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Abstract—Peer assessment is a valuable educational activity,
which promotes learner engagement and critical thinking, while
also decreasing the time spent by the teachers on evaluating
students’ work. Over the past decades, several platforms have
been proposed to support the peer assessment process. The
current landscape is dominated by special-purpose, context-
specific peer evaluation systems, which were designed to support
a particular type of learning activity, artifact, or discipline. In
this article, we propose an alternative, a generic and
comprehensive peer assessment platform, called LearnEval,
which is very flexible and able to accommodate a variety of
pedagogical scenarios. Distinctive functionalities include: highly
configurable peer assessment workflow, several automatic and
manual review allocation mechanisms, initial calibration/training
options for the students, complex dashboard with statistics,
scores and graphical visualizations, as well as an extensive open
learner model. The platform was developed in an iterative
manner, with several extensions and improvements informed by
the findings of the initial pilot studies. The article also reports on
a practical application of LearnEval in a project-based learning
scenario, with very promising results; multiple perspectives of
the peer assessment process are analyzed: student behavior, peer
grades validity, and perceived learning experience. Comparative
results with an earlier study show increased levels of system
usability, grading validity, and student satisfaction.

Index Terms—Peer assessment system, peer grading validity,
peer reviewing, project-based learning (PBL), student satisfac-
tion, system usability.

I. INTRODUCTION

PEER assessment is an effective educational activity that
has started to be adopted in many learning contexts, espe-

cially in the past decade. The literature provides plentiful evi-
dence that peer evaluation offers many advantages for the main
actors involved in the educational process [37]. On one hand,
the approach benefits the student by means of encouraging criti-
cal thinking and more time spent on the task, providing access
to more feedback (not only the one from the teacher) as well as

access to different solutions for a given task, offering new perspec-
tives [26], [36]. On the other hand, the approach benefits also the
instructor, by means of scaling the grading task in large classes or
massive open online courses (MOOCs) [30], [34], decreasing the
time allocated for assessing solutions, and reducing the problem
of “free-rider” students; this “free-rider” challenge exists in group
tasks where some team members perform better than others and
the instructor has difficulties in assigning distinct grades according
to the particular contribution of each student [15].

Peer assessment has been employed in a wide range of
topics and scenarios, but a particularly successful usage has
been in classes where the output is creative and the evaluation
can be highly subjective [39]. Despite its many advantages,
the peer assessment process is not free of impediments. Some
of the most important challenges include: students’ reluctance
to evaluate their peers, the friendship relationships between
learners which could lead to subjective assessments, and “tit-
for-tat” scoring (i.e., students’ worries that assigning low
grades might influence their peers to also assign low grades as
a revenge) [13], [37].

The technological advancements and the need for a solution
to the time-consuming, low scaling task of manually evaluating
student work have led to the emergence of computer-supported
peer assessment systems. The first such platforms were devel-
oped over two decades ago [15]. Over time, the affordances
and complexity of the systems grew steadily to accommodate
the demands and requirements of both instructors and learners.
During the last two decades, dozens of peer assessment sys-
tems, each with its unique features, have emerged [18], and the
current landscape is in a continuous growth.Whereas some sys-
tems focus on the assessment workflow and the steps involved,
enhancing it in various ways [24], others focus on the affordan-
ces they offer to the instructors and learners [40].

In this context, it is important to provide a peer assessment
platform that unifies and improves existing features from the
current solutions to better fulfill educational stakeholders’
needs. Such a tool would enhance instructor’s control over the
peer assessment process, while at the same time increase
students’ awareness and responsibility of their own learning.
Therefore, in this article, we present an innovative, fully
fledged peer assessment system, LearnEval, which aims to
provide a solution to the existing gaps in the current landscape
of systems, providing various affordances for both teachers
and students. An initial version of the platform was introduced
in [1] and [2], together with some pilot exploratory studies
reported in [3], [5], and [6]. The current article presents the
extended version of the platform, based on an iterative devel-
opment process informed by the preliminary experimental
findings. The platform validation is conducted in a project-
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based learning (PBL) scenario. In PBL, students learn by
working individually or in groups to solve challenging tasks
related to complex projects [38]. Joint application of PBL and
peer assessment can further increase students’ evaluation abil-
ities and critical thinking skills [11], [19].

The current article adds to the literature by providing a
comprehensive analysis of the peer assessment process sup-
ported by LearnEval. The evaluation takes into account three
main directions: 1) validity of the grading process; 2) usability
of the platform; and 3) subjective student satisfaction with the
peer assessment experience. More specifically, we address the
following research questions.

1) How did students participate in the peer assessment

enhanced PBL scenario?

2) What are the validity levels of the peer grading process?

3) How did students perceive their experience of using

LearnEval platform, in terms of usability and

satisfaction?

4) What are the challenges faced by the students with the

peer assessment approach?

5) How does students’ experience with the extended ver-

sion of the platform compare with the pilot studies?
The article continues with an overview of related work in

Section II, providing a summary of existing peer assessment
systems and highlighting their affordances and limitations.
Section III describes the LearnEval platform, including a
rationale, main functionalities, and implementation details,
followed by an illustration of a generic peer assessment work-
flow. Next, Section IV presents a case study on the practical
application of the platform in the context of PBL, addressing
issues such as: peer assessment process validity, system
usability, students’ satisfaction with the learning experience,
and a comparison with a similar scenario from the previous
year. Section V outlines some conclusions and provides direc-
tions for future work.

II. RELATED WORK

In what follows, we present an overview of the most repre-
sentative peer assessment systems developed over the last two
decades, highlighting important affordances and shortages
they exhibit. The landscape includes two main categories of
platforms: 1) systems aimed at assessing teammates in team-
based assignments; and 2) systems aimed at assessing other
peers in the class. Some of these platforms are more generic
and can be applied to a wide range of pedagogical scenarios
and contexts, while others are purposefully designed for a spe-
cific niche or discipline, such as programming, communica-
tion, or writing assignments.

A. Team-Based Peer Assessment

SPARK [15] is one of the earliest web-based platforms
designed for peer assessment (and self-assessment) of student
teamwork that attempts to solve the problem of free-riders.
Self-assessment and peer assessment are applied by each mem-
ber to polish the team’s grade according to the individual contri-
bution. Instructor’s time is saved by automating tasks such as
the collection of students’ ratings or grade computation

considering weight factors. Several settings can be configured
by the teacher: assessment deadlines, review criteria, or team
creation. Two types of assessment criteria are supported by the
system: multiple criteria and holistic rating scheme. Further-
more, a bank of items can be reused by the instructor when
defining the assessment criteria. At the end of the process, vari-
ous metrics are computed. Help information and frequently
asked questions (FAQs) are available for learners in case they
need fast assistance. The system also allows learners to practice
review. Some of the challenges at the timewere the low external
web access and the usability issues of the system.
A peer assessment platform similarly used for assigning

grades that indicate the actual contribution of a peer in group
work is SPAS [33]. The system features three types of users:
administrator, teacher, and student. The admin is in charge of
registering the users and handling tasks related to user man-
agement. The teacher creates the course and groups, defines
the review criteria, and grades the learners. The student evalu-
ates the quality of the work of other group members. The
teacher might consider the peer review data and assign indi-
vidual student grades based on it. At the end of the process,
each learner has access to their individual final grade. A satis-
faction questionnaire applied to the students revealed that they
benefited from more peer collaboration and they were satisfied
with the approach.

Another online peer-moderated marking tool specifically

designed to facilitate group work is WebPA [24]. Just like in

SPARK system, the students self-review and peer review their

team members, “weighting factors” being generated which

influence the group marks. The system can be applied to any

type of group assignment. The instructor can set a broad range

of parameters, such as: group size, number of groups, review

criteria, or deadlines. Considering the high number of settings

that need to be configured, new teachers can choose to apply

default settings. At the end, the instructor provides grades to

the teams and WebPA further produces reports describing the

score assigned to each individual student. An important chal-

lenge is when a learner withdraws from a course affecting the

performance of the group and the peer-moderated marking.

Therefore, the instructor must manually inspect the results in

groups where the members did not provide the evaluations.
Finally, Comprehensive Assessment of Team Member

Effectiveness (CATME) is a set of three web-based tools that
can be applied to assess achievement of learning goals related
to teamwork [25]. Team-Maker tool gathers information about
students and allows instructors to create teams. Past data can
be employed to make more informed decisions about the crite-
ria to apply for defining the teams. Peer Evaluation is a tool
used for self-assessment and peer assessment of teammates’
contributions. The system offers various statistics for the
instructor computed based on the student assigned ratings.
The instructors are automatically notified in case special con-
ditions that might require further examination are met, such as
ratings suggesting team conflict. The last tool, Rater Calibra-
tion, allows students to practice rating fictitious teammates
and getting accustomed with the rating criteria before evaluat-
ing their actual teammates.
While the previous four systems are generic and can be used

for any kind of team-based work, domain-specific platforms
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have also been proposed in the literature. For example, a peer
assessment system dedicated to medical students, aimed to
solve the free-riders problem, is presented in [8]. The tool was
employed to study whether the teams would benefit from
higher contribution and cooperation. Two essential features
were the open feedback and the balanced peer marking (i.e.,
the process where the students must come to an agreement
and achieve consensus in assigning a grade to one of the team
members). Each student holds a fixed amount of points to dis-
tribute and they are required to assign a different number of
points to each teammate according to their contribution. The
findings disclose that there were no differences in terms of
team contribution and functioning between the learners that
used the tool and the rest. Furthermore, focus group discus-
sions revealed students’ negative feelings regarding the pro-
cess and the fear that the open, transparent evaluation might
be considered threatening by the peers.

As can be seen, the main goal of team-based peer assess-
ment platforms is to help the teacher clearly determine the
contribution of each member to the teamwork, based on the
teammates’ appraisal; this also helps to eliminate the “free rid-
ing” problem. The underlying idea is that students are aware
of their teammates’ contribution, as they closely collaborated
for the group assignment. The focus of this article, however, is
on the more general type of peer assessment, in which each
student is asked to evaluate the independent work of one or
more peers. The underlying idea is that all students are sup-
posed to solve a particular assignment and then be able to
evaluate each other’s solutions. Several examples of such plat-
forms are surveyed in the next subsection.

B. Individual Peer Assessment

A generic, configurable, and powerful web-based self-
assessment and peer assessment platform (called Web-SPA) is
presented in [35]. Some of the main functionalities provided
by the system are: account creation, assignment upload, scores
and comments, progress tracking, and results visualization.
The instructor holds a high degree of control by arranging the
activities based on the objectives of the course or by monitor-
ing students’ reviewing activities. Various parameters can be
configured, such as: assignment settings, review criteria,
whether the process should be anonymous, type of marking,
or group management. An experimental study showed a sig-
nificant consistency between the grades assigned by the stu-
dents through peer assessment and the instructor’s scores.
Moreover, the quality of the learners’ work was enhanced as a
result of the peer evaluation process.

A different approach, specifically designed for complex
writing assignments, is proposed in [40]. The article describes
a guidance system that can be incorporated in any peer assess-
ment platform and aids evaluators to amend their reviewing
skills and enhance the proficiency of their assessments. The
work under review is automatically scaffolded such that the
important content is drawn to the attention of the assessor.
The instructor can set the review criteria and scaffolding regu-
lations that are utilized by the tool. The innovation is provided
by the mix between the algorithms employed to automatically
locate the content of interest that needs the evaluator’s focus

and the final review decision that needs to be taken by the
assessor. The outcomes of the experimental study aim to show
whether the grades assigned by the peers are similar with the
scores provided by expert evaluators.

Another interesting platform, called web-based formative
peer assessment system (WFPAS) is presented in [20]; its
main aim is to raise learners’ metacognitive awareness and
accomplishments in ill-structured tasks. The platform features
rubrics for resolving ill-structured instructional design tasks
and instruments for offering peer feedback. A unique feature
represents reciprocal feedback, the possibility for reviewers
and reviewees to exchange feedback in real time. The students
must revise their initial draft based on the received feedback.
Furthermore, they are required to offer feedback to the
received reviews. In a final reflection phase, learners meditate
on their own work and learning. The experimental findings
reveal that the students who applied WFPAS obtained higher
levels for metacognitive awareness, achievement in ill-struc-
tured tasks, and motivation, compared with the learners who
participated in a traditional peer assessment process.

A system specifically built for assessing online videos is
proposed in [22]. The students first upload the videos on an
external website, a YouTube channel, and then they add the
link in the peer assessment module of the system. The evalua-
tors can attach comments and feedback to various moments in
the video which subsequently can be visualized by the authors.
The system was used in practice to assess the communication
abilities of nursing students. Results showed a high level of
correlation between the peer review grades and expert
assigned scores. A questionnaire applied to the learners
revealed that they were satisfied with the peer assessment
method and appreciated its role in enhancing their communi-
cation skills. Furthermore, the students regarded peer assess-
ments as fair and objective.

A peer assessment system dedicated to programming language
learning is introduced in [41]. Educational Peer Code Review
(EduPCR), as it is called, supports multipeer assessment, the pro-
cedure in whichmultiple evaluators review the same work. Some
of the most important features of the platform are: automatic
reviewer assignment mechanism, automatic score calculation,
deadline tracking, revision, back-review, various scores, and
automatic notifications. The weight of each score can be config-
ured by the instructor according to the aims of the course. The
system attempts to alleviate a part of the negative effects of
reviewing by automatically detecting nonconsensus between the
assessors and the radical behavior exhibited by some of the
reviewers. The responses from a student questionnaire and an
interview revealed that participants considered receivingmultiple
evaluations more useful than a single one and the approach can
significantly enhance student learning achievements.

Another system dedicated to computer skills training is
described in [17]. The approach requires students to build their
own assessment forms in order to improve their higher order
thinking skills. The peer assessment process was carried out
anonymously. The findings of the experimental study revealed
that the learning achievements of the students using the tool
were significantly higher compared to the students who
applied a conventional peer assessment system or no peer
assessment at all.
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In addition, a peer assessment platform where students
review concept maps and are able to back-review or answer to
evaluators is proposed in [18]. The bidirectional feedback
increased the interaction between peers and the exchange of
ideas. The experimental findings uncover that the system
enhanced students’ learning achievements and critical think-
ing, as well as the quality of the feedback they provide.

Finally, there is also a commercial web platform, called Eli
Review, which was designed for scaffolding peer feedback
activities, being particularly suited for online writing instruc-
tion [21]. The feedback strategy supported by the platform is
grounded in writing pedagogy and consists of three phases: per-
form small writing assignments, attend peer assessment activi-
ties, and create revision plans based on the received feedback.
The instructors focus on creating the tasks (writing tasks,
review tasks, and revision tasks), set up debriefing sessions
with the class about the peer feedback, and offer feedback to
reviewers. Eli Review allows students to rate the quality of the
received feedback and persuades instructors to provide com-
ments on students’ feedback. Qualitative and quantitative data
are collected and made available to instructors through various
reports, both in real time and for offline use.

C. Summary and Challenges

In addition to the classification presented above, the literature
also distinguishes between peer assessment of product and peer
assessment of process [31]. Peer assessment of product refers to
students’ evaluation of the quality of peers’ work (output) using
predefined criteria and assessment guidelines. By contrast, peer
assessment of process refers to students’ evaluation of the behav-
ioral aspects of group work; this includes assessing their peers’
teamwork skills and interaction, such as contribution to discus-
sion and ideas, participation in group meetings, or feedback pro-
vision. Thus, peer assessment of a product is frequently applied
in both individual- and team-based peer assessment systems;
however, peer assessment of process is specifically tailored for
team-based contexts and can provide relevant insights to the
instructor for assigning grades that accurately appraise the actual
contribution of each teammember.

To sum up, a variety of peer assessment platforms have
been proposed so far in the literature, being applied in various
areas, such as computer science, medicine, literature, or phys-
ics. Many of these systems were designed to support a specific
type of learning activity (e.g., complex writing assessments), a
specific discipline (e.g., programming languages), or a specific
type of student artifact (e.g., online videos). Furthermore,
most of the platforms focus on a limited set of functionalities,
in accordance with their specific goal. Hence, there is a need
for a more comprehensive and generic platform, which should
integrate useful functionalities present in various existing sys-
tems, but also novel desirable features.

Thus, important functionalities scarcely found in current plat-
forms include: highly configurable peer assessment workflow,
instructor’s option to choose from several automatic andmanual
review allocation mechanisms, student modeling capabilities,
and student’s right to request an alternative expert opinion. Cali-
bration/training options and anonymity of the reviewers and
reviewees can play an essential role in lowering the pressure on

the evaluators. The literature generally recommends that peer
assessment process be double blind as this has several advan-
tages [27]; however, a system should allow this setting to be
configured based on the instructor’s decision. In addition, auto-
matic notification messages could prove very useful, drawing
users’ attention when important events occur in the platform.
Finally, various intuitive statistics, scores, and comprehensive
open learner model (OLM) visualizations are highly desirable
features, as they allow both the student and the instructor to eas-
ily track the learning progress. Starting from this literature anal-
ysis and needs assessment, we designed and implemented a
comprehensive and generic peer evaluation system that accom-
modates common functionalities found in existing platforms,
but also additional features that enhance both the teacher and
the student experience, as described in the next section.

III. LEARNEVAL PEER ASSESSMENT PLATFORM

A. Rationale

LearnEval is a peer assessment system conceived with the main
aim to provide both learners and instructors a tailored and rich
experience. The platform belongs to the individual peer assess-
ment category, focusing on the peer assessment of product, accord-
ing to the classifications mentioned in the previous section.
LearnEval was designed and implemented as a solution to the
existing challenges in the current peer assessment systems and to
fulfill the requirements of every type of course. The first step in
developing the platformwas to devise a peer assessment workflow
that would be suitable in a wide range of pedagogical scenarios
and contexts but, at the same time, would be sufficiently configura-
ble to satisfy the requirements of any particular scenario. The
instructor can define various aspects related to the process, such as:
deadlines, assessment criteria, number of reviews per submission,
mechanism employed for allocating the submissions to reviewers,
anonymity of the reviewers and reviewees, andweights of the vari-
ous metrics used for computing scores and modeling learners [2].
Furthermore, the instructors can track the progress of the learners
to detect students at risk, visualize learner models for assessment
purposes, create calibration assignments for enhancing students’
assessment skills, or receive notifications when actions of interest
occur. On the other hand, the students’ experience is enhanced and
enriched by features, such as: back-review to assess the quality of
the received reviews stimulating critical thinking, access to OLM,
or intuitive statistics of the peer assessment data [1].
The initial version of LearnEval was applied in several pilot

courses [3], [5], [6]. The data gathered from the platform,
together with the students’ answers to satisfaction and usability
surveys, helped us improve LearnEval and, thus, enhance the
experience of both instructors and learners. The findings of the
pilot studies also provided guidelines for refining the peer assess-
ment process in order to achieve higher levels of grading validity
and learner satisfaction, as discussed in the next sections.

B. Initial Prototype

The first version of the LearnEval platform integrated core
functionality required in a generic peer assessment system. In
the following, we present the main modules and features of
the teacher and student areas, respectively.
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LearnEval offers instructors a practical and versatile man-
agement of the peer assessment process. The teacher area is
structured in modules such that every aspect can be readily
accessed and managed [2].

1) Course
The course represents the framework in which the peer assess-

ment process takes place; each unit is labeled with a name, year
of study, and description. The instructor creates a course, enrolls
students to it, and devises the peer assessment sessions.

2) Assignments
The instructor can create and manage assignments for the

taught courses. An assignment has several properties, such as:
type, name, requirements, submission and review deadlines,
number of assessors per submission, and assessment criteria.
This module also displays the solutions submitted by the stu-
dents for each assignment, with the option for the instructor to
evaluate them.

3) Settings
The peer assessment workflow can be configured based on

various parameters, such as: anonymity of reviewers/review-
ees (solution authors), mechanism to allocate the submissions
to reviewers, and weights of the metrics used for computing
student scores. Several mechanisms for allocating the submis-
sions to reviewers are supported by the LearnEval platform,
such as: automatically based on the assessment skills of the
reviewers, randomly by the system, or manually by the
instructor or learners. Default values are proposed for the vari-
ous configuration parameters in order to provide some guide-
lines/help for the instructors. For example, instructor
evaluation represents 70% of the final grade assigned to the
submission by default; however, the instructor can set it to a
lower or higher value. A weight of 0% lets students’ reviews
to represent the full grade, whereas a weight of 100% is
applied in cases when peer assessment is designed only for
formative purposes and not for final grading.

4) Reviews
This module provides access to the reviews submitted by

students. These reviews can be filtered based on various crite-
ria, such as: reviewer name, assignment name, review date, or
review category. The instructor can provide a back-review to
each student review, thus offering the necessary feedback.

5) Statistics

This module helps the instructor easily examine various
aspects of the peer assessment activity data. Two types of

statistics are available: General Course Statistics and Student
Statistics. General Course Statistics section provides informa-
tion regarding the class as a group: number of solutions sub-
mitted before deadline for each assignment, mean assigned
grade for each assessment session, number of submissions
with a passing grade, or student scores. Student Statistics sec-
tion offers information regarding a particular selected student:
grades assigned to the solutions submitted by the student,
number of submitted reviews for each solution, or number of
received back-reviews.

6) Scores
LearnEval models students based on several characteristics,

such as: involvement, reviewing skills, and competence. Each
characteristic is further decomposed in several relevant metrics.
The involvement score depicts the level of student’s participa-
tion in the peer assessment activities and depends on the number
of submitted solutions, reviews, and back-reviews. The review-
ing score portrays the student’s assessment capabilities and
relies on the accuracy of the offered evaluations and the subse-
quently received back-reviews. Finally, the competence score
illustrates the proficiency with the topic and depends on the
grades assigned to the student’s submitted solutions. The
instructor can access all these scores under two perspectives: a
numerical and a graphical representation of the learner model.
The provided model is very comprehensive, allowing the
teacher to see at a glance the areas that need intervention.

7) Notifications
The system sends notifications when relevant actions occur,

such as: a solution was submitted, a grade was assigned with a
low confidence factor (which may require instructor’s atten-
tion), or the submission/review deadline is approaching. A
special type of notification is the request for an expert opinion;
these are appeals from students to instructors to review their
submissions in case they are not satisfied with the received
peer evaluations.

Some of the above functionalities which LearnEval pro-
vides for the instructor are illustrated in Fig. 1.

LearnEval also empowers students by offering a rich peer
assessment experience. The student area is carefully designed
such that every aspect of the process can be easily accessed
and examined [1].

1) Assignments
This module displays the available assignments. A solution

can be submitted by the students to the assignments whose

Fig. 1. Screenshot collage illustrating some of the teacher functionalities in LearnEval (course settings, statistics, and notifications).
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deadline is still open; more specifically, a URL needs to be
provided, from where the solution can be downloaded by the
reviewers.

2) Review Solutions
In this module, the student has access to the allocated sub-

missions to review. The student evaluates each submission
and fills in an assessment form that includes several assess-
ment criteria defined by the instructor; each criterion consists
in a grade on a scale from 1 to 10, plus a textual feedback. Fur-
thermore, the student must also provide a short description
(overall evaluation) of the submission under review.

3) My Solutions
This module shows the solutions submitted by the student,

together with their assigned grades, once they are available.
The solution grade is automatically computed by the system,
as a weighted sum of the peers’ and teacher’s grades, taking
into account the reviewing skill levels of the students; the
actual weights can be configured by the teacher in the course
settings. A confidence factor is also computed for each grade,
indicating the level of trust for that grade, based on the review-
ing skills of the evaluator students. A link to the received
reviews is also available for each submission. Furthermore,
the student can provide a back-review for each received
review, assessing its quality, helpfulness, and appropriateness.
The back-review includes a grade on a scale from 1 to 10, plus
a textual feedback to help evaluators reflect on the impact of
their reviews.

In the special case when a student is not satisfied with the
peer evaluations received, requests for expert opinion
(i.e., teacher evaluation) can be sent from this module. The
number of such requests is limited to three, in order to avoid
misusing this feature. Furthermore, the learner must offer a
clear reason associated with each request. However, in case
the teacher considers the appeal appropriate, the student is
rewarded with one extra expert opinion request.

4) My Reviews

This module displays the reviews submitted by the student,

together with the received back-reviews. Furthermore, the stu-

dent has access to the final grade assigned to the submission

they evaluated, together with the reviews submitted by other

peers for the same solution; this provides opportunities for

comparison, stimulating curiosity, and encouraging critical

thinking.

5) Statistics

This module offers the same information available in the
Student Statistics section from the teacher area: grades
assigned to the solutions submitted by the current student,
number of submitted reviews for each solution, or number of
received back-reviews.

6) Scores

Again, the information available in this module is similar to

the one from the instructor area (for the current student). An

OLM is provided, which gives the student access to an intuitive

and effective visualization of their own activity and scores.

OLMs are learning awareness tools that offer students real-time

information regarding their learning; theymake use of a machine

representation of the learner to reveal student’s progress and

achievement [10]. In LearnEval, the learner is modeled based on

involvement, competence, and reviewing scores, which are also

aggregated in an overall score. The student can visualize their

OLM both in textual format (which presents the raw numerical

values obtained by the learner) and in graphical format (which

displays the model using various visual components, such as

progress bars, column bars, gauges, trophies, andmedals) [4].

7) Notifications
This module sends notifications to the students when rele-

vant actions occur, such as: a new assignment is open, the sub-
mission/review deadline for an assignment approaches, or a
grade was assigned to one of the students’ submissions. The
notification messages contain direct links to the corresponding
sections of the system, for a straightforward access.
Some of the above functionalities which LearnEval pro-

vides for the student are illustrated in Fig. 2.

C. Pilot Studies and Platform Extensions

In the 2018�2019 academic year, LearnEval was applied in
the context of three pilot courses at the University of Craiova,
Romania; this allowed us to collect both usage data from the
platform and students’ subjective opinions from dedicated sur-
veys. In the first semester, LearnEval was used in a Multime-
dia Technologies in E-Learning course [3], while in the
second semester it was used in a Web Applications Design
course [5] and a Human�Computer Interaction course [6],
with some variations between the applied scenarios. Based on
the findings from the three studies and the feedback provided

Fig. 2. Screenshot collage illustrating some of the student functionalities in LearnEval (review solutions, view solutions, and scores).
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by the students and instructors, the platform went through an
extension and improvement process; the following main
changes were performed in the second version of LearnEval.

1) A calibration module was developed in order to allow

students to practice and enhance their assessment skills

before the start of the actual reviewing process.

2) A HowTo module comprising FAQs was integrated in

order to increase the friendliness of the platform and to

provide a straightforward way to find different features.

3) A more efficient approach for the visualization of the

reviews by the teacher was designed.

4) The minimum required feedback length was increased

from 10 to 50 characters in order to encourage reviewers

to offer more comprehensive and helpful feedback.

5) Several small bugs and technical issues were solved.
In what follows, we present more details regarding the most

important extension of the platform, namely the calibration
module. Calibration or training allows learners to gain experi-
ence with reviewing and enhance their skills [42], view sam-
ples of high-quality work, and increase their confidence to
evaluate others [32]. Calibration can solve problems related to
assessment quality, such as grading bias or rogue reviews
[32]. The activity offers students the chance to practice, test,
and improve their assessment skills before reviewing actual
peers’ work. The students get accustomed with the review
rubric and offer more accurate grades, reducing instructor
grading workload. Furthermore, the instructor might restrict
the participation to the actual peer assessment sessions for the
students not demonstrating the required reviewing skills dur-
ing training. Several calibration tools have been reported in
the literature: Rater Calibration [25] provides students the
opportunity to rate fictitious teammates and get used to the
review criteria before assessing their actual peers. In Mechani-
cal TA [42], students can practice reviewing by assessing
essays from past offerings of the course and compare their

evaluations with the “gold standard” reviews performed by
teaching assistants. The reviewers become more independent
by attending calibration sessions and their evaluations do not
need to be checked by the teaching assistants; thus, the time
dedicated by instructors for the assessment task is reduced.

The proposed LearnEval calibration module allows students
to assess dedicated test submissions and compare their reviews
with reference (model) reviews provided by the instructor.
Learners can, thus, analyze the similarities and differences
between their reviews and the ones written by the teacher; this
leads to a better understanding of the expectations of the peer
assessment process and promotes critical thinking skills. Fig. 3
illustrates the comparative view of the calibration results, as
shown to the students in LearnEval. As can be seen, the devia-
tion between the grades assigned by the student and the ones
assigned by the instructor is highlighted through colors: green
(maximum 1 point difference), yellow (2�3 points difference),
or red (more than 3 points difference). Furthermore, a calibra-
tion score is computed for each student, based on the closeness
of the learner’s grades and the ones provided by the instructor,
for all the calibration assignments. This metric is accessible
from the scores module and is taken into consideration when
computing the reviewing score of the student, according to the
weight configured by the teacher.

D. System Architecture and Implementation

From the start of the development process, LearnEval was
designed to be robust and easy to extend and maintain. The
system follows a classic three-layer architecture and is built
around modules in order to support iterative development and
evolving requirements. In terms of implementation, the system
was developed in C# using ASP.NET MVC 5 framework on
the server side, and JavaScript and KnockoutJs on the client
side. The data is stored in an SQL Server Database and the
access is performed using Entity Framework ORM. Dedicated

Fig. 3. LearnEval sample calibration results page.
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projects exist for each of the three core layers of the system:
presentation, business, and data access. Furthermore, several
other projects were developed for the recurring tasks. Various
design patterns, such as unit of work or repository pattern,
were employed for a better maintenance. Finally, the user
interface is friendly and responsive, the platform being easily
accessible from mobile devices.

E. Illustration of a Generic Workflow

As mentioned above, LearnEval is a versatile and generic
platform, allowing instructors to apply it in a broad range of
courses, contexts, and scenarios. In this section, we provide an
example of how the system can be used to support a basic peer
assessment process. The workflow is illustrated in Fig. 4 and
consists in the following steps.

1) Course Setup: First of all, the instructor must define and
set up the course in the platform.

a) The instructor creates the course by specifying its name,

year of study, and a short description.

b) The instructor configures parameters related to the peer

assessment process (or uses the default configuration

settings): anonymity of the reviewers and reviewees,

mechanism employed for allocating the submissions to

reviewers, weights for computing the submission grade,

and weights of the metrics used for computing student

scores.

c) The instructor enrolls the students to the course.

2) Calibration/Training Phase:

a) The instructor creates the calibration assignment by

providing reference reviews for model submissions. A

notification is sent to each student that a calibration

assignment has been created.

b) The students evaluate the training submissions and

compare their reviews with the ones provided by the

teacher.

c) Both the instructor and the students can analyze the out-

come of the calibration stage.

3) Peer Assessment Sessions: The instructor generates the
assignments that need to be delivered by the students and
devises a peer assessment session for each one, as follows.

a) The instructor creates the assignment by specifying its

name, requirements, submission and review deadlines,

Fig. 4. Basic peer assessment workflow in LearnEval.
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and assessment criteria. A notification is sent to each

student that a new assignment has been created.

b) The students have a submission period to provide solu-

tions to the assignment. A reminder notification to sub-

mit the solution is sent to the students 24 hours before

the deadline.

c) When the submission deadline is reached, each submit-

ted solution is allocated to evaluators depending on the

review allocation mechanism set by the instructor.

d) The students have a review period to assess peers’ sub-

missions. Likewise, a reminder notification to submit

the reviews is sent to the students 24 hours before the

review deadline. The submission author is notified

whenever a review is received.

e) Each submission is assigned a grade and a confidence

factor based on the received evaluations. A notification

is sent to the instructor when a low confidence factor is

recorded, so that they can examine the corresponding

submission and reviews.

f) The instructor analyzes the various outcomes of the

peer assessment process. The teacher can examine sta-

tistics and scores at course level or delve into details

and visualize results related to a particular student. Sup-

portive measures for specific learners could be planned

based on this analysis.

g) The learners have access to the grades assigned to their sub-

missions and they can provide back-reviews for the received

evaluations. Furthermore, the student can access their OLM,

examining personal scores and visualizing statistics. There-

fore, areas that need improvement can be easily detected

and corrective actions can be taken accordingly.

The process can be repeated for any number of assignments

per course, each with its dedicated peer assessment session.
In the following section, we illustrate a practical application

of LearnEval in a more complex PBL scenario and explore the
results of the peer assessment process.

IV. CASE STUDY: LEARNEVAL AND PBL

PBL is a student-centered learning technique aimed at pro-
ducing meaningful learning experiences, where students take
more responsibility and act more independently [14]. PBL is a
pedagogical method frequently applied in higher education,
incorporated into educational technology, and a popular
research topic [16]. The approach is devised around projects
and defined by the following characteristics: student focus,
driving question, constructive investigation, autonomy, and
realism [38]. PBL offers many benefits for learners such as
increased motivation and responsibility, more independent
learning, enhanced transversal and discipline skills, and
enhanced critical thinking. Furthermore, learners gain a better
understanding of the professional practice and how to employ
obtained knowledge to real-world problems [29]. PBL uses a
challenge to enable inquiry activities where learners address
questions, look up information, and design and test various
alternative solutions [9]. Students create complex artifacts by
using what they have learned or found during the inquiry.

These artifacts can be evaluated and discussed for further
improvement [14].

The generic peer assessment workflow supported by Lear-
nEval allows it to be easily employed in courses following a
PBL scenario. The several project milestones throughout the
semester, each with its own project deliverable, can be used to
devise effective peer evaluation sessions. Such a peer assess-
ment enhanced PBL scenario is presented in this section, aim-
ing to provide an experimental validation of the LearnEval
platform from three perspectives: peer grades validity, system
usability, and subjective learner satisfaction.

A. Course Context

The extended version of LearnEval platform was applied in
the Multimedia Technologies in E-Learning course during the
first semester of the 2019�2020 academic year. The course is
taught to fourth-year undergraduate students following a
degree in Multimedia Systems Engineering at the University
of Craiova, Romania. The course implied a PBL component
requiring students to individually develop projects. The task
of the project was to implement a website presenting an Infor-
matics lesson for high-school level. The first milestone
required students to create the structure of the website and the
hierarchy of pages and present theoretical notions related to
the chosen Informatics algorithm. In terms of technologies,
the students had to make use of HTML for building the layout
and Cascading Style Sheets (CSS) for styling the pages. The
second milestone required learners to implement the chosen
algorithm in JavaScript programming language and to inte-
grate multimedia material related to it, such as images, audio,
and video content. For the last milestone, the students had to
develop educational games, interactive simulations, and a
knowledge assessment test.

The instructor decided to use the three milestones to create
three peer review sessions. The following peer assessment set-
tings were employed: the process was double-blind; the
review criteria were the same in all sessions and referred to
functionality, implementation, and esthetic and pedagogical
quality. The peer assessment activity was mandatory, repre-
senting 30% of the final grade assigned to the project. Each
submission (i.e., project deliverable) was allocated to three
reviewers with various assessment skills. This allocation is
performed automatically by the system once the submission
deadline defined by the instructor has passed. The reviewers
are divided into three categories reflecting their assessment
capabilities based on the reviewing score: students with high
reviewing skills, students with medium reviewing skills, and
students with low reviewing skills. One reviewer from each
category is assigned to each submission, which leads to a fair
distribution of the evaluations. In addition, the allocation
mechanism selects from each category the student with the
lowest number of reviews assigned across all sessions; hence,
by the end of the course, all students are allocated a similar
number of evaluations to perform (differing by at most one).

As an enhancement compared to the pilot studies conducted
in the previous year, a calibration/training phase was included
in the scenario, which took place before the first project
assignment. The teacher prepared two reference project
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deliverables for students to practice evaluation on: one with
high quality and one with low quality. The goal was to help
students identify both strong and weak points and provide ade-
quate feedback in each case. Approximately half of the stu-
dents attended this calibration phase and reviewed both
practice deliverables. The difference between the learner
assigned grades and the reference grades provided by the
teacher ranged between 0 and 3, indicating different initial
reviewing skills of the students.

B. Participation Results

This section aims to address our first research question:
“How did students participate in the peer assessment enhanced
PBL scenario?” Out of the 30 students enrolled in the course,
29 registered in the LearnEval platform (i.e., 97%1); 27 of
them attended at least one of the peer assessment sessions
(i.e., 93%).

Table I depicts the number of artifacts (project deliverables
and reviews) uploaded by the students. Interestingly, while the
number of project deliverables was higher for the last two ses-
sions, the number of reviews was lower.

In terms of grading, in general, students were more lenient
than the teacher by assigning higher and more narrowly dis-
persed grades, as shown in Table II. The column “Student
grades” refers to the weighted grade computed by LearnEval,
based on the individual peer grades.

As far as the textual feedback is concerned, its length is rel-
atively short, as shown in Table III. Out of the total of 399
comments, only 59 (i.e., around 15%) exceed 200 characters
and less than 5% exceed 400 characters.

In what follows, we provide a few examples to illustrate the
different quality levels of the feedback given by the students.
On one hand, there are some short and not very relevant com-
ments, which are not particularly helpful for the solution
authors, such as: “The site works properly, the buttons and
menu work,” “It is correctly implemented. The points related
to JavaScript, HTML and CSS have been reached,” “It looks
good from an aesthetic point of view and contains a lot of
information,” or “It contains all the features that were required
and even more. The site is responsive.” On the other hand,
there are also more elaborate and useful comments that

emphasize the strong and weak points of the submission and
offer suggestions for improvement, such as: “The site is of the
single page type with very little information and presented in
an incomplete manner. Only the Quicksort algorithm is
included, which performs sorting based on a Divide et Impera
strategy. The site does not provide a detailed definition of the
Quicksort algorithm. I would have added more pages and
more information for a more consistent overall structure. For
example, I would have mentioned by whom the algorithm was
created or I would have presented a possible implementation
of the algorithm, in the C language in the form of a function.
The menu is not functional, it does not direct us to any page,”
or “Tags are used accordingly. There is only one HTML page
in which there is a separation between the HTML code and
the CSS code, an external style sheet being used. There is no
dedicated folder for resources, i.e., the image used is in the
same folder as the HTML page.”

C. Peer Grading Validity

Validity represents the level of agreement between the
grades given by the students and the reference ones, given by
the teacher. Attaining high levels of validity is essential for an
effective peer assessment process. In order to answer our sec-
ond research question (“What are the validity levels of the
peer grading process?”), we computed the Pearson Correlation
Coefficient between the grades assigned by LearnEval based
on the peer reviews and the grades given by the instructor.
Pearson correlation has been employed as a sound measure of
the relationship between the two variables [23] and the
instructor grades have been reported in the literature as valid
expert reference metrics [28].
The results are included in Table IV. The overall correlation

value, which considers all the peer assessment sessions, was
quite high (0.72). The correlation was even higher for the first
two milestones; the lower figure obtained for the last assign-
ment was due to the existence of several rogue reviews that
were assigning high grades to low quality deliverables, with-
out offering any appropriate justifications.

D. System Usability

In order to assess students’ perceived experience of using
LearnEval (research question 3), we started with gauging their
opinion on the usability of the platform. To this end, we
employed the system usability scale (SUS) survey [12], which
offers a reliable, easy-to-apply instrument for assessing the

TABLE I
NUMBERS AND PERCENTAGES OF PROJECT DELIVERABLES AND REVIEWS SUB-

MITTED FOR EACH ASSIGNMENT

TABLE II
STATISTICS ON CENTRAL TENDENCY MEASURES AND CENTRAL DISTRIBU-

TION OF THE GRADES ASSIGNED BY THE STUDENTS VS. TEACHER

TABLE III
DISTRIBUTION OF THE LENGTH OF STUDENT FEEDBACK

TABLE IV
CORRELATION BETWEEN PEER GRADES AND TEACHER GRADES

1 Percentages are rounded to the nearest integer throughout the article.
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usability of a system; it consists of 10 five-level Likert items,
ranging from strongly disagree to strongly agree.

Twenty-three students (i.e., 79%) filled in the SUS survey at
the end of the semester and the results are summarized in
Table V. Odd rows display the percentages of students that
selected either relative or strong agreement (as those items are
worded in a positive way), whereas even rows display the per-
centages of students that selected either relative or strong dis-
agreement (as those items are worded in a negative way). As
can be seen, all figures are over 50% and many of them are at
least 70% (items 2, 3, 5, 7, 8, and 10). The overall SUS score,
computed according to [12], is 72.83, which qualifies the
LearnEval usability as “good” according to [7].

E. Students’ Satisfaction and Learning Experience

In order to further explore students’ experience with the
LearnEval platform and the peer assessment process (research
questions 3 and 4), we designed and applied a dedicated satis-
faction questionnaire. Twenty-one of the students (i.e., 72%)
filled in this questionnaire at the end of the semester. In what
follows, we summarize the main results obtained.

1) About Peer Assessment in General: The results show
that students are generally open to the peer assessment pro-
cess. Most of the learners consider it a good or very good idea
to review peers’ projects (71%) and to be reviewed by the
peers (71%). Furthermore, most learners deemed helpful or
very helpful to offer feedback to peers (71%) and to receive
feedback from the peers (67%).

2) About the Settings of the Peer Assessment Activity:
Most students appreciated the amount of time available for
submitting the solutions (81%), reviewing peers’ work (86%),
as well as the number of assessment criteria (100%). Further-
more, the majority of the learners agreed that both the
reviewer and the reviewee must be anonymous (67%). Finally,
almost all students regarded the number of calibration submis-
sions as suitable (91%).

3) About the Experience as Reviewer: More than half of
the students liked to see the peers’ submissions (52%) and to
review them (57%) to a high or very high degree. Further-
more, a similar percentage of students agreed that back-
reviews helped them to strengthen their reviewing skills
(52%). Almost all students were neutral or liked the calibra-
tion module to a high or very high degree (95%). Moreover,
most learners were neutral or considered that calibration
reviews helped them to strengthen their reviewing skills to a
high or very high degree (90%).

4) About the Experience as Reviewee: More than half of
the students considered that the received reviews were objec-
tive and unbiased (62%), or complete and detailed (52%) to a
high or very high degree. Furthermore, 67% of the learners
agreed that the received reviews helped them to improve their
projects.

5) About Motivation and Time: Around half of the students
considered the peer assessment process motivating to a high or
very high degree (48%). Only a small part of the learners
deemed the process stressful (10%) or time-consuming (19%).

6) About Overall Experience: Overall, most of the stu-
dents were satisfied or very satisfied with the LearnEval plat-
form (71%) and would like to use the system in future courses
(62%).

7) About Encountered Challenges: While learners were
generally satisfied with the platform and peer assessment
process, a few negative issues were also mentioned,
e.g.,: “Subjectivism,” “I do not like to assign grades, it would
have been better if I only had to provide feedback,” “The
assessment could be unreliable,” and “Most of the students do
not have the required knowledge to assess a project.”

F. Comparison With Pilot Study

Finally, we were interested to see how students’ experience
with the extended version of the LearnEval platform compares
with the earlier pilot study (research question 5). As men-
tioned in Section III, the initial version of LearnEval was used
in a previous edition of the Multimedia Technologies in E-
Learning course (2018�2019 academic year) [3]. The sce-
nario settings were similar between the two course runs. Sev-
eral improvements could be noticed in the second year, as
described next.

The validity of the grading process was significantly
enhanced; the correlation coefficient increased from 0.19 in
the first year to 0.72 in the second year. This could be due to
the inclusion of the calibration module, which helped students
practice their assessment skills before the start of the actual
reviewing process. Furthermore, a detailed introductory ses-
sion was integrated at the beginning of the semester, when the
instructor explained the peer assessment process and its
expected benefits.

The average length of student feedback was higher, which
could be due to the increase in the minimum number of char-
acters required in the corresponding form. The quality of the
provided comments seemed to be higher as well, but there is
still room for improvement.

The SUS score increased from 62.76 (“OK” category) to
72.83 (“Good” category); the lower figure in the first year was

TABLE V
RESULTS OF SUS SURVEY
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caused by the small bugs and technical issues encountered,
which were solved in the improved version of LearnEval. The
addition of the HowTo module also likely contributed to a bet-
ter understanding of the platform features.

Students’ satisfaction with LearnEval and the peer assess-
ment process also increased. For example, the percentage of
students who considered it helpful or very helpful to offer
feedback to peers more than doubled (34% in the first year vs.
71% in the second year); similar figures were reported for
receiving feedback (34% vs. 67%). Back-reviews were also
considered more helpful for strengthening students’ reviewing
skills (19% vs. 52%). Furthermore, a higher percentage of stu-
dents considered that the received reviews were objective and
unbiased (34% vs. 62%) or complete and detailed (21% vs.
52%) to a high or very high degree. In addition, more students
agreed that the received reviews helped them to improve their
projects (34% vs. 67%). Finally, the general comments pro-
vided by the students were more positive in the second year,
compared to the first one, indicating a higher level of satisfac-
tion with the learning experience.

V. CONCLUSION

This article covered the iterative development and successful
experimental validation of a comprehensive and generic peer
assessment platform. LearnEval was built as an alternative to
the special-purpose, context-specific peer assessment systems
reported in the literature, being highly flexible and able to
accommodate a variety of pedagogical scenarios. The platform
integrates a wide range of functionalities, such as: highly con-
figurable peer assessment workflow, several automatic and
manual review allocation mechanisms, initial calibration/train-
ing options for the students, back-reviews and expert opinion
requests, complex dashboard with statistics, scores and graphi-
cal visualizations, as well as an extensive OLM.

The platform was used in a real-world PBL scenario, in a
Multimedia Technologies in E-Learning course. The peer
assessment process was investigated and reported in detail,
from several perspectives: student involvement and activity
levels, peer grades validity, perceived learning experience,
and challenges encountered. Results are very encouraging and
indicate a clear improvement compared with the pilot studies
performed with an earlier version of the platform, in terms of
system usability, grading validity, and student satisfaction.

The main limitation of our study consists in the relatively small
number of participants; this is a convenience sample, based on the
students enrolled in the Multimedia Technologies in E-Learning
course in that particular academic year. In the future, we plan to
use the platform in several other courses, with different pedagogi-
cal scenarios and disciplines of study, in order to perform a more
comprehensive analysis of the peer assessment process.

Moreover, the quality of the peer feedback provided by the
students could be further improved. In addition to continuous
instructor scaffolding and providing ample training opportuni-
ties for reviewing, some automatic mechanisms could also be
integrated in the platform. Thus, we aim to devise an approach
for automatically detecting low quality and rogue reviews, to
be implemented in LearnEval.

Finally, the current review allocation mechanism is static,
i.e., the allocation is performed only once, at the beginning of
the peer assessment session. This can lead to submissions
receiving an unequal number of reviews, in the event that
some students do not complete their peer evaluations. There-
fore, a dynamic review allocation approach, which would pro-
vide a more balanced distribution of reviews, is another future
research direction we envision.
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