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Abstract

Like worldwide, at the Universidad Nacional de Colombia, by the Direction of the Engineering Faculty, there is a growing
interest in modifying the traditional lectured-based teaching model. A PBL course was designed to encourage problem-
based learning (PBL), and to improve teaching practices within graduate students. In the PBL course participated students
who were teaching assistant at the engineering program. Often, graduate students have their pedagogical training by
imitation due to their formation process; therefore, they don't have pedagogical knowledge. The course was organised in
two parts: the first one focused on issues about learning and philosophical theories of learning as a teaching model, using
lectures and workshops. The second part was to learn PBL using the PBL model to do so. The 64-hour course was done in
the second half of 2015. It had the participation of 24 graduate students, between different disciplines of engineering. After
students had been training, we collected student views from both, PBL course program and the importance of PBL as a
method for undergraduate students learning. The results were analysed by qualitative methods.

Keywords: Curriculum design; Problem-based learning; Inter-disciplinarily; Engineering Education.

1 Introduction

Nowadays around the world, the traditional educational systems do not respond to emerging demands from
the workplaces. There is a general clamour about knowledge and skills for demanding performance at work.
There are a substantial number of government initiatives to change the old methods to teach or learn for more
innovative and efficient ones to fit social requirements. Some universities are implementing new models or
incentive the change. Also in Colombia, there is a growing interest to get better indicators in education. At
Universidad Nacional the Colombia, there are some initiatives concerns with curricular change. Currently, some
teachers are exploring new models because many options are ranging from IT tools to active learning
approaches. We try to explore with PBL because it could fill many of the expectations from graduates (Kolmos
& Graaff, 2007; Prince & Felder, 2006). In this work, we explore some student’s perceptions about the PBL
initiative in engineering at Universidad Nacional in Bogota.

2 Educational context

At the European Unioén, the European Commission 2010 began an initiative to promote innovation and
transversal skills Hoidn & Karkkainen (2014). The council takes action plans of UE and roadmaps in which
priorities are set for cooperation between the Member States and the Commission (CE, 2015a). To improve
economic growth as one of the key elements that it has set is develops necessary skills to have success in the
labour market, with a policy of clear objectives through 2020 (ET-2020, 2013). In the December 2014 meeting,
it was established that the venture requires the development of a set of skills that need to be addressed at all
levels of education and training. Also, education ministers of the participating countries in this Commission
pointed the importance to strengthening the links between education and the business world (CE, 2015b).

Like in Europe, the US government calls for change to prepare for the challenges of the 21st century and
created organisations like the ‘New Commission on the Skills of the American Workforce'. In Japan, the Ministry
of Education, Culture, Sports, Science, and Technology uses funds for projects that encourage experimentation
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on technological innovation and learning in Higher Education. In the year 2004 in Australia, the Australian
Council for Teaching and Learning was established to improve the quality of Higher Education and practice
with awards, scholarships, and grants. In Germany, across of the national contest for Excellence in Teaching is
a newly introduced subsidy program that recognises and supports innovative teaching in education. In France,
in 2008, the education reform includes a plan to encourage innovation in undergraduate teaching (Hoidn &
Karkkainen, 2014).

As is said in the McKinsey report about the worldwide graduate educational problems, there is a significant
lack of talent in the graduates (Mourshed, Farrell, & Barton, 2012).In 2014, in Colombia, 57 % of companies
reported having difficulty finding required talent, but 35 % in 2010 (CPC, 2014). Mainly there is a lack of
expertise, lack of education and lack of certifications and experience. The competencies require for more
companies are handling technological tools, capacity for analysis and decision making, oral and written
expression, math skills and second language. As for attitudes, companies report needing for staff emotional
intelligence and teamwork, ethical sense, service orientation and achievement, adaptability, creativity and
efficiency (Manpowergorup, 2014).

There is an awareness on improving the Colombian educational system. With the 2034 vision of a flexible
system of HE, academic quality and vocational training, the proposal for education reform began with
difficulties in 2011, to change the actual education law. This process started with strengths and had to be
rethought. Reflexion meetings with roundtables, forums, debates, etc., took place in 2012. It worked on several
proposals: quality, coverage, equity, relevance, sustainability, autonomy, internationalisation, inclusion and
diversity (MEM, 2013). It was recommended to improve tertiary education in many ways. But one could be to
invest in innovation and programs. Likewise, it should create a program of evaluation of qualifications to review
in broad the graduate skills needed (CPC, 2014, p. 34). But there are some difficulties.

Most university systems are based on the Humboldtian tradition, which emphasises the freedom of research
and teaching. At first, universities were administered by teachers with strong autonomy and independence,
though it has been lost as time has passed by and it has given space to the neoliberal ideas of postmodernism
which has taken the power of the university’s management, and has altered patterns of university education.
The student is seen as a customer and the teacher as a tool to produce and use resources efficiently. Thus,
decisions are not taken from the teachers, but from staff members, at high levels of the organisation, affecting
the program’s evaluation, in favour of the sovereignty of these clients (Bellah, 1999 cited by ; Levine, 2000).

As a consequence, they are focused on strengthening the quality of teachers in some cases and in others to
allow lower academic performance. Change efforts on the educational model have been difficult to implement
and many teachers do not want to betray the old model, as indicated Pritchard (2004) in relationship to the
German ideas about Humboldt.

Therefore, educational policies should be continually reviewed and reflect on the university management or
adapt this to new approaches or models of teaching. Social requirements indicate that efforts to improve
education at all levels must be from teachers and university staff, schools, government policies and society,
including businesses and also various groups and associations, who should be part of the efforts and change
strategies. There is growing interest in taking new actions.

Harvard University, in 2011 received a donation of $40 million to support excellence and innovation in teaching
and learning. This grant was motivated by the need for new methods to make a better and efficient Higher
Education for this generation (Walsh, 2011). In its 2014 report (cit. HILT, 2014), some of the most exciting
projects have involved multiple generations of students, graduates, doctoral and staff members with student-
centered methods. The innovation projects for teaching-centered learning have shown fewer experiences and
shorter conclusions.

The Stanford University has made profound changes in the curriculum models. In 2007, the Business School
changed its curriculum to a much more customizable, more global and deeper regarding intellectual

experiences (Stanford Business School, 2006).
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The Olin College of Engineering was funded since 1997 with the idea of training engineers differently. The
learning experience occurs through independent study group, led by students, teachers or staff members and
also in competitions or clubs. Its orientation is to promote technical innovation through a less structural
curriculum or different to traditional and giving real authentic spaces from young students (Olin College of
Engineering, 2015).

The MIT, is worried about change its educational model. The initiative for future of education proposed an
online survey to determine how it should be that education. In its 2014 report determined among other things
that should be expanding the use of different methodologies such as PBL and Flipped classroom projects and
an inclusion of a flexible curriculum, and study new approaches to assessing students (MIT, 2014). Also on
interdisciplinary approaches, creating a ‘synergy’ between different institutions; build learning communities
designed to help students establish pathways engagement between the university and the world.

The University of Berkeley in California also has a program called Instructional Improvement Grants 2015-2016
to strengthen academic innovation. It focuses on multidisciplinary, project-changing education involving social
services, improving diversity, foster teamwork, active learning, and participation in acquiring the skills of literacy
or to improve assessment (UCLA, 2015).

In the UK, the University of Cambridge has a fund to finance programs for implementing innovative practices
in teaching and learning. Its focus is on creative or exploratory projects. Additionally, it provides strong support
for personal, professional and career of all members by its mission and core values. To achieve this supports
people in the ongoing development of a variety of academic skills and training (University of Cambridge, 2015).

Aalto University in Helsinki was founded in 2010 with a multi-disciplinary approach. Combines science, art,
technology, and business to create solutions to meet the greatest challenges faced by society through high-
quality research and pioneer education (Aalto, 2015).

The ‘Pohang University of Science and Technology was founded in 1986 in South Korea. The main idea is
providing a student-centered education in a highly collaborative community that encourages students to work
in close collaboration (POSTECH, 2015). This university is financially supported mostly by Folco, the largest steel
industry in South Korea. By 2012, was leading of the group of best new universities (Adams, 2012)

The Hong Kong University of Science and Technology, founded in 1991 is the third in the same scale. The
global plan 2011-2016 has as main initiatives, including flexible programs, strengthen the internationalisation
and interdisciplinary, service, personal development and related skills (HKUST, 2015).

Problem-based learning and its variations are methodologies that truly responds to these needs change. The
main characteristic can be found in Graaff and Kolmos (2003). It could be an extensive review of the
effectiveness of the models of PBL, but these are outside the scope of this study. For historical reasons of
implementation, there are numerous review papers in the area of medicine and health, so there are
contradictory conclusions. For instance, there are reviewed papers such as Colliver (2000), Norman and Schmidt
(2010)), and other with a more center position as Wilder (2015) indicating that there is not strong evidence of
effectiveness in changing this model, but interestingly, these same studies also fail to demonstrate that
traditional methods are better than PBL. Also, in contrast, other authors like Enarson & Cariaga-Lo (2001),
Sungur & Tekkaya (2006); Polyzois et al. (2010) have found advantages in the use of these methods.

However, in the case of engineering, there are many study cases about courses, research, and reports indicate
that despite, the difficulties of implementing this student-centered methodology, there are advantages that
justify it. For instance, Galand et al. (2012) report about the promotion of soft skills. For Prince and Felder
(2006) inductive methods such as PBL, have a cumulative evidence in favour and these are supported by
theories of learning, cognitive and social constructivism, Neuro-medicine and empirical findings. Also, help
raise intellectual development, thoughts, analysis and learning skills for engineering and science. For De Graaff
and Kolmos (2007) with PBL students achieve cognitive skills such as metacognition, critical thinking and
problem solving. The effectiveness of PBL also indirectly demonstrated by the decrease in desertion rates, the
motivation given, in accentuating the institutional profile and help with the development of competencies
(Kolmos & Graaff, 2007).
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To move from traditional to PBL, this kind of research results aren’t enough to argument changing to PBL. It
needs to have complementary studies about PBL effectiveness. Changing to PBL implies some strategies, from
the staff level or the low level (Kolmos & Graaff, 2007). In this sense, and to become to empower people, the
faculty of engineering design and open a course for training graduate students in PBL.

The initiative was planned during the first half of 2015 and implemented a course for teaching PBL for master
and Ph.D. students of postgraduate engineering programs. This course had four credits and was called
"Introduction to Problem-Based Learning in Engineering and Technology”. The program can be consulted in
Daza (2015). The course was an excellent opportunity to capture thoughts about PBL from graduates. So the
feedback from the course includes a particular aspect about the PBL as a method for engineering courses.

3 Research question

One of the key aspects to improve educational changes is to think about the course content and understand
PBL relevance to fill out the lack of skills in graduate students. Graduate student can be reflective about how
their learning was, in relationship with their self-experiences in work. It is because all of the students in this
course were working and studying at the same time. After learning how PBL operates, their opinions receive
higher importance because necessary they compare the old tradition with the new one. In this sense, the
research question is What is the graduate student’s views about problem-based learning?

The course was an excellent opportunity to capture thoughts about PBL from graduates. So the feedback from
the course includes a special aspect about the PBL as a method for engineering courses.

4 Course description
Detail of this past two months course for interdisciplinary master students is shown in Table 1. The course
name is “Problem-based Learning for engineering and technology” and was given at Bogota Campus.

Table 1 Course description

Issue Description
Teachers A teacher expert in pedagogy, as course coordinator .
A consultant teacher for educational theories and philosophy.
An engineering teacher, with knowledge about education.
An engineering teacher with PBL knowledge.
Some lecturers in specific issues.

PBL Approach Lecture on the first part and PBL on the second.

Facilitation on PBL  As a consultant in group management, writing and reading skills.

part

Group strategy We try to make up the following groups the Felder & Silverman (1988)

PBL Assessment Sharing traditional grades by homework and group performances and a final essay

Credits 4

Week hours 8

Total course hours 64, two parts, 32 for each.

Course part 1 Education in Colombia and Latin America, philosophy of education, paradigms and philosophical

trends; Pedagogy, technological tools, sustainable engineering and constructivism. At this stage,
numerous activities were performed on extra class time, including reading and writing. Each of the
lecturers was autonomous but they followed the topic. They were asked to prepare some specific
topics and load the material on Moodle.

Course part 2 PBL model, group work, facilitation and assessment in four weekly sessions. This part of the PBL
model is working. It was used an average of three problems by session and worked in groups of
one to five students. The groups were defined at the beginning of the semester. The Same group
in all semesters. When the session started, we spent 15 minutes in a short introduction and trigger
talk to beginning the learning process. Students individually did problems and at the end of the
semester, they had to do a short reflection in an essay.

Student 24
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5 Methodology

We used a qualitative approach. It reflects the views and comments of some of the engineering graduate
students. Participants are male and female students from various programs and different professions. In this
qualitative part, no distinction was made with age, sex or curriculum.

The opinion of students was taken in two different ways. The main measure was using an open-ended question:
"After taking this course: What are your thoughts? In this sense, the usual bias caused by directing questions
about the course development is not present. The second one was an internet questionnaire, which was
designed to test the course, teachers and outcomes. We took advantage using it to triangulate some findings
and coding words to process and analyse information.

In some cases, qualitative methods have advantages over quantitative methods. Special situations were seen
in the case of open questions, which in fact, they could have a greater impact without the bias that other
questionnaires have.

The open-ended question was written and had the participation of 20 students, but the questionnaire had only
14. Because students were native Spanish speakers, the open-ended question was made in Spanish and also
the analysis. The analysis was made using NVivo 11 (QSR, 2015). All opinions were codified according to the
word frequency and focused in classifying it according to with knowledge or skills. It was possible because
there were a lot of answers in that sense.

Obviously, the language to write thoughts was informal. Here some extracts in Spanish,

“Entre los aprendizajes logrados se destaca el trabajo en grupo, el modelo de aprendizaje de los adultos, teniéndo en cuenta que

enseno differences conceptos para personas adultas y me es de gran ayuda conocer como motivarlos a aprender...” Student A
Another example, one extract about the importance of work in teams,

"Ademds, mejorar la manera de escribir y conocer los diferentes textos literarios que se puedan utilizar en la academia. El ABP me

ayudd a aprender como conformar grupos de trabajo y la manera dptima de resolver problemas...". Student B
And one more example, with some pedagogical language

“El ABP para mi es un método genial para aplicarlo en diferentes abientes como laborales, personales, profesionales, educativos,
siento que me aporté diferentes herramientas para manejo de grupo, identificar cognicion y la metacongnicion, la humildad, manejo

de actividades con grupos interdisciplinarios...”. Student C

In the analysis with Nvivo, we discard comments about the behaviour, teaching style or materials given because
the main interest is to know the views about PBL from the students.

6 Results

With Nvivo, we have to read all of the comments and code in. After the text was code, we use cloud queries to
graph the information. The table below shows some of the figures we obtained in this process. As we said
before, the text was kept in Spanish and also the results appear in Spanish. Next to the pictures, we make
comments regarding the findings. The Table 2 summarize the results after code and process it.

In spite of the long text and ideas from the students, we can find coherence in the results. They are consistent
with the benefits of PBL and it is summarised below. We can't generalise our findings, but we compare it with
affirmations from some authors.
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Table 2 Results and comments about PBL student views

Graphical result Comment
&84 ()"Clllnliilléléi : . .
rgﬁg ctlt at"“"'“ The course was very useful to improve soft skills.
eC LT aipo Students said they had implemented their

capacity to writing to communicate, critical
thinking, time management and verbal
communication.

Agree with (Dolmans & Schmidt, 2006; Graaff &
Kolmos, 2003; Neville, 2009)
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They were sensitised on the importance of

: learning theories and training for teaching. It is
necessary to improve pedagogical skills in
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adult training so they think PBL is useful to train

adults.
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aSIgnatura e subject demands too much time. A semester

is not enough to achieve the objectives and
complete the program.
Agree with (Graaff, 2000)

| impléfiféntat, About PBL, students understand its usefulness
especially in professional life and the relevance
of the work over traditional methods. They feel
PBL strengthens professional performance. They
also believe that PBL is suitable for learning. They
said very few about the difficulty to implement it
but said that demand too long.

Core skills for engineering work are
recognised in PBL. They are co-operation,
project management, communication, etc.

(Kolmos & Kofoed, 2002)
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Students found useful PBL to encourage work in
groups. Probably, it was the main aspect to
considered with PBL. They were agreeing about
PBL gives skills to management time and
organising projects.

Specific group skills are mention in (Woods,
2014). There are many authors agree with this
aspect.
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Graduates of engineering think PBL useful to enhance knowledge and skills like interdisciplinary
communication and writing. In that sense, it is better than traditional lectures. However, students believe that
demands lots of time and excessive reading. Also, there is a consensus about training needs in this kind of
methods to be more effective in teaching.

625



@ M,

Many "tools” could be given for training or instructional proposes to students. The students had the
opportunity to learn from the lectures at the beginning of the course when they taught learning theories and
pedagogy. For the students, there were lots of tools to teach, but without enough time to prove it.

Students were convinced about new educational foundations. They also recognised in this course formation
aspects to improve in their class. Many of the students were assistant teachers in their master studies, and they
could take the value of teaching improvements and its importance.

Regarding other aspects of the course, students mentioned having learned from PBL and have met the goals
and objectives of the course. However, there were comments about the lack of time in class. Extra time was
needed to do too much work left in class as the main problem. It is accord with some authors because PBL and
similar learning methodologies demand more time than the usual one (Bédard, Lison, Dalle, & Boutin, 2010)

About PBL, students understand its usefulness especially in their professional life and the relevance of the work
over traditional methods. They feel PBL strengthens professional performance. They also believe that PBL is
suitable for teaching. They said few thinks about the difficulty of implementing it but, said it demanded too
much time.

There is a high potential to encourage teamwork. The subject requires too long and a semester is not enough
to achieve the objectives and to complete the program (Graaff, 2000).

7 Conclusion

We have shown enough illustration about the need for change academic systems. Like many educational
institutions, there is a growing interest at the Universidad Nacional de Colombia to improve learning outcomes
for its graduates. There are many initiatives to promote innovation, training and new courses.

In spite, this is not a representative group for generalising; this experience is useful to do some changes and
begin to create awareness about the importance on alternative methodologies like PBL. Its importance arises
because it was not a simple survey or question for some graduates about their reflexions about education.
They were part of a group graduates, who were immersed in a PBL course combining pedagogical theories
and PBL. So the mental perspective about education is changed in comparison with current undergraduate
students. Additionally, taking into account that they recently had graduated and that they have some
experience in the industry, their opinion is very important because it gathers in just one question the opinion
of both students and graduates.

The collect comments showing that this experience has been crucial to outline and begin doing some changes,
and the idea is to create sensitivity about the existence of alternative teaching technologies such as PBL.

Regarding the course program, it is necessary to make some changes in its contents. It is important to reduce
the amount of working programs and the work left for home and also, the need program adjustment to a PBL
focus. In this sense, it is necessary to split into two parts this course. It was shown that one semester is not
enough to prepare students for PBL with such amount of learning themes.

Regarding the relevant importance that the PBL methodology has, we confirmed that as happen worldwide,
graduate students (professionals) think that PBL improved a lot of skills and it can raise their awareness about
the importance of these learning tools.
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