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ABSTRACT

The rapid changes in technology and the new busiaegironments around the world require the foromatf
future engineers not only with technical and sdfientnowledge but also with professional skillsdaattitudes to
be successful in the global workforce. Therefdres critical to change the paradigms in engingggducation to
introduce learning experiences where students gacessfully integrate technical knowledge and msifanal
skills in their formation. The aim of this work ie develop a framework for collaborative designjgets based
on competencies that effectively exposes studemt&nibwledge, skills and attitudes required for glob
competitiveness. This project-based collaboratagring approach requires students to work in tesohsng a
design challenge that creates a learning environthanfacilitates the development not only of kmewledge of
design models and principles but also the developwiesocial, ethical and management skills.

Keywords: Collaborative projects, competencies, engineerthgation.

1. INTRODUCTION

The development of new technologies in communioatiand the globalization phenomena have had a
tremendous impact on the way the companies areniggghand are doing business today. The establighaie
new regional economic alliances beyond the frositidra single nation has required that engineerzrdgared to
work in an economy that is now best seen as esflgntiternational in nature. Almost all major corptions
now operate globally, and engineers are being ehgdd to design and develop, in a timely mannewn ne
products that will impact a global market (Espanzgand Devon, 2005). Due to this tendency, fubmgineers
will be facing the new worldwide market where trariers of the corporate world are disappearing global
engineer must understand and accept diversitybleeta work in multi-national corporations, be atdework in
multi-cultural teams, be able to propose solutimngroblems impacting a wider and more diverse faijmn, be
able to communicate and socialize with people fdifierent cultures, be able to use the technolaggxchange
ideas, solve problems and present solutions (Empaza, 2005). As a result, the industry is demanédichange
in the paradigm of engineering education to edueattdd-class engineers who possess technical egpeahd
professional skills.

The new global trend is calling for internationation of the engineering curricula and the incoagion of
professional competencies in the curriculum thahmlement the technical profile of engineers. Thenef
exposing the engineering students to internatiamgleriences and learning environments that fodter t
development of professional skills as part of thieimal education from the very beginning and iooasistent
and effective manner must be a main task of evegyneering program. One of the most effective wafydoing
this is through a project-based learning approaomgumultinational design projects (Devon, et hB98; Pollard,
et. al., 2002; lon, et.al., 2004). This type oftiative allows engineering students to work wittogeaphically
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disperse teams while they solve an engineeringgdgsioblem. Through this experience, students evithance
many technical and professional skills includinglpem solving, decision-making, analysis, synthesisativity,
teamwork, communication, and global awareness. Mewehe real impact of this practice is measurgdb
rigorous assessment process. In order to do thatimportant to clearly define the activitiesalring objectives
and expected competencies outcomes to developpphre@iate assessment tools. The aim of this pepty
present the framework for a project-based collaberalesign project based on competencies. Thik wgthe
first phase of a bigger project that includes teeetbpment of the assessment tools and the firdbgaent and
test of those instruments.

2. BACKGROUND

This work is part of the tasks imposed by the Depant of Mechanical Engineering at Technical Ursitgr
Federico Santa Maria (UTFSM) in Chile with the aoh ensuring the competitiveness and quality of its
engineering program in response to the assessnwrducted in 2011 by the National Commission on
Accreditation. Among the objectives set by the pang those of particular relevance for this work:dg) to
strength professional skills and English languagedaé graduates; (b) to facilitate educational eepees project-
based learning (PBL) experiences; and (c) to usedbmechanism to assess periodically the progressarning

of technical content on engineering concepts ardtbgressive development of professional skilld Bnglish
language proficiency.

Therefore, the challenge is to develop an educaltiomodel that actively engages students in theairniag
process by promoting students’ curiosity and formngjuiry, reflection and analysis, collaborationdaactive
participation, ingenuity and creativity, hands-ondaconcrete experiences, synthesis and evaluatiod,
professional skills and attributes. This work preg®to incorporate the project-based learning (RBlpyoach in

a series of longitudinal courses of the mechargogineering curriculum at UTFSM. This approachscédr the
need of formal assessment tools for both specibmpetencies in each subject, as well as transverse
competencies to be developed throughout the foomaif the profile of mechanical engineers. Thisguapill
focus on the first stage that consists of defirspgcific competencies for a core set of designsasuand in
particular for the collaborative design projecboembedded in the curriculum.

2.1 PROJECT-BASED LEARNING (PBL)

As it was explained before, engineers nowadays iegbrepared to work in teams made up of people fro
different countries with different languages andtwes, and should know how to use proper commtinita
technologies, solve problems and present theitisaki (Maury, et.al, 2008). Consequently, engimegpdrogram
accreditation agencies such as ABET have considbest demands of the industry and have includisdirth
their Professional Outcomes (ABET, 2011). As altesmgineering programs should provide their stisleas
early as possible, academic experiences to promh&edevelopment of professional skills and inteome
experience as part of their training.

One way this can be achieved is through globalgdegrojects in which students develop engineerniiyg jthat
are geographically dispersed teams to solve ameegng problem (Duque, et.al, 2010). The methagolof

project-based learning (PBL) is based on the itl@ad problem or a question, guide learning aaivifor the
construction of a particular device in a real cah{®apanikolaou, 2010). In this process, studsa&k solutions
to open problems by formulating research questignian design, collection, analysis and integratmhn
information, explanations and building models, anehting artifacts or products of their understagdiStudents
also have the opportunity to control the learningcpss, making decisions about the pace, sequaniceoatent
of learning, and evaluating the results of thefort$ and their learning strategies. This learréngtext involves
both vertical learning (referring to the accumuatiof knowledge of the subject) and horizontal neay

(referring to generic competencies such as prajgmbagement, social skills and collaboration) (Hedieal,

2006).

Using project-based environments introduces cogiti complex tasks in the process of learning,
experimentation, self-direction and high-level noegnitive control. These environments are necesfary

11" Latin American and Caribbean Conference for Enginering and Technology
Cancun, Mexico August-16, 2013
2



students to effectively undertake PBL (Barron, |etl®98; Jonassen, 1999; Land and Zembal-Saul, )2003
However, the strength of PBL appears to lie inrggvstudents the opportunity and motivation to wiork more
meaningful way (personally) to a "solution". SeVexssearchers observed deficiencies in the perfocamaf
students in the various activities of PBL, refagrito self-directed learning skills and metacogeitknowledge
(Beretier and Scardamalia, 1993; Hannafin and L488,7; McLoughlin and Hollingworth, 2001; Schankdan
Cleave, 1995). Therefore, strengthening metacaogniskills and reflection in students is essentralsuch
innovative learning environments to help them tomdstrategies and reasoning processes that etiadste to
define, plan and self-monitor their thinking andrlging style. In this sense, metacognitive andotiffe skills of
students better rely on social learning environsmigMcLoughlin and Hollingworth, 2001). Social irdetion
promotes the development of cognitive structuresndividuals, when individuals reconcile the difeces
between their own ideas and the ideas of otheis,vdren they ask questions and explain their reagofar
solutions (O’Donnell and King, 1999; Teasley, 199&asley, 1999). Research studies suggest thatvadm
provides opportunities for the development of ctigeistructures of members and cultivate positivéuales and
stronger motivation toward the task, compared witttividual work (O’'Donnell and Kelly, 1994). Howeye
research on collaborative learning has shown tisaeffectiveness depends on the richness and itytenfs
interactions among group members (Dillenbourg, 1996

The project-based learning approach guides studentsigh a process that starts with a given probtem
challenge that takes them to identify what theydnee know about the content of the course to sohe
challenge. This is followed by an inquiry stagdearn about the material and the problem. The stexi requires
a process of analyzing and synthetizing informafaifowed by an application stage characterizedcbiycal-
thinking, problem-solving, and decision-making tve the problem. Finally, students are requiregresent
their solution using written and/or oral presematiThe whole process is accompanied by a setafégsional
skills required to complete the project includimgativity, teamwork, leadership, communication gtabal and
cultural awareness. A depiction of the PBL apprdaghown in Fig. 1.

2.2 COLLABORATIVE DESIGN PROJECTS

A collaborative design project is basically a dasmyoject where several people work together twes@n
engineering challenge. This particular work considbe collaborative environment in which peoplekimy on
the project are not necessary located in the sdmeThis implies the use of information technoldgpls to
manage and solve the design problem. Accordingem&idson (2000), there are different types of cmfative
projects that can be adopted in the academia ennational settings (see Table 1). The complexity i@sources
necessary to implement them vary from simple and d¢ost projects to more complex and expensive ones.
Usually the simple and less expensive project stgif a case study where the students just réjperfinal
result to their international partners. Minimum ergction is required and is usually a one-time las<
experience. In contrast, the international projeetsied “integrated teams” require more interachietween the
students since they work together in multinatioteams. These projects are usually a long termepsainal
projects, and demand high level of commitment oflents and staff. Some personal interaction migheuired
and they might be expensive.

Table 1: Types of Collaborative Design Projects

TYPE DESCRIPTION LENGTH

Case The single reporting of the final result of a desigroject to thein One time; In-Class experience
Studies opposite group.

Show and | Work in separates projects in the different coastiiremote placeg) Short term; In-Class experience

Tell and come together to progressively explain to tieroteam(s) how
the work is developing.
Parallel The students in teams in each country (remote itmoatwork | Short term; In-Class experiencg
Teams independently on the same design proposal. Studeatencouragefl

and required to share data and ideas.

Integrated | Students in each country (remote location) worketbgr on a join{ Long term; Out of class
Teams design project. professional experience
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The criteria to select the appropriate type anelle¥ collaboration depends on the general objestivank and
content of the course in which the project willdfgered, the level of commitment of faculty anddsats, and the
resources available (Esparragoza, et.al, 2007)pidject structure considered for this paper ispiellel design
project in which the teams in each remote locatwonk independently on the same design proposaihayt are

required to share and discuss data and ideas lgthdollaborative peers to enrich the final sant{see Fig. 2).
However, the ultimate goal is to move this ideaviand and include integrated teams type of collaimmaising a

similar framework.

Driving
Problem or
challenge

Final Identify what
presentation need to know
Research
inquiry

I Knowledge Team 2 R > Team 3
process Collaboration

Figure 1: Project-Based Learning approach Figure 2: Collaborative Design Project Based on
diagram Parallel Teams

Professional
Skills

Engineering

Design
Project

2.3 COMPETENCIES IN ENGINEERING

Competencies are defined as sets of knowledgds,skéhaviors and attitudes required to succegspdiform
specific tasks.

The new global environment in which corporatesdm®g business are requiring that engineers hahadaanced
set of global competencies in three dimensionatepaonsisting of technical , professional and gladomains
(Allert et al., 2007). It is expected that a wocldss engineer is a graduate with technical knogdednalytical
skills, creative abilities, ethical values and abcesponsibility who has a clear understandinthefdynamics of
globalization and the impact of the interconnectminglobal issues in the economy, culture, poljtiasd

environment of local communities. A global enginegris a person who is capable of acting locally thinking

globally; a person who accepts and respects diydEsparragoza and Petrie, 2008).

It is evident that the future engineer has to leawew set of attributes to be competitive in trabgl market. The
National Academy of Engineers (2004) identified fibllklowing characteristics for the engineer 2020:

a. Strong analytical skills. e. Business and management.

b. Practical ingenuity - skill in planning, f. Leadership.
combining, and adapting. g. High ethical standards and professionalism.

c. Creativity (invention, innovation, thinking h. Dynamism, agility, resilience, and
outside the box, art). flexibility.

d. Communication. i. Lifelong learners.

In addition to these attributes, a global engingerprofessional who:

a. knows the fundamentals and dynamics of c. is able to work in multinational
globalization; corporations;

b. understands, accepts and appreciates d. is able to work in multicultural/multinational
diversity; teams;
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e. is able to communicate and socialize with g.

people of different cultures;
f. is knowledgeable in other language,;

h.

is able to use the technology for
communication, exchange ideas and solve
problems;

is an entrepreneur;

is an ambassador.

Those characteristics and attributes describedeabbwuld be translated into learning objectives @amdomes
expressed in terms of knowledge, skills and attitucheeded to become world-class engineers. Global
competencies are the result of an adequate iniegraf the learning experiences resulting from &eative
curriculum which is based on appropriate learnibgctives and outcomes. Figure 3, which is a medifiersion

of the hierarchal relationship graph presented dned et al (2002), shows the relationship betweaming
experiences and the development of competencielsthentransformation from a local freshman studeitiy
basic foundation, and personal qualities and tradgsa world-class engineer through the developnnt
knowledge, skills and attributes with a global seopbe competitive in the worldwide market.

3. EbucaTioNAL MODEL BASED ON COMPETENCIES

An educational model based on competencies isotiin which all learning experiences are desigagédcuted
and assessed to ensure that the learning outcamesogerly aligned with real work conditions arrdfpssional
expectations (Competency-to-Curriculum, 2008). Tddsicational model requires a clear understandindpeo
industry and professional environments demandset@liie to align the content and delivery methodshef
courses with those demands. Additionally, this epph also calls for the development of competenioi¢g/o
dimensions: (a) the level of mastery of the commpetefrom novice to expert, and (b) the complexifytire
competency from basic knowledge to advance apitdCompetency-to-Curriculum, 2008).

Developing a curriculum based on competencies reguine definition of competencies domains, coré an
discipline specific competencies, leaning objedjyearning activities mapped to the learning dbjes, and the
design of assessment tools. Figure 4 summarizestdpes required to complete a competency-baseitaium.

WORLD-CLASS ENGINEERS

ASSESSMENT OF
PERFORMANCE

|

COMPETENCIES

ACQUIRED SKILLS,
ABILITIES AND KNOWLEDGE

I Integrative Leanling Experiences I

DEVELOPED IN THE
LEARNING PROCESS

SKILLS, ABILITIES AND KNOWLEDGE

A
I Learning Experiences

LOCAL
ENVIRONMENT

N

FOUNDATION

TRAITS AND CHARACTERISTICS ‘

Figure 3: Hierarchy of post-secondary outcomes in
perspective with global engineering education

4. FRAMEWORK FOR A DESIGN COURSE

Mapping Learning

Objectives/
Experiences

\

Experiences

Objectives

Academic
Program

> 2

Assessment Competencies

Process Areas

7

Continuous
Quiality
Improvement

Competencies
Domains

&

Learning

A 3

Learning
Objectives

Figure 4: Steps for Developing Competency-

Based Curriculum

The proposed framework for a design course is dpeel with the aim of using the PBL and the compsten
based learning approach for the instruction of nexi knowledge, and professional and global skillsan
engineering course. The framework for this learmrgerience is based on the following premises:
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a. Technical knowledge and professional and globdlss&an be integrated effectively in different cees
along the curriculum.

b. PBL approach promotes a suitable learning enviranrte integrate technical, professional and global
competencies.

c. Collaborative projects offer the flexibility to mtduce content and competencies at different lefel
mastery and complexity.

According to these premises and using the stepxided in Fig. 4 and adapted for an introductoryree of
engineering design, the following frame work ispeed:

Step 1: Identify the course:
Introduction to Engineering Desigmtroduction to engineering design processes, nasthand decision
making using team design projects; design commtioitanethods including graphical, verbal, and
written

Step 2: Course objectives:
At the conclusion of the course, students shoaldMie to:

a. use the design process in the solution of engingelésign challenges;

b. extend the design process to general problem gphand recognize the value of creativity in the
engineering design process;

c. recognize the importance and accept diversity atiral differences as essential issues in building
trust and cooperation in the global market andegsissues in the development of new products;

d. use the technology to exchange ideas, solve prabéem present solutions in an international setting

e. be creative and innovative in the solution of pesh$ impacting a wider and more diverse
population;

f. communicate and summarize ideas, designs andgdsulineans of reports, and presentations, and
use the tools for communication for multinationall@boration;

g. interact, collaborate, and socialize with peopterfdifferent cultures and different countries

h. operate well within a team, solve inter-team protdeind develop organizational skills;

i. work and be leaders in multi-national, multi-cuéfirand diverse teams

Step 3: Competencies areas:
a. Technical:
i. Engineering Design and Innovation ii. Problem solving
knowledge
b. Professional:
i. Teamwork iv. Ethics
ii. Leadership v. Entrepreneurship
iii. Communication
c. Global
i. Global Awareness

Step 4: Engineering core competencies domains amgetencies:
a. Analytical thinking: demonstrate the ability to analyze and solve pmobfellowing a systematic,
coherent and logical approach.
i. Applies logic iii. Translates theory in practical
ii. Analyzes problems applications

b. Creativity and innovativedemonstrate the ability to use knowledge, imagimatand different
perspectives to generate new ideas and methodbsdaolution of engineering challenges.
i. Understanding the problem iii. Generating ideas
ii. Process planning iv. Planning for action
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Systems thinkingdemonstrate the ability to design and work withteays, and understand and take
into consideration the synergy between individuwathponents and the entire system.

i. Components interrelation iii. Holistic vision

ii. Systems integration
Dexterity in modern engineering tooldemonstrate the ability to use information techggl@and
computer applications for the professional practiéengineering.

i. Digital competence

ii. Computer-aided engineering
Researcherdemonstrate the ability to find and evaluate infation for the solution of engineering
challenges and the ability to design experimentsl eollect and interpret data for discovering of
new knowledge.

i. Inquire iv. Interpret
ii. Collect data v. Compare
iii. Data management vi. Validate

Knowledge of Underlying Sciencedemonstrate the ability to apply knowledge of naxt basic
and engineering sciences in the engineering practic

i. Apply mathematics to the analysis

ii. Apply knowledge of science (physics, biology, amafeemistry)

Lifelong learning skillsdemonstrate the ability to continue searching fewrknowledge and staying
current with the advances in technology and therergging field.
i. Independent and  continuous ii. Value added
learning
Communication skillsdemonstrate the ability to communicate properlyial and written form in
different scenarios, with different stakeholderd &y using different means.
i. Exchange information iv. Writing skills
ii. Communication Technologies v. Nonverbal strategies
iii. Oral expression
Ethical responsibilitiesdemonstrate the ability to identify ethical issaesl the ability to carry out
the course of actions for the judgment and solutibethical dilemmas in the professional practice.

i. Cognizance iv. Cultural dimension
ii. Sensibility v. Motivation
iii. Reflection vi. Application

Teamwork:demonstrate the ability to collaborate with othensd work effectively in diverse and
multidisciplinary teams.

i. Technical Contributions v. Contribution
ii. Collaboration vi. Attitude
iii. Working with Team vii. Communication

iv. Time Management
Leadership-demonstrate the ability to motivate and direct oshéook for opportunities, and take
responsibility for new initiatives.

i. Planning iv. Resources management and
ii. Coordination supervision
iii. Distribute workload v. Motivation

vi. Facilitator (Conflict Resolution)

Entrepreneurshipdemonstrate the ability to take risks, set direttiand manage the process to
develop new businesses.

i. Self-confidence vi. Resourcefulness
ii. Motivation vii. Perseverance
ii. Effort viii. Determination
iv. Sense of responsibility ix. Solidarity

v. Initiative X. Team Spirit
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m. Global awarenessdemonstrate the ability to understand the globatura of engineering, be
sensitive to cultural differences, and be ablert@ract and work effectively with people of diverse
backgrounds and culture.

i. Interaction iv. Exploration
ii. Application v. Intercultural Sensitivity
lii. Collaboration vi. Perception

Step 5: Course mapping
Using the nomenclature identified above for counfgectives and competencies domains, they are
mapped to the course content.

Table 2: Mapping course content with engineering aopetencies domains and course objectives

Course content Learning Experiences Competencies Domains | Course Objectives
Teamwork * Lecture (definition, characteristics of a team, d.i c
team development, team rules, diversity, e., e.ii f
communication, conflict management, h.i, h.ii, h.iii, h.iv, h.v g
leadership definition, characteristics, jii, i, i, j.v, j.vi, j.vii h
becoming a leader) ki, k.ii, k.iii. k.iv i
e Team building exercise
 Leading change exercise
Ethics * Lecture (definition, type of ethics, d.i f
sensibility, ethical frameworks, ethical e.i, e.ii h
thinking, global issues, sensibility to cultural h.i, h.ii, h.ii, h.iv, h.v i
issues, global ethics) P4, 1Ll L, v, 1y, i il
« Online blog discussion of ethical case Jol, Juii, il v, v, i
(video, text and research material availablg) ki, ki, k.iil. k.iv
» Team case study of a real engineering m.iv, m.v, m.vi
ethical case
Engineering * Lecture (definition, problem solving, design a.i., a.i a
Design Process | process, reverse engineering, global design, b.i, b.ii, b.iii, b.iv b
customers’ needs, design objectives, C.i, C.ii c
functional analysis, specifications internal d.i, d.ii e
and external search, conceptual design, e.i, e f
design for X) fi, f.i g
* Project 1: redesign of a product h.i, hii, hiiii, h.iv, h.v h
* Project 2: multinational collaborative design ~~ LlIL LIV, LV., LV l
Joby oy iy jiv, jvy juvi, jvii
k.i, k.ii, k.iii, k.iv, k.v, k.vi
m.i, m.ii, m.iii, m.iv, m.v, m.vi
CAD » Engineering graphics d.i, d.ii d
« SolidWorks: Part modeling, drawings and h.v f
assemblies. h
» CAD assignments I
» CAD project

5. CONCLUSIONS AND FUTURE WORK

There is a good amount of literature about curdocubased on competencies in different disciplifiéss paper
uses previous works and the authors experienceofpope a framework that can be used by others elaje
courses based on competencies in an effective Whis particular work focuses on the core enginegrin
competencies as described above and incorporateggltbal dimension that has been ignored in other
approaches. The competencies and objectives wéreddy a multinational team as an effort to emribem
with the diversity, global perspective and multtashl dimension of the research team.
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The idea of using the core competencies is becaluige nature of the course under consideratiomelver,
more specialized courses in specific disciplinas easily incorporate the scientific or specific gatencies in
the framework described above in the technical.area

It is evident that the effectiveness of this apploanust be determined by a rigorous assessmenhi®f t
educational model. The next step in this work isléwelop the assessment tools to measure the impaais
model in the learning process of technical knowéedgd professional skills.
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