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Abstract - There is considerable educational literature to
suggest that the way universities conceive and maga
the relationship between research and teaching, inggts
negatively or positively teaching practices and stient
learning in Higher Education. Although the relevan@ of
linking research and teaching is perceived as of ntal
importance by many authors and university leaders,
empirical findings suggest that research does notaays
influence the teaching quality and vice versa. The
purpose of this communication is to analyse how
institutional policies and practices can help or hder
engineering faculty members to link their teachingand
research  and how academics perceive the
teaching/research nexus with the broader objectiveo
enhance quality teaching and learning in Higher
Education. More specifically the objective of this
research is to investigate a range of institutionapolicies
and practices at the Universities of Aveiro (PT) ad San
José State (USA) aiming at understanding how
engineering faculty use research-based teaching their
classes. Empirical findings suggest that a resedrdased
teaching model engages more actively the studentsthe
daily tasks and develops deeper critical thinking.

Index Terms — engineering education,
teaching, research-based teaching.

INTRODUCTION (NATIONAL POILICIES IN PORTUGAL AND
USA)

Under the Bologna reform, still in progress in Bg#l,
major changes are being introduced in the orgaaisaif
higher education, concerning both the degree sirecind
the organisation of teaching, with effects thattsthin the
academic year 2006/07. The most visible changéas3t

Bologna guidelines refers to the student-centrqutaach to
teaching and learning and the design of the cuaibased
on competences and learning outcomes.

In order to achieve a student-centred approachhieg
and learning strategies need to change. Until thcewve
faced a traditional teaching model, centred on tdecher
with the predominance of information passing styte
lectures and where assessment did not have aevieftdct
onthe system. Now, academia is discussing best giestéo
effectively design the curriculum and evaluate rhaagy
outcomes. The importance of teaching best pragctittes
promotion of inquiry-based learning, research-keaching
and teaching-led-research are issues strongly stiscufor
the first time, mainly at engineering and sciendeosls. The
need to actively engage students in the procedsaofing
will highlight the importance of a research-based teaching
approach.

In United States, several factors have played ar&bky
in shaping engineering education, such as:

(@) Increased pressure from parents, taxpayers, and
legislators, who are dissatisfied with the de-ensphaof
undergraduate education at major universities.

(b) Employer complaints about the lack of profesalo
awareness, communication and teamwork skills in

informed-basedengineering graduates.

(c) Challenges posed by the changing needs of our
student populations and in particular the diversitynative
ability, background, motivation, attitudes, and rigag
styles. These challenges seem to escalate as os@es
the shrinking pool of applicants for engineeringcsals.

The need to change the way we prepare engineering
students, was first emphasized in the famous GReport
[1]. In their own words;...engineering education programs
must not only teach the fundamentals of engineetiegry,
experimentation and practice, but be relevant fie tives

year undergraduate degree, which replaced the %f yeand careers of students), attractive (to highlyetaéd

degree in most fields except sosmgineering courses which
have an ‘integrated masters’. This new structuemuates
the mobility of students, researchers and teachessind
higher education institutions in Europe. But otlcbanges
will affect the higher education institutions. Itk Bologna
has been a political motive to speed the need mbfound
reform in the Portuguese higher education systeme. @ the
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students with a wider variety of backgrounds), and
connected (to the needs and issues of the broader
community)’.

These new realities are also reflected in the ABET
Engineering Criteria 2000 [2], which introduced new
concepts for engineering educators, such as ‘ougsom
assessment’ and ‘continuous program improvement'.
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Outcomes assessment shifts the emphasis from wkat womplexity of social life’ [8] and the same is ajppl to the
teach (old criteria) to what engineering studemts actually teaching methods. Academics have to adjust eachodet
do (new criteria). Moreover, the burden is now onaccording to the student needs and the compleXitth®
engineering educators to find convincing ways towtent  subject.

the various student abilities specified in Criterio3 Some teaching strategies in the area of enginesrang
(Outcomes Assessment). Continuous improvementinesju explored by Felder & Silverman [9] aiming to moti#aand
a process for using the results of assessment itde gu develop deep learning approaches in students artdribo
programmatic and / or course changes in a manrar ththem into reflective and active learners [10]. N#wveless,

improves the quality of each program.

different types of learners are more motivated e o

To meet these new demands, engineering educatostrategy than another. The success of the impleatientof

must change the way they approach teaching andihegar
[3]. For example, it is now well established thvaditional
instructional methods are not adequate to equifneagng
graduates with the knowledge, skills, and attituthey need
to meet the demands of the 21st century workplaide [
Moreover, focusing engineering courses entirelyemmnical
content and expecting students to develop critprakcess
skills automatically is not realistic [5]. The dgs of

any strategy lies in the lecturer’s ability to cambactivities
that accommodate different types of students afferdnt
moments of the class as expressed by Felder & rSibe
[9]: ‘The idea, however, is not to use all the technigoes
every class but rather to pick several that looksfble and
try them; keep the ones that work; drop the otharg] try a
few more in the next course. In this way a teackigte that
is both effective for students and comfortable fbe

engineering courses must be approached like angr othprofessor will evolve naturally and relatively pkassly, with

engineering product, i.e., they must have spetifina
(instructional objectives), made using proper maotufring
methods (learning activities), and tested (assesgni&] —
[5]. For engineering products, if the specificaticare not
met during testing, the engineer(s) goes backeadtiawing
board for modifications and re-design as neededdil&ly,
for a course, if the assessment shows that theuatsnal
objectives are not met, the instructor needs tbagk and re-
evaluate the content as well as the delivery method
Critical instructional objectives for 21st
engineering students include problem-solving,
communication, teamwork, self-assessment, ethifedorhg
learning, and other process skills [2], [5]. Reshashows
that alternative teaching methods, such as
cooperative, and problem-based learning (PBL),raffeod
prospects for meeting such objectives [6]. On dliger
hand, engineering educators, like most universitycators,
do not have formal training in pedagogy and coulsgign.
Hence, there is a need to provide such trainirigstitutions

century
desig observations,

activesourses.

a potentially dramatic effect on the quality of feiag that
subsequently occurs’

The same authors [9] support the view that enginger
education is usually auditory, abstract (intuitivég¢ductive,
passive, and sequential; while many engineerindestis are
visual, sensing, inductive, and active. These mishes can
‘lead to poor student performance, professoriastfation,
and a loss to society of many potentially excellent
engineers’.

The balance between concrete information (facts,
experimental data and applicationsjl a
abstract information (concepts, theories, matharahti
formulas and models) should be balanced in defigethe
Academics often refer to the difficulty of
introducing abstraction. When abstraction is intrcetl in a
class without considering the cognitive structuodsthe
individuals, it is unlikely that that the new mag&dmwill be
transferred to long term memory [11], [12].

Indeed, the findings suggest that academics should

of higher education or other venues [3] and provideprovide effective concrete material in class fardsints with

incentives to engineering faculty for engaging ihet
scholarship of teaching [7].

In spite of this ‘demand’ to change, the discussibthe
effectiveness of such strategies is questionableilll take
time until we are able to evaluate the impact obsth
changes in the student’s learning. This paper dgeto
discuss some strategies used by engineering fanatybers
at the Universities of Aveiro and San Jose Statéthe work
that still needs to be done to achieve higher raiés
engineering students’ academic success.

TEACHING AND LEARNING IN ENGINEERING

more difficulties to engage in the learning proced&sual
illustrations and demonstrations are perceived asem
effective than verbal information by the studensensor
learners). Sensors are more comfortable with comcre
information than with abstraction and the convesseue of
intuitors.

Essentially, effective teachers should offer stislen
cognitive apprenticeships by working with studemtsd
modelling key aspects of learning until the studeare able
to work unassisted and become responsible for thein
learning and the learning of others. The lecturer
responsible for passing on knowledge of the procawer
than simply focusing on content. Ideally, the faguhember

Effective teachers will face a climate of continual serves as a facilitator or coach. The ability tanbine

change in which distance learning and other tegchiedia
are more prevalent. Teachers as social scientigtse’ a

different methods and teaching techniques reqtiices the
lecturer a deep knowledge of the students’ learrstydes

plurality of methods from which to choose when they[13].

research a subject, and it is their responsibibtygelect the
one method that best fits the ontological contoofrshe
problem they are studying’ [8]. Furthermore, théseno
single method that can ‘fully appropriate the maloif
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There are numerous approaches to teaching engigeeri
courses [14]. Each of these approaches has bermfis
drawbacks [15]. In spite of the time allocated fals, the
traditional style of lecturing is still the mostramon method
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for teaching engineering. A study developed by Huet

Pacheco, Tavares & Weir [16] concludes that a Bagmit
number of engineering students express a preferémce
fewer lectures and more practical sessions. Ia $tidy
students suggested that lectures should be heldbs so
everyone could program during lectures, and sepribgram
running rather than that of the lecturer.

The ideal situation might be to valorise teachimgl a
research in HE equally and to encourage staffégqseential
links between these activities so as both to mtithem,
enrich student learning and affirm the particulaportance
of the teaching/research nexus to degree levaiitegr

CASE-STUDY 1: UNIVERSITY OF AVEIRO

With such student behaviour and student requests fo

more labs or lectures with a strong practical conem, we
may wonder at the long term future of lectures.

The students’ suggestion revealed that academiddsh
present ‘real-world problems, in which future eregirs are
expected to not onlynderstand the phenomeirasolved

The engineering and science courses at the Uniyerfi
Aveiro (UA) are organised in laboratories, traditb
lecturesand a mixture of theoretical and practical classes
where there is a blend of traditional exposurehtntetical
contents with some practical examples. The mixbatveen

but also to solve problems (Problem-based Learning).theory and practice allows students to reflecttendoncepts

Problem-Based Learning is a teaching strategy afuor
developing skills and confidence in students. Tratadents
‘are learning a process which will be an esseptiat of their
work as professionals’ [17]. The ability to
autonomously and in cooperation with other studésntan
essential characteristic of engineering professson@he
exercises thought and planned for each course dhelsdte
the subject to the real world, so that studentslastake in
solving the problem.

RESEARCH AND INFORMED -BASED TEACHING

In many national systems, as in many institutions,

policies for teaching and for research are conedisted and
delivered separately — with little or no attenttonhow they
might be linked or indeed their possible impacts eath
other [18]. If we perceive one of the roleuniversities as
guiding students to become effective lifelong leasn then
the connection between teaching and research shwmald
more carefully addressed.

during the class and to start thinking about thereses
delivered at the laboratories. Nevertheless, thaglehis not
always followed by all faculty members. The tramfital style

think of lectures, focused on information transfer, i dominant

at the University.

At the laboratories students solve exercises wlith t
supervision of the lecturer. The time allocated l&dos is in
some disciplines (such as Programming) higher tharime
allocated for lectures. This model emphasisesrtipoitance
of practice and/or problem solving in engineerirgurses,
meeting the objective of a more student-centerquageh
and the development of inquiry-based learning.

In year 4 and 5 (integrated masters) academics theve
opportunity to engage students in research a&svitiarried
out by the department or by themselves. In finaarge
(integrated masters) students need to presentpliisnly
projects, which in the Bologna context are called
dissertations.

There are also workshops and short term courses,
available to students, aiming to promote the disicus of

There is a difference between research and informedesearch topics carried out by the research unigssociated

based teaching. The first concept implies teackingtegies
to actively engage students in research or inqaityvities.
The second concept does not necessarily engagenssuid
research. It informs students on the state of theeaearch
about a specific topic being covered in the cldssis
important for students to be engaged in researte syear
one, if they are to learn to cope with complexigcording
to Barnett [19] the world is not complex, but supemplex.
Engineering students face serious problems in deirgj

laboratories. Most students who attend these &esvare
mainly from years 4 and 5. Another strategy to egega
students in research activities is to invite fipahr students,
especially the ones with a good record of academécess,
to integrate research teams. In this case, theopeaptasks
are not related to the core of the curriculum. I&itt
involvement in research or projects is carried a@it
undergraduate level.

The University created in 1997 the Polytechnic stho

abstract thinking and it is common to hear academic'Escola Superior de Tecnologia e Gestdo de Agueda

complaining about the lack of students’ skills

understanding even simple problems [20]. The failtw
cope with complexity can be avoided by engagingletis
to deal with complex problems. Problem-based |eayror
inquiry-based learning are both effective stratedie help
students understanding what knowledge is and hoig it
generated.

in (ESTGA)'. The main objective of the school is tanigrmore

students to engineering. This school follows the
methodology of problem and inquiry based learnimgl a
represents a good example of effective active iegrby the
students. The successful results might be expldiseduse
of the reduced number of students (around 900)chwhi
allows small group interactions but many of theckéag and

Academics can often focus their attention on theidearning strategies could also be used at the Wsitye

research paradigms forgetting the implication thiagir

research might have on teaching and learning. imescases,
academics’ lack of motivation for teaching can I¢laeim to

dedicate most of their time to research. What lager¢asons
for such behaviour? One explanation might be rdlatethe

political pressures for research quality at uniitees which

in many cases has resulted in a lower interesanhing.

Coimbra, Portugal

The essence of PBL Engineering courses is to learn by
working on open-ended problems, which in this case
assumes the form of projects. Each project is @gelicto a
specific theme which has a set of so called ‘astedi
disciplines’ to support the project, by covering thasics of
the theme’s scientific content [21]. The projectdan
associated disciplines make up a Thematic Modulietwis
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the core of the semester. The associated and autars
disciplines are administered in blocks of typicadlyhours,
and their time share decreases stepwise in theseamfrthe
semester as opposed to that of the project [21](Eid).

- - L -
. 2| disciplines | .2 disciplines 2
disciplines | = %‘ =
= = E
o3 = B =
= . = project =
. o ect o (7}
project | | 0
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weeks
FIGURE 1

TIME SCHEDULE OF APBL SEMESTER

CASE-STUDY 2: SAN JOSE STATE UNIVERSITY

The following are examples of non-traditional teagh

mates. Moreover, professors have opportunitiesvadk
around the classroom, observe student work, ande mor
importantly, provide their own feedback.

Problem-based learning (PBL): The majority of the
‘problems’ solved by engineering students duringirth
undergraduate training are well-defined, with ecipli
statements, providing all the information necesgargrrive
at the one and only correct answer [27]. Thesebigms’
are sometimes referred to as exercises in thetiter [27],
[28]. Although a necessary step in the learningcess,
exercises do not prepare engineering studentshiorreal
world [27]. To help students master problem-sajvakills,
several open-ended problems have been introducetiein
curriculum [28]. Open-ended problems are ill-deéin
provide a new context which may be unfamiliar, &aste no
explicit statement telling students what principtesuse or
what assumptions to make. Moreover, there may bee mo
than one acceptable answer as well as more than one
approach to arrive at those answers. Studentsabse
encouraged to identify their own problems of inggrevhich
integrate material from two or more courses [29].

A study of the teaching styles in the College of
Engineering at SISU revealed the following [301]{3

methods at SJSU, based on recommendations from the 2494 of the faculty use active / cooperative leagnim

engineering education literature. These methodslesgned
to address a variety of learning styles, thus imgireg student
engagement and student learning. Several engnggeri
faculty members use these methods, as their efésrss
has been tested and recognized in a variety odedas

Diagnostic assessment: At the beginning of a course

students take concept inventories for prerequisitljects.
For example, in the aerodynamics course (AE162)estis
take the Fluid Mechanics Concept Inventory [22] letin
the compressible flow course (AE164) they take hibid
Fluid Mechanics as well as the Thermodynamics Caince
Inventory [23]. The purpose of these tests eanlythie
semester is to establish student understanding asfcb
concepts and / or misconceptions, so that the eccas be
adjusted appropriately based on the students’ lvagkg.
Formative assessment:
students take a short quiz (2 — 3 questions) orasisggned
reading. They are also asked to write any questibey
may have from their reading assignment.
variation from a number of techniques presentel@4n as a
way to engage students. Moreover, in the last utes of
class students take a second quiz, this time oreriaht
discussed in class. For both tests their answersalected
and used as part of their course grade but theglsoeshared
on a voluntary basis as a way of establishing ancombase
of understanding before tackling complex problems.
In-class active / cooperative learning: A typicédss
session involves presentation of new material, gam
problems presented by the professor but also ontvor
problem-solving sessions in small groups [25]. sTisi an
opportunity for students to apply new concepts fondthe
professor to assess student learning. Researchs stiat
giving students opportunities to ‘approximate’ wiebeing
taught while ‘response’ (i.e. feedback) from sigmift
others is readily available are two conditions thaist be
met for learning to take place [26]. While workiimgsmall
groups students constantly receive feedback fraein tham

Coimbra, Portugal

In the first 10 min of class

This i® on

their classes on a regular basis. This percentage
small, considering the evidence in the literatub®u
the benefits of active / cooperative learning ahd t
attention the subject has received in engineering
education conferences. Nevertheless, the impact on
student learning is significant. Both students famdilty
who use active / cooperative learning reported
improvements in understanding of engineering cotscep
communication skills, team skills, problem-solving
skills, and design skills, as a result of coopesati
learning. The study also showed that

> 39% of the respondents use visuals in every class
session and another 26% does so at least onceka wee
> 43% use inductive while 52% use deductive methods t

introduce new concepts.

These results are somewhat encouraging, as they sho
that at least some engineering faculty membersovioll
recommendations from education research and peactic

FINAL CONSIDERATIONS

Innovation is often promoted by external influencBse
Bologna Process has the potential to induct thexpected
auto-transformation at the national, institutionand
individual level [32], but it is our responsibilitp proceed to
changes that meet the country economic and cultesdity.
It is important to explore how academics integitat@ching
and research in their daily activities and to eatduthe
impact that it might have on students’ learningi@edment.
The case studies presented in this paper reprédsemffort
of faculty members to actively engage studentsniquiry-
based learning and to promote research and infetraedd
teaching. These strategies are key issues of mayor
importance for the future of quality teaching, t@ag and
research in higher education.
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