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An educational module has been developed and implemented at the ETSEQ ( University Rovira i
Virgili, Spain) to facilitate the transition of first-year ChE students into a comprehensive project-
based learning environment. All first-year students participate in the first-year integrated design
project with fourth-year ChE students acting as project managers for first-year project teams. The
eight-hour module is taught during the first two weeks of the first term and is structured to take into
account the factors needed for students to understand and commit themselves to change. The first-
year students’ evaluation shows that the module helps them: (1) to identify what they need to
accomplish to gain future employment as chemical engineers; (2) to understand what an integrated
design project consists of and what the benefits of teamwork are, and (3) to realise that the
integrated project and the related teamwork are great opportunities to acquire competencies that

are essential in today’s workplace.
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INTRODUCTION

SINCE 1995, the School of Chemical Engineering
(ETSEQ) at the University Rovira i Virgili (URV)
has been experimenting with Project-Based Learn-
ing (PBL) and Cooperative Learning (CL) meth-
odologies within the so-called Integrated Design
Project (IDP) [1]. Over time, the IDP has become
the foundation of a competency-based educational
model for the Chemical Engineering (ChE)
programme of the ETSEQ [2].

In addition to the usual changes experienced by
all students beginning their university studies [3],
first-year ChE students at the ETSEQ suddenly find
themselves immersed in a teaching and learning
environment that is very different from the one
they have been accustomed to. In the second week
of the first term, they already find themselves
forming part of a project team led by a fourth-year
ChE student. These teams aim to carry out an IDP.
All first-year subjects are involved in the IDP and
each team has an average of five hours of classes per
week for two terms to work on the project. The IDP
framework requires first-year students to take
responsibility for their own learning and, as some
authors have pointed out [4], it is quite likely that
many of them may undergo the emotional stages
that psychologists associate with traumatic change:
immobilization, denial, anger, bargaining, depres-

* Accepted 13 August 2007.

941

sion, testing and acceptance [5]. The emotional
roller-coaster that first-year ChE students may
experience is made even harder when they inevitably
compare their situation with that of other engineer-
ing students. It is natural that they end up asking
themselves: “‘What on earth was I thinking of when I
decided to enrol in this programme?’

In spring 2003, the ETSEQ launched a project
with the clear goal of facilitating the first-year ChE
students’ transition into the student-centred learn-
ing environment that the IDP entails. A literature
search soon provided evidence that whereas some
change management models for managing curri-
cula change in engineering had been developed [6],
only anecdotal information on enabling students
to manage change could be found. Attention was
then turned to best industry practices [7] to even-
tually design an educational module entitled
‘Change Management’. The purpose of this article
is to describe the structure and activities of this
module. Although the module is designed specifi-
cally for a chemical engineering programme, it can
easily be adapted for any other programme based
on extensive use of student-centred learning meth-
odologies.

DESCRIPTION

The ‘Change Management’ module consists of
eight hours of teaching and is held during the first
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two weeks of the first year of the ChE programme.
The module has been divided into three stages,
according to the three criteria needed for the
student to understand and manage change success-
fully [7]:

1. a convincing reason to change;

2. a clear and compelling vision of the desired
state;

3. an understanding of the steps needed to pro-
gress towards this vision.

Figure 1 illustrates these three stages and the
different sessions into which the module is divided.
The purpose of the first stage is to make students
aware of the competency profile required in order
to find employment (4 hours). In the second stage,
students reflect on the discoveries from the first
stage and decide what knowledge, skills and beha-
viours they should acquire within the next five
years (1 hour). In the third stage, students receive
detailed information about the ‘why’, the ‘what’,
and the ‘how’ of the first-year IDP (2 hours). To
conclude the module, students are taught about
the human response to change, including both
positive and negative predispositions towards
changes (1 hour). A teacher trained in facilitation
techniques leads the module.

Compelling reasons to change

At the end of the first stage, students should be
aware of what their future employers will expect
from them once they have graduated. The most
effective way to comprehend these expectations is
to interact with industry representatives. However,
as a prerequisite to this meeting, students should
first consider:

® how changes in industry and society are affect-
ing their future professional careers;

® how they can prepare themselves to cope with
these challenges.

This preparatory work is necessary so that the
students can later validate their perceptions and
assumptions to industry representatives. The first
two hours of this preparation are devoted to this
reflection. In this session, first-year students start
collaborating in teams aided by fourth-year
students who act as project managers in the IDP.
In this way, they begin to experience the educa-
tional environment of the IDP and have an oppor-
tunity to get to know each other.

The other two hours are dedicated to a session
with industry representatives themselves. Five or six
people are chosen based on the following criteria:

® representation of small and medium companies
as well as large corporations;

e diversity of the countries of origin of the large
corporations;

® balanced representation of engineers and human
resource professionals.

It is important to highlight the fact that there has
always been complete agreement between industry
representatives as to the recruiting competencies.
As an example, Fig. 2 contains the summary of
these expectations for a Spanish petrochemical
company. A university degree and a good student
academic record are the basic requirements for
applying to the job. Once these basic requirements
are met, selection depends on the candidate’s
generic competencies and is carried out using the
Assessment Centres’ method [8].

The session with the industry representatives
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Fig. 1. Structure of the ‘Change Management’ module.
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Fig. 2. Profile used by a Spanish petrochemical company for
recruiting engineers and university graduates.

never leaves any student feeling indifferent. After
the session, the facilitator begins to take note of the
student’s emotional response. Many students feel
the need to share their feelings with the facilitator,
often in the form of emails. The following quote
from a student is an example: ‘Once you realise
what the companies demand, at first you feel
frustration. I'm not sure if I'll be able to do all
that I should. Nevertheless, the feeling of frustra-
tion is quickly replaced by an imperative need to
get yourself together and make the effort to
achieve these objectives.” More verbatim
comments received from students are given below.

® ‘Despite the feeling of panic crushing us, we
must make it through because I think that five
years of preparation is enough to achieve most
of the objectives set by the industry.’

e ‘] felt a lot of emotions but one of them was
dominant: I’ve got to make it!’

® ‘The truth is that everybody, in their own way,
when reflecting on the current demands of the
industry for the new engineers, thinks of many
of the characteristics that have been identified in
the previous sessions. Even though, when it is
somebody from the industry who tells you this,
everything changes.’

e ‘It’s true that our doubts have been resolved in a
satisfactory way. And yet, more than a half of
the students, at least from my point of view, got
somewhat paralysed.’

® ‘Increasingly, the companies are demanding
from their workers more time availability.
Where’s this going to lead us? Will we have
time to spend with our families, our friends
and on our entertainment activities?’

® ‘It’s clear that the companies’ demands are
enormous, but are all these hardships and sacri-
fices really worth it?’

® ‘I left the meeting with the people from the
industry feeling scared of all that I have to do
to get a good job. Still, anything can be achieved
by effort and I'll try hard to do this.’

Some of these comments, which show discourage-
ment, distress and denial, are characteristic of the
human response to major change [4, 5].

Another common factor in the students’
responses is the fact that they often discuss the
session among themselves. Although the change is
a personal journey, it is helpful to share this
experience with colleagues [7]. So a positive side
effect of the interaction with the industry repre-
sentatives is the building of a support group, a key
enabler in developing social competencies [9].

A clear and compelling vision of the desired future
state

Having arrived at this point, students need to
reflect on what they have experienced in the first
stage and structure their thoughts to prepare a list
of competencies (knowledge, skills and beha-
viours) that they need to possess when entering
the professional world. The Kano model is an
excellent tool for managing this task [10].

Before introducing the Kano model, the facil-
itator shares information with the students, rein-
forcing the message given by industry
representatives. Some of the e-mails sent by
ETSEQ graduates, expressing their appreciation
of the benefits of the IDP approach to their
careers, prove to be effective. Moreover, presti-
gious references are used, such as conferences held
by the representatives of both industry and univer-
sities from all over the world [11], as well as work
by renowned education experts [12].

The Kano model is used to understand the
importance of the characteristics of a product (in
this case the product would be a new engineer) for
the customer (in this case the customer is the future
employer). Figure 3 shows the application of the
Kano model by a first-year student. The model
classifies the characteristics of a product as
follows.

1. Basic: These characteristics are so obvious that
they do not normally need to be requested by
the customer. However, given that they are so
important, they must be identified. Presenting
the best of any basic characteristic will assure
only that the customer is not dissatisfied. An
example of such a characteristic could be a
chemical engineering diploma. It is assumed
that a chemical engineer already knows how
to design a distillation column or write a
technical report correctly.

2. Performance related: These characteristics are
requested by the customer. A better perfor-
mance in this kind of characteristic leads to
better customer satisfaction. On the other hand,
a lesser performance reduces customer satisfac-
tion. The price that the customer is prepared to
pay for a product is closely related to these
characteristics. The vast majority of character-
istics explicitly demanded by industry represen-
tatives in the first stage, such as some social
competencies can be included here (see Fig. 2).

3. Pleasing: These characteristics cause an
immediate positive effect on the customer. An
increase in them translates into higher satisfac-
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Fig. 3. Application of the Kano model by a first-year student.

tion. However, their absence does not cause
dissatisfaction. The customer does not tend to
request this kind of characteristics either. In this
case, competencies such as team leadership and
project management please the future
employer, as new graduate engineers typically
do not possess them.

When the basic characteristics are introduced to
the students, the facilitator provokes them by
asking, for example, if they believe that an engineer
has to know how to write reports correctly and
effectively. One student’s response, ‘If the content
is fine, what difference do twenty spelling mistakes
on one page make?” very clearly indicates the level
of detachment of some students from the real
world. At this point, the facilitator should emphas-
ise that the fact that this characteristic is not
mentioned by any industry representatives is not
because it is not critical, but because it is taken for
granted that an engineer knows how to write
correctly. This type of example opens the students’
eyes and lays the groundwork for the students to
reflect and actively seek information to construct
their own Kano models. It is also emphasised that
ETSEQ is not the only resource at their disposal
where they can acquire some of these character-
istics.

The students find the Kano model educational
and useful and, importantly, they find that this
exercise helps them change their mindset from
‘degree orientated’ to ‘customer orientated’ and
even into ‘self orientation’. This mental change is
demonstrated by the following student comment.
‘This diagram has opened our eyes. We shouldn’t
study in order to obtain a degree or pass an exam.

We have to study in order to be competent and be
satisfied not only on a professional level, but also
on a personal one.” Unfortunately, we have also
observed that many students quickly forget these
ideas as they progress through the ChE
programme. Hence, it is essential to remind and
reinforce them throughout the corresponding IDP
of the second, third and fourth academic years of
the programme.

Path forward

During the initial session of the third stage, the
first-year IDP coordinators give a detailed expla-
nation of the reasons behind the IDP and its
function. Here, it is very important to highlight
the ‘why’ of the IDP and its connection with the
discoveries of the first stage. The students learn
that the IDP is based on a combination of two
teaching methodologies: project-based learning
and cooperative learning [1]. The objectives to be
achieved are:

® to learn how to learn;

® to apply and integrate the knowledge from all
the first-year subjects in order to solve an open
problem;

® to develop social competencies;

® {0 begin to practise what a chemical engineer has
to do.

All of these objectives are in line with the employ-
ers’ requirements.

During the second session of this stage the
facilitator presents the human response to change
[5, 7]. In particular, the negative predisposition
towards change [5] is worked on in depth, present-
ing cases that illustrate the different stages indi-
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cated in Fig. 4. This last interaction turns out to be
a great discovery for the students, as many of them
can correlate and empathise with the change curve.
The following comment made by a student is
revealing: ‘I'm really impressed by the graphs
you’ve shown us because they are similar to situa-
tions I have witnessed.” Some students become
quite anxious when they realise how predictable
this human pattern is.

First-year students are comforted by the fact
that their project managers (fourth-year students)
are educated in change management and that they
can therefore receive coaching on a daily basis
when working on their IDP. In addition, support
is available through a number of professors.

ASSESSMENT AND CONCLUSIONS

The ‘Change Management’ module has been in
operation at the ETSEQ since the 2003-04
academic year, i.e., for three consecutive years.
At the end of the module, students have to
complete an evaluation questionnaire that consists
of three multiple-choice questions and a blank
space where they can provide any comments
(improvement suggestions, feelings, complaints,
etc.). By analysing the responses, the following
conclusions can be drawn.

1. The module helps students to identify what to
work on in order to secure future employment
as chemical engineers (between 35% and 72%).
In addition, a significant number of students
(between 8% and 31%) indicate that the module
has helped them to set priorities and begin to
draft an action plan for their future develop-
ment.

2. The vast majority of the students (between 80%
and 93%) have understood what the IDP con-
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sists of and the benefits of working in a team. A
very significant number (between 42% and
83%) consider the integrated project, and the
related teamwork, as a great development
opportunity to build a professional career in
the industry.

3. The students’ response towards the IDP is in
line with the pattern of human response
towards change. Therefore, some students can
be identified as ‘change pioneers’ (between 17%
and 27%), with the majority of students being
more passive towards change (between 60% and
83%).

Students typically take the opportunity to write
what they think of the module in the blank space
of the questionnaire. A sample of these comments
is showed below.

® ‘The module lasts for too long and the only
thing that’s done is to repeat the same thing
for hours. It’s true that the lecture and the first
debate and reflection are constructive, but the
rest of the hours are only redoing what already is
done. I propose to do fewer hours and interact
more with the students. Involving the students is
more beneficial than putting them under a
sermon.’

® ‘At some moment I thought I wasn’t capable of
carrying on, but the module helped me set
objectives and see that I can manage to do it.’

o ‘] think this module was useful for me, because 1
had never even asked myself about many of the
things presented there, and it was useful to
notice them and reflect about the reality of
these studies.’

® ‘The chat with the people from the industry was
very interesting and it made us reflect all along
the change management.’

® ‘] believe that the most beneficial classes were
the conference with the people from important
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Fig. 4. Responses to change with a negative predisposition.
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industries and this last one. I think this module
is necessary, even if only for changing your
mindset, this is the key.’

® ‘The first day of the class on Change Manage-
ment I didn’t think it would be anything great,
but with time, and above all in this last class, the
one about changes, I’ve seen that the classes
have really been excellent, and that now I have a
very different view on changes, I have to face
them with confidence. Congratulations for all
that you’ve dedicated to this project.’

® ‘I think that fewer slides and more group exer-
cises would have helped me more in this change
(like for example the exercise we did on the first
day with the fourth-year students).’

The analysis of these comments has led to
improvements in the module design, such as a
reduction in the number of hours, the participa-
tion of second-year students’ in the third stage in
order to present their experiences in the first-year
IDP, and the introduction of more relevant case
studies.

It can be concluded that the ‘Change Manage-
ment’ module is valuable and, overall, positively
received by the target group. This conclusion has
been confirmed by a study carried out by the URV
vice-chancellorship in 2005, as a result of group
interviews of first-year students.

REFERENCES

1. F. Giralt, J. Herrero, F. X. Grau, J. R. Alabart and M. Medir, Horizontal and vertical integration
of education into a human-centered engineering practice in design processes, Journal of Engineering

Education, April, 2000, pp. 219-229.

2. H. J. Witt, J. R. Alabart, F. Giralt, J. Herrero, L1. Vernis and M. Medir, A competency-based
educational model in a chemical engineering school, International Journal of Engineering Educa-

tion, 22(2), 2006, pp. 218-235.

3. S. C. Ender and F. B. Newton, Students Helping Students: A Guide for Peer Educators on College
Campuses, Jossey-Bass, San Francisco, (2000) pp. 36-42.
4. D. R. Woods, Problem-Based Learning: How to Gain the Most from PBL, Donald R. Woods,

Waterdown, Ontario, (1994).

5. E. Kiibler-Ross, On Death and Dying, Collier Books, New York, (1969) pp. 234-235.
6. S. D. Fournier-Bonilla, K. Watson, C. Malavé and J. Froyd, Managing curricula change in
engineering at Texas A&M University, International Journal of Engineering Education, 17(3), 2001,

pp- 222-235.

7. D. W. Hutton, The Change Agents’ Handbook, ASQ Quality Press, Milwaukee, (1994).
8. L. M. Spencer and S. M. Spencer, Competence at Work: Models for Superior Performance, John

Wiley & Sons, New York, (1993) pp. 251-253.

9. D. C. McClelland, Toward a theory of motive acquisition, American Psychologist, (1965) pp. 321-

333.

10. J. Terninko, Step by Step QFD: Customer Driven Product Design, Responsible Management Inc.,

Nottingham, NH, (1995).

11. New Approaches to the Education and Qualification of Engineers: Challenges and Solutions from a
Transatlantic Perspective, German Federal Ministry of Education and Research, Bonn (Germany),

1999.

12. A. Rugarcia, R. M. Felder, D. R. Woods and J. E. Stice, The future of engineering education: Part
1, a vision for a new century, Chemical Engineering Education, Winter, (2000) pp. 16-25.

Joan R. Alabart is Associate Professor of Chemical Engineering at the Universitat Rovira i
Virgili (URV). He received a B.Ch. and a Ph.D. from the University of Barcelona and an
MBA from ESADE (Barcelona). His research, consultative, and training projects interests
focus on the areas of organizations and people and of leadership, strategy and change. He is
co-founder and director of the Master in Business Administration programme at the URV.

Hans-Joerg Witt is currently the President of Witt & Partner, a consulting company
specialized in Organizational Effectiveness and Change Management. Before that, he
worked 25 years for a global petrochemical company and served in various manufacturing
positions in Operations before joining Human Resources as an internal consultant. He led
the internal consulting profit centre as Global Director of Organizational Effectiveness,
servicing more than 25 countries across the world. A chemical engineer by education, he
received his Ph.D. degree from the Universitat Rovira i Virgili.



