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Abstract - The use of practical learning experience in
undergraduate degree programs offers students the
opportunity to apply their knowledge and receive
feedback in a supportive environment before enterig the
workplace or undertaking further study. Traditional
laboratory based instruction allows students this
opportunity; however, it tends to provide limited
opportunity for students to explore creative solutbns to
problem solving. The University of Waikato recently
established undergraduate degree programs in
engineering and has aimed to incorporate flexible
learning opportunities for students, as part of thé&
degree and as extra-curricular activities. This papr
presents some of the practical project based
opportunities that have been adopted and examinehé
role these have played in a developing engineering
program.
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INTRODUCTION

Engineering in a university environment is a refaly

modern concept, unlike medicine,

sciences. Because of this there is still significzomjecture
over how university based engineering educatiorulshbe

Building on the French system of mathematical rigor
the development of engineering schools in the USAhie
mid 19" century saw a high emphasis placed not only on
lecture based instruction but also hands on expegidn
laboratories [2].

One of the challenges to this approach, in redergs,
has been the development of cheap computing tecyol
and high level simulation software. There is a ti&tipn to
reduce the use of hands on instruction in favocarhputer
based simulation. The short coming of this apprdacthat
students may miss the inadequacies of theory'styahi
explain phenomena that can only be observed thrbaghs
on experience [3].

More importantly it has been suggested that thesel$
on experiences need to form a key part in devetppin
understanding not only in the later years of anireraging
program, but across the entire degree [3].

Further, as engineering is in effect the applicata
science to everyday or “real world” problems thenest
obviously be a degree of understanding of how eraging
operates in such conditions. Employers want enginge
graduates, who have good communication skills,kélityato
function in a team as well as the obvious desiresfound

philosophy or theanalytical skills [4]. As such, in order to ensweccessful

graduate outcomes, it is in the interest of undehgate
degree programs to incorporate elements in to eawmk

structured and the outcomes to be achieved durimg ahat will enhance students’ abilities in these area

engineering degree.

The University of Waikato (UoW) has been offering

From a historical perspective, engineering draws iundergraduate degree programs in engineering <00

origins from the artisans. Technological developtsevould

come through incremental progressions and refinérmén
ideas past from generation to generation. By modkmy

terminology, they would serve an apprenticeshipasfs.

and has attempted to achieve some employer nesalgyth
the use of practical projects across all yearshef degree
program. In these projects students are encoutagexplore
solutions utilizing the tools that would be used bgp

The “modern” concept of university based enginegrin engineer in practice such as CAD, CAM and FEM whilé

education started to develop in France in thel&fecentury
with the establishment of the Ecole Polytechnidulds saw
students undertaking entrance examinations andjlggiren
a mathematical backing before moving into a spediéld
of engineering [1].
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relating them to documented theory. The aim isotdr an
atmosphere of self directed, self paced and flexibarning
within a framework of desired outcomes.
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THE PRACTICAL LEARNING EXPERIENCE AT FIRST YEAR
LEVEL

As has been noted [3] it is beneficial for studettsbe
involved in “hands on” tasks across their entiregrde

program, as such, all engineering students at Ud®/ a

required to enrol in the first year course: Fourmtet of
Engineering. It is in this course that they begincontinue,
their foray into experiential learning.

available to them personally. The building of theats is
carried out under the supervision of appropriatf sto
ensure that: health and safety requirements arpstuetents
can receive constructive feedback on their design
implementation.

The final aspect of the project is a race day, loeldhe
last day of semester. An effort is made to turis tlace
series into a finale for the course, with marquaes sound
systems hired, and the engineering student askwntiat

Many freshman science and engineering coursesvievol hosting a barbecue. As well as acting as a sewiiht, the

some aspect of practical or laboratory work, whsttelents
gain skills and experience from hands on activitiesvever,
the majority of them are presented as a set ofrewpats,
with predetermined outcomes and only incorporateugr
work as a means of reducing resource usage. Siace
inception,
included a design/build/test project as the maatuie in the
laboratory course. The premise being that thise tgb
activity is an effective tool to reinforce aspeait the
engineering design process, working within constsaand
creative problem solving [5]. Additionally, it isoped, the
implementation fosters effective teaming skills.

In its current iteration this project sees studgmups
(syndicates) designing, building and testing razhatrolled
model speed boats. The syndicates contain betfieeand
eight members and are arbitrarily assigned. Egolisate
also has a final year engineering student as aegqroj
manager. The inclusion of the project managereseavdual
purpose: the final year students require projeatagament
experience as part of their qualification [6] (allsthat is
difficult to develop when it is taught solely thigtulectures);
the first year students gain the expertise and reeqpee of a
senior student, who fills the leadership role frtm outset
of the project. The project brief is reasonablgmpthough
not so broad that students are left flounderingblenao
locate a starting point. The brief amounts to reglsl A4

race series allows the boats to be tested andsaskbssed
on their performance.

Assessment

There are three main aspects that count towards the

the Foundations of Engineering courses haassessment of this design/build/test project:

e A step by step design processes. Where students
describe the concepts and decisions that lead div th
final design

e The boat itself. How well did it perform? Whatrea
and attention has gone into building the boat? tHese
been novel or innovative use of materials?

« A performance appraisal. Three things need to be
appraised: the boat, the syndicate, the projectager.
This allows the students to reflect on how effeztilreir
efforts have been and also provide feed back to the
syndicate manager, so that they can gauge and wapro
their role.

Outcomes

Anecdotally, the students enjoy designing and aonodel
boats. While this may seem trivial, students whipy an
activity are much more likely to engage in the hiag
process associated with it [7]. This engagemesddeto a
number of outcomes, some of which the students ato n
appreciate until after they have graduated.

page and covers boat specifications such as maximum \while there will have been some “hard” practicaillsk

dimensions, water tightness, safety consideraticesyurce
constraints  including materials  limitations,
construction time allowed and laboratory condueblving
health and safety, the project manager’s role aamhlities
for breaching the rules.

The project has not totally eliminated the use ef s
experiments, there is still a set of six activitirat are used
to emphasise aspects of boat performance and aotistr
that should be taken into account during the depigicess.
This set of activities also allows a period of “Kbaime
where the syndicates can start coming togethercahierent
unit and begin designing their boat.

The design of the boat is up to the syndicate, imgrk
within the scope of the project brief, and in thasphas
resulted in a wide variety of designs. This was tluonly
maximum dimensions being specified, with no retbic
placed on hull type, and the budget for motors dpéire only
restriction. This flexibility allows the students explore
creative solutions to the design problem posetemt

Building of the boats is limited to five 3 hour atory
sessions, where students can only use the toolsnatetials
made available to them, this way no syndicate an gn
advantage through syndicate members have greamuroes

Coimbra, Portugal

developed during the construction of the boatis ielieved

budget that the “soft’ skills that develop are of far gera

importance and more transferable:

e First hand experience of a design/build/test agtivi
similar to what many engineers face as part ofrthei
employment, a flexible learning opportunity; and
realisation that sometimes things do not go to piad
problems need to be solved.

»  Experience of having to work within constraints,they
available materials, time or money, and come ugh wit
creative solutions to overcome or minimise these
restrictions.

Improved interpersonal skills from having been in a
team of (initially) unfamiliar people, whom they Jea
had to bond and work productively with.

Developing these soft skills early in their univgrs
career allows students to implement and refine timelarger
projects, in later years of university study, amsbaduring
industry work placements.
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INDUSTRY PLACEMENTS students to think about what they gained from their
placement in terms of technical skills and personal
Work placements are an important part of engingerindevelopment, understanding of workplace culturey fioe
students’ education at UoW. They allow studentdetyn  placement impacted on career choice and how theyhee
technical and personal skills and gain practicglegience learning objectives. Student reports are editedl marked
and insight into workplace culture that they wonlt have by the academic supervisors and the employers, the
the opportunity to gain at the University [8]. Tpartnership  University and students retain a copy.
between University and workplace in educating sttslés Once the placement is completed, employers areasent
commonly called Cooperative Education [9, 10]. student evaluation by which they grade the student’
Around 200 BSc (Tech) and BE students in the Schogberformance.  This contributes to the student'salfin
of Science and Engineering are found paid workgotzents placement grade. Generally most employers are very
every year by the Cooperative Education Unit.  Thepleased with student performance.
Cooperative Education Unit consists of six partetimnd The work placement program at UoW has been very
full-time placement coordinators from a range désce and successful with employers returning each year farem
engineering disciplines. The BSc(Tech) program lhesn  students.  Most students finish their degree with a
running for 20 years, but the BE program was oerlgently  employment offer from their placement or have vgujckly
established and has rapidly increased in populaxityn over ~ obtained fulltime employment. Furthermore, it islideed
half of placement students enrolled in a BE in 20@&ach that their experience in an industry environmenietteps the
student completes approximately 800 hours work eepee  maturity students need to undertake more in deptiegts
over two placements at the end of their secondthind such as Formula SAE or the NZeco project in théedat
year. stages of their degree.
The placement process at UoW is different to other
Cooperative Education degrees in New Zealand aodnar FORMULA SAE
the world, in that the placement coordinators asponsible
for finding the work placements for students [11$imilar ~ The Formula SAE (FSAE) competition has been running
programs at other universities require studentSnid their  annually for over 20 years. In this competitionndocted by
own placements, a difficult task given that a stideas the Society of Automotive Engineers, students aesgnted
limited practical and work place experience. with a hypothetical situation, whereby the have rbee
The placement process typically consists of regulaengaged to design, fabricate and demonstrate algefoir
meetings between placement coordinators and stidenthe “nonprofessional weekend autocross racer” hHeamtore,
throughout the year to determine placement prefe®rgive  they must show that four cars can be produced agratl a
career, CV and cover letter advice, to provide riiéav  cost of no more than $25,000 [12].
practice, and notify students of placement oppatiasr The Each of these cars competes in a series of statc a
Cooperative Education Unit has a pool of 200 empisy dynamic test events where they score points. Thesats
from a broad range of engineering and scientifgciglines  and their allocated score are as shown in Table 1.
that it works with each year.

Placement coordinators approach employers and match ___TABLE 1: FORMULA SAE SCORING _
potential students to placements based on the rifadEea Static Events Dynamic Events
Presentation 75 Acceleration 75

pf stu_dy and demeanor. Employers are the_n sent &ids Engineering Design 150 SKid-Pad 50
interview students. Once students have obtairetepients, [~cost analysis 100 AUtocross 150
they are assigned academic supervisors who provid&Competition Total: 1000 Endurance 350
technical and report advice. Fuel Economy 50
Typically placements are between November and
February, but occasionally a student may do a yethr

placement overseas or in New Zealand. On_ce (_)re_lment excess of 20 years in the USA, with over 100 umsities
students are asked to set themselves learning tivgie of, competing annually, a separate competition has belgn
for example, specific technical or interpersonalllskor  poiq'in Australasia (FSAE-A) since 2000.
knowledge they wish to develop or gain in-depth 5005 the FSAE car concept was introduced to UowW
undelrstandmg dOf' _ They discuss tgelrl objectivethvihe oy jents as an option for their major design eserii their
employer, academic supervisor and placement comtatin second year engineering design course. Approximéitelf
who then help the student refine their objectives map out  {he syydents in the class elected to undertakeettescise,
method§ by which they can achieve their gogls. . working in groups of 4-6. From their experienceigesg a
While on plaqement, placement coordinators V'S_& th car in their second year, approximately 25 of thelants,
studgnts and their employers to ensure the plademse_n mainly mechanical and electronic engineering, degtido
running  smoothly and the student is performingy iq s car for the FSAE-A competition during théird

satisfactorily. _¥ear of study, in addition to their regular counsmk.
Students complete a 30-40 page report on thei Before building the car the students developed an

placement in which they describe their learningeotiyes,  ,ganizational structure for their team based ortvthey

th;alw c_ompana/, the workhdonef,l results fo(;md, casiohs and g, a5 the necessary elements of an engineeringipagjon
reflection and review. The reflection and revieve@mages nqgertaking such a task. The organizational stracts

Although the competition has been conducted for in
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shown in Figure 1, with the team having an academiprovision of funding and the communication of umarty
advisor, as mandated by FSAE rules, as well as policy and position on the project. At a technicaid
postgraduate mentor who had been involved in theB-8  operational level, the students were provided vigddback

competition in previous years. both by the academic advisor and their postgraduatetor.
In addition to these feedback mechanisms, it wasdahat
Academic students began to develop their own “peer revieygtesms
Advisor whereby designs would be examined before going into
- manufacture.
Ultimately, however the greatest feedback was [oiexyi
entol L. . .
by the competition itself. In essence this allovgtadents to
Team Lercr benchmark their performance, not only against their
classmates, but against students from other uitilessin

I Y Y 1 their first year competing in the FSAE-A competitidJoW
[Administration] [Chassis Groui) [ Suspension] [ Drivetrain ] came 19th of 27 teams and was the highest rankisitgyear

I — — team. Based on this result, UoW aims to furthegirth
involvement by completing a car for the 2007 FSAE-A
competition.

Although the organizational structure reached by th  Finally, alarge number of team members from th@620
students appears to be a rigid hierarchical omerp“hands ~Car are returning to work on the development ef 2007
off” approach was taken by the academic mentor.ditreof ~ C&- It is hoped that the experience gained byettstsdents
this was to allow students enough autonomy to egplo will allow them to unde_rtake an informal mentorerdb aid
creative solutions while still allowing a necessdagree of the students from earlier years of the degree progrf
managerial and financial control. For the most partvas ~ Successful, this may result in students develogingiuch
found that students responded well to this arramgemith ~ Petter understanding of “real world” engineeringae they
very little technical support being needed to bevigted by ~Undertake projects such as NZeco, or graduate agihb

FIGURE 1: FSAE-ATEAM STRUCTURE

the academic advisor. working as an engineer.
Furthermore, it was found that in addition to the
“formal” structure that students began to recognthe NZECO PROJECT

informal relationships that existed between the-gudups. . ) o
Some common examples included the interfacing ef thAS with the Formula SAE car another interdisciptingeam
engine and the chassis and also the suspension affistudents is working on the two year, NZeco eieatar
drivetrain. Although not specified on the organiaasl  Project to be completed in October 2007. The NZeaois a
chart, the students growing understanding of tiesees and two seat electric sports coupe aimed at demonsgyatie
their ability to work in this environment showed a Potential of long range, high performance battexyscOnce
developing understanding Of project management angompleted, a team of students a|m to demonstrﬂt@ah.|n
engineering in a “real Worid" environment' the World Solar Cha”enge (WSC) in Australia. Tl will

Because a “hands off” approach was taken by th@e driven 3000km from Darwin to Adelaide Only Ontbw
academic advisor, it fell upon students to deteemihe €nergy, stopping each evening to recharge its i.ikiattery
methods they would utilize in designing and devielgggheir ~ Packs. A computer model of the car created by stisds
car. As the students were initially inexperiencatley — shownin Figure 2.
utilized the design techniques and strategies theye
familiar with, a common approach in the developmeht
expertise. In essence this revolved heavily arotined use
CAD and some FEM analysis in initial developments.

With the ongoing development of their car, students
became more proficient in their use of computeredid
engineering (CAE) principles. Furthermore, with einthe
students began to utilize techniques that they wsiag
taught concurrently to develop the car furtherpémticular,
the use of mathematical modeling for designing anc
analyzing the compulsory impact attenuator to hiedito
the car highlighted this.

The fact that the FSAE car was developed outdide t FIGURE 2: NZECOCAD MODEL
usual coursework channels meant that feedback ¢ th . . .
students was far more challenging. Whereas a studen In 2007, the NZeco project comprises a team ohélfi
undertaking a prescribed program could expect faeklb year un_dergraduate engineering stud_ents, 2 graduate
through the standard assessment channels, feeditratte engineering students, 2 acade_mlc Supervisors, épemtient
FSAE project was provided by comparatively informal2SS€ssorand 3 mentoring engineers from a paronepany.

means. At a managerial level, the team leader wmddive The_ learning experience of the studgnts coversngera?f
briefings from the academic advisor with regard the subject areas, from research, design and appifcatid
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engineering principles to team work and projectcontribute. It has been found that if supervisemve the
management. Given the scope of the task, the Ngegject discussion after some time, the students contirmweldping
adopts principles of team project and problem baesaahing  often high quality solutions. It should be notedhtthit is
(PBL) strategies, practiced by many university team important that the supervisors do not dominatentieetings
developing vehicles for the WSC. The educationaaar or discussions. However, supervisors and mentonsacal
covered by these strategies are shown in contexthef should act as knowledge bases for the studentssasarmal
project in Figure 3. for undergraduates to lack the knowledge accrudyl foom
years of professional practice.

Design Skills | Team Work | Problem Based Learning | High Technology

AssessmentThe student work on the project forms a major
part of their overall assessment — at UoW the ptoje
accounts for 50% of the final year mark and is did into
three areas: management (10%), research (30%) esignd
(60%). The high allocation of marks ensures sttglen
commit themselves fully and appreciate that poajgut
performance will lead to low degree classification.

Fairness- Assessment must be seen to be fair and balanced.
This is achieved at UoW by supervisors attendihgralject
meetings and a team of 3 assessors (including the 2
supervisors) reading project reports, interviewamgl finally
grading each student. This ensures supervisoraveaee of
[ Professional Mechanical, Electronic, Materials Engineers ] the activities and progress of all students on nhezject.
Regular meetings give the opportunity of feedbaspeeially
to students who might be under performing, enakiiegn to
c{emedy the situation
An end of project interview gives each student the
opportunity to demonstrate their work and explalmaimhey
achieved to each assessor. Each interview takes
approximately 20 minutes and is worth 25% of therail
project mark.
The marks allocated by each assessor are not gestus
until a grading meeting at the end of the projést.well as
ssessors grades there are mentors comments that ar
onsidered when there are major discrepancies batwe
d assessor’s grades. Anecdotal feedback from stude206
indicated that they we very satisfied with this esssnent
method.

ubisaq swaisAs | sajdiourid Bunisauibug BulAddy

I Project Management | Practical Experience | Research

FIGURE 3:NZECO PROJECT STRATEGY

The requirements for the learning environment an
advantages of project and problem based learnindpade
have been widely discussed, for example [13-18].tHes
NZeco project relies not only on students, but ompglex
inter-relations between students, university andugtry,
there are a number of key practical issues requiredhe
NZeco project to maximize the probability of itsceass for
both student learning and the project as a whole.

Before embarking on such team based, engineerin
design and build projects, there are several inaporproject
and organizational issues that need to be addrebge
supervisors and department managers to help &eilia
successful project outcome:

Objectives- The team must have clear overall objectives S(from the progress made to date by the. ;tyderfna,snbeen
that all students, supervisors, mentors and assessoobserved that students enjoy the flexibility thhey are

understand what they must achieve and by when.lDeta offered in the NZeco project. Furthermc_)re, it ipagent th_at
not necessary at this stage, as they are deterntipettie f[he students _have ma_tured professionally througdir th
student team during project planning. However faayshe involvement with the project.

team on a clear and required outcome is essential It. IS bell_eved that the mix Of. a supportive b“"‘“‘*?
learning environment, coupled with a structure cddemic

rigor and assessment has helped develop this isttickents.
Furthermore, the ability of the students to coneléhe
undertaking will further serve as an indication thfe
soundness of such a learning environment.

Learning Environment For the NZeco project there are no
formal lectures for the students involved with theject.
Supervisors and students sit around a cleared {aibile
phones off) and after a formal project meeting itast
approximately 30 minutes, group discussions areuwaged
covering any area of the project. To aid commuivcata
white board with a facility for hard copy print-oist sited in i )
the meeting area. Also, a computer system is diaillor  1OM the experience at UOW, it has been found thexe

displaying 3D CAD models and real time changes niade &'€ @ number of key points that need to be obsemed
deemed beneficial. offering flexible student learning opportunitiesside from

All team members are encouraged to contribute iteas (e academic objectives such as the provision ggotives

problem solving and an atmosphere of open mindedises and goals, and the nature of assessment, theteoia aeed
actively fostered to encourage free flowing thimkiand to [0 ObsServe “obvious” requirements of this teactstigtegy,

ensure the “quieter’ students get the opportuniey t M Particular:

DiscussioN
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Commitment- Firstly there must be a commitment from theproject based learning tasks, integrated with aroiment

department to support the project financially ahgigically.
Supervisors must be fully committed to the projaod

to maintaining academic standards, will form a ndde
engineering education, both locally and more widalythe

should where possible match that of the studentss T future.

requires high levels of staff visibility and acceBsojects of
this type have many potential “road blocks” thahdwsr
progress and must be resolved quickly. Typical @ssu

include student access to workshops, disputes eattegam [1]
members, problems with technical support staff.aoitg
advice on key decisions and resource allocationtht  [2]
supervisor assistance anyone of the aforementidsses
can lead to project failure.

(3]

Responsibility- Students must be given project management
responsibility. Students should be strongly encgedato
elect a project manager who chairs each meetindy wit[4]
another team member acting as secretary to taketesin
The team manager should liaise with supervisonesolve

issues that are beyond their control. For a teasutseed, at [5]
UoW, it is considered essential that the studeowen’ the
project as this from past experience has ensuredter
commitment from students. (6]

Resources Appropriate resources should be made available
for the project, including: project space, workshexzess, 7]
finances, technical/computer support and purchasing
mechanisms. This is particularly pertinent to largeojects,

such as the Formula SAE or NZeco project mentiohed.

) e ) [8]
such projects it is not always possible to haveedburces
available at the start of the project, one requienof these
student teams is the development of a sponsordhip tp
attract both financial and “in kind” support fromdustry. [g]

Experience has found that if properly conducted #utivity

can generate at least 50% of the required fundind a [1q
materials, in the case of the NZeco project ovedOR2was

raised this way. This activity also exposes stusiémtother

issues such as marketing and communication and
considered an important learning activity.

[11]
Is

. . . . [12]
Flexibility — From experience, projects of this nature never

run smoothly. There are always numerous unforeseseres
that hamper and disrupt the original plan. A flésib
approach is therefore considered essential forcaessful

outcome. Flexibility can mean reducing expecteccoutes

when resources fail to meet those required or asing

them if an opportunity arises to do so. A flexild#itude

should be promoted throughout all team members and

changes should be looked upon as “yet another”lgnob [15]
solving activity.

(14]

Though difficult to organize, resource and managej16]
projects such as those discussed in this papercarsdered
to be an invaluable learning tool at UoW. Studeimase
commented that compared to conventional lectureeas
learning, the projects are far superior in develgpskills
such as problem solving, team work, practical expee
and project management.

Given the early stage of Engineering at UoW, arel th [18]
apparent success to date, it is hoped that theigiwavof a
flexible approach to learning, through the use dicfical

(17]
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