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ABSTRACT

Previous studies of contributing student pedagogies (CSPs) have shown gains for students through increased summative grade
and demonstration of deeper levels of learning. Resolution activities have been postulated by Draper (2009) as another way of
enhancing students’ learning. In this paper, we show examples of learning occurring through resolution activities for students in
higher education using PeerWise, a CSP tool, and we describe this as uncertainty-resolution that enhances learning. We then suggest
a model through which this, and all learning in PeerWise, might take place. Finally, we anticipate that evidence of uncertainty-
resolution will be seen in other PeerWise repositories; if this is so, we suggest that other educators using PeerWise should
encourage and enhance their students’ learning by facilitating uncertainty-enhanced learning within PeerWise, and more broadly
in other CSP activities.
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Introduction

Interest in contributing student pedagogies (CSPs) (Hamer et al., 2008), in which students create shared learning resources has
grown as we have moved away from ideas of the ‘sage-on-the-stage’ towards a much greater emphasis on student-centred learning.
One widely used and studied CSP tool is PeerWise, a student-centred, collaborative e-learning tool that is freely available online. It
enables students to author, answer and evaluate multiple-choice questions (MCQs) anonymously, includes options to rate and
comment on questions written by other authors, and gain badges and scores for participation. It has been used with a variety of
student groups in more than 700 higher education institutions across the globe, and in subject areas as diverse as biological sciences
(Bottomley & Denny, 2011), chemistry (Ryan, 2013), linguistics (Green & Tang, 2013), nursing (Rhodes, 2013) and political science
(Feeley and Parris, 2012).

Instructors are provided with a number of administrative tools that, amongst other things, enable analysis of students’ participation
and provide the option to read and collate student questions and comments. In particular, the questions that student-authors have
decided to delete or edit (and the comments associated with them) are always available to instructors. PeerWise is designed to
leverage on features of social networking and gaming that students are likely to be familiar with, such as uploading content (in this
case, questions), commenting (on the quality of questions), rating (on questions and comments), appearing (anonymously) on
leader-boards and (privately) collecting badges. For details see Denny (2013); Denny, Hamer, Luxton-Reilly and Purchase (2008a,
2008b); Denny, Luxton-Reilly, and Hamer (2008); Lutteroth and Luxton-Reilly, (2008).

The literature describing and analysing the use of PeerWise in higher education provides strong evidence of positive learning effects,
predominantly within introductory science, medical and engineering subject areas. Previous replicated studies that have shown
positive correlations between engagement with PeerWise and students receiving higher grades suggest that there is clear academic
benefit to the students in taking part in PeerWise activities (Bates, Galloway, & McBride, 2012; Denny et al., 2008a; Luxton-Reilly,
Bertinshaw, Denny, Plimmer, & Sheehan, 2012).

A concern often raised about student-authored MCQs is that of quality; the possibility that students will only write questions on easy
topics and that the questions they write will be of poor quality due to their lack of expertise in the given field (in contrast, of course,
to their teachers who are likely to be specialists). Recent work by Bates, Galloway, Riise and Homer (2014) suggests that students are
capable of producing good quality questions that test more than simple factual recall, and this is a replication of work by others who
have shown similar findings about quality and topic coverage (see for example: Galloway and Burns (2014); Purchase, Hamer, Denny
and Luxton-Reilly (2010)). In an invited front-page blog-post for the PeerWise Community in 2012, Sykes (2012) noted:

if we make our expectations clear, and provide them with good reasons for those expectations, our students rise to the
challenge and are more than capable of writing MCQs that are at least as intricate and challenging as the best MCQs we can
write on a good day.

In 2004, Fellenz demonstrated that an assessment task in which students were asked to create MCQs, justify all answers and establish
the cognitive level the question was testing, resulted in high-level learning. More recently, Feeley and Parris (2012) demonstrated that
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writing questions using PeerWise can be an effective learning strategy, leading to deeper learning and better recall. Interestingly
though, students themselves are much less likely to cite question writing as beneficial for their learning when using PeerWise (see for
example: Sykes, Denny and Nicolson, 2011) than question answering. Usage statistics and feedback from students show a strong
preference for question answering, often resulting in the assumption that drill-and-practice is the predominant learning mode and
that, consequently, the main learning gain from PeerWise is from rote learning.

Our own experiences with PeerWise suggest the situation is rather more complex and interesting and that students engage in more
than simple drill-and-practice, regardless of the views they state they value in feedback questionnaires.

By looking at the discussion forums for the questions that students write, we can observe signs of students learning from and with
their peers. Significantly, uncertainty is triggered by more constructive discussions, arising (typically) when a question author makes
a mistake that the question answerer seeks to resolve, leading to uncertainty-resolution that enhances learning, and this is
demonstrated through the subsequent editing and deleting of questions by the author.

We are not the first to suggest that uncertainty can be an aid to learning. Draper (2009) points to the process of resolving
uncertainties as a mechanism for the learning gains observed in peer instruction. He suggests that as a learner:

finding yourself with a view on something that clashes with the view of a peer tends to cause you to try to produce reasons to
persuade them (and yourself) and to leave an internal marker that leads you to work towards finding a resolution. Peers are
more of a stimulus in this respect than teachers because you respect them enough to think they could be right, but you are not
at all sure whether they are, whereas teachers tend to elicit unthinking acceptance and so actually tend to suppress deep
learning.

He argues that the learning gains do not occur during the task of answering questions, but that the discussion and elucidation of
conflict provide the catalyst for these gains. Evidence that this might be true, however, is rare and is only presented in studies with
children, rather than in higher education. One such study by Howe, McWilliam, and Cross (2005) suggested that involvement in
collaborative work which results in learning gains requires the work undertaken to ‘prime’ children to take advantage of later ‘useful
events’ and that this ‘may depend upon [...] contradiction’ (p. 89).

This paper discusses the role of uncertainty-resolution in the use of PeerWise in a Veterinary Medicine course and provides an
example of how the elements of discussion, debate and ability to edit can enhance students’ understanding of course material.

Background to the study

In 2010, PeerWise was introduced to a first year undergraduate class of 145 students of Veterinary Medicine (specifically, for the
course Biomolecular Science) at the University of Glasgow with the intention of supporting and enhancing their learning. This is a
cohort of highly motivated and academically gifted students who have gained high pre-entry tariffs in order to be admitted to the
programme.

An introductory lecture was used to explain the software and what was expected for the activity. The students were encouraged to
create good quality questions, and the nature of good questions was discussed. Students were also made aware that they could rate
the quality of their peers’ questions and comment upon them (with the advice that comments and ratings should be both honest and
fair) and although students were encouraged to participate in these additional activities, they were told that this was not compulsory.

The compulsory nature of the exercise was deliberately light. Over the course of the academic year, and split over eight deadlines,
students were required to author four questions and answer 40, related to the most recent lecture material. The questions were not
necessarily to be explicitly related to published learning outcomes, but instead should relate to the subject content more generally.
Each deadline for authoring a question occurring two weeks before the deadline for answering ten questions. In return for meeting
these participation requirements, the students received 5% of their final course grade. There was no additional reward for
participating in the non-compulsory activities (i.e. rating, commenting).

At the end of the academic year PeerWise use by these students was analysed. The results showed a positive correlation between
students’ engagement with PeerWise and their summative exam score (as demonstrated in previous studies, Denny, Hanks & Simon,
2010; Denny et al., 2008b). Student perceptions of PeerWise were mainly positive and they recognised its value as a learning tool
(Sykes et al., 2011).

Our research further analysed the data collected by PeerWise from this cohorts’ use of the system. In particular, we perform a
qualitative analysis of the comments associated with questions to enable us to investigate the use of uncertainty in learning because
providing comments was a voluntary activity and is an area relatively unexplored in the literature so far. Our hypothesis is that
PeerWise supports more than simple drill-and-practice learning and learning that results from the creation of an MCQ. We suggest
that students engaged in PeerWise activity also learn from the controversies that arise through discussion between peers, and that
this is evidenced in the comments, discussions, editing and deleting of questions by peers within the system.
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Ethical approval

The University of Glasgow, College of Medicine, Veterinary and Life Sciences Ethics Committee granted ethical approval for this
work.

Data collection and analysis

We analysed the comments the students wrote to their peers about the questions they had authored. It is important to emphasise that
writing these comments was a voluntary contribution on the part of these students and that it is in these comments we expected to
find examples of disagreement, discussion and learning; i.e. uncertainty-resolution.

Data collection

Of the 145 students, 89% (128 students) wrote at least one comment on questions authored by their peers, with 15% (22 students)
writing more than 50 comments. The maximum number of comments written by a single student was 356, the mean was 30 and the
median, 17.

There are three categories of student-authored questions available for viewing as an instructor; active questions (those questions
available for other students to answer), edited questions (the original version of a question the author has subsequently chosen to edit
before reactivating) and deleted questions (questions the author has chosen to delete). Neither edited nor deleted questions are
available for other students to answer but are stored in the system with all attendant ratings and comments from before they were
edited or deleted, and it is in these questions and the associated comments, in particular, that we anticipated we would see evidence
of uncertainty and uncertainty-resolution.

We performed a qualitative analysis of comments associated with student-authored questions in the repository. Before selecting a
sample of questions to analyse, we ordered all the questions by the extent of commenting, to ensure that we did not choose questions
that had no comments. While some of the active questions chosen might also have been present in the edited or deleted set, the
comments associated with such active questions would be novel because all comments associated with deleted questions moved to
the deleted bank with the question.

Analysis

Each comment contained one or more points made by the commentator. These points were classified by the first rater and then
independently verified by a second according the following categories:

*  Positive (e.g. good question, ‘liked this question, thanks for putting it up’, ‘excellent question’)
*  Negative (e.g. rubbish question, ‘this is a poor question’, ‘not the best question I've come across’ )

*  Learning from [specifically the commenter learning from the question author] (e.g. ‘I didn’t know that’, ‘had to have a little
review of genetics’, ‘nice one. I liked how clear your explanation was. I wrote it out as a clear reminder, thanks’ [sic])

*  Learning with [specifically the commenter provides a learning point for the question author, so the question author is
learning with the commenter] (e.g. ‘you could add...”, Commenter: ‘My author,you missed out something here, D- is
ASPARTIC ACID as per our recommended textbook or ASPARTATE as in our note.. ARGININE (Arg, R) is actually the in
the second space hence not an N-terminal amino acid! I wished to help with the reason why Met is not correct...’ [sic] Author:
‘My bad u right mixed up D with N... so it is Aspartic acid...” [sic]

Commenter: ‘Good question however would be nice if to get an we explanation don't have to hunt. I know it says lymphocytes
on the slide but also says gamma globulins are antibodies ie not lymphocytes, what do you reckon?’ [sic] Author: T agree. I
may have misinterpreted what the slide was getting at after I did some further research (thank you google!)... To avoid
confusion I just changed that option a bit. Sorry about the confusion!’ [sic]

*  Criticism [about question structure that may be positive or negative] (e.g. ‘lack of explanation’, T agree with one of the
previous comments, in that I don’t think miss spelled answers are the best way to go’ [sic], ‘this question is too simplistic and
the grammar “most faster” isn’t correct’)

*  Other [comment that did not fit into any of the above categories, typically ones that were unrelated to the question or
didn’t make sense] (e.g. ‘I didn’t read that properly and clicked the wrong answer’, ‘good recall home skillet biscuit’ [sic], ‘you
just blew my mind’). These ‘other’ comments were not included in our analysis.

Some comments made more than one point and so were classified in more than one category. However, where a comment made the
same point more than once, it was only placed in one category. For example, a comment such as ‘great question, really fab’ would be
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classified as positive once, whereas a comment that read ‘great question, I didn’t know that’ would be classified as both positive and
learning from.

We analysed a 5% sample of the 798 active questions (39 questions), a 10% sample of the 101 edited questions (10 questions) and all
deleted questions with two-or-more comments attached to them (8 questions). In order to ensure that there were comments
available for us to analyse, we ordered the questions by ‘most comments’ before taking the samples.

Results

Usage data

Figure 1 shows the students’ daily activity on PeerWise over the duration of the course and this data sets the context in which
students were writing, answering, commenting on and editing questions. The number of questions written during the course form
four distinct peaks centred on four deadlines for question creation. Few questions were written after these deadlines. The activity for
question answering shows a number of peaks that are not associated with any externally imposed deadlines. There is an initial flurry
of interest in the system when it is first available (including the first two question-answering deadlines), then large peaks just before
the third and fourth question answering deadlines. Other distinct peaks of question-answering activity can be seen; these coincide
with the January and May exam diets.

The volume of comments made follows a similar pattern of activity to questions answered with the initial flurry of activity covering
the period of the first two question-answering deadlines. Replies lag behind the comments, as expected.

Figure 1: Useage data

The number of questions written in a day does not exceed 65 at any given peak, whilst the largest number of questions answered in
any one day is almost 700. At one peak, the number of comments in a day reached almost 140, a remarkable number given that there
was no reward for commenting activity, whilst the number of replies in any one day is low, reaching a maximum of only 11 replies
(twice).

© 2018 Journal of Perspectives in Applied Academic Practice 58



Journal of Perspectives in Applied Academic Practice | Vol 6 | Issue 1 (2018)

PeerWise as a Vehicle for Uncertainty-resolution to Enhance Student Learning

Comment data: examples

Since our focus is on learning through discussion, we have chosen the following typical points (taken verbatim from the comments
made on the 57 questions analysed) to illustrate the most important categories of learning from, learning with, and criticism. Positive
and negative points were simple statements of opinion by the commenter, and are therefore less useful in demonstrating a learning
process.

*  Learning from point

Commenter: ‘Good question... got it wrong as I was not differentiating between synthesizing and encoding... now I willl’
*  Learning from point

Commenter: ‘Thank you, i actually didnt get this right i thought the answer was D so you taught me something there!” [sic]
*  Learning with point

Commenter: i thought that although a fixed ribosome was already on the RER, the protein was orginally synthesis in the
ribosome then passed into the main body of the RER itself, which makes C right, comments anyone? [sic]

Author: ‘Thats a great point! I completely forgot that as it grew it passed into the rER. Thanks for letting me know - now i
wont ever forget that point ;) Answer C would then be correct xD woops’ [sic]

*  Learning with point

Commenter: ‘Nice test, makes you think of what RER and Golgi actually do differently. Could mabye expand explaination to
show why Proper folding, and forming di-sulphid bonds and multimeric proteins can only be done in RER (to help make it
knowlege not recall): Because the RER is where the polypeptide chain is synthesised (on a ribosome) it has to form it's
tertiary/quaternary structure straight away in order to be stable, only then can it be modified for the job it's destained to do,
e.g by carbohydrates being added, or cleavage’ [sic]

Author: ‘Thank you for adding this in to your comment! I didn’t know that before but it makes sense that it works that way...’
*  Learning with point

Commenter: ‘Lipids make up chylomicrons which carry triglycerides across intestine mucosa. The term "large" is relative and
I would consider triglycerides large.’

Author: ‘Ok, I'll take that on board and will have another look tomorrow and maybe change it. Thanks!’
*  Criticism point

Commenter: ‘not fond of the miss spelled answer choices, would like to see similar answers maybe’

Analysis of comment data

Table 1 shows the number of points made of each type, within each question category (active, edited, or deleted).

Table 1: Number of points (or parts of comments) written for each category of question.

Active questions Edited questions Deleted questions
Positive points 547 56 10
Negative points 5 20 5
Learning from points 144 11 6
Learning with points 36 15 13
Criticism points 94 38 13
Other points 52 4 7
TOTAL points 878 144 54
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Figure 2 compares the counts of points made within the comments (positive, negative etc.) by question category (active, edited or
deleted), and provides an overview of the types of points the students were making for each category of question.

Active questions are dominated by positive points to a greater extent than edited and deleted questions. Negative points are almost
absent from the active questions, there is evidence of them in comments on edited and deleted questions.

Figure 2: Counts of comment types by question category

Figure 3 and Table 2 show the proportion of comment category for each of the three question types. This enables observation on the
extent to which comments might have influenced authors’ subsequent editing and deleting behaviour.

Figure 3: Proportions of comment type by question category

© 2018 Journal of Perspectives in Applied Academic Practice 60



Journal of Perspectives in Applied Academic Practice | Vol 6 | Issue 1 (2018)

PeerWise as a Vehicle for Uncertainty-resolution to Enhance Student Learning

Table 2: Proportions of comment category for each question type (excluding the ‘other’ category)

Active questions Edited questions Deleted questions
Positive points 66.22 40.00 21.28
Negative points 0.61 14.29 10.64
Learning from points 17.43 7.86 12.77
Learning with points 4.36 10.71 27.66
Criticism points 11.38 27.14 27.66
TOTAL points 100.00 100.00 100.00

Active questions: The majority of comments on active questions are positive in nature and there are proportionally very few negative
points; this is unsurprising. The second-highest proportion of comment-type on active questions are those categorised as learning
from, meaning that the commenter has learned something from reading and answering the question, and has taken the time to tell
the question author so. The next highest proportion of point-type in the active question category is criticism; this seems counter-
intuitive. However, we note that there are a proportionally low number of learning-with points in the active questions. This suggests
that while commentators might have been critical of questions, they have not given suggestions to the author as to how the question
might be improved. It is the presence of these learning with points that change authors’ behaviour (as shown below).

Edited questions: These are questions that a student has written, and then edited and republished (at which point the newly
published question becomes active) in response to reflection on the question (possibly inspired by comments written by their peers),
and it is in this interaction between students that we suggest that uncertainty, and uncertainty-enhancing learning, is likely. The
greatest proportion of point-type here is again positive: these questions have been edited despite getting positive feedback. The next
highest proportion of point-type is criticism. These points are not negative (a separate classification, the third highest proportion),
but generally suggest flaws with a question that might be fixed. Learning with points (in which the question author learns something
from the commenter) are the next greatest proportion. These points show that the commenter has offered a solution, or suggestion,
to the problem with the question, which has subsequently been edited.

Deleted questions: These are questions that the author has deleted entirely, rather than edited and republished. The greatest
proportion of point-types for these questions are criticism (problems identified with the question) and learning with (in which the
author learns from the commenter) which together make up almost 50% of the points scored. Thus, within questions that have been
deleted, points that highlight problems with the question, and how they might be fixed, are in the majority, rather than simply points
that are negative, and, as with edited questions, it is in this situation we suggest that uncertainty, and learning from that uncertainty,
is possible. Negative points make up less than 10% of the points written about the deleted questions, suggesting that students are
more likely to try to suggest improvement than to simply be negative about someone else’s work. Again, there are points that are
positive and, even for questions that have been deleted there is still evidence of learning from the author.

Figure 4 shows the trend in proportions of different point categories between the three types of question. Of particular interest is the
rise in the extent of learn with points from active, through edited, to deleted questions.

Figure 4: Trend in the proportions of comment type by question category
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Usage data

The patterns of activity observed in PeerWise with this cohort of students for questions written and answered are similar to those
reported elsewhere; students will write questions to meet deadlines but answer, comment and reply voluntarily beyond these dates
(for example in: Denny, Luxton-Reilly & Hamer, 2008). Given that our data shows that these students choose to take time to think
about, and provide feedback upon, the questions they answered, a question arises from this: why might a student choose to comment
and provide feedback on their peers’ work for no external (i.e. grade) reward? The answers are likely complex and interdependent but
we postulate that students wish to invest in question quality, such that the question bank created might be of the highest quality for
those times when it is needed for knowledge acquisition and testing. Alternatively, a student might wish to share their knowledge to
support their peers’ learning. It is also worth noting that, due to an algorithm built into PeerWise, each student had a participation
‘score’ that increased every time they participated in any PeerWise activity, and they were then able to see how their score related to
their peers (i.e. whether they were first or fiftieth) which may also have motivated some students. Whatever the reason, full
participation in PeerWise is, at least to some extent, altruistic, in that it is not directly rewarded through grade.

Evidence for uncertainty-enhanced learning in PeerWise

Up to this point, we have talked almost exclusively about the extent and nature of commenting, as shown in our data. We have
demonstrated that this cohort of students wrote comments on questions that their peers subsequently took action to edit or delete.
We suggested that in particular the comments/points we labelled as learning with, or criticism supported editing the question to
improve it and that these types of comments were seen proportionally less often in active questions.

What is not known is why the question authors responded to these suggestions, either by editing or deleting (and presumably re-
writing) the question. Students were in no way obliged to make changes to their questions. Unless a question was entirely
inappropriate, the teaching team did not comment on it at all, and if they did, it was via direct email, not through the PeerWise
interface. Therefore, the only likely mechanism that stimulated a student to edit or re-write their question was the feedback provided
by their peers. Thus, the uncertainty arising from critical, learn with and learn from comments often inspired students to act to
improve their questions; those students who choose to edit or re-write had learned from this discussion with their peers.

Much has been written about the benefits of peer feedback. For example, Nicol, Thomas and Breslin (2014) suggest that students
often perceive the feedback they receive from peers as “more understandable and helpful than teacher feedback, because it is written
in a more accessible language” (p. 103). Nicol argues that effective feedback should consist of a dialogue, rather than the traditional
monologue transmission from instructor to student (Nicol, 2010) (also see: Topping, 1998; Falchikov, 2004). Sharp and Sutherland
(2007) also reported on the perceived value of discussions such as those we are observing. They tasked their students to create five
MCQs as part of some collaborative work. Reported feedback from the students suggested that discussing the creation of these MCQs
resulted in the most creative and dynamic interactions within the groups of any part of the task they had been set.

We believe we are seeing these mechanisms of feedback and discussion/debate very much in operation, not only in the form of
dialogue, but with that dialogue resulting in question authors actively making changes or withdrawing questions in response to this
feedback and dialogue. This takes place with no instructor interaction but instead with dialogue occurring spontaneously; that is to
say, without prompting or inducement.

So, it is in our observation of feedback on, and dialogue about, question quality between author and commentator that we suggest
there is evidence of uncertainty, because it is here that, as Draper (2009) postulated, students as question answerers are trying to
resolve the uncertainties created for them by question authors. We believe that student learning is enhanced through the editing or
re-writing of questions by question authors, in response to the dialogue around uncertainty-resolution.

A model of PeerWise learning

In considering the use of PeerWise beyond simple drill-and-practice, we propose a framework describing the many ways PeerWise
can supports students’ learning that incorporate uncertainty-resolution as part of the learning process.

PeerWise involves three activities: question writing; question answering; and commenting on questions, and produces four artefacts:
a question bank; ratings of question difficulty and quality; comments; and scores/badges. Students are motivated to participate in the
activities and to produce PeerWise artefacts both through extrinsic (e.g. being awarded grades or badges) and intrinsic means. This
results in a complex feedback network, depicted in Figure 5. A PeerWise activity starts with writing and then answering questions,
often initially motivated by a course requirement imposed by an instructor. As the question bank increases in size, more questions
are available for answering, leading to an increase in answering activity. After answering each question, students are invited to give a
rating on the quality and the difficulty of the question, and to leave a comment for the author. Ratings assist in the filtering of the
question bank, enabling questions to be selected more effectively. Writing comments can improve the question bank and can also
stimulate a dialogue between the author and one or more students. Score and badge awards are automatically generated from all
activities.
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Figure 5: A model of PeerWise learning

Denny (2013, p. 764) reported a strong correlation between the award of badges and answering questions in a large randomised
controlled experiment:

the presence of the badges had a clear positive effect on both the number of questions answered and the number of distinct
days that students engaged with the tool, yet had no effect on the number of questions authored by students.

In addition to this link between badges and motivation we speculate that receiving positive ratings and feedback on questions written
by the student further stimulates this intrinsic motivation.

Our model has several implications. First, it requires an extrinsic motivator to stimulate the creation of a question bank. Although we
have created a link between intrinsic motivation and question authoring, this a potential rather than actual link: there is little
empirical evidence that shows students are willing to spend the 10-20 minutes necessary to write a question unless they have to. Next,
it suggests that both extrinsic (imposed deadlines) and intrinsic (e.g. desire for the benefits of drill-and-practice) factors stimulate
question answering. However, dialogue - in the form of feedback comments and replies from question answerers to question authors
— can arise spontaneously, with no (direct) need for an external stimulus. We have suggested that this dialogue appears likely to be
driven primarily by altruistic and supportive behaviour, and, that uncertainty-resolution arising from this behaviour lead to learning.

Conclusions

The scope of our conclusions are necessarily limited by the extent of data stored in the PeerWise system and we have little knowledge
of context (for example, student opinion, or direct quantifiable impact of uncertainty-resolution on student understanding and
summative performance or wider impact of the discussion between two students). In hindsight, data gathered by focus-group might
have provided some useful contextual student input regarding whether uncertainty-resolution helped to clarify current
understanding and/or helped them to learn new information. This study was conducted in Veterinary Medicine, where the content is
typically factual at level 1. Subject areas dealing with emotive topics might need more sensitive treatment to ensure that opinions are
respected and an academic approach is taken to the discussion and resolution of uncertainty.

However, and if, as our data suggests, Howe et al. (2005) and Draper (2009) are correct when they propose that uncertainty does
indeed have a positive impact upon student-learning, then activities that deliberately stimulate uncertainty need to be added to our
repertoire of student-centred learning activities in higher education. It is the bottom right-hand corner of our model that represents
this uncertainty-resolution that enhances our students’ learning. Our recommendation is that instructors deliberately leverage the
potential that uncertainty-resolution offers to student learning. This might include; providing opportunities for uncertainty to arise
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(through PeerWise or other CSP activity); discussing with students the benefit of clashing with peers and resolving this conflict;
asking students to reflect on how they have resolved uncertainty and how this has benefitted their understanding; providing an
opportunity for students to share their experiences of uncertainty resolution and what they learned with the rest of the class.

We have demonstrated that PeerWise is an excellent vehicle for investigating uncertainty-resolution and would recommend it, and
other CSPs, in researching effective collaborative learning strategies.
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