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Abstract. Peer-assessment in education has a long history. Although the
adoption of technological tools is not a recent phenomenon, many peer-
assessment studies are conducted in manual environments. Automating peer-
assessment tasks improves the efficiency of the practice and provides opportu-
nities for taking advantage of large amounts of student-generated data, which will
readily be available in electronic format. Data from three undergraduate-level
courses, which utilised an electronic peer-assessment tool were explored in this
study in order to investigate the relationship between participation in online
peer-assessment tasks and successful course completion. It was found that stu-
dents with little or no participation in optional peer-assessment activities had very
low course completion rates as opposed to those with high participation. In light
of this finding, it is argued that electronic peer-assessment can serve as a tool of
early intervention. Further advantages of automated peer-assessment are dis-
cussed and foreseen extensions of this work are outlined.
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1 Introduction

Peer-assessment in education is an assessment method in which students assess the
performance of their peers. Topping [1] defines peer-assessment more formally as “…
an arrangement in which individuals consider the amount, level, value, worth, quality,
or success of the products or outcomes of learning of peers of similar status.”

A wide variety of peer-assessment settings exist in which the nature of the work
being assessed varies with the discipline and course. Essays, answers to open questions,
and oral presentations are examples of work that is assessed in peer-assessment classes.

Reliability, validity, and practicality of peer-assessment as well as its impact on
students’ learning have been studied for decades. Nonetheless, there is no strong
consensus among practitioners on whether peer-assessment is guaranteed to deliver its
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desired effects. Most recent research seeking to establish whether peer-assessment can
be used as alternative assessment method has come in the form of one-off experiments
conducted in small classes.1

The wide range of scenarios in which peer-assessment is implemented has also
made it particularly difficult to reach solid conclusions about its effectiveness as the
number and impact of variables being studied varies from one scenario to another.
Some variables are however common to all peer-assessment settings. Examples include
the number of students involved per assessment task and the total number of partici-
pants. Recent studies in peer-assessment have focused on a number of themes including
peer-feedback, design strategies, students’ perceptions, social and psychological fac-
tors, and validity and reliability of the practice.

Large-scale introduction of peer-assessment in educational institutions is very rare
for a number of reasons. Given the issues of reliability and validity of student ratings,
in particular, integrating peer-assessment into a course’s curriculum implies risks both
on parts of the institution and students, which stakeholders may not be willing to
assume.

Moreover, the manual nature of most peer-assessment practices prevents researchers
from carrying out large-scale experiments that would help investigate the impact of
variables on the effectiveness of the practice.

Automation of peer-assessment tasks could greatly improve efficiency and enable
conducting large-scale, iterative experiments. In addition to the foreseen improvement
in efficiency, the move towards automated peer-assessment could reduce, if not elim-
inate, issues of non-confidentiality, the potential for academic dishonesty, and increase
in the workload of instructors.

Automated peer-assessment implies more than simple automation of task assign-
ment and submission. Depending on the nature of the work being assessed, many other
features of peer-assessment can also be automated, at least to a certain degree.

Other opportunities that arise from the automation of peer-assessment tasks include
mathematical modelling of students and construction of student profiles, ubiquitous
peer-assessment practices that go beyond the confines of the traditional classroom, and
creation of platforms that allow easy replication and extension of previous studies.

Another prospect worth examining is the potential of online peer-assessment sys-
tems to serve as tools of monitoring and supervision of students. Used this way, an
online peer-assessment system may provide timely information about students who
may be at risk of falling behind or even failing a course.

Two previous studies demonstrated how models of student progress and early
intervention could be built on top of an online peer-assessment platform to monitor
students who often participate in peer-assessment activities [4, 5]. This study is a
follow-up, which sought to determine whether analysis of the digital traces of students
who had little participation in peer-assessment activities could lead to a firm conclusion
about their success rate of completing their courses.

1 See [2] for a meta-analytic review of peer-assessment studies conducted in the previous century and
[3] for a comprehensive review of those peer-assessment studies conducted since 2000.
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The findings of three courses involving over 600 students, in which the online
peer-assessment system was applied, showed that students who had a participation rate
of less than 33% in online peer-assessment activities were significantly more at risk of
not completing the courses as those who had over 33% participation rates.

Section 2 provides a brief review of the state-of-the-art in automated peer-
assessment, with focus a number of popular tools for peer-assessment and recent topics
addressed by the automated peer-assessment community. Section 3 introduces the
reader to the peer-assessment system that was used to conducted this study. Section 4
presents analyses and findings across three computer science courses that were taught
between mid-2013 and mid-2014. Section 5 provides a discussion of the role auto-
mated peer-assessment may play in identifying at-risk students and concludes with a
number of final remarks.

2 Previous Work in Automated Peer-Assessment

Peer-assessment has been in use at all levels of education for over half a century. There
is a significant amount of literature that documents this use across several course
subjects. Writing courses, especially those that focus on improving students written
English, constitute the largest share [2, 3]. Adoption of information technology
infrastructures geared towards education by many institutions has led to the intro-
duction of electronic peer-assessment systems with a varying designs and levels of
sophistication. Educators in computer science have especially benefited from this
transformation by introducing such tools in their courses.

There is an extensive number of tools that support automated peer-assessment. For
reasons of brevity, four tools that are similar to the peer-assessment system used in this
study are presented here.2

2.1 PRAISE (Peer Review Assignments Increase Student Experience)

de Raadt et al. [7] presented a generic peer-assessment tool that was used in the fields
of computer science, accounting and nursing. The instructor could specify criteria
before distributing assignments, which students would use to rate their peers’ assign-
ments. The system could compare reviews and also suggest a mark. Disagreements
among reviewers would lead the system to submit the solution to the instructor for
moderation. The instructor would then decide the final mark.

2.2 PeerWise

Denny et al. [8] presented PeerWise, a peer-assessment tool, which students used to
create multiple-choice questions and answer those created by their peers.

2 See [6] for a comprehensive review of tools that support peer-assessment.
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When answering a question, students would also be required to rate the quality of
the question. They could also comment on the question, in which case the author of the
question could reply to the comment.

2.3 PeerScholar

Paré and Joordens [9] presented another peer-assessment tool, which was initially
designed with the aim of improving writing and critical thinking skills of psychology
students. First, students would submit essays. Next, they would be asked to anony-
mously assess the works of their peers, assign marks between 1 and 10, and comment
on their assessments. An additional feature of PeerScholar is that students could also
rate the reviews the received.

2.4 Peer Instruction

Peer Instruction is not a software artifact but a practice that is applied in a classroom
setting where instructors provide students with in-lecture multiple choice questions.
Students would then vote for the correct answer using Electronic Voting Systems
(EVS), also known as clickers [10, 11]. A study by Kennedy and Cutts [12] showed
that communication systems such as EVS may serve as indicators of expected student
performance. This is an example of assessment that aids in early discovery of chal-
lenges students may face in grasping concepts so that appropriate supervision is pro-
vided in a timely manner.

Despite its widespread use, peer-assessment had not gained enough of the spotlight
to warrant the creation of conferences or workshops dedicated solely to the topic. Now,
there are at least two annual workshops that aim to bring together scholars from many
disciplines in order to foster the advancement of the practice. The Computer Supported
Peer Review in Education (CSPRED) and Peer Review, Peer Assessment, and Self
Assessment in Education (PRASAE) workshops address several issues in electronic
peer-assessment such as improving the impact of reviews [13, 14], training reviewers to
improve the peer-review process [15, 16] and also aim to provide the current
state-of-the-art in electronic peer-review and peer-assessment [17, 18].

3 The Online Peer-Assessment System

A web-based peer-assessment platform was developed and used in three computer
science courses between 2012 and 2016. Participation in peer-assessment tasks was
optional. However, all students who completed at least a third of the tasks were
awarded a bonus worth 3.3% of the final mark. An additional 3.3% bonus was awarded
to the top-third students, based on the number of peer-awarded points. For all three
courses, it was observed that active participation in peer-assessment activities waned
towards the end of the course. Regardless. A total of 83% of students for the three
courses completed at least a third of the tasks.
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In the latest version of the platform, students completed a weekly peer-assessment
cycle composed of three tasks. First, students submitted questions relating to a list of
previously discussed topics provided by the teacher. Then, the teacher examined the
questions and selected a subset of questions, which were randomly assigned to students
in the second task. The assignment procedure ensured that each question was assigned
to at least four students. Machine learning techniques were applied to group similar
questions in an effort to facilitate the question selection process.

After answers were submitted, question-answer sets were randomly distributed to
students to rate each answer. In order to encourage careful assessment of each answer,
students were provided with a certain amount of points, referred to as coins, to dis-
tribute over the answers.

After the completion of each cycle, questions and answers, together with coins
earned, were made available to all students. Students could also monitor their progress
by accessing visual and statistical information available in their profile page. In pre-
vious studies, how to predict expected performance in final exams was explored using
student activity data from the peer-assessment system [4, 5]. The prediction models in
those studies, however, considered only those students who had completed over a third
of all peer-assessment tasks. The main reason behind this was that the performance of
the linear regression models was significantly reduced with the introduction of data of
students with little or no participation at all. Because the number of students who did
not participate enough in online peer-assessment tasks was considerably low, the
attempt to build prediction models only for those students did not produce encouraging
results. Therefore, the analyses presented here used less sophisticated statistics to
perform comparisons between the two student groups.

4 Analyses and Results

Three undergraduate-level computer science courses, labelled IG1, LP, and PR2,
utilised the peer-assessment system between the early 2013 and mid 2016. The courses
were administered at the University of Trento in Italy.

The Italian grading system uses a scale that ranges between 0 and 30, with 30L or
30 Excellent the highest possible mark. In order to pass a course, students have to
obtain at least a score of 18. For the purpose of this analysis, the range of scores was
categorised into four groups and labels were assigned to each group. Table 1 presents
this partitioning of scores. The Italian higher education system permits students to sit
for the same exam at most five times within an academic year. Students therefore have
an opportunity to improve their grades by making several attempts. The analysis
considers the data of those students who both subscribed for peer-assessment tasks and
attempted an exam at least once.

For each course, students with less than 33% participation (who completed less
than a third of peer-assessment tasks), referred to as low-participation groups, and
those with over 33% participation, referred to as high-participation groups, were
assigned to performance groups according to the final scores they obtained for the
courses. Table 2 shows the categorisation of students in the low-participation group
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into the performance groups and Table 3 does the same for those in the
high-participation group. The observation that a large majority of low-participation
students did not manage to obtain passing marks was consistent across all three
courses, albeit with varying degrees. In the case of PR2, low-participation students
were more than twice as likely to score below the passing mark as those with high
participation. LP and IG1 low-participation groups were 1.66 and 1.87 times as likely
as their high-participation counterparts to score below the passing mark, respectively.

Further analysis of the data showed that low-participation students usually stopped
participating between the third and fourth weeks of the courses, which spanned at least
nine weeks. For this reason, much of the data for students in this group showed little
change between the midpoint and end of the courses.

Another observation was the large difference in the percentage of students with
insufficient performance between the low-participation and high-participation groups.
This difference ranged between 27% and 33% for the three courses.

Therefore, the argument that the peer-assessment system could identify the large
majority of students who may be at-risk of failing in a timely manner is supported by
these observations. The charts presented in Figures 1, 2, and 3 demonstrate the dif-
ferences in performance levels between low-participation and high-participation groups
for the three courses.

Table 1. Mapping of scores to performance groups

Score Verdict

Below 18 Insufficient
Between 18 and 22 Low performer
Between 23 and 26 Medium performer
27 or above High performer

Table 2. Distribution of scores for students in the low-participation group

Course Number of students <18 [18.23) [23, 26] >=27

IG1 35 25 4 3 3
PR2 42 18 7 11 6
LP 30 22 1 5 2

Table 3. Distribution of scores for students in the high-participation group

Course Number of students <18 [18.23) [23, 26] >=27

IG1 182 69 46 36 31
PR2 141 23 33 49 36
LP 189 84 40 37 28
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Fig. 1. Participation in peer-assessment tasks and exam scores for course IG1

Fig. 2. Participation in peer-assessment tasks and exam scores for course PR2
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5 Discussion and Conclusion

In order to examine if lack of participation in online peer-assessment activities for a
course could fairly identify students who would not successfully complete the course,
the data of the over 600 students in enrolled in three courses were analysed. The
analyses revealed that, after multiple exam sessions, all of which a student can sit, the
majority of students with little participation struggled to either pass the exams or
perform well. The findings contribute to yet another motivation to automate
peer-assessment activities.

Although, at this stage, there is not enough evidence to suggest that participation in
online peer-assessment tasks improves overall student performance, the argument that
these activities could provide well-timed identification of students who may fall behind
at later stages of the course was supported by the findings.

Participation in peer-assessment activities was not mandatory. Nonetheless, the
large majority of student had completed at least a third of the tasks, which ranged
between 22 and 27 for the three courses. Earlier survey results also showed generally
positive reception of the practice among students. Hence, studies of whether the system
could promote student engagement or produce learning effects are in order. Moreover,
categorisation and mapping of students into more than two performance groups could
provide better insights with respect to identifying students that may not be at risk but
may still need closer supervision. These two possible extensions of this work will be
explored in an upcoming study.

The case for introducing electronic peer-assessment environments into the class-
room is supported by the foreseen significant improvements in efficiency and effec-
tiveness of the activities involved. It is hoped that the prospects explored in this study

Fig. 3. Participation in peer-assessment tasks and exam scores for course LP
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contribute to the case for transitioning into cost-effective, ubiquitous, and highly
interactive electronic peer-assessment solutions.

In particular, the transition to a ubiquitous system can be made with little difficulty
by taking advantage of the fact that virtually all students own smartphones or tablets.
Developing a mobile peer-assessment solution has the potential to increase student
productivity given that peer-assessment tasks are designed to be simple,
mobile-friendly and with special attention to privacy and other social aspects. Hence,
development of a mobile version of the peer-assessment system will be addressed in the
near future.

Calibrating peer-assigned marks as well as training students how to grade their
peers’ answers have been shown to improve the effectiveness of peer-assessment, with
what regards its validity and reliability. Hence, future work will also look to improve
the quality of peer-assigned marks by applying these techniques.
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