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Abstract

Electronic portfolios (ePortfolios) are electroniersions of paper
based portfolios. They are increasingly applieéducation. Software
for building and maintaining ePortfolios is emeigimpen specifica-
tions for the exchange of ePortfolios exist. Thhgws the potential to
serve as a standard tool for documenting achievemianlifelong
learning. In this paper we explore the potentiaéBbrtfolios for sci-
entists.

1 Introduction

The use of paper based portfolios is nothing newséeentists. They are
used to collect their publications, academic andfgmsional certificates.
Increasingly these documents are stored in difptahats. However it is still
common practice to print them and to send themriayl snail to wherever
they may be required.

Electronic portfolios (ePortfolios) build on thesellections of docu-
ments and arrange them in a systematic way. Innthisthey can assist sci-
entists in taking a systematic approach towards tven work. This offers
valuable new possibilities, in particular for yousgjentists, centres of excel-
lence and graduate schools. We are going to exjihese, following a de-
scription of the main constituents of ePortfoliddection 4 sketches a
framework for an ePortfolio system designed toiritparticular into the
working environment of scientists.

2 ePortfolios

Portfolios can be used for many purposes. These been described in the
literature for education ([9]) and career plann(f&]). According to its pur-
pose various types of portfolios are distinguished

([31):

* Assessment Portfolios
These Portfolios include elements of the sciemstistbducts, evalua-
tions, qualifications, licenses, certificates aobiavements. It is
used to prove one’s competence.

e Development Portfolios
Such a Portfolio is designed to plan and keep todicke owner’'s
development. If used in a structured and systemati; the per-
sonal development of a scientist can be plannddsuth a Portfo-
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lio, which is then referred to as a personal dgualent plan. In this
case, it includes learning and research goalsrdodhnation to what
extent a goal has been reached, in particular conmnamd reviews
of own work.

e Showcase Portfolios (Presentation)
When Portfolios display examples of one’s best warrkositive
evaluations of that work, they are usually refeti@ds showcase
portfolios and resemble those compiled by artistsarchitects.

» Reflective Portfolios
These Portfolios contain reflections by the scaniReflection Port-
folios usually focus on specific competences, aed#ien used in
combination with personal development planning.

» Combinations of these portfolio types.

Other sources define Portfolio Types differentlgc@ding to context.
Marilyn Heath defines special Portfolio Types fasessment, of which the
Resume Portfolio and Evaluation Portfolio are egdlgcinteresting in the
context of this paper ([4]):

* Resume Portfolio
The purpose of this Portfolio type is to documéxet knowledge and
skills of a scientist, to obtain employment. Iteewles a paper re-
sume, but embodies the advantages of an electramitolio.

» Evaluation Portfolio
This kind of Portfolio is used to portray a scistii competency to
obtain tenure or to meet ongoing evaluation reqguéngs.

Traditionally, portfolios are considered as statailections of documents
which are compiled for a certain purpose. Accordimd.issmann [7] they
are carefully planned, well structured and refldctellections of learning
results and Danielson & Abrutyn [2] write “A porlim is more than just a
container full of stuff*.

All this holds as well for electronic portfolios.oiever, unlike static paper
based portfolios which are once constructed and gent off to the ad-
dressee, electronic portfolios can be easily medijfireconstructed and
adapted to a different purpose. This suggestsfaréift viewing angle for
ePortfolios which has been expressed in the fotigndefinition from the

EDUCAUSE National Learning Infrastructure Initiadiys. [1]):

An ePortfolio is ,a collection of authentic and dise evidence, drawn from
a larger archive, that represents what a persoromganization has learned
over time, on which the person or organization efected, designed for
presentation to one or more audiences for a paldicthetorical purpose.”

We note that portfolios for individuals and for angzations are treated uni-
formly in this definition. The discussion of orgaaiional portfolios is be-
yond the scope of this paper.

The new component, without which ePortfolios daexist, is “the larger

archive”. This definition emphasizes the re-us¢éhefsame archived data for
the construction of ePortfolios for various differgpurposes. Consequently,
ePortfolio systems must pay attention to suppasides the creation of pres-
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entations also the reliable long-term collection anchiving of data in ap-
propriate repositories. In this way the repositang the ability to generate
presentations of learning achievements become lasls in support of
lifelong learning.

We find remarkable consensus in the discussionhait\are the constituents
of an electronic portfolio. This consensus is ctidated in the ePortfolio

specification developed by IMS Global Learning [bhis specification de-
scribes how learner information according to theSIMIP specification

should be packaged and augmented with reflectignthé learner on the
learning process.

3 ePortfolio Parts

According to the aforementioned specifications &ordolio can have 16
parts. We confine ourselves here to the discussitimose parts which are in
particular relevant for the development of scigatigor the following it is
important to keep in mind that ePortfolios are netessarily created for
public access. Of equal importance are ePortfolibgch are created for
applications for a professional position, for disgsion of research with sen-
lor scientists and peers or for the purpose ofasdessment. Taking this into
account we identify the following ePortfolio patts be of particular rele-
vance.

1. Dataidentifying the owner of the portfolio. Data for electronic
contact and public keys for confidential commurmashould be of
particular value.

2. Qualifications, Certificates, Licenses. This part of the electronic
portfolio holds formal certificates for learninghdevements
awarded to the portfolio owner. Diploma, PhD degréenguage
competency certificates are examples. For eacliicatt informa-
tion on the awarding institution must be addeds®&uditional in-
formation may be often obtained from the servehefrespective
institution.

3. Transcripts. These describe skills acquired. Some of thesdean
obtained from the formal descriptions of courséera

4. Activities. This part contains descriptions of the professi@ctivi-
ties of the owner. In particular these can be detsons of courses
taken, descriptions of ongoing or completed re$eprojects, con-
ferences, in which the portfolio owner has beemlved. In order to
assess the value of an activity it is importaradd respective in-
formation, for example whether participation incaference was
passive, with an accepted paper of as organiz@pd@ting evidence
is collected in the following two parts. Activiti@se important parts
of any CV. They usually have a start date and exatiytan end
date.

5. Products. This part contains completed material producethby
portfolio owner. In particular completed papersPRhesis and de-
livered project reports are to be placed here.
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6. Assertions. This part collects documents which illustratedsraic
activities, except for formal certificates and dmeunts produced by
the portfolio owner. Concept papers and documensgoing dis-
cussions are well-placed here. Reviews of paperalao valuable
information for assessing the status of an acadearier as well as
concept papers which can be matched against tigegz®oof re-
search projects. It will be useful if the underlyirepository keeps
track of document history and supports versionirige documents
are linked to the respective academic activitiesuph relations
which are defined in another portfolio part.

7. Competencies. This part contains descriptions of the competsnci
acquired by the portfolio owner. Information on cjpéknowledge
on particular subjects goes in here as well. Ofgasing importance
are descriptions of soft skills. Proven competenaianastering of
foreign languages, competencies to write projeappsals, to lead
research projects, to design applications of rebe@sults or to
teach are examples of soft skills which are of girgarest. Skills
should be graded where possible. The potentiabligeese compe-
tency descriptions is greatly increased if compatatescriptions
can be taken from controlled vocabularies. Suctabolaries should
be developed under the auspices of the organizatibich repre-
sent communities of scientists.

8. Goals. Goals and objectives are important to stateafgbrtfolio is
to be used for career planning or for monitoringaing research or
learning projects. Where goals are connected wititiete dates
planned for their achievement they may be useddger a process
of reflection on reasons for success or failure.

9. Reflexions. This is the most personal part of the portfokdtacon-
tains the learner’s thoughts on her performanceaobevements,
successes and failures. Such information can be renaailable in
selected parts to close peers or to supervisaadier to discuss
various issues of activity planning. Templates melp the owner to
structure her thoughts. Such information may be eddlected in
electronic diaries or blogs from where it can bpamnted into the
electronic portfolio.

10. Participations. This portfolio part describes the professiond ne
work of the portfolio owner. It refers in particul® other scientists
she has collaborated with. It will be necessargugment this with
information on the kinds of relationship which hdeen estab-
lished. Electronic portfolio systems should offessibilities to ex-
change data from this part with social networkiafjvgare.

11. Reations. This part relates the various data in the padfaith
each other. A restricted set of relation types ballused. For exam-
ple a relation will link a published paper with @ject activity un-
der which it was written.

4 Application Scenarios of ePortfoliosin Science

Electronic portfolios can, of course, play the solghich are currently taken
by paper based portfolios.
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4.1 Portfolioto Apply for a Job

Application for a job requires a presentation pwitf It will contain be-
sides the demographic data required certificat@sngetency descriptions
may be exemplified by products. The complete lispablications will be
given, structured in a standard way into publicat@tegories. Transcripts
will be contained if the respective courses havebeen taken too long ago.
A selection of activities and affiliations mosteeaint for the position wanted
will be added as well. A thorough presentationhaf available data and effi-
cient presentation of relations between these idafiarm of hyperlinks will
be crucial. Such well readable presentations magiben in addition to
providing the portfolio in a machine readable form.

The portfolio should allow matching the competes@ed achievements
of the portfolio owner against the requirementshef job offered. Unlike
paper based portfolios, electronic portfolios fromany applicants, struc-
tured in a standard way, can be easily aggregatedai synopsis to support
comparing the candidates for the job.

4.2 Portfolio for Career Planning

Especially young scientists may want to preserit theks, achievements
and reflexions to their senior supervisors. This ba done at regular inter-
vals with the differences highlighted which havembeachieved in the mean
time. The goals ePortfolio part plays a major parthis scenario. Goals
should be discussed and agreed between the yoigmgisicand her supervi-
sor. Between the meetings the portfolio owner sthoeflect on new experi-
ences. The electronic portfolio can help relatingoiming information, like
referee reports on papers and projects, or newts@epublications and
discussions, with the goals set. Based on theatiam$, consultations with
the supervisor can be prepared better by aggregtis available informa-
tion into a critical survey of achievements duraagparticular period. Joint
discussion of this survey will form a conveniensilsato establish further
goals.

4.3 Maintaining Databasesfor Science Management

Efficient use of human resources is crucial forcessful scientific work.

It is a frequent task to find an expert in a speditld for consultation, for
forming a team to work on a new project or for reéng proposals or re-
viewing publications. This task occurs intra-orgational as well as inter-
organizational. A variety of databases exist totheke activities — “who is
who” registries of scientists, registries of pragecollections of publications
and, with the raise of social networking using W20, registries of social
relations.
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A major problem for all these databases is theimteaance. Scientists
show little motivation to update their information the various places.
ePortfolio systems may alter this situation radychy allowing to automate
this maintenance work. Such a system may knowelevant registries and
suggest updating them automatically whenever m@gdt information
changes in the ePortfolio.

4.4 Entering Postgraduate Schools

This Scenario is based on P. Rees-Jones: ePortmli®evelopment:
Implementations by Regional Partnershps; unpuldishanuscript. A scien-
tist may have completed his masters degree atvensity. After some work
in an industry research laboratory, including work projects in collabora-
tion with universities, she analyzes her experieran@ achievements using
her ePortfolio. She has been co-author of a fewleroi& papers but much of
her work is classified on the server of her employe

Matching the competencies part of the portfoliohwtie competency re-
quirements of her employer and exploring the refatvith the goals part,
she compiles an evidence report from the ePortfelib the conclusion that
entering a postgraduate school would be in hergsteas well as within the
interest of her employer. Jointly they identify tltempetencies to be
achieved and match them with the competency peofileavailable post-
graduate schools. The certificates part of the ilprdfielps to evaluate
whether she has the formal qualification to applythese programs. Infor-
mation on language competencies is essential taleleghether foreign
postgraduate schools are an option.

Having selected a particular postgraduate schamksimpiles a portfolio
for her application, leaving out all classifiedonihation but adding a testi-
mony from her employer about her successful worktfie company. She
sends her application to the university hostinggbstgraduate school. She
expects to get accepted or, if not, to receiveildetéeedback on which parts
of her ePortfolio need further elaboration.

5 An ePortfolio System Framewor k

5.1 General Consderations:

Electronic Portfolios have specific advantages dishdvantages. Ac-
cording to Marilyn Heath ([Heath 2004]), the sigrainces are as follows:

Bené€fits:

¢ Much of what scientists create is already in etattr format
Organizing these artefacts electronically makesgier to maintain,
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edit and update them. They can also be reusedfferat purposes
easily.

¢ Much of what scientists do, for example analysitagfe dynamic
data sets, does not communicate effectively omptimed page
An electronic Portfolio can employ a variety of risedike text,
graphics and audio.

» Electronic Portfolios can support complex organae for effec-
tive documentation
Scientists can choose a linear organization if waks best, but
most often the structure of an electronic Portfadibierarchical.
Nearly every kind of organization can be implemdrekectroni-
cally. ePortfolios can be even rearranged difféydot a different
audience.

« Electronic portfolios are much easier to reproddegtyibute and ac-
cess than their paper counterparts.

« Electronic Portfolios are an effective way to destoasie technology
skills or learn new ones.

» Electronic Portfolios are inexpensive to distribute

Disadvantages:

e Electronic Portfolio Development takes time
Portfolios are both: A product and a process. Cansideration
has to be given to the portfolio’s purpose, audieocganization,
and format.

e Electronic Portfolio development can be expensive
It is certainly feasible and desirable to createlastronic portfolio
with the hardware and software at hand, when rantyr little addi-
tional expenses are necessary.

» Electronic Portfolio development takes technologils
Especially if a scientist plans to have a reallyciaportfolio, his or
her technology skills have to match the level ndedeaccomplish
this.

» Electronic Portfolio development can be stressful.

If we ponder a little about these significances, realize that a system
needs to be light-weight, easy to use, cheap buegal enough, to generate
the aforementioned benefits without being an annocgaNow, what are the
key factors to success for such a system? Thegsgi@lows:

« The system needs to support the Application Scesarithis paper.

e It needs to fit into an existing infrastructure.

« The system must be easy and cheap to implement.

« Open standards and specifications are cruciahteroperability
with other systems.

* It has to be flexible, to adapt to different scésmand audiences.

* The system needs to minimize the additional workfe portfolio
owner, in particular in a scientific environment.

* Since the workload to maintain and use the ePart®ystem has to
be minimal, it is very important to massively drawexisting data.

* The system has to be fully interoperable with tysteans of poten-
tial audiences.
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e Therefore, we consider ePortfolios as dynamic viewslistributed
data.

5.2 Towardsaframework of distributed scientific thin
ePortfolio Systems (FODSTEPS)

We make a clear distinction between an ePortfalicasstatic product,
ready to be distributed to the intended audiennd,the ePortfolio frame-
work which consists of a set of systems and seswdaich are used to pro-
duce these static ePortfolios on demand from rata &apt in the frame-
work’s repositories.

The envisaged architecture is designed to handisitse data which are
of considerable value for the owner. The architecneeds to provide safe
repositories where these data are stored. Quitiéasito a bank where finan-
cial assets are deposited, repositories for irtielsd assets do not only have
to keep the data unaltered, but they also haveaterthem available to oth-
ers if and only if authorized by the owner. Usuatlye to a scientist’s work,
several repositories of intellectual assets areluad.

This Framework is based on general ideas of JISKiis ePortfolio
Framework ([8]). The following image will show tharchitecture of the
framework which will be explained below:

Figure 1: FODSTEPS Framework

In our envisaged architecture, repositories arertam ePortfolio Servers
(EPS). Data from various DBMS are integrated i@ architecture. Some
of them have web-service interfaces, while otheesrgtegrated through web
service mediators. These mediators will expose welvice interfaces.
Communication will be based on standardized XMLamdaries like IMS
ePortfolio (IMS EP) and IMS Content Packaging (IK2B).
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Users will communicate with the network of EPS tigio their ePortfolio
Clients (EPCs). Conceptually, these clients witlsimilar to current popular
programs for home banking. They will offer the ussports about their in-
tellectual assets as maintained on different EB8skE), they give the user
the possibility to transfer assets or to provideeat with access to selected
assets. For the implementation of the EPC it ipfbkto note that it must be
capable to index and analyse data on the user'u®m This excludes
browser based solutions for reasons of accessotontr

Between the EPC and EPS an ePortfolio Service &a Bearch and Ag-
gregation (EPSA) is needed. EPSA

* Takes information about the actual purpose of até#io to be
build

* Sends out search requests to EPSs for data withfisparoper-
ties to be delivered according to particular speaifons

* When needed iterates search to complete docunisriose par-
ticular purpose (for example it may request a desan of an in-
stitution from which a certificate has been obtdipeeviously)

« Aggregates the information about the available datd their
properties and forwards it to the EPC.

The user then can inspect the results in the ERfUiast the data from the
EPS and generate an ePortfolio for her particulepgse. When the EPSA
has to consider data on the user’'s computer t¢or &t least a component of
it) should run on the local host. Alternatively,rigaof it may be moved to
EPSs or even to independent service providers.

All components of the framework communicate throwgtb services.
This gives the possibility to integrate with anywieanment and to adapt in a
flexible way to the changing demands in a sciestlge. However it cannot
be expected that all systems the scientist may teasgnd ePortfolios to will
expect them in the same format. In particular tbadamic world and the
industrial world currently use different formats.

In order to handle this situation, we envisage thatframework is neu-
tral w.r.t. data specifications. In fact we do wate in which format the re-
positories store the raw data and metadata. Howegegxpect that the re-
positories are capable of delivering the data i ePortfolio format which
may be required, possibly through the help of aiatedservice.

Thus, in the figure above, the ePortfolio ownerBEmay build an
ePortfolio in one format, but forward it to the @&mte just in a form which
describes where to get the data from and the riégpesuthorizations for
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access. Then the audience’s EPC may collect tleefdan the repositories
in its own preferred format.
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