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Abstract

A professional profile is a set of knowledge and skills. Wepmse a methodology to define
professional profiles giving a quantitative assessmenkidé and knowledge associated with a
multidisciplinary curriculum. This approach can be usecvaluate the curriculum flexibility,
i.e., if the curriculum offers students diverse and flexibpgroaches and routes to learning. We
describe a mathematical model that allows us to calcul&edmpliance level accomplished by
a student with regard to one or more different profiles. Owppsal has been applied in the
Department of Electrical Engineering frodniversidad Nacional de Colomhia

Introduction

Professional profiles are a set of skills and knowledge thmb#essional (i.e. an engineer) has or
should have. For multidisciplinary engineering prograthe,definition of such professional pro-
files is difficult due to the inherent flexibility of those pmagns. Since we require flexibility in the
curricula, the question is how this flexibility affects thefessional profile of the students.

There is no specific methodology to define professional g®iih educational institutions and
organizations. Usually, professional profile definitionygtd satisfy current needs and expectations
from the academy, organizations and society. Educatiosttutions propose professional profiles
according to what industry, organizations and society etjpem new professionals.

The way that professional profiles are currently estabtisivvolves common features (educa-
tional outcomes) that give us the basis to get to know theciah elements of a profile. These
features can be classified in two major grougldlls andknowledge In other words, a profile can
be visualized as a set of skills and knowledge.

We have developed a methodology to evaluate professionéilgs in the context of multidisci-
plinary engineering curriculum. We consider this methodglas a potential tool in educational
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institutions since it allows us to know if the curriculum fills the current expectations of the
training of new professionals.

In the section titled “Professional Profiles”, the definitiof professional profile is given and two
important concepts derived from this are suggested. Fumitve, the process of knowledge acqui-
sition and representation of the sources of knowledge girautologies is explained.

A mathematical model is submitted in the section titled “Manatical Model” according to our
profile definition. Our model was built using techniques takem computational intelligence to
propose a quantitative assessment of profiles. The impemtsiped in the results when we select
a kind of fuzzy implication and aggregation operator are disscribed.

Our methodology was applied at the Department of Elect&cajineering fromJniversidad Na-
cional de Colombia A team of domain and human resources experts has helpedouddotest
and evaluate the model. The application process is showreisdction titled “Application”.

Finally, we present conclusions and future work regardmsgproject.

Professional Profiles

Despite professional profiles arise from current needs framacademy, organizations and society,
there is no specific methodology that defines or determines.thEven though each of these

have their own definition of professional profiles, the taghes used by each one have common
objectives:

e To satisfy the current and future needs from society andnozgtions.

e To develop personal and communication skills, besidesnbe/ledge and skills within spe-
cific domain.

¢ To reinforce leadership and teamwork abilitie’.

There is no formal definition of ‘professional profile’ thatuniversally accepted. However, an ex-
plicit definition is: “Previous image of features, knowledgkills, values and feelings that should
have been developed for a student in her/his training psides

According to the above definition, a professional profile simy based in the knowledge and
skills expected by academy, society and organizations. ttismreason, in our project we have
defined that:

Def. 1. Professional profile: the set of skills and knowledge that a professional (i.eeragineer)
has or should have.

Individual and Ideal Profiles

We use the word ‘or’ in the previous definition in order to undé two different concepts that have
been adopted in this projedtieal profile a professional profile expected; aindividual profile a
professional profile acquired. Formally, we propose thivahg definitions:
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Def. 2. Ideal profile: the set of skills and knowledge that a student must achiewerding to
his/her expected future professional role. These expentatire defined by educational
institutions, industry, organizations and society, amy#wre based on current requirements
of each sector.

Def. 3. Individual profile : the actual set of skills and knowledge acquired and/orldeeel by a
student during the professional training process.

Compliance Level

Compliance level is the measure that determines to whahexeindividual profile satisfies one
or moreideal profiles. It is a quantitative assessment of skills and kedgé associated to a
curriculum. The section “Mathematical Model” describes thodel that we have developed to
guantify this measure.

Knowledge Acquisition for Profile Obtaining

Three sources of knowledge have been the basis to build teeos&nowledge and Skills and
generate the frame to get both individual and ideal profitedditionally, these sources are being
used in a larger project whose objective is to represent thetfital Engineering curriculum of
Universidad Nacional de Colombtarough ontologies.

The three sources of knowledge are:
e The Conceive, Design, Implement and Operate (CDIO) Sy#labu
e Technical knowledge.

e Electrical Engineering curriculum afniversidad Nacional de Colomhia

CDIO

CDIO is an initiative from the Massachusetts Institute aAeology (MIT) and other universities,
whose goal is to integrate technical knowledge with someetqul characteristics that a student
should possess when he or she graduates from universitge Teatures are based on needs from
academy, industry and society, and they allow engineengrtction in real engineering teams and
to produce real products and systems.

The CDIO initiative has created a new concept for undergateleducation based in the skills
needed by the contemporary engineers and the applianceatiameering problem solving paradigm.
In this, two major tasks are involved:

e Developing and codifying a comprehensive understandingeftkills needed by the con-
temporary engineer.

e Developing new approaches to enable and enhance the lgarrtimese skills.
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A first outcome from this initiative was the CDIO Syllabus, @pendium of contemporary en-
gineering knowledge, skills and attitudes that alumniustdy and academia desire in a future
generation of young engineers. It consists of a templateaanalssociate process, which can be
used to capture the opinions of industry, alumni and facaltg customize the Syllabus to a set of
learning objectives appropriate for any specific undengaéel engineering prografn.

The Department of Electrical and Electronic EngineeriogfiJniversidad Nacional de Colombia
has adopted the CDIO methodology in their curricula sind@820btaining two outcomes:

e The CDIO Syllabus of the Electrical Engineering curricultim set of 704 skills organized
in four levels as suggested in the CDIO methodology.

e The selection of 11 major learning objectives, each oneceessal to one or more evaluation
criteria for engineering programs according to ABEAc¢reditation Board of Engineering
and Technology

Curriculum

The Agreement 033 of 2007 issued by the Superior Countihiwersidad Nacional de Colomhia
which defines the basic guidelines to student training tiinats curricular programs, provides two
important concepts to this work: curriculum and multidiciary curricula.

Article 4 presents the definition of curriculum as: “a set oademic activities (...) organized
by subjects gathered in train components that a studenttakesin order to achieve the training
purposes from a curriculum program. A curriculum prograny imave several curricula”.

Article 6 guarantees that all curriculum programs shoulangtidisciplinary when it establishes
“(...) Interdisciplinarity is, in turn, an integration chiael of the university community, since it
promotes teamwork and relationships between its diffetepartments as well as the relationships
of other educational institutions with these”.

Resolution 181 of 2009 issued by the Faculty of EngineeringrCil, describes how Electri-
cal Engineering curriculum must be adapted to the agreeff3itand presents the structure of
the Electrical Engineering curriculum divided in compotgerEach component has one or more
groups and each group has one or several codrses.

Technical Knowledge

Resolution 181 of 2009 presents a complete structure ofifitlatEngineering curriculum. In this
structure, the curriculum is divided into three compongwtsich are: Fundamental component,
Disciplinary Training or Professional component and Fréei€e componert.

Technical knowledge representation was carried out byi¢akito account only the Disciplinary
Training or Professional component, since this componentains the groups and courses that
specify the training of the future Electrical Engineers.
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In order to represent technical knowledge, the courses weyanized into thematic contents.
These, in turn, divide each course by topics organized fergift levels.

Knowledge Representation using Ontologies

The termontologycomes from philosophy, and has been adopted in the field ofpdtenScience
with a slightly different meaning:

Def. 4. Ontology: a formal and explicit specification of a shared conceptatitin °

As an ontology is a formal description of concepts that dbssra knowledge domain, it allows
us to formally represent any kind of knowledge. The most irtepd elements of an ontology
are:

e Classes: they describe concepts in the domain. A class cendme or several subclasses
that represent more specific concepts of the principal class

¢ Individuals: they are particular objects from the class.

e Relationships: generally, they include class hierarcley, & class A is a subclass from B if
each object from A is also included in B.

e Object and Data Properties: object properties connect péindividuals and data properties
connect individuals with a data type.

e Restrictions and rules: they allow us to infer the represg:khowledge.
e Functions and processes between classes.

Ontologies are tools of the artificial intelligence field tiacilitate knowledge share and re-use.
They interweave human and machine understanding; thigepsofacilitates the process of ontolo-

gies performed among humans and/or machines. Ontologreddegn used by several fields such
knowledge engineering, natural-language processingylauge representation, intelligent infor-

mation integration, cooperative information systemsoiinfation retrieval, electronic commerce

and knowledge management.

The use of ontologies promises “a shared and common unddnstpof a domain that can be
communicated between people and application systémSome of the important features of
ontologies are the following:

e They allow to represent complex knowledge and complex kadgg relationships.

They can be reused and shared for different applications.

They allow to organize information hierarchically.

They can contain heterogeneous information and data.

They can be integrated with other ontologies and applinatsuch as relational and semantic
databases.

They are portable.
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These features provide ontologies a great potential teesgmt and manage knowledge. For this
reason, the three sources of knowledge (CDIO, CurriculuthTaéchnical Knowledge) with Regu-
lation from Electrical Engineering curriculum, have beepresented through ontologits.

Mathematical Model

In the following subsections we describe our proposal of ehodorder to represent a professional
profile and to calculate compliance levels. We use fuzzy icafibns and aggregation operators
such as OWA, to find a level of compliance of an individual peafi regard to ideal profiles.

Profile Structure

In the section “Professional Profiles”, we have defined thadile is composed of a set of skills
and a set of knowledge. Since these skills and knowledge eare$ted, they can be represented
by a tree. The depth and number of nodes are different for teaeh

Definition 1. Let S a set of nested Skills.

S: {817827837"'7811}

S is the set of all nodes of tree shown in figure 1.

Figure 1: Skills Tree Structure
Definition 2. Let K a set of nested Knowledge.

K — {]{51,/{32,]{33,. . ,]{Im}
K is the set of all nodes of the tree shown in figure 2.

According with profile definition, we can represent a profieaabinary tree. A possible profile
structure is shown in figure 3.

Both, the ideal and individual profiles, must have the sanmber of nodes and levels (depth).
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Knowledge

Figure 2: Knowledge Tree Structure

Figure 3: Profile Structure

Definition 3. There is a function that assigns a numeric value to each aeleaf¢he skills and
knowledge trees calledompetence Function

wi(h;): S —[0,1]
oi(c;) : K — [0, 1]

Fuzzy Implications

In order to find the compliance level, it is necessary to distala kind of relationship between an

individual profile and an ideal profile. For this, we proposesét up these relationships through
fuzzy implications.

When applying fuzzy implications we can obtain the grade efmhership of a set in regard to
another set; in our case, the grade of membership of an chdiVprofile with respect to an ideal
profile. We assimilate those grades as truth values thahaheiinterval [0,1]. Relationships are
represented through rulég ... then”; thus, truth values can be calculated with some T-norms
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or S-norms, as these kind of relationshigs — ¢) can be represented in terms ofand vV,
respectively:3

In this work, we use some fuzzy implications in order to find tkalues of the compliance level
of a common node from both trees, individual profile and igeafile. This process is made from

leaf nodes to single root node, obtaining a new tree cdllechpliance Level Treeas shown in
figure 4.

Compliance Level Tree
Ideal Profile

Individual Profile

Figure 4: Relationships between Tree Profiles

Aggregation Operators

Through aggregation operators we can find a single numelie hat allows to know the com-
pliance level that a student has with respect to one or sogw ofiles. This value shows the
compliance level of an individual profile regarding an idesatfile.

Definition 4. An OWA operator of dimensions is a mapping’ : R® — R, such that:

n
F(CLl,CLQ, cee ,an) = ijbj
j=1

whereb;, is the jth largest of the;, and thew; are weights, satisfyingy; € [0, 1] andzg;l =14

OWA operator provides a class of averaging operators paremee by the weighting vector. This
property gives us three classes of OWA operators:

1. Maximum Wherew; = 1 andw; = 0 for j # 1 hereF(ay, as, - - - a,) = Maz;|a;].
2. Minimum Wherew,, = 1 andw; = 0 for j # n hereF(ay, as, - - - a,) = Min;[a;].

3. Simple AverageWherew,, = 1/n hereF(ay, as, - -a,) = (1/n) > a;.®®
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A fourth class is derived whem; for all 7 has a random value and the valuesitpare defined
through various methods to find the weights.

Some of these methods imply:

e Using learning algorithms with a set of training data, ag#oty values and trying to assign
the weights according to values from training data.

e An exponential class of OWA operators. This is seen as a singfdtionship betweesrness
degreeand a parameter that determines the OWA weights.

The orness degree determines how flexible (or strict) is¢kalt on OWA operator and it is rep-
resented as. Whena — 1, OWA operator trends to maximum (or) and when— 0, OWA
operator trends to minimum (and).

Figure 5 shows the aggregation information process ovetdgh®liance level tree, which obtains
the compliance level value from an individual profile witlspect to an ideal profile.

Figure 5: Aggregation Information Process

Choosing Fuzzy Implications and Aggregation Operators

In the section “Fuzzy Implications”, we were referring t@ thse of fuzzy implications in order to
find the compliance level tree. The selection of a type ofyunplication determines the results
expected for our model. In our case, we found that Godel angu€dmplications were closer
than other fuzzy implications tested.

Similarly, the choosing of an aggregation operator defireg flexible or strict the compliance
level of an individual profile must be in regard to ideal pmil In this case, we found the follow-

ing:
Impact ofa parameter on flexibility level in compliance level can bersigefigure 6.

0T°'600T 72 obed



Operator Result
Maximum (ora. = 1) | Most strict
OWA whena — 1 Strict
Simple Average Middle
OWA whena — 0 Flexible
Minimum (or o = 0) | Most flexible

Table 1: Comparing class of Aggregation Operators

Relationship between o« Parameter and Compliance Level

0.95—

0.90 7

0.85]

0.80 7

0.75—

Compliance Level

0.70 7

0.65

0.60

0.55 T T T T T T T T T T T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
o Parameter

Figure 6: Behaviour of Compliance Level with respectitBarameter

Application

In the section “Knowledge Acquisition for Profile Obtainfngve have mentioned that three
sources of knowledge are the basis to build the general fi#naeprofile. These three sources
of knowledge are part of a major project to represent culaitirough ontologies. Within this

project, four ontologies have been built in order to repneskee Electrical Engineering Under-
graduate Curriculum fronniversidad Nacional de ColomhiaFigure 7 shows structure of the
ontologies integration.

The CDIO Syllabus represented 8kills ontology has provided the set of skills. In our case, we
have taken into account the first two levels of skills.

The Knowledgeontology contains the representation of technical knogdedescribed in “Tech-
nical Knowledge”, and this way of representation througtotogies has been the outcome from
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(Representation of Curricula through Ontologies)

from

|

@n ontology to represent Electrical Engineering Undergedd Curriculum of UNA}

Include
(Skills)  (Curriculun)

Figure 7: Representation of Electrical Engineering Undatgate Curriculum through Ontolo-
gies?

two researche¥:!8 Similarly to the set of skills, knowledge is also organizaddvels and this
gives us the set of knowledge.

We have chosen two profiles defined by a group of experts by épabment of Electrical Engi-
neering fromUniversidad Nacional de Colomhid hese profiles arePower distribution systems
andIndustry applications

From theCurriculum ontology we extracted the set of courses. We definegrgpact matrix(a
table) for every professional profile. That matrix relatksls and knowledge with courses. In
every cell of the matrix there is a numeric value in the in&i0, 1] that reflects the expected
impact that a course would have on an specific student’'s@kidlhowledge. The values has been
estimated by the same group of experts.

Notice that every row of the matrix represents a skill or kiemlge that belongs to the last level
(a leaf node in the tree). In order to find the values of the didévels where there are no desig-
nated values, we apply a kind of OWA operator that has beelaieea in “Aggregation Opera-
tors”.

The impact matrices are the basis to create an individuéilg@rdVe use them in conjunction with

the student’s academic record to estimate the studentis akid knowledge acquired. In order to
do this, we multiply the values of the impact matrices for &qrenance factor (and again in the
interval [0, 1]) that is proportional to the grade that the student obtainesdery course.

Once we have established the relationship between skilkhowledge and the level of perfor-
mance of a student, we need to assign a single value for edtbrskach knowledge. For this
reason, we propose to use OWA operators in each row from eatrixm

Ideal profiles have also been obtained from a group of expénsy have provided us twarofile
matricesthat link skills and knowledge sets with the two ideal prajleshere each cell contains
numeric value in the intervad, 1].

In order to find the compliance level of an individual profilglwespect to ideal profiles, we apply
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Compliance Level Tree

Ideal Profile

Individual Profile

Figure 8: Information flow through the trees.

fuzzy implications to get the compliance level tree destim “Fuzzy Implications”. This gives
us the level of compliance obtained by a student in each otteeafkills and knowledges.

With OWA operators it is possible to calculate the complehevel of an individual profile in
regard to one o more ideal profiles as an only numeric valubeririterval|0, 1], as it has been
described in “Aggregation Operators”.

In order to test and evaluate the proposed methodology, tvaef prototype has been imple-
mented. The main purpose of this software prototype is tiditie the evaluation of the model by

experts in the domain of knowledge in Electrical Enginegrire., teachers, Electrical Engineers
and human resources experts.

Using the web application, a user can select a student, enetad or all ideal profiles, fuzzy im-
plications and OWA operators (and arparameter if required). The user can view the compliance
level value and the compliance level tree (see figure 8).

We have used the RUP methodology of software design. Thistyme is a Web application that
has been implemented in PHP language and is based on a MyS&llada. The database has nine
tables with information about the sets of skills and knowlkedtudents, courses of curriculum and
ideal profiles related with the Department of Electrical Eegring fromUniversidad Nacional de
Colombia In addition to this, the database records the informaggarding compliance levels of
individual profiles.
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Conclusion and Future Work

A methodology to define professional profiles (ideal andviatlial) has been proposed. The math-
ematical foundations of the methodology have been prederBeme sensitivity analysis of the
parameters involved have been conducted.

More experimentation is needed in order to adjust the metlogg. Analysis of real cases is
required. This will be carried out during the next months.

The potential of the methodology is broad: for example, it ba used in program assessment
tasks since it is possible to measure if the expectatioms tigganizations and society are being
fulfilled. From another perspective, it can be used for sttelas an information tool about their

individual learning processes.

Currently, our methodology is the basis of a project whos# igdo recommend learning pathways
for students in the Electrical Engineering curriculuntsfiversidad Nacional de Colomhia
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