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Abstract The study systematically reviewed 70 empirical studies on technology-
supported peer assessment published in seven critical journals from 2007 to 2016.
Several dimensions of the technology-supported peer-assessment studies were
investigated, including the adopted technologies, learning environments, applica-
tion domains, peer-assessment mode, and the research issues. It was found that, in
the 10 years, there was a slight change in peer-assessment studies in terms of the
adopted technologies, which were mostly traditional computers. In terms of learning
environments, in the first 5 years, most activities were conducted online after class,
while in the second 5 years, more activities were conducted in the classroom during
school hours. Moreover, several researchers have started to consider peer assessment
as a frequently adopted teaching strategy and have tried to integrate other learning
strategies into peer-assessment activities to strengthen their effectiveness. In the
meantime, it was found that little research engaged students in developing peer-
assessment rubrics; that is, most of the studies employed rubrics developed by teach-
ers. In terms of research issues, developing students’ higher-order thinking received
the most attention. For future studies, it is suggested that researchers can explore
the value and effects of adopting emerging technologies (e.g., mobile devices) in
peer assessment as well as engaging students in the development of peer-assessment
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rubrics, which might enable them to deeply experience the tacit knowledge underly-
ing the standard rubrics provided by the teacher.

Keywords Applications in subject areas - Interactive learning environments -
Pedagogical issues - Teaching/learning strategies

Introduction

Peer assessment aims to engage learners in scoring peers’ work and providing con-
structive learning suggestions to peers based on the rubrics suggested by the teacher,
enabling learners to have the opportunity to make reflections and improvements via
playing the role of an assessor as well as an assessee (Hsia et al. 2016a; Li et al.
2012; Mulder et al. 2014; Tenorio et al. 2016; Topping 1998; van Popta et al. 2017).
Peer assessment has been applied to diverse domains such as medicine, arts and
humanities, science, computer science, and mechanics, indicating that its educa-
tional value is overwhelming (Falchikov 1995; Falchikov and Goldfinch 2000; Hsia
et al. 2016a; Hsu 2016; Speyer et al. 2011; Yu and Liu 2009).

In the past few decades, the impacts of peer assessment have been widely inves-
tigated by researchers from different perspectives. For example, Topping (1998)
discovered that peer assessment could have great effects on learning achievement,
attitude, presentation skills, group work or projects, and some professional skills.
Falchikov and Goldfinch (2000) stated that peer assessment was as effective as
assessment by an instructor. Yu (2011) examined the directionality of peer assess-
ment, and found that two-way peer assessment could bring about more interaction
and greater assistance compared to one-way peer assessment. Yu and Sung (2016)
announced that there was no significant difference in assessors’ targeting behaviors
in different identity revelation modes (e.g., Anonymity vs. Non-anonymity). Hsia
et al. (2016a) asserted that it is very important to develop and clarify the assessment
criteria for students’ better understanding. Lai and Hwang (2015) further empha-
sized the positive impacts of engaging students in developing peer-assessment
rubrics on students’ learning motivation, meta-cognitive awareness, and learning
achievements.

With the rapid development of computer technology, technology-supported peer
assessment started to become a novel educational phenomenon in the 1990s. Com-
pared to face-to-face peer assessment, technology-supported peer assessment over-
comes the limitations of time and space, making the collection and processing of
information more convenient (Li et al. 2008; Lu and Law 2012; Yu and Wu 2011).
Several researchers have reported that the use of technological devices could relieve
some negative effects such as anxiety, nervousness, and shyness regarding being an
assessor or assessee (Carson and Nelson 1996; Chen 2016).

In light of the abundance of research on technology-assisted peer assessment
in the past few decades, some researchers have attempted to conduct systematic
reviews of peer assessment from different aspects. For example, Tenorio et al.
(2016) systematically examined 44 target studies related to peer assessment in
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online learning environments published from 2004 to 2014 by considering the
aspects of participants, research goals, learning effects, benefits to teachers,
and difficulties encountered. Chen (2016) investigated 20 studies of computer-
supported peer assessment in English writing courses for English as second or
foreign language (ESL/EFL) students by searching for papers published from
1990 to 2010, and Li et al. (2016) compared 69 papers on computer-supported
peer assessment published since 1999 to explore the relationship between the
ratings given by peers and by the teacher. That is, most of the systematic reviews
on technology-assisted peer assessment have mainly emphasized specified learn-
ing environments, courses, or issues. To the best of our knowledge, no sys-
tematic review has been conducted for technology-supported peer assessment
from diverse aspects, such as the use of new technologies and the application
domains, peer-assessment modes, and research issues investigated. As suggested
by several researchers, it is important to conduct review studies so as to identify
the trends and potential research issues of technology-enhanced learning based
on a theoretical model (Hung et al. 2018). Therefore, by referring to the theoret-
ical model adopted by several literature review studies for technology-enhanced
learning (Lin and Hwang 2018; Hung et al. 2018), the present study aims to
explore the development and trends of technology-supported peer assessment
in terms of the aspects of peer-assessment mode, participants and application
domains, learning environments, and research issues, in order to provide some
inspiration, guidance, and suggestions for future educators and researchers.
Accordingly, the following research questions were investigated:

(1) What was the overall development situation and what were the trends of tech-
nology-supported peer assessment from 2007 to 2016?

(2) What was the development situation of technology-supported peer assessment in
terms of learning devices and learning environments from 2007 to 2016? What
were the development trends in the second (2012-2016) period compared to the
first (2007-2011) period?

(3) What was the development situation of technology-supported peer assessment
in terms of participants and application domains from 2007 to 2016? What were
the development trends in the second (2012-2016) period compared to the first
(2007-2011) period?

(4) What was the development situation of technology-supported peer assessment in
terms of peer-assessment mode (identity revelation mode, peer feedback mode,
and the source of the rubrics) from 2007 to 2016? What were the development
trends in the second (2012—-2016) period compared to the first (2007-2011)
period?

(5) What was the development situation of technology-supported peer assessment
in terms of the research issues from 2007 to 2016? What were the development
trends in the second (2012-2016) period compared to the first (2007-2011)
period?
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Method

In this section, the data collecting and coding procedures of the present study are
presented. Those procedures were conducted following the suggestions of several
previous studies, such as Lin and Hwang (2018), Hwang and Tsai (2011), and Hung
et al. (2018).

Data collection

According to the definition of peer assessment in the present study, the search
phrases (“peer assessment” OR “peer feedback” OR “peer comment”) were iden-
tified. Moreover, in order to acquire high-quality research related to technology-
assisted learning, target studies were searched from seven SSCI (Social Science
Citation Index) journals of technology-supported learning: Computers & Education
(C&E), British Journal of Educational Technology (BJET), Educational Technology
& Society (ETS), Educational Technology Research and Development (ETR&D),
Interactive Learning Environments (ILE), Journal of Computer Assisted Learning
(JCAL), and Innovations in Education and Teaching International (IETI), as sug-
gested by Hwang and Tsai (2011). The types of studies were restricted to “Article,”
and the time span was from 2007 to 2016. A total of 98 papers were selected in this
stage.

In order to obtain those target studies closely related to the purpose of the study,
we further constructed inclusion criteria to narrow down the literature; that is, tar-
get studies had to include experimental treatment using peer-assessment learning
activities, and the studies must have consciously made use of peer-assessment learn-
ing activities to promote students’ development. To be more specific, the learning
activities in the studies must have consisted of at least one cycle of learning: pro-
duce questions or artifacts, evaluate peers’ questions or artifacts, and reflect on or
revise according to peers’ assessment. Thus, studies on system development, survey
research, literature reviews, position papers, and so on were excluded. After further
selection based on the inclusion criteria under the negotiation of two coders, 70
studies were finally included in the present study.

Data contribution

We classified the 70 studies based on the published journals. As shown in Table 1,
the impact factors of most of the papers were high, which implied that the quality
of the target studies was guaranteed. To a certain extent, they represent the devel-
opment level of research on technology-assisted peer assessment in these 10 years,
which was conducive to the generalization and accuracy of the study’s conclusions.

Coding scheme

Based on the research questions, for this study, we constructed the subcoding sys-
tems on the aspects of learning devices, learning environment, participants and
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Table 1 The distribution of the literature on technology-supported peer assessment published from 2007
to 2016 in the 7 selected journals

Journal Number of papers Impact fac-
tor (2016)
1. Computers & Education 28 3.819
2. British Journal of Educational Technology 12 2.410
3. Educational Technology & Society 9 1.584
4. Interactive Learning Environments 8 1.674
5. Journal of Computer Assisted Learning 6 1.253
6. Educational Technology Research and Development 4 0.725
7. Innovations in Education and Teaching International 3 0.667

application domains, peer-assessment mode, and research issues. The coding
scheme of each investigated dimension was determined by referring to the literature,
and has been examined by two experienced researchers in the field, as shown in the
following:

ey
@)

3

“
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(6)

Learning devices were categorized according to four coding items: Mobile
device, Traditional computer, Other, and Nonspecified.

“Learning environments” contained five coding items: Classroom (including
computer room), In-field (Specified real-world environments), After-school set-
tings (learning via the Internet without being limited by location), Other, and
Nonspecified.

The coding items of “participants” proposed by Hwang and Tsai (2011) were
adopted in this study, and included Elementary schools, Junior and senior high
schools, Higher education, Teachers, Working adults, Others, and Nonspecified.
The coding items of application domains were adapted from the study of Hwang
and Tsai (2011), including Engineering or computers, Science, Health Medical
or Nursing, Social science, Arts or design, Languages, Mathematics, Business
and Management, Other, and Nonspecified.

The mode of peer assessment contained three subcategories: ‘“Privacy policy,”
“Peer feedback mode,” and “the source of the rubrics,” as suggested by several
researchers (Lai and Hwang 2015; Li et al. 2016; Liu and Carless 2006; van Gen-
nip et al. 2009). The coding items of “privacy policy” were determined based on
the items proposed by Topping (1998), including Anonymous, Non-anonymous,
and Nonspecified. The items of “Peer feedback mode” were determined accord-
ing to the research of Hsia et al. (2016b), including Peer comments, Peer ratings,
Mixed mode (peer ratings plus peer comments), and Nonspecified. The items of
“source of the rubrics” included Constructed by the teacher, Constructed with
the participation of the students, and Nonspecified, as suggested by Lai and
Hwang (2015).

Research issues consisted of six categories: affection, cognition, skill, behavior,
correlation, and other. Affection referred to Technology Acceptance Model/
Intention of use (including perceived ease of use and perceived usefulness of
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the adopted learning system), Attitude/Motivation/Anticipation of effort, Self-
efficacy/Confidence/Anticipation of performance, Satisfaction/interest, Opinions
or perceptions of the learner (interview or open-ended question), and cognitive
load; cognition contained Learning achievement (by tests), tendency/awareness
of higher-order thinking (such as analysis, reasoning, evaluation, problem-solv-
ing, metacognition, critical thinking, or creativity), and tendency/awareness of
collaboration or communication; skill referred to the accuracy and fluency of
manipulation or demonstration; behavior referred to learning behavior or learn-
ing behavioral pattern analysis; correlation referred to the correlation or causal
relationships between the factors related to peer assessment; other is an open
coding category.

Coding procedure

After constructing the coding system, two coders first negotiated the coding scheme
in order to reach consistent understanding of it; they then conducted the coding for
the 70 studies independently. Finally, after finishing their own coding tasks, they
compared two coding data sheets, discussed the different coding results, and negoti-
ated until the coding results were identical.

Results

Overall development situation and trends

We classified the 70 studies according to the published years (see Fig. 1). The results
indicated that there was an upward but slow movement in research on technology-
assisted peer assessment from 2007 to 2016. However, in some specific years (such
as 2009 and 2016), there was greater development compared to the previous year(s).

14
12

S N A O 0 O

....... Linear (Total)
13

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Fig. 1 Number of technology-assisted peer-assessment studies from 2007 to 2016
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When the present study compared the literature published in 2009 with that in
2007 and 2008, we discovered that most studies in 2007 and 2008 put emphasis on
the engineering/computer domain; nevertheless, after two studies on the curriculum
of teachers’ professional development in 2008, six out of 11 papers published in
2009 kept focusing on the curriculum of teachers’ professional development, signi-
fying that researchers attempted to explore the potential educational value from dif-
ferent angles (such as different domains).

The development situation and trends of learning devices and learning
environments

As demonstrated in Fig. 2, most peer-assessment studies from 2007 to 2016 used
traditional computers, while only four adopted mobile devices. In view of the fact
that mobile technology and devices have begun to be largely involved in education
and have shown tremendous educational value (e.g., Hwang and Tsai 2011; Wang
et al. 2017), this reflects that the educational value of peer assessment supported by
mobile devices is still in the stage which needs to be explored. Further investiga-
tion showed that one out of these four studies was published in 2010, which was in
the first period (2007-2011), whereas the other three were published in the second
period (2012-2016), that is, one in 2015 and two in 2016. This result implies that
researchers started to focus more on the educational value of peer assessment sup-
ported by mobile devices in the second 5-year period compared to the first 5-year
period.

As for the aspect of learning environments, most peer-assessment activities hap-
pened in the classroom (or computer room) and after class via online learning (see
Fig. 3). Furthermore, there was almost no research conducted in authentic contexts
outside of the classroom (such as ecological parks, zoos, or science museums).
These findings indicate that most of the learning activities based on peer assessment
still focused on traditional teaching contexts.

It was found in further analysis that the online peer-assessment activities con-
ducted after class decreased in the second (2012-2016) period compared to the
first (2007-2011) period, while peer-assessment activities in traditional classrooms

70 0
60
50
40
30

20

10 4
1 3
0 I —
Traditional computer Mobile devices Classroom response Non-specified

technology (CRT)

Fig. 2 Distribution of learning devices used in the technology-assisted peer-assessment literature
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Fig. 3 Distribution of learning environments in the technology-assisted peer-assessment literature

increased significantly (see Fig. 4). This result indicates that the majority of technol-
ogy-assisted peer-assessment activities have become semi-autonomous after being
relatively autonomous.

The development situation and trends of participants and application domains

As shown in Fig. 5, with regard to participants, the main participants of research
on technology-assisted peer assessment were higher education students, while there
were not many studies on elementary schools or junior and senior high schools.
Moreover, a small part of the literature focused on teachers; no research investigated
working adults. These results signified that little attention has been paid to elemen-
tary schools, junior and senior high schools, and teachers. Future studies should fur-
ther reinforce the research on these groups; additionally, introducing peer assess-
ment into adult education should be focused on.

The present study also explored the development trends of participants in the
first and second 5-year periods (see Fig. 6). There was no change in the quan-
tity of research on higher education in the second (2012-2016) period com-
pared to the first (2007-2011) period. Most participants of the peer-assessment

m2007-2011 ®2012-2016
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5
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Classroom In-field After-school settings Non-specified

Fig. 4 Learning environments in the first (2007-2011) and second (2012-2016) 5-year periods
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Fig. 5 Distribution of participants in the technology-assisted peer-assessment literature
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Fig. 6 Participants in the first (2007-2011) and second (2012-2016) 5-year periods

studies were also higher education students, specifying that peer-assessment
studies seemed to encounter a development bottleneck in recent years, and that
researchers have not yet made advances in examining the research gaps. However,
there was substantial growth in the quantity of research on elementary school,
and junior and senior high school students. This indicates that, in spite of the total
quantity of peer-assessment studies on elementary schools and junior and senior
high schools being small, more attention has been paid to these contexts in recent
years. The possible reason might be that researchers discovered the specific edu-
cational value of peer assessment in primary and secondary schools, which is dis-
cussed in depth in the Discussion section.

As demonstrated in Fig. 7, in terms of application domains, technology-
assisted peer assessment was applied most in social science followed by engi-
neering or computers, language, and science; there was also some application
in art or design, health medical or nursing, and business/management. Further
investigation indicated that out of 24 studies on social science, 18 were conducted
in teacher development courses, while 7 out of 11 studies on language focused
on writing courses. These findings denote that the educational value of technol-
ogy-supported peer assessment was pervasive, but it had specific value for skill
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Fig. 7 Distribution of application domains in the technology-assisted peer-assessment literature

development courses which were closely related to daily life and work. Further-
more, there was no application of technology-assisted peer assessment in math-
ematics, suggesting that there is a need for educators and researchers to explore
how to develop and apply peer-assessment activities in abstract courses in the
future.

Besides, the present study attempted to disclose the development trends of learn-
ing domains in the first and second 5-year periods. As shown in Fig. 8, compared
with the first (2007-2011) period, there was almost no improvement in technology-
assisted peer-assessment studies in social science, engineering or computers, lan-
guages, science, and health medical or nursing in the second (2012-2016) period.
This indicates again that, for the current technology-supported peer-assessment stud-
ies, it is still the time to look for new points of growth. On the other hand, the rapid
increase in arts or design to some extent verifies that searching for new research
growth points is an effective way to promote the development of technology-sup-
ported peer assessment.

The development situation and trends of peer-assessment mode

In the current study, peer-assessment mode was composed of three aspects: Privacy
policy, Peer feedback mode, and the source of the rubrics. With regard to Privacy

m2007-2011 =™2012-2016
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or computers Medical or science management
Nursing

Fig. 8 Application domains in the first (2007-2011) and second (2012-2016) 5-year periods
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Fig. 9 Distribution of privacy policy in the technology-assisted peer-assessment literature

policy, over a half of the studies did not consider it in these 10 years (see Fig. 9).
In the rest of the studies, the quantity of research which chose Anonymous or Non-
anonymous peer assessment was nearly the same. It seems that researchers still hold
opposing opinions on the effect of different identification revelation modes. When
examining the development trends, we uncovered that, as illustrated in Fig. 10,
there was a large increase in research on Non-anonymous assessment in the second
(2012-2016) period compared with the first (2007-2011) period.

As demonstrated in Fig. 11, in terms of Peer feedback mode, mixed mode (peer
ratings plus peer comments) was adopted most from 2007 to 2016, followed by peer
comments and then peer ratings. In addition, an increasing number of studies tended
to adopt mixed mode in the second (2012-2016) compared to the first (2007-2011)
period (see Fig. 12).

With regard to the source of the rubrics, peer-assessment rubrics constructed by
the teacher were adopted in most of the studies from 2007 to 2016 (see Fig. 13);
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Fig. 10 Privacy policy in the first (2007-2011) and second (2012-2016) 5-year periods
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Fig. 11 Distribution of peer feedback mode in the technology-assisted peer-assessment literature
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Fig. 12 Peer feedback mode in the first (2007-2011) and second (2012-2016) 5-year periods
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Fig. 13 The source of the rubrics in the technology-assisted peer-assessment literature

a significant amount of the literature did not identify peer-assessment rubrics, let-
ting learners freely evaluate peers’ learning. Very little research adopted the way
of students’ participation in constructing peer-assessment rubrics. Moreover, as
illustrated in Fig. 14, more research did not identify peer-assessment rubrics in
the first (2007-2011) period, while an increasing number of studies adopted peer-
assessment rubrics constructed by the teacher in the second (2012-2016).
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Fig. 14 The source of the rubrics in the first (2007-2011) and second (2012-2016) 5-year periods

The development situation and trends of research issues
As shown in Table 2, when using peer assessment to promote students’ develop-

ment, most studies emphasized developing students’ cognition, followed by

Table 2 Distribution and growth rate of research issues from 2007 to 2016
2007-2016 2007-2011 2012-2016 Growth rate

Cognition 79 35 44 25.7%
1. Learning achievement 22 12 10 -16.7%
2. Tendency/awareness of higher-order thinking 42 20 22 10.0%
3. Tendency/awareness of collaboration or com- 15 3 12 300.0%

munication

Affection 67 25 42 68.0%
1. Technology acceptance model/intention of use 10 4 6 50.0%
2. Attitude/motivation/anticipation of effort 23 8 15 87.5%
3. Self-efficacy/confidence/anticipation of per- 4 1 3 200.0%

formance
4. Satisfaction/interest 2 1 1 0.0%
5. Cognitive load 2 0 2 NA
6. Opinions or perceptions of the learners 26 11 15 36.4%

Skill
1. The accuracy and fluency of manipulation or 5 0 5 NA

demonstration

Behavior
1. Learning behavior or learning behavioral pat- 23 10 13 30.0%

tern analysis

Correlation
1. The correlation or causal relationships between 23 8 15 87.5%

the factors related to peer-assessment

Other
1. Workload of teachers 1 0 1 NA
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affection, behavior, correlation, and skills. To be more precise, developing students’
tendency or awareness of higher-order thinking received the most attention; such
outcomes as learning achievement, learning attitude or motivation or anticipation of
effort, opinions or perceptions of the learners, learning behavior or learning behav-
ioral pattern analysis, and the correlation or causal relationships also obtained some
attention. A little emphasis was put on the two issues: tendency or awareness of col-
laboration or communication, and technology acceptance model or intention of use.
In contrast to the first (2007-2011) period, skill had the rapidest growth rate; cor-
relation and affection also had faster development. Little development was found in
cognition and behavior outcomes; among all of the issues, attitude/motivation/antic-
ipation of effort and self-efficacy/confidence/anticipation of performance in affective
outcomes, and collaboration or communication in cognition outcomes grew rapidly
in the second (2012-2016) 5-year period.

Discussion

To further explore trends and the potential educational values of technology-sup-
ported peer assessment, several dimensions, including learning devices and envi-
ronments, participants and application domains, the mode of peer assessment, and
research issues, are discussed based on the findings, as follows.

Learning devices and environments

From 2007 to 2016, the devices used in technology-based peer assessment were
mostly traditional computers, disclosing the distinctive educational value of comput-
ers in peer assessment; yet, researchers have pointed out several existing problems
in conducting peer-assessment activities (e.g., Guardado and Shi 2007; Hwang et al.
2014). For instance, Hulsman and van der Vloodt (2015) found that the students
generated more negative annotations which were directed to specific questions,
whereas peer feedback was more positive but general. These results suggest that,
in contrast to face-to-face peer assessment, computer technology-based peer assess-
ment expanded the evaluation content (such as video learning content) and format
(such as online annotation and feedback), and could also break through the time and
space limitations. Nevertheless, there was less helpful peer feedback due to the par-
ticipants’ interpersonal relationships. It could be seen that technology-assisted peer
assessment would not naturally ease the anxiety and nervousness which usually exist
in face-to-face peer assessment. Li et al. (2016) uncovered that, compared to paper-
based peer assessment, the consistency between computer-assisted peer assessment
and instructor’s assessment was even lower because of the insufficient instructional
support mentioned by Suen (2014). Guardado and Shi (2007) suggested that even
though peer assessment created more opportunities for students’ learning, it did not
ensure that students would have stronger learning motivation or more autonomy
to learn outside the classroom. Hwang et al. (2014) implied that it was limited to
improving students’ performance if they just received peers’ feedback rather than
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conduct self-reflection. Cho et al. (2010) indicated that, in contrast to students
who had no prior self-monitoring training, the writing performance of those who
had self-monitoring training improved significantly in the same online peer-assess-
ment environments. Moreover, Miller (2003) also suggested that high-quality peer
assessment requires teachers to organize, monitor, and help learners; yet, teachers
could seldom provide this help due to their workload in the online peer-assessment
environments.

It seems that the researchers also recognized the existing problems of managing,
guiding, and supporting the online peer-assessment activities conducted after class;
therefore, in the second (2012-2016) 5-year period, peer assessment was directed
into traditional teaching contexts (such as computer rooms) from extracurricular
online environments. For example, in Luo’s study in (2016), students made presen-
tations while others used cell phones to submit feedback synchronously by Twitter
in a face-to-face teaching activity; the teacher regularly checked the feedback posted
by the students in class. The study denoted that students could listen to the presenta-
tion and point out the problems and errors at the same time. Lai and Hwang (2015)
designed a classroom teaching activity to facilitate students’ development of peer-
assessment rubrics, and their learning enthusiasm and initiative were much stronger.
Additionally, the support based on mobile devices made peer interaction more fre-
quent and rapid.

Consequently, it is inferred that most teachers preferred to conduct peer-assess-
ment activities in class, meaning that they could have more face-to-face interactions
with students. On the other hand, fixing the time and location of learning activities
in class might lead to some limitations, such as insufficient time for reviewing peers’
work and providing feedback. From this perspective, it could be better to conduct
peer-assessment activities after class. Moreover, although mobile devices were not
frequently adopted in previous studies, several researchers have indicated the poten-
tial of using mobile technologies to help students interact with peers both in and out
of class (Lai and Hwang 2014). Accordingly, the present study signifies the potential
of conducting peer-assessment activities with the support of new technologies (such
as mobile devices and wearable equipment) to promote peer interactions using dif-
ferent learning designs.

Participants and application domains

The findings indicated that higher education students were the main research partici-
pants of studies on technology-assisted peer assessment from 2007 to 2016, while
little research has explored elementary schools or junior and senior high schools.
Several studies also found that most of the peer-assessment activities took place
in higher education environments (Falchikov and Goldfinch 2000; Li et al. 2016).
The reason is that complicated cognitive processing (such as higher-order thinking)
is usually involved in peer assessment. As can be seen from its underlying learn-
ing theories, peer assessment could require students to not only be learners in the
traditional sense of the word, but to also assume such roles as observer, listener,
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collaborator, thinker, and even creator. This is challenging for those younger than
university students.

While studies on technology-supported peer assessment developed slowly in
higher education, at the same time, researchers have started to put emphasis on
research on elementary schools and on junior and senior high schools in recent
years. This finding shows that the educational value of peer assessment is oriented
toward students of all ages. For instance, Hwang et al. (2014) designed a peer-
assessment-based game development approach to develop the learning performance,
motivation, and problem solving of sixth-grade students. Lai and Hwang (2015)
constructed the learning strategies of designing and developing peer-assessment
rubrics by students, which improved fifth-grade students’ learning motivation, meta-
cognitive awareness, and ability to produce posters. Hsu (2016) pointed out that a
peer-assessment activity based on the grid-based knowledge classification approach
significantly increased students’ learning performance in contrast to conventional
peer-assessment activities.

Moreover, the value of technology-assisted peer assessment was fully embodied
in social science, engineering or computers, language, and science from 2007 to
2016. Of the 24 studies on technology-supported peer-assessment in social science,
18 were to promote teacher professional development (including pre-service teacher
training), while 7 out of 11 studies on language focused on developing writing skills.
The possible reason may lie in the fact that students have more initiative and active
attitudes in developing skills closely related to daily life or work, and more practi-
cal experience to support peer interaction. Falchikov and Goldfinch (2000) denoted
that peer assessment was more effective than professional practice (e.g., teaching
practice) in academic areas (e.g., essays, presentations). Li et al. (2016) proposed
the possible reason that academic learning tasks have more specific right or wrong
answers compared to professional training, which is easier for evaluators to evalu-
ate. The current study indicates that peer assessment has a crucial value, no mat-
ter whether in academic domains or practical training domains; it is important to
take measures to promote students’ motivation in peer interaction. For example,
there were no studies on technology-assisted peer assessment in mathematics in the
recent 10 years; perhaps it was because students are normally not interested in math-
ematics, and the existing mathematics teaching content is dissociated from real life,
making it difficult to integrate peer-assessment strategies into mathematics teaching
activities. Arts or design are subject fields that are closer to our life, and thus it is
easier to inspire learning interest in these subjects. In the recent 5 years, the devel-
opment of technology-assisted peer assessment in arts or design has confirmed the
perspectives of the present study to a certain degree.

The mode of peer assessment
Different ways of identity revelation have varying influences on learning behaviors
and effects. Several researchers such as Vanderhoven et al. (2015) and Yu and Liu

(2009) suggested that non-anonymity would bring more negative emotions for par-
ticipants, while anonymity would result in a greater sense of psychological safety.
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Yet, other researchers had different findings. Yu and Sung (2016) explored the
online peer-assessment behaviors of fifth-grade students, and discovered that reveal-
ing the evaluator’s identity did not influence evaluation behaviors. Students chose
the participants to be evaluated mainly based on the questions rather than on who
asked the questions. Ching and Hsu (2016) indicated that positive interpersonal rela-
tionships (e.g., psychological safety and trustworthiness) would affect peer-assess-
ment performance; that is, if peers have not yet built positive interpersonal relation-
ships under the anonymous mode, it would have some negative performance due to
de-individualization.

Above all, a portion of the researchers did not consider the problems that might
be caused by identity revelation because the studies took place in intact classes,
where interpersonal interactions between peers occurred frequently. As a result,
it was understandable that the studies did not try to use an anonymous approach.
Additionally, even though it was regarded that identity revelation would have a great
influence on learners’ interactions (Topping 1998; Vanderhoven et al. 2015), there
were plenty of researchers starting to actively look at students’ interaction behaviors
when their identities were uncovered. For instance, Li et al. (2016) implied that peer
assessment was more effective when the assessment was non-anonymous rather than
anonymous; this might be because assessors would evaluate more seriously when
their identity was known. Thus, the present study discovered that an increasing num-
ber of researchers adopted non-anonymity in the recent 5 years, signifying that they
started to put emphasis on the positive aspect of learners’ social interaction.

In terms of peer feedback mode, most researchers believed that assessors would
have more cognitive processing and conduct self-reflection as they need to produce
constructive comments for their peers. Also, assessees would benefit by receiving
meaningful peer comments, and it was thereby more valuable to both assessors and
assessees than just proposing peer ratings (Falchikov 1995; van Gennip et al. 2009;
van Popta et al. 2017). Lu and Law (2012) found that peer comments were the factor
influencing learning performance, but peer ratings would not affect learning perfor-
mance. They argued that commenters would be more involved in critical thinking
activities when they raised comments. Furthermore, Hsia et al. (2016b) indicated
that the mixed mode (peer ratings plus comments) was better than peer comments
alone, and the behavior analysis denoted that the former could significantly increase
students’ willingness to participate in online learning. Falchikov (1995), however,
discovered that students seemed to be unwilling to rate their peers.

The present study also found that the mixed mode was adopted the most from
2007 to 2016, followed by peer comments; peer ratings alone were adopted the
least. Moreover, in contrast to the first (2007-2011) period, it seemed that studies
adopting the mixed mode doubled over the second (2012-2016) period, whereas no
growth was found in the research on peer comments and peer ratings. These results
verified the findings or conclusions of the abovementioned studies.

Peer-assessment rubrics are an important component of peer assessment (Fraile
et al. 2017; Stefani 1994). Topping (1998) believed that it was essential to clarify
and demonstrate peer-assessment rubrics to students; furthermore, it would be
much better if students could participate in the development and elaboration of
peer assessment. Falchikov and Goldfinch (2000) found that it would increase the
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consistency between peer assessment and teacher assessment if students took part
in constructing peer-assessment rubrics rather than only teachers developing the
rubrics. Li et al. (2016) also considered peer assessment as being more effective
when evaluators participated in developing peer-assessment rubrics. However, some
researchers had some different findings. Fraile et al. (2017) conducted research with
an experimental group using co-created rubrics and a control group which just used
rubrics. They believed that students would use language which can be understood
mutually when they co-created rubrics, thereby having a bigger influence on their
learning.

It could be seen from the above studies that most of them recognized the impor-
tance of peer-assessment rubrics. On the other hand, there was still plenty of
research which did not create them. Jones and Alcock (2014) indicated that when
there were no rubrics, it would encourage students to more freely express their opin-
ions; moreover, they would pay attention to their own thinking without the restric-
tion of rubrics, thereby allowing them to generate richer and more abundant perspec-
tives, and developing the students’ mutual knowledge. O’Donovan et al. (2004) also
indicated that it was a great challenge to let students clarify and understand rubrics,
and that it was even meaningless sometimes as different people or groups had dif-
ferent understandings of the rubrics; furthermore, the tacit knowledge expressed in
rubrics is hard to describe and clarify. The current study further analyzed the litera-
ture which did not adopt peer-assessment rubrics, and discovered that these studies
mostly encouraged students to discuss freely and evaluate each other, and to develop
students’ higher-order skills. According to O’Donovan et al. (2004), the best way to
learn tacit knowledge is through the process of experiential learning.

The present study indicates that the benefits of peer-assessment rubrics con-
structed with the participation of students were greater than those of the approach
by which students directly received the rubrics constructed by the teacher. It also
surpassed the way of not giving students any rubrics. Consequently, future studies
should be conducted to further explore the value of students participating in devel-
oping peer-assessment rubrics.

Research issues

The main purpose of researchers applying peer assessment was to develop students’
cognition, especially their tendency or awareness of higher-order thinking. This
reflected the critical and reflexive nature of peer assessment. Besides, researchers
also took advantage of peer assessment in an attempt to encourage students to con-
duct higher-order cognitive processing in order to inspire them to actively and mean-
ingfully deal with lower-order cognitive processing; that is, it assisted students in
better memorizing, understanding, and applying the acquired knowledge, and finally
developed the students’ learning achievement. In a study conducted by Kao et al.
(2008), students were divided into three cross-unit knowledge groups to learn func-
tion, class, and flow respectively in a C++ programming language course. When
they created a mind map of the subject knowledge, they evaluated other groups’
mind maps as well. They then acquired the cross-unit concepts, integrated their own
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mind map into the cross-unit mind maps, and eventually obtained the understanding
of the concepts in the three units. In this research, students kept changing between
higher-order knowledge processing and lower-order knowledge processing, inte-
grated their original concepts, peer comments, and their ongoing new knowledge,
and finally constructed an active, meaningful, and contextual knowledge-processing
procedure. The number of studies on collaboration and communication outcomes
tripled, indicating that researchers have started to put emphasis on this issue. As
collaboration and communication are crucial for students in their future life or work,
future studies should keep fostering and developing students’ tendency or awareness
of collaboration or communication.

Researchers also paid attention to affective learning outcomes, which were
related to peer assessment as a process of interacting with people. Learners’ opin-
ions or perceptions, attitude or motivation, or anticipation of effort were the affec-
tive learning outcomes which attracted most attention. In addition, compared to
the first (2007-2011) period, these two outcomes had large growth in the second
(2012-2016) period, indicating that researchers put emphasis on learners’ affection
closely related to learning, and that peer assessment is a complicated learning pro-
cess in need of more qualitative analysis based on learners’ perceptions. Researchers
made efforts to examine this complex phenomenon from an open-minded perspec-
tive. One possible reason why little research has explored technology acceptance
model/intention of use outcomes was that students are more familiar with con-
ventional computers used in peer assessment. Such outcomes as self-efficacy, sat-
isfaction, and cognitive load have seldom been investigated. Although there was
a large growth in studies exploring self-efficacy and cognitive load in the second
(2012-2016) period, the quantity was still low. Therefore, it is suggested that future
studies strengthen the investigation on self-efficacy, cognitive load, and satisfaction.

As for the aspect of skill, in recent years, researchers have started to examine
and use peer assessment to develop students’ manipulation or demonstration skills.
Hsia et al. (2016b) applied peer assessment to develop high school students’ danc-
ing skills. Students watched the dancing videos uploaded by peers, evaluated the
technical and performance actions in their peers’ dance, and gave suggestions. The
assessees revised and practiced the dance actions according to their peers’ com-
ments, achieving good results. As a result, it is also necessary to strengthen the fur-
ther investigation of the value of peer assessment in the development of manipula-
tion or demonstration skills. Peers’ learning behaviors or learning behavioral pattern
analysis, and the correlation or causal relationships between factors involved in peer
assessment were crucial outcomes as well.

Conclusions and suggestions

Despite researchers and school teachers possibly knowing the potential of peer
assessment, the development level of technology-assisted peer assessment was
stable but slow, which could be due to the fact that it takes time for teachers to get
used to the technological tools and learning environment. Therefore, the poten-
tial value of technology-supported peer assessment needs to be further examined.
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Based on the findings and discussion, the present study provides the following
suggestions:

(1) Focus on exploring the potential educational value of new technology-based
peer assessment (e.g., mobile devices, wearable devices). For example, using
mobile technology with effective learning designs has great potential in devel-
oping learners’ self-management, self-learning, social interaction, awareness of
reflection, and reflective strategies and abilities; however, there are few current
studies with a focus on mobile technology-based peer assessment.

(2) Keep intensifying the research on semi-autonomous peer assessment with the
guidance of teachers, and explore the solutions to such questions as learning
motivation, self-regulated learning, collaboration and communication, and teach-
ers’ support in student-centered autonomous peer assessment at the same time.
Especially, pay attention to the application and promotion of research results in
practical educational activities in order to realize the virtuous cycle of mutual
development between research and teaching practice.

(3) Investigate the value and practical strategies of mobile devices for facilitating a
close combination of teaching and learning (including peer-assessment activi-
ties) so as to increase learning motivation, quality, and efficiency in peers’ inter-
actions. Especially, examine the value and practical strategies of peer-assessment
activities based on mobile devices in real-life contexts.

(4) Continue to promote the development of peer assessment in elementary schools,
and junior and senior high school environments, and further investigate the forms
and strategies of integrating and applying peer assessment with other teach-
ing methods and modalities. In addition, apply this development idea to foster
the development of peer assessment in higher education. Furthermore, start to
explore the value of peer assessment for working adults. Keep examining the
value of peer assessment in more domains or curricula, especially the potential
value and implementation strategies in those domains or curricula which have
abstract content and for which it is not easy to trigger learning motivation.

(5) Develop the research on the mutual effects between interpersonal relationships
and identity revelation in peer assessment; continue to intensify the studies on
non-anonymity to explore the influence of the positive relationship in peer-
assessment activities; pay attention to and reinforce the research on exploring the
educational value of constructing peer-assessment rubrics with the participation
of the students.

(6) Intensify developing students’ tendency or awareness of higher-order thinking
by using peer assessment; take advantage of higher-order thinking to develop
concepts and knowledge, and also focus on and reinforce the studies develop-
ing students’ manipulation and demonstration skills at the same time. Carry
out further investigations of learning behaviors or behavioral pattern analysis,
and correlations or causal relationships based on mobile technology-assisted
peer assessment. Reinforce the research on such outcomes as self-efficacy, sat-
isfaction, cognitive load, and technology acceptance model/intention of use in
technology-supported peer assessment. Keep strengthening the studies on col-

@ Springer



J. Comput. Educ. (2019) 6(2):191-213 211

laboration or communication, which is important for students’ future develop-
ment.
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