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ABSTRACT

Educaors and techndogists have been wrestling with the most appropriate way in
which to use information techndogy in teading and in leaning, for some yeas. We
have seen orine wurse notes, bah linea, hypertext and hypermedia format,
ledurer/student communication Ja dedronic buletin bords or via emall,
multimedia ourseware with student-direded leaning and many others. All of these
approadhes have had limited impad on mainstream teading in ou Universities and
coll eges and we believe one of the reasons for thisis that these d@tempts al represent a
significant shift in the normal student-lecurer relationship and an enormous amourt
of effort on the part of the ledurer. In ou work we have aldressed this by using
techndogy to replicate the traditional mode of delivery of ledures to a dass The
presentation d ledure material was digitaly recorded, bah audio and synchronised
visuals, and made available for students to take in their own time. In addition we
provided 3 athogonal means to accessthis material. The present paper describes our
analysis of the use of these “virtual ledures’ by a dassof over 100 students. Our
analysis includes log files of al accesss to the online material, pre-course and past-
course questionreires and anornymous questionreire feadbadk, some of this is
compared to exam performance Results indicae that mode of delivery, student usage
and a student’ s technicd bias have noimpad on owerall exam performance
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1 Introduction

As modern computing environments and retworking infrastructure arives onthe doarsteps
of more and more of us we find increasing presaure to make dfedive use of thistechndogy.
Educaors, in particular University educators, appea to fed this presaire most because the
students we ded with are the most mature, and the techndogy in ou workplaces tends to be
of the most advanced type and thus the oppatunity and the benefits are gredest [1]. Despite
having motive and oppatunity, the uptake on wsing information techndogy as an integra
part of University educationis goradic, with some experiment and innovation, bu little

universal impad [2].

Information techndogy, andin particular multimedia computing, has been used in avariety
of waysin University education. Thisincludes the use of computersin classfor
demonstrations by ledurers, the aeaion d eledronic dasgooms with synchronous gudent
and ledurer access the aedion d online curse notesin linea [3] or in
hypertext/hypermedia formats [4]. We have dso seen the aedion d off-line multimedia
courseware, often distributed onCD-ROM, andthe aedion d such CBT materia has turned
into ahugeindustry. All of these have their rolesin ou educational system yet nore of these
are being universally embracel. Variousreasonsfor this can be hypothesised such as costs,
the huge investment in ledurer time demanded and the perceved ladk of reward for those

making such innovations.



In ou work we have developed an appli cation for multimedia computing in ou teading
which involves repladng the traditional delivery of ledure material to a dassof students,
with the dedronic cature of this delivery and making this delivery avail able to students
whenever they want to take it. By cancdli ng traditional ledures as we have dore and making
the material avail able online we ae suppating the ideds of having student-direded and
student-controlled learning. The material, which we refer to asvirtual lectures, is avail able
andit isupto the students to take this material at atime of their choosing and as many times
asthey want to. Pladng this control in the hands of the students provides clea benefits.

In this paper we present an analysis of the use of one curse delivered viavirtual ledures.
The analysis on student usage was performed using the system log fil es, which record all
accesses, timestamped and traced to the individual and the location d the acces the results
of pre-course and pcst-course questionnaires which students completed, and performancein
an end-of -course examination.

The murse we used was athird yea undergraduate murse in database, primarily because the
subjed matter isrelatively static compared to ather coursesin computing. The syllabus
includes database design and ER data modelli ng, the relational model, SQL, the system
caalogue, query optimisation, dstributed databases, narmali sation and database seaurity [5].
Databases are evolving slowly rather than going through more frequent change & with ather
courses in multi media systems or networking, for example. Also, the students attending this
course aeintheir third yea of afour yea degreeprogram and so are more mature, while &
the same time exam performancein this course does not count towards the final classficaion
of degree avarded and so it is not absolutely criticd. Finaly, the subjed isa cre subjed

andistaken by al students, thus giving us a maximum number of subjeds for analysis.

In the next sedion d the paper we describe the ways in which we aeded the virtual ledures
for the murse and hav we made it available. We dso describe the various ways in which
students could accessmaterial and we introduce the students who took the curse. In sedion
3 we describe the types of analysis which we undertook. Spedficdly we compared the
examination results of the group wsing the multi media presentation d the material with the
correspondng results from a groupwho hed receved traditional leduresin an ealier yea.
We dso give detail s onthe usage analysis and the user questionreires referred to above. In
sedion 4we present the results of these analyses. A final sedion krings together our overall
conclusions and dscusses the impad our results will have on ou future teading of this
subjed.



2 Creation of Virtual Lectures

In preparing the virtual ledures course our starting point was the traditional lecure delivery
givenin previousyeas. Instead of delivering the curseto a dassof perhaps 130studentsin
forty 1-hour ledures, the material was divided upinto 119“churks’ or standalone dements
Thesetopicsare eat individual elements of the murse and severa of them would namally
be woven together to make up a 1-hour ledure. Each of the topics was turned into a
“presentation” consisting of an audio trad and a set of asociated visuals, which shoud be
presented at various g/nchronisation pants throughou the “presentation’. While eab
presentation is independent there is an overall li nea ordering to the presentations, whichis

the same & the ordering of material when presented viatraditional ledures.

The audio was rearded using Cood Edit96 [6], a shareware audio recording toal, by sampling
16-bit samples at 22KHz and the recording was post-processed to namalise and reduce
noise. The audio was then converted into Red Audio format [7] and daced on ou RedAudio
server. Prior to the recording of ead presentation, the visuals to be presented were aeaed.
These visuals were aeaed as an equivalent of OHP “slides’, ascreen of text andimage
information which was used as a prop to the audio stream. During the recording, the
timepoints at which the set of visuals for a presentation shoud naturally appea would be
noted. After thereocording, ead page or OHP “dlide” used during the presentation was
turned into an HTML page using FrontPage [8], and daced on ou WWW server. Most of
these 300+ HTML pages contained text and image, whil e some aontained simple animations
in the form of GIF89%a graphics. We chose to use GIF89%a animations rather than Java
becaise it made the synchronisation easier. For ead of the 119 presentations we then
creaed a synchronisation fil e, detaili ng the synchronisation pants at which the various

HTML pages $roud be presented to the user.

To play apresentation a user uses a RedAudio payer, freefor personal use, which has
start/stop/pause/rewind/FF cortrols, and the Red Audio player launches the audio for the
presentation. The techndogy we used, howvever, has two important feaures. Firstly, asan

audio presentationis played, the HTML pages given in the synchronisation file for that audio

! These varied from 1 or 2 minutes upto 71minutes, with the average being about 10 minutes
long. Inretrosped we now redise that the 71 minute presentation (on SQL syntax) was too

long



trad, appea in the users favoured WWW browser, either Netscgpe or Internet Explorer. As
the user rewinds, fast forwards or jumps to alocation within the presentation, the Red Audio
server instructs the WWW browser onwhich HTML page to load, so the audio and visuals
are dwaysin synch. The secondimportant feaure of Red Audio from our perspedive was
that the delivery could be streamed. That means that as a user requests an audio trad to be
played, the datais downloaded and days as ©0onas enough has been bufered. The
downloading continues at arate fast enough to keep the buffers full, which in turn means that
the bandwidth requirements for Red Audio arerelatively low and a mnredionvia a28.&bps
modem is adequete.

In delivering this course using traditional one-to-many ledures, atotal of 40 hous of
leduring was needed. Thisdistill ed naturaly into abou 18 hous of virtual ledures, for
exadly the same @ntent. This can be put down to the concentrated nature of the virtual

ledures presentation, a point we returnto later.

To fadlit ate usersin navigating the material we repli cated the traditi onal table-of-contents
we have used in the traditional delivery. Inthis case we have 14 chapters, ead divided into
sedions and subsedions and ead of these points to an audio presentation. The eitire audio
was then hand-transcribed into ASCII and wsing todls developed by our Multimedia
Information Retrieval reseach groupwe devel oped a search mechanism whereby a user’s
typed-in seach request would retrieved aranked list of starting points throughout the curse,
in mid-presentation, where the topic of the user’s query was discussed. Clicking on ore of
these would launch the presentation at that point in the course. Finally, we manually creaed
abad-of-the-bodk index of topics and sub-topics with ead of these pointing to the placein

the aurse, again passbly in mid-presentation, where that topic was discussed [9].

Each student onthe course was given aunique ID and passwvord to accessthe materialsin
their own time. The PCsin severa laboratories on campus were configured with the
RedAudio player installed and panters were aeaed to where the player could be
downloaded. Paper copies of the visuals were copied and dstributed to students and aonce-
fortnightly meding/tutorial between the ledurer and students was held to go over difficult
material answering any clarificaions gudents required, and working through example
material. Traditional ledures for this course were cancdled and students were given pdnters
to the online material instead. All communications with students in terms of continuows
asesament schedules, avail ahility of new material, past exam papers, etc., was viathe
WWW.



3 Types of Analysis

In the mntext of our virtual ledures projed there ae many aspeds which we would like to
measure such as development costs, transferability to aher subjeds, effort required to
maintain the course, student readion, ease of leaning and the anourt of material actually
leaned by students. Some of these ae documented elsewhere while in this paper we ae
primarily interested in whether the virtual ledures worked as a vehicle for teading. While
end-of-yea exams are a cude measure of the anourt of material leaned, and we know that,

they are the only measure we have avail ableto us, and so we use them.

At the end d the murse, students take awritten examination d 3 housdurationin which
they answer questions abou the course mntent. These questions are ablend d recdl (turn
some English queriesinto SQL), and undbrstanding (comparing aspeds of databases related
to dfferent parts of the course). The overall exam mark is a combination d the written exam
and amark given for a series of continuows assesament exercises but for the purposes of these

analyses we use only the mark from the written exam.

There ae several types of analysis one can perform to measure many kinds of variablesin a
projed such asthis. In ou case we were interested in threeparticular aspeds. Thefirst was
the impad of multi media delivery on exam performance mmpared to traditional delivery
methods. The secondwas the patterns of usage of the system. Asead user hastheir own ID,
it ispassble to analyse, from the http log fil es, the date, time, locaion andidentificaion o
every audio presentation dayed hy every student during the course. Thisisinvaluable
material and can be compared with exam performanceto seehow various usage patterns
affed overall exam performance. From the beginning of the curse through to the date of the
written exam, the course lasted approximately 150 dhys, including the Christmas vacdion
and pre-exam study periods. Related to thiswe chose 5 diff erent variables to measure study

behaviour, which can be extraded automaticdly from log files and these ae:

e AHIT: thefirst date that a student logged into the system and dayed an audio
presentation

e ZHIT: thelast date that a student logged into the system and dayed an audio presentation

e HIT50: the number of audio presentations taken by a student up to andincluding day 50

of the murse (the one third pdnt)



e HIT100 the number of audio presentations taken by a student up to and including day
100 d the aurse (the two thirds point)
e TOTHIT: thetotal number of audio presentations taken by a student

In the next sedion we shall seehow these correlated with exam performance.

Thethird isaue of interest was the extent to which prior experience of multimedia conferred
advantage on such students. In additionto hard usage figures for the course, we caried ou a
pre-course questionraire, in class which measured ead student’ stechnica adeptness This
questionraire asked things li ke whether the students had a PC or a modem at home, how
often they browsed the web and for what reasons, whether they had creaed their own hame
page, howv much HTML they knew, whether they had head of or used Red Audio, and so on.
The pre-course questionnaire was designed to measure the technicd nature of ead student
abeit not asasinglefigure but as a set of answersto the &ove questions. Becaise these
guestionraires were named, these answers could also be correlated with performancein the
final exam. Students completed these questionraires at the start of the murse and the
guestions asked are shown in Appendix A. Some of these require answersonalinea scde
of 1to 9and some ae dummy (binary) variables, i.e. yes/no question. Aswith usage of the
virtual ledures, the answersto these questions were crrelated with exam marks and the

results of this are presented in the next sedion.

4 Results of Analysis

There were atotal of 115 students who registered for the course, attended interviews,
completed the questionraires, used the system and completed the written examination. These
students form the basis for our analysis. While others are registered for the curse (abou 15
students) they are excluded because they are reped students, they withdrew from the written

examination, withdrew from the course, or did na complete survey forms.
4.1 Comparison of delivery types

Our first analysiswasto determineif the overall 1 evel of examination performancewas
affeded in any way by choasing to deliver the aurse in multimedia form as oppased to
traditional ledures. We mmpared the distribution d examination marks for the years 1995
(traditional delivery) with those for 1997 (multi media delivery), the former effedively ading



asa oontrol group. Note that in the 199596 acalemic yea the course had been taught and
the examinations graded by a different individual, so that if those figures been used the
effeds of delivery methodand course a-ordinator would have been confounced. Table 1.
gives the means and standard deviations of the marks from the 1995and 1997 dtabase

examinations.

Table 1. Means and standard deviations of examination marksfor yearsin

which both traditional and multimedia modes of cour se delivery were

employed.
1995( Traditional ) 1997( Multimedia)
Mean 49.4 51.1
Standard deviation 13.5 13.6
Students 132 111

Ascan be seen from thistable thereis only a glight diff erencein the mean marks between the
two yeas and a standard z- test for the diff erences of two meansindicaesthat it is not
statisticd significant. We a@nclude that levels of attainment have not been compromised by

theintroduction d an alternative method d course delivery.

4.2 Analysis of Usage

Thefiguresfor AHIT, HIT50,HIT100,ZHIT and TOTHIT were chosen to coll edively
indicate study patterns. A low (ealy inthe course) AHIT, high HIT50,HIT100and TOTHIT
figuresand high (latein course) ZHIT figures would indicate astudent who started the course
ealy, covered the material throughou the duration o the murse andtook agood ced of the
overall course and was taking leduresright up to exam time, presumably for revision. The
reader is reminded that the whole murseismade up d 119individual audio presentations
andthat there ae atotal of 12,960logged “plays’ of audio presentations by the 115 students.

The graphs shown in Figure 1 show the values exam mark platted against AHIT, ZHIT,
HIT50,HIT100and TOTHIT, for eat of the 115students.
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Figure 1(a) shows that while many students darted the urse, i.e. took their first virtual
ledure within the first week, there were many who left their first encounter with the virtual
ledures urtil quitelate. Figure 1(b) showsthat many of the students took their final ledures,
probably revision, in the few days before the exam, and all but a small few used the system
within 1 month of the exam. The HIT50 and HIT100figuresin Figures 1(c) and 1(d) show
many students who dd na taken even ore virtual ledure & those stages of the course andthe
TOTHIT Figurein 1(e) shows agred spread of usage with some taking only a small portion
of the murse and aherstaking upto 200 pays.

What isinteresting about these graphsis how there seemsto be no correlation between exam
mark and any of the usage figures. Theresultsin Figure 1(e) are worth further comment. If
the total number of audio plays needed to complete the entire curseis 119,this graph shows
that abou half of the students took Iessthan the full course, some of them barely any part at
al, while the other half took more than the full course by re-taking parts. The graphclealy
shows that the amnourt of the course taken dces not correlate & all with exam performance

The results of regressng exam merk on all of the usage measures are givenin Table 2.



Table 2: Regression of exam mark against usage

Variable | Coefficient | T
ZHIT 0.633 0.62
HIT50 0.062 0.56

HIT100 0.005 0.06

TOTHIT 0.050 1.35
AHIT 0.051 0.98

R-SQR = 0.045 F =0.983

Ascan be seen from the t-statistics [10], nore of the usage variables had a co-efficient
significantly different from zero.

Clealy Table 1 confirmsthat no significant relationships were found letween usage and

exam performancewhich isinitially a somewhat surprising result given that one' sintuition

would suggest that good study habits ( starting ealy, kegping up with the course & a stealy
pace ¢c..) shoud berepaid by higher exam marks. Notwithstanding the fad that the eove
measures of usage ae relatively crude, it is probably fair to say that if any substantive
relationship were to exist between exam performance and wsage, at least some would emerge
from the dove analysis and this has clealy not happened.

4.3 Analysis of Prior Experience

Thethird hypothesis that we explored in analysing our virtual ledures was that prior
experience of the WWW and Red Audio and the technicd nature of a student had an effea
on his/her result andthis could be tested by regressng the exam mark variable aainst the
pre-course questionraire variables. This questionraireis shown in an Appendix and the
results of the regresgon are tabulated below. The correlation measures used are the same &

with the ealier analysis.



Table 3. Results of regressing Exam Mark on variables associated
with prior experience of WWW

Variable | Question | Measure | Coefficient| T | VIF
Q1 How often browsing 1..9 -0.512 -0.51 2.88
Q2 Heard of RealAudio ? Y/IN 1.390 0.39 2.13
Q3 Seen RealAudio in action ? Y/N 8.734 1.22 6.27
Q4 Downloaded RealAudio player ? YIN -7.497 -1.03 5.76
Q5 Prepared own home page ? Y/N 1.240 0.29 3.13
Q6 Know how much HTML 1..9 -0.571 -0.49 5.03
Q7 Grasp of WWW 1.9 0.220 0.23 3.22
Q8 OwnaPC? YIN -1.482 -0.32 331
Q9 Own a modem ? Y/N 9.309 2.68 1.55
Q10 Use for University work ? Y/N 2.759 0.62 2.94
Q11 How many sessions ? 0.7 0.247 0.80 2.98
Q12 How many chapters ? 0..13 1.003 1.70 3.49
Q13 How much repeating ? 1.7 -6.352 -1.01 2.85

Sex M/F 1.922 0.56 1.31
R-SQR =0.188 F=1.621

Ascan be seen from this table only Q9 (Has a student a modem/internet connedion ?) hasa
significant associated t statistic, which isjust significant at the 1% level. However, becaise
of the fad that some 14 variables were entered into the regresson, it would be inappropriate
to read too much into this snglet statistic, indeed the F statistic is not even significant at the
5% significancelevel. Variable Inflation Fadors (VIF' s) are dso reported, since, by virtue of
the way that the questionnaire was designed, a cetain level of multi-colli neaity was to be
expeded. These statistics, although deteding the previously suspeded multi-colli neaity, are

redundant in view of the accetance of the null hypothesis of prior experience having no

influenceon performance

5 Conclusions

The resultsin this paper have shown that when virtual ledures are used in placeof traditional
delivery methods there is no significant differencein attainment levels as measured by end o
yea examination marks. Furthermore, neither prior experience nor study/usage patterns have
any impad on performancein end o yea examinations when using virtual lecdures for
course delivery as we have described here. Initially this may seem a surprising result but on
refledionit shoud be nosurprise & al. What we have dorein thiswork isto provide an
eledronic version d a omurse delivery paradigm with which all of the parties (students and
faaulty) are dl famili ar, albeit with some alditional benefits to the student of avail abilit y,



repetition and fadlit ating student-direded leaning. In ou traditional mode of course
presentation we can also have asporadic atendancerate & ledures by students; in pradice,
the larger the dassthe eaier it isfor astudent not to attend, perhaps because of the increased
likelihood d anonymity when misdgng a dass or perhaps becaise astudent getslessvalue
from alarger gathering of fellow students. It is probably true to say that good attendance d
our traditional ledures does not imply good gerformancein exams and vice-versa and thisis

exadly the result we have foundwith ou virtual ledures.

The sts of developing virtual ledures can be broken into a number of caegories. Thefirst
measure isin terms of equipment and infrastructure which isnot agrea cost becaise
personal computing and retworking isin glacein most Universities anyway. The cmomputing
requirements for the server are not grea. Interms of technicd suppat to creae and maintain
the virtual ledures, thisrequired afull-time asdstant for a period o abou 10 months but
much o this effort was direded towards the aedion d the search fadlity andin the
development of layout andironing out initial difficulties such as choosing the best audio
sampling rate and locating the best todlsto use. In retrosped we believe that the table of
contents for navigationis esentia, the index isaniceideg bu the seach isaluxury becaise
of the anourt of time needed to creae it and the few occasionsin which it was adually used.
Even duing times of revision, students preferred to use other navigation mecdhanismsto find
material.

The gredest cost of the development of our form of virtual leduresisthe ledurer time and
thisisnat insignificant. However, when compared to ather paradigms for making material
avail able dedronicdly, virtual leduresrequire lesspre-processng and preparation o
material than, say, the development of concept maps or hypermedia murseware. Thisisan
important point. Thereisareluctance onthe part of many faaulty membersto use
information techndogy to creade and maintain orline information kecause of the acerrate
perception that it takes a huge anourt of time. Virtual ledures involves course preparation
in a paradigm which is famili ar to ledurers and thus the costs of virtual leduresin terms of
preparation o course antent, isnat significant. We believe thisis very encouraging for the

patential applicationto ather courses.
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Appendix A: Survey Questions

(@)
Q2
Qs3:
Q4.
Q5:
Q6:

Q7.
Q8.
Qo:
Q10
Q1L

Q12

Q13

How often doyou wsetheweb ? [Never ... Addict]

Haveyou head of RedAudio ?

Have you seen RedAudioin adion?

Have you davnloaded the RedAudio payer ?

Have you prepared your own WWW home page ?

How much HTML do you know in arder to make your home page look good ?
[Nore ... Guruy]

How would you regard your grasp of WWW in terms of knowing what isthere and
how to find things ? [Novice.. Shark]

Do you have aPC/MAC at home or at work ?

Doesit have amodem & internet conredion ?

Do you weit for University projeas/Study ?

How many sessons did the student have with the virtual ledures throughou the yea
(fromlog analysis)

How many chapters (from 13) of the murse did the student take throughou the yea
(fromlog analysis

How much of arepea fador was present in the student taking the aurse, i.e. how

much orline revision was used ?



