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ABSTRACT Increasing student numbers in higher education, particularly in engineering and computer
science, make it difficult for motivated lecturers to continue engaging in active teaching methods such
as Flipped Classrooms and Work-Based Learning. In these settings, digital Peer Assessment can be one
approach to provide effective and scalable feedback. In Peer Assessment, students assess each other’s
performance whilst gaining useful reflection and judgment skills at the same time. This umbrella review
of 14 review papers on the use of (digital) Peer Assessment in education provides a comprehensive overview
of design choices and their consequences open to educational practitioners wishing to implement digital
Peer Assessment in their courses, the type of tooling available and the possible effects of these choices on
the learning outcomes as well as potential pitfalls and challenges when implementing Peer Assessment. The
paper will inform and assist educators in finding or developing a tool that fits their needs.

INDEX TERMS Digital education, educational technology, engineering education, peer assessment.

I. INTRODUCTION
Assessment, and in particular formative assessment for
learning, plays a growing role in higher education. Its
crucial role for learning skills and competencies is widely
recognized by scholars in the field of education [1]. Within
the field of engineering and computer science education this
trend is also very visible [2]. However, there are challenges
for lecturers when it comes to providing high-quality,
effective, and scalable assessments, even more so within
the fields of engineering and computer science education.
Engineering and computer science student populations across
the world are growing fast [3]. Educational institutions need
to accommodate the increasing number of students, often
without an equal increase in resources, such as teaching
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staff. Also, the more complex learning tasks, such as
integrated systems design and research projects that integrate
different competencies in engineering education and are often
carried out in groups, make it challenging for lecturers to
provide students with appropriate assessment and feedback.
Furthermore, as the recent COVID-19 pandemic has shown,
lecturers must also be able to switch delivery from face-to-
face to online and hybrid learning and back again at short
notice, ideally without any loss of quality in the learning
experience for students [4], [5]. As a result, time-intensive
processes, such as assessing students’ progress and providing
students with much-needed feedback, must be reshaped to
maintain a manageable workload. One possible solution to
aid with the assessment of students is to engage the students
themselves in this process [6]. This concept is widely known
as Peer Assessment (PA) and, in one form or another, has
been in use in education for a long time, although it may
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not have been described as such in literature. The first person
to conduct a formal literature review on the use of peers for
assessment purposes in higher education was Topping [7].
His definition of PA 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’’ [7, p.250] has been widely accepted and is still being
used today.

PA has proven itself to be a useful strategy for lowering
lecturers’ burden [8] while simultaneously having a positive
impact on students’ learning, allowing students to not only
deepen their understanding of the material studied but also
to develop transversal skills such as receiving feedback,
forming a judgment, and self-reflection [9]. PA holds the
potential to be used on a large scale, but on the condition
that lecturers have access to effective and reliable tools and
procedures [10]. Developments over the past 20 years in
the wide-spread implementation of digital tools in education
have facilitated the possibility to engage in peer assessment
activities in larger and remote or online groups, because
these tools provide (better) opportunities to collect, organize,
and analyze information on a large scale and make digital
PA accessible to larger, potentially less digitally literate
audiences [11], [12]. Moreover, as opposed to face-to-
face activities, digital PA allows for students to engage
a-synchronous from different places [13].

This work is part of the Erasmus+ project Relevant
Assessment and Pedagogies for Inclusive Digital Educa-
tion (RAPIDE). The aim of the project is to co-create,
implement, and share innovative pedagogies and aligned
assessments for relevant and inclusive digital education
to deal with the COVID-19 induced and similar crises,
and to support the meaningful digital transformation of
Higher Education Institutions (HEIs). Involved partners are
the Faculty of Organization and Informatics, University of
Zagreb, Croatia (coordinator); Delft University of Tech-
nology, the Netherlands; Goethe University, Germany; the
School of Medicine, University of Zagreb, Croatia; the Open
University, United Kingdom; and the University of Rijeka,
Croatia.

The focus of the project is on the development of
tool-kits and digital pedagogies for assessment approaches,
including PA, for practitioners. For this, it is essential
to collect an overview of insights from existing literature
that are both evidence-based and useful for educational
practice. A quick initial online search on literature reviews
on PA resulted in a multitude of literature reviews on
PA and digital PA. Many of these reviews appeared to
focus on a different aspects within the field of PA, such
as the implementation of PA in a specific domain (for
example, teacher education [14] or nurse education [15], the
effect of a design variation (for example, anonymity [16])
the combination of PA with specific educational practices
(for example, gamification [17]). These literature reviews
derive insights from relevant empirical papers and move
from interventions that work in a specific context to more

generalized conclusions. Whereas such results are relevant
for the scientific community, it often does not provide
comprehensive, practical guidelines for practitioners who
want to implement digital PA in their education, which, given
the earlier mentioned required flexibility and capacity issues,
is a must. The lack of comprehensive, practical guidelines is
evenmore noticeable in the field of engineering and computer
science education, where courses vary greatly in delivery:
from theoretical lectures with accompanying coursework
to hands-on computer programming assignments, and from
writing essays to team-based design and research projects.
Even though student numbers in engineering and computer
science education are rising, especially in fields related to
big data and artificial intelligence, lecturers still want to be
able to give quality feedback and assessment to all their
students. Therefore, in the current study, it is intended to
overcome this gap between scientific results and practical
implications regarding digital PA by presenting an overview
of key learning points on digital PA from existing literature
reviews. As such, it is hoped that this article can inform
educational practice both within the field of engineering
and computer science education but also the wider higher
education field.

II. THEORETICAL FRAMEWORK
A. THE USE OF PA IN EDUCATION
PA is widely used in a variety of formats, and in almost every
academic domain. Although often all formats are referred to
as PA, it is important to realize that PA is an umbrella term,
which captures a variety of types of PA [16]. In this paper,
three distinctly different types of PA are proposed. These
distinctions are made as each type has a different function
in terms of educational output.

Type 1 is peer review, which entails students reviewing
each other’s (written) output and giving each other feedback.
The recipient of the feedback may or may not have to account
for the received feedback in the next iteration of the output
created. Examples of outputs are essays, reports but also
prototypes or computer code.

Type 2 is peer grading, where students grade each other’s
work, in a formative or summative way, against a set of
given criteria. Examples are grading each other’s homework
assignments or essays. This type of feedback does not
necessarily require students to give detailed feedback, rather
the feedback is limited to whether the answer is correct or to
what extent the student has delivered what was asked based
on the given criteria.

Type 3 is peer evaluation, which means that students
evaluate each other in the context of a group process and
reflect and give feedback on for instance transversal skills
within this process, such as the ability to work together in
teams but also on their effort or their intellectual contributions
within the context of their assignment.

When it comes to PA, regardless of the type, one
might argue that students are taking over the role of the
lecturer. However, there are also benefits for students to
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be engaged with peer input. When giving or receiving
peer assessment, students are practicing making judgments
of quality, calibrating their judgment, and improving their
self-evaluation skills [1], [18]. Since 2000, ABET has
included transversal skills in its accreditation criteria for
engineering degrees. Among these transferable skills, the
ability of students to reflect on their own performance, the
ability to give constructive feedback, and the ability to form
judgment are high on the list of preferred skills [19], [20].
Reflection is important and helps students to look back on
their experiences and their work and get an understanding of
what that means for the future [2], [21]. Reflection in this
sense is not only meant on a personal level but also on an
output level. Is the deliverable that I created as a student fit
for purpose, how could it be done differently next time, and
why? All these types of questions belong to reflection.

B. USE OF DIGITAL TOOLS IN PA
The increased use of digital tools in the educational envi-
ronment have made implementing PA much more feasible,
especially when it comes to large courses (>50 students) and
courses with remote participants, as is often the case in Work
based Learning (WBL) and Flipped Classroom approaches.
Even before the COVID-19 pandemic, universities across
the Higher Education Landscape have implemented Virtual
Learning Environments (VLEs) in their education [22], [23].
Although the intensity of their use by lecturers varies greatly
even within a degree program, VLEs often already supply
a variety of online tools enabling lecturers to set up a
form of PA [24]. Next to that, several digital reflections
and assessment tools have become available on the market
such as Spark [25] FeedbackFruits [26], Scorion [27], and
CATME [28]. These tools offer different functionalities that
are suited for different types of PA. CATME and Spark
support peer evaluation, whereas FeedbackFruits targets peer
review. Scorion can be used to facilitate peer review as
well as peer grading. Within the context of the RAPIDE
project, the focus lies on the use of digital tools for the PA
process to enable students from across the Higher Education
Spectrum ranging from Remote students, Students in WBL
courses, Blended or Flipped Classroom students, as well as
the traditional on-campus students and across all types of
PA. As the COVID-19 pandemic has proven, having digital
tools available that work across all these contexts provides
much-needed flexibility when the switching of educational
format is still a realistic prospect. It may also encourage staff
to create future-proof courses. This article will therefore limit
itself to discussing findings, tools, and applications relevant
within a digital context.

C. RESEARCH QUESTIONS
In this paper, the aim is to present a set of comprehensive
and practical guidelines for lecturers in higher education to
inform their decisions onwhich type of PA is suitable for their
chosen educational application and what type of digital tool

they can use. These guidelines will be created based on the
following four research questions, all pertaining to the higher
education domain.

1) What design variations are relevant for designing
(digital) PA?

2) What kind of tooling has been used in digital PA?
3) What are the reported effects of PA on the learning

outcomes?
4) What are the challenges for the implementation of PA?

III. METHODOLOGY
A. REVIEW METHOD
To answer the research questions, a systematic umbrella
review was conducted. An umbrella review is defined as a
‘‘review compiling evidence from multiple reviews into one
accessible and usable document’’ [29, p.95]. The approach
of an umbrella review was chosen as this type of review
is intended for looking at broad problems, in this case, the
use of peer assessment in education, for which there are
multiple approaches and solutions. In an umbrella review,
evidence is collected from multiple review papers on the
topic and organized in an accessible and practical way,
highlighting the different solutions from the different reviews,
ready for field use. In the context of this article ‘‘ready
for field use’’ means usable for lecturers and for future
research and development in this area. The systematic
review of literature that formed the foundation of this
umbrella review was conducted using the recommendations
in [29, p.95] by systematically searching for, appraising and
synthesizing research evidence, ‘‘often adhering to guidelines
on the conduct of a review.’’ The protocol used to guide
this systematic review is Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [30],
which provides researchers with a checklist and process flow
chart that encompasses four stages: identification, screening,
eligibility and inclusion (Fig.1).

B. SELECTION OF STUDIES
To identify a relevant body of literature, first criteria for
exclusion and inclusion were articulated as suggested by [31].
Documents were excluded when 1) no full text was available,
2) no English text was available, 3) the document was not
peer-reviewed, 4) the document did not contain a stand-alone
literature review, 5) the focus of the document was not
on PA, 6) the document did not address higher education
settings, and 7) the document was published before 2005.
The literature search for inclusion in the umbrella review
was limited to literature review articles in journals and
conferences that were published over the past 17 years. It was
decided to limit the search to 17 years as over the past
25 years the use of PA has become more mainstream in part
due to the increased availability and accessibility of digital
tools to enable the use of these techniques. Review articles
published before 2005 will likely not include articles that
discuss these possibilities and will likely not be as relevant
in today’s higher education practice given the developments
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FIGURE 1. PRISMA flow diagram showing all systematic review steps.

in educational technology. To illustrate this point, in [15], the
authors searched as far back as 1988 but found no articles
on peer assessment matching their inclusion criteria until
1995. It was noted by [7] that literature reviews on PA are
still a relatively new phenomenon. In his 1998 article as
motivation for writing his widely credited review he states
that he cannot find any previous literature reviews on PA.
It is therefore unlikely that relevant review articles prior
to 2005 will exist. For a review article to be included,
it should contribute to answering at least one of the research
questions. As such the inclusion criteria that were formulated
concern that a document addresses: 1) design variations in
the implementation of PA, 2) tools that were used in the
implementation of PA, 3) effects of the implementation of
PA on learning outcomes, or 4) practical considerations and
challenges for the implementation of PA.

The systematic reviewwas carried out using an approach is
known as ‘‘citation searching’’ [30] or ‘‘snowball sampling’’,
analogue to human subject research [32]. This approach
was chosen as research has shown that just consulting
databases such as Scopus yield incomplete results and that
in most systematic reviews up to 51% of references in a
systematic review are identified by snowballing [33]. Hence,
as a starting point, a systematic search was conducted on
28 of September 2022 in a single database, SCOPUS, using
the search terms ‘‘peer review’’ or ‘‘peer assessment’’ and
‘‘literature review’’ or ‘‘systematic review’’ and education.

The search was limited by including only document types
‘‘review’’, ‘‘research’’ and ‘‘conference paper’’ and setting
date range starting at 2005. In addition to this, the search
was limited to journals with titles that included ‘‘educa-
tion’’, ‘‘educational’’, ‘‘learning’’, ‘‘teaching’’, ‘‘teacher’’,
‘‘pedagogy’’, ‘‘pedagogical’’, or ‘‘instruction’’. This decision
was made, to increase the likeliness that included research
was peer reviewed by experts in the field of education. The
identification stage led to an initial body of literature of
1022 articles. For the screening phase, the title, abstract
and keywords of all selected articles were screened by the
first, second, and fourth authors of this paper. An article
was excluded when it met one or more exclusion criteria
or did not meet one of the inclusion criteria. This led to
a selection of 19 articles that were included in the third
phase, in which the full text was screened for eligibility. All
articles were discussed by the four authors of this paper.
It was decided to exclude 11 articles for not meeting at least
one of the criteria for inclusion. This led to a remaining
body of 8 articles. In line with the snowballing approach,
to reduce the risk of missing articles, the reference lists of the
eligible studies were screened to identify additional relevant
articles. An additional 4 articles were identified. Finally,
the ‘‘recommended research’’ section of the websites used
to retrieve full-text articles, also led to the identification of
2 relevant articles. The 14 articles included in this umbrella
review are listed in Table 1.
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TABLE 1. Articles included in umbrella review.

These 14 papers were all published between 2009 and
2021. Of the 14 articles, 12 are journal articles and two are
conference papers. The articles stem from researchers from
all over the world covering all continents except for Africa,
and a total of 12 unique sets of authors with two authors, [14],
[34] and [17], [35] contributing two articles each.

C. QUALITATIVE SYNTHESIS
From an initial analysis inATLAS.ti, four overarching themes
were identified that guided the formulation of the research
questions: ‘‘design variations of PA activities’’, ‘‘use of
tooling in PA activities’’, ‘‘effects of PA activities,’’ and
‘‘challenges of implication of PA activities.’’ All articles
were first coded top-down using these four overarching
themes by all authors separately. Next, a bottom-up analysis
was performed for each of the overarching codes by the
first two authors, in which emergent topics were clustered
thematically. For example, for design of PA activities,
three topics emerged sometimes with subtopics: 1) assessed
product or process, 2) assessment criteria and feedback, and
3) assessment procedure. During a final coding round, codes
were checked by authors one and two separately, and any
issues and uncertainties were jointly resolved and decided
upon. See Table 2 for a full overview of themes, topics, and
subtopics.

IV. RESULTS
A. DESIGN VARIATIONS FOR PA ACTIVITIES
When designing a PA activity, a number of design choices
should be considered [14], [34]. For example, the extent
to which design choices will work largely depends on the
learning objectives and context of a course [36]. In this
section (IV-A), the design choices that were distilled from

literature combined with considerations that can be made are
outlined.

1) ASSESSED PRODUCT OR PROCESS
A variety of student work can be assessed by peers.
PA can be performed on different types of outputs, including
written texts (e.g., essays, research proposals, lesson plans),
artifacts (e.g., images, audio, video, source code, design
product), or an action (e.g., performance, delivery of a lesson
for peers, presentations) [14], [17], [34], [37]. However,
PA is not only about these products of learning, and can
also be focused on the behavior associated with learning
processes [34]. For example, students can provide feedback
on each other’s behavior in a group during collaborative
learning situations [38], [42]. Finally, also the assessment
itself can be assessed by its receiver. This is called backward
feedback or backward evaluation. In this case, the assessee
provides feedback to the assessor on the quality of their
assessment [17], [39].

What is being assessed highly depends on the domain
in which the PA activity is conducted, and the learning
outcomes that are associated with this domain. In social
sciences, courses tend to be oriented toward writing texts
and as a result, students most often assess each other’s
essays [37]. In engineering and technological sciences, there
is an emphasis on design and creation, as such products
being assessed are often artifacts such as prototypes, designs
(of cars, aircraft, machines, etc.), but also computer code,
websites, or videos. Similarly, [17] found that although in
most domains text is used as the assessment product, this is
different in the fields of physical sciences, mathematics, and
computer sciences. Here, as assessed product, text was often
combined with an object such as source code. On the other
hand, in teacher education, an example of WBL, students
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TABLE 2. Themes in PA review papers.

engage more often in simulations of teaching practice where
PA activities often revolve around a specific action or
demonstration of a skill, such as practicing a lesson in front of
peers or having peers watch each other’s recorded class [14],
which is also seen in the field of medical education [42].
Finally, there are PA activities that focus on group processes.
This often occurs in fields such as engineering education,
in which team-based pedagogies are widely applied [38].

2) ASSESSMENT CRITERIA AND FEEDBACK
Another type of design choice that lecturers must make
when implementing PA in their courses concerns creating or
providing assessment criteria, the type of feedback desired,
and whether students (also) have to grade each other.

a: ASSESSMENT CRITERIA
Lecturers have the choice to provide students with
assessment criteria, let students (co-)create the assessment
criteria, or provide no assessment criteria at all. Multiple
review papers highlight that in almost all cases of
PA, assessment criteria were predefined by the lecturer
[14], [34], [35], [37], [39], [40]. It is notable that students
are rarely invited to contribute to the development of
assessment criteria, since it is acknowledged that co-creation
of these criteria could lead to more engagement, reduce
anxiety, and create a sense of ownership [14], [34].
Moreover, in the few studies that did involve assessors in the
creation of assessment criteria, there are indications that this
co-creation improves consistency and mutual understanding
of assessment criteria [40]. Finally, although it is often said
that it is essential to clarify the assessment criteria before

letting students engage in PA, there are also some studies in
which the advantages of not providing any assessment criteria
are stressed [40]. It could create more freedom for students to
express their opinionwithout being restricted by, for example,
a rubric. Having no assessment criteria may lead to richer
perspectives.

b: FEEDBACK TYPE
In the reviews, three types of feedback can be found that are
used in PA: qualitative feedback, quantitative feedback, and
a mix of these two [36], [37], [40]. Quantitative feedback can
take the form of Boolean criteria (e.g., check box to indicate
if certain criteria are present), discrete choices (e.g., choice
between a number of specified criteria), or numeric scales
(e.g., rating on a 1-10 scale) [37], [39]. Qualitative feedback
can be given in a written or oral form [36], [39]. Mixed
feedback is usually a combination of both.

Regarding the usefulness of these feedback types, [37]
suggest that quantitative feedback might be best suited for
summative purposes (grading), while qualitative feedback
should be applied for formative purposes (learning). How-
ever, findings indicate that a combination of qualitative and
quantitative feedback has the greatest positive impact on
product quality [37]. The number of studies that have adopted
mixed feedback types is increasing over the years [40],
suggesting that mixing feedback types also serves a variety
of learning objectives and could be applied in many domains.

c: GRADING
Inherent to PA is that students evaluate each other’s work.
Sometimes these judgments play a solely formative role
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and do not affect the official course grade of a student.
However, lecturers can also choose to let PA results account
for (a percentage of the) course grade. When doing so, it is
important to prepare students sufficiently for the role of
assessor and take into account ethical factors [36].

3) ASSESSMENT PROCEDURE
A third type of design choice concerns the different aspects
of the assessment procedure. This includes choices and
considerations about the organization and distribution of
feedback, individual vs. collaborative assessment, the amount
of feedback (rounds), possible rewards, the anonymity of
the assessor or assessee, the presence of prior training or
continuous support, and, finally, the validity and reliability
of the finalized assessment.

a: ORGANIZATION AND DISTRIBUTION
To perform PA, assessees need to be linked to one or more
assessors. This distribution of peers can be done in several
ways: students can be randomly allocated, choose their peer
feedback partner(s), or be allocated based on student features,
such as skill, interest, or quality of feedback [14], [36], [39].
There is no consensus on what type of allocation is the
best, as they all hold advantages and disadvantages. Random
distribution of students is most used. An advantage is that
it can decrease the assessment bias that can emerge [37].
However, random allocation in a group context could lead
to the formation of groups that have too many differences
between groups [34]. To avoid this, it could be beneficial to
allocate students based on their features. Next to this, [34]
argues that it is recommended to create pairs with similar
abilities so that they can provide feedback on a similar
level. This also creates the opportunity for the lecturer to
focus on the pairs who are less proficient and need more
guidance.

b: INDIVIDUAL VS. COLLABORATIVE
Creating a product or engaging in a process that needs to be
assessed as well as assessing a product or a process, can be
done by individuals or by groups. Reference [36] suggest that
letting assessees work in groups can decrease the workload
for lecturers. When lecturers provide an alternative judgment
of student work, it might be needed to form groups in large
classes of more than 30 students to provide feedback of
sufficient quality. Alternatively, when working with pairs in
large groups, the lecturer could choose PA as the primary
mode of assessment and fulfill a mediating role in the
assessment process.

Whereas [36] implies that group work can be used to
lower lecturers’ burden, we know that working in groups
itself can also be a valuable learning opportunity. PA can be
leveraged in collaborative courses to lower negative group
behaviors, such as free riding [38]. Additionally, it can
provide lecturers with useful information about individual
group members that otherwise would not be visible. Also, the
process of assessing can be performed in a group [35], [37].

This type of collaborative PA can improve the reliability and
validity of PA, as students have the opportunity to discuss
feedback [37].

c: AMOUNT OF FEEDBACK
Assessees can receive multiple reviews on their work. First,
this can be done by letting one product or process be assessed
by two or more assessors. Reference [37] recommends the
use of multiple assessors, but at the same time warns that the
load for students might become too high. Second, multiple
rounds of PA can be initiated [14], [37]. Most studies have
implemented only one round of PA [34] or did not specifically
address the impact of the number of rounds [14]. This is
notable, as the number of rounds likely has an influence on
the effectiveness of PA [14] and there are some results that
indicate that implementing multiple rounds positively affects
PA quality [37].

d: REWARDS
Assessors and assessees can be rewarded in various ways.
Reference [37] recommends providing rewards to students
who are carefully engaged in PA activities. Students can be
rewarded for the quality of their product or feedback, the
quantity of their product or feedback, or the time they invested
in PA [17]. As such, rewards are not only given based on the
quality of the work, but also for participation [35]. Examples
of rewards can be course credits, points for participation,
bonus grades, books, and excursions [37].

One specific form of rewarding students is through
gamification, which is successfully used to enhance student
engagement [17]. Elements that were used to gamify PA
were points, leader boards, badges, progress bars, levels,
virtual gifts, and prizes. It was found that gamification was
mostly implemented during the act of the assessor providing
feedback and the assessee implementing the feedback [17].
However, there are more interactions in the PA process
that could potentially be gamified, for example, providing
feedback on the assessor or interaction between the assessor
and the assessee.

e: ANONYMITY
In PA different levels of anonymity can be used. In an open
review process, the identity of both the assessor and the
assessee are known. In a single-blind review process, the
identity of the assessor is unknown. In a double-blind review
process, both the assessor and assessee remain anonymous.
It is not always possible to perform a double-blind review
process [15]. When assessing a performance, for example,
a presentation, it is often not feasible to hide the identity of
the assessee.

In research, there is no agreement on whether it is desirable
to implement anonymity in PA [15], [16]. Arguments for
using anonymity are that it can protect learners’ privacy
and may reduce a scoring bias [37]. Reference [16] con-
ducted a literature review that was focused on the effect
of anonymity in peer review. Although they found that
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anonymity (including both single- and double-blind reviews)
led to slight advantages in learning performance and quality
of the feedback given by peers, they warn educators to be
careful when implementing anonymity. Results were based
on a very small number of papers. Also, the effects of
anonymity on the accuracy of peer grading, social effects, and
students’ perspectives on the peer assessment activity itself
were mixed. In addition to this, there are some unintended
negative effects that can be caused by anonymous PA.
For example, anonymity could hamper connections in a
community and thus decrease opportunities to learn from
each other. Especially in digital environments, anonymity
could lead to anti-social online behavior. Furthermore,
anonymity can reduce students’ accountability which can
negatively affect the quality of their feedback. It is noteworthy
that the number of studies addressing non-anonymous PA
is growing, compared to anonymous PA [40], which might
reflect a higher awareness of unintended side-effects of using
PA anonymously.

f: TRAINING & SUPPORT
It is not apparent that students are able to perform PA.
Rather, judging the quality of work and providing useful
feedback are skills that should be gradually developed. This
can be done by providing training before implementing PA
[15], [34], [35], [42]. Training can increase PA quality and
students’ positive attitudes toward PA [34], [41]. Training can
include talking about expectations, role-playing, examples,
and moments for practicing [34], [41], [42]. A specific
method that can be used is calibrated peer review, in which
students first mark exemplar papers before assessing an actual
paper to calibrate their marks [38]. Furthermore, students
can also be supported during the PA process. Scaffolds can
be implemented in the PA process to guide students in
the right direction [34], [37]. Scaffolds can for example be
shaped as guidelines or checklists [34]. However, studies
that implement scaffolds or other forms of guidance are
rare [14], [37].

g: VALIDITY & RELIABILITY
Important questions are to what extent students’ judgment
reflects the quality of the work of their peers, and whether
these judgments are consistent. It is known from research
that PA generally is a valid and reliable way of assessment
[34], [39]. Social relations among students can be a threat
to validity, as enmity or friendship could influence the
judgment of an assessor [34]. Generally, an approach that
is used towards checking the validity of PA is to compare
the judgment of a peer assessor with the judgment of a
lecturer [39]. Reliability of PA tends to be lower in courses
where the practice is assessed when compared to academic
products [34], [42]. A way to increase reliability is by letting
students co-create or discuss assessment criteria [34]. Also,
training before PA activities and support during the PA
process can increase reliability.

B. DIGITAL TOOLS FOR PA
There is an increasing amount of research on the use of
technology to support the PA process [40]. The use of
digital tools for PA can yield benefits, such as lowering
the administrative burden for lecturers [38], [39]. Moreover,
their functionalities can support educational design choices
that are more difficult to facilitate in a traditional classroom
setting, such as setting up a double-blind PA process [39].
In this paragraph, different types of digital tools for PA will
first be outlined. Next, an overview of functionalities that can
be performed by digital PA systems will be presented.

1) TYPES OF DIGITAL TOOLS
There is a multitude of digital technologies that can be used
to support PA, in which an important distinction can be
made [36]. First, there is the use of digital technologies
that already exist and were developed for other purposes.
Examples from the literature are the use of Facebook as
a discussion forum [14] or the use of GitHub for code
review [35]. Research on the use of mobile devices for PA
is scarce [14], [37], [40]. This is notable because mobile
devices are widely adopted in educational settings and
beyond, are relatively low cost, and can be easily combined
with other tools such as apps or social media [14], [37].
Reference [40] does report on an increase in research on
the use of mobile devices. When using existing tools, it is
important to keep in mind the appropriateness of the tool
with regards to context. For example, not in each context
information can, or should, be shared on social media such as
Facebook [14].

Second, there are tools that are specifically designed for
the purpose of facilitating PA, which mostly are shaped
as integrated learning and learning management systems.
Reference [39] introduced a distinction between three types
of PA systems. First, there are generic systems that are
designed to support PA activities over a range of disciplines
and contexts. The characteristic of these tools is thus that
they are highly flexible. The rubrics that are used for
these types of tools can be designed by a lecturer, support
multiple types of feedback, and often the workflow can
be adapted. Second, there are domain-specific systems that
are designed to support PA activities in specific domains.
Examples are PA systems dedicated to programming or
writing research reports. As the scope of these PA systems
is narrower, this type of system is less flexible. Often the
rubrics and the workflow are already integrated into the
system and cannot be adapted by an educator. Third, there
are context-specific systems that are developed and tested
in one specific context and have the potential to be applied
in a broader range of contexts. However, for this purpose,
the context-specific systems would have to be rewritten and
further developed. Again, this type of system is less flexible,
for example, by having a fixed rubric and a fixed workflow.
Moreover, this type of tool generally supports fewer types of
feedback.
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2) FUNCTIONALITIES OF DIGITAL TOOLS
Digital tools enable educators to design the PA process in
a way that is not possible or more difficult in a traditional
face-to-face classroom setting. First, digital PA tools can
provide a wide range of design choices with regard to
anonymity [37], [39]. Whereas it is almost impossible to
organize a double-blind reviewing process in a traditional
classroom, many PA tools can ensure anonymity during
the entire process. Some tools provide different modes of
anonymity, including double-blind, single-blind, pseudonym,
or open reviewing.

Second, PA tools can facilitate the process of distributing
student work to peer assessors in many ways [37], [39]. Most
tools have the opportunity to randomly allocate student work.
However, tools can also have additional features, such as
distributing student work between and within groups [39].
Additionally, some tools can distribute student work based
on the quality of the work. Often, this happens in review
processes where one assessor provides feedback on multiple
products. Based on earlier rounds of review the tool allocates
a judgment of quality to students’ work, for example good,
intermediate, and poor. Next, it is made sure that each
assessor receives work within all categories, so students
can see examples of good and bad work and make a
comparison. Finally, there are cases in which unrestricted
viewing is supported. This means students can make choices
on which and how many products they would want to
assess.

Third, PA tools can support the design of assessment [39].
Assessment criteria can be predefined in the PA tool, or the
option can be provided for an educator to adapt the criteria.
Although PA tools could also be leveraged to let students (co-
)design assessment criteria, this feature is rarely embedded in
PA systems [39].

Fourth, PA tools can support one or more forms of
feedback. Examples include Boolean criteria, discrete choice,
numeric scales, open-ended feedback, and color-coded high-
lights in the text [36], [39].

Fifth, multiple ways to assess or increase the quality of the
feedback can be implemented in PA tools [39]. This can be
done by assessing the validity, for example by comparing the
assessment of peers and the instructor or other peers. Another
way can be to implement backwards feedback so that the
recipient of feedback assesses the quality of the feedback that
he or she was given.

Sixth, PA tools can enable a dialogue between the assessee
and the assessor. This can be done through the exchange of
private messages or the use of an open discussion forum [39].
An advantage of digital tools is that dialogue is not limited
by time or space [36] and that a dialogue can take place while
the identity of the assessor and assessee does not have to be
revealed.

Finally, PA tools can be used to facilitate a work-
flow. This workflow can automate processes that would
require significant efforts in a traditional classroom setting,
such as embedding multiple rounds of revision or the

implementation of scripts that assist students in improving
their work [39].

3) CHOOSING OR CREATING A TOOL
When lecturers want to use a tool to facilitate the PA
process, they can choose to use existing technologies that
are not designed for PA, an existing dedicated PA tool,
or develop a PA tool themselves. When making this decision,
the focus should be on the functionalities that the tools to
be implemented should bring. Although PA tools open up
many possibilities, most of them stick to basic functionalities
such as the opportunity for grading or giving comments.
PA tools withmore advanced functionalities, such as enabling
a dialogue, are rarer [37]. Additionally, [17] notes that
gamification ismostly focused on two parts of the PA process:
creating a product and providing feedback. The reason that
other actions are not gamified, is that lectures adopt existing
tools that do not necessarily support those actions. This can
be solved by adopting or creating a dedicated PA tool that
supports a broad range of functionalities. It is notable that
most PA tools developed so far originate from the field of
computer sciences [39]. This is not a surprise, as this field
has the technical expertise to develop digital PA tools.

C. EFFECT ON LEARNING OUTCOMES
PA is widely implemented and tested. In this section,
an overview will be provided of the effects that are associated
with PA. Although effects are generally positive, difficulties
that can emerge during PA. The authors observed that not all
claims on the effects of learning outcomes were backed up by
solid evidence. This remains an area for further development.

1) COGNITIVE
a: STUDENT PERFORMANCE
Multiple reviews report on positive effects of PA on
student performance. This includes improvements in general
performance [8], [34], domain-related skills [41], academic
writing [8], skills related to programming [35], and pro-
fessional competencies [34], [42]. Moreover, the quality of
products that were produced by students increased [35].

b: CRITICAL THINKING & REFLECTION
Evidence was found for PA on improvement in judgment
skills [8], [15] and a better understanding of assessment
criteria [38]. Also, there is evidence that the quality
of feedback that was given by peer assessors improved
[35], [42]. However, [41] found that PA skills mostly
improved when training was involved.

2) AFFECTIVE
a: GROUP WORK
There are indications that PA promotes collaboration and
communication skills, promotes team development, leads to
higher group satisfaction, decreases conflict within a group,
reduces tensions during intercultural collaboration, and elicits
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more positive attitudes about collaboration [8], [42]. Also,
it is efficiently used to decrease the number of free riders [38].
However, some negative effects are associated with PA, as it
has been found that it can lead to a more negative and
judgmental atmosphere during group projects [15].

b: INTEREST, ENGAGEMENT & MOTIVATION
It was found that students usually are engaged in PA activities,
perceive PA as a valuable learning experience and feel part of
a learning community [35]. Additionally, there are indications
that PA can increase interest in reading [8].

c: ATTITUDE
Furthermore, PA was associated with positive effects on
student attitude and responsibility [34], involvement and
responsibility in learning [36], and ownership of the learning
process [38].

3) LECTURERS
There is evidence that PA holds benefits for lecturers as well.
This includes a decrease in workload, more efficient eval-
uation processes and better manageability of administrative
tasks [8], [35], [38].

D. CHALLENGES
Implementation of digital PA does not always emerge without
difficulties. In the literature reviews included in this umbrella
review, several challenges were reported.

1) MOTIVATION
There were challenges reported that related to motivational
aspects of the students that were involved [8], [35], [41].
Low motivation can for example translate into an inability
to stay on task. The implementation of approaches that
stimulate students’ engagement andmotivation could solve or
prevent such problems [8]. An example is the implementation
of gamification in PA, which has been shown to lead to
higher student engagement [17]. Another approach is letting
students discuss or engage in the creation of assessment
criteria, as this could increase engagement and a sense of
ownership [14], [34].

2) ASSESSMENT CRITERIA
Other difficulties were related to the creation of good
assessment criteria. For example, the evaluation of specific
assessment criteria can be difficult [8]. Again, involving
students in the creation of assessment criteria can be
a possible solution, as it can lead to a better mutual
understanding of the criteria [40].

3) PA SKILL
Next to this, there can be difficulties with students’ ability
to provide feedback [8], [35], [38] as well as to learn from
feedback [40]. For example, it is possible that peers provide
each other with feedback that is incorrect and possibly

misleading [8] or feel under-equipped to provide others with
feedback [38]. On the other hand, there are examples of
students that did not conduct sufficient self-reflection to
improve their work based on the feedback they received [40].
To overcome this, attention should be paid to developing
skills on how to deliver good feedback and how to use
feedback to improve. This can be done by providing
training [34], [41] or other forms of guidance such as
scaffolds [34], [37].

4) NEGATIVE SOCIAL EFFECTS
In addition, technological assistance is not necessarily
sufficient to decrease negative social effects, such as anxiety,
which often exist in traditional PA [40]. Negative social
effects are potentially even more dangerous in team-based
projects, in which a constructive and non-judgmental atmo-
sphere is required [38]. A possible approach to reduce these
social challenges is to implement non-anonymous PA with
face to face interactions combined with appropriate training
and practice [16].

5) VALIDITY & RELIABILITY
Social processes can also negatively influence reliability
and validity [34]. For example, when friendships, enmity,
or other power bonds influence the feedback that is being
given. Training and co-creation of assessment criteria were
mentioned as approaches to increase reliability [34].

6) ORGANIZATIONAL DIFFICULTIES
Finally, there can be organizational difficulties. The online
PA process can be time-consuming and is more complex to
orchestrate than on-paper PA in a traditional classroom [8].
Also, specific factors in the PA process can cause impractical-
ities, such as the high number of student products that are too
excessive to review and insufficient allocated time to perform
PA [35]. Additionally, it was reported that lecturers could not
always monitor and assist learners due to the high workload
of digital PA tools [40]. A solution can be for lecturers to
carefully select a tool with functionalities that suit the type of
PA they plan to use.

V. CONCLUSION FOR IMPLEMENTATION OF PA IN AN
EDUCATIONAL CONTEXT
The design variations listed in the previous section are
a summary of the prevalent options listed in the reviews
considered in this paper. There are manymore design features
that can be taken into account. See, for example, [7], [14]
for an extensive overview of design features of PA. In this
section, the consequences of the preceding results of the
umbrella review for educational practice are discussed by
answering each of the four research questions posed within
the stated purpose of informing the practitioner, the lecturer.

A. RELEVANT DESIGN VARIATIONS FOR PA DESIGN
The first step that must be taken is to decide, based on
one’s learning outcomes, what will be peer-assessed: text,
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artifact, action/skill or process. Lecturers will also have
to decide on the type of PA that is fitting: Peer Review,
Peer Grading or Peer Evaluation. The context in which the
course is taught is relevant in making this choice. Next,
decide on whether criteria are needed and if yes, if these
are created by the educator or by the assessors and assessees
themselves. Also, attention must be paid to the type of
feedback that is desired. This is often linked to how PA
is used in a course: as summative or formative feedback.
When it comes to the organization of PA, it is important
to decide the amount of feedback whilst keeping in mind
that having multiple reviews (more than one assessor) and
multiple reviews rounds leads to better and more reliable
results. In addition, consider training your participants in
doing PA, as this will also enhance the overall quality. Decide
on the need for anonymity, also considering the overall
objective of the PA activity, the context of the course and the
teaching culture. Finally, to ensure the validity and reliability
compare some of the PA outcomes with the instructor’s
assessment.

B. CHOICE OF TOOLING FOR PA
There is a plethora of digital tooling options available to
assist in PA. When making a choice, it is important that
the choice is in line with the comfort level of the lecturer
and the provided support within the HEI. The more digitally
literate they (and their students) are, and the more support
is available, the more advanced the tool can be. In addition,
when making the choice, it is good to refer to the previous
section on design choices. Is the tool able to support the type
of PA selected, the desired assessment criteria, etc.? Is the
available functionality of the tool in line with the preferred
PA design?

Finally, especially in the engineering and computer science
domain, Lecturers weigh up before starting to create their
own dedicated program, whether effort and usage weigh up
against each other, as well as the legacy of the tool with a view
to the future. An important principle to keep in mind here
is the KISS principle: Keep It Simple and Straightforward.
An off-the-shelf tool may offer very similar functionality and
save time in the long run.

C. EFFECTS OF PA ON THE LEARNING OUTCOMES
When it comes to the effects of PA on the learning outcomes,
only positive outcomes were reported when it comes to
student performance and the development of students’ critical
thinking and reflection skills. The latter skills can even be
increased further if students are first offered training in PA.

When used in group work PA has a positive effect on
the group process and as a general whole PA also has a
positive effect on community building, and students’ attitude
and responsibility which all are especially important in online
or blended educational settings. However, some negative
social effects, such as a judgmental atmosphere during group
projects, were found.

D. CHALLENGES TO IMPLEMENTATION OF PA
Implementing PA in a digital environment is not without
its challenges and is still very much a work-in-progress.
Although the principle of PA is widely used, there is little
reported research into the effect of specific design choices
on learning outcomes. Such a challenge could be resolved by
involving educational researchers when using PA in courses
thus extending the body of knowledge.

Next, the legacy of the many digital tools, especially
the dedicated tools that have been developed, can pose
a risk for continuity. This may be a consideration when
weighing upwhether to develop one’s own tool or use existing
(commercial or open source) tools.

PA is only as good as the people using it. It is advised that
lecturers outweigh possible positive effects, such as increased
quality of feedback and motivation, with possible negative
effects of, for example, students fearing they are not graded
fairly by a ‘‘lazy’’ student and the effort of monitoring the
quality of feedback to guarantee a safe educational space
when doing PA. Especially in group work, be mindful of the
influence of social processes and monitor for those effects.

Finally, although hardly any negative effects on the
learning outcomes have been reported, do keep in mind that
there can be negative social effects. PA does not replace the
lecturer and students must accept the chosen tool as a fair tool.
Also, especially in large groups, consider whether additional
support is available to deal with the administrative workload
of PA tools so that lecturers can be unburdened and monitor
and assist the students.
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