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ABSTRACT

The integration of Hardwire, a cloud-based personal learning
environment, with Projectrix, a cloud-based Electronic Portfolio
Assessment Management System, addresses the need for tools
needed for informal learning. Both systems embrace a learner-
centric environment where learners are allowed to personalize,
control and manage their own learning, and at the same time, have
a learner-centric assessment process of their projects. Academic
networking makes use of social networking tools to teach students
interaction, collaboration and engagement. This paper proposes
Hardwire and Projectrix 2.0, an improvement of the existing
systems, focusing on a design that supports academic networking
within a Personal Learning Environment that is integrated with an
Electronic ~ Portfolio  Assessment  Management  System.
Specifically, the improvement utilizes the internal social network
of peers to share or bookmark learning resources, show common
interests, communicate through comments and messages, invite
peers to evaluate work products, and share and collaborate on the
creation and use of rubrics.
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1. INTRODUCTION

Conner describes [4] that at the very least, learning can be divided
into two dimensions. The first is between formal learning, which
includes “the hierarchically structured school system” and
“organized school-like programs created in business for technical
and professional training,” and informal learning, which
“describes a lifelong process whereby individuals acquire
attitudes, values, skills and knowledge from daily experience and
the educational influences and resources in his or her
environment.” The second is between intentional learning, where
a learner “aims to learn something and goes about achieving that
objective” and non-intentional or accidental learning, wherein a
learner “learns something that he or she had not intended or
expected”.

The increase in use of technology in learning has produced
different applications and platforms that support the different
ways of learning used today. First, for the formal, intentional
learning, there are Virtual Learning Environments and Learning
Management Systems for classrooms and professional trainings,
respectively. Secondly, for accidental learning, the moment of
learning can happen anywhere, and therefore does not need a
dedicated platform. Lastly, for informal, intentional learning, there
are Personal Learning Environments. Personal Learning
Environments (PLE) are defined as “systems that help learners

take control of and manage their own learning. This includes
providing support for learners to set their own learning goals
manage their learning; managing both content and process, and
communicate with others in the process of learning and thereby
achieve learning goals.” [13]

One of the tools a learner can utilize in a PLE is assessment.
Assessment, specifically an educational assessment, is defined as
the process of documenting the knowledge, skills, attitudes and
beliefs based on their projects or work products. Traditional
assessment, as described by Elliot [9], pointed out its several
characteristics that paved way to modern modes of assessment.
These forms of assessment allow peer evaluation, learner
generated content, and a broader audience for participation. Plus,
modern assessments are not paper-based, classroom-based,
formalized in organization and administration, and too controlled
in contents and creation.

Academic networking is defined [10] as the use of social
networking for academic benefit. Social networking is commonly
used for communication and sharing of content; this can be
extended for learning purposes. Applying social networking
capabilities to a PLE will provide learners a way to communicate
and collaborate with each other.

In line with these points, this paper presents the design and
implementation of an integrated Personal Learning Environment
and Electronic Portfolio Assessment Management System, with
the addition of support for academic networking. The system
builds upon existing systems: Hardwire, a cloud-based Personal
Learning Environment, Projectrix, a cloud-based Electronic
Portfolio Assessment Management System. The system
particularly utilizes the internal social network of peers in (a)
sharing and bookmarking learning resources, (b) discovering
content through peers of common interest, (c) getting support
from learners pursuing the same learning objective, (d)
collaborating with peers in the creation and editing of assessment
rubrics, and (e) gathering assessors to assess work products.

2. CONCEPT

2.1 Personal Learning Environment

A Personal Learning Environment has many definitions, which
are compiled by Buchem [2]. This paper uses van Harmelen’s
definition [13]: “Personal Learning Environments are systems that
help learners take control of and manage their own learning. This
includes providing support for learners to set their own learning
goals manage their learning; managing both content and process
communicate with others in the process of learning and thereby
achieve learning goals.”



2.1.1 Focus on Creation and Communication

Some PLEs and other online learning platforms are like social
bookmarking sites: they focus on content acquisition and
consumption. These are still vital to learning, but the researchers
believe that the PLE should focus more on the creation of work
products, and communication between peers.

As stated by Asuncion, et al. [1], the PLE “should also have
collaboration features that enables a learner to form sets of
connections with other learners based on learning objectives.”
This opens a way for learners to discuss, collaborate and start
collective learning action.

2.1.2  Different Levels of Learning Support

To adopt the various ways and methods a learner can use to learn,
a PLE should be able to support the different levels of learning
support, as described by Koper and Specht [7].

At the bottom level, there are knowledge resources, which are
containers for actual learning resources like books, articles,
software and even informal messages and communities.

On top of knowledge resources are learning activities, which
compile knowledge resources and add pedagogical aids such as
study tasks, feedback and assessment.

Competence development programs act as a guide for learners in
utilizing the learning activities. These programs include
positioning, navigation, performance assessment, and learner
support.

Lastly, networks for life-long competence development are the
collections of development programs organized by institutions and
individuals.

2.1.3  Learner Support Service

As a part of the competence development programs stated in the
previous point and in Koper and Specht [7], learner support is
another functionality a PLE can provide. When a learner needs
human help on learning a learning activity, the learner support
service finds related peers and tutors, and provides a way to
communicate with them on matters related to that learning
activity.

2.1.4  Support for Academic Networking

Social networking, when used for academic and learning
purposes, is called academic networking [10], another tool which
can be used for a PLE. Applying this to a PLE will allow learners
to communicate with other learners with a common interest and
learning objective, and to invite peers to collaborate in the various
aspects of learning.

Academic networking can be implemented through either creating
an internal social network or developing on an existing social
network’s web services for use of the PLE.

2.2 Electronic Portfolio Assessment
Management System
2.2.1  Project Portfolio

Projectrix allows learners to manage their learning products via
links. This lets the learners have their projects assessed by
themselves, their peers, or their mentors and advisers. Assessors

are notified and invited to assess work products via email or
through their Twitter accounts.

2.2.2  Peer and Self Assessment

Self assessment allows a learner to judge a learner’s own work
[9]. This also gives the learner a sense of ownership to the
learning experience and thus increase motivation. Peer assessment
on the other hand helps learners to develop insight to their own
performance by assessing the work of others.

In a learning environment, assessment is no longer limited to a
teacher, thus allowing a broader access for gauging a learner’s
work.

2.2.3  Rubrics and Collaboration

All assessments are assessed using rubrics that were created
collaboratively. Each rubric has a name, description, rubric id and
a set of tags associated with it. Once a rubric has been published
via Projectrix, users may now look up and use a rubric for
assessing a project.

These rubrics are created through the Google Spreadsheets API,
which has document sharing options, thus allowing the author to
include other people to collaborate in defining and customizing
the rubrics.

In the new version of Projectrix, users who have Facebook
accounts can place comments about the rubric thus aiding in its
definition. Facebook users may also “like” the rubric via the the
Like Button Social Plugin.

3. HARDWIRE AND PROJECTRIX
3.1 Hardwire

Hardwire, the result of the research of Asuncion, et al., is a cloud-
based PLE that “has functions for managing content, learning
resources, a network of learners and a portfolio.” [1]

The proponents of this research have developed Hardwire 2.0,
which extends Hardwire by improving its database design and
adding features to support content discovery, learner support and
academic networking.

3.1.1 Database Design
The database contains three models: Learner, Module and Project,
whose relationships are described in Figure 1.

Learner
LD Module
Email MID
Username Owner LID (FK)
First Name Title
Last Name Description
Bio add favorite Content
Tags Tags
Image URL Image URL
Twitter Token create Resources
Twitter Secret 5
Facebook Token
Facebook S t
acebook Secre Project
PID
Owner LID (FK)
Basis MID (FK)
Projectrix PID
Title
Description
Tags
ImageURL
Project URL

Figure 1. Entity-Relationship Diagram of Hardwire



3.1.2  Workflow

The changes to Hardwire’s workflow include ways to discover
modules through peers or search, and ways to get support from
other learners. The workflow is shown in Figure 2.
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Figure 2. Workflow of Hardwire

3.1.3  System Architecture

Hardwire uses a Model-View-Controller architecture, which
effectively divides the tasks into data access, content
management, and user interface display. This architecture is
displayed in Figure 3.

User Interface /

Views
Module Project Profile Search Peers Settings
Controller Controller Controller Controller Controller Controller
Module

Project
Data Access Object

Learner ‘

Data Access Object Data Access Object

| Google App Engine

Datastore

Figure 3. System Architecture of Hardwire

3.2 Projectrix

Projectrix, an application originally designed and implemented by
Delgado, et. al., “provides a venue for learners to upload and
manage their work products via links,” and has features that
“allow learners to have their projects assessed by themselves,
mentors and advisers.”

Projectrix 2.0, an improvement to the original, broadens the
capabilities of Projectrix by integrating the reach of existing social
networking sites and other online applications to its assessment
and rubric definition features.

3.2.1 Collaborative Assessment with Projectrix

As discussed earlier, PLE’s should provide a way for learners to
showcase or have their learning projects or work products
assessed. Projectrix, also an e-learning application is an e-
portfolio management system that provides means for
collaborative assessment. Learning projects can be created from
Projectrix which can be assessed by both the user and his peers.

Projectrix, now on its second version, is no longer limited to
inviting friends with GMail accounts to assess a learner’s project.
The learner may now invite friends from his/her twitter account
via the Twitter APL.

Once a learning project has been finalized on Hardwire, the
learner has the option to have the project assessed via Projectrix.
Projectrix provides an interface for Hardwire to access it’s web
service for project assessment.

3.2.2  Database Design

The database contains six models: User, Assessment, Rubric,
Criterion, Rating and Project, whose relationships are described in
Figure 4.

Project
User Project Id Assessment
Email Project Url Assessment Id
Twitter Assessors (optional)
Twitter Id (Optional) Swns Title has Project Id
First Name Assessed Rubric Id
Last Name Ragessore Assessor
Image URL Description Comment
About Me owner Total Score
Tags
Outside Identifier
authored
Criterion Rating
with —— Criterionld | —— with Rating Id
o Criterion Rating
Rubric
Rubric Id
Author
IsPublished
ik using
Description
Tags

Collaborators

Figure 4. Entity-Relationship Diagram of Projectrix

3.2.3

Workflow

The workflow of Projectrix now accomodates access from Twitter,
as shown in Figure 5.
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Figure 5. Workflow of Projectrix



3.2.4  System Architecture
The system architecture of Projectrix also supports operations for
the Twitter functionality.

Client/User

F’ User Interface ‘j
Rubric Assessment Project Portfalio

Manager Manager Manager

A B

User Authentication

Service and Permission l User Authentication

and Permission to Accass

to Access Google Docs Twitter Account
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Datastare

Figure 6. System Architecture of Projectrix

3.3  Integration

Hardwire and Projectrix has already been integrated through a
web service. The proponents of this paper propose a new
workflow for the connections between the two systems, as seen in

Figures 7 and 8.
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Figure 7. Data Flow Diagram of Hardwire and Projectrix
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Figure 8. Workflow of Hardwire and Projectrix

4. TECHNICAL ISSUES

4.1 Implementation

Hardwire and Projectrix are implemented as web applications
independent of each other. Hardwire is a Personal Learning
Environment with features especially designed for personal
learning while Projectrix is an electronic portfolio management
system with tools for collaborative rubric definition and
assessment. Hardwire and Projectrix are currently deployed at [6]
and [8], respectively.

The current versions of both Hardwire and Projectrix still utilize
the same highly scalable cloud computing platform, Google App
Engine [14] as used in the original implementation [1]. Projectrix
still uses Google Web Toolkit to design its user interface.

4.2  Hardwire
4.2.1 Tag Search and Directories

Hardwire 2.0 has extended Hardwire’s search function to include
learners and projects. Also, these searches are combined in one
page, to give the learner an overview of the various content on a
specified tag. In addition, Hardwire now has directories that allow
learners to freely explore all content posted to Hardwire.

4.2.2  Academic Networking through Peers
The original Hardwire already has the concept of peers, in that it
is a one way connection like Twitter’s Follow.

Hardwire 2.0 extended the existing peer system by utilizing social
networking aspects, such as common peers, tags and modules.
Also, in module pages, peers who use the module will also be
shown there.

4.2.3  Peer Messaging through Electronic Mail

In addition to the capabilities described in the previous section,
learners can also send messages to each other through electronic
mail. Specifically, when a learner adds another as peer, the former
shares messaging capabilities to the latter.

Also, this implementation increases security against email spam,
by hiding email addresses and building a messaging interface, so
that the addresses are hidden even to peers.

4.2.4  Learner Support through Disqus Comment
Threads

All learner, module and project pages now contain comment
threads, in which learners may ask for learning support, or just
post comments. These comment threads are powered by Disqus, a
commenting system that can be used as a plugin on websites. It’s
features are listed in [5].

4.2.5 Learner Information through Twitter4J, and
Java Facebook API

To get learner information, Hardwire accesses the Twitter API
through Twitter4], an unofficial Java library for the Twitter API,
and Facebook through its Java Facebook API.

Upon authorization by the learner, Hardwire 2.0 gathers
information like the learner’s Bio, Profile Image, First Name and
Last Name from his/her existing social network accounts.



4.3 Projectrix

4.3.1 Assessors Invitation through Twitter4J

In Projectrix 2.0, learners may invite their friends in Twitter.
Learners must search for the Twitter user-name of their friend and
add them to the list of assessors. The friend will receive an
invitation with a hyperlink to Projectrix’s assessment module via a
direct message on Twitter. Before the invited Twitter user can
assess a project, the user must log in to Projectrix first via their
Google account. In the event that the assessor has no Google
account, the assessor may opt to sign up for one.

4.3.2  Recommendations through Facebook Social
Plugins

Projectrix takes advantage of the Like Button and Comments
plugins to let learners and their friends who have Facebook to
comment and “like” rubrics the learners authored. For assessors,
this might help them decide on which rubrics they should use to
assess a learning project based on the number of “likes” and the
comments.

4.3.3  Instant Messaging through Meebo Bar

The Meebo bar, a “customizable sharing platform that connects
your visitors to their friends on any communication and social
network™ [12], is integrated to Projectrix 2.0. This will allow users
of Projectrix to easily communicate with other assessors and
learners and share and post Projectrix activities directly to their
social networking accounts such as Facebook and Twitter.

4.4  Integration through Web Services

The web services of Hardwire and Projectrix now have two
functions: Create Project (Figure 9) and Send Assessment (Figure
10).

Resource Name

Project
URL

http://projectrix-
development.appspot.com/ws/createProject

Parameters

key secret title desc url owner assessors tags

Response

OK — code 200 plus outside identifier of the
project

BAD REQUEST - code 401

ACCESS DENIED - code 404

Response Type
XML

Figure 9. Projectrix API Specifications for Create Project

Resource Name

Assessment
URL

http://hardwireple.appspot.com/ws/createProject

Parameters

key secret owner url owner assessor rubric id score
comment

Figure 10. Hardwire API Specifications for Send Assessment

5. RESULTS

Hardwire and Projectrix are currently deployed at [6] and [8],
respectively. They are running on the Spring Framework on top of
the Google App Engine and Datastore. They both use Google
Accounts for the login system (Figure 11).

Google accounts

Hardwire PLE uses Google Accounts for Sign In. Bige i with your

Google is not affiliated with the contents of Hardwire PLE or its owners. If you sign Gougle Account
in, Google will share your email address with Hardwire PLE, but not your password Email :
or any other personal information. mai g
ex: pat@example.com
Hardwire PLE may use your email address to personalize your experience on theit  passwor:| @
website.
# Stay signed in

Sign in

Can't access your account?

Don't have a Google Account?
Create an account now

1 Google - Google Home - Terms of Service - Privacy Policy - Help

Figure 11. Hardwire Login Page

The search utility of Hardwire doubles as a list for all existing
content, as seen in Figure 12.

hw&%e

PERSONAL LEARNING ENVIRONMENT

Usability Test ZUSSRInGs) QSIS EEsgout

| Kevin Chris Marcelo (kcfmarcelo)

[ @ Home Modules | Projects [ Peers [ (c) |
Search Hardwire: All Learners, Modules and Projects
slearners

o Kevin Chris Marcelo

o Maria Gemma Tadeo

o Faye Nero

o Daniela Marie Delgado
o Daniela Marie Delgado
o Ismael Delos Reyes

mModules
o Introduction to Web Programming
o Introduction to Writing, a Sample Module
o In Memory of Her
o How to Play the Piano
RProjects
o Writing
o My Profile in Hardwire
o Playing Canon in D

Go)

Hardwire and Projectrix are the undergraduate research projects of Kevin and Dan. Web Science 2010
Figure 12. Hardwire Search

Figure 13 is an example of a profile page of another learner,
featuring common peers and interests with the current learner.

Usability Test  QuSetings] [QHeIp Logout

I Maria Gemma Tadeo (mariagemma)i!

() |

hard\'\{ire

PERSONAL LEARNING ENVIRONMENT

[ _[wHome [ Modules Projects | Peers &

Kevin Chris Marcelo
5 e

Hardwire's developer and researcher.
Loves typography, spaghetti, dark chocolate, looking for the truth,
my fiancee Gem, and the fact that this sentence is so awkward. X

#computer-science

Connections

(If you were sent here through the Hardwire PLE Usability Test,

hello there!) Peers
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L — &8 R
mModules

Peer of

o Introduction to Web Programming .

o Introduction to Writing, a Sample Module
o How to Play the Piano

mLearning List You and Kevin Chris are peers.

o Introduction to Web Programming Send Mail

o Introduction to Writing, a Sample Module —RemwePer
[BProjects

o My Profile in Hardwire
o Playing Canon in D
ClDiscussions

Hardwire and Projectrix are the undergraduate research projects of Kevin and Dan. Web Science 2010

Figure 13. Hardwire Profile Page



The two ways of communication, i.e. electronic mail and
discussion thread, are shown in Figures 14 and 15, respectively.

Send Mail Close

Subject: 'Need help with Canon in D
Body: How do you play the left hand in the 7th measure?

Figure 14. Send Mail Form

Add New Comment
Really?|
Postas ...
Showing 2 comments
Sortby (Popular now 18) (2 Subscribe by email £ Subscribe by RSS
! Kevin Chris Marcelo 1 week ago
They were very easy! | leamed everything in one day!
[Like | [Reply
! Guest 1 weekago
Were the tutorials hard?
Like | [Reply
Trackback URL ~ http://disqus.com/forume

Figure 15. Discussion Thread powered by Disqus

In Projectrix, inviting assessors can be done through electronic
mail or Twitter direct messaging (Figure 16). This

figure also shows the Meebo Bar, as is found in all pages in
Projectrix.
LA

--ADD NEW PROJECT--
A project is & work product of a learner that can be assessed.
i Home
* Required
Rubrics e ae——
.—J Erojectin Search
' Projects .| RESULTS:
h Assessments i —_—
SRS _temove |
Help
1
(comma or space sepa.
delachica _remove |
Assest .com
(Gmail addresses
comma orspace sepa
Close
Twitter
You may also include your Twitter friends in the assessors list.
Save Project Cancel )
3 Recommended | [ Twitter | o3 Like | @ Account

Figure 16. Add New Project Form

Piano Appreciation Rubric by kcfmarcelo@gmail.cor
For non-experts.
sample piano

Inspiring

M Easy Moderate Hard

YLike [ Be the first of your friends to like this.

Figure 17. Rubric Page

Project Title: Playing Canon in D
0% Description: A sample project for presentation
Tags: sample

Criterion |Rating 1Rating 2 Rating 3
Wolume |Clow |OMedium |®High
Inspiration Coull | Ookay ®1nspiring
Speed (CEasy |®Moderate | OHard
Comments:

Amazing! Keep up the good work!\

Submit |
24

Figure 18. Project Assessment Form

Figure 17 is an example of a rubric which was already finalized in
Google Spreadsheets. This rubric can be used in assessment, as
shown in Figure 18.

6. RECOMMENDATIONS

An ideal Personal Learning Environment is open and integrated to
all systems relevant to a person’s learning. Hardwire is currently
connected to Twitter, Facebook and Disqus, while Projectrix is
connected to Twitter, Facebook and Google Spreadsheets. The
researchers recommend more integrations with social networks,
communication tools and blogging services.

Secondly, there are two ongoing research efforts for Hardwire and
Projectrix: one is on folksonomy and recommendation engines for
both systems, and the other is on the systems’ semantic web
implementation.

6.1 Hardwire

First, to keep up with the other Web 2.0 tools for content
discovery, Hardwire could utilize content caching and display
capabilities, e.g, video embedding, content previews. Secondly,
efforts can be done to make Hardwire accessible on mobile
devices. Lastly, Hardwire could also be connected to existing
learning institutions to gather resources.

6.2  Projectrix

The web service for assessments is limited to Hardwire on the
current version of Projectrix. Projectrix could open its web service
to other web applications who may want to take advantage of it’s
collaborative assessment tool in newer versions.

Projectrix is only currently using rubrics as a way of assessing a
learner’s work product. Other forms of assessments which may be
more appropriate for certain learning projects could be offered in
newer versions.
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