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Chapter 4

The Competency Based Educational Model

4.1 Background

The success of the horizontal and vertical integration of knowledge and resources
carried out during the academic year 1995/96 (see Figure 1.4), together with the
results of Enhancing Team Performance® (ETP) reported in Chapter 3 led to the
educational model depicted in Figure 4.1. This model extends the IDP scheme
explained before throughout the 5 years of chemical engineering curriculum.
External interventions together with ETP modules have been planned for delivery in
each year of the program: (see Figure 4.1)
+ to reinforce the initial results obtained with the ETP external intervention in the
1% and 4" year IDP
+ to correct the drawbacks identified in the surveys presented and discussed in
the previous chapter
The remainder of this chapter is presented in the format of the paper that has been
accepted for publication in the International Journal of Engineering Education with an
overall rating of 83/100 (see the reviewed comments in Appendix D).
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Figure 4.1. The competency based educational model, facilitating the deployment
of empowered teams

The fact that the IDP approach started in the 1% year of the ChE program brought

forward the opportunity to reinforce the continuous practice, feedback, and positive
reinforcement of social competencies throughout the curriculum, and to consider the
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possibility of minimizing other less active methodologies such as lecturing and
demonstrations [1]. It also posed interesting questions, e.g.:

+ Can social competencies enable or enhance technical and scientific
competences?

+ What were the social competencies most relevant to this purpose and for a
professionally successful chemical engineering career?

+ Was it possible to disseminate the IDP across the curriculum with a consistent
deployment of team organizations leading to the empowerment of individual
students and teams?

+ How could we involve instructors and professors in the application of the
integrated design project approach?

+ Did we have the necessary knowledge, educational technologies and
resources in our own organization to undergo such a drastic change or did we
need help from experts outside of the university system?

+ Was it possible to design a model that could incorporate most of these
challenging and innovative ideas?

The outcome was a list of hypotheses and requirements for the educational model
and an establishment of a partnership with the Dow Chemical Company to obtain
expertise in change management as well as human and technical resources.

4.2 The Model
4.2.1 Hypothesis

There is numerous indirect evidence in the study of mankind (i.e. study of prehistory,
evolutionary anthropology and psychology), that communication of information and
learning among hominids takes place through social development [2]. In fact, both
technical and natural selection played a role in the evolution of the Homo sapiens
over the past 2,500,000 years. Social learning and social cognition theories provide
direct evidence that learning through the consequences of one's actions, which is a
tedious and hazardous process of trial and error, can be shortened through social
modeling of knowledge and competencies, which has a prominent role in human
motivation, thought, and action [3-5]. Also, self efficacy or the beliefs of one’s
capabilities to organize and execute the courses of action required to manage
prospective situations, is key to developing self regulatory strategies, motivation and
achievement (in academic settings) [6].

Consequently, the first hypothesis was that social competencies should (not
compete with but) enhance the construction of scientific knowledge and the
acquisition of technical competence even over the short time scale of the duration of
undergraduate education, if consistently and experimentally worked out all the way
through the curriculum. This could be accomplished smoothly with IDPs carried out
with students working in teams, as indicated by experiences of the research
associates [7-10]. This hypothesis has been already stated in Chapter 3, where
preliminary analysis of its validity, based on the results of the surveys, has been
presented.
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The second hypothesis was that empowerment of individual students and teams
could be accomplished simultaneously within the social learning environment, if the
model to be implemented would consider the appropriate evolution of team
organizational stages, initially from leader directed and leader centered scheme in
the 1° ]year to a self directed organization just before graduation at the 5" year of
studies’. Table 4.1% describes these team organizations in terms of responsibilities
and activities of team members that have been adopted at the ETSEQ and which
has been inspired by the team based organizations considered at Dow. The 19
activities listed in Table 4.1 are exhaustive and fit very well those typically needed to
carry out the design projects at the ETSEQ. Within the self directed team
organization, deployed at the 3™ and 5™ years, respectively, students become
progressively empowered, since they are given the right to make decisions and take
actions on their own without previous approval by instructors. This authority to act
encourages students to further assume responsibility for their actions, which also
results in an improvement of the model.

The third hypothesis was that the progressive deployment of the IDP approach, with
team organizations matching student skills and needs (see Table 4.1), should
facilitate the adoption of a competency based educational model. In the context of
the current study, a competency is a combination of tangible (skills and knowledge)
and intangible (social role, self concept, traits and motives) underlying characteristics
of an individual that is causally related to criterion referenced effective and/or
superior performance in a job situation [11].

The fourth and last hypothesis was that faculty and the school system would accept
that the educational system did not possess the know-how to manage the cultural
change [12]. Such a shift towards the competency based educational model referred
to in the previous two hypotheses would require substantial outside expertise and
subsequent willingness to partner with a chemical manufacturer, such as the Dow
Chemical Company. The fact that the Dow was willing to establish a partnership in
1997 (see Figure 1.5) and to facilitate this process by providing expertise and
technologies, such as workshops, on:

+ team development

+ knowledge/awareness of critical competencies, and

+ methodologies to manage change
was assumed to be a sufficient incentive to facilitate and sustain the required
change. The workshop materials should support the development of competencies
and should be taught as compulsory external interventions initially by consultants
and human resource personnel from the Dow Chemical Company and later on by
subsequently trained faculty. An external intervention is an extra-curriculum activity
which is carried out at specially allocated hours in the academic timetable.

" The surveys in Chapter 3 indicate that this team evolution is needed
* All Tables are included at the end of the chapter
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4.2.2 Framework

The four hypotheses stated in the previous subsection led to the educational model
depicted schematically in Figure 4.1. The model framework spans dynamically over
the 5 years of studies in two domains:
+ in the cognitive domain pertaining to science and engineering contents and
processes, according to Bloom’s taxonomy [13]
+ and over different team organization stages towards empowerment

In the context of current work, Bloom’s taxonomy has to be understood as
expanding over engineering objectives, i.e. beyond the integrated set of the formal
operations that any adult, educated person performs in real life. The ticks in Figure
4.1 indicate the current level of implementation, from fully operational (bold tick),
under field testing (grey) to pending (no ticks).

The model is based on integrated projects in the 1%, 2" and 4" years and in projects
carried out by self directed teams in the 3 and 5™ years, to assure the right setup
and environment for the development of social and professional competencies.
Activities carried out during project development and projects closing, which are
listed in Table 4.1, require that students clearly identify project clients (mainly
activities 1 and 4 in Table 4.1). Thus, client orientation is central in the competency
structure adopted, with the rest of 9 competencies emerging as correlative
concentric circles characterized by need to act to attain client satisfaction. This is
schematized in Figure 4.2 in terms of competencies, with the required individual,
organizational and institutional transformations identified by the increasingly lighter
levels of grey. The inner circles of competencies in Figure 4.2 pertain more to
individuals working in teams and imply the transformation of both individuals (four
inner circles with darker grey) and of the organization (three intermediate grey
circles). The two outer circles of competencies (lighter grey) reflect more the role of
individuals at the institutional level, whereby student empowerment can develop
more effectively and be more valued, and all changes institutionalized. Clearly, client
orientation (black central target in Figure 4.2) first requires that any individual should
adapt to client moves, i.e. be versatile, and subsequently find creative solutions to
these new challenges, i.e. be entrepreneurial and innovative. This in turn calls for
system thinking, moving in the structure depicted in Figure 4.2, which is self
explanatory. The summary of corresponding transformations is depicted in Figure
2.6.

Since social competencies have to grow from a client orientation perspective and be
developed by team members simultaneously and in conjunction with regular
academic activities, such as lectures, laboratories, seminars, etc., the educational,
competency and transformation models respectively shown in Figures 4.1, 4.2 and
2.6 are supported by the set of five hands on, external interventions stated in Figure
4.1. These interventions have been conceived and designed to be delivered by
professionals in the field and/or faculty previously trained in the respective topics and
on the educational technologies used. The topics of the five external interventions,
briefly described in Table 4.2, match both the team organizational stages planned for
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each of the five years of studies and the client oriented competency model of Figure
4.2.

The following subsection presents and discusses the ten social competencies that
have been adopted at the ETSEQ, which are summarized in the concentric model
depicted in Figure 4.2.

Figure 4.2. Concentric structure of competencies aimed at client orientation.
4.2.3 Competencies and Rationale

Table 4.3 lists the ten key competencies, together with their operational definitions,
that have been identified at the ETSEQ, and that should also be enablers for
technical competence as stated in the hypothesis subsection 4.2.1. The current
selection is consistent with the extensive research reported on the trends and
changes that influence the economic and social environment in which industry is
operating [14-17] and with the experience gained with the implementation and
continuous refining of the 1% and 4" year IDP at the ETSEQ [10,18]. The Dow
Chemical Company and other chemical corporations have also identified these or
equivalent competencies as critical components in their recruiting process. Finally,
the set of competencies listed in Table 4.3 is in accordance with the opinion of other
educators and policy-maker institutions [19-21].

The know-how developed by The Dow Chemical Company on planned
organizational change [22] suggests that the set of competencies of Table 4.3
constitutes a valid and consistent starting point to implement an effective and
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sustainable organizational change. Figure 4.2 illustrates the dynamics of this
organizational transformation when it is unambiguously aimed at achieving client
satisfaction through client orientation. Every significant move of client needs stated
in Figure 2.6 prompts three waves of transformation involving the individual,
organizational and institutional level. Research supports the assumption that the only
relevant component that should be molded (changed) in an organization is individual
habits, i.e. the attitudes and perspectives of each individual [22, 23]. Change always
starts at the individual level. The change of individuals brings about organizational
transformation. Once organizational transformation has taken place, the new way of
working has to be institutionalized in order to ensure that the changes are sustained
and that no significant erosion takes place. Erosion would be detrimental, as the
organization would gradually slide back to the status quo or the starting point of the
change initiative.

Table 4.3 summarizes the operational definitions of the competencies adopted at the
ETSEQ. Figure 4.2 arranges these competencies in “need to do activities” consistent
with client orientation. The central competence of Figure 4.2 and the first in Table 4.3
is client orientation, the one that triggers individual transformation. An individual
within a client serving organization must be able to perceive a shift in client needs
and to adapt accordingly. Productive performance during change requires versatility,
since the individuals are likely to be catapulted out of their comfort zone. To cope
with inflicted stress, a high degree of versatility is needed, as one has to adapt by
changing one’s views, perspectives, assumptions and behaviors. The next
competency under scrutiny is entrepreneurship and innovation. Versatility has
brought about capacity to adapt to change. It now has to be followed up with creative
ideas to respond to the new challenges posed by the client directly or indirectly
through the organization. On an institutional level, entrepreneurship will aid to
translate creative ideas into tangible business opportunities. The next layer of the
concentric model in Figure 4.2 is system thinking. Business opportunities have to be
put into perspective, i.e. the whole system of individual and organizational
interactions has to be reconsidered. Critical reflection of one’s position in relation to
the new system will consequently trigger new learning. It is most likely that a number
of competencies will become obsolete and will have to be replaced by new ones.
The skill transformation calls for the responsible and active learner’s competency or
else no change will happen. The issue of life long learning emerges clearly on the
business horizon [24]. This notion is quite a challenge in itself, as it conflicts with
traditional way of looking at education. The perception that after graduation there is
only work to be done is changing rapidly. This last circle of individual transformation,
responsible and active learners, leads to the first sphere of organizational
transformation, which is facilitative leadership. Facilitative leadership is the pivotal
point, whereby the impact from individual domain will be translated into collective
domain, a process which is only possible through leadership. At this point, the
individuals affected have completed the personal transformation cycle and are now
skilled and ready to spark and facilitate changes in others. The 4" year students
acting as leaders and facilitators in 15! and 2™ year teams assume this pivotal role in
the current model, as shown in Figure 4.1.
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Organizational transformation initially starts within the smallest nucleus of the
organization, which typically happens to be a team or a group. The team reinforces
the changes via cooperation and the collective analyses of client needs. This is
reflected in the teamwork and cooperation competency. When several teams or
small groups interact, the level of complexity increases exponentially [25]. This calls
for a higher competency level of human interaction. As change grows, the likelihood
of miss communication and errors by default is usual. A good skill set of human
interaction minimizes these side effects of change. When individuals communicate
and interact well with each other, challenges and barriers become opportunities for
everybody in the organization, and the number and size of conflicts decreases. This
concludes the intermediate three circles of competencies involved in the
transformation of the organization, as shown in Figure 4.2.

Now that the individual and organization levels are mutually aligned to cope with the
new scenario of client needs, the changes attained have to be institutionalized. This
happens when the individuals acquire the two outer competencies in Figure 4.2:
organizational development and performance, and organizational leadership. In our
educational organization, work and process management competencies have both
been integrated into the competency organizational development and performance,
which characterizes individuals that can plan, implement, and evaluate any action
within the organization or in smaller empowered teams, as stated in Table 4.3. This
ultimately implies continuously updating and disseminating the relevant procedures
and system documentation across the organization. In addition, the interaction
across the organization has to be reflected in business and work processes that are
aimed at satisfying client needs [26]. The last competency of organizational
leadership, both in Figure 4.2 and Table 4.3, is characteristic of senior management,
i.e. in our case senior students. It ensures that the transformation is complete and
yields the expected results. An appropriate evaluation cycle to validate the degree of
transformation implied in Figure 4.2 in relation to client satisfaction has to be
initiated.

4.3 The Key Competency Model Components
4.3.1 Integrative and Experiential

The experiential learning approach applied at the ETSEQ, which is illustrated in
Figure 4.1 and described in sub section 4.2, is IDP. It is based on combination of
project based learning [27] and cooperative learning methodologies [28]. Both
methodologies are well suited for engineering education, because project
management and teamwork are key enablers for any design activity, which is the
essence or engineering [29]. A detailed description of the approach as applied to the
1% year of the ChE program at the ETSEQ has been presented elsewhere [10,18].
This subsection focuses on those characteristics of the approach that generate the
dynamic concentric transformation wave of Figure 2.6, which is depicted in grey
levels in Figure 4.2.
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Since client satisfaction plays a pivotal role in, it became apparent from the
beginning that clients should be real and accessible to students. Professors
responsible for the different courses that participate in the IDP act as clients and are,
consequently, the driving force for the transformations of Figures 2.6. The IDP is not
a stand alone course. It is a teaching and learning approach that is horizontally
implemented in the regular class hours of the existing courses. At the beginning of
each semester, professors that teach courses in the first three years of the ChE
program select a set of engineering and project oriented instructional objectives in
the cognitive domain from their corresponding syllabuses and hand them out to the
project teams. The objective is that students achieve the engineering objectives by
themselves through the project and, consequently, begin to take on responsibility for
their own learning. The level of these objectives varies depending on the year in the
ChE program according to Bloom’s taxonomy (knowledge, comprehension,
application, analysis, synthesis, and evaluation) [13]. While it is expected that first-
year students achieve objectives up to the application level in relation to engineering
practice, for example process design, the 4" year students should be able to
formulate design problems, evaluate the learning approach itself, etc., i.e. reach up
the highest level of Bloom’s taxonomy in relation to engineering practice. The
increase of complexity in the level of instructional engineering objectives over the
ChE program is shown on the left side of Figure 4.1. Together with the set of
objectives, instructors allocate 25% of their regular class hours to project design and
team work. As a result, students work an average of 5 hours per week on the design
project.

As in any real world experience, students enrolled in the first three years of the ChE
program soon realize that each professor/client is a universe by itself. Some
professors know very well in advance which results they want to get from a particular
project, while others keep constantly changing their instructional objectives, even
when the project is already approaching the closing phase. This dynamic forces the
students to put in place effective communication processes with clients, i.e. to
develop the client orientation competency, consistently demanded by chemical
manufacturers [14]. It also fosters preventive thinking and triggers the preparation of
contingency plans.

The model in Figure 4.2 also implies a learning/working environment that facilitates
the development of competencies by daily hands on practice, with coaching support
in terms of positive reinforcement and feedback. It is very difficult, if not impossible,
to develop a competency up to a professional level only by attending a traditional
single discipline course. Hence the need to deploy extensively the integrated design
project structure over the ChE program. It is noteworthy to realize that this constant
simulation of engineering practice makes the competency based educational model
also an excellent approach to cope with criterion 4 of the ABET 2000 Criteria
Standard: Professional Component [20].

This gradual growth of competencies is exemplified by the systematic development
of project teams throughout the program, as illustrated on the right side of Figure
4.1. The experience accumulated during the last decade by The Dow Chemical
Company in the development of empowered teams recommends a progressive
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transition from leader directed student teams in the 1 semester of the 1% year to
self directed teams in the 3" year of the ChE program. Each of the stages in this
empowerment journey entails that students are ready to take on additional
responsibility for managing the IDP approach and, eventually, for their own learning.
Table 4.1 shows in detail which specific activities are taken on by students as they
progress through the different stages towards an empowered team. This team
development structure represents an organizational transformation that has to be
necessarily supported by the appropriate individual transformation. For example, at
the heart of the shift from the traditional single discipline lecturing format to a team
based learning approach lies the need that students realize, and hopefully begin to
assume personal responsibility and voluntary commitment to their own learning.

One key success factor in this empowerment journey is team leadership. Leadership
is a critical component for the success of any team [18]. In addition, any effective
organizational transformation requires that facilitative leadership competencies are in
place, as indicated in Figure 4.2. Consequently, it was projected that 4" year
students, who had already endured a deep individual transformation, would act as
facilitative leaders of project teams formed either by 1% year or 2" year students.
The participation of 4" year students as facilitative leaders of 15t and 2" year project
teams is in accordance with social learning theory [4] and self directed change
research findings [30]. The latter research claims that people learn interpersonal
skills from behavior role modeling. This social modeling of knowledge and
competencies can be best realized in teams of peers, because of the prominent role
that human motivation, thought and action play in this process. Individuals are open
to develop a new competency only when they realize that it is important to do their
jobs well, because there exists a discrepancy between the current and the ideal level
of competence. Therefore, 4™ year students act as role models for 1% and 2" year
students and trigger their motivation to work hard to develop the required
competencies. Furthermore, the 4™ year students are in a better position than
instructors to create a socially “safe” and supportive environment in which to learn,
experiment with, and practice new learning methodologies and behaviors. This is a
basic feature of the model, since self directed behavior change research strongly
suggest that students need to experience high psychological safety to assimilate
effectively the integrated design project approach and not to perceive it as a threat.
In addition, 15" and 2™ year students see 4" year students as fellows who have
already passed successfully through the project experience and who can provide
valuable support and coaching and increase the chances of success [31]. The
leadership role responsibilities also vary depending on the development stage of the
team, as shown in Table 4.1. Finally, it is expected that all 3" year project teams will
reach the self directed stage, where all activities related to the management of the
integrated design project approach are carried out by 3" year students exclusively.
This outcome should emerge from the experience of the earlier team organization
stages shown in Figure 4.1 and as a result of the specific courses and external
interventions expressly designed and delivered with this purpose in mind.
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4.3.2 Specific Courses and Interventions

Table 4.2 describes the external interventions that support the educational model
and the competency structure presented in Figures 4.1 and 4.2, respectively. Table
4.4 extends this information by including the elective and compulsory courses that
sustain the whole system from within. As it has been explained in the previous
subsection 4.3.1, teams are the basic organizational unit where students learn and
develop social competencies. Therefore, the development of the teamwork and
cooperation competency, even though located at the concentric circle number 7 of
client orientation in Figure 4.2, is a priority and had to be strategically planned and
supported by appropriate training interventions from the 1% year of studies.

The Enhancing Team Performance® (ETP) methodology developed by The
TRACOM Group [32] was selected in late 1998 and fully implemented among
professors and 1% year students in 2000 as external intervention to support
teamwork and cooperation in the ChE program (see chapter 2.5).

The 1! year students are currently trained in the ETP modules:
+ Fundamentals
+ Change
+ Team Operating Procedures
+ New Member Integration
+ Recognition/Reward (see table 4.4)

Students start working in project teams beginning the 2" week of the 1% semester of
their studies when they are acquainted with critical components, which contribute to
optimum team performance. The Fundamentals module conveys, in a workshop
format, that leadership, relationships and methods are critical components of
optimum team performance. Each of these components contributes the following 3
characteristics:

+ common purpose, team capabilities and change for leadership

+ team norms, communication/conflict and recognition/reward for relationships

+ team operating procedures, new member integration and evaluations for

methods

The roles of team members, team managers and organization, together with the
balances for leadership (guidance vs. freedom), relationships (support vs. candor),
and methods (consistency vs. flexibility) are then analyzed. After that the phases of
team formation, solidification and optimum performance are introduced. Finally, the
cementing of the 3 components, 9 characteristics and balances by trust results in
focus on the leadership component, interdependence in the relationships, and
innovation in the methods. The module on Fundamentals increases the ability of
students to adapt to the new environment and to decrease dropout. The module
Change deals with the nature of change, how humans react to change, and how
change impacts leadership, relationships and methods in a team. The process of
change management is also analyzed, embedding the following stages:
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+ problem/opportunity recognition

+ agreement on course of action

+ action

+ evaluation

The leader and member roles are examined. The Change module stresses the
importance of being change receptive. It is imparted in a practical manner, since it is
applied to manage change that 1% year students undergo. The following ETP©
modules: Team Operating Procedures, New Member Integration and
Recognition/Reward respectively, expose 1st year students to procedures needed
for successful problem solving activities and team meetings; excluding or integrating
members; establishing a reward system to recognize accomplishments. This 1% year
external training intervention is fully implemented as indicated in Figure 4.1.

2"l year project teams start within a shared leadership team organization in the 1%
semester, which evolves into a self directed stage during the 2" semester,
according to the model in Figure 4.1. This means that the responsibilities of the 4™
year students leading teams in the 2™ year of IDP shift with respect to those at 1%
year in line with Table 4.1. The ETP® Common Purpose module helps 2" year
students to establish their team vision, mission, objectives and action plans. It also
helps differentiating commitment and compliance. The 2" ETP© module Team
Norms reinforces the need for norms (initially ground rules) and values within a
framework of behavioral expectations. Students become fully aware that they belong
to an educational organization that has the purpose to operate as a whole in a
similar way and that has values. The team norms and values have to align with
those adopted by the school:

1) We are a team where people are the most important part;

2) A commitment to serve the community beyond the expectations of
stakeholders;

3) Efficiency, reliability and responsibility;

4) Excellence in the generation and dissemination of knowledge;

5) Entrepreneurship, initiative, dynamism, versatility and adaptability.

In addition to these two ETP© modules on common purpose and norms, which have
been already field tested and are fully operational, the external intervention Cultural
Diversity (see Table 4.2) is also in the process to be delivered to 2" year students
as a workshop. The purpose of Cultural Diversity is to gain insight in the relationship
between cultural patterns and behaviors and actions. The workshop is based on the
resource Managing Across Cultures from the Dow Chemical Company. The field
testing status is the reason why the 2" year external interventions are represented
by grey color of tick mark in Figure 4.1. Finally, the non compulsory course
Communication Techniques for Chemical Engineers is an additional resource that
has been available since the early years of implementation of the ChE program to
help students in their oral, written and multimedia presentation skills. Students are
also introduced to the process of improvisation.
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3" year project teams reach the self directed organizational stage. As shown in
Figure 4.1, 3" year students are on their own to work as a team after having
received 2 years of facilitation support from 4™ year students. With this critical team
organizational change in mind, 2 types of external interventions have been selected.
The 1% one incorporates the modules of ETP© that deal with the remaining three
modules: Team Capabilities, Communication/Conflict and Evaluation. The second
external intervention Organizational Development is complementary to the above
and focuses on client orientation and system thinking (see Table 4.2). Together with
organizational design, strategy development and implementation, and business
processes, this