Using an Electronic Voting System to Promote Active Reflection on Cour sewor k Feedback

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

of the feedback by the students. This paper pexpaspedagogical 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. Thepdsruse in three case studies is described. Staff
and students found the sessions beneficial ovdititaal remediation mechanisms. Over three-
quarters of the final session was spent in studemtsking on and discussing the
misunderstandings apparent in their coursework.
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Feedback and reflection are essential to learramg, have been represented in many educationalig¢seand
frameworks. For example, Laurillard's dialogue edodf learning (Laurillard, 2002) embodies feedbéatkhe
communications between the teacher and learnerredigttion on this feedback in their thought pses; Kolb's
learning cycle (Kolb, 1984)lepends on feedback and subsequent reflection ajedefrom the results of actively
working with the material under study; and collaitve learning (Matthews, 1996) depends on therplag
amongst learners and between teacher and leagen embodying both feedback and reflection. Theseels
view learning as a cyclic process, which may rezjuirany iterations of the communication, processieggdback
and reflection loop before the learning is sucagssf

In this paper, a simplified version of Laurillardisodel will be used to represent the learning mecas 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, alettefipon the
material received (2). The learner subsequentigords to the teacher (3), based upon their cuaraherstanding
derived from the processing of step (2). Findlhg teacher uses the information in (3) to asdessurrent position
of the student's understanding in relation to therided learning outcomes (4). If necessary, kefst reformulate
and re-present the material, thereby embarking memacycle of the process (1).
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Figure 1: A simplified version of Laurillard's dialogue mo

Failing to make use of coursewor k feedback

In many university courses, a principal use of ttyslic process is the setting of coursework by lgwurer (1),
which the students complete in their own time, pesing the material of the course to constructbengasion (2).
They hand this work to the lecturer (3), who assedssummatively with a mark and/or formativelyttwfeedback
for the students. During the assessment of eaiisgion, the lecturer determines the student'grpss in the
course, and offers advice deemed necessary fosttlents' progress (4). Handing the submissiong& tmthe
students constitutes the start (1) of a new cyttb@process. The expectation is that the stgderatd the feedback
carefully, working out how to adjust their curramderstanding so it is in line with the feedbaakg & necessary
discussing it with the lecturer or other studefithéy cannot reach a satisfactory understandintnein own.

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



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

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

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

Improving reflection and remediation on cour sewor k feedback using EVS

This paper attempts to address the lack of activdent 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 lwhiicurn collates all responses and displays theithe group,

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

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

with a pedagogical script that outlines the genfmahat of use (Draper & Brown, 2004). In theléture, there are
a growing number of such scripts, (e.g. Dufresrd.efl996, Mazur, 1997, Wit, 2003, Draper et2001).

A script for working with coursework feedback igrduced over the next two sets of bullet pointsere an EVS-
enabled feedback session is designed specificallgncourage students to engage with feedback defioen
coursework completed outside lectures and tutorietie 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 elire (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 underatanfithe 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 aspethef
questions is that the students must engage deégblytive 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 Claide Discussion methods of (Mazur, 1997, Dufreste| 1996).

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

The students attempt the question posed, forcieg tfo re-engage with the relevant subject matfer (2
They use the EVS to respond, with the collatedorses presented back to the lecturer dnlgially, (3).

The lecturer reviews the responses, deciding onobrleree remediation options. If most studentswar
incorrectly, the lecturer shows the result and jgles some remedial instruction, followed by another
guestion on the topic, to check understandingmait answer correctly, the lecturer can again stimwv
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 lwamsed by the lecturer to determine the nextssoof
action. Students should see the results of thesvafter the discussion.

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

It should be noted that the structure of the comioation between students can be important. For pl@rstudents
should be dissuaded from discussing their firsevart an issue as this can reduce the openness sfilsequent
discussion. Communication groups are best set upatdriends are not working together althougls thas to be
balanced against forcing students to work withregeais, particularly when cultural issues may beemée

We propose that the benefits of using this tecteaye as follows:
= The students are made more aware of the import@reegaging with feedback.

= More iterations of the learning cycle of (Fig. &ké place, providing opportunities to enhance legtn
= Teaching effort is directed to areas demonstraidgbtrequired by students.



= The lecturer's involvement may lead to a betterewstanding of how the misconceptions have arisen.

= Committing to an answer and then defending thein gi@wpoints and/or accommodating the viewpoints of
others results in deeper understanding of the gisd®y students (Dufresne et al., 1998). The thfam
nature of the discussion between peers representsiber of additional cycles around the dialogwlo

= The peer discussion also helps those students whioaly got the question correct, because thedrtee
articulate their reasoning to others is likely #eden their understanding. In effect, they ar@sujng the
learning activities of others, and to do this coingly, must work to understand the material thgtdy.

Three case studies

The script outlined above is the result of a stafiyhree EVS-enabled sessions which aimed bothvétuate the
script and to evolve it through experience. Thesems are described in chronological order angessrising in
each are identified. All sessions depended ontemribr on-line tests carried out during the semesie prime
motivation of which was to provide feedback to gtadents on their learning. The tests also camiedks to
encourage students to take them seriously. Th&'"RRctronic voting system (GTCO, 2004) was usedafl
sessions, along with the QRS software front-enctidped 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 enaptime lecturer to focus on the presentation ofchestions, the
interpretation of the responses, and the consegasrgdiation options, without having to worry abthé operation
of the technology. Once these skills have beertered;, then the driving of the technology can beuded. This
approach to introducing EVS-use is discussed iaildet(Draper & Brown, 2004). Reports for all &er sessions are
available on-line (QRS, 2004).

Session 1

The first and third sessions were in a first yeadargraduate unit titted Web-based Information 8yst, covering
concepts of Web design and development. Twentydtndents 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 areds&ach worth
10% of the unit's total mark. Both tests consfst® MCQs and some short answer questions. Iniquewears,
tutors marked the papers and returned them tottlikeists, and the lecturer provided students withtisms to the
unit's test papers on a website. Typically, soiseussion of the solutions was offered in lectwesutorials but
this usually required minimal input from the stutteand offered little opportunity for student retien.

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 iak{T1):

MCQ 1 |2 3 4 5 6 7 8 910 |11 | 12|13 |14 | 15
# Correct Responses 1] 14 19 17 16 18 20 17 119 14 |1 19|14 |9 12
Short Answer la| 1b 1c 2a 2b | 3a |3b 4a | 4b
Ave Mark 2.8/ 0.87| 1.68/ 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.

The collated results provided feedback on how sttedanswered each question, highlighting those eqascthat
students grasped and those which they misunderstbodexample, (Tab. 1) illustrates that in the M€ection of
the test all 20 students answered question 7 dbyrdmit that only 9 out of 20 students respondedectly to

questions 10 and 14. The shaded cells highllghiguestions in which the majority of students mégrstood the
question, or misunderstood the concept behind tlestipn. A set of 9 EVS questions was construaadh one
based on a different topic in the unit and showrtheytest responses to be poorly understood. #fittsit session,
the lecturer did not have a clear plan to folloveafiiewing the response to each question, beyogving that the
general options of peer discussion, lecturer reatigdti, or moving on were all available.



In the session itself 13 of the 22 enrolled stuslevgre present. The lecturer was surprised totfiatla couple of
questions that were poorly answered during theviesé answered correctly during the EVS sessioe. dibvious
interpretation of this was that only the betterdstuts had attended the session. Peer discuss®msea after the
responses to two questions. Class-wide discuss@s used after four questions, either to talk thhothose
answered wrongly, or to assist incorrect responddrsn 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 estitsl saw the result of the first vote, and wheargd majority
voted for one or two options only, those votingeliéntly may have been discouraged from arguinghfeir answer.

Session 2

The second session was in Programming 2 with J&easecond programming unit in a first year undetgate
Computing course. Sixty-seven students were emraliehe unit. The unit comprises of 2 hours atlees and a 2-
hour tutorial session per week. A single unit issheld during the unit, worth 20% of the totalitumark. The
feedback session was based on broadly the sameatfasrSession 1 and the EVS questions were defriopdthe
summary statistics produced from the unit testvéedid on-line using Vista (Vista, 2004). In thise, the students'
responses pointed to a major misunderstanding leetvio core programming concepts, both of whichewer
required in an up-coming practical assignment,smdffective remediation on these concepts wastlygequired.

The format of the EVS questions was designed tehoron particular aspects of the concepts thasthéents did
not understand. For example, a question aboufattes, one of the two misunderstood conceptsyengoelow:

Which of the following is true about interfaces?
a. An interface does not contain any concrete ousth

b. Interfaces create new types
C. Interfaces allow us to use existing types firea way
1. All of the above 3. a,c,notb 5. none of the above
2. a,b,notc 4. b,c,nota 6. |don't know what an interface is

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 questiontherfly to produce a graph showing how many stusiémbught

each of statements a, b, and ¢ were true andriegpectively. Hence, for each EVS question, thauter had three
remediation decisions to make, one for the collatsponse to each individual statement. When tte @n a
particular statement, a, b, or ¢, was split, thecuksion option was used followed by a re-vote ust fhe one
statement. When a statement was well understoedletiiurer agreed to post web material for the ifiesorrect

responders, and when most of the class respondedéatly, the lecturer discussed the statemedétail.

Session 3

The questions were developed in the same way aSdssion 1. The lecturer however adjusted the goefical
script used within the session based on the expezief the two earlier uses as follows: the stmechf 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 expeotagbik together during the session; they were urséd not to
discuss their first vote, so that it would repreédéeir understanding alone; only the lecturer \@dwhe result of the
first vote to avoid a student's choice being bidsgdeeing the group's response; the lecturer \eas about when
different remediation options would be adoptedalfy) the students were given time to record amghthey had
learned during answering and discussing each guesti

Results
The style of evaluation is in line with Draper'ddgrative Evaluation (Draper et al., 1996), usihg following

techniques to determine the effectiveness of tesises: minute papers (Angelo & Cross, 1993) cotadldy the
students at the end of the first and third sessiann-line questionnaire after the second sessiterviews with



the lecturers; and measurement by an observemektspent presenting, answering and discussingiop®sluring
the session. (Tab 2) shows summary statisticstabetsessions.

Evaluations, either from minute papers or from deline evaluation, were received from 45 studer@ly one

negative evaluation was received, from a studerthénsecond session. This session faced signifteshnical

problems due to data projection issues and wadestedt 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 fnensession fed into
the development of the next.

Session 1 | Session 2 | Session 3
Number of students 13 40 10
Total EVSvotes 14 6 14
Votestotrain thestudentsto usethe EVS 1 2 0
Votesfollowed by discussion and revote 4 1 6
Votes >70% corr ect 4 1 6
V otes between 30 and 70% correct 5 2 6
Votes <30% corr ect 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 wereweldoby discussion and a re-vote. Analysis of théachot
provided in (Tab. 2) indicates that the second vaeer demonstrated poorer understanding thanirste ih 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 sesstoof the 6 questions using a revote resulted & dtudents
responding in the top category. Hence discussipears to have been beneficial.

The evaluation process collected qualitative respsrirom the participants and, in line with otheidees of EVS
use, the students enjoyed seeing how others resgdptitey liked the anonymity of their responses drey saw
how the responses gave the lecturer data on thsimalerstandings. Students indicated that incteasgvity 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 resppnseany lecture.
The lecturer, therefore, cannot adjust the contensace to fit the ability of students. [With tB&S] the lecturer
can explain more about the part that most studdmtsot understand.”

Over the progression of the sessions, the timetspéh the lecturer speaking alone halved, and shalents
appeared to be increasingly willing to enter iniscdssion. Student comments include: "learned nfiame
discussion with others, better than study alonsiuc¢h better than just taking the lecture notesHgy lecturer”,
"everyone is paying attention", "it was a betteryvad finding the right answer to the questions urid | chose
wrongly", and finally "helps understanding by dissing all alternatives instead of just giving tlogrect answer".
One of the lecturers commented "The EVS was suftdestsprobing students to think, commit and refflen their
responses. Once the discussions started and edtiheomentum, more and more students engaged wéth th
questions and their underlying concepts.”

Useful formative feedback for the lecturers wasvigted in the following feedback: "better not seeimegponses
until after the discussion”; "I didn't always hatime to think about the question”. Many studemtsséssion 2

viewed it more as a survey than as an aid to thaming - indicating that the objectives of thessen needed to be
outlined more clearly. A number of students comtaérthat 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 presentexd has been demonstrated to be effective in eaggy
students to engage with the feedback derived frounsework. The study of the three sessions hddigiged some
important aspects that should be considered wheptiag) the approach:

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

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

Encouraging the studentsto work in the session: When students were encouraged to get their roteé$00ks out,
the discussions became more heated. The studemifdsbe encouraged to write up their learning. Gnelent
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 strategyeiuired to assist those students responding incttyrrer else the
effort they expended on engaging with the actikiigy be devalued in their minds.

Scaffolding EV'S use: Before this type of technology becomes mainstielasturers need technical assistance in
using the technology and professional developmentefine their scripts/teaching to ensure the maxim
educational value is added to the students' on aartearning experience.

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