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The constant evolution present in the information and communication technologies (ICT) as a result of the changing

environment is a big challenge for computing engineering (CE) professionals that face a demand for solving increasingly

new and complex technological problems. This technological evolution imposes, among others, a process evolutionwithin

the organizations, the information multiplication to be integrated and processed, an increase in competitions to respond

faster to global needs, and an increasing demand for systems integration.As a result, CEprograms have an undeniable and

constant necessity to evolve their curricula to keep up to date. We have defined, put into production, and validated a

curricula design model based on competences to facilitate the design and implementation of CE programs. The frame for

competence definition is stable, allowing a fast adaptation to the continuous change. The curricula design model turns

around a set of competences defined in terms of the life cycle of problem resolutions, which is structured around projects.

We illustrate how to design project-based CE programs that aim students to incrementally develop competences for

understanding complex problems and for designing solutions around them.
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1. Introduction

The constant evolution present in the information

and communication technologies (ICT) is a big

challenge for CE professionals that face a demand

for solving increasingly new and complex problems.

This makes evolving processes, multiplying infor-

mation for integration and management, and
increasing graduate competitions respond faster to

global needs. This fact also motivates the need to

design CE programs allowing curricula adaptations

to keep aligned with the accelerated and constant

change. In particular, these programs must tend to

produce graduates with strong competences for

understanding complex problems and for designing

solutions around them.
We have defined a curricula design model to

facilitate the design and implementation of CE

programs structured in terms of competences spe-

cific to this discipline. The frame for competence

definition is stable, allowing a fast adaptation to the

continuous change, in contrast to curricula designs

guided by knowledge areas. The curricula design

model supports a project-based learning [1] by
defining and grouping a set of competences accord-

ing to the life cycle of problem resolutions. These

types of competences can be considered as the main

interactions of graduates in the CE practice typi-

cally framed into projects. Because of this, we

defined a process for creating and evaluating pro-

gram designs composed of courses that aim to

develop the competences required to successfully
face each phase in the project life cycle. The curri-

cula designmodel is composed of a reference frame-

work that defines the core elements required for

curriculum design in terms of competences, and a

methodology to instantiate it into a new program

design that satisfies a specific professional profile.

The design premises and generalities of the curri-

cula design model are presented in [2]. In addition,

this paper focuses on the key design-centric profes-
sional educational objectives proposed by the refer-

ence framework, details the specific design-centric

learning goals to be developed and evaluated in the

courses, presents a detailed validation scenario of

creating a design-centric engineering program

based on the curricula design model, and illustrates

the application of a quality assurance system to

validate the achievement of the competences defined
in the target professional profile of the new design-

centric program.

The new design-centric program was implemen-

ted at the University of Los Andes in Colombia.

Within this implementation, we present the compe-

tences defined for the courses and the evaluation

performed to verify that these competences were

achieved. The results of this evaluation showed that
the competences defined by the curricula design

model, and specially the design-centric compe-

tences, were effectively assessed, facilitating the

definition of potential improvements for the

courses.

The paper is structure as follows. Section 2

introduces the main elements of the curricula

design model. Section 3 details the design-centric
specific competences incorporated within the refer-
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ence framework. Section 4 presents a design-centric

engineering program designed by using the curri-

cula design model. Section 5 presents the results of

evaluating the achievement of competences defined

in the curricula design. Section 6discusses on related

work. Section 7 concludes and discusses on poten-
tial research for future work.

2. The curricula design model

The curricula model aims to implement design-

centric programs in which: 1) the curriculum struc-

ture is guided by competences andnot by knowledge

areas, 2) the competences are conceived as vital in
the life cycle of problem resolutions, which is

structured around projects, 3) a professional profile

is designed precisely and guides the curriculum

design, 4) a set of project types scope the profes-

sional participation in CE activities, 5) the compe-

tences are generated incrementally across the

curriculum, 6) a program design is evaluated to

verify that graduates are acquiring a desired profes-
sional profile, and 7) there is a common language

that facilitates the communication between all the

actors involved in curriculum designs of CE pro-

grams [2].

This project-based curricula model focuses on

converging engineering education and practice by

means of defining clear and complete program

goals. The curricula design model is composed of

a reference framework that defines the core elements

required for curriculum design in terms of compe-

tences, and a methodology to instantiate it into a

new program design that satisfies a specific profes-

sional profile.

2.1 Reference framework

The reference framework discusses a set of profes-

sional and personal competences at different levels

that define the participation of CE graduates in

different phases of a project. These competences

allow students to understand an organization, its

environment, and its problems, to define projects
for solving the identified problems, to specify the

global aspects of a solution, to provide a detailed

design of a solution, to construct the designed

solution, and to assembly and administrate the

solutions.

The reference framework is composed by four

elements. First, an ontological model introduces the

concepts related with the problem resolution life
cycle and their relations (i.e. problem, beneficiary,

provider, solution, and project). Second, a forma-

tion space scopes the courses and the academic and

research activities in which the graduates can

develop professional and personal competences.

The competences (e.g., effective communication)

required in any profession are framed within the
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integral formation, the competences common to

engineers (e.g., mechanical, chemical) are framed

within the engineering formation, whereas the com-

petences specific to CE professionals are framed

within the specialized formation. Third, a compe-

tence map groups, defines, and refines within three
levels the professional and personal competences

that can be used to define a desired CE professional

profile. Finally, the curricular structure defines the

curricular layers to frame the CE specific courses in

proficiency levels.

Figure 1 illustrates the competence map framed

within the formation space.

The professional competences within the specia-
lized formation are classified in a set of 7 skill

categories (SCs) that define the participation of a

CE professional in different phases of a project.

These categories group a set of 19 professional

educational objectives (PEOs) that define the pos-

sible competences to develop in the students. These

educational objectives are refined into 62 learning

goals (LGs) that have to be evaluated of the

students. The competence map also defines a set of

12 orthogonal educational objectives with personal

competences that are transversal to the formation

levels.

Within the reference framework there are two
skill categories that support CE programs with a

design-centric education (H3 and H4 in Fig. 1).

Both skill categories comprise a set of 5 PEOs

(O8—O12 in Fig. 1) which contains a set of 19

LGs (M8.1-M8.7, M9.1-M9.4, M10.1-M10.2,

M11.1-M11.3, and M12.1-M12.3 in Fig. 1). The

design-centric competences are detailed in the next

section.
Table 1 summarizes the distribution of compe-

tences within the specialized formation of the com-

petence map and highlights the contribution of

design-centric competences.

Figure 2 illustrates the curriculum structure

framed within the formation space.

The integral formation level refers to general-
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purpose courses (e.g., arts and humanities), whereas

the engineering formation level refers to courses of

engineering foundation and basic sciences. The
specialized formation level frames the CE specific

courses in four proficiency levels: foundation, pro-

fessional basic, elective professional, and innova-

tion. The foundation courses generate competences

and give fundamental knowledge in four CE knowl-

edge areas (e.g., information technology). The pro-

fessional courses are grouped into five application

fields (e.g., infrastructure and security) representing
the project types that graduates in a CE program

must face in their professional life. The innovation

courses generate competences by innovating with

information and communication technologies

(ICT).

The curriculum structure also defines the main

application fields and knowledge areas involved in

these proficiency levels, defined according the local
needs and the global tendencies.

The generation of competences in the students is a

slow process that requires being addressed incre-

mentally across the formation space. Figure 3 illus-

trates how all the courses collaborate to

incrementally generate competences semester by

semester.

The knowledge incorporatedwithin the courses is
adjusted according to the application field evolu-

tion. This facilitates the definition of specific profes-

sional profiles. There is an explicit relation between

competence and knowledge as illustrated. The

knowledge evolves all the time whereas the frame

for competence definition remains stable.

2.2 Implementation methodology

The implementation methodology guides the curri-

cula design stakeholders in defining a desired pro-

fessional profile for the graduates of an academic
institution. This is done by selecting a subset of

PEOs (cf. competence map in section 2.1) and by

indicating for each one the depth level (percentage

of time) to be generated. The selected competences

are used to design the courses indicating their

contribution to the desired professional profile.

Every course must be designed at the beginning of

an academic term.
Figure 4 illustrates a process we have defined to
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facilitate the definition of a new curriculum design

based on competences.

This process can be executed by any education

institution to facilitate the definition of a new

curriculum design by guiding how to: (1) scope the

participation percentage or credits number for each
formation level (i.e., integral, engineering, specia-

lized) within the formation space, (2) define and

represent a curve in the competencemap in a desired

professional profile involving multiple faculties of

the program, (3) define the contribution value of the

application fields and knowledge areas on the

desired professional profile, (4) define the specia-

lized formation courses according to the expected
contribution of application fields and knowledge

areas, (5) declare the design in terms of competence

of the specialized courses in order to establish their

contribution to the desired professional profile, (6)

evaluate the course design to verify and align them

with the designed professional profile, (7) propose

and graph the structure of the new curriculum, and

(8) design the curriculum follow-up and evolution
processes. These activities are illustrated in sections

4 and 5 through a validation scenario.

3. Design-centric competences

Table 2 presents in detail the key design-centric

professional educational objectives and learning

goals proposed by the reference framework1. The

PEOs and LGs within the following skill categories

are out of the scope of this paper: understanding,
definition, construction, assembly, and administra-

tion.

These design-centric competences can be specia-

lized to be incorporated in the design of a course.

However, not all of them have to be selected by the

design responsible, just the ones that need to be

generated and evaluated in the course.

4. Validation scenario: a design-centric
engineering program

We have validated the proposed model by creating

the curriculum design for the CE program at the

University of Los Andes. The actual formation

space for the curriculum is 137 credits of which 72
credits or 24 courses (52%) are targeted to the

specialized formation.

Figure 5 illustrates the professional profile

designed and obtained after consolidating the selec-

tion and weighting of competences done by faculty

members. The depth level corresponds to the per-

centage of time spent by the curriculum design to

generate a competence. Thus, the curriculum is

designed to spend 43.8% of the time to generate

design-centric competences.

In particular, this professional profile illustrates a

trend to design-centric competences such as the
specification of global aspects of a solution (H3.

Global design), and mainly the detailed design of a

solution (H4. Design). Another trend in this profile

is towards competences for implementing a solu-

tion. Other competences are not considered too

relevant in the graduates’ formation.

The resulting professional profile guides the

emphasis for defining courses within the application
field and knowledge areas. Table 3 presents the

impact of knowledge areas and application fields,

assigned within a 0 .. 10 scale, to the skill categories

of the professional profile. The impact of knowledge

areas and application fields to the design-centric

competences are highlighted. This impact definition

guides the course design by indicating the emphasis

in the to be developed competences, depending on
the knowledge area. For example, we can observe

the high relevance to develop detailed design com-

petences for the courses within the Information

Management application field and for the courses

within the Formal knowledge area.

Based on this impact analysis we defined 8 funda-

mental courses distributed within the 4 knowledge

areas, 10 professional courses distributed within the
5 application fields, 3 elective courses, and 4 innova-

tion courses2.

The course indication defines the professional

competences (SCs and PEOs) qualified with a

percentage value portraying the emphasis given by

the course to generate these competences. For

instance, Table 4 summarizes the design declared

for the Transactional Systems course in terms of
competences and highlights the contribution of

design-centric competences. It is important to men-

tion that not every competence category (SCs,

PEOs, and LGs) should be incorporated within a

course.Additional information is considered during

a course design such as the description of the specific

goal of the course in terms of each selected PEO.

These specific goal references one of the LGs within
that PEO3.

The design of this course shows a high contribu-

tion of the course to generate design-centric compe-

tences (i.e., O8 .. O10 PEOs). The impact of all

course designs in the professional competence pro-

file is established by assigning the competence
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contribution in terms of competences to the designed profes-
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weights, declared in the course design activity, to

each PEO. The sum of all competence weights for

each course and of the average weight of each PEO

for all courses must be 100. The average weight for
each skill category can be computed from all its

related PEOs average weights in order to obtain the

actual professional profile, which can be illustrated

as a curve in the competences space. Thus, the

course designs can be evaluated to illustrate the

differences between the designed and obtained pro-

fessional profiles. The differences between both

profiles guide the types of improvement actions to
be applied such as iterating on the course designs to

obtain the desired profile, or modifying the desired

professional profile. For the specific case of the CE

program at theUniversity of LosAndes, the evalua-

tion of the resulting profile caused small variations
on the originally defined professional profile.

Each course develops partially the competences

defined in the professional profile along the seme-

sters; therefore, a course can be also expressed as a

curve in the competence space, while the sum of all

course designs must complete the expected profile.

Thus the course designs can be evaluated in terms of

their contribution to the professional profile.
Figure 6 illustrates the contribution of the courses
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Fig. 5. Professional profile for graduates at the University of Los Andes.

Table 3. Impact definition of application fields to design-centric competences

Table 4. Example of a design-centric course design



to the professional profile, which are grouped by

application fields and knowledge areas. Each curve

details the specific percentage of time that each

group of courses spend to generate design-centric

competences. For example, 6.4% of the time

required to generate the design-centric competences

of the professional profile, is a contribution of the

information management courses.
These competences are materialized in a different

way within each course depending on the project

types, and implying different knowledge areas,

tools, and methodologies.

5. Evaluating the achievement of design-
centric competences

Once the curricula is designed and implemented, it is

necessary to evaluate its execution in order to verify

that the courses are generating the defined compe-

tences. This was done through the adoption of a

quality assurance system named Calis [3] to include

a formal analysis to the resulting curriculum.

The following sections describe the activities for

assessing the achievement of the design-centric
curriculum created at the University of Los Andes.

5.1 Quality assurance system

TheCalis system instantiates the general a..k ABET

student outcomes [4] into a set of 25 student out-

comes specific to the CE discipline. Thus student

outcomes can be interpreted in the same way when

applied to CE programs. It also defines an evalua-

tion process that uses the regular course evaluation

as main asset to measure and evaluate the student

outcomes directly without any complementary

tasks.

Each Calis student outcome is composed of four

elements: (1) a first level outcome corresponding to
a ABET student outcome (i.e., an ability to apply

knowledge of mathematics, science, and engineer-

ing), (2) an explanation of this outcome in terms of

CE, (3) second level outcomes conforming a first

level outcome (e.g., model, design solutions, evalu-

ate solutions), and (4) third level outcomes that are

explanations of second level outcomes (e.g., design

of solutions from specifications in knowledge
domains such as logic, software engineering, and

networking).

Based on the course information (cf. Table 4 in

Section 4), Calis defines an evaluation plan as a

matrix that represents how much (percentage) each

evaluation indicates the course contribution to the

PEOs. Thus, the sum of all evaluations for the

course and for each PEO must be 100%. This also
defines how learning goals are evaluated by the

considered evaluations.

Calis measures the achievement of student out-

comes directly and indirectly during the courses

execution and at the end of the career. We used

Calis measurements taken in the courses to evaluate
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the achievement of professional competences,

defined at the course registration time, at the end

of each academic term.

A course responsible collects direct measure-

ments for each course section by reporting the

course evaluations in a matrix with the evaluation
results of students who finished the course. The

evaluations results are taken from three random

students chosen at the beginning of the term, and

from the best and worst student results. This matrix

assesses the performance, with a range between 0

and 5, of the student in a planned evaluation.

Indirect measurements are taken at the end of a

term by questioning students about the way the
perceived the course. The questions of the survey

are related to first and second level SOs and their

answers are given in a scale from 1 (poor) to 4

(excellent).

5.2 Evaluation process and results

We correlated the professional educational objec-
tives of the curricula design model with the second

level Calis student outcomes to assess the achieve-

ment of the target professional profile.

Table 5 illustrates this correlation through a

matrix inwhich each value is a percentage indicating

the impact of the professional educational objec-

tives (O1 .. O19) to student outcomes (a1 .. k1). The

correlation of design-centric competences with
Calis subtended outcomes is highlighted. The sum

of all values of a row is 100%.

Based on the correlation table, Calis calculates

the percentage contribution of evaluations with the

corresponding student outcomes. It also computes

the achievement of student outcomes in the scale 1

(worst) .. 4 (best), consideringmeasurements greater

or equal to 3.0 as satisfactory (S), measurements

greater than 2.5 but lower than 3.0 as satisfactory-

low (S-), and measurements lower than 2.5 as

unsatisfactory (U). U and S-measurements indicate

some problematic aspects within the course that

must be considered for improvement.
Table 6 summarizes the course SOs’ direct and

indirect measurements taken and analyzed in 2010-

20 for the course Transactional Systems. This table

emphasizes the measurements of student outcomes

corresponding to design-centric competences (cf.

O8 .. O12 design-centric competences in Table 5).

A measure in bold represents an assessment with S-

grade whereas a measure in italics represents is
assessed with U grade. Blank values mean student

outcomes that were not considered relevant in the

course declaration.

The resulting direct measurements indicate that

mostly the design-centric competences are satisfac-

tory achieved for this course. It also shows that O8

and O9 PEOs have a low level of satisfaction since

the student outcomes a2 and j1, which are related
with them (cf. Table 5), were measured with a value

lower than 3. Both outcomes were achieved with a

74.25% of satisfaction which corresponds to a

81.44% of satisfaction of O8 and O9 PEOs in

general. Thus, the achievement of O8 corresponds

to 22.8% in terms of the specific contribution

defined for the transactional system course

(cf. O8 = 28% in course design Table 4). In the
same way, the achievement of O9 corresponds to

16.28% in terms of the specific contribution defined

for the transactional system course (cf. O9 = 20% in

course design Table 4).

The resulting indirect measurements illustrate

values that are higher than 3 for outcomes not

J. A. Villalobos Salcedo and O. F. González Rojas888
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considered within the course design. This indication

can be used to decide if it is necessary to change the
specific goals considered within a course design.

These measurements also show a high difference

(> 20%) between some direct and indirect measure-

ments of student outcomes (i.e. d, f, h, i SOs).

However, these differences do not affect the consis-

tency of the results since they are present for out-

comes not considered within the course design. The

analysis of the causes and improvements to allow
the achievement of these competences are out of the

scope of this paper.

6. Related work

The main motivation to define a new curricula

design model in CE programs is to generate a

common language highly adopted by institutions

in Colombia and also in international environ-

ments. We have compared our curricula design
model with different curricula approaches in engi-

neering education.

The CDIO (Conceive, Design, Implement, and

Operate) initiative [5] has defined a set of learning

outcomes for designing and evaluating engineering
programs. These learning outcomes are described in

a document named CDIO Syllabus—A Statement

ofGoals forUndergraduateEngineeringEducation

[6]. These objectives are classified in four categories

(technical knowledge, personal attributes, interper-

sonal skills, and the skills specific to the engineering

profession—CDIO), which are expanded in three

levels. The CDIO approach defines objectives for
engineering programs in general, in contrast to our

design model that defines competences specialized

to CE programs. However, there is a close relation

since both are based on competences.

Table 7 illustrates the relationwehave established

between the PEOs and the learning outcomes of the

CDIO approach. We identified a direct relation

between design-centric competences within the
competence map (O8 .. O12) and design-centric

competences of the CDIO approach. This relation

is highlighted in the table. Considering this relation

the CDIO approach could be used for the assess-

ment of a new program designed with our curricula
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design model. Thus CDIO syllabus can provide the

design model with the specific engineering compe-

tences, while the design model is a specialization

that defines a competence map and a curricular

structure specific to the CE discipline.

The CDIO initiative also defined 12 standards to
rich these objectives. Additionally, our model pro-

vides a curriculum structure and a strategy to

materialize the competences into a curriculum

design.

The Accreditation Board of Engineering and

Technology (ABET) [4] defines a set of outcomes

(a .. k) to bemeasured within engineering programs.

As presented before, we have adopted a quality
assurance system named Calis that instantiates the

ABET outcomes into CE outcomes to evaluate the

execution of a program design. The PEOs of our

reference framework have been related with the

Calis outcomes to measure the achievement of the

competences defined in the professional profile of

graduates at the University of Los Andes, and also

to indirectly measure the achievement of ABET
outcomes.

The Association for Computing Machinery

(ACM) has defined curricular guides and recom-

mendations for CE programs [7]. In contrast to the

ACM model that is based on knowledge, the pro-

posed model is based on competences for curricu-

lum design processes. The ACM defines the

following 5 computing disciplines: Software Engi-
neering, Computer Science, Information Systems,

Information Technology, and Computer Engineer-

ing. Our curricula design model can be used for the

curricula designs framed in the first four disciplines.

However, it is not directly applicable to create

Computer Engineering curricula designs since the

curricular structure and competence map of our

reference framework do not cover competence and
knowledge for designing and implementing hard-

ware solutions. Thus, software and organizational

needs concerned by the ACM disciplines are satis-

fied by our model but not the hardware needs. The

application fields and knowledge areas of our refer-

ence framework (e.g., infrastructure and security)

can be related with the ACM computing areas (e.g.,

systems infrastructure). The emphasis in developing
theoretical aspects (i.e. theory, principles, and inno-

vation) and applied aspects (i.e. assembly, deploy-

ment, and configuration) on the computing areas

defines the problem space for an ACM computing

discipline. Similarly, the competence map and the

implementation methodology of the proposed

model facilitate curriculum designs to be analyzed

according to a specific problem space. This can be
done by relating the courses which can be grouped

by application area with the PEOs these courses

satisfy.

The European Qualifications Framework (EQF)

[8] is a reference system to build qualifications read-

able and understandable across different countries

and higher education systems in Europe. The EQF

introduces 8 reference levels (e.g., school certifi-

cates, doctoral degrees) described in terms of learn-
ing outcomes, which are specified in three

categories: knowledge, skill, and competence. A

learning outcome is defined as ‘a statement of

what a learner knows, understands and is able to

do on completion of a learning process’. Similar to

this definition, the PEOs and especially the design-

centric ones define what graduates are able to do on

each level during their specialized formation. The
EQF learning outcomes are general and not linked

to any specific discipline. In contrast, the proposed

curricula designmodel defines a set of PEOs specific

to the CE discipline and presents a methodology to

guide the definition of specific learning goals for a

curriculum design.

Traditional engineering curriculums address the

lower levels of Boom’s taxonomy [9] (knowledge,
comprehension, and application) [10]. Other holis-

tic curriculums such as the service design and

engineering program (SDE) [1] approach the learn-

ing from the higher levels (analysis, synthesis, and

evaluation). This identified necessity is considered

by the proposed curricula design model approach-

ing the learning in CE from high level competences

(e.g., design-centric competences) required to solve
problems. In our approach, these high-level compe-

tences are integrated in the course design and

execution.

Several approaches [11–14] have adopted the

CDIO principles to build frameworks to help accel-

erate efforts in curriculum reform, management,

and communication. Similar to these initiatives we

have defined a curricula design model to accelerate
curricula reform and evolution processes aligned

with the continuous change required by the CE

programs. Our model offers a project-oriented and

systematic curricula design and evaluation process

covering all the formation space of graduates.

7. Conclusions

The management of a large CE program requires a

structured approach for defining and managing

curricula designs. We presented the logic for the

adoption of a curricula design and evaluationmodel

for large CE programs design and management.

The curricula design model facilitates the design of

CE programs to make their emphasis to generate
different types of competences involved in the pro-

blem life cycle resolution explicit. This paper pre-

sents how we used the curricula design model to

redesign the CE program at the Universidad de los
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Andes in Colombia to create a new design-centric

program. This is reflected by the high contribution

of design-centric competences to the professional

profile. We also presented an assessment method

used to evaluate the achievement of design-centric

competences. The curricula design model was sent
to mostly all CE programs in Colombia looking for

an open and broad adoption. The main intention is

to ease the analysis and benchmarking of a resulting

programdesignwith otherCEprograms.We expect

this model to become a common language for

designing programs with high quality and complete

goals in both national and international contexts.

Continuous improvement, based on facts such as
the results and evidence obtained with the assess-

ment method drive, changes within the curricula

design. Thus, it is an undeniable necessity to have a

model that allow and eases the adaptation to the

ever changing curricula design needs. The proposed

curricula design model allows this adaptation by

considering a reference framework and an imple-

mentation methodology based on competences that
are constant to be developed in graduates of CE

programs. The resulting curricula designs promote

the generation of design-centric competences, facil-

itating the graduates the adaptation to the changing

environment of the profession. It also facilitates and

accelerates the efforts for designing and evaluating

program designs. This is required by a large number

of educational institutions who recognize the need
to keep up to date according to the needs imposed

by the constant business and ICT evolution.

The curricula design model allows the definition

of CE programs in which all the courses are aligned

and collaborate to develop a specific professional

profile of graduates. This facilitates the impact

evaluation on how a change or improvement

within a course can affect the integral formation of
a graduate, and impose the necessity to align the

other courses in response.
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Brodeur, Rethinking Engineering Education: The CDIO
Approach, Springer-Verlag, 2007, 286p.

6. Worldwide CDIO Initiative, The CDIO Syllabus: An
Updated Statement of Goals for Engineering Education,
http://www.cdio.org, Accessed August 2011.

7. ACM, Curricula Recommendations, http://www.acm.org/
education/curricula-recommendations, Accessed July 2011.

8. A. Castelli and C. Marinoni and C. Bisagni and D. Brodeur
and E. Crawley, An Integrated CDIO-EQF Framework for
Europe, Proceedings of 6th International CDIO Conference,
2010.

9. R. M. Felder and A. Rugarcia, The Future of Engineering
Education II: Teaching Methods that Work, Chemical
Engineering Education, 34 (1), 2000, pp. 26–39.

10. L. J. Shuman, C. J. Atman, E. A. Eschenbach, D. Evans and
R. M. Felder, The Future of Engineering Education, Pro-
ceeding of the 32nd ASEE/IEEE Frontiers in Education
Conference, 2002, pp. T4A-1–T4A-15.

11. B. T. Phan, M. Q. Le, N. T. Ho, T. M. T. Doan and H. T.
Tran, Development of a Model Framework for CDIO
Implementation in Vietnam,Proceedings of 6th International
CDIO Conference, 2010.

12. A. Martins and A. Costa, Mass Customization in Engineer-
ing Programs: A Framework for Program Management,
Proceedings of 6th International CDIO Conference, 2010.
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