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Abstract — In this paper the authors report a open-ended problems, referred to as ill-structured
comprehensive assessment strategy developed in adt&tion  problems in PBL literature, tend to have multiple
with industrial and academic participants for a problem  gq|utions. As a result, the students are expectednsider
based leaming (PBL) course. Specifically, the sttagy geyeral possible solutions, evaluate the merits and
includes a set of assessment methodologies that are 4o merits of each. and propc;se an optimal solufitnis

collectively employed to measure specific learningutcomes . -
in a PBL environment. Applying this assessment stragy to a these ill-structured problems serve as a stimudustte

final year engineering course relating to the desigof hybrid ~ Students to identify the topics of interests tonthand
and electric vehicles it was found that we are able instill a ~ draw an outline of the way they want to study theids.
variety of technical and managerial skills in the In doing so, the students take control of theircadion by
undergraduate students. defining their learning needs, planning classroom
activity/discussions, and assessing their progaessell as
Keywords — Assessment in PBL, Higher Education, PBL that of their peers.
IFr)an?mentatlog, PBL Process and Student Engagement,  pegjdes this fundamental challenge of designing ill
roblem Based Learning. structured problems, instructors must also devioedg
evaluation techniques to assess whether studewmesrhet
|. INTRODUCTION the overall learning objectives for the course [{IB]. In
doing so, it must be kept in mind that the assessmeist
Problem-based learning (PBL), pioneered at McMast&fe of the active learning process instead of thiktyalbf
University’s Medical school, is a pedagogical agmtoin  the student to reproduce content from the memdy; [As
which students master a subject by applying funaeahe proposed by Reynolds,
concepts to solve problems [1]. Thus, PBL faci#itathe It may be preferable, and more rigorous, for
development of self-directed learning skills by Wing in  assessments to follow the PBL philosophy and taireq
groups through a structured problem solving stsategthe individual to analyse a problem, search for ahdn
Effectiveness of the problem based learning apiraac apply relevant information
disputed in the published literature. While som¢hars Gallagher [20] proposes that the assessment syrateg
advocate for the superiority of the traditional dieer- PBL should be such that it clearly evaluates thelestts’
centred approach based on direct guided instrud¢2dn understanding of the problems and their solutidfsus,
[3], other suggest that student-centred inquiry elas assessment formats such as multiple choice, sheayeor
approaches like problem based learning [4]-[7] angbng-essay questions will not be able to measweitent
teaching approaches with a strong experientialnlegr to which the students’ understanding of the subjexs
content [8], [9] encourage deep learning and pmvidenhanced in the course of the problem-solving sassi
superior learning outcomes. Nevertheless, with a |n addition to the instructor’s evaluation, studgimter-
successful application of this strategy to undefgaée group and intra-group evaluations can also be a key
and graduate life-long learners at McMaster Uni¥gss  component of the assessment. A noted by Bridges and
medical school, PBL has now been adopted in sevendhllinger [13], self-evaluation of the students danvery
universities [10]-[13]. valuable information for the students, and therirctor
The underlying assumption in PBL is that learnisi@n can also use this information to give a constractiv
active, integrated and constructive process that {géedback. Allen, Duch and Groh [21] integrated peer
influenced by social and contextual factors [1QB]{[15]. evaluation as a component of the overall gradehef t
Essentially, in PBL, students work in a group, véier students. In their peer evaluation process, theesits
after understanding the problem and identifying thevaluated other groups based on “attendance, degree
current concepts that are applicable to solve toélem, preparation for the class, listening and commuitioat
they collectively work to evolve their knowledge dan skills, ability to bring new and relevant infornmatito the
understanding to solve the problem in hand. Untik¢ group, and ability to support and improve the fiowihg
traditional forms of pedagogy where the material isfthe group”.
delivered in a lecture-format, the role of an iastor is to Hmelo, Gotterer and Bransford [22] evaluated proble
mentor and advice the students, thereby playir@eaaf a  solving processes as well as the resulting prodircts
facilitator. Thus, the defining characteristic @IPis that PBL environment and compared the results with the
it is a student-centric learning approach where thgaditional evaluation processes in a medical pogrAs
instructors play a role of facilitators. part of their assessment, the authors evaluatedigbeof
To employ PBL in a classroom, an instructor musicience concepts, strategy use, and self-direet@uhihg.
design good problems whose solution will adequatelyhey found that such cognitive measures clearlg abl
demonstrate that the learning objectives are n&t Buch distinguish the PBL students from their counterpart
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terms of knowledge, reasoning, and learning stiaseg
The authors concluded that such cognitive measares
important assessments in PBL.
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task because such a large content encompassinuathe
present and potential future engineering soluticaisnot
be taught in a single course using a traditionatule-

Klegeris and Hurren [23] assessed student perfazenanintensive approach.

in a PBL course via a combination of peer evaluats

Keeping this in mind, to encourage students to enast

well as a midterm and final exam. Peer evaluati@s wthe art of self-learning to keep up with this rdpid

done through an online evaluation tool and the esttsl
were judged based on the preparation, participasioch
the professionalism. They

report that the studenttivities.

evolving field, the students in this course areunesyl to
participate in many inquiry-based problem-solving
Specifically, in this course principlef PBL

responded positively to the PBL environment andehe have been employed in which the students are et

was an improvement in student in

environment.

learning

thisise engineering design and analysis methods that ha

been taught in previous courses to perform a waét

Belland, French and Ertmer [24] measured how thrg@oblem-solving activities. In doing so, they asgpected
target outcomes in PBL were measured in 33 empiriceb search, identify and read relevant publishecdamh

studies and found that several of them were lacking

“(a) theoretical frameworks for the assessed valeab
and constructs, (b) rationales for how chosen amsests
matched the constructs measured or (c) other irddion
required for readers to assess the validity of auth
interpretations.”

In other words, the authors noted that many auttiiars
not give sufficient information about how measuvesre
(a) selected, (b) administered or (c) scored. Timhaas
emphasize that reporting clearly on the selectise, and
psychometric properties of measures can lead
researchers realizing the shortcomings of measumésee
the need to improve these measures for future use.

related to the design of modern vehicles, and egeired

to be aware of the current trends in the automotive
industry. The goal of this study is to presenttth@s and
methodologies used to assess the various actiitias
students are expected to perform within a PBL @jiv
approach.

lll.  COURSE STRUCTURE

The course described in this pape€anceptual Design
B¥ Electric and Hybrid Electric Vehiclesnd is delivered
to full-time students enrolled in the last semestEran

Automotive and Vehicle Technology program. As

Considering the competencies that an engineer rteedsmentioned earlier, at this stage of their undengasel
develop and apply in professional practice, Limauniversity education, students have acquired censfie
Mesquita, Fernandez, Marihno-Araujo and Tabelo [28ytomotive engineering and management knowledge and

propose an assessment matrix that correlate thevieesal

gained relevant industrial experience through 12t of

competences that students are expected to devélbimw fyl-time co-op employment. By employing the piijsies
PBL context with a list of characteristics of theof PBL in Conducting this course, the students use

professional profile. By evaluating the matrixgtgossible
to identify if adequate assessment methods arefosdhe
expected transversal competences.

From the literature it is clear that there is nog set
of strategies that are suitable for all types afrses. With
this in mind, in this work, we present the outcomésa

previously taught knowledge, investigate variousn® of
published information, use problem solving actesi
identify relevant design approaches and distinguish
between acceptable and non-acceptable solutiond, an
assess the applicability of innovative ideas. Tlaisthe
end of this course, the students have a good uaeiag

PBL approach employed in a fourth year undergrauagf the state-of-the art in the field of automotive

engineering technology course titl€dnceptual Design of
Electric and Hybrid Electric Vehiclesin section 2 we
identify the research problem and define the goélthe
study. In section 3 and the subsections thereinprgsent
the details of the course structure, the delivgggraach,
and the course learning objectives. In sectiorefresent
the assessment methodology. In Section 5 we distes
outcome of the assessment strategy. In section 6
present the summary and conclusions from this work.

[I. THE PROBLEM

engineering. Further, the PBL approach also allals
students to carry out managerial and project managée
activities, to evaluate the information preparedpbegrs in
formulating design solutions.  Furthermore, the PBL
approach provides the information needs to perform
various forms of student assessment.

we IV. DELIVERY APPROACH

The typical approach in PBL is to divide the course
topics into weekly problems and to divide the clags
groups. In the course described in this paperesiisdare

The modern tools CUrrently used in the automotivgxpected to cover e|ght pr0b|ems' as presenteddp'ye@

industry for designing, prototyping, testing,
manufacturing have significantly reduced the laatetto
introduce a new vehicle into the market. Furtheemo
most of the car manufacturers currently offer asteone
electric or hybrid electric vehicle, and adopt resutions
every year to improve their existing designs. Prigga
graduates for such a fast evolving industry is féicdit

andand Srinivasan [26]. Each problem is divided iftar

major sections, each section containing multiplpids
The problems, the relevant sections and the sugmjest
topics are presented by the instructor at the Iméggnof
each week. Although students are expected to cibneer
topics suggested in every problem, each grouplasvat

to address a problem in its own way. Modern and
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innovative approaches are encouraged as long gsathe
realistic and the groups can justify their solusion
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performing inquiries, reading the concepts taught i
several previous courses, and making connectiotwgekea

Right at the beginning of the term, the studen&s athese knowledge concepts taught in these courSes. of

divided into groups of four.
selecting the groups plays an important role inhbibie
weekly activities and the overall level of the dps.
Allowing students to select the groups can prowWdme
excellent projects. However, a potential pitfall tisat
weaker students could be working together in grabps
provide much weaker/substandard designs.
allowing students to work in groups based on framigl
does not mimic the realities of the workplace. Mthiese
in mind, in this course, the students are groupedrn
alphabetic order.
change to zero.
with peers that might be academically stronger eaker

This reduces the requests foumr
Furthermore, students accept agrki

The approach used ithe academic advantages of any capstone project is

connecting the dots — a synthesis that can onlgdpdied
towards the end of the academic studies. Another
opportunity to learn is during the weekly presdotat
when their design is scrutinized by the facilitatord the
peer groups. These discussions promote self-raflect

Besidestive engagements via question-answer sessionsgamo

the students and have often been an opportunjiyaeide
a constructive feedback.

V. LEARNING OBJECTIVES

The main objectives of the open-ended design course

fully understanding that this approach mimics reajescribed in this paper include (i) recalling autdine

workplace groups.

engineering concepts learnt in previous courseB; (i

Every week one of the group members acts groygyestigating modern comprehensive topics related t

manager. All four members of the group are expktte
be involved in brainstorming activities in orderitentify
the knowledge already known, perform online incsri
using various forms of published information, reciag
and study the latest level of knowledge in the scibarea,
use problem solving activities, and decide on tbeeh
and innovative design approaches that will be eggulan
their design solutions. In this process, the mandg
responsible for a variety of activities such asderating
the brainstorming activities, dividing the work Wween

vehicle design; (iii) analysing design options @etecting
appropriate  solutions; (iv) delivering presentasion
defending decisions, and debating; (v) developimyug
collaboration and managerial skills; (vi) preparing
comprehensive reports that include technical, lmssirand
sustainability topics.

The achievement of the learning objectives havenbee
analysed through course deliverables. As mentioned
earlier, the course presented in this paper inslwdeekly
group reports, weekly presentations, a final design

group members, leading the face-to-face and onlifgesentation, and a final report. These delivesbthe

discussions, playing a lead role in the decisioocess,
and setting deadlines for receiving the work fréwa other
group members.
prepare a written report and a presentation baseth®
materials submitted by the group members. Furtbegm
the group manager is also required to submit aidential

weekly work done by the group members and the peer
evaluations are assessed by different individualas

Finally, the manager is required @scussed in the ensuing section, the assessmenoase

as proposed by Graaff and Kolmos [27], have been
employed so that they are compatible with thesmierg
objectives.

assessment of the work done by each member of the
group. We observed that by simulating such realdifoup
environments students accept being led by peersamdo
ac\?\ﬁt?\meui:;?ty F;srtg(g?egrﬁrs (;rnvc\ﬁ?)ﬁ?-r ngf;e;: btgresmpseerl\g,;z-upheac Three major types of assessments have been used in
student occupies the position of group managerenatied évaluating student work, namely, |nd|_V|duaI assegHs)

) . . group assessments, and peer evaluations. It reusbted

is a group member on six other occasions. It nmest

noted that the manager’s deliverables depend omtiik that _each assessment method has i_ts own m_erita for
done by the other group members, and therefore certain type of course deliverable. While a corabion of
manager has to use his/her project m,anagemem; $aill tl"f‘es_e types of assessments can be_ employed for a
ensure that the level of the received materialsfifigh particular set of dellverable_s, Fhe choice of threper
standards. Meanwhile, the other three memberaaage assessment methodology  is important to _ensure t_hat

o C students’ mastery of the Ilearning objectives is
that their work is important for the weekly group

) g appropriately measured.
dellverabl_es. They tend to produce a good levak Individual- and group-assessment are the most used
as they will also expect to receive the same levetork

when acting as aroun manager. This rotation Ofsroleevaluation methodologies by the course instructBrsup
9 group ger. ssments reduce the amount of work done bythee

ass,
between manager and group member creates a SeNSESructor when compared with the individual assess.
However, individual assessments provide a better

responsibility that increases both course atterslaamd
evaluation of the knowledge of individual students.

student engagement.

In the PBL. approach |mplement_eq. in this COUrSQyeaker students have an opportunity to hide tlesiell of
stut_:ients Ie_arn In m_uIt|pIe ways. The.|n|t|al weeghoup knowledge through group assessments, and thertdfeye
brainstorming sessions address their general kmmysle prefer group assessment. On the other hand, saudth

high academic  performances prefer individual

and encourage them to learn the topics and idesepted
by the group members. Students tackle each problem assessments; they claim that group assessment chmeng
Copyright © 2016 1JIRES, All right reserved
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their performance. A study carried out at Alborgs assigned to the group manager. Each membdrneof t
University by Komos and Holgaard [28] indicate thatgroup will be assessed by multiplying this gradehwi
overall, the majority of students prefer group asegents weighting factor as described further in the paper.
instead of individual assessments. The eight problems and the associated themes and
Peer assessments allow students to take respdgsibitopics are available to students at the beginnihghe
for assessing other projects and for assessingsonsemester. While working on a problem they are irequ
contribution to the team efforts. Graaff and Bogag9] to identify the information that should be includiedthe
describe the distinction between peer assessmeits week's report, keeping in mind that this cannotrtage
productsand process performance In the product peer with the expectations of a following week. Furthtre
assessmerdtudents evaluate each other’s product. In themount of information that a group uses when piagar
process performance peer assessmantlents evaluate the report for any given problem is restricted tw t
each other’s performance as a member of the group. information collected by the group members in tlaek.
In this course, all three assessment tools hava bealso, students are encouraged to think of innoeativ
employed as each tool is more suitable than therstto solutions. As a consequence of these restrictions/

measure the different learning objectives. Thesssaents
are done by instructors (weekly report, presemaskills,
assessment skills and final reports), by peerstéobrand

requirements, it is possible for a student to psepa
design solution that is either too futuristic angpbssible
to be technically obtained within the suggestedo35t

presentation skills of the weekly presentations angkears, or have a depth and breadth of knowledgewbel

individual contributions of group members) and byaael

expectations. These issues are kept in a checKiythe

of engineering managers for the automotive relatefdedback provided by the course facilitator for weekly

industry (final presentations and final report).
Specifically, the following works from the studerase

assessed:

Group assessments

o Assessment of weekly reports
o Assessment of the final report
o External assessment

Individual assessments

o0 Assessment of presentation skills

o Evaluation of the peer assessments
Peer assessments

o Peer assessments

0 Assessment of individual performance

within a group
The following section elucidates these assessmants

more detail.

VIlI. ASSESSMENT OFWEEKLY AND FINAL

REPORTS

In this course, the students learn the materiaddlying
eight problems. Each problem includes four thersash
of which focuses on several topics. The weeklyknar a
problem includes an analysis of the themes andcdopi
face-to-face and online brainstorming activitieslividual
work on a theme, as well as individual contribusido a
weekly report.
moderate the brainstorming activities, divide themes
between group members, set deadlines, collect thtemw

contributions of each group member, assemble thegléj

contributions into a report, submit the report, dinclly,
deliver a concise presentation of the themes apitgo
covered in the report.

The report is marked by the course facilitator dase
its scientific content, the engineering solutiothe quality
of justifications for the technical decisions, tlevel of
complexity, as well as the level of creativity an
innovation. In addition to these, the written
communication skills and the overall aspect of itbgort
are also assessed. The resulting mark for the weegbrt

The role of the group manager is 8

reports and (ii) the class questions and feedbackiged
at the end of each presentation.

Although a final report is a collection of weekigports,
the content of each chapter, generally represemtiregof
the problems, incorporates the changes that arecteghto
be performed as a result of the feedback. Thus, th
expectations for the final technical report, duthatend of
the term, are higher than the expectations forvibekly
reports. The final report is expected to have Hotm
writing style, and must include an abstract, table
contents, list of figures, a detailed discussioctiea that
covers the comprehensive design solution,
conclusions.

While writing the report for a problem, each group
member is encouraged to contribute about threespaBg
assembling these contributions and preparing a lweek
report, a manager generally adds more information i
order to prepare a consistent report and delivesgekly
document that usually ranges between 10 and 12spage
When eight such reports are assembled, after azidges
the suggested changes, a final report has usualtg than
120 pages. The weight of a weekly report is 10%a of
student’s final grade, and the weight of the firgort is
20% of the final grade. This high weight on theafi
report encourages students to incorporate all Hages
suggested by the facilitator and their peers, angdut in
dditional efforts to ensure a best possible fiapbrt.

The final presentation of the project is deliveiedront

of a panel of judges, usually from the automotiekxted
ustry and academia. In about four weeks afterfinal
presentation, the students will have all the degree
requirements fulfiled and will start looking for
employment. Knowing this, the students generalytd
impress these judges as they might be their future
employers or graduate studies supervisors. Fumie,
students are proud of their final projects and mtdesr

and

fown printed copies to include them in the portfaiiat

they will have with them at job interviews. Awané all
these facts, students generally put a lot of effort
preparing very good final report. As a consequgtioe
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assessment of the final report needs to be diffeham the Pecha-Kucha approach is now employed for the teahni

assessment of a weekly report.

Instead of asgpdistn presentations of a prerequisite course offerechénthird
technical and business component of the projetthithee year.

It has been observed that students withnéiali

already been assessed through the weekly repdws, experience in the third year course, the Pecha-&uch

assessment rubrics of the final report are alignitk the
major learning outcomes of the course.
approach is often vague, the authors of this papesider

that this is an appropriate assessment approacha for
capstone design course offered in the last semesdter

presentations in this course are well
Althougis thdelivered.

prepared and

IX. PEER ASSESSMENT OF THECONTENT
AND PRESENTATIONS OF OTHER GROUPS

university education.

VIIl. ASSESSMENT OFPRESENTATION

SKILLS

While the course facilitator is responsible witlsessing
the content of the weekly reports and the presentat
skills of each group manager, in order to incredsdents’
engagement in the course and to allow them togosti

Each week the group managers submit a written tepotheir colleagues, a peer evaluation has been ntex in

as described in the previous section, and deliver the course.

presentation of the design solutions.
conceptual designs developed in this course inciiget
problems, presentations are delivered only for firg
four. Thus, although a student acts as managetitaes
(for two problems) through the entire term, he/stig

deliver only one presentation. A presentationsiseased -

based its content, the justification of the dessgtutions,
the presentation skills, and the overall quality tbg
presentation.

It must be noted that in the earlier implementatiof

this course, students were required to prepare lweek

In this, all students are asked tesasthe

Although thtechnical content of the weekly presentations anel t

presentations skills of the group manager who dedithe

presentation. To ensure that these peer evaluatoas

done in a fair and consistent way, students haee beade

aware that:

a student is not allowed to assess his/her group

- the peer assessments of the presentations wilb@ot
included in the final grade of the presenter

- the peer assessments will be evaluated by the &ours

facilitator and the corresponding marks will be

included in the peer assessor’s final mark

presentations based on the number of groups and thét the beginning of a presentation period all shide
timeframe assigned for these presentations. However receive an evaluation sheet (c.f. Table 1) speéificthe

was found that despite a restriction on presentdiine,
several students prepared slightly longer presentat—
enough to put the later presenters in a disadvantalp
address this issue, corrective measures evolvedtione.
The first approach taken to eliminate this disadxge
was a weekly rotation of the order of presentatioife
second approach was to provide a very strict tiameé for

weekly problem. Students use this sheet to asess
technical content of the presentation and the ptatien
skills of the presenter, rating the presenter amumeric
scale (either 1 to 5 or 1 to 10). As part of theialuation
activity, students provide numeric values for etiehfour
themes and the four major elements of the presentdr
the problem being assessed.

each presentation. This was accomplished usiRgcha-
Kuchaapproach, that is now a norm in this course.

A Pecha-Kucha 20x20 presentatjas defined in Japan
around 2003, includes 20 images, each of which are
displayed for 20 seconds. The slides automaticdibnge
after 20 seconds, as a result of which the totajtte of the
presentation is exactly 6 minutes and 40 seconds.
Presenting a PowerPoint slide with technical canfen
only 20 seconds presents challenges. Each slidetcha
include only the relevant text and image that can b
explained in 20 seconds. This requires a significa
amount of thought, effort and preparation on the p&
the presenter.

We observed that students participate in the Pecha-
Kucha technical presentations with some initial
reservation, feeling more confident about doingeaha-
Kucha presentation. However, since each studesepte
only one problem during the term, they do not det t
chance to prepare and deliver a second one. Futtiee
PBL course presented in this paper is offered @ I#st
semester of four-year undergraduate education. aAs
result, the Pecha-Kutch approach cannot be repeaied
the learning outcome related to concise presemnstie
not completely achieved. To address this defigigtioe

Table 1: Sample peer evaluation sheet.

Technical Content A |B |C |D|E

Drivetrain

Power Sources

Vehicle control

Power requirements

Total

Rank

Presentation A |B |C |D]|E

Powerpoint

Presentation skills

Persuasive speech

Reasons for solutions

Total
Rank
Table 2: Sample peer evaluation summary sheet.
Name Rank Presentations
Grp. Content Presentation
A
Your Grp. B
Problem#4 | C
Powertrain D
Date: E

Copyright © 2016 1JIRES, All right reserved
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In the sample peer evaluation sheet shown in Thple X]l. ASSESSMENTS OF THEI NDIVIDUAL

five groups (A to E) deliver their presentationghin the PERFORMANCE WITHIN A GROUP
50 minutes of the class. Students are expectebtess

only four groups as they_are not allowed to _eveluheir It is often difficult to accurately assess the uidual
own group. After evaluating all the presentatictadents knowledge and performance of a student from his/her
calculjatg thed total ﬁ_core of Ifaﬁh group ?S thd?y; ha}ﬁarticipation to a group project as the individual
recorded, and use this to rank the groups from N contribution cannot be verified. To address thisiés Lejk
Their ranklngs_ of the groups for the technical eobtand and Wyvill [31] proposed nine methods of assessing
the presentation are regorded on a peer evaluatlgrbupS of students, one of them being the multiin of
su'&nﬂmar)r]sh?et, ?S Showrglm Tabr:e 2. b Soel the group mark by an individual weighting factor. A

er the first four problems have been assesseel, tg;y;iay approach is proposed by Nepal [32] who ssgg
performance of the students as percgwed by thesrspis multiplying the group mark by an  individual's
posted. In other words, the_se evaluations and mgskﬁor contribution. Thus, peer evaluation can be usedstess
the_groups_ are posted. Th|s_enables the studentsl@® o ingividual's contribution to the team work and t
their relative performance in comparison to theeoth

; ..~ determine the weighting factor.
groups, encouraging the weaker group to put inteulil In the PBL implementation described in this pajplee,
efforts for the upcoming projects, while encouragthe :

groups performing well to keep the momentum. weekly group work is managed by one member of the

. ) i _ group. With eight problems and groups of 4 stusleaich
As mentioned earlier, while all students enrolledhe group members acts twice as group manager. Otfeeof

course are peer assessed, these assessments areregB nsibilities of the group manager is to as<bss

!ncludedTir? their finar}l hgra(ttl)es, to av_oid f? conflrilgf contribution of each member of the group to the kise
Interest. This approach has been seen in othesesui-or report. The manager learns to take this respditgibi

instance, in Denmark, a country with a strong egérin Although this is a form of peer evaluation, the
Fhe PBL apprc_>ach, peer evaluation cannot be 'e@@!@d responsibilities of the manager are considered tybe

in the calculation of the final grade, as repqhycMorewa responsibilities of a regular peer evaluator aretefore

et al. [30]. In the PBL course presgnted in thapgy the can be assumed as being more accurate.

purpose of the peer assessment, is mostly to eageur As mentioned earlier, the managers assess the

;sr:udentts \;V':E low peer rg?k(ljng tto Increase thtﬁz:é fo:j contribution of the group members to the weekly knoy
€ rest ol the course. - students are aware geEn evaluating their participation to brainstorming ieities,

of the course, their conceptual designs will beggdi by their in-class face and online collaboration, aeirt

engineering managers from large automotive relat ntribution to the written report. These evalolasi are

companies. Thus, if their peers consider thalrthei;ign provided by the managers as percentages giverctoafa
projects are weak, the members of the groups with | the other three group members, which must add-up to

ra(;\klng might gxperc]:t similar evalual}]tlons froc;n leeeenal 100%. The manager’'s evaluations are confidentizdch
Judges — a notion that encourage these Studemsmease g ,qants contribution is assessed by a group nearsig

their academic efforts in this course. times, and only the cumulative mark is providedttie
student. The confidentiality is a premise for & faeer
X. EVALUATION OF THE PEER ASSESSMENTS  sssessment and gives managers the confidencehthiat t
assessment of the group members will not back{jesret
To ensure high class attendance, good studeffem when they will have the role of group members.
involvement in all deSign prOjeCtS presented irssland The percentage contribution provided by the group
responsible peer assessments, the course instruGifinager represents the weighting factor used &sashe
evaluates these assessments. The evaluatioritudewaicin individual performance within a group. If all tlere
the final grade of the peer assessor. A peer sI58®8 members of a group have the same contribution to a
lose marks if weekly report then each will receive an individual
- a peer assessment does not includes individugdntribution of 33%. In this case, the weightirgtbr is
grades for all cells included in the evaluationg. The weighting factor is capped at 1 if the cibution

sheet but provides a ranking is greater than 33%. However, if the contributistower
- all numeric grades are very high that 33%, the weighting factor is proportionatedglsd.
- all the grades given to a group are the same It must be noted that the individual performanceaof
- no peer assessment has been submitted student within a group has a weight of 4% in thealfi

The evaluation of a student's peer assessmemgurse grade. This encourages students to perfomn
represents 3% of the final course grade. Althotlys make significant contributions to the weekly report

evaluation can be considered as participation maitks matching the efforts of the other group members.
significantly helps boost the class attendance hwhic

most of the classes is 100%. A healthy class ddtece XIl. EXTERNAL ASSESSMENT OF THEFINAL
promotes student involvement, often leading to ez

debates/discussion on the design solutions. Thizss PROJECT
debates are encouraged as they often provide itireva

design options for all the groups. The external evaluation of the final project is eryw

important assessment of the course. One of tteonsas
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the fact that this capstone project is a final paidof a manager’'s assessment of the individual performance
series of courses related to automotive engineeringithin a group. The expected outcome meparing
electric and hybrid vehicles, engineering desigmigined comprehensive reports that include technical, bessn
with business and management elements. Additipnalland sustainability topicds evaluated through the final
this assessment provides raality check— a possible project assessed separately by the course familiéatd by
confrontation between innovative or futuristic dgsideas the external judges.
and the solutions that can be realistically impleted in a The combination of assessment approaches reaulires
3 to 5 year timeframe. students to be involved in inquiry, decision makireport
The external assessment is performed by a panel wfiting , presenting and defending solutions, diglgat
judges that includes engineering managers from majworking in groups both as members and managers,
automotive related companies, and faculty membeessessing their peers, accepting peer assessmdnt an
whose main research is related to electric and ithybrcritique, and facing reality checks from industriahd
vehicles. Presenting their designs in front of pmes academic judges who are completely unrelated to the
future managers gives students an opportunityoewshse course. This combination of weekly activities widim
their accomplishments to relevant people in theustiy, almost constant pace promotes deep learning in all
but at the same time also creates a certain ldvahxiety students enrolled in the course. The PBL approaeld in
as they expect to be questioned by knowledgeahiplpe this capstone design course creates a learningoamvent
in this field. Being fully aware of this throughotite that is correlated with students’ deep learninfaa also
course, keeps the students motivated to prepayegeerd observed by Arana-Arexolaleiba and Zubizarreta .[33]
conceptual designs. This approach allows the development of all these
As part of the assessment, the external judges aaetivities, and permits the use of several assassme
provided score cards that allow them to assesdhdijevel methods that address the course learning outcomes.
of technical knowledge in the fields covered in toairse
and (ii) the student skills in proposing an inndwat XIV. SUMMARY AND CONCLUSIONS
business concept and describing a business model.
Students need to convince the judges that the cwtibn A PBL approach has been proposed in this course to
of technical solution and business model can bgiow for the development of a learning environmerat
implemented in industry within 3 to 5 years. Thedes, encourages students to: (i) identify and read eslev
assuming the roles of automotive manufacturersd nee pyblished research related to the design of modern
be able to convince rental vehicle service prowiderbuy vehicles, (i) enhance the awareness of the cutrentls
their vehicles and use the suggested business nfiodel jn the automotive industry, (iii) use engineerirgsign and
profit. analysis methods that have been taught in previous
The score cards contain areas where the judgesdprovcourses, (iv) undertake a variety of problem-sajvin
detailed feedback on different aspects of the ptsjeThe activities, and in doing so (v) hone their techhica

assessment topics specified in the score cardelated to  puysiness-related, engineering collaborative andagerial
the expected course learning outcomes. Thus,dbes gkijlls.

given by judges is an important measure of achievesn  An important goal of the course is to allow studetat

of the learning outcomes. prepare open ended projects that include combining
engineering solutions with a business model foelantric
XIll. OUTCOMES OF THE ASSESSMENT or hybrid electric vehicle that is feasible in 3%tyears for
STRATEGY car rental or car-sharing purposes. Students are

encouraged to include advanced but realistic soiutinat

The assessments used in this course are Stron@@ﬂ'\bine an innovative business model with modern
correlated with its learning outcomes. At the afcthe technical specifications that have a minimal envinental
course, the students are expected to be ableetall impact and propose a vehicle design for a sustiinab
automotive engineering concepts learnt in previouBiture.
coursesand toinvestigate comprehensive topics related to Specifically, this study present the tools and
vehicular design These two outcomes are fulfilled methodologies used to assess the various activttiats
through weekly brainstorming and inquiry activitigkose Students are expected to perform within a PBL éeiv
results are assessed through the weekly repottsde@s approach that is implemented in tBenceptual Design of
are expected to be able smalyse design options and Electric and Hybrid Electric Vehiclesourse offered in the
select appropriate solutionsin outcome assessed througfraculty of Engineering at McMaster University. Tiaper
weekly and final reports. The outcome odélivering Presents the course structure, the course deliaey
presentations, defending decisions and debatisg target learning approach, and also the assessment
assessed through the weekly individual presentatiod Methodology along with the outcomes of the assessme
final group presentation in front of a panel ofesrll Strategy.
judges. Thedevelopment of group collaboration and The assessment methodology, that is the main fotus
management skilloutcome is assessed through weekl$his paper, is done in several forms, namely, iiidia!

and final reports, through peer evaluations, via¢hurse assessments, group assessments and peer assessitents
facilitator's assessment of peer evaluations, dmdugh has been found that each assessment addressesr one o
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more learning outcomes, and encourages students [3&l

perform problem solving,

inquiry, decision making,

project management, and managerial activities. theur

the set of assessment strategies correlated wigh th

learning outcomes encourage deep learning orwdesits
enrolled in the course.
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