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Abstract: Many lecturers use coursework as the primary méashafor providing students with
feedback on their learning. However, against tredefs of Laurillard and Kolb which view
learning as a cyclical process, they provide littleno scaffolding to support effective assimilatio

of the feedback by the students. This paper pespaspedagogical script for using an electronic
voting system (EVS) to promote the necessary akgion, based on the generation of discussion
found in Mazur's Peer Instruction method. Thepsruse in three case studies is described. Staff
and students found the sessions beneficial ovditivaal remediation mechanisms. Over three-
quarters of the final session was spent in studemtsking on and discussing the
misunderstandings apparent in their coursework.

Feedback and reflection are essential to learramg, have been represented in many educationali¢seand
frameworks. For example, Laurillard's dialogue elodf learning (Laurillard, 2002) embodies feedbackthe
communications between the teacher and learnerredlattion on this feedback in their thought preszs; Kolb's
learning cycle (Kolb, 1984)lepends on feedback and subsequent reflection ajedefrom the results of actively
working with the material under study; and collatime learning (Matthews, 1996) depends on therpiag
amongst learners and between teacher and leagen embodying both feedback and reflection. Thaseels
view learning as a cyclic process, which may regjumany iterations of the communication, processiegdback
and reflection loop before the learning is sucadssf

Figure 1: A simplified version of Laurillard's dialogue model

In this paper, a simplified version of Laurillarareodel will be used to represent the learning pgscas shown in
(Fig. 1). In a typical learning situation, a teacliT) imparts knowledge, asks questions and detraias skills to
the learner (L), represented by (1) in the diagrarhe learner then processes, engages with, alettetipon the
material received (2). The learner subsequentipards to the teacher (3), based upon their cuareagrstanding
derived from the processing of step (2). Finalhg teacher uses the information in (3) to assessurrent position



of the student's understanding in relation to ttierided learning outcomes (4). If necessary, baishreformulate
and re-present the material, thereby embarking mewacycle of the process (1).

Failing to make use of coursework feedback

In many university courses, a principal use of tyslic process is the setting of coursework by lgeturer (1),
which the students complete in their own time, pesing the material of the course to constructbengsion (2).
They hand this work to the lecturer (3), who assedissummatively with a mark and/or formativelyttwfeedback
for the students. During the assessment of ealsinisgion, the lecturer determines the student'grpss in the
course, and offers advice deemed necessary fostthikents' progress (4). Handing the submissiook tmthe
students constitutes the start (1) of a new cyttb@process. The expectation is that the stsdesid the feedback
carefully, working out how to adjust their curramtderstanding so it is in line with the feedbaakg & necessary
discussing it with the lecturer or other studehthéy cannot reach a satisfactory understandintpein own.

A weakness of this approach to coursework is thHatswthe initial communication (1) by the lectuiiarsetting the
work demands active engagement by the studentss #irey must construct a result, the second conuation of

type (1) by the lecturer, the feedback, is mucharmmassive in nature. At worst, the students singppre it; in

most cases, they may read it and even attemptato i but they are required to do little in theywof active

processing that would really help adjust the migusthndings that the lecturer has highlighted. nEwlen the
lecturer takes time in a lecture to present miststdadings, the format is usually passive. Addgity, the students
often completed the work some time in the past,intpi difficult for them to re-engage with theiriginal work.

Improving reflection and remediation on coursework feedback using EVS

This paper attempts to address the lack of activdesit engagement with coursework feedback by mmiogoa

particular style of use of an electronic votingteys (EVS). Generally, the use of an EVS in clagsebles every
student to submit an answer to a multiple-choicestian set by the lecturer. Each student has asearthat
transmits their response to a central computer lwhicturn collates all responses and displays theetine group,

typically as a bar chart. Whilst the availabilitfyEVSs is increasing rapidly, there is relatividfe written on how

to make good use of them in teaching. Successfldssof EVS use require a sound educational ratralong

with a pedagogical script that outlines the gentmahat of use (Draper & Brown, 2004). In theiéture, there are
a growing number of such scripts, (e.g. Dufresred.e1996, Mazur, 1997, Wit, 2003, Draper et2001).

A script for working with coursework feedback igroduced over the next two sets of bullet pointsere an EVS-
enabled feedback session is designed specificallgncourage students to engage with feedback defizan
coursework completed outside lectures and tutoritife third set of bullet points outlines the prepd benefits.
The steps of the script carried out before the B¥&ion are as follows:

The lecturer sets an exercise, either written eliran (1) in the model of (Fig. 1).

Students work on the exercise, in a specific sassioin their own time, (2).

The submission represents the student's understantithe material at this stage, (3).

The lecturer marks the submissions, making a fishisconceptions that repeatedly occur, (4). AnSEV
session is developed containing one or more questielated to each misconception. A key aspettef
questions is that the students must engage deéghiyhe misunderstood concepts in order to answer.

During the feedback session, the following stegsaarried out for each major misunderstanding. s Thimat is
largely derived from the Peer Instruction and Clagse Discussion methods of Mazur and Dufresne aetbyely
(Mazur, 1997, Dufresne, et al 1996).

A question associated with the misunderstandirgked using the EVS, (1).

The students attempt the question posed, forciaig tto re-engage with the relevant subject mater (2
They use the EVS to respond, with the collatedarses presented back to the lecturer anltially, (3).
The lecturer reviews the responses, deciding onobitleree remediation options. If most studentswar



incorrectly, the lecturer shows the result and les some remedial instruction, followed by another
question on the topic, to check understandingmd&t answer correctly, the lecturer can again stiewv
result and then move on, directing the incorrespoaders to supporting materials. If the classpig,

(between 30-70% correct according to (Mazur, 199%)¢ lecturer uses a discussion between peers.

Students work in small groups of 2-4 attemptingpéosuade each other of the correctness of theiveans
followed by a re-vote, the responses from which lmamsed by the lecturer to determine the nextsgoaf
action. Students should see the results of theswafter the discussion.

= The students reflect on the discussion and writendaotes about what they have learned.

It should be noted that the structure of the comination between students can be important. For pl@mstudents
should be dissuaded from discussing their firsevart an issue as this can reduce the openness sfiisequent
discussion. Communication groups are best set upadfriends are not working together althougtls théas to be
balanced against forcing students to work withrgjeas, particularly when cultural issues may begme

We propose that the benefits of using this tecteaye as follows:

The students are made more aware of the impor@inmegaging with feedback.

More iterations of the learning cycle of (Fig. é&ke place, providing opportunities to enhance leatn
Teaching effort is directed to areas demonstraidzbtrequired by students.

The lecturer's involvement may lead to a bettereustdnding of how the misconceptions have arisen.
Committing to an answer and then defending thein @i@wpoints and/or accommodating the viewpoints of
others results in deeper understanding of the qiadey students (Dufresne et al., 1998). The thfam
nature of the discussion between peers representsiber of additional cycles around the dialogwplo

= The peer discussion also helps those students wpimally got the question correct, because thedrtee
articulate their reasoning to others is likely gegden their understanding. In effect, they ar@armg the
learning activities of others, and to do this caieimgly, must work to understand the material tigtdy.

Three case studies

The script outlined above is the result of a stofiyhree EVS-enabled sessions which aimed bottvatuate the
script and to evolve it through experience. Thesems are described in chronological order andessrising in
each are identified. All sessions depended ontemribr on-line tests carried out during the semeste prime
motivation of which was to provide feedback to #tadents on their learning. The tests also camegks to
encourage students to take them seriously. Th&"RRctronic voting system (GTCO, 2004) was usedafl
sessions, along with the QRS software front-enctlibged at the University of Glasgow (QRS, 2004he Tecturers
were supported in the setting up and running ofEW& during the sessions by an experienced uske aim here
was to maximise the learning opportunity by enaplime lecturer to focus on the presentation ofcgihestions, the
interpretation of the responses, and the consegasrgdiation options, without having to worry abthe operation
of the technology. Once these skills have beertared then the driving of the technology can bxuded. This
approach to introducing EVS-use is discussed iaildet(Draper & Brown, 2004). Reports for all ter sessions are
available on-line (QRS, 2004).

Session 1

The first and third sessions were in a first yeadargraduate unit tited Web-based Information &yst, covering
concepts of Web design and development. Twentystwdents were enrolled in the unit. The unit poses of 2
weekly lectures and a 2-hour tutorial session pegkw During the semester, two test papers aredsgach worth
10% of the unit's total mark. Both tests consist® MCQs and some short answer questions. Iniguswears,
tutors marked the papers and returned them tottiieists, and the lecturer provided students withtiems to the
unit's test papers on a website. Typically, someussion of the solutions was offered in lectuwesutorials but
this usually required minimal input from the stutteand offered little opportunity for student refien.

In the semester under study, after each test,stut@rked the papers and collated the results. nAsxample, a
summary of the results for Test 1 is provided ial{T1). The collated results provided feedbackow students
answered each question, highlighting those condbptsstudents grasped and those which they misstodel. For
example, (Tab. 1) illustrates that in the MCQ setif the test all 20 students answered questioariéctly, but



that only 9 out of 20 students responded corrdotiguestions 10 and 14. The shaded cells highffghquestions
in which the majority of students misunderstood dglnestion, or misunderstood the concept behindjtiestion. A
set of 9 EVS questions was constructed, each osedban a different topic in the unit and shown by test
responses to be poorly understood. In this firssiem, the lecturer did not have a clear plan lovioafter viewing

the response to each question, beyond knowingthkagieneral options of peer discussion, lecturereriation, or
moving on were all available.

MCQ 1 |2 3 4 5 6 7 8 9 /10|11 | 12|13 |14 |15
# Correct Responses 1 14 19 17 16 18 20 17 119 14 119114 |9 12
Short Answer la| 1b 1c 2a 2b [ 3a | 3b 4a | 4b
Ave Mark 2.8/ 0.87| 168 2.71 3.710.81]|0.87| 1.7| 2.7
Total Mark 4 3 2 5 6 3 3 2 7

Table 1: Results of Test 1, with problem areas shaded.

In the session itself 13 of the 22 enrolled stuslemre present. The lecturer was surprised totfiatia couple of
questions that were poorly answered during thewese answered correctly during the EVS sessioe. ditvious
interpretation of this was that only the bettedstuts had attended the session. Peer discussounised after the
responses to two questions. Class-wide discuss@ms used after four questions, either to talk thhothose
answered wrongly, or to assist incorrect respondédmsn most students answered correctly. The fatigvissues
concerning discussion were noted: students wererebd to have discussed their first vote whiclikisly to reduce
their personal commitment to their answer; the estisl saw the result of the first vote, and wheargd majority
voted for one or two options only, those votindgatiéntly may have been discouraged from arguinghfeir answer.

Session 2

The second session was in Programming 2 with Yaeasecond programming unit in a first year uncedgate
Computing course. Sixty-seven students were emratieghe unit. The unit comprises of 2 hours atlees and a 2-
hour tutorial session per week. A single unit issteld during the unit, worth 20% of the totaitumark. The
feedback session was based on broadly the samatfasrSession 1 and the EVS questions were defrivedthe
summary statistics produced from the unit testveedid on-line using Vista (Vista, 2004). In thise, the students'
responses pointed to a major misunderstanding leetvi@o core programming concepts, both of whichewer
required in an up-coming practical assignment, smdffective remediation on these concepts wastisgequired.

The format of the EVS questions was designed te loron particular aspects of the concepts thastheents did
not understand. For example, a question aboufates, one of the two misunderstood conceptsyengelow:

Which of the following is true about interfaces?
a. An interface does not contain any concrete aukth
b. Interfaces create new types
c. Interfaces allow us to use existing types imew way

All of the above

a, b, notc

a, c, notb

b, c, nota

none of the above

| don't know what an interface is

oMb

The lecturer prepared a script in advance on howaik with the EVS responses. The PRS/QRS systamused
to analyse the answer to this style of questioriheafly to produce a graph showing how many stuslémbught
each of statements a, b, and ¢ were true andriedpectively. Hence, for each EVS question, thtuter had three
remediation decisions to make, one for the collatsponse to each individual statement. When tite on a
particular statement, a, b, or ¢, was split, thecassion option was used followed by a re-vote umt fhe one



statement. When a statement was well understoedletiturer agreed to post web material for the ifiesorrect
responders, and when most of the class respondedéatly, the lecturer discussed the statemedetail.

Session 3

The questions were developed in the same way aSdssion 1. The lecturer however adjusted the gueyieal
script used within the session based on the expeief the two earlier uses as follows: the stmactf the session
was explained clearly to students at the beginratang with how it would be educationally beneficthe students
were seated in groups of three, and were expeotegbik together during the session; they were s not to
discuss their first vote, so that it would repreédérir understanding alone; only the lecturer \@dwhe result of the
first vote to avoid a student's choice being biasgdeeing the group's response; the lecturer {eas about when
different remediation options would be adoptedalfin the students were given time to record amghhey had
learned during answering and discussing each quresti

Results

The style of evaluation is in line with Draper'delgrative Evaluation (Draper et al., 1996), usihg following
techniques to determine the effectiveness of tesiemes: minute papers (Angelo & Cross, 1993) cotaglby the
students at the end of the first and third sessiann-line questionnaire after the second sessitarviews with
the lecturers; and measurement by an observemestspent presenting, answering and discussingdiopgsiuring
the session. (Tab 2) shows summary statisticstahesessions.

Evaluations, either from minute papers or from dineline evaluation, were received from 45 studer@nly one
negative evaluation was received, from a studerthénsecond session. This session faced signifieahnical
problems due to data projection issues and wagestast because of this. The technical issues wesettling for
the students and lecturer and most commented oAlihough timing data was not collected for thession, and
despite the difficulties, it was still included tine study because the evaluation data gained fnenséssion fed into
the development of the next.

Session 1 | Session 2 | Session 3
Number of students 13 40 10
Total EVSvotes 14 6 14
Votesto train the studentsto usethe EVS 1 2 0
Votes followed by discussion and revote 4 1 6
Votes >70% correct 4 1 6
Votes between 30 and 70% corr ect 5 2 6
Votes <30% correct 4 1 2
Total time of session in minutes 52 30 58
%time lecturer presenting 52 n/a 24
%time students working individually 17 n/a 26
%time students discussing together 12 n/a 34
%time discussion between students and lecturer 19 n/a 16

Table 2: Summary data from sessions

Eleven questions over all three sessions werevielioby discussion and a re-vote. Analysis of th¢adhot
provided in (Tab. 2) indicates that the second veteer demonstrated poorer understanding thanirdte if two
questions, the result was similar for both votes;7i questions, the second vote moved up one ofstiagled
categories shown in (Tab. 2) compared to the fast] in two, the first vote was in the <30% correategory, the
second in the >70% category. In the final sesstonf the 6 questions using a revote resulted @& students
responding in the top category. Hence discussipears to have been beneficial.

The evaluation process collected qualitative respsrirom the participants and, in line with otheides of EVS
use, the students enjoyed seeing how others resgotitey liked the anonymity of their responses #rey saw



how the responses gave the lecturer data on thisimeherstandings. Students indicated that incteastvity was
beneficial: "Entertaining ... It got us thinkingdaactive, which is always good for our level of centration.” On
the ability to adjust the lecture to the needshef students: "I don't think there are many respoisany lecture.
The lecturer, therefore, cannot adjust the contenfsace to fit the ability of students. [With tB&S] the lecturer
can explain more about the part that most studémtsot understand.”

Over the progression of the sessions, the timetspéh the lecturer speaking alone halved, and shelents
appeared to be increasingly willing to enter intgcdssion. Student comments include: "learned nicrm
discussion with others, better than study alonefuch better than just taking the lecture notesHey lecturer",
"everyone is paying attention", "it was a betteryvad finding the right answer to the questions uirid | chose
wrongly"”, and finally "helps understanding by dissing all alternatives instead of just giving tlegrect answer".
One of the lecturers commented "The EVS was suftdestsprobing students to think, commit and reflen their
responses. Once the discussions started and gatimeomentum, more and more students engaged wéth th

questions and their underlying concepts."

Useful formative feedback for the lecturers wasvjgted in the following feedback: "better not seemgponses

until after the discussion”; "I didn't always hatime to think about the question”. Many studemisséssion 2

viewed it more as a survey than as an aid to thaming - indicating that the objectives of thesien needed to be
outlined more clearly. A number of students comteérhat it took too much time. These are all eratthat were

incorporated into future sessions, and can befiegttivith increasing experience by the lecturer.

Conclusions

The pedagogical script for using an EVS presente has been demonstrated to be effective in eagmg
students to engage with the feedback derived fromnsework. The study of the three sessions hdsigiged some
important aspects that should be considered wheptiad the approach:

Motivating the students: The purpose of the session should be made tletore or at the start of the session.
Session attendance: The responses in the session may not match thoee coursework depending on which
students attend the session compared to thossubatitted the original coursework.

Following the script: To ensure that a comprehensive discussion ocstudents should not discuss their first
response with others and they should not see thdt i@ the first vote until after the discussionhis latter point is
lost in a footnote in (Mazur, 1997), but has begnifcant in these uses.

Encouraging the studentsto work in the session: When students were encouraged to get their motédooks out,
the discussions became more heated. The studemitdsbe encouraged to write up their learning. Guuelent
commented, apparently surprised: "l was in a lectund | was studying".

Remediation for those in the minority: When a question is answered mostly correctlis itot worth using the
whole class's time on remediation. A strategyeguired to assist those students responding incttyrrer else the
effort they expended on engaging with the actinityy be devalued in their minds.

Scaffolding EVS use: Before this type of technology becomes mainstrelasturers need technical assistance in
using the technology and professional developmentefine their scripts/teaching to ensure the maxm
educational value is added to the students' on aahearning experience.

Further work will aim to minimise the time spent question answering and maximise the time sperdtodent
reflection and discussion. However, on the isdumee, students and maybe staff need to be awitieewalue of
spending as much time as is needed to get thecooepts in a discipline thoroughly understood.
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