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Abstract — There is no doubt that for engineers,
mathematical knowledge and skills are an essential
background. In last years, the teaching of mathemats in
universities and polytechnic schools had sufferedrgat

the meeting that took place in Bologna, Italy, 99, the
Ministers of Education of 29 European countriefssuibed
a political declaration, whose main objective wasraise
international competitiveness and attractivenessuwbpean

changes, due to issues like technology advance, newHigher Educational System [2] in the global markeking

disciplines and different perception of needs. In
Portuguese educational system,
become more evident with the implementation of Bolgna
agreement. For instance in ISEP, the Oporto Polytémic
School of Engineering, a reduction on the durationof
engineering programs from a calendar of 3+2 yearsp a
programme of 3 years, was made. In respect to
mathematics curriculum, a compression and a weakeng
process had occurred, resulting, simultaneously, ém the
reducing of mandatory present learning hours in the
student’s schedules, in order to stimulate indeperaht
learning, and also from the introducing of new sulgcts.
In this paper, the results of a survey on the compaon
between mathematic schedules in engineering studjes
before and after Bologna, as well some reflectioran the
changes that occurred in mathematics engineering
programs, is presented. The results obtained so faallow
us to admit that student’s failure rate is going tancrease,
with the reducing of learning lectures, since studd#s
can't adequately manage new concepts due to their
deficient mathematical background, and they aren't

mature enough to work for themselves, outside
mandatory classes. Furthermore, some proposed
methodologies to measure mathematical acquired

knowledge and skills, of former students in their
professional environment, are proposed.

in account the pressure made by USA education rsydter

these changes hadthat purpose, the subscribers of that Declaratiommit

themselves to build a harmonic European Higher
Educational System till 2010, in order to enabled an
stimulate the mobility of students among University
programs. In respect to Portugal, the transpositan
Bologna Declaration to the national law system, dine
implicit obligation of achievement described goaled
Portuguese Universities to the necessity of implging a
completely new organization of their undergraduated
graduate programs [3]. These changes includedn$tance,
the implementation of a new credit system analogoube
European credit transfer system, in order to enstudent
mobility, and, above all, the design of the twolegcmodel

of education: the undergraduate cycle that quali§eidents
to achieve an immediate employment; and the graduatie
designed to give a better scientific background paithited
out to master and doctorate degrees.

However, this process has brought in some diffiest
especially among traditional Polytechnic SchoolstilU
2005, engineering undergraduate programs lecturedose
schools followed a two-stage model. The first stagh a
standard duration of three years provided the degre
qualification of Bachelor. The second stage of atioo
offered students a graduate diploma, after the tetiop of

a standard two years program.

The implementation of the Bologna Declaration intBgal,

Index Terms — engineering education, ISEP, learning,and particularly in the Polytechnic Institutionsyded the

mathematics
INTRODUCTION

During last years, engineering graduation programasl
suffered many changes, not only in Portugal buedund
the world. These changes were due to factors likdad
economics, quick diffusion of information, techngyo
development, new disciplines and different perceptof

needs. For that reason, engineering schools had beenandatory presence

adapting their curriculums to face the new chalenglaced

Bachelor qualifications and the two-stage undenggéel
models as described above, converted into one-stage
program, with an unique standard duration of thyess.

M ATHEMATICAL PROGRAMS

In respect to mathematics courses in engineeriggeds, a
compression and weakening process had occurred,
essentially due to two main reasons: the reductdn
learning hours in the student’s
schedules, in order to stimulate independent lagrrand the

by technology advance and global economy [1]. Mordntroducing of new subjects, namely seminars andraaing

recently, in 2006, a new occurrence has broughbitapt
changes to Portuguese University and Polytechnim&s:
the implementation of Bologna Declaration. Accogiynto
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projects.
Engineering can be described as the use of mathehat
physical and technological knowledge, find solutions to
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challenging problems. And there is no doubt that
mathematical skills are fundamental and indispeiesat the
practice of engineering professionals. Howeverrethie no
consensus among practitioners on the way it shiogildone,
that is to say what topics are necessary to devéhep
essential mathematical skills, which of them ardeuant to
the core business of engineering technical sulgedt how
profound and theoretical based should lecture3 betefore,
some authors encourage that mathematical learriogld
essentially be based on techniques to solve prahlerile
others sustain that it must be more supported ®rown
principles and concepts.

Until 2005, before the implementation of
agreement, the accomplishment of mathematics ciuric
defined for engineer programs in ISEP,
increasing difficulties, due to the poor mathensdtic
background of the new students, felt year after.yea
However, it doesn’t seem that changes recentlgdhitced in
the mathematics curriculum, aren’t enough to sabvy for
themselves, the referred educational problems. that
reason, something else must be done to assure
Portuguese engineering students will graduate gathé¢he
suitable mathematical background needed to comipetee
European global market.

Against this background, this paper presents s@fiections
on the changes that occurred in mathematics acisimpdnt
in the ISEP engineer programs, due to the impleatiemt of
Bologna agreement. Furthermore, a comparative sindihe
changes that took place in each engineering cluritu
lectured in ISEP, particularly those ones occuriied
mathematics courses, is presented, in order toludedhat
feedback about mathematical acquired skills anéepsional
practice needs to be measured.

SCOPE OF RESEARCH

Bologna

experienced -

this program should establish the necessary lirdtsvden
different courses, and the specific bodies of kreagk in
order to develop the right skills.
The assessments of students outcomes is, perlhapsdst
profitable way of evaluating curriculum and at teame
time, verifying the courses syllabus [4]. Evaluatadents’
knowledge and their aptitude it's implicit in theopess of
verifying the curriculum, and scrutinizing how clgas in
curriculum and in the courses contents interach wite
outcomes. For instance, the study carried out énAtizona
State University [5] establishes a methodology fideo to
provide the taxonomy of the gaps in the engineegiams:

- Curriculum gaps;

- Course gaps;
Program gaps.

The conclusions pointed out from the study indictitat
knowing and classifying these gaps allow Departsmdnt
identify most important areas where the improvement
should be made.

thatis well known that mathematics have a place lie t

engineer program, and engineers need proficienls ski
mathematics. For instance, when we look throughABET
Engineering Criterion, criterion number 3 specialbfers
that engineer students must sham ability to apply
knowl edge of mathematics, science, and engineering [6].

Unfortunately it's not an easy task to develop thgquired
mathematical skills, which are recognized as e&dédnt the
future engineering practice. As a matter of factPortugal it
is common to hear engineers’ professionals claimihg
little use of mathematical knowledge in their dadlgtivity.
However, mathematical skills are embedded in thgineer
conceptual frame and are used in an implicit madgtime
and anyway the practice occurs. What we mean ts ¢han
without notice, every engineer (and why, not to, sayery
professional), uses mathematics in his (her) deolytine,

Updating existing courses to the aims of Bolognasince the abstract knowledge lasts for many years.

Declaration includes new challenges. For instante
requirement to evaluate educational programs basethe
students outcomes, in spite of using barely theiaium
syllabus. For that reason, it is now necessaryetoahstrate
the effectiveness of the educational programs. At

The concern of mathematical learning in engineering
education, and how can it be more attractive fodets or
more integrated in theirs curriculum, has been abjf
reflexions and studies during last years ([7],8) [

Another problem that deserves particular attenti@rthe

temptation to reduce contents in order to help weak definition of the topics that should be taught avitht level

students in getting success, and fight the incréahee rate
due to mandatory changes in curriculums, shouldvoéded

of performance is needed. In a study carried outthey
Department of Aeronautics and Astronautics at

once it has the greatest disadvantage of failing thMassachusetts Institute of Technology [10], the tmos

preparation of more able students for engineerifjests.
So, in order to suit this requirement, it will becessary, not
just to evaluate student’s knowledge and abilityt, &lso to
identify what must be measured and by what orgéoizs:
the universities, the employers or the professiboalds.

In fact, the accreditation of engineering education
programs in the professional associations is venyortant
and a matter of concern, whenever changes in clurits
are ready to be performed. To have engineeringrpros
recognized by Professional Boards is a gold stahftarany
institution, and the recognition of the quality ofieir
engineer’s graduation students, by their futureleygys.

The competencies acquired by an engineering studeat
achieved by the educational program he/she followfetd
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important mathematics competencies for the enginger
programs, were identified, and what topics havéow fof
learning and utilization in the future engineeripactice.
The conclusions of the study pointed out a list
mathematical topics, as well as the engineeringssoin
which each mathematical skill is used, review aigtt. The
referred investigation also presents some suggestfor
curriculum adjustment with the inclusion of new fads.
Furthermore it identifies essential mathematicscepts for
engineer problems, where students reveal morecdifigs,
like functions, linearity, and the performing of cter
products in conjunction with integrals.

of

This study also made some recommendations to the

educational authorities, civil society and professil boards,
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in order to enhance the communications
mathematics and engineers. This problem is svaet that
European Society for Engineering Education (SERBd

recently created a task group to study what arentbst

convenient mathematics for engineer curriculum fre t
twenty-first century [11].

ENGINEERING CURRICULUM IN  ISEP

Introduction

ISEP (Oporto Superior School of Engineering) hasray
tradition in graduating engineers in Portugal. &ctf ISEP,
the former Industrial and Oporto School, was eghbH in
1852 and graduates bachelors in engineering sif&s.1

betweemere implemented in ISEP: the conception of a stppo

centre, where students could get additional tujttbe aid of
computers in the teaching; and the reducing of more
advanced syllabus contents, by introducing reviiohthe
basic ones. However, as it is well documented iRISEport
[11], each one of these measures had its own irezoences,
and without other schemes, they are not enoughuild la
coherent mathematical body of knowledge.

Engineering Studies until 2005

With the challenges of Bologna declaration, somanges in
the structure of engineering studies of ISEP wereessary
to be performed. Until 2005 graduation studiesofwlla two-
stage model lasting 3+2 years. In this model ththematics

Many changes in educational programmes had occurregburses were mainly centred in the first year ef dpening

since then. Although, through the years, the numbfer
students had quickly increased, especially in d&ise 30 years
following the national trend, the precedent educsti
mandatory system, completed by students in highadchad
been strongly changed and weakening
mathematical knowledge. This statement is easdggnized
by international studies that always place Portugahe tail
of the developed countries, whenever
hand, international

following tendency, health teth

sciences, management learning and media studies hg

become much more popular, with larger increaseeimahd
in the Portuguese Universities, absorbing almdghalwell-
qualified students. In the meantime, engineeringliss had
suffered strong decreases on the average qudbficaéeded
to access public Polytechnic Schools, with an iaseein the
numbers of students, but a decrease on their oadidns.
Furthermore, new students don’'t have the desired! lef
prerequisites, especially in mathematics, whosenity and
background is reduced, contributing to undermingirexer
degrees, as mathematics weakness normally ldstisetiend
of the graduation.

Transferring mathematical
students, involves building and consolidating cqtse
acquired in High School studies, and linking thegether in

mathematica
knowledge is measured (OCDE-PISA 2006). On therothe 10

acquaintance to engingeri

stage, and were composed of the following subjects:
Calculus | and Il, Linear Algebra, Statistics, addmerical
Analysis. Figure 1 shows the numbers of hours pagkwof
the mathematics courses through the first 6 semsesfehe

student’different engineering programs:
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FIGURE 1

MATHEMATICS SCHEDULE IN ENGINEERING STUDIES

Meanwhile some of the engineering studies enhahee t
mathematical skills with a second mathematic ingotent

order to assemble a coherent mathematical knowledgen the two last years, of the second stage. Atlévisl the

which can be used confidently in the engineerinbjextts
that come forward in the graduation program.

However, recognizing the worst preparation of shisle
when accessing universities, a diagnostic testvialuate
their actual mathematical competences and idemtifin
gaps, was implemented in ISEP [12]. The resultshoke
tests, especially designed to measure student&gbamd,
had shown insufficient knowledge in basic and fundatal
mathematical areas, like arithmetic operations vigletions
and algebraic manipulation, as well as lack of rimfation
about trigonometric functions.

The shortfall of knowledge associated with
underperformance in such areas, is of great consige
those topics are the key to enlarge mathematicalatdge
[12]. Simultaneously, the task of acquiring the membatical
skills required for an engineer turns to be veffialilt.

To overcome this situation, and help less prepatadents
in their mathematics deficiencies, three differemtasures
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the

models adopted were biased with respect to mathesnat
Figure 2 illustrates the number of hours per weakthe
mathematics courses in each engineer degree, itashe
years of the 3+2 model:
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Hours/Week
»
Il

skills, and individual working ability in researghnojects. In
respect to mathematics courses, in addition tadédactions
and adjustments that occurred in the subjects sidadnd
in syllabus contents, the most obvious change was t

reduction of the lectures, as illustrate figure 4.

12

10

Civil

Electrical

1
0 - % 8
D > > @ > > EN
& & & ¥ & & ¢ e’
\@(’}v (00 0\0 60 c"(\'b' ‘\Q/ 2 4
<« IS4 R\ O
24
0 T
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MATHEMATICS SCHEDULE IN THE LAST TWO YEARS
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FIGURE 4

These courses were taught mainly in the first yafathe
HOURS PER WEEK OF MATHEMATICS SUBJECTS

second stage, covering a variety of mathematiqat$o like

Operations Research, Forecasting, Advanced Calculugsiges these reductions, some others changes éex b
Optimization, among others, all of them comprisififerent o tormed, namely the withdrawal of specific cosysike

mandatory learning hours. Numerical Analysis, that managers decide it wasn't

In order to obtain comparable results, the ratio Ofgcessary for students of thd stage, and the embedding of
mathematical lectures in relation to the total week

i i some of its topics, in other courses.
schedule, was measured, in respect to the flrgE\sEecond Making the same comparison as before, between éghtv
stage, and the full 3+2 years of graduation. Th&ulté ot mathematic lectures all over the six semestarselation
obtained, as illustrated in figure 3, show that éverage of

> S L to the total weekly schedule, we denote that theirements
mathematics intervention is about 15% in first sta#6, on ot mathematics fiuctuate between 10 and 13% obtrezall
the second stage, with an average of 10%

_ along  afhandatory learning schedule, as can be seen ireflgu
graduation programs:
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FIGURE 3 WEIGHT OF MATHEMATICS IN ENGINEER PROGRAMMES AFTER
WEIGHT OF MATHEMATICS IN ENGINEER PROGRAMMES 2005 IN ISEP

A comparison between these values, and the onesnelt
for the weight of mathematic schedule in enginggrin
programs before 2005 (figure 2), denotes the weskiod
mathematical knowledge and skills, while measurpdhe

Implementation of Bologna agreement

The adoption of Bologna agreement required changése
curriculum degrees, the most important of all edato the

duration of cycles in graduation programs. In fatthad jnfiuence in the three first years of the last degmodel.
forced a reduction in the duration of engineerimggeams  Nevertheless, when analysed all formation modeR)3the
given by ISEP, from a calendar of 3+2 years, 10 yeight is almost the same, varying from 8% throaghb, in
programme of 3 years, and the obligation thatrafts I"  he programs before Bologna, and from 10% till 18%he
cycle, students ought to get a diploma, and theesg&ty s adapted to Bologna agreement.

skills to face the labour market. _ These comparative studies show that the overalghou
The changes performed in the curricula due to BwOg \eight of mathematics, before and after 2005, rsilai and
Declaration, were enormous. First of gll, the oiign for  payen't decreased, like top managers like to statsvever,
students to be capable of entering in the labourketa 5 geeper analysis carries out the opposite concissithe
required the introduction of new subjects, with thec ihack of learing lectures is increasing theufail rate,

consequent decrease in the _duratio_n of_schedwgrdaesc iN since students can't manage adequately the neveptdue
order to develop self learning skills, informatieearch
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to their weak and deficient mathematical backgrouslwe
all know, mathematics courses are built in a wagt thll
concepts are needed during the duration of theiestuds
well as the relations among them.

The solutions to overcome this situation are natyeto
implement, and normally produce postponed effects.

accomplish of a diagnosis test, to evaluate the
preservation of required knowledge;

- repeat this measures 3 years after the graduation
The results of the inquiries should point solutibmémprove
means and methods of teaching, in ISEP, and improve

As referred before, the most popular solution amongnathematical knowledge of students.

mathematics lecturers is the extra tuition. Howevier
normally doesn’t help less prepared students, wedran
organized program in order to build a coherent ewatitical
body. Of course that the ideal and well known sotut
stands for the implementation of the basic mathizaat
knowledge before the access to the university dsgre
particularly during high-school studies (report ])j11
Unfortunately this solution depends on politicaduss that
simply are beyond the control of the lecturer bo8iSEP.
Throughout the years of teaching | have noticetl shadents
reveal a lack of mathematic self-confidence thatffggsors
are supposed to develop.

In terms of personal characteristics, each studasithis own
pace of acquiring mathematical knowledge. Scheths&s
they ought to achieve, allow students to work &irtlown
speed, and to interfere on their work if, only amgen they
ask, is the better way to deal with different baokmds.
Simultaneously, the encouragement of studentsatp after
lectures, if necessary in professor’s office, askl far help if
they need assistance with their problems, is thetéenake
them understand their weaknesses.

In fact, our students aren't mature enough to wiok
themselves, and beyond the mandatory hours attended
lecturers, simply ignore recommendation books
complementary readings.

FUTURE ACTIONS

CONCLUSIONS

In this paper, an analysis of mathematical curtigulin
ISEP, before and after 2005 due to the implemeantatif
Bologna agreement, was made. The compression of the
calendar of 3+2 years, to a programme of 3 yeansimated
the ' cycle of studies, and the needs to get the negessa
skills to face the labour market, lead to reducticand
adjustments in the mathematical subjects schedakdvell

as in the syllabus contents.

To acknowledge how deep these changes were, ayshiage
been carried out. The conclusions indicate thatieispite of

a reduction in the scheduling hours occurred in fing
stage, the comparison with the complete formaticodeh
before Bologna agreement (3+2), reveals almoststmae
weight of mathematic hours in engineering programs.
However, it has been noticed that failure ratenig@asing,
because students had a weak and deficient matteainati
background, which frustrates the acquiring of newoepts.

To overcome this situation some measures had hateintp
practice, namely extra tuition classes, without angctical

ofresults. In the opinion of the author based indkperience

collected in about 18 years of teaching graduateestts,
each one of them has his own pace of acquiring
mathematical knowledge. So, only mandatory lectuvitk
effective tutoring, where students are allowed torkvat
their own speed, and teacher’s interference orr therks

Due to the implementation of Bologna agreement, esomoccurs only and if they ask, can be the key to eachi

transformations had to be performed in the enginger
programs lectured in ISEP, which will necessarydlda
inherent changes in the mathematical componenha$et
programs. Dealing with the whole range of detadkated
with these transformations requires time, and cha'tdone
in just one or two years. To really analyse theaffeness
of the actual educational programs, it is necesamnyeasure
at what stand does students acquired the mathexhakidls
required to adequately perform their future prafass

The proposed methodology to measure the degree
achievement of mathematical knowledge acquired
university by former students is divided in theldaling
steps:

success.
On the other hand, it is decisive that mathematical
knowledge acquired in university by former studentn be
measured, to better understand the weaknessegrandtBs

of the present system, and the degree of satisfaaf
employers. For that reason, a methodology based on
inquiries addressed to graduated students and their
employers, is proposed, whose results shall beepted in a
near future.

of

in
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