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ABSTRACT

Modern technology offers the tools for having sywcious
virtual classes. This paper reports about expeeraf such a
class in the context of distance education. Theepé&pcuses on
the tool as well as on the pedagogy. It outlires gedagogical
approach of the virtual class, which is an adamtatf good
practices of face-to-face classes. The result)ax@eriment are
discussed. Strong and weak aspects of synchroridual\classes
are identified.

Categories and Subject Descriptors

K.3.2 [Computers in Educatior]: Computer and Information
Science Education -eomputer science education, information
systems education.

K.3.1 [Computers in Educatior]: Computer Uses in Education —
collaborative learning, distance learning.

General Terms
Design, Human Factors.

Keywords
Distance education, virtual classroom, pedagogywcaiibnal
technology, active learning.

1. INTRODUCTION

The Open University of the Netherlands offers diseaeducation.
Although the courses are designed for self-studgnyrstudents
need some support. Therefore, optional face-to-tdasses are
offered for several courses, in a small humberitisc scattered
over the country. For many years the number ofesttglattending
those classes has been small. On the one hanidwhatendance
number is a positive sign, since the course madeioa self-study
are rated highly by students and cause little rfeedtudents to
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participate in classes. On the other hand, som#ests do not
attend due to restrictions on travel distance oretischedule.
Also, we observe that students who attend the etassually
perform better. Although higher attendance numbexsuld

improve the performance of students, the curremtdttendance
numbers cause a strong urge to economize on thersses.

We wonder whether virtual classes can solve thesees. For
economic reasons, we may need to replace multipil €lasses
in different cities by a single virtual class. M@®idents may be
able to attend since there will be no need to trdwerthermore,
the virtual classes may be recorded and studealso-those who
did not attend the classes - may replay the recgsditer.

In this paper we report on our first experiencethvé virtual

class. Our main questions are: How should we orgathie virtual
classroom? Is there an adequate pedagogical apyroathich

tool or which features of a tool should we use? ireual classes
effective in student participation and achievement?

It can be expected that at least for part of thdestts in the near
future the choice will not be between virtual ckEsand face-to-
face classes, but between virtual classes and ass cit all.
Therefore our main question et whether virtual classes can be
as effective as face-to-face classes. The maintigneis whether
they can be effective at all.

For the organization of the virtual classroom twuongs are
essential:

» to have a suitable pedagogical approach

* to have a tool that supports that approach.

Many authors stress the importance of the pedagbgjmproach
in a virtual context. In an overview study [1] dreteffectiveness
of distance education it is concluded:

“Characteristics of pedagogy tended to take prauszleover
media. Does this mean that media are not imporfdaf?t cannot
mean that, because media are a requirement for diEaiice
education) to exist in the first place. It does mdaowever, that
instructional practices, independent of the mediar, critical to
all forms of educational practice, including andhags especially
DE. This seems almost too axiomatic to state, atdrythe DE
literature there is an exaggerated emphasis onmbdium du
jour.”; and:

“A medium should be selected in the service ofrircttonal
practice, not the other way around.” [1]



Our paper presents a pilot study with a virtuassleve conducted
in the computer science department of our uniwerkit the pilot
we focused on the tool as well as on the pedagMgybased the
pedagogical approach in the virtual classroom upour
experiences with face-to-face classes that we haee giving for
many years. By and large the students and theugtstis are
positive about this pedagogical approach. Therefareconsider
them as ‘good practices’. We transferred those guadtices to
the virtual classroom, taking care for the need adfusted
implementation.

Communication in the virtual classroom can takecglin two
ways: synchronously and asynchronously. In thistpite focus
on synchronous communication. The main reason @&t th
communication in a face-to-face class is mainlyckyanously.
Therefore it is comparatively easy to translatedypeactices to
synchronous classes.

In the next sections we will discuss the course, iedagogical
approach and references to prior work, the toolused and our
experiences.

2. THE COURSE

The pilot with the virtual class was conducted e tcourse
Introduction to Computer Scienc€his course is the first course
of the bachelor curriculum in Computer Science #ngives a
broad introduction to several subjects, as objeertation,
UML, Java-programming, relational databases, bimamnbers,
operating systems, computer networks, and so omyMgaudents
enroll for this course to get acquainted with cotepscience and
to explore whether to embark on a full curriculumdomputer
science or not. In fact, this is one of the maifeotives of this
course. For that reason, many students never ipatiécin the
examination.

In our distance education university, students fege to study
courses whenever they like, but we advice and prert® use of
a schedule. This schedule resembles schedulescétdaace
education: a year has 4 blocks of 10 weeks and/ényeblock a
number of courses are ‘offered’. Most students\saatording to
this given schedule.

When Introduction to Computer Sciencis offered, enrolled
students can join face-to-face classes in a nurobglaces all
over the country. Attending those classes is optiand students
are not marked. In many cases the number of stsdeiting

these classes is below 10.

3. PEDAGOGICAL APPROACH

We have been teaching face-to-face classes for cthwse
Introduction to Computer Science for several yeAtsthe heart
of the pedagogical approach are activities perfdrime students.
During the sessions students are not passivelgniisg to

lectures, but the instructors invite the studeatgét involved in
activities. This approach is in agreement with tal known

ideas of active learning. Silberman [8] characesizactive
learning as follows: “To learn something well, #lps to hear it,
see it, ask questions about it, and discuss it etitlers. Above all,
students need to ‘do it'—figure things out by thelwsg, come up
with examples, try out skills, and do assignmehtt tepend on
the knowledge they already have or must acquirevesal reports
have been published about the application of thidsas to

computer science education. For example [3, 6js8uds several
possible activities in the CS classroom.

In our face-to-face classes the activities of tledents are
focused upon solving problems. In every session offer
problems that are typical for the scheduled subjefite students
discuss these problems in interaction with eackraéind with the
instructor.

In the virtual classes we adopted the same apprdackvery
session some relevant problems are offered, relatetie new
topics. The problems are offered just in time, they typical for
the scheduled subjects and can be solved with nbe/lledge as
offered in the course material. The problems aneduo provoke
discussion, e.g. problems are formulated such tthey can be
solved or interpreted in different ways.

A key question is: how can we offer the studentshie virtual

class an environment that invites them and suppbem to be
active? An essential condition of this environmisrthat it should
facilitate interaction. The importance of interaati for

educational activities, especially in an online teat is stressed
in [9]. During the sessions we strive for as mueteraction as
possible, interaction between the students andnsteuctor, but
also interaction among the students themselvea. face-to-face
class interaction happens in several natural whyshe virtual

class this interaction has to be designed carefully

We used a number of features of the tool (to beudised in more
detail in the next section) to do so. First we uskedtronic hand
raising. The functionality is the same as the physicabdhaising.
Students can raise hands individually and on thein initiative,
indicating that they want to say or ask somethifigey can also
raise hands in reaction to a question of the io&bry indicating
that they want to give an answer. All participaras see on their
screen which students raise hands electronically.

We also used thdeedbackfeature of the tool for eliciting
interaction. The instructor can use this featuregéd feedback
from all members of the group at the same time.example, the
instructor can ask whether a statement about a t@pitrue,

whether a given answer of one of the students iigech and so
on. All students can give feedback by polling yes rm.

Everybody sees the distribution of the yes/no pdifter the poll

the instructor can ask a student to give an exfitam#o his or her
vote. In the same way a multiple choice questiothv@ or 4

options can be posed and the answers can be discufhe
instructor can use feedback also to ask about tbgress of the
learning process, for example whether any questwoedeft with

respect to a subject.

During each session a number of topics are covelédn:

instructor gives a brief introduction on each topic presenting
some slides. Next a number of problems are disdudd@s can
be done in several ways, according to the typeroblpm. We

give a typical example of how this happens. Thérirsor asks
the students to raise their hands if they wanive g solution to a
problem. He gives the turn to one of them. Thigietu gives a
solution, for example by typing and/or drawing it the shared
whiteboard. Then the instructor asks the studénteey think the
answer is correct by giving them the opportunityptdl right or

wrong. Everybody can see the result of the polliffie instructor
selects one of the students to explain why he/slireks the

answer is right or wrong. For example, if the aralianswer was
wrong, the turn is given to somebody who thoughtlsing the



microphone, this student may state his of her ratitm. Next
other students can be asked to give their viewthi;wway several
students can contribute to the discussion. Of eyure any time
students can raise hands on their own initiativéhdy have a
question or want to say something.

We stimulate the students to be active prior todlass meeting,
as well. Therefore we send the problems to thenadwmance,
urging the students to prepare themselves. Theuitsts expect
the students at least to hawad the problems prior to the class.
In this way the students come to the class withesaommon
experiences they can discuss. During the classmeis spent on
reading and understanding the problems, therefogeavailable
time can be used efficiently.

A relevant issue is the frequency of the sessibmshe face-to-
face classes we limit the frequency to one sessidwo weeks,

because of the traveling effort of the studentswa#l as the

instructors. Therefore there are five session$otii2.5 hours. In
virtual classes there is no need for this limitatié class meeting
is considered to be an incentive to prepare the&so@\ higher

frequency of meetings gives more structure to tinelents and
will help them to study regularly. Therefore we evéid weekly
meetings of about 1.5 hours during 9 weeks. Thet fiession is
an introductory session. All participants introdileemselves and
the instructor explains the way of working in thgwal classroom
and the use of the tool, like how to electronica#lise your hand
and how to poll.

The sessions are recorded and are available fosttioents after
the sessions. The recordings and problems aredstor@ can be
accessed and played back by all students who gistered for
the course, including students who did not attéredctass.

4. THE TOOL

We needed a tool that could support our pedagogigpfoach.
Therefore this tool should first of all:

e stimulate students to participate actively and byoically
in the sessions

« facilitate different kinds of synchronic interagtibetween
the participants

*  be easy to use; technology should be no obstacle fo
participating in the virtual class.

Based on a successful pilot in another departmédntowr

university we decided to use LearnLinc, a produciLomc Inc

[4]. LearnLinc offers a lot of functionality for eghronous virtual

classes. We used only part of its features. Mopbimant for our

pilot were:

« two-way audio conferencing, by way of Voice over IP
(VolIP). In the LearnLinc classroom the instructasitontrol
and can give one student access to audio confegnbhat
student will then be heard by the class and a @aéithat
student is shown on the screen

« shared whiteboard; the whiteboard is a shared \padesto
which instructors and students can easily add conlike
notes and simple graphics

« feedback from students; instructors can poll sttalehout
any subject, and students can give feedback

e electronic hand raising

«  delivery of presentations; LearnLinc has a vieveer f
PowerPoint slides

e chat

» record and playback; virtual classes can be recoade
replayed at a later date.

We asked the students to use chat only for proeédamd

technical issues, for example to report issuesadisd audio or

not being able to view the PowerPoint slides.

In section 3 we outlined how we used the otherufest within
our pedagogical approach.

Prior to the introductory session a short individs@ssion with
each student was held, allowing us to check whetiner
technology worked properly, especially the audio.

LearnLinc offers video conferencing but we decidetito use it.,
because we expected technical problems. Studentsn of
participate from home and many of them lack a fastrnet
connection and/or a well equipped pc with a webcam.

Instructors received a one day training with tha.to

5. EXPERIENCES

5.1 Student participation and interaction

During the spring of 2007 we offered a block wiiltwal classes
as well as face-to-face classes. We decided to fiminumber of
students of the virtual class to 15. We enrolledrgithe students
that were registered for the course.

Three students of the original 15 resigned durbregdourse: two
could not keep up with the pace and one gave upmiedical

reasons. During each session a few of the remastirdents were
absent for personal reasons. During the final gassd students
participated and two apologized for not being ablpin.

The students participated actively from the stalsually they
prepared the sessions reasonably well by working tloa
exercises.

Of our initial group of 15 students starting in isgr 2007, 9
passed and 1 failed the examination while the neimgi5 did not
sit for an exam by the end of 2007. It follows t#&% of the
students (10 out of 15) signed in for the examaratind that 90%
of the students (9 out of 10) that signed in fag #xamination,
passed.

5.2 Student’s view

We held two evaluations among the students, a fivea
evaluation about halfway through the course andiransative
evaluation at the end. In general students ardip@sabout the
virtual classes. Most important findings are:

*  Main reasons to choose virtual classes (instedalcefto-
face classes) are interest in the use of IT-td®184) and
avoiding travel time (43%).

e Students report better understanding of subjediemand
providing structure to study regularly as the nmzénefits of
attending virtual classes. This finding is in agneat with
the findings of a similar pilot, as reported in.[5]

e Students think it is important that exercises taliseussed
in a class are sent to them in advance. They pedphpse
exercises reasonably well. At the end of the sassio
growing number of students had problems to keewitlp
the pace.



e About half of the students replayed recorded sassa a
later date; many of them replayed several classes.

e Also many students (260) who did not attend anthef
classes, downloaded some of the recorded sessidns o
accompanying exercises.

e Students like short, frequent classes; they hagrablems to
maintain attention during the class.

e Students had no problems worth mentioning using
LearnLinc; LearnLinc is considered user friendhgluding
the log in procedure, participating in the sessems
replaying them.

¢ The quality of the audio is evaluated as reasonabll
though some students don't like the delay in thdicau

e The LearnLinc features that supported interactieadback
with polling, hand raising and giving students enjlare
evaluated very well.

¢ Many students said they missed video and propasadet
video in future classes.

e Some students missed the opportunity for nonverbal
communication and for social communication (jolgetting
to know each other better, expressing emotions).

5.3 Pedagogical approach and instructor’s

views

Students actively prepared the sessions by tryingdive the
problems we sent them in advance. At the end ottlcee some
students had problems to keep up with the pace@mpcepare the
sessions. During sessions all students participatedthe
discussions. The instructors continually tried &2 the students
active, by asking questions that could be answbyedlectronic
hand raising or by polling. When the instructor easkfor
‘volunteers’ to answer a question, usually many dsanvere
raised. Especially the feedback facility provedbt an effective
and natural way to keep interaction going and tcited reaction
from the group as well as to keep the studentd. aléhen the
instructor gave an opportunity for feedback, usuall or almost
all of the students actually voted. The threshaidreéact by
electronic voting seems to be lower than to reaet face-to-face
class.

In many cases the students had no problems usingtiiieboard
to give a solution, by entering a text or drawingimple figure.
Sometimes they preferred the instructor to typed@aw their
answers.

The instructors had no problem handling a groupl6f15
students. It can be doubted whether the group eamuzh larger
with the same pedagogical approach. Instructor havdivide
their attention to several modes of communicatibriha same
time. They have to concentrate on the content éineyeaching, in
the first place. At the same time they should moifcstudents
raise hands. They have to operate the tool, usidgcantrolling
the facilities of hand raising, feedback, drawingufes and
entering texts, and controlling which student iswaéd to talk to
all others. They also have to check the chat amesmes have to
act accordingly, for example to synchronize stuslemho ‘got
lost’ or had a technical failure. They should neti€ a student
comes late. If the number of students increaslbsdbmes harder
for the instructor to stay in command of the class.

The instructor has to understand that it is impdrta constantly
explain what is happening next, because physiczd enailable in
the face-to-face environment are not availablenenli

The tool should be no obstacle for the studentgaiticipate in

the discussions. This means that the type of pnabldesigned by
the instructors need to match the feedback fagslitf the tool.
For example, the students can not be expectedaiw domplex

diagrams or use mathematical notation. Therefordhakto rely

on problems where the feedback consisted of astiiot written

texts or simple figures. We had to adapt sevemiblpms to this
requirement.

We found out that the feedback feature of Learnlgravides the
possibility to diagnose the progress of the grosip avhole. From
the feedback to a multiple choice question, therucsor gets
easily and quickly a survey of the level of undamnsling of a
specific topic.

5.4 Technology

A number of problems with technology arose. Fomepia, some
students sometimes could not log in, other studerperienced
problems with the audio. On the whole these problérad no
heavy impact upon the course of the sessions arad aichem

could be solved easily. Two-way audio is an esakfaature for
virtual classes to succeed. The quality of the @ytoved to be
reasonably well. A drawback of the audio is theageThis delay
hampered to some extent spontaneous conversatioms
discussions.

In the LearnLinc classroom the instructor has adrgind can give
students access to audio conferencing, but onlyabagime. This
has the drawback that students can not discusstlglirand

spontaneously with each other. A student can oelyctr to

another student after having been giving explicitbcess to the
audio by the instructor. An advantage is that th&ructor can
easily control the quality of the audio. Studengrwt speak
together and disturbing background noises can ppressed.

Students had only minor problems with the accedsetrnLinc
and with the usability of the (in this pilot seled} features of
LearnLinc. LearnLinc was by and large consideresy ¢a use.

6. CONCLUSION

We offered a virtual classroom with a pedagogip@raach based
upon active learning. The students participate/elgt from the
beginning. They performed well: only 3 studentst(ofl 15)
resigned during the course, and 9 of the remaidibgstudents
passed the examination by the end of the year.sfudents also
held positive opinions about the classes. The lteafnLinc was
felt to be intuitive both for the instructors arat the students.

It cannot be denied that in our virtual class iat&on is much
poorer than in face-to-face classes. There is hany nonverbal
communication and even the possibilities for
communication are limited. From that point of viawirtual class
is a poor variant of a face-to-face class. On tierohand virtual
classes provide opportunities that are hard toempht in a face-
to-face context.

*  They offer flexibility in frequency and duration tife
sessions. Especially in a distance education cbttiexis a
substantial benefit. In our case we offered a sassiery
week, which cannot be achieved with face-to-faassgs.

verbal



More sessions provide more structure, which migppsrt
the students.

* Sessions are recorded and can be replayed, astodsnts
who could not join the class. This facility providier a need
of many students.

e The features for hand raising and feedback (‘pgTinesult
in a lot of interaction and keep the students aldrese are
natural and explicit features of the tool that fe\gtudents to
communicate. We have the experience that the tbie$br
students to actually use these features is very low

* The feedback feature offers a nice possibilityiegdose if
the group as a whole has problems with specifijestt

All of this could also be realized in face-to-fadlasses, but they
are a standard feature of the used tool. Learnlprmvides
affordances for these specific forms of commundazafil0].

The interaction during the pilot was limited. Thedents’ input
was limited to audio, text, simple drawings andlipgland there
was hardly any nonverbal communication. In thereitwe would
like to use features for drawing diagrams, for gsimre complex
notations and above all for using video, which e pressing
wish of many students.

Our pilot was limited to a group of 15 studentse @ourse and

one tool. The results are encouraging but we needem

experiences with the same and different courses#rat tools to
assess the possibilities of virtual classes. Ulityave would like
to contribute to the development of a pedagogipar@ach for
the virtual CS classroom, where for example alsaw@0o([2]) is
aiming at.
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