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Portfolios are a collection of student work over a period of time. Capstone project portfolios
incorporate many forms of written artefacts, e-pages, oral presentations, journals and audio-visual
material. Interactive capstone portfolios involve actions by both educators and students to establish
a dynamic set of usable and tangible skills. These include the development of writing skills from
minor project proposals to major reports or dissertations that are an ongoing learning exercise for
the student. For the educator, portfolio development is a method of continuously and actively
evaluating and commenting on a student's work, culminating in a final major report. This portfolio
report may be in traditional format, or may take the form of several artefacts, viz. electronic
portfolios, written report, computer program 3D model, paper poster, (WWW) web page and
electronic posters, together with oral presentations. These activities develop communication skills
for working within an industrial environment. However, for academic purposes stratification of
assessment grades is required, by both peer group assessment and independent academic assess-
ment. Examples of ongoing capstone portfolio content will be given showing that which is submitted
formally, and that which remains for the students' creativity, learning and self evaluation.
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INTRODUCTION

THE WORK OUTLINED in this paper provides
details of the activities involved with the design
and development of a portfolio approach to the
implementation of a `capstone' or final year
project undertaken by mechanical, and robotics
and mechatronics (R&M) engineering students at
Swinburne University of Technology. Develop-
ments in communications and dissemination of
information have necessitated new approaches to
activities that influence the outcomes of capstone
projects. Engineering graduates are now required
to be both proficient engineers and communicators
utilising the latest technologies. The days of the
traditional written thesis as the only major
outcome of honours or capstone projects have
been supplemented by requirements, especially of
industry, which now expects graduates with skills
(outcomes) not only in their areas of training, but
also be adept with electronic, e-forms of commun-
ication and presentation. Electronic portfolios,
commonly referred to as e-portfolios are a neces-
sary part of an engineer's toolkit.

Details are given of an electronic portfolio,
`e-portfolio', which was developed for use by
final year engineering students. The portfolio
encompassed digital, electronic, audio/visual, oral
and paper based content. Utilising a variety of
portfolio content [1±8] would enable the student to
both learn how to communicate in different media
and self assess their work in different contexts.
At Swinburne University of Technology (SUT) all
capstone student ongoing work and assessable

material is uploaded on to a computer website or
learning management site (e.g., BLACKBOARD,
which is SUT's flexible e-learning and online
communities system for students and staff1); this
has altered the form of the active electronic learn-
ing by students. They transmit their data electro-
nically, are assessed electronically and complete
their studies electronically. Whereas within most
industries and organisations, electronic (computer)
tools are only used as an aid in communication;
usually in the form of audio/visual presentations,
and written and oral presentation reports as well as
poster displays(albeit in electronic format) are still
the key form of relaying information.

WHAT IS A PORTFOLIO?

. . . portfolio . . . Italian portafoglio: porta-, from
portare, to carry, from Latin portare + foglio, sheet
(from Latin folium, leaf). . . . a portable case for
holding material, such as loose papers, photographs,
or drawings. The materials collected in such a case,
especially when representative of a person's work: a
photographer's portfolio; an artist's portfolio of
drawings: an engineer's collection of designs, calcula-
tions, digital media [9, 10].

A student portfolio has recently been defined as a
purposeful collection of student work that exhibits
the student's efforts, progress and achievements in
one or more areas. The collection must include
student participation in selecting contents, the
criteria for selection, the criteria for judging merit
and evidence of student self-reflection [11].
However, not all portfolios are the same. Recent
work done in developing portfolio concepts for* Accepted 3 January 2008.
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mathematics education, defined basically three
types of portfolios: showcase (which focused on
the student's best and most representative work.),
teacher±student (the `working portfolio') and
teacher alternative assessment (specific portfolios
items are selected for assessment). Each served a
different purpose. Selections from each portfolio
concept can further be incorporated to design a
`holistic' portfolio for engineering applications [12].

Furthermore, other workers [13] maintain that
portfolios provide information about student
progress and encourage students to be responsible
for their own learning. In this way they feel as
though they take more responsibility in their
learning and assessment processes.

Especially in the engineering field, portfolios are
produced for a variety of personnel and purposes.
Portfolios are seen to assist students is developing
skills necessary for life-long learning; and enable
thinking skills with multidimensional forms of
evaluation. These skills include many aspects
necessary to function and integrate as an engineer
into the surrounding society; for example being
able to communicate, reflection on the role of
engineering in society, and its ethical responsibil-
ities [14, 15].

A well designed portfolio serves three main
purposes: it allows academic staff to employ it as
a tool for assessment and feedback, for prospective
employers to evaluate the quality of their new
employees, and for students to develop an ongoing
understanding of their achievements. To assist
students in the presentation of their engineering
accomplishments and activities, an electronic port-
folio system has been recently developed which
showcase these activities in multimedia format on
a website [8].

WHAT DO WE WANT STUDENTS TO
KNOW FROM CAPSTONE PROJECT

WORK?

The Institution of Engineers Australia (Engineers
Australia) has developed a generic framework for

developing specific education outcomes for
programs and is provided in the generic attributes
requirement of the Engineers Australia Accredita-
tion Policy, and more specifically in the Stage 1
Competency Standards [16]. The generic attributes
recognise the broad nature of professional engin-
eering practice in today's world. In particular, these
are specific to project or capstone project work in an
active learning environment. Table 1 list skills
identified and desired by Fortune 500 in comparison
with generic skills required by Engineers Australia
(EA), require the mastery of a number of significant
skills [17, 18]. The last mentioned generic skill
required by (EA) of lifelong learning is of vital
importance to engineers, who never slow down in
their thirst for knowledge. Students are often ill-
prepared and may not receive explicit preparation in
this area. A comparison of the attributes and skills
indicates that the generic engineering attributes
completely encapsulate those skills seen as neces-
sary for a large organisation.

All components of the generic attributes criteria
(and Fortune 500 skills) may be included in a
capstone project, and assembled in a portfolio.
Each attribute may be highlighted in electronic,
paper, audio-visual or digital format. These in
turn contribute to the requirements students need
to master to be able to succeed in the outside world
working in industry or business. Examples of this
approach have been developed for capstone
projects that integrated both engineering and busi-
ness students, requiring an interactive approach by
students to work in a group environment similar to a
multidisciplinary industrial based project subject to
financial and timeline constraints [19]. Electronic
portfolios are now being utilized to impart lifelong
learning skills because of their implementation in to
many facets of the engineering profession [20].

THE ENGINEERING CAPSTONE PROJECT

Traditionally final year mechanical engineering
projects at Swinburne University are conducted
over the last two semesters of the final year of a

Table 1. Comparison of attributes required by graduates and `big business' [16, 18]

Generic attributes of graduates
(Engineers Australia)

Fortune 500 general skill mastery
(in order of importance)

Graduates are expected to be able to:
� function effectively as individuals and in multi-disciplinary and multicultural teams,

with the capacity to be a leader or manager as well as an effective team member;
� understand problem identification, formulation and solution;
� have in-depth technical competence in at least one engineering discipline;
� apply knowledge of basic science and engineering fundamentals;
� communicate effectively, not only with engineers but also with the community at

large;
� understanding of the social, cultural, global and environmental responsibilities of the

professional engineer, and the need for sustainable development;
� understand the principles of sustainable design and development;
� understand professional and ethical responsibilities and have a commitment to them;
� have an expectation of the need to undertake lifelong learning, and capacity to do so.

� Teamwork
� Problem-solving
� Interpersonal skills
� Oral communication
� Listening
� Personal/Career development
� Creative thinking
� Leadership
� Goal setting/Motivation
� Writing
� Organizational development
� Computation
� Reading
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four year engineering degree. The project value is
25% of the total units studied by students for that
year. The makeup of the project comprises a
number of components, some of which can be
transmitted in WWW electronic format (via
BLACKBOARD) but are often viewed and
presented in both oral and `hard copy' or paper
format.

A conventional capstone project would require
groups of students to work collaboratively and so
spend most of their time undertaking a specified
form of research or design approach over two
semesters, culminating in a minor thesis, poster
display (electronic format) and oral presentation.
The project often required significant commitment
and resources by the university or the sponsoring
industrial organisation.

This approach was based on the `honours theses'
approach common in the fourth year of science
and humanities degrees. The only outcome was a
50±100 page report, often in a manila folder or
sometimes hard bound. This report gave little
indication of the student's overall abilities in a
variety of areas and skills [21]. Other forms of
representations were necessary for student assess-
ment.

The compilation of the portfolio is spread over
two semesters with specific requirements for
submission of different artefact over a variety of
dates. Shown in Table 2 is a typical portfolio
content with submission and assessment require-
ments.

CAPSTONE PORTFOLIO PROJECT
STRUCTURE

According to criteria developed by Paulson et al.
[11] and established and codified by the Prince
George County College System [22], the portfolio
structure undergoes a number of phases of devel-
opment:

. Phase One: Organisation and Planning,

. Phase Two: Collection, and

. Phase Three: Reflection.

Within the SUT Mechanical Engineering program
the three phases require specific actions by all of
the students, their supervisors and the subject
convenor.

Phase one: Organisation and planning
This initial phase of portfolio development

requires decision-making on the part of students
and project proposers/supervisors, and approval
by the convenor, and requires a comprehensive
and well developed project proposal. By exploring
essential questions at the beginning of the process,
students and their supervisors can fully understand
the purpose of the portfolio and its status as a
means of:

1. selecting portfolio themes, then gathering mate-
rials and reflecting on their activities,

2. organising and presenting the items, materials,
etc. that they have collected, and

3. maintaining, storing, developing and displaying
the material.

The development of the portfolio project
commences with the first time the students meet
their project proposers. At the commencement of
the first week of the first semester, all students
assemble to hear their project sponsors `spruik' the
benefits of their project. Important questions that
the student needs to consider and so learn about
project proposals and tendering, include the
following. How do I select the project? How do I
design/analyse/organise and present the informa-
tion, data, items, materials, etc.? Concomitant with
these decisions is the requirement of portfolio
content: how will portfolios be maintained and
stored? Will they contain various forms of arte-
facts in a number of physical and multimedia
formats? For example, written, oral, electronic,
web based learning management systems, poster
and audio displays and the traditional bound
notebook.

Project proposal submission
The portfolio submission requirements are allied

to that of a tender process that comprises many

Table 2. Content and details of the capstone portfolio

Portfolio content Format Assessment form Submission

Summary of available projects Paper, electronic, audio-visual Students `assess' project and
select supervisor

A contract is submitted by
both student and supervisor

Project proposal Audi-visual, web based, written Peer group, independent
assessors

At end of specified time span,
i.e., 10 weeks from project
selection.

Written report
Journal or conference paper
e-posterÐweb page
Electronic A/V presentation
A1 size professional poster
Computer programs, models,
designs, CAD, FEA and 3D
physical structures

Paper
Electronic±digital
Visual
Physical model
Computer model
Oral presentation

Peer group

Independent assessors
Ranking

Numerical

Subject to specific time
constraints:
All items submitted at the end
of semester two but before the
commencement of the exam
period.
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stages [20]. The students begin their portfolio
collection on the very first dayÐwith the oral
presentations and associated written material
describing the various projects. This concept of a
portfolio is at first foreign to the students. They are
used to submitting final pieces of work for assess-
ment. Student need to evaluate comprehensive
technical literature often in the form of complex
documents and produce a persuasive and effective
tender/project proposal [22, 23]. This is the first
important stage in the portfolio comprising the
capstone project.

All proposals are required to be submitted in
electronic±digital format, with supporting written
material by a specified closing date. The assessable
items comprise an audio-visual presentation, an e-
poster (a poster for display on the WWW and a
written proposal). This is the first stage of the bid
in the form of a preliminary tender submission. To
enable students to take ownership of their assess-
ment, they are peer assessed. At the end of ten
weeks a colloquium is presented by all students in
the form of a five minute `project blitz' to all their
colleagues and academic staff members, delivered
under tight time constraints and on top of other
student work.

Portfolio project proposal assessment
Portfolio capstone assessment can take many

forms and is often dependent on the contents and
outcomes of the project [25±28]. It is common for
faculty staff to provide both critical assessments
based on well constructed rubrics as well as
constructive feedback [29]. For the capstone
projects at Swinburne within the mechanical en-
gineering discipline, the breakdown of marks for
the various parts of the Stage One portfolio is
distributed as follows: for the electronic audio-
visual presentationÐ(20%), the `e-poster'Ð(20%)
and the supplementary written reportÐ(60%).

The assessment technique for all three items is
varied. Students `vote' an assessment on each
others' work [30], for example, oral presentations
and e-posters. These e-posters are ranked from
outstanding, very good, acceptable and not accep-
table. The associated numerical marks (as required
by the tertiary institution) start from ten, then eight
and six to finally four, respectively. Posters are
graded subjectively by a panel of academic and
student assessors: the best poster gets the highest
mark available, ten; whilst the worst poster gets the
lowest mark available, four. The remaining posters
are graded in between the maxima and minima. The
students view all the posters electronically, know the
assessment, and so learn from each other's work.

Students are required to deliver short five
minute oral presentations, blitz presentations.
They may utilise any means for their presentation,
but they are not allowed to exceed the time limit.
They have to convince the audience of the value of
their project.

Assessment is by the whole cohort of student
audience voting on the `project blitz' presentations.

Over the last few years, there have been over 60
individual assessments for each student project
presentation, so that a normalised set of data is
obtained with a minimisation of any bias. A binary
form of grading is all that is required: i.e. is the
project pass or fail? If a pass is delivered then the
project proposal is acceptable and is able to
proceed to the next stage of project development.
There is no numerical grade attached to this form
of assessment.

However, for the written supplementary report,
a more comprehensive system is utilised [31, 32].
Two independent academic staff assess the reports
based on specific criteria. Each component of the
report is examined and a final numerical grade is
attached to the written component. Further, the
bulk of the portfolio content is yet to be developed
and assembled for the final work. This involves a
substantial amount of experimental/design/simula-
tion items with associated artefacts for collation in
the portfolio.

Phase two: Investigation and compilation
With the feedback from assessment of Stage One

portfolio, the compilation of Phase Two of the
portfolio now commences. This process involves
investigations and development of meaningful
designs, implementation and analyses, construc-
tion of physical artefacts and products that incorp-
orate the students' engineering experiences and
associated outcomes. From all the information
obtained, decisions must be made at this phase
about the context and contents of the portfolio
based upon the intent and purposes of the project.
At this stage the direction and specific targeting for
project outcomes is assessed in light of the original
proposal.

For the student this is also a time for reflection
[33]. It is also a time for monitoring their compre-
hension of project related key engineering know-
ledge and skills. Because of capstone portfolio time
and written submission constraints, these reflec-
tions often take the form of intensive oral debates
with peers and supervisors, and submission of
preliminary extensive written and digital documen-
tation for `comment' [34, 35]. For the student the
results of these reflections are a learning and
educative process, incorporating their own and
colleagues' experiences, the thinking processes
that they have used, and the different approaches
to solving the problems that they employed at
given points in time during the management of
the project across time periods.

Capstone Project assessment
A major part of the second phase for supervisors

and assessors is the actual assessment process. For
capstone project assessment, all components selec-
tions included in the portfolio collection clearly
reflect the criteria and standards identified for
evaluation. The assessment technique for the
second phase of the capstone project is similar to
the first stage with the incorporation of indepen-
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dent assessors for all facets of the portfolio submis-
sion. The assessable content are: oral presentation,
audio/visual web based submission, an A1 poster
as well as an electronic poster, either a written
report(or theses), or a `paper' suitably formatted
for a conference submission together with a
laboratory log book [35].

The variety of assessment techniques used
comprise: peer assessment of oral presentations,
`ranking' of posters, and written report assessment.
Students `vote' on each other's e-posters. Various
academic staff rank posters and assign a grade (the
best poster always attains full marks; the worst
poster attains a bare pass, whilst intermediate
quality posters are assigned a grade according to
their intermediate ranking. The students appeared
satisfied with this approach, as no set criteria can
be prescribedÐthe rankings are subjective. The
assessment of the written theses or `paper' is
inherently difficult. It is not unusual to have
large discrepancies between thesis/paper exami-
nersÐit happens all the time in Master's and
Ph.D. thesesÐultimately, any assessment of such
documents has a degree of subjectivity [1, 2, 4, 8,
21, 32]. However, because of academic require-
ments for a numerical mark, a simple numerical
average is determined for the theses. This mark is
then summed with the remaining marks for the
portfolio artefacts from the two stages and a `final
number' is obtained. This is not an altogether
satisfactory outcome; since there is not one satis-
factory method for providing a numerical grade. It
would be more appropriate to `rank' the theses and
assign a `comment', e.g. satisfactory, cum laude,
magna cum laude, or summa cum laude (adequate,
with honours, with great honours, and with great-
est honours, respectively). This is similar to award-
ing overall honours in a full course.

Phase Three: Reflection
With the feedback from assessment of stage one

and stage two of the portfolio, the students are
able to reflect on the benefits and shortcomings of
their submissions [5±7, 33]. These reflections take
the form of reflective journals, which may include
the thinking processes they have used, and peer
group reflection (often verbal). Reflection is incor-
porated into all aspects: the organization, plan-
ning, investigation, compilation and submission
aspects of the total capstone environment. In
addition, supervisor and convenor discussions or
deliberations about the capstone project portfolio

implementation and outcomes whenever and wher-
ever appropriate.

CONCLUDING COMMENTS

`Portfolios offer a way of assessing student
learning that is different than traditional methods'
[11]. Portfolio assessment provides the teacher and
students with an opportunity to observe students
in a broader context: taking risks, developing
creative solutions, and learning to make judgments
about their own performances [6].

The assessment process for capstone portfolio
projects is ongoing and evolutionary, changing
from year to year, from cohort to cohort. In
order for thoughtful evaluation to take place,
teachers must have multiple scoring strategies to
evaluate students' progress. Criteria for assessment
of a finished portfolio are extremely complex [21,
35, 36]. The final numerical assessment is only a
compilation of numbers as required by university
administration. In an industrial context, when
project tenders are considered, there is only one
winner, a final list and the also rans. It is proposed
that in any student cohort competing for capstone
project success, the portfolio should be used as the
prime criterion for assessment. Moreover, in this
matter, only one project is assessed as the winner
(achieving a high distinction), there is a short list
(achieving a distinction) and the remainder achieve
either a credit or pass grade, with associated
numerical qualifications.

As the academic semesters progress, students
and assessors work together to identify especially
significant or important artefacts and processes to
be captured in the portfolio. They work collabora-
tively to determine grades or scores to be assigned.
Rubrics, rules, and differing scoring approaches
are designed for a variety of portfolio components.
In addition, letter grades might also be assigned,
where appropriate. Finally, some form of oral
discussion or investigation should be included as
part of the summative evaluation process. This
component should involve the student, teacher
and, if possible, a panel of reviewers in a thought-
ful exploration of the portfolio components,
students' decision-making and evaluation
processes related to artefact selection, and other
relevant issues. There is no one area of our current
approach to assessment and evaluation of student
progress that appears to be satisfactory.
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