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Abstract necessary, before responding. The dialogue caginu

until there is a mutually agreeable understandigtgvben
Many educational theories depend on learning as path sides.

process of dialogue between teacher and learner.

Traditional university methods such as lectures and

tutorials do not facilitate dialogue since studeare m

unable or unwilling to speak out. The use of atbnic

voting system in lectures, where all students espond 4 T L 2
to questions set by the lecturer with the aggrebegsults

displayed to the class, aims to alleviate barrigys \3_/
dialogue in lectures and so improve learning. Aerg
study, by the authors, of a three-year use of angot rigyre 1:A simplified version of Laurillard's dialogue
system in introductory programming lectures haswsho model
that response rates by students are lower thanctdge
This paper outlines the educational purpose ofquge This is most easily seen in a one-to-one learnitogtson,
system in this lecture course and postulates reafmm as depicted in Figure 1, a simplified version of
the low response rates. Based on these reasengapier Laurillard's model. Here, the teacher, T, explarnspic
presents an educational framework whereby studerfé§'asks a question (1). The learner, L, procetsgesopic
votes not only enrich the lecture environment betalso Of question against their current understandiny, 4&d
used to facilitate learning in small group teachsegsions then responds accordingly (3). The teacher corspars
and the students' self-study environments response with their own viewpoint (4) and if thesea

. . . discrepancy, continues the dialogue with approgriat
Keywords: dialogue, feedback, cognitive processingeedback, remediation or review material (1). Ehery
introductory programming, learning environments be many cycles of communication and processingrbefo

1 Dial inL . the learning is complete.
laloguein Learnin
g g Whilst learning research suggests the necessity for

Amongst the numerous processes involved in learningialogue of the kind described above, typical ursitg
many learning theories and models depend on cegnitilearning environments tend to minimise these aii
processing and feedback (e.g. Kolb 1984, Laurillargt is hard for students to actively process the emiat
2002). This paper is written from the perspect¥®ne delivered in lectures, and there is even less dppiy
such model, that of Laurillard, in which learning @ for dialogue to assess and hone understandingf- Sel
process of dialogue between teacher and learnech E directed study after lectures aims to initiate dtgm
receives feedback on the learning process when thgyocessing of the material, but there is oftenlelitt
receive a communication from the other, and theg@ss opportunity for any kind of dialogue unless thedstot
this feedback against their current understandinth® has formed a study group. Typical 'small groufprials
particular learning activity, making adjustments agf around 10-20 students foster only limited dialegs
students may not have prepared for the sessiobe @t
different levels to other group members, or be oesvof
Copyright © 2005, Australian Computer Society, Ind@his speaking out in front of them. Tutors have little
paper appeared at thAustraliasian Computing Education information about a student's current progressargiey
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academic, not-for profit purposes permitted progitias text is took place. by which time students appear ofterbdo
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only interested in the marks anyway. In a sulgeich as material in step (2) as early as possible in tlmniag
programming, under discussion in this paper, the ortycle. Before an EVS was used in the programming
exception to this depressing view of universityridiag is  lectures, short exercises were set periodicalljndueach
in staffed laboratory sessions, where one-to-onlecture and students given time to work on thenhisT
Laurillardian dialogue does take place, particylamlthe development is reported in detail in (Cutts 2008)any
presence of a skilled tutor who can encouragetiigent students did not attempt the questions, however,
to think deeply about their problems. It is ovewpoint preferring to wait to discover the answer from aeot
however that over-emphasis on working in front of &tudent or the lecturer. For the lecturer, it Wastrating
machine can hinder students' development of probleboth to see these non-attempts and also not tdleet@
analysis and algorithm development skills, and estiisl discover how those students who attempted the iquest
should be encouraged to develop and discuss sadutiovere progressing. The use of an EVS aims to allevi
away from the machine. For this reason it is ingarto these frustrations. The secondary purpose of \He-tse
maintain both tutorials and laboratories. in these lectures is the opportunity to correct any
misunderstandings at an early stage, steps (3),a(®

2 Using an Electronic Voting System in then (1) again from Figure 1.

Programming L ectures One of the valuable practical aspects of this siflese is

An electronic voting system (EVS) enables studdats that it does not require a complete re-working loé t
answer multiple choice questions set by the lectufdne lecture material or format to introduce the tecbggl
student delivers their answer using a handheldnlike Mazur's Peer Instruction format, which tertds
transmitter, and the answers are collected by aivec Cconvert the lecture into a large scale tutoriafliscussion
attached to a computer which displays the aggrdgat&ession (Mazur 1997). The lectures essentiallpvothe
responses as a graph for the lecturer and stutesee. Same format, although the introduction of mate_aad
An EVS can support dialogue as presented in thaiteg  the length of worked examples can be reduced ioufav
model of Figure 1. An EVS question is presentedHgy of asking, working on and responding to questions.
lecturer, step (1), to be processed by the studé¢n}s

They can all respond (3), and this response isgessedd 3 Examining EVS Use in Programming
by the lecturer, (4), before feedback is providedtioe Lectures

various responses received and maybe another gues

asked to reinforce learning, (1) again. tII'he use of an EVS in programming lectures introduce

here has been thoroughly evaluated. The evaluation
This simple mechanism has been used in a number ldsed on end-of-course student questionnaires laord s
ways to support learning. Because the responses arterviews with individual students, and on quaiite
anonymous, a majority of students typically respam and quantitative analysis of the response data ighat
the graph can be used as a starting point for skson  automatically collected by the EVS. The quantiati
about the concepts underlying a question (Mazur7;199analysis is reported in more detail in (Kennedy &uiks,
Dufresne et al, 1996). It appears that once stsdeawve forthcoming), where the principal aim was to seethibr
committed to an answer, they are more willing tecdss EVS-use related to improved performance.

it. In a more traditionally-structured lecture, BYS can
be used periodically throughout the lecture to ssse
understanding of the material being presented akd t
corrective action when necessary, e.g. (Stuar €084).
Other uses of an EVS include large group tutortals
identify problem areas quickly (Wit 2003), exam
preparation sessions to familiarise students viighkinds
of questions they will face (Eliott 2003), and largroup

Students report that they strongly approve of e af an
EVS in lectures. They enjoy being able to contebio
lectures and can see that they can have an effetteo
course of the lecture by being able to provide liee# to
the lecturer. They like the anonymous nature @& th
responses, in that their peers cannot see theiidiel
responses. They are aware that the lecturer cegssc

IO 0
discussion sessions designed to engage studenis u‘{(_jlwdual responses and over 80% are not troublgd

problems highlighted in earlier assessed work ECeittal Whis. They report that they are twice as likelyctmstruct
2004b) an answer to a question when the response is iBWS,

as opposed to when it is with a show of hands.
This paper focuses on the use of an EVS in a lar
introductory programming class, from 250-450 stuslen
for three years in yet another mode. The primamppse
of asking questions in these lectures is to gedesits

working with the practical stuff of the subject smon as o
possible. In such a practical discipline as progning, lecture, around 15% of students are absent andtlzefu

0 : .
there is only so much that can be lectured OSA) of students forget their transmitter, as mesasur

demonstrated, and the sooner the student can lgcheal Using a periodic show of han_ds. _An analysis of som
working with language constructs and attemptingdive r%sdp?nse” Settﬁ tfor the thJestlotns mh a C:ectﬁre sr;ﬁw_ed
problems, the better. ~This is a precept of thevact ?ranlslr$1ri1ttaery at tt?e I?c?:rye dsoungtna?lsxvve?all omase,lt\i/eFor !
learning community. In addition, such periods ctivaty some questions. onlv about half of '?he available
break up the lecture, improving concentration (Blig transmitc':ers Were’ usedy although the typical I@feion-
1998). Referring back to the learning model ofuFég1l, . d 20& 9 yp

the aim is to get the students actively processimy response Is aroun o

%?espite the students' apparent enthusiasm, madgrssi
do not make use of the system. Each student engiv
transmitter for the duration of the course, andelis no
assessment requirement attached to using it. yigizen



The quantitative analysis of the student resporda ith = The lecturer misinterpreted the response graph on
conjunction with students’ mid-course and final occasion, believing that more students were
assessments showed that students who used the EVS answering correctly than really were.

more often did perform better in assessments, aho = Only rarely did the lecturer continue the
the level of correctness of their responses did not Laurillardian dialogue cycle of Figure 1 beyond the
correlate. In other words, a greater number gionses first cycle.

from a student matches with a higher outcome, bet t

correctness of those responses is not importamtspiie 4  Explaining Low Numbers and Poor

this, when looking at only those students who rasded Correctness of EVS Responses

fr_quently (to more than two thirds O.f ques?iona), A number of reasons will now be postulated to eixpla
significant proportion who responded with the it he findings given in the previous section. Nofh¢hese

answer also performed poorly in the assessmen%s. .
Additionally, it was also noted that the number ofan be proven without further work. Instead, tilf

) ontribution of the paper is an extension of EV8-tisat
responses per question dropped on average over . .
. extends the conversational framework of learning
duration of the course.

outlined in Figure 1 beyond the lecture theatra iway
After examining the response data more closely, thtbat addresses the postulates while at the same tim
lecturer became aware that, at times, seriolenables each of them to be verified. Each postikat
misinterpretations of the response graph were madescribed and then lettered and summarised.
ldurmg the lecture. Once the responses are qwjaye Although students indicated through questionnaihed
ecturer has only a few moments to decide on th

appropriate course of action, and the general shife t%ey were aware of the general benefits of thengoti

bar chart may prove more powerful than the actuer\%nyste;gtaagvgovéfgggawag:elﬁi:]uerebsenmeoﬁrtei:C{/g{metm g%’t
numbers. The misinterpretation tended to favoureav y P y

that most of the class understood a point, whefadh themsel\_/es on each problem. They may nc_)t undefstan
. . the crucial part they must play in the learningleyof

sometimes over half the class had either answer fure 1, thereby breaking the cycle at steps @) (3)

incorrectly or else not answered at all. This o 9 f y g Y P '

because (a) the chart appeared to only have otecor This leads to postulate (A).

large bars, whereas in fact the number of studetésv A: Students are unaware of the educational ratienal
contributing to those options with lower votes waslemonstrating the value to their own learning othbo
significant, and (b) as mentioned above, the nunafer working out an answer to a question and submitiing
students not voting was large. Such a misinteafioat  with the EVS

would cause the lecturer to continue on the assompt
that the class understood the material when in ety
did not.

Students may have initially been working and resium

to questions, but because of the Ilecturer's
misinterpretations of the response graphs or lddine
The education model of Figure 1 was developed tdsvarto address all misunderstandings, failures at gtpand

the end of the three-year use of the EVS, in a@éetter then (1) in Figure 1, many students would not bigirgge
understand the processes going on in EVS-enablady remedial assistance from the lecturer evengthnou
lectures. On reflection, it is clear to the leetuthat they got the question wrong. With little reward fbe
typically only a single cycle of the dialogue moadeks work such students were investing in answering
completed on most topics. The students answeredqaestions, enthusiasm to undertake this work would
guestion and the lecturer commented on their resg®n wane, in line with long-established research orefffiects
taking more care over those questions where mawy positive feedback on human behaviour (Annett9)96
students had answered incorrectly. So, the digl@yale Again the learning cycle of Figure 1 is brokentaps (2)
went from step (1) right round and back to (1) agai and (3).

However, it rarely continued beyond this point. eTh
students were not routinely given the opportundtyre-
check their understanding, step (2), or presehadk to
the lecturer, step (3), via a second question ensdime
topic, a crucial aspect of the dialogue model afiing. As the lecturer continues to misinterpret the respo
graph or is unable to spend the necessary timddoeas

B: Lack of effective remediation limits learning dan
reduces over time the enthusiasm to work out amens
or respond to a question

In summary: . .
summary all student misunderstandings, the gap between the
» Students were enthusiastic about the system. lecturer's expectation of the questions that stisdsimould
= Significant numbers of students responded to EVRe able to tackle and the reality of the studdete| of
guestions only intermittently. understanding widens. This is especially true sfilject

* In general, students who responded to questiohi€ Programming where the concepts develop oneupo
fared better in assessments. However, over a dfiird @nother in a highly stepwise fashion. Eventuatiydents
students who responded to more than two thirds @€ unable to make any successful attempt at ammsyver

the questions did not respond correctly and also dfhe question, step (2) in Figure 1, and so canegpand.
not perform well in assessments. Although most questions include an "I don't know"

category, students rarely make use of this response
option.



C: Some students, still possibly enthusiastic tewar, H:For the benefit of the class as a whole, these i
are unable to do so because their level of undaditey sometimes not time to address all misunderstandings
has fallen too far behind during the lecture

Some students may not be able to get their resporEe . . .
submitted due to technical issues. In large ckas$aip Integrating L earning Environments

to 300 students, the infra-red receiver technologgd As described in Section 1, dialogue is not wellgsaped
can occasionally become jammed due to large nunafersin typical university learning environments. Sens 2 to
responses and there have been reports of studestglescribed how the use of an EVS is intended do ai

believing their response had been accepted wheatirit
had not. This is a failure at step (3) in Figure 1

D: There may be technical reasons for reduced respo
rates

Students may not be in a position to constructreibte
answer, as above, but because the technology
something of a novelty, they still choose to respuiith
a meaningless answer. Whilst still taking parstiep (3)
of the learning cycle of Figure 1, this responsends
based on any sensible mental processing at stage (2

E: Some student responses are not based on armguseri
processing of the question, resulting in no leagnin
benefit to responding

The questions themselves may be defective for eorum
of reasons. Students may not be able to understhat

is being asked through poor or confusing wording,
failure at step (2). Remediating on the basis haf t

guestion responses alone requires that each reespoﬁ
identifies a particular misunderstanding: when man

students choose a particular incorrect answer wptite
aim is that the lecturer explains this misundeiditag
such that the student is able to correct themselVéss is

a failure at steps (4) and (1). It is challengtogwrite
guestions  that accurately categorise  studen
misunderstandings.

F: Questions may be unfit for the purpose, botlotigh
their phrasing and through their effectiveness i
categorising misunderstandings

learning in lectures by increasing the potentiat fo
dialogue, but also how evaluation and analysisshasvn
that the improvement is not as great as would lpetio

A consideration of the use of voting systems irtuess
alone appears to be insufficient to improve leagnend

so this section proposes an integrated learning
gavironment that makes use of EVS response datimdo
lectures, student self-study time and tutor-ledsises.
The principle aim is to facilitate and increase the
opportunity for dialogue between students and staff
across all these learning environments. A reptasen

of the proposed integrated environment is giveRigure

2, and the various components will now be described

The lecture is the starting point for learning, WEVS-
enabled discussion promoting active learning in the
lecture theatre, as before. However, the expegienthe
Brogramming class shows that improved remediatiidin w
improve the chances of all students keeping up thith
@ss. Improving the quality of the questions and
pending more time on remediation will help here,
ddressing postulates B, F, and G, but postulasadivs
that there is a limit to the improvements expeaedn
this path. Instead, it is acknowledged that sttsievill
leave the lecture theatre not understanding alitaterial
overed. However, the questions answered durieg th
ecture provide an indication to both lecturer atudent
of the material of the lecture that must be reviewe

The first step is to make the data collected dutimg

rrecture available to staff and students. Thisdkieved

by putting the questions and responses onto the web

Lack of further questioning after feedback has beemmediately after a lecture, the lecturer will ®wi the
provided on incorrect answers prevents studentm froclass responses, annotating the web record withefur
deepening and checking their new understandingth&u comments about the various answer options that the
cycles around the loop of Figure 1 are missing. e Thstudents chose, depicted in the Review box in Eidur
principal purpose of answering questions in thestutes This acknowledges the fact that the lecturer hag little

is for students to work actively on the materitilthey do time in the lecture to evaluate the responses fthen
this incorrectly the first time, they need an ogpnity to  students, and the additional time for reflectiowegi the
work with a new and hopefully corrected understagdi lecturer an opportunity for further analysis. Athally,

as soon as possible afterwards. further questions can be set, honing in particylan
those areas shown to be most challenging to thisrtof
students. Furthermore, the lecturer allocates aimt
quarter of the next lecture to a review of the éssthat
Whilst the response graphs are sometimes misimgr came up in the previous lecture. This may consfst
by the lecturer, there are times when he/she ig &nare clarifying material or of further questions aimed a
of the range of misunderstandings, but cannot addrechecking whether students have caught up on the
them all due to time pressure. There is an inbldta necessary material. The lecturer annotations eciire
trade-off here, recognisable to any lecturer, betwe review component address postulates B, G and H.
ensuring that every student understands a point a
keeping the understanding of the majority of thassl
moving forward. This issue is explored in moreadléh
(Cutts et al 2004a).

G: Students rarely have an opportunity to reinfotbe
beneficial effects of any remediation directly aftards

Rgter a lecture, students can access the web regfoitie

EVS questions, responses and lecture annotatiamsgdu
their own personal study time. Note that studerais
access the aggregated class responses and their own
individual response, but not the individual respnsf
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Figure 2: Integrated Learning Environment

other students. In addition, where a student hased a for staff to use the data in this way. Additiogalin the
lecture (recorded as not having answered this mumst lecturer's opinion, it is only an extension of any
they are required to answer the question beforg th@ attendance- or submission-checking mechanism which
see the correct response, or the aggregated elgsense. might result in a pastoral advice or warning lefrem

This information resource should assist students ihe tutor or course leader. Indeed it is a sigaiit
determining to which areas of the material theyustho improvement on these mechanisms, because the
pay most attention. Where a student is unable d&em information on the student's progress is far mpecHic.
progress on their own, a discussion board is dvaila Tutor preparation addresses postulates B, C, GHand
alongside each question and any student may plac
request for clarification, to be answered by o#tedents,
tutors or the lecturer. This addresses postuBtes, G,
and H, but does depend on A being successful
addressed.

eTﬁe expectation is that the preparation by botllestts

and tutors will lead to lively discussion in thesessions,
omething that is often absent from 'small’ groegs®ons

s students struggle to overcome the barrierseakspg
out in front of their peers. In addition, the ieased
Tutorial and laboratory sessions are held in groops information available about student progress inegain
around 15 students. The course tutors have atwébse may help students to appreciate that they areyratehe
EVS response records for the students in theirgrbath in not understanding elements of the course, and so
aggregated and individually. The advantage hetigaisa reduce barriers to communication throughout thersmsu
tutor can go into a session with an up-to-date va#w structure, even to the point where students areemor
their students' understanding based on responges mi  willing to raise issues independently during battlirers
the most recent lecture, at most only a few days. agand tutors.

Either the whole group can be addressed when mast o .
students have demonstrated a similar lack cﬁo addriss.” gos]:tulllates IA aantd tE’ tthg n;dygatlonal
understanding, or else individual students can gamework will be Tully explained to the studemsarder

approached o partcuiar topics. Ths i recogiiocbe [0 a0 L o ke luse of he enuount
of most benefit for those quiet students who arelya

wiling to come forward with their own them in a supportive manner rather than be oveirgear

misunderstandings. Use of the response datasnathy \fgléts:t.on-rvk\}ﬁaliemels :]Oeégpg a:jeodlt)g esr;%%lé;adg?nstt;fsw u
may seem intrusive to some. However, in end-ofsou y €0

evaluations, over 80% of students said they wegpya while creating an environment in which it is acesbthat



mistakes will be made, with no embarrassment iQutts, Q., Kennedy, G., Mitchell, C., & Draper, S.
discussing them with staff and other students. (2004a): Maximising dialogue in lectures using grou

th :
Finally, postulate D has been addressed by adgustie response systemsbroc. 7= IASTED Intemational

X : i Conference on Computers and Advanced Technology
reponse gathering mechanism, thereby reducing thein Education Hawaii USA 421-426
possibility of a student incorrectly believing theteir ' ' '
response had been collected. Also, the graphs tbese Cutts, Q., Carbone,A., & van Haaster,K. (2004b)ings
improved to reduce the likelihood of the lecturer's an Electronic Voting System to Promote Active
misinterpreting them. Reflection on Coursework Feedbadkoc. 10" Intnl.
Conf. on Computers in Education 200Mlelbourne,

It was pointed out in Section 4 that none of thetplates Australia.

for poor response rates or low levels of correcwaars
could be proven without further expensive measurgme Dufresne, R., Gerace, W., Leonard, W., Mestre,&J.,
With this integrated system, tutors will be encgem to Wenk, L. (1996). Classtalk: A Classroom
keep a record of their interactions with studentstjng Communication System for Active Learninglournal
the reasons for student not answering or answeringof Computing in Higher Education 3-47.

incorrectly. This will be valuable feedback forriging

the postulates or improving the overall framework. Elliott, C. (2003) Using a personal response system

economics teaching. International Review of
Economics Education. Accessed 11 Nov 2004
http://www.economics.ltsn.ac.uk/iree/il/elliott.htm
EVS use h_as been widely report_ed as a success%nnedy, G
innovation in large group teaching. The recent
guantitative analysis by the authors of three yeénsse

in programming lectures, one of the first of itsdi
showed a favourable correlation between a studesés
of the EVS and their final outcomes. However, ltoa Kolb, D. A. (1984):Experiential Learning: Experience as
highlighted a number of anomalies. This paper hasthe source of learning and developmeBnhglewood
picked up on the anomalies and identified a seoes  Cliffs, NJ, Prentice Hall.

possible reasons for them. The integration ofnieay
environments presented in the final section addsesd
the proposed reasons. At a reasonable cost, itheas
potential to significantly increase the number g€les
around the learning loop by both lecturer and sitgle Mazur, E. (1997):Peer instruction: a user's manual.
and thereby enhance learning. The next step is anUpper Saddle River, NJ, Prentice-Hall.

evaluation of the integrated environment in action. Stewart, S., Brown, M., & Draper, S. (2004): Usiag
electronic voting system in logic lectures: one

6 Conclusions

. and Cutts, Q.,The association between
students' use of an electronic voting system aed th
learning outcomes. Submitted dournal of Computer
Assisted Learning.

Laurillard, D. (2002):Rethinking university teaching: a
conversational framework for the effective use of
learning technology." Ed.London,RoutledgeFarmer.
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