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Abstract - This paper describes our work in capturing,
and evaluating the classroom experience as the hubr
technology-assisted blended learning environmentdn
fact, we believe that much of the work that goes to pre-
paring a class can be brought to fruition if thereare
means to record classes in the form of synchronizedul-
timedia streams which can be webcast and archivetlVe
tested this approach over the last three years, nably
during last spring semester in a Multimedia Courseat
our university attended by over 143 registered stuehts.
We propose a practical technique to evaluate the abili-
ty of the learning support system and improve the ésign
of this kind of experiences from pedagogical and ténic-
al perspectives. The main contribution of this resarch
consists of a workable and empirically tested evahtion

challenging work practices in all kinds of educatiostitu-

tions. Instituto Superior TécnicqIST), of the Technical
University of Lisbon, Portugal, is no exception.ridg the
last two years, our research group has been dexglapb-
Learning system to support the transition from itradal

class-room environments to technology enhancedhitegr
whether online or offline. Our objective is to shahe as-
pects of the experiential system in this approactevelop,
implement, and test a b-Learning solution custocthine our

internal pedagogical practice. We are developihgough
integration and customization of off-the-shelf campnts a
SEaMless Integrated Online Learning Environment
(SEMINOLE) and other new components. Its main goéb
support a cost-effective content-production processdent
assessments, and online communication. New feahaes

approach which allows project teams to diagnose and been identified and developed through a bottomngiate-

deploy cost-effective improvements to technology sisted
learning experiences.

Index Terms E-learning , Educational Technology, Human-

Computer Interaction, Technology-enhanced-learnisys-
tems, Usability evaluation methods

INTRODUCTION

In the past few years there have been substadiiainaes in

grated evaluation approach.

CONCEPTUAL FRAMEWORK

The current wealth of b-Learning experiences indisavil-
lingness of many higher-education institutions $euame this
new paradigm as natural evolution of their stratemture,
and internal practices. After a wreath of failegenences
with large-budget offerings, Universities and otlmegher-

b-Learning environments i.e. those combining preéaken education institutions are slowly realizing thaturseware
with both on- and offline technology-supported ieag.  design should cover not only production and distidn of
These advances were spurned by developments in @Gemnteaching content, but also articulate learning eonto inter-
nications, Media, and Computing Technologies. Havev nal organization processes, labor market dynanmdsneeds

technology itself is not the single most importainiving
factor in improving b-Learning experiences. As waing
more understanding on the dynamics of online |ea;niew
challenges emerge. Indeed, there is a need foeproptho-
dologies, tools and techniques to address these ol
lenges, as students and educators migrate fronitiorzead
classrooms to online environments. [1] This is beeaboth

as well as specific characteristics and abiliti€patential
learners. As shown in Figure 1, four scenariosparssible
for technology-supported learning. Currently thesaail
different tools (video-conferencing, collaboratitwols, arc-
hival, webcast and LMS components). Indeed we fieat
Learning-support systems should fit to the dynanatsn
institution’s pedagogical processes and a subsethede

Human Factors and Technology Investments need to bsxenarios to address cost-effective content pramuct

managed in articulation with learning strategieseiplore
new possibilities in a more cost-effective manneor
courseware developers this translates into reqeinésnto
speed up the development time of b-Learning masetieat
are both cost-effective and acceptable to studdtisse are

Based on reviewed literature [2]-[8], Figure 2 skaive
high-level learning-support system architecturencaptual-
ly, students interact with this system to perforearhing
tasks which they later evaluate. To improve sucstesys,
we have long felt that effective creation of meclatent can
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CONCEPTUALFRAMEWORK

best happen if we focus on capturing the classreape-
rience. Indeed, traditional learning settings hawelved
around the teacher student relationship in wheffectively
a rich shared interaction supported by group dynamira-
ditional e-learning efforts have focused in conteet se,
while ignoring or abjuring the classroom experientke feel
that the long string of failures attest to the neédhanging
this approach. Indeed, our experience has evolvednd
this basic paradigm, supported by integrated etialuane-
thods so that process can be monitored both framées,

SYSTEM ARCHITECTURE

Three main system objectives were defined in orer
achieve our goals to support our internal pedagbgicac-
tice: (a) content management; (b) webcasting, andvalua-
tion of the learning experience. The first systeratq@type
was tested during the Fall semester 2003, givieglecture
to 77 Human-Computer-Interaction students fromeHper-
tuguese universities. This first approach to webcassisted
of a software tool, supported by FCCN (PortuguesenHa-
tion for Science and Research), that enabled aamtiovideo
streaming with support for synchronized presentasiides.
The software was mainly used for archiving purpoges-
ing that semester, three live webcasts were peddymwhere
students could remotely view the class, contrilartd inte-
ract with other students and the speaker, throhghuse of
email messages and an IRC (Internet Relay Chafiphenl
session. This tool, in its simplicity, had shortings in both
human resources, time spent with pre and post-ptmdu
processes, and media that could be integratedencldss
lectures. In an attempt to get users’ feedback,ldke live
webcast session was evaluated. Based on partisipast
ponses to open questions, improvement areas wengfidd
on learning content; process-related aspects arthdéogy
aspects [8]. This initiative continued during Sprisemester
of 2004 introducing class video recording and livebcast
of invited speakers into class dynamics.

With these experiences, we defined priorities; arsis
ty’s teaching process and analysis of strengths vaeak-
nesses of available Learning Management System JLMS
platforms, system requisites and functionalitiesemeenti-
fied, and a open-source LMS was selected. Then,ethe

designers and managers’ perspectives. Such an a&pro |earning system was architected during the Fall426@me-

features easier identification of improvements nesgliand
easy assessment of progress towards set goalskephis-
sues involved in capturing the classroom experiegoe
beyond the physical presence and pre-determineztiatds.
Interactions and knowledge are always present amaye
contribution enriches the overall community. Durihg last
two years, our research group, In-Context E-legrgICE),
has developed a learning support system to augtreit
tional class-room learning by technology enhanesaring.

ster, by integrating the selected LMS with full wabt and
video archive features. The system was tested gl8pring
semester 2005. The learning content managemenegsoc
was tightly supported by a LMS called Moodle [9hage
development was oriented towards an easy navigdtion
scheme, clear structure of activities and resousoceseasing
of communication amongst students. Furthermorentirac-
es the social constructivism as an educationabpbphy [7].
Moodle provided the necessary tools for buildingl aman-

This system has been improved and new components haaging the course Web site (http://immi.inesc-igh@ti05/) in

been developed based both on the demands of oup grtd
student feedback. Current features include learcigtent
management, class webcast and archival functionsgra-
tion with videoconferencing and access data extnacas
illustrated in Figure 2. This system, called SeadléNte-

a more efficient and collaborative manner, sindadludes a
Content Management System, which facilitates, amuthg
ers: (a) programmed delivery of learning contendifferent
formats, (b) possibilities of diverse resources tasks sup-
porting different learning methods, and (c) fastdieack to

grated Online Learning Environment or SEMINOLE for students after doing quizzes online.

short, will gradually cover not only blended-leangiclasses
but also, virtual ones. Students evaluated SEMINQIsE-

bility by using online questionnaires which inclddelosed
and open questions. This learner's feedback wasentn
analyzed and weekly project meetings were heldlémtify

candidate areas of improvement, assess short-easibility

of changes and plan change deployment over theseaur
next releases.

The following sections present the strategies and

progress of our research work with b-Learning atDepar-
tamento de Engenharia Informati¢BEI) at IST.
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For the webcast feature, we chose to use ePresence
[10],[11] from KMDI Labs in the University of Torda,
along with additional customization. The webcastoom-
ponent in the system currently supported lecturesundio
and video synchronized with slides, integrated amald-
erated live chat, question submission and the semtimated
generation of structured, navigable and searchkduture
archives.

It was tested by 28 MCP registered students towggec
course learning tasks and evaluate its usabilityyrovement
areas were identified and deployed in the secomsiore of

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



the system. This new version was tested and ealuay
143 students registered for Spring semester 2005/@b6is
course. 85% of these were 4th-year students of@ab-un-

system administrator allocated to this project, ¢ogater
involvement of ICE research group in pedagogicsikdaand
(c) extra attention during planning and implemédataphas-

dergraduate study course. The other 15% are studergs to timely deal with institutional constraintsdasase the

enrolled at 3rd and 5th years of the same cour8& @f

remaining students evaluated this blended-learrarpge-
rience by using an online questionnaire with cloaed open
questions. 21% were female. 57% were register€hatpus
A, the other at Campus B. 79% reported spendingertiaan
2 hours/day using the Internet. 26% were majonmiylulti-

media & Intelligent Systems and 55% major in Infation

Systems. 82% reported never having previously @padied
in a similar blended-Learning. Almost a quartertiodé stu-
dents held part-time jobs. 87% of students repaxdeatcess
Internet at speeds greater than 512 Kbps and 9%pexd
under 512 Kbps. All used their personal computerscfass

change process. These constraints had to do wittingha
available the necessary technological and phy$amlities

across campi to support students in performingdiéned

learning tasks (face-to-face lectures, project kpemts,

exams). Learning methodology, tasks, contents,catiéml

instructors and the e-learning system, though inguo

remained the same.

SEMINOLE evolution has been driven by qualitative
and quantitative results garnered from studentuayi@n and
lessons learnt. In fact, enriching the class capgucapabili-
ties of the system was one of the main concernesiith
multimedia content contributes both for the pedagplg

purposes, and accessed SEMINOLE by using mainly Ikalue and post- production cost-effectiveness ané sav-

browsers.

Participating students used SEMINOLE as the sabé¢ to
to perform main learning tasks. Learner evaluatiais done
in two specific moments after using the systemafahe 6th
(April 2006) and (b) 11th weeks of the course (M#P6).
They filled out an online questionnaire, indicatithgir opi-
nions regarding what they liked the most and tlasti@bout
this e-learning experience, the usability of leagnitasks
performed on the system and their satisfaction Whtis
learning experience. Students took a quiz anddfibet the
online questionnaire during the same week, spending
average, around ten minutes. Anonymity and confielkity
were both assured. Major differences with last stere
MCP course are the number of enrolled studentsoitn b
campi: 5 times more. In order to assure a satisfacjuality
level of this MCP Online learning experience, tirisrease
in the number of registered students required:héajng a

ings. Indeed, the class webcast and archival coemgamow
supports additional media streams such as digitél i
streams of pointer positions (which can be bothaasband
archived), demonstration videos, java applets aheroin-
teractive content. One interesting feature is tied rich
content can be viewed using standard web browset$han
clients in a marked departure from similar appreacivhich
feature rich media content and synchronization ifémrknt
media streams. Furthermore, new distance learmiegasios
have driven us to integrate the system with video-
conferencing systems, to provide greater interagtiv

To empower instructors we are currently developing
one-person scenario to control both lecture reogrdind
capture. While this is demanding in terms of teadtéen-
tion resources and hardware installation, we fee ts a
most necessary step towards e-Classroom scalability
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SYSTEM ARCHITECTURE
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RESULTS

Our set learning and system goals for this expeeesmere:
(1) obtaining at least similar learning results whwempared
to previous years; (2) moderate-to-high learnendine par-
ticipation, and (3) easy and cost-effective idécdifion of
improvement areas . Regarding the first objectB&% of
the students got a passing grade. This was wellealbloe
results in the course the year before, where failate stood
at about 18% of 28 enrolled students. Class attereavas
65% per student, on average with a standard demiadf
26%. This showed that communication with instrustor
online and offline acted complementarily and reioéa the
need for consistency in communicative acts andruogir
support. At the end of the course, drop-out rats w@und
2%.

Along this blended-course, learners’ system usags w

registered and students concerns on system aviylakére
quickly attended. We set three main periods foa datalysis
purposes: being the 2nd, 6th and 11th weeks otdhese.
We refer to these periods as Habit formation (Bistweeks
of course), Consolidating habit (next five weekscofirse)
and Habit formed (last weeks of course). In retatm online
communication, out of 158000+ total accesses, 87&tew
performed by students. On average, each post frorm-a
structor generated six posts from students. Indeasked on
system data, each student accessed SEMINOLE dttleas
times per week on average. These patterns heldsathe
three defined periods, thus reflecting the charisttes of
adopted learning methodologies by students, arebsstrg
the most relevant aspects that instructors mustlyirtake
action on due to their impact on student behaviacsions
and performance. Learners’ participation viiki sessions,
posting in fora and consulting the course’s infaiora and
resources were the most frequent tasks performed
SEMINOLE. Overall, all learner tasks on the systemre
perceived as easy to perform, according to theusey eval-
uations performed at the 6th and 11th weeks otthese.
Regarding usefulness of the system, learners’ pede
participation in fora, in chat and watching archiweebcast
videos as having been moderately useful for therfterA
applying non-parametric tests, watching archivecoast
videos and consulting information resources abloeiicburse
were significantly different across evaluation #&ss, both
decreasing. This may be related to the fact thatléarning
experience was a combination of face-to-face aniihen
modes. Furthermore, providing information resourabsut
the course’s structure is more helpful at initt@lges helping
to form learners’ mental models. Conversely, thesg be
less valuable then the learning experience evoliretked,
most students were slightly satisfied with thistéag expe-
rience. Their satisfaction significantly increasesyarding
the realized learning and received feedback towdresend
of the semester. Realized learning and receivedbfeek
were the elements that significantly differ in bethaluation

What did learners like the most of this MCP Online
course?

e
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FIGURE 3
LEARNER EVALUATI ON: LIKED-THE-MOST ASPECT!

After processing and analyzing learners’ respornees
the online questionnaires, the ICE research grdeptified
and prioritized improvement areas. During evaluatges-
sions, learners were also asked about what they like
most and the least about their participation is ghiperience.
Responses from open questions were content-analyzed

Regarding the most liked aspects, at first studpirts
pointed online communication, instructor suppotigarning
system and the educational process. However, asetme-
ster went by and workload increased, students likes
structured educational process more and the oobmemu-
nication less. It is worth noting that few studewent to the
fmouble of reporting that they liked the course leaton
because their “voice was heard” in this change ggs@ven
though this meant some work on their part. Amorigst
least liked aspects, in the beginning (habit foromt most
responses indicated that students did not likesyiséem and
class dynamics. This related to the fact that éuhriology-
enhanced learning experience was the only one wittair
course and introduced changes in their study habitisrou-
tines. In addition logistic concerns to accommodfte
times more students than the last semester caosee an-
xieties at first. After several weeks of workingthvithe
SEMINOLE system, students pointed out that theniear
content and educational process should be imprabede-
fore shifting their concerns from technology to agdgical
issues. Planning the deployment of the experierara both
technical and pedagogical perspectives, cost-éffsatss of
students” involvement in the development procdss,irite-
roperability of usable and accepted learning-supgstems,
the articulation of the project’'s progress andatitinal con-
text factors were some of the main lessons leaataty this
research work. It allowed us to narrow the diffess be-

sessions, both increasing. Grades in both momemi® w tween development and learning context while sgtirsolid

around 60%. This reveals how important it is fastinctors
to have strong communication and people skillseé@ble to
manage assertively relationships in online learréngiron-
ments.

Coimbra, Portugal

basis for an integrated educational managemenrgrsyst
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CLASSROOM | SSUES

The undertaken b-learning experiences providedt@aron
key issues concerning both participants’ behavidliffer-
ences and class dynamics:

Knowledge Reutilization. The amount of information
available through online resources, both static @ymhmic,
is enormous. Not only the chats and fora provigestiudents
the access to knowledge in a persistent and aleegiable
manner, as also the instructors can use it, oegpreépare and
improve the course. Indeed, it is common for tigrirctor to
check previous year’s frequently asked questiooagakev-
eral course topics, allowing him to be preventivel am-
prove topic presentation.

Class Collective Memory A blended-learning expe-
rience is characterized by both presential anchentompo-
nents. These components complement each othersattr®s
several course topics. One of the main consequerfcaa
active online communication component is the claasis-
tence across time. Indeed, considering the clagsvar and
the available communication resourcésrd, chat), all the
intervenient parts can contribute long after thasslis fi-
nished, enriching the overall knowledge and impngvthe
learning experience: although a presential classksnthe
start of a new topic the discussion around it (available to
all) continues as long anyone wants to clarify dowbt or
want contribute with new information.

Student profiles. Our system provides three diffusion

channels concerning classes: scheduled physicsd,cleeb-
cast scheduled class and the archived class. These dif-
ferent diffusion channels and subsequent commuaitat
opportunities (presential, online synchronous asyhehron-
ous) are suitable to different student profilesahhtan clari-
fy doubts using the mean that makes them comfatabl

Communication Channels and Proximity As the
communication channels increase also does the rpityxi
between the different participants in the coursgh Istudents
and instructors. Besides classes, one has constentact
with other participants whether by participatingthe chat
whether in the fora. Furthermore, by subscribing twrum,
the system sends mail naotification for every newtpm the
presented learning experience, 1100+ posts weedvest by
the subscribed participants, with an average of@apmately
8 posts per day. These messages are illustratédtivatuser
info, including photo, reinforcing the proximity tveeen the
intervenient parts.

Expectation management The communication band-
width between participants grows and so does te&uo-
tor's perception on general and particular studeatning
status. Besides a large amount of available reesuthe
learning management system also provides detadtvdity
reports. Therefore, although the LMS works as adgexpli-
cit communication platform gathering several tymdsre-
sources, it also provides the instructors with ioiplinfor-
mation on student issues. In a first stage, thisigcreports
were used to assess online participation and tifiyviérthe
participants were having any kind of problem wheness-
ing a resource. Soon, the instructors started usiageports
to manage expectations concerning a certain topidass.
Assessing student’s out-of-class preparation gites in-
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structor the opportunity to adapt his class, prémgrfurther
damage and focusing on learning goals.

Instructor’s role implications. For online communica-
tion to be effective, the instructors must partité actively
and frequently. The students must be confidentedting an
answer when they participate online. Therefore,ciivamu-
nication increase implicates higher availabilityorfr the
instructors. Furthermore, a learning managementesys
offers lots of information on student performancesource
usage and overall community issues. In order te lzanaila-
ble statistics the instructors must follow some lmalion
standards and be organized, because the data atilbe
organized if the publisher isn't.

L ESSONSL EARNT

Our experience identifies five main lessons ledfinst, from

a pedagogical point of view, planning operationapldy-

ment of the experience is crucial for its succesterms of
institutional context, educational process, ingtomal de-

sign and system requirements. Start-up investmaetsiec-
essarily high to structure the experience and latemage the
relationships that evolve around it.

Second, from an evaluation standpoint, involving- st
dents in the development lifecycle more than a-effsctive
tool is also a key factor in sustaining a constwgctlimate
to support active learning. This contributed tcast¢he roles
of students and instructors within the new paradadriearn-
ing. Observing and understanding users reflectimmsthe
learning process as they experience it is key bbrito our
proposed evaluation framework. These techniqudsalldw
us to diagnose, learn from practice and plan nexssboth
as a key point to work in organizations, as welharner-
stone to the whole process. Data collection toolstnbe
fine-tuned and be reliable to capture informatibe teast
intrusive possible for learners.

Third, from a technical standpoint, making avaiabl
new system functionalities should be done wherdaming
tasks require them. This observation comes fronerstdnd-
ing what users know in context of use to adjustesysfunc-
tioning to perceived (real), rather than postulatser needs.

Fourth, usable and acceptable systems are not krioug
make a successful transition; they also have timteeopera-
ble with existing institutional systems.

Last, cost-effectiveness results come from: (ak &m-
plification such as edition / re-edition is doneedily on the
platform; production and post-production of classes/ideo
(live and archive), quizzes and standard commuioicat
instruments (e.g. program, course details, etcd ewvents
(e.g. meeting with students, orientation sessiett3; and (b)
involving learners to report their perceptions syt expe-
rience it and their actions, as they perform themthe sys-
tem, and (c) estimating the usefulness, effectisgnarticu-
lation of results and strategies, return of investmof this
kind of initiatives to support later business-drivéecisions
regarding skill development.
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CONCLUSIONS AND FUTURE WORK

As previously mentioned, the goal of this work wias
present results from designing and evaluating Ant@ogy-
supported approach to evaluate the usability of-daarning
system within a real instructional setting. Resudt®wed
that design tools addressing the creation of acttred and
iterative communication space between designersuards
is a cost-effective approach to integrate coursevelavel-
opment. While a considerable amount of work stidsl
ahead, evaluating technology-supported learningmempces
in such a way allows for focusing on the developinedfort
in a multidisciplinary manner. Using diagnostic [®avhich
explore the technical and pedagogical issues asaseaion-
sidering the impact of usability in context of use users’
learning behaviors and actions.

Five areas for future work were identified to assis
in developing high-quality t-cos

courseware designers
effective learning materials and interactive cowae. First,
collaboration and personalization are consideretheawo
essential  requirements  for  learning
SEMINOLE currently lacks the capacity to: (a) all®tu-
dents to specify personalized features and thexefontex-
tualizing their individual learning; (b) enhanceethublica-
tion workflow, (c) transmit webcast videos withaignifi-
cant delays, (e) support learning process mongoriaws of
learning across demographic cognitive and affectiae
riables, and (d) support instructors in analyziegéssing
online participation and the anticipating of stutdénypical
doubts and problems with subject-matter, (e) autimaildy
monitor online participation, and (f) anticipate predict
improvement areas regarding system usability atidfae-
tion within the learning experience across studgatups.
Therefore, further work is required in these areaisnprove
the system’s effectiveness. Second, building béesiening
objects from previous unprocessed classes’ conisnte-
quired to improve content and navigation structurgrope-
rability and reusability. Third, proving timely armbmpre-
hensive feedback for learners in intermediate etilo
results as the course progresses can greatly secréeeir
sense of participation. Furthermore, this coulddretupport
students’ role in finishing the original design thie expe-
rience. Fourth, sustaining learning community dyitam
should be further explored for a better understamdif the
group’s influence on the individual behaviors ardians
online. For instance, how well does double blindrpeview
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effectiveness.

work when students grade each others participatidora?
Lastly, understanding the dynamics of technologypsuted
learning based on the proposed framework shoulthtes
validated across different contexts and learnibgasbons to
confirm the empirical evidence before making angirob
that our results are generically applicable.
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