach than the
SDLRS, was the Oddi Continuing Learning Inventory (OCLI), which was created partly as a reaction to some
of the criticisms of previous instruments of measurements. Lorys Oddi adopted a new perspective in
developing the instrument in that she conceptualised SDL not as an instructional process but rather as a
personality trait that determined certain behavioural tendencies characterised by initiative and persistence
in learning over time (Oddi, 1984).
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The differences between the SDLRS and OCLI reflect a discussion crucial to the researchers of the field at
the time of their development. Several authors were critical of the lack of cognitive perspectives on self-
directed learning and argued that the focus at the time overemphasised self-management skills (S.
Brookfield, 1981; S. D. Brookfield, 1985; Garrison, 1993). Oddi elaborated her approach to SDL, suggesting a
distinction between perspectives on SDL as an instructional method and as the development of learner
personality characteristics (Oddi, 1987). She proposed that while the SDLRS and Toughs learning project
research might be appropriate ways to investigate SDL as a process, illuminating SDL as an aspect of the
learners internal development required a greater focus on the development of motivation and
psychological facets such as cognition and affective aspects (Oddi, 1987).

Newer understandings have highlighted the same overemphasis on aspects of SDL related to self-
management and self-regulation and called for a greater focus on cognitive and motivational aspects
(Garrison, 1997). The fact that the relation between motivation and self-direction is strong but unresolved
by research has been painstakingly evident since the 70s, and both Guglielmino and Oddi emphasise the
connection in their dissertations on the development of the SDLRS and OCLI (Guglielmino, 1977; Oddi,
1984). A recent review of SDL in PBL has also highlighted the role of affective and conative dimensions to
the understanding of SDL, and especially in PBL, where intrinsic motivation is emphasised as an essential
driver in the learning process is it essential to consider them (Leary et al., 2019).

3 Method

3.1 Description of respondents

The data presented in this article was collected from students in the bell program, an ABET-accredited
upper-division engineering program. The students are all pursuing a bachelor of science in engineering
degree through a 2.5 year-long program with a heavy focus on practical experience through internships, co-
ops, design experiences and self-directed problem-based learning. The data presented in this study was
collected from 3 generations of bell program students. Cohort 1 students have completed the bell academy
and their first co-op and are just starting their second. Cohort 2 students have completed the bell academy
and are just starting their first co-op. Cohort 3 students have just recently enrolled and are starting their
bell academy period.

Cohort Number of respondents Response rate
1 17 53%
2 30 76%
3 9 78%
Total 56 69%

Table 1. Respondents and response rate.

3.2 Statistical Instruments

Lorys Oddi developed the OCLI to measure the inclination of continuous and adult learners towards self-
direction in learning. She reasoned that previously developed instruments had a too large focus on self-
management skills and assessed SDL as a process or set of techniques that the students could apply.
Therefore, she designed the items of the OCLI to measure attitudes and behaviours theoretically linked to
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SDL, instead viewing SDL as a personality trait typically developed as the learner matures and gains a more
self-directed disposition (Oddi, 1984).

The OCLI has been extensively validated in many different educational settings and proven mostly stable
across cultural contexts (Harvey et al., 2006; Oddi, 1986; Six, 1989; Straka, 1996). While the performance of
the instrument has shown a modest degree of explained variance, the complicated nature of SDL goes a
long way towards explaining this, and its covariance with other instruments measuring theoretically related
constructs speaks to its construct validity (Boyer et al., 2014; Clausen & Hansen, 2021).

3.3 Analysis

In the presentation of preliminary descriptive statistics from our study, we show calculated mean scores for
the OCLI total score and subscales for each of the cohorts. All data was collected through a digital platform
for survey distribution, SurveyXact and data management and analysis was conducted in SPSS and Stata
(IBM Corp., 2017; Statacorp, 2019). The data is presented to give the reader an idea of the type of output
this framework could yield and show preliminary trends. We advise readers to be cautious not to attribute
these preliminary results too much weight or to take them as evidence of the students' actual
development, as the number of respondents is still far too low to produce any valid or statistical
significance results. Given the low number of respondents and tempered expectations for the data
presented, no statistical significance tests were calculated.

4  Preliminary results

The results from the first round of the data collection have revealed a trend in total-OCLI scores and
subscale scores, as shown in table 2. The trend shows that the further along the students are in the bell
program, the higher total-score they report. This development is consistent with our expectations that the
program seems to foster heightened SDL. Another interesting trend can be seen in the subscales. They
reveal that the consistent rise in total score results from a consistent rise in the ability to be self-regulating
and a steep rise from the 2™ to the 1% cohort in avidity for learning. We will discuss other possible
explanations for the data trends and limitations to the interpretations of these results in the discussion.

Cohorts
3 2 1
OCLI 115.29 117.09 122.44
- Factor 1: Internal locus of control 34.71 33.57 34.11
- Factor 2: The ability to be self-regulating 14.71 15.65 17.22
- factor 3: Avidity for learning 30.00 30.57 33.33

Table 2. Total OCLI-scores and factor scores for all cohorts.




8" International Research Symposium on PBL (IRSPBL), Aalborg, Denmark, 15-17 August, 2021

5 Discussion

Assuming that the trends we see in the data are consistently found in our future data collections, they
make up an interesting data point in the debate about the connection between PBL and SDL. While the
connection has been consistently argued, there have been empirical evidence to both support and oppose
the notion and previous applications of the OCLI have yielded contrasting results in PBL settings (Clausen &
Kolmos, Forthcoming; Harvey et al., 2003). One difference between the contexts is how and in which field
they apply PBL. The contexts that have shown to foster a rise in OCLI scores are both project-oriented
approaches inspired by the application most often applied in engineering, while the study which did not
find any rise in OCLI scores had applied a case-oriented approach most often applied in medicine (Guerra &
Kolmos, 2011).

5.1 Potential of methodological framework

The methodological framework of this study has many advantages. Because of its longitudinal scope it gives
the researchers the opportunity of comparing the collective scores of students in a number of ways. The
most obvious is of course the development each generation of students go through throughout their
education. This level of comparison could illuminate which elements of the education lets students become
more self-directed. Given the bell academy's role in preparing the students for continued self-directed
learning during their co-ops, one prominent aspect that will be evaluated with this comparison is whether
or not the students become more self-directed due to the first semester. On a more general level we would
argue that the ability to evaluate students’ SDL is becoming increasingly important to engineering
education, given the rise in active learning methodologies such as PBL and other project oriented
approaches.

Another analytical approach to the data is to compare between generations of students. Any revisions to
the program, changes in external conditions, or differences in student intake might also warrant an
evaluation of students' SDL development. An example that hits especially close to home for most people
right now might be the impact of precautions against and consequences of the Covid-19 pandemic. Having
a statistical instrument to help gauge learning outcomes in a period of turmoil such as the one the present
generation of students have been through might help assess if any additional scaffolding of their learning
might help mitigate such effects. A more typical use of the between-generations comparison might be to
assess the impact of changes to their curricula or choices of co-ops.

5.2 Limitations

There are certainly also limitations to the methodological framework that we propose, and one should
always make appropriate reservations when attempting to measure anything as complex as an individual's
behavioural inclination or attitude towards self-direction.

One consideration that anyone developing a study resembling ours should have in whether or not a
selection bias happens as an effect of any potential dropouts. It could be argued that one should assume
that students dropping out of a program that requires them to be good at SDL would also be the students
least favourable of SDL. On the other hand, an argument that students favourable to SDL would be less
afraid of the prospect of dropping out of formal education could also be made. The bias is certainly
something which should be and will be examined when more data collections have been completed and
longitudinal analysis is possible.

Limitations, potentials, and usefulness must, of course, be evaluated relative to the amount of time
required to apply the framework. One could, of course, entertain a discussion about whether or not a given
framework achieves its goal of giving insights about a given construct or if it, in fact, only serves to confuse
with half-truths. We believe that with adequate reservations, statistical measures and analysis and a
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transparent presentation of results and methodology, the OCLI and the methodological framework we have
presented in this paper promise to give us greater insight into the development of students attitudes and
behaviours conducive to SDL.

5.3 Future directions

Three years of half-yearly data collection are planned as of now, with new cohorts joining for every data
collection.
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Abstract

The pandemic situation caused by COVID-19 amplifies the volatility, uncertainty, complexity, and ambiguity of
society, suggesting that the unpredictability of this will be further maximized in 2021. Each field in society is
selecting and executing digital transformations as one of the strategies to flexibly cope with such uncertainty
and sudden changes in an environment that requires different lifestyles to lead daily lives. The education field is
not an exception and universities are implementing digital transformations that move from face-to-face
education that is held in a classroom environment to online learning in the virtual environment. Hanyang
University has developed and operated an innovative teaching and learning model called IC-PBL (Industry-
Coupled Problem/Project-Based Learning) to flexibly respond to rapid social changes and to cultivate
outstanding individuals with capabilities needed in society. IC-PBL, which has been based on the face-to-face
classroom environment, is also in the process of digital transformation due to such environmental changes.
Previously, in IC-PBL, the online learning environment played an auxiliary role to support learning. However, as
the online learning environment has suddenly been highlighted as the main learning environment of IC-PBL,
various issues related to the design and operation of PBL classes in actual education fields are being raised. In
this study, the results of participation observations, in-depth interviews with instructors and learners were
analyzed through qualitative research on 8 classes in Hanyang University's engineering department. As a result,
PBL courses strategies, in accordance with 5G, were presented to make PBL classes in blended environments
into successful digital transformations. This demonstrates that PBL courses that have been mostly conducted
only in face-to-face environments successfully achieved digital transformation in the post COVID-19 era and
have presented strategies that can be used in educational attempts and practices necessary to create sustainable
performance as a qualified class.

Keywords: Blended PBL, PBL model, PBL strategy, engineering education

Type of contribution: PBL research or PBL review/ conceptual paper/ PBL best practice
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1. Introduction

The change of learning space due to the COVID-19 pandemic revealed uncertainty and complexity in the
education field. PBL is considered to be an effective learning method to develop problem solving abilities, which
is a core competency of the Fourth Industrial Revolution era. However, as the learning activity environment
shifted to online formats, the engineering education field has faced challenging difficulties. Learners had to be
able to deal with practical and complex problems, perform cooperative learning, and access learning flows to
achieve the same results as before in a virtual space.

Recent studies have focused on how online education was implemented in PBL learning activities during COVID-
19 (Elzainy, El Sadik, & Al Abdulmonem, 2020). Several studies specifically suggested what experiences and
learning outcomes learners in the field of engineering education experienced when they were conducting PBL
learning in a virtual environment (Ak., Bugada, Ma, & Wen, 2021). The researchers discussed whether they
could conduct online learning experiences of engineering education with a very detailed level of learning
strategy, either macroscopic learning principles or vice versa. Qadir and Al-Fugaha (2020) presented learning
principles based on an educational paradigm that could effectively be used in a COVID-19 environment for
engineering students, and Barry and Kanematsu (2020) presented actual learning cases using Zoom and
gamification. These series of studies provided fragmentary examples and guides to understand how
engineering education has progressed in practical learning in virtual spaces.

However, until now, few PBL activation strategies have been presented based on educational models for
designing and successfully operating engineering PBL classes in online spaces. Typically, PBL design models and
elements of Jonassen (2000) and Hung (2006) have been, importantly, referenced in development and
operation based on face-to-face classes, but it has not been confirmed whether they can be applied equally in
online spaces. Therefore, it is necessary to identify the implementation strategy of the digital transformation of
PBL in engineering education by analyzing successful class cases by dividing them into each element of class
design and operation.

The purpose of this study is to draw an activation strategy of the overall class in order for IC-PBL classes to be
effectively digitally converted in a blended environment and operated more successfully in a new environment.
Especially, IC-PBL operated by Hanyang University is operated mainly by industry-linked problems to develop
practical problem-solving competence of engineering learners; therefore, it is appropriate to analyze effective
learning models and strategies of PBL in blended environment using both online and offline learning. This study
was conducted based on successful cases of Hanyang University's representative engineering classes.

As a result, it is possible to present a successful class plan and operation strategy of digital transformation of
PBL education which requires cooperative learning for engineering professors and learners. In addition, by
deriving the blended PBL model of engineering area from specific case analysis results in terms of design,
development, implementation, evaluation, and environment, this study aims to suggest important implications
for instructors and university officials to prepare blended PBL classes and learning environment designs that
consider the characteristics of an online environment.

2. PBL Teaching and Learning Model for Development of Practical Problem-Solving Ability

Problem Based Learning (PBL) is a teaching method that allows learners to solve problems similar to actual real
situations that they are likely to face outside classrooms through leading and cooperative learning activities
(Barrows, 1996). PBL was found to effectively promote motivation, problem solving ability, self-directed
learning ability, high-dimensional thinking ability, and the creativity of learners compared to lecture-style
classes (Thomas, 2000; Scott, 2014; Jang Kyung Won et al., 2020). Barrows and Mayers (1993) considered that
medical students could learn to think and act like doctors in the process of solving an actual situation that they
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would encounter when they became doctors, not simply memorizing knowledge through classes that were
conducted in this way. In other words, learners can develop practical problem-solving competency effectively in
the process of performing cooperative learning activities to solve problems through PBL by activating their
knowledge based on actual problems in areas where they will demonstrate their expertise in the future.

As PBL is constructed and operated around these actual problems, problem design is considered a key step in
the PBL process (Jonassen, 2000; Hung, 2006; Puntambeakar, 2015). Many scholars also emphasized the
importance of PBL problems, saying that PBL is the main learning process and result that starts learning from
the problem, motivates learning, and solves the problem (Schmidt & Moust, 2000; Weiss, 2003; Jang Kyung
Won et al., 2020). Duch (2001) emphasized practicality, inclusiveness and cooperation as the characteristics of
PBL problems. In other words, a good PBL problem should be connected to a real world problem to draw the
interest and motivation of learners, should be comprehensive enough to require decision making using various
facts and information from learners, and it should be complicated enough to require cooperation to solve the
problem. In addition, Duch (2001) said that PBL problems should consider the level of learners' prior knowledge
and the possibility of challenge, and above all, the learning goals should be included in the problem. In
particular, Bennett et al. (2002) emphasized that the practical problem should be more than practicing the
theory, and that it is possible to give a personal meaning to the learner or to find a relationship with the
experience of the learner. In addition, various studies in Korea have emphasized the practicality of PBL
problems, consideration of learner level and experience, and linkage with educational goals (Choi, 2003; Choi,
Jeong-Im & Jang, 2015; Jang, Kyung-Won et al., 2020).

Hanyang University has developed a teaching and learning model called IC-PBL that focuses on the problems
that are the core of PBL and the practicality of the problems in the education field. IC-PBL which stands for
Industry Coupled Problem Based Learning is based on traditional PBL models and emphasizes the relationship
between the university and the real world. In order for PBL to be implemented in various major areas, it is
necessary to develop the most important problems properly. IC-PBL aims to develop students' ability to solve
practical problems while solving social problems by solving real world problems in classes and sharing the
results with the real world through the concept of ‘Industry-coupled. The IC-PBL model (figure 1) includes four
types of classes: field integrated, field evaluation, problem solving, and field problem, according to the
characteristics of the problem covered in class for actual practice in the field of education.
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This study was designed to find out how the practicality of PBL problem was realized and how learners
supported the development of practical problem-solving competency through case study of blended IC-PBL
class which utilizes online and offline environment by developing IC-PBL in 2020 and ultimately to derive a
blended IC-PBL activation strategy.

The Necessity of Providing a Blended PBL Activation Strategy

Due to the COVID-19 Pandemic, most face-to-face classes at universities, as well as K-12, were converted into
remote classes. Since the early 2000s, universities have been using e-learning, blended learning, and flipped
learning. However, considering that remote classes are not entirely new forms of classes, the proportion of
these types of classes was very low (Kim In-Sook et al., 2020). It is being recognized that the sudden and
massive transition to remote education due to COVID-19, is very challenging and confusing, and it is a big
challenge for both professors and learners.

In order to proceed with remote classes, an overall change of class is needed (Do Jae-Woo, 2020; Moore &
Thompson, 1997). The change at this time should be more than just changing the classroom environment from
the classroom to the digital environment, it should be an overall change including the presentation method of
educational content, the class operation method, and changes students' learning experiences. According to
previous studies, instructors had difficulties in all stages of design, development and operation of online-based
classes (Do Jae-Woo, 2020; Han Song-Yi, Lee Ga-Young, 2020), and continuous problems occurred in
interactions between instructors and learners (Do Jae-woo, 2020). In order to ensure stable remote classes, it is
necessary to search for activation factors and strategies based on the actualities of effectively operated classes
(Lim Yi-Rang et al., 2020).

The transition to remote classes has also affected PBL classes that are being operated by universities to develop
practical problem-solving capabilities. PBL is a learner-centered learning method and environment in which
learners learn through the process of cooperative learning and individual learning and preparing solutions to
solve real actual problems. When the whole process of PBL is done in the online space, it is called online PBL, e-
PBL, web-based PBL (Malopinsky et al., 2000; Jang Kyung Won & Park Myung Hwa, 2007). In addition, when
using face-to-face space and online space together, it is called blended PBL or blended e-PBL (Jang Kyung Won
& Park Myung Hwa, 2007). Blended PBL is made by utilizing face-to-face space and online space. Part of the
overall learning process is conducted face-to-face, and the rest of the learning process is done online (Graham,
2004). This blended PBL means that it is operated flexibly by using online space in traditional PBL rather than
replacing existing PBL or new concept (Smith, 2001; Jang Kyung Won & Park Myung Hwa, 2007). Previous
studies suggest that the online environment in PBL can be used in various ways as a problem presentation
space, an interaction space between learners and instructors, and a data storage space created during PBL
(Orrill, 2000; Sage, 2000; Susan & Min, 2001; Watson, 2003; Chew & Beaumont, 2004; Savin-Baden, 2006).
However, in reality, the education field in a university where PBL is mainly operated traditionally through face-
to-face classes and an LMS (Learning Management System), which is provided as an online environment, has
been used as a sub-space for PBL by instructors or learners only as a minimum requirement. Therefore, as we
have seen, it is necessary to convert the online space, which was used only as an auxiliary space, into a blended
PBL system that is utilized more effectively and strategically in order to adapt to the environmental change in
which the whole university education is converted into remote education. This study aims to explore the
strategies for activating blended PBL based on the experience of instructors and students in PBL classes that
were developed and operated in a blended form to help instructors easily design, develop and operate PBL
classes using an online space, and to promote the development of practical problem-solving competence of
learners. The following Figure 2 presents Blended IC-PBL Process and Elements.
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Figure 2: Process & Elements of Blended IC-PBL

3. Research Method

Research Method Selection and Procedure

A case study was carried out to investigate the strategy of activating blended IC-PBL. A case study is a
gualitative research method that aims to describe and evaluate specific phenomena by collecting qualitative
data through an in-depth observation and analysis of a case (Kim Seok-Woo, 2015). Yin (1994) pointed out that
a case study is the empirical inquiry to study current phenomenon within a real life context. This study
describes a whole IC-PBL class conducted in a blended environment with a case study method to identify
positive factors and obstacle factors and derive activation strategies based on those factors.

Case Selection

Eight engineering college classes consisting of IC-PBL classes in 2020 at Hanyang University were selected as
cases for the study. Hanyang University has introduced undergraduate and graduate IC-PBL curriculums since
2018. The professors who were in charge of the eight selected classes of this study have developed and
operated at least one IC-PBL class since 2018.

Data Collection and Analysis

The data was collected through class observation, in-depth interviews, and a researcher's reflection journal.
The researcher reviewed and examined the whole process from the application process, class openings to the
results in the end of class report. The classes were observed more than once to identify actual class activities.
After a class observation, the researcher wrote a reflective journal and recorded the actual IC-PBL class
operation in a blended environment and its significance. In addition, in-depth interviews were conducted with
eight instructors who were in charge of the eight selected classes and 14 students as examples. Semi-structured
in-depth interview questionnaires were developed in two versions; teaching and learning methods. The data on
IC-PBL class experiences in blended environments were collected through the in-depth interviews.

The collected data were analyzed through three stages: coding, classification, and categorization (Creswell,
2015). The contents of the recorded in-depth interviews were transcribed, and then they were coded in order
to find the meaning unit and derive common keywords based on the transcript. Based on the results, the
elements which activated the blended IC-PBL class were classified and categorized.

In order to secure the validity of the data analysis results, the study confirmed the relevance of the research
method and the research process with three experts who have a Ph.D. in educational engineering or education
and have more than three years of work experience in the university teaching and learning center. Based on the
opinions of experts, the researcher integrated the classification results and modified the categories.
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Table 1: Research Subject and In-depth Interview Participant Information

Affiliation Name of Subject Instructor Student
Student 1
Engineering Smart Building Production Instructor A
Student 2
Student 3
Engineering Introduction to Fusion Plasma Instructor B
Student 4
Student 5
Engineering Adventure Design Instructor C
Student 6
Student 7
Engineering Electronics Instructor D
Student 8
i i Student 9
Engineering glgh Frequency Medical Instructor E
evice Student 10
Student 11
Engineering Application in Data Analytics Instructor F
Student 12
Industrial Engineering Student 13
Engineering fapsthne Ij:IBLD (MeLchanl'caI Instructor G
earning an eep Learning Student 14
Application Study)
. . Climate Change and Impact Student 15
Engineering Busi Instructor H
usiness Student 16

4. Research Result

As a result of conducting research to explore strategies to activate blended IC-PBL classes, a total of 10
subcategories were derived, focusing on the total 5 upper categories of class design, development, operation,
evaluation, and teaching and learning environment. After confirmation by the expert verification and analysis
data, some revisions were finally arranged as follows.
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Table 2: Summary of Research Results

Upper category  Subcategory Activation strategy
Good 1 Presenting ways to Clear presentation of blended PBL based class objectives
Design achieve class goals
through blended PBL
2 Designing blended PBL Designing learning activities considering  the
environment-based characteristics of ‘blended’ and PBL
learning activity
Good 3 Development of Online  Development of online lecture content that is organically
Development Lecture Contents for linked to actual problem-solving activities
Blended PBL Activities
4 Providing learning Development and connection of learning resources to
resources for blended create customized learning experiences for academic
PBL fields in a blended environment
Good 5 Real world context for Providing practical learning experiences and connections
Implementation developing real between classes and real-world context by presenting
problem-solving skills problems using field experts and field data
6 Providing an interaction  Providing an environment for actual field, learning
strategy for real-world content, and interaction with professors to solve practical
problem-solving problems
activities Providing time and space for team building and team-
specific interaction for collaborative problem-solving
activities
7 Structuring the Activity ~ Structuring and sharing tutor's activities to support
of Blended PBL Class learners' learning activities
Tutor Structuring and sharing of tutor activities to support
professors' teaching activities
Good 8 Use of various Utilization and announcement of various evaluation
Evaluation evaluation methods methods for evaluating online learning activities and
offline learning activities as a result of personal learning
and team problem-solving activities
9 Fair evaluation for Presentation of preventing dishonesty strategies when
learning activities in evaluating online
blended environment Developing and utilizing evaluation methods to prevent
free-rider in team activities
Ensuring fairness through evaluation of outsiders such as
field experts
Good 10  Building Infrastructure Building and delivering a reliable and effective
Environment for Blended PBL infrastructure

Operations

Establishing and providing individual spaces to easily
participate in online learning
Creating a quality content production environment
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4.1. Good Design

When face-to-face class is converted into remote class using online environment, it is not only adding the use of
digital platform and digital media. Therefore, it is necessary to design a class based on blended environment,
PBL process and PBL characteristics. The results of this type of class design should be organically linked to the
development, execution and evaluation performed by the instructor. Students have decided to take PBL classes
after clearly presenting the goals to be achieved through PBL classes, and determining how learning for this
purpose would be done in online and offline environments, and what kind of advantages learning activities in
each environment would be made.

Design of Learning Activities and Presentation of Teaching Goals through Blended PBL

Even students who are familiar with face-to-face PBL did not have a significant impact on the selection of PBL
classes in a blended environment. Rather, students chose to take the course based on the strengths of the PBL
class operation method, and decided to take the course by focusing on the strengths of the advantages given to
them by learning goals and online environment. In other words, the students selected the blended PBL class
according to whether the objective was designed to obtain what they want to obtain through the class by
utilizing environmental characteristics.

“Considering the remote situation, real-time and recording lectures were planned appropriately, and outside
symposiums, academic conferences, and field specialist lectures that could be linked to the field in a remote
manner were arranged to present a weekly plan that would be a more practical experience” (Student 9).

This is related to the result that the role of the instructor for effective remote instruction suggested by Lim Yi-
rang et al., (2020) as a course designer, that is, the teaching method of the instructor and the learning method
of the learner should be appropriately designed to the learning environment.

4.2. Good Development

Based on the blended PBL class design, it is necessary to develop class contents and materials by also
considering online and offline connectivity. Most of the students learned about theory or program in an online
environment before entering into a problem solving activity in earnest. The students studied the learning
contents about the environment or program which will be used in the theory, background knowledge, and
actual problem-solving activities needed for problem solving. These contents were found to be useful for
problem solving activities as well as inducing the interest of learners in problem solving activities that will
actually be carried out in the future. Especially, providing the program and the environment to be used for
actual problem-solving activities was helpful and the learner who can practice it.

Developing online content and providing learner resources considering blended environment

Online contents for blended PBL classes should be organically connected to learner-centered problem-solving
activities. Moreover, it is necessary to provide various learning experiences through online lectures by providing
various learner resources or developing and providing programming using lab environment or virtual tool kits
that will be used for problem solving based on the characteristics of college classes such as engineering.

“The final goal of the class was to effectively implement line tracing under various environmental conditions
using LEGO® Mindstorms EV3 according to the necessity of autonomous vehicles. To do this, we needed
hardware improvements and programming tailored to the project, and we learned the basis of the
programming needed here through the recording lecture. Without the lecture, | would have had difficulty in
solving the problem of the project due to difficulties in programming” (Student 4).
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Hong Sung-Yeon and Yoo Yeon-Jae (2020) emphasized 'meaningful learning' which is the variable that has the
greatest effect on learning performance in both face-to-face and remote educational environments. Meaningful
learning involves cognitive activities and should not cause worry about the decrease in learning performance in
the remote environment if the learner can utilize the contents learned in the class effectively and adapt to
other contexts. Therefore, online contents provided in blended IC-PBL classes should be strategically developed
to enable meaningful learning.

4.3. Good Implementation

A blended IC-PBL class is a teaching and learning model that focuses on the development of the practical
problem- solving ability of college students. Therefore, it is necessary to provide learners with real world
context in the execution of the class and to support learners to implement various interaction and problem-
solving activities. In addition, effective use of tutors should be provided to effectively support teaching and
learning activities.

Providing real world context

In the case of this IC-PBL class, the real-world context was provided as follows. First, the participation and
evaluation session of field experts (company representatives, engineers, researchers, etc.) was conducted.
Second, the online work space and simulation tool kit that could be used in the form of problem solving by
actual experts in the area were provided. Third, the field data used for practical problem solving and related
media data was provided.

“Through special lectures by field experts, participating external conferences, and the sharing of various
research materials conducted by professors, | was able to see how my study was applied in real society and |
was able to carry out the project considering that” (Student 9).

Promoting interaction in various categories

The problem-solving activities in IC-PBL classes were conducted through various interactions between learners,
learners and field experts, learners and instructors. In order to achieve the class objectives, the instructors
provided various channels such as real-time video small group meeting rooms using a platform, discussion
rooms using SNS (Social Network Service), a bulletin board available 24 hours a day, team data storage, e-mail,
etc., as well as providing related environments and programs in advance, and conducted interactions with
students.

“On the online video conference system, speakers were able to ask appropriate questions to induce listeners'
reactions or participation, and based on that, they were able to actively interact with each other by
participating in classes through microphones or chats” (Student 16).

“Each week, we monitored the problem-solving situation, work distributions and progress checking to see if the
team members were communicating cooperatively with each other” (Instructor A).

“The private space for each team was used as a communication space for problem solving activities by setting
up to enable real-time team programming through the use of Blackboard Collaborate and Google
Collaboration” (Instructor F).

The Application of Tutors for Teaching/Learning Activities

Tutors in the blended IC-PBL class, effectively supported both the teaching activities of the instructor and the
learning activities of the learner.

“The professor conducts basic classes, and the tutor directly shows how the learning contents are applied in real
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situations and helps learners to understand. The questions were presented directly and effectively supported,
and various channels were used to receive detailed help” (Student 6)

“We tried to cultivate their problem solving ability through providing appropriate hints and periodic progress
checks, so students did not give up problem solving by actively utilizing the class tutor. This method was
effective” (Instructor C).

According to the study on effective learning space utilization strategy for blended PBL (Jang Kyung-won & Park
Myung-Hwa, 2007), the online space is mainly used as a problem presentation, learner interaction, and
interaction space between learner and instructor in blended PBLs. In the blended IC-PBL, real world context
was provided effectively based on the online environment, and various channels were used to confirm that
various categories of interactions were made for problem solving activities. In addition, it was necessary to
structure tutor activities to support learning activities, such as Lee Hye-Jung and Jang Sun-Young (2010)'s study
that developed scaffolding guidelines for tutors supporting learners who perform PBL online and determines
how to provide them, and when to provide them.

4.4. Good Evaluation

Evaluation is a highly important issue in face-to-face environments. Blended PBL was mostly based on the
blending of theory and experiential learning, online learning activities and offline learning activities. For this
purpose, learners were required to evaluate learning content and each performance and to evaluate the
learning process thoroughly. It was found that the use of various evaluation methods, the free-riders, and the
fair evaluation of the degree of participation and effort were emphasized.

A Fair Evaluation of Online and Offline Learning Activities Using Various Evaluation Methods

“The project progress was evaluated by making a video. In addition to class time, all of the activities online and
offline for the project were presented, providing sufficient data for fair evaluation” (Student2).

“It was decided that individual evaluation was necessary for the minimum basic knowledge acquisition effort,
team result evaluation for teamwork was necessary, and individual activity evaluation was necessary within the
team” (Instructor G).

Hong Sung-Yeon and Yoo Yeon-Jae (2020) pointed out that for students with high learning flow, it is necessary
to conduct a program that can have a high effect so that students can actively participate and achieve results
even in a limited environment. Blended IC-PBL is limited in a remote environment, but it is possible to create
learning outcomes that are as good as face-to-face environments if it is presented and implemented together
with a fair evaluation strategy as a teaching method that maximizes participation and creates high results.

4.5. Good Environment

Environmental factors are also highly important in face-to-face PBL classes. For example, whether the classroom
environment where the instructor and the learner can interact smoothly, whether the data is easy to share,
whether various resources are provided for practical problem solving, and whether the environment where the
practice and work are possible can affect the problem-solving process and the result of the learner. In the
blended environment, IC-PBL classes should be provided with environmental factors in order to proceed
smoothly.

“Even if you don't go to school, there should be an environment where you can use the software to solve
problems” (Instructor F).

“Basically, the platform of the school is well-established, but there are various free platforms and each of their
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characteristics is different, so | hope that they provide guides about these things” (Student 10).

Kim In-sook et al. (2020) emphasized that basic infrastructure for remote class operation is needed through
research and especially stable remote educational environments such as spatial requirements and a content
production environment should be provided. As a result, the strategies to active blended IC-PBL classes are
presented as shown in Figure 3.
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Figure 3: Implementation of Blended IC-PBL

5. Conclusion

This study derived strategies for activating IC-PBL classes in the areas of class design, development, execution,
evaluation, and environment based on the actual experience of the instructors and students who developed
and operated blended IC-PBL. First, it is necessary to design the class to suit the blended-based PBL aims and
how this goal can be achieved. To develop the practical problem-solving capability that PBL is aiming for,
theoretical learning and learner-centered learning should be arranged, the class environment design based on
considering the characteristics of online and offline learning environment, and the learning activity design
should be done, and a blueprint for the entire blended IC-PBL class should be presented.

Second, based on the previous design, online content development should be built considering the association
with learner-centered problem-solving activities. Since it is not a face-to-face situation, it is necessary to
develop content considering effective content and connectivity with problem solving activities in future online
situations, not to produce and distribute content, and to develop and provide materials for learners to connect
to various learner sources by utilizing connectivity and accessibility, not to be restricted by the online
environment.

Third, when the problem-solving activity is actually implemented, the instructor needs to provide learners with
real world context to induce the interest of learners and to induce the flow through the leading problem solving
activity. In addition, the environment and structure should be designed so that various categories of interaction
can be achieved, and activities such as questions, quizzes, and presentations that can lead to learners'
participation should be strategically utilized. Especially, since learners can work together as a team without ever
facing each other, it is necessary to prepare small group team meetings frequently in the early stage or to
provide a foundation for understanding each other through a learning style diagnosis in order to carry out a
cooperative learning based on smooth communication, mutual accountability and consideration. In addition, it
is necessary to provide appropriate support for teaching and learning activities through structure of tutor
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activities that can utilize tutors efficiently and effectively. Fourth, regarding the evaluation, learners expected
that every single one of their activities would be evaluated, and unfaithful learners should be evaluated
accordingly. Therefore, it is necessary to evaluate various layers of learning activities using various tools in
relation to the structure of blended IC-PBL, and to make fair evaluation activities through evaluation of field
experts and peer evaluations. Finally, it is necessary to create an environment where all these activities can be
carried out smoothly, which includes infrastructure construction, providing space for learners who perform
various learning activities, and creating an environment where teachers can develop high quality content.
Although various studies have already been conducted on blended PBL, web-based PBL, and e-PBL considering
the characteristics of the online environment, there is a widespread perception that PBL will be effective and
possible when it is conducted face-to-face in a university education environment. Through this study, it was
confirmed that although the blended PBL was performed without sufficient recognition of the advantages of
online-based learning, and both the instructor and the learner were involuntarily prepared with sufficient
preparation due to COVID-19 Pandemic, they were establishing the next plan for better classes in various trial
and error and reflection processes. If the factors such as instructors, learners, media, and environment are
organically connected in remote environments, educational effects and achievements as much as from face-to-
face classes could be achieved (Hannum, 2001; Khan, 2001; Symth, 2005). The activity of grasping the
actualities of various types of education derived through digital transformation already in the field of education
and presenting activation strategy based on it, can provide meaningful information to an instructor planning a
PBL class in a future blended environment. In the future, it will be necessary to establish a blended IC-PBL
teaching and learning support system by conducting an implementation guide for blended IC-PBL classes,
exploring effective learning space utilization plans, and developing tutor education content.
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Abstract

Prior studies have highlighted the importance of adopting problem-based learning methods in online
technical courses and engaging learners in problem-based learning tasks. However, it is difficult to design
and apply problem-based learning courses in collaborations between universities and industry. Therefore,
the purpose of this paper is to introduce the IC-PBL (Industry-Coupled Problem-Based Learning) method,
which aims to help learners actively solve real business problems that are then evaluated by firms. This
paper reports the best practice of an exploratory case study of an online IC-PBL course conducted with a
global-leading home appliance company (LG Electronics) in Korea. The procedure of IC-PBL proceeds as
follows. First, the corporate leader and mentors present the specific problem facing the company and
provide the class with relevant internal and external data. In this case, the problem was the development of
a new smart home service employing a design-thinking approach and using data analytics. In the class,
learners gained relevant knowledge in creative thinking, the design-thinking process, and some technical
skills such as web-crawling, python programming, and text mining. Integrating IC-PBL into the technical
online course with a design-thinking approach made the course more collaborative, creative, and efficient.
Moreover, with the participation of mentors from the company, learners were able to actively determine
what to learn and how to apply it to business problems by maintaining a close relationship with the
mentors. This study suggests key strategies for the application of IC-PBL in blended technical courses and
concludes with a discussion of how design-thinking approaches could be applied to PBL courses.

Keywords: PBL, IC-PBL, Data-driven Design Thinking

Type of contribution: PBL best practice

1 Introduction

Problem-Based Learning (PBL) has been highlighted as a learning strategy that can provide learners with
skills that are suitable for society and professionalism while maintaining the essence of education (Choi,
2007). Through PBL, learners not only gain academic knowledge but also develop skills that have recently
become important in the labor market, such as problem-solving skills, self-directed learning skills, and
advanced thinking skills (Kim, 2001; Lee, 2014).
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Design thinking has emerged as a method for creatively solving human-centered problems. It is a field-
based education methodology that has been applied effectively in various areas such as business,
engineering, education, art, and society (Dunne & Martin, 2006). Previous research has emphasized that
design thinking is a useful methodology across several business activities, including in the development of
new products and services, from the customer’s point of view beyond the theoretical approach (Brown,
2009).

As design thinking is an exploration process used to discover creative solutions, investigating the object
and defining the problem is critical for generating worthy ideas at an early stage. In particular, converging
the collected data and interpreting it in the defining stage is important and requires significant effort (Social
Innovation Lab, 2015). Systemic analysis and scientific methods are essential for scrupulous observation to
empathize with social issues and reveal fundamental problems. However, existing design-thinking
methodologies are often not properly utilized in the data analysis process (Park & Oh, 2017).

Therefore, this research presents a case study that applied a new framework called data-driven design
thinking, which can derive creative ideas and make up for the shortcomings of the qualitative approach. We
have applied a scenario-based education strategy called IC-PBL (Industry-Coupled PBL) that can help
learners understand and solve practical problems aligned with enterprise. In addition to the traditional
design-thinking process, technical lessons on methods like keyword analysis, trend analysis, topic modelling,
and text mining were conducted to supplement the shortcomings of the qualitative analysis. Moreover, the
design-thinking approach is often considered to be effective only in a face-to-face format to derive meaning
from data analytics and foster deep interactions between team members. Nevertheless, this case study
offers several implications because, although courses involving design-thinking processes and technical
tutorials are traditionally considered to be effective only in traditional face-to-face education, this course
was conducted online.

2 Literature Review
2.1 IC-PBL

PBL was first proposed in the early 1970s at McMaster Medical School in Canada. Since then, Barrows
(1996) established and developed a theory of PBL for medical students in the US. PBL classes present real-
life problems, tasks, and issues instead of direct knowledge through lectures, and learners engage in self-
directed learning to solve the problems, actively participating in the problem-solving process mutually and
cooperatively with their peers (Barrows & Howard, 1985).

IC-PBL is a type of PBL used in Hanyang University’s education framework that allows learners to solve
problems that occur in the field through connections between industry, the community, and the university
led by University President Kim Woo Seung (Hanyang University IC-PBL Center, 2020). IC-PBL is an advanced
method of PBL in which education scenarios are developed from actual cases through the alignment
between industry and the learning needs of the students.

This framework is a teaching-learning model that effectively promotes problem-solving abilities, one of
the core competencies of creative education. In addition, this educational model extends the scope of
knowledge acquisition and can be implemented in the industrial field beyond the classroom setting. Table 1
shows different types of IC-PBL. Hanyang University currently offers these four types of IC-PBL classes in its
undergraduate and graduate schools. Each semester, there are an average of 300 such courses in the
University’s undergraduate schools and 100 courses in its graduate schools.
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Table 1 : Types of IC-PBL

Type Contents
Merge | Project on solving actual industrial problems that have been received from an enterprise or
local society and evaluation of the outcome by field officials
Evaluate | Project on the problem by instructors and evaluation of the outcome by field officials
Create | Project on the problem developed by instructors and evaluation of the outcome by
instructors
Anchor | Project on solving actual industrial problems that have been received from an enterprise or
local society and evaluation of the outcome by instructors

2.2 Design-thinking Approach

Design thinking refers to a process of problem solving that uses designers' unique sensitivity and methods
(Brown, 2008). It is a systematic and collaborative method used to identify and creatively solve problems
(Luchs et al., 2015) and involves taking an abductive approach and using an empathetic attitude to find
hidden user needs and then explore opportunities to solve them (Follett, 2016).

Design thinking is a framework that can aid in the conception of unique ways to approach problems
outside of normal business boundaries. It provides a lens to identify and understand the user-specific goals.
Design thinking has three important principles: first, it is a human-centered methodology. The design-
thinking approach does not see users as a group of people with similar demographic characteristics but as
humans with their own unique thoughts and emotions. Second, it is important to generate creative and
intuitive ideas in design thinking. The method emphasizes creative intuition rather than logical analysis.
Third, design thinking emphasizes rapid failure as a source of learning. Design-thinking methodology does
not seek a perfect solution from the beginning. In this approach, it is important to experience failure quickly
and learn from numerous small failures to create a more complete solution that can solve users’ problems.

Companies that use business thinking typically first employ political, economic, social, and technological
(PEST) analysis techniques used in strategic management to predict changes in the environment in the
market and create a business strategy by interviewing industry experts. In the design-thinking approach, it
is important to identify and address needs by gaining deep insight into people to provide new experiences
to customers and eventually bring innovation. In an era in which customer needs are rapidly changing, the
design-thinking approach is effective to carry out business strategies, considering various factors such as
balanced thinking, visualizing ideas, and providing specific experience.

Since there are many cases in which design thinking has yielded successful solutions for the real-world
problems of enterprises and local communities, various educational institutions are providing design-
thinking education. One of the most well-known design-thinking frameworks is the model of D.school at
Stanford University in the US. D.school’s design-thinking process is characterized by a method in which
learners with various majors and experience voluntarily select topics of interest, recruit members, and
present alternatives through collaboration. This procedure consists of five steps: empathizing, problem
definition, coastal policy design, prototype development, and evaluation (Stanford d. School, 2010).

3 Case Study
3.1 Context

The case was conducted among thirty students at Hanyang University, a four-year university in Seoul,
Korea. The students were majoring in three subjects: big data, industrial engineering, and business
administration. This IC-PBL class, which was called “Field Data-driven Service Design Strategy,” lasted
fifteen weeks in the spring semester of 2020. It was a major subject conducted in cooperation with a large
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domestic home appliance company that was introducing a smart home application service. This was a
“Merge”-type class to maximize the effectiveness of PBL. In this type of class, a company or community
proposes problems at the actual site and the students attempt to solve them; after the class, the field
officials evaluate the results of the students’ work. As a result, the final learning objective was set to derive
smart home application improvements through the design of a prototype using the Python programming
language based on consumer demand analysis.
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Figure 1: Course process as a research model

Figure 1 shows the course process as a research model. Before applying the design-thinking method to the
class, LG Electronics practitioners and instructors discussed and presented the scenario to the learners. The
company specifically defined the problem at the beginning of the class. An MOU (Memorandum of
Understanding) was then signed between the enterprise and the school, and the class development team
was formed. The lecture was designed by combining the design-thinking process and the PBL class model,
and data analysis technology was introduced during the hypothesis verification phase so that ideas could
be derived in a more logical manner. The derived results were presented to the headquarters of the
company, and the outstanding results were linked to joint patent applications, enterprise internships, and
linked projects.

3.2 Class Design Framework

We designed the class content by combining traditional design-thinking methodologies and the PBL
learning model of Barrow and Myers (1996). The first step in PBL, the problem presentation phase, aims to
capture the most important characteristics of PBL, and the instructor should present or guide complex and
unstructured problems in the following scenarios.

“LG Electronics has started to install Wi-Fi sensors in all the home appliances it has produced since
the last year for its smart home business, and has been preparing customers' new lifestyles and
probability strategies through smart home services. However, customers often do not install or
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delete ThinQ apps that must be installed for smart home services. Therefore, it is difficult to
determine how to develop smart home services in the future. It is necessary to analyze the
reasons why customers do not use this technology, and the problems encountered in the use of
the ThinQ app, identifying customers’ needs to establish a new service scenario strategy for the
ThinQ app in the future. Learners should segment smart home customers, establish hypotheses
through empathic processes such as observing, experiencing, and interviewing their personas,
perform app usage review crawling, and app usage log data analysis to validate the hypotheses
and present new service improvement strategies.”

In the problem planning phase, which is an important step in PBL class, learners are required to plan to
solve the problem. At this stage, learners are typically asked to identify what they know, what they need to
know, and present hypothetical solutions. In this class, data analysis technology allowed learners to make
hypotheses and continuously conduct activities to verify data through a re-exploration process on a circular
basis.

The class also included an autonomous learning stage that allows learners to identify and acquire the
knowledge and information they need to solve the problem on their own and share the results through
small group activities online. Learners were encouraged to use online collaboration tools and team-specific
discussion boards on LMS to explore or share the knowledge and information they learned with their team
members and utilize this knowledge to find solutions to solve problems. The instructor monitored online
activities and evaluated the students’ participation.

Each team presented solutions in various ways, and in the organization and evaluation phase, based on
the results presented by each team, inter-team evaluation, team member evaluation, and self-evaluations
were carried out, and organizing activities were conducted in the wrap-up session.

3.3 Class Process

This class focused on design-thinking procedures to analyze the cases of home appliance companies that
introduced smart home application services and derive implications and strategies for improving such
services. During the design-thinking process, ideas for smart home application service improvement
strategies were developed by combining app review data analysis, trend analysis, persona, and social
listening analysis. Next, the justification of the idea was reviewed by adding a prior study review and expert
feedback. There were six teams of five people in the first week, and from the second week, the smart home
application service improvement strategy was designed to be developed for fifteen weeks according to the
design-thinking process.

First, through interviews and observations, learners identified the personas using smart home applications
and what is important for them. Since interviewing is a qualitative method for collecting customers’
opinions, and can provide a deep understanding of their context, it is widely used to reflect the persona’s
pain points in the empathy phase of design thinking (Mohaddam & Moballeghi, 2008; Stanford D. School,
2010). In addition to collecting customers’ opinions, learners visited the Signature Showroom, where LG
established a smart home environment for promotional purposes, with the practitioners to understand
their product planning intentions.
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Figure 2: Design-thinking process research model used in the class

Figure 2 visualizes the design-thinking process research model used in the class. The specific processes
identified in Figure 2 are shown in Table 2. To help learners understand the data-driven design-thinking
method, special lectures were presented by design-thinking experts, and social listening data analysis
classes were held. On the one hand, the students learned about the differences and strength of the design-
thinking process through the special lecture. On the other hand, they learned how to use trend analysis
tools provided by leading portal sites such as Naver, Goolge, and Daum, and how to use text mining.
Learning both design thinking and social listening allows learners to derive ideas from the customer’s point

of view.
Table 2: The Specific Class Process (Class topic)
Week Class Topic Detail D:.ata-drllve.n
design thinking
Class introduction (weekly class schedule, Team-specific meetings and introductions Scenario
1 learning objectives), introduction of Icebreaking — Team assignment — Team mindset and presentation and
professors, formation of teams goals. Present learner's capabilities motivation
) Smart Home Service Planning in the The Design of Smart Home Services in the Phonosapiens Individual
Phonosapiens Era Era: What is home? activities
Using Naver Data Lab, Google Trends, and Social Problem
3 Big data analysis I\{Ietrms, . . analysis usi
Finding Business Insights through SNS Search Word ysis using
Analysis for Smart Homes data analytics
Design-Thinking Approaches
4 Data-based design-thinking process Activity by team — Problem Definition First Step — Setting
Up Persona (Facts, Goals, Pains, Behavior)
5 Busmes_s & servncg direction in the Fourth Digital transformation from manufacturing to service
Industrial Revolution
On-site knowledge acquisition for the empathy process
6 Visit LG Signature Showroom — Field Survey of Smart Home Service Exhibition Hall,
Customer interview and observation, Expert mentoring
User review collection and problem Google Play app review data analysis
7 identification through customer response

data collection

- Acquire web crawling tools and skills
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Special lecture from design-thinking

L Special lecture from design-thinking specialists
specialists

“Think Big on their Behalf” Create and share Customer Journey Map Problem
— Problem definition and system thinking systems thinking — pain points, concerns

Problem definition — Concept board materialization definition
Output —Press release, FAQ phase with
Group ACTIVITY: DISCUSS & MERGE Ideas- What

happens if the assumption is wrong?

What is the most important customer
10 benefit?

- Concept development data evidence

Q&A and feedback from working mentors Solution
11 Mid Presentation (Problem definition) ALP enables teams to organize and share their needs
and deficiencies development
12 Derive and share solution ideas Share and give feedback on solution ideas through phase
— Concept iteration discussions by each team
Final selecti f solution i h h di i ith
13 Final Idea Selection inal selection of solution ideas through discussions wit
each team
14 Create prototypes and reflect customer Prototyping — Visual fabrication or mobile app Prototype
and feedback prototyping devel ;
Final announcement and prototype . . eveiopmen
15 ! u_ P yp Final announcement and prototype demonstration
demonstration
Share results and suggestions for future . ;
16 . uggest aH Share results and suggestions for future classes Evaluation

classes

In the problem definition phase, students classified and visualized personas based on the information
derived from the empathy phase and defined their features. Those features were then visualized through
customer journey maps. Customer journey maps are tools that show the customer’s whole process of
experience and their moods at each experience phase (Stickdorn, 2011). The customer journey map was
used in this case because it is useful to define and visualize the locations at which customers experience
pain points.

In the solution phase, learners ideated the services according to each persona’s needs and pain points,
and those ideas were then improved with the domain expert’s feedback. All six teams developed ideas on
smart home service improvement strategies and conducted presentations based on the lessons they had
drawn from ten weeks of empathizing and problem defining. To share ideas and provide expert feedback in
a practical direction, all presentations were shared with all learners, instructors, and practitioners through
online video conferences using an Learning Management System (LMS) system. After the prototype
development process that was conducted considering the literature and expected effects, learners were
asked to present the steps of their evaluation phase and they received a final assessment from the
instructors and practitioners.

Another unique aspect of this course is that the whole process was conducted online. Knowledge-based
lectures, which aim to deliver objective knowledge such as text mining techniques and social listening skills,
were conducted using recorded lectures, to make it easier for students to review content. However,
communicating lectures, which aimed to share ideas or feedback, were conducted in real time online to
enable immediate communication. All lectures were conducted using the Blackboard system, an online
lecture system of Hanyang University. Using the system, the instructor created a team discussion room that
allowed learners to have online meetings, upload related materials, and add comments to other team
members’ posts (see Figure 3).
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Figure 3: Blackboard system used for online meetings and lectures

4  Findings

In this research, we conducted a case study with the class and adopted design-thinking methodology in
the data-driven service strategy development process. The performance of the class was assessed from the
perspective of learners, the professor, and the company based on the students’ lecture evaluation and
mentors’ feedback during the wrap-up session.

Learners were given the opportunity to address complex and unstructured problems that exist in real-
world corporate sites. Through the combined format of PBL and design thinking, learners were able to
improve their problem-solving skills, such as their team collaboration skills and data analytics capabilities.
Second, this course encouraged learners to actively and voluntarily solve problems. Since the class was
conducted in a manner that encouraged students to solve problems in a two-sided direction instead of
receiving knowledge in one-sided direction, the class allowed learners to participate in collaborative
teamwork and share information with each other. As a result, various practical solutions were derived in
the classroom, thus reducing the issue of knowledge learned in school tending to differ from the actual
field.

In this class, the instructor acted as a guide and facilitator to help learners learn, providing equal and
interesting learning opportunities for all learners instead of teaching them directly. Because the class was
composed of learners from various majors, it was able to derive a creative combined perspective, and the
instructor’s role in managing their different interests was essential to deliver consistent results. As a result,
the majority of learners felt satisfied with the class regardless of their major, and selected the class as the
best of 549 IC-PBL courses at Hanyang University in 2020. The final score for the course evaluation was
96/100(A+), and the detailed score for each evaluation question is depicted in Table 4. The enterprise was
able to obtain a new perspective in defining customer pain points and deriving solutions. Second, the active
participation of mentors from the company in the course was found to be important. Learners were able to
experience real-time problems encountered by the enterprise, which they could not have learned at school.
In other words, coupling industry with PBL (IC-PBL) was effective in reducing the gap between theoretical
knowledge and practical applications. Third, the enterprise saw this combined course as an opportunity to
view problems and derive new solutions with learners. Although the learners’ solutions may not be
immediately viable, the enterprise assessed that there were many suggestions that were likely to be
realistic with some improvements. Figures 4 and 5 visualize prototype samples made by the learners.
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Figure 5: Prototype sample

Table 4: Evaluation Questions

No. Evaluation Questions Average
1 | The professor specifically guided the IC-PBL classes and their methods. 47
2 | The professor tried to promote students’ IC-PBL activities. 47
3 | The professor's feedback helped solve the problem. 4.73
4 | As ateam member, | was able to understand the importance of teamwork. 4.7
5 | IC-PBL team activities helped me understand the learning content. 4.7
6 | The professor presented objective evaluation criteria for IC-PBL classes. 4.77
7 | The problem-solving process and results of IC-PBL activities were evaluated fairly. 4.67
8 | My self-directed learning skills were improved through IC-PBL classes. 4.73
9 It seems that the contents | learned in the IC-PBL class can be applied to actual problems. 4.73
10 | My motivation for learning improved through taking the IC-PBL class. 4.67
11 | I actively participated in all IC-PBL activities (team activities, problem solving). 4.77
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5 Conclusion

This research started from an interest in competency education, which is gaining attention for its ability to
foster future talents. This study validates the effectiveness of IC-PBL as an alternative teaching method that
has become increasingly relevant following the Fourth Industrial Revolution and university education
innovation. Moreover, the study examined the use of a teaching method that combines design-thinking
methodology and IC-PBL into a data-driven service strategy derivation process while conducting university
education online.

All participants were satisfied with the class configurations employing IC-PBL. Combining PBL and design
thinking allowed learners to solve practical problems without engaging in external activities such as
internships or private projects. Instructors were given a new role that could not be replaced, and
enterprises were able to view problems and ideate solutions from different perspectives. In addition, IC-PBL
has positive educational effects in that it encourages active teamwork, knowledge application, and problem
solving.

This class structure also supplements existing design-thinking methods. As a qualitative method, design
thinking has the disadvantage of relying heavily on individual subjectivity in the derivation of results.
However, combining data-driven strategies with design-thinking methods allows learners to find a
quantitative basis to derive more objective and clear solutions. Moreover, data-driven design thinking
fosters cooperation between business students, who are familiar with constructing business strategies, and
engineering students, who are specialized in analyzing data. Through this cooperation, IC-PBL can vyield
interdisciplinary human resources and train them in collaborating with people from other fields.

However, this study has several limitations. First, it is a meaningful case to suggest directions for
diversifying university education, but it is difficult to generalize a single case. Future studies may suggest
further cases that apply IC-PBL in different fields, subjects, and contexts. Second, the measurement of
educational performance in design-thinking-based classes is still at an early stage. Therefore, efforts to
discover and verify more effective details will constantly be required.
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