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Abstract - Since 1955 the Industrial Engineering
undergraduate program at Universidad de los Andes &s
been oriented to the construction of knowledge of
engineering contents. In 2003 the Engineering Schibo
began a self-evaluation of its programs; consequéptthe
Faculty decided to redesign the curriculums. One
purpose of the Reform is to consolidate the develagent
of engineering competences and skills. The previous
curriculum of the Industrial Engineering program had 4
knowledge areas and 158 credits, where the students
selected 2 of these areas. The current one looksr fo
different profiles: double undergraduate programs,
integration of undergraduate with masters programs,
international academic experiences and internshipsit
gives the opportunity to obtain double graduation vith
outstanding universities around the world and stromy
specialization in industrial engineering topics. Tle
current program was conceived with 137 credits, whe
the student takes 63 elective credits to configurkis/her
profile: 9 in Sciences, 24 in Social Sciences and
Humanities, 18 in special topics of Industrial
Engineering, 6 in free courses, and 6 in applicatio
projects. This article attempts to illustrate the arrent
profiles and the way this conception of competencesnd
skills will respond to the requirements of the engieers of
2020 and the stakeholders of the Engineering School

Index Terms Curriculum Reform, Engineering Abilities and
Skills, Industrial Engineering Profiles.

INTRODUCTION

Different prospective works have been carried ootiad the
world trying to determine what conditions the sogiwiill

have to face in the years to come. Regardless eotithe
horizon observed at the present time, there isazmnss that

by the Departamento Nacional de Planeacién
governmental office in Colombia) called "Visién Golbia
2019” [2]; it defines a series of goals that theirtoy must
reach by that date.

(a

As far as the Engineering Department of the Unidexs de
los Andes is concerned, it is clear that graduedesribution

to the country must be to support the transitioriider to
evolve from a pre-capitalist economy with feudal
characteristics, based on raw materials exploiatioto an
economy based on manufacturing processes with h hig
technological content [3], within the world contegf a
Knowledge Society [4]. The contribution of the istiial
engineers under the conditions of year 2020 demanusw
approach on their education with a curricular dtres that
allows the creation of culture of knowledge productthat

is subjective, socially and universally new, by stadents
and the community throughout the entire life.

The Curricular Reform that the Engineering Fachbig been
developing since 2003 approaches a structure thathe

case of Industrial Engineering, expects especidly
consolidate a series of different profiles in tdiscipline. In

this regards, the aim is to have these profilesfiggt so that
the graduates can obtain a higher degree of diffiatéon in

the marketplace. In addition, this profile struetis aimed at
responding to the objectives associated with coempets,
skills and abilities, proposed by the ABET 200Gesta [4],

particularly in what relates to the "Program Outesnand
Assessment”.

This article presents the profiles defined in thewn
curricular structure and the way in which such pesf
respond to the education requirements expectedttfer
engineers of year 2020, who are presently attendney
University's classrooms. This presentation is maitlein the

the constant factor for the next decades will be thevolution context of the Industrial Engineering Bament

continuous change. Therefore, the academic progifams
any discipline must adequate their curriculum toweliep
competences, capabilities, abilities and skillthisir students
so as to ensure that they will have full commanthefbasic
contents of the discipline.

For the purpose of this paper, the document “Thgiriger
of 2020” [1] was taken as the benchmark; it defitles
breakthrough technologies and the technologicalngbs
expected for 2020, and, on the other hand, a wevkldped

and emphasis is placed on the curricular structtirghould
be highlighted that this structure responds to
requirements perceived in the country's contexteach
given time.

the

EVOLUTION OF THE INDUSTRIAL ENGINEERING PROGRAM
DURING THE LAST 40 YEARS

The transformations undergone by the Universidadode
Andes' Industrial Engineering Program throughaihistory
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have aimed at responding to country's requiremdots

professionals under this discipline at each givenet

Likewise, these transformations have involved teend

engineers' education which are defined by outstandi
engineering schools worldwide.

During the 42 years of life of the Industrial Enggming
Department, four phases can be identified, witHfedint
curricular structures to respond to the diversalireqnents
of the environment at each time. They are:

PHASE I. Joint Education between Universidad deAlndes
and American Universities

During this phase that starts in 1955 and goesutird 965,
nine graduates from Industrial Engineering partitdol in
the "3-2 Program" which consisted of completingrtiasic
studies at the Universidad de los Andes duringettyears
and performing deep studies within a specific gitioe at an
American university during two years. The firstebryear
education followed a general approach to engingerirhile
the two last years were aimed at developing skifisl at
providing specific knowledge within the context efch
engineering program. The characteristics of théegsional

graduated. The studies program was made up of feghts
with a higher flexibility level and the possibilitfor the
student to select one major area and one minor taregm
into the Industrial Engineering topics. These etinoaareas
were defined to the teachers' work topics, whicle: ar
Operations Research and Statistics, Production
Technology, Organizations Management and, Econamiy a
Finance. During this period an adjustment procesk place
in the economic sectors and the industry definedew
dynamics concurrent with the country's new condgio

PHASE IV. Education Oriented towards the Develogmén
Competences and Skills in Engineering and the Greaif
Diverse Professional Profiles

This period starts in 2006 and to date there has be
graduates under this new education scheme. Theestud
program is made up of 137 credits where the aintois
provide to the student the possibility to benefinfi the
elective component of the program to create a fmtti
profile that will meet his/her interests and willake a
difference within the marketplace. The objectivestioe
studies program are oriented towards the developroén
competences, abilities and skills required by esgis in

training were defined according to the system oé thyear 2020. Diverse studies on the professional [dpugent
university where the final phase of the program waf the graduates, the perception of the industrpleyers,

developed. During this period, the country waspsimthe

the perception of teachers and students, as wedlivasse

companies that presently comprise the productiod anstudies on the learning culture and habits of thelents,

service sector, and thus, the professionals frodustrial
engineering enjoyed multiple choices for work oppoities.
The program was small as compared to other engimger
programs and its “return” was particularly high tite
undergraduate training level during this phase &y
graduate from this type of programs.

PHASE II. Education Oriented towards Learning Intdias
Engineering General Content

During this phase, which runs from 1966 through8 93120
students were graduated from the program. The atiuirin
structure during this phase was aimed at havingsthdent
face the different realities of Industrial Enginegr without
major approach in the configuration of him/her pssional
component. The study program had 177 credits within
structure with fairly low flexible levels and wherthe
Industrial Engineering fundamentals were
throughout different courses. During this peridte tountry
strengthened its industrial sector and during tBe ® was

have been taken into consideration for the creatod
design of the program structure. Furthermore, dwer
international references were taken into accourduding:
The orientations and criteria of ABET [1], CDIO [7]
TUNING agreement documents [8], among others.

CURRICULUM STRUCTURE DURING THE DIFFERENT
PERIODS

For the purpose of the analysis presented, sixgosts of
courses are defined, which have been kept in thdiest
program and that correspond to the following:

Integral Education

These are courses in disciplines other than Engirge¢hat
provide the student with supplementary traininghis/her

dispersedliscipline and that are aimed at giving a humamnigigw of

his/her professional performance. It includes laagu
courses, arts, humanities, social sciences, basences,

faced to economic opening processes. Colombia edjoy technology, among others. The regulations for tloegseses

years of prosperity and economic wealth resultiognf the
good performance of the private economic secto}sHét
further on it faced structural transformation piss®s caused
by a general crisis which strongly impacted thentois
development.

PHASE lll. Education Oriented towards Learning Gants
by Selecting Major and Minor Areas

During this period which goes from 1999 through 200
1780 industrial engineers completed the program \aeck
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are identical for all the University's students.
Free Selection Courses

These are two courses selected by the student betalethe
courses offered by the University in all the cutn@rograms.

Science Education

It addresses the basic knowledge of mathematicgsiqs
life science and/or chemistry. Historically, theiesce
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education has been almost the same for all studertse
Engineering programs.

Engineering Fundamentals

Covers the subjects offered by other
departments, which are part of engineers genertaaibn,
regardless of the specialty.

Industrial Engineering Fundamentals:

It involves an education in concepts, contents &oals
inherent to Industrial Engineering. This specifidueation
for the specialty is identical for all studentglie program.

Engineering Electives, including Industrial Engineg:

Covers professional subjects taken by the studettrding
to his/her interests. The scheme of the profeskeshacation
where the student takes these subjects has begriaed to
the structure of the studies program on the giirag.t

Projects:

Have to do with academic credits for the autonomeask,
where the student dedicates his/her efforts toirsglopen
and non-structured engineering problems. Histdsicahe
aim has been for these projects to be spaces dosttldent
interaction with the environment where he/she wig
developing his/her professional activity.

The Table | presents the evolution, in terms oflitse of the

studies program for Industrial Engineering durihg phases
where the Universidad de los Andes has completilgated
the students. Phase Il presented corresponds tpetied

covering years 1966 through 1998, Phase Il comedp to

the period between 1999 and 2005, and Phase
corresponds to the period started in 2006. On edicthe

phases the total credit distribution in the différeducation
areas (T) is presented, as well as the mandateditsr(O)

and Electives (E) on each of them.

TABLE |
EVOLUTION OF THE INDUSTRIAL ENGINEERING CURRICULUM

PHASE 1} 11} [\
T [e] E T (¢] E T o E
EDUCATION AREA
Integral Education 27 0 27 24 6 18 24 0 24
Free Selection Course 6 0 6 6 0 6 6 0 6
Science Educatio 35 35 0 31 28 3 29 20 9
Engineering Fundamentals 271 18 9 27 18 9 21 18 3
Industrial Engineering Fundamentals 56 53 3 33 33 0 36 36 0
Engineering Elective Course 18 0 18 33 0 33 15 0 15
Projects 3 3 0 4 4 0 6 0 6
10¢ 63 89| 69 74| 63
172 158 137
63%|37%] ~~"[56%| 44% 54%] 46%
The transition between Phases Il and lll, from aning

general structure in Industrial Engineering to eucttire
oriented towards learning Industrial Engineeringnteats
with a specific focus, is characterized by a 41,0@&iction
in the Industrial Engineering Fundamentals, a rédocof
11.4% in the Science education and a 83,3% incréase
Engineering electives courses (this increase imdudnly
Industrial Engineering courses). The increase éctality of
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the professional education cycle was structured in
accordance with Industrial Engineering academicasre
offered by the Industrial Engineering Faculty: Cxgms
Research and Statistics, Production and Technology,

Organization Management and, Economy and Finanke. T

Engineeringrganizational structure supporting this curricidaheme by

areas was gradually oriented towards the creafioasgarch
groups increasingly aligned with these subjectsarea

Within the curricular structure of Phase lll, thadents start
raising some differentiation attempts. The elective
component of the program (44% of the credits) vwesed for
this differentiation as well as the similarity betsn some
education areas, were identical to other prografiesea in
the University. As evidence of this differentiatiattempts,
the choices selected by the students of the lastaiorts of
graduates in the program are presented in Table II.

TABLE Il
CHOICESSELECTED BY STUDENTS IN BY GRADUATES

ONE ACADEMIC
OPTION
TWO ACADEMIC
OPTIONS
THREE ACADEMIC
OPTIONS
DOUBLE
UNDERGRADUATE
PROGRAM
ENTREPRENEUR
PRACTICE
SOCIAL PRACTICE
EXCHANGE

200420
200510
200520
200610
200620
200710
MEAN

16,49%
24,74%
25,77%
15,46%
17.95%
17,46%
19,99%

4,12%
2,06%
2,06%
2,06%
0,85%
2,38%
2,26%

0,00%
0,00%
0,00%
0,00%
0,00%
0,79%
0,13%

19,599
16,499
27,849
13,409
11.119
26,199
20,70%

1,039
36,08
36,08
43,30
38,46
48,40

33,89%

5,00
1,86
2,47
4,46
8,55
6,34

4,78%

7,22
8,600
8,200
3,85%
5,98
10.3
6,77%

Il 1>1>1°

> o [o [o [°

During the transition of the curricular structurerh Phase

Il to Phase IV, an approach oriented towards the
development of Engineering competences is adopted,
|[greating profiles according to the students intsretaking
advantage of a flexible structure and the regutatioforce

at the University. This new structure is under asmhidation
process and responds to the interests shown bgttidents

to participate in education processes throughoet ehtire

life, and to develop skills in more specializeditsp

As far as the curricular structure is concerneddiff@ations
to the credits in each of the training areas ardenalthough
the aim is to have elective courses so that théestis can
create transversal profiles involving courses ioheaf the
training areas, but oriented towards one or morepde
subjects. Details on this new structure are preseit the
following section.

CURRICULUM STRUCTURE DURING THE DIFFERENT
PERIODS

As part of the conception of the studies progratented
towards the development of competences, a chandeein
learning culture of students has been promoteds ¢hange
process has been designed to be implemented iougari
phases, starting with a general design of the stupiogram
structure and ending with the restatement of thersas,
contents and methodology. It should be highlightest the

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



Reform Process is part of a macro project knowrthas
Renewal Plan for the School of Engineering and his t
regards, the academic component is integrated w
infrastructure elements, teachers training, anegimtion
with research activities, among others.

In the Industrial Engineering Department it is resaey to
provide the curricular structure to allow each asfethe
students registered in the program to certify atstieone
profile to complement his/her undergraduate trgnin
meeting various premises, as follows: 1) the peofilust fit
his/her career interests at the professional le2glmust
include interdisciplinary education that takes comgnts
from other programs offered by the University; aBgmust
turn into the first learning experience that he/shik have
throughout all his/her life. Different profiles havbeen
determined, as follows:

PROFILE I. Double program with another undergradeiat
program offered by the University

The aim of this profile is for the student to cosmpent
his/her training in Industrial Engineering with diglines
that will grant him/her a difference recognized hwit the

The School's students have the chance to take rasopa
his/her undergraduate elective courses up to 4sesuirom
itthe Master program. The student can receive hislbgree
as Industrial Engineer and have attended to 40%hef
Master program . In master's programs with 40 ¢seds the
ones offered by the Universidad de los Andes, tweha
attended a 40% implies carrying out three additicoarses
and a research thesis to received in a year andlfaah
graduate Master degree. At medium term, the Masffer
will be extended, complementing the present researc
approach with a professional focus.

PROFILE IV.Performing Academic Options in Engineering
Deep Subjects or other Areas of Knowledge

The University has groups of courses in a spediicipline
that are named as an option, which can be takerarby
undergraduate student and are certified at theugtaxh
time. As of this moment, it is a concept used lmdshts in
fields other than their own program, although shisleare
also allowed to take options within the same depant.
Presently, there are 41 academic options in théerdiit
faculties in the University and in the recent 6 @, 20% of
the students have performed one option; 2.27%.dpimns

marketplace. Some programs have more complementaand 0.13%, three options.

possibilities than others. For example, the Enginge
Mathematics, Economics or Business Administratio
programs have more intersections than programs ssch
Music, Anthropology or Philosophy. As part of theusture
of the studies program, the minimum intersectiorthwi
another program is of 24%, while the maximum 5@,
and thus, the realization of a double program ilply a
dedication from the student of 182 to 241 credds,
applicable. With former structure and without magfforts
to promote this profile, an average of 20.7% of shedents
of each of the recent 6 cohorts performed the lmils
Engineering studies simultaneously with a secoog@m.

Observing the elective component of the program,
creating their profile, the students can use 27thef 57
elective credits in the worst of the cases (47,36%¢) 42 of
the 57 credits under the condition where the mpgssible
intersection takes place (73,68%).

PROFILE Il. Double graduation with another program
offered by an outstanding university worldwide

From its inception, the Universidad de los Andes had the
fortune to enjoy the support from foreign instituts
allowing for the consolidation of several of itsograms
during the first years. At the present time, theuiy has
double graduation agreements with French and Areric
engineering schools, where the students perfornfirtesix
semesters of the program at the Universidad démals and
the last year of the career in a foreign universiburing the
last years, 3 students have been under this mode.

PROFILE lll. Coterminal with Master Programs

Coimbra, Portugal
International Conference on Eng

nTaking advantage of this scheme, set of coursedeairgy

designed in Industrial Engineering subjects whiem de

addressed with an interdisciplinary approach anéthvthe

student can plan making use of his/her electivgestd The
design of an option responds to the following stitez Two

elective courses taken in the Sciences Faculty, dagses
taken in departments other than Industrial Engingertwo

courses offered by the Industrial Engineering Depant

and a project where a real problem is solved indpigon's

area of knowledge. The option's project is valid as
graduation project. This approach will allow atbebenefit

from the courses, which in present structure redpimna

irscheme of knowledge areas in Industrial Engineering
order to turn to a scheme oriented towards spetifics

which are transversal to the knowledge areas. dt theen
found that as part of present course offer, groupoarses
can be configured to respond to subjects relevanthé

professional performance of industrial engineerthiwithe

Colombian context.

In this structure, courses taken by students aspéinn can

be used to complement additional options whereptérson
would like to go deeper, trying to improve his/lpeofile and
make a difference in the marketplace. It is imparteo
highlight that options can be performed and/or cleteol
further to the students graduation. At the orgaronal
level, the options are managed by the academicsarea
presently available. Plans call for consolidatiorf o
approximately 25 different options during the ndite
years.

The options presently available to students in kst
Program include the following ones: Mechanical, iCiv
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Environmental, = Systems, Electrical or Electronic According to the areas of study for Industrial Eregiring

Engineering, or the Master program in Economics. and its action field in Colombia, graduates' worider the
new structure will influence the industry consotida and
PROFILE V. Combination of Former Profiles the business opportunities based on life sciences,

biotechnology, nanotechnology, material sciencesd an
One of the characteristics of these profiles is they are not  photonics. During the implementation and displayttedse
mutually exclusive and the students can carry suimany technologies, Industrial Engineering can provide shpport
combinations as they desire. The structure beirgd us  for its business development, but surely will nawvé the
design the studies program will allow the studdotdind  necessary tools to perform the technical componstristly
synergies as they involve more than one profilethair  speaking. A different condition is present in these of
training. At the present time students make usehefe Information and Communications Technology, the Bxjn
figures but in an isolated manner, and by ownatiite. It is  of Information and the Logistics, where Industrial
expected that with the new structure this will beesult led  Engineering own tools will allow for a huge contriton to
by the training conditions offered to the students. the development of mechanisms and processes tpmete

these new technologies into the world.
In addition to the profiles, the students can meaihternships
and exchanges in foreign universities. The purpafséhe  Likewise, the profiles defined will facilitate theapture of
internships is to provide the students with thespgmlty to  the contents and tools of each of these techndogie to
face a situation where a training process is dgeglan an  deal with the problems that will very likely be essary to
organization outside and different from the Uniugrs face during the following years: The need to depethe
Following are the types of valid internships withthe  physical infrastructure for urban settlements, the
Studies Program: Business internship, social istdggand development of information and telecommunications
entrepreneurship initiative. In the business irgbim the infrastructure, concerns on the deterioration ofe th
student works during a semester in a nationaltermational environment and the need to create the technologica
company, exclusively dedicated to work and perfagrthe developments to service a population with highee ag
functions assigned concurrent with his/her conditias averages.
trainee. In the social internship, the studentxpeeted to
support a deprived community in the solution of itsWith the double programs and the Coterminal progwéth
problems, preferably applying his/her training adustrial the master's degree the space is open to traimesrgi with
engineer. In the same way, during the entreprehgurs complementary skills that may have a better undedihg
initiative the student is expected to dedicate eadamic of the new technological advances from the indigijunew
semester exclusively to the implementation of airtess knowledge that have been created in different plisas.
idea and the creation of his/her own company. Th&his better capability to understand and deal wiitie
performance of this type of internships is recogdimvith 6  problems was also developed with the options taken
credits in the student's training program. In & b cohorts subjects of interest to Industrial Engineering, ngsian
of graduates, 34% of the students performed businesnterdisciplinary focus granted by the training eicte raised
internships, and 5% social internships. It is nsags to for the options.
shape the entrepreneurship initiative program tebefrom
the advantages it offers in training the prograndsnts. The On the other hand, our students' contact with dadity of
experience of taking part of the academic trainimg other economies will facilitate the exchange ofagldor the
universities from other parts of the world increaghe solution of the problems and the socialization awn
differentiation possibilities of students, althoudpeing a technological development in the defined areas. aiwmect
profile that cannot be certified at the momenthef student's that with the exposure to education systems with
graduation. In the last six cohorts of graduatés, af the international components, as is the case with doubl
students, on average, performed some type of miemal graduations, and the exchanges with outstandingetsities,

exchange. future graduates will be prepared to confront the
globalization conditions to come in the followingars for
CONCLUSIONS the Colombian emerging economy.

Changes made to the Studies Program structure weWith the internships profile the student will bepeged to
oriented towards providing responses to the remerdgs the reality of a company that is being impactecthry new
that the marketplace will be demanding from futuretechnologies, where he/she can improve his/heityatib
graduates from the program, which might be defihbaded solve these new problems. On the other hand, the
on the document "The Engineer of 2020" preparedhigy entrepreneurship initiative can be a source of ldgweent
National Science Foundation (NSF). Furthermoregethasn  for new businesses or goods/ services providetsatiause

the program's structure and the profiles adoptedth®y or facilitate the development of the new technadsgi
graduates, development of abilities and skills isetthe

criteria assessed by ABET must be guaranteed,cplatiy

what relates with Program Outcomes and Assessment.
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