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a b s t r a c t

Engaging students in higher order thinking such as evaluation and analysis has been recognized as being
an important strategy for helping them develop knowledge and skills, in particular, in creativeness-
oriented learning activities such as artwork design. In this paper, an interactive peer-assessment
criteria development approach is proposed to help students develop assessment criteria, learn from
viewing peers' work, and make reflections in artwork design activities using mobile devices. To evaluate
the effectiveness of the proposed approach, an experiment was conducted in an elementary school art
course. A total of 103 students participating in the experiment were assigned to an experimental group
and a control group. The students in the experimental group learned with the proposed approach, while
those in the control group learned with the conventional peer assessment approach. From the experi-
mental results, it was found that the proposed approach significantly improved the students' learning
achievement, learning motivation and meta-cognitive awareness, suggesting the effectiveness of
engaging students in assessment criteria development in an interactive manner.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Scholars have for decades emphasized the importance of conducting higher order thinking activities in school settings (Lin, Yeh, Hung,&
Chang, 2013; Piirto, 2011; Yang & Cheng, 2010). In creativeness-oriented courses such as art and design courses, fostering students'
knowledge of the criteria for evaluating artwork has been identified as the key to improvement in their knowledge and development of their
artwork skills (Bonsignore, Quinn, Druin, & Bederson, 2013; Groenendijk, Janssen, Rijlaarsdam, & van den Bergh, 2013; Halverson et al.,
2014). Among various learning strategies, peer assessment has been considered as effective for helping students understand teachers'
assessment criteria and make reflections during the learning process (Auttawutikul, Wiwitkunkasem, & Smith, 2014; Lin, Hong, Wang, &
Lee, 2011). In the past decade, several studies have reported the effectiveness of conducting peer assessment activities in school settings
(Tsai& Liang, 2009;Wen& Tsai, 2008). For instance, Nicolaidou (2013) conducted a one-year peer assessment activity that engaged students
in developing their own e-portfolios, examining peers' portfolios, and providing feedback to peers, while Hwang, Hung, and Chen (2014)
conducted a peer assessment activity for game development in a natural science course.

On the other hand, scholars have pointed out several problems of applying the peer assessment approach. For example, students might
not be able to fully understand the meaning of the peer assessment or of the rubrics provided by the teacher. They could also feel frustrated
when facing complex review tasks (Hovardas, Tsivitanidou, & Zacharia, 2014). Moreover, some students might ignore the assessment
criteria and the feedback from their peers (Cho &MacArthur, 2010; Tsivitanidou, Zacharia, Hovardas, & Nicolaou, 2012). Furthermore, some
limitations of conventional peer assessment have also been identified. For example, it lacks effective approaches to engage students in
developing, examining and modifying the scoring rubric during the evaluation process; that is, students merely follow the criteria provided
by the teacher without thinking why they have been adopted (Ng, 2014; Tsai & Liang, 2009).
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Therefore, to foster students' evaluation ability in art or design courses, it is important to involve them in assessment criteria devel-
opment. In this study, an interactive peer-assessment criteria development approach is proposed. A learning system has been implemented
based on the proposed approach to enable students to develop assessment criteria, share artworks, review peers' work, and make re-
flections based on peers' comments using mobile devices. An experiment has been conducted to evaluate the performance of the approach
in terms of learning achievement, motivation, meta-cognitive awareness and cognitive load.

2. Literature review

2.1. Peer assessment

Peer assessment has been noted as a potential learning strategy for engaging students in knowledge construction and skill development
via comprehending teachers' assessment criteria, learning from viewing peers' work, and making reflections (Boud, Cohen, & Sampson,
1999; Carlson & Berry, 2008; Matsuno, 2009; Tseng & Tsai, 2010). Topping (1998) defined peer assessment as a learning strategy
whereby students evaluate or comment on the value or the quality of thework or the learning outcomes of their peers who learned with the
same learning content.

The objectives of conducting peer assessment activities are to improve the students' learning outcomes, stimulate their higher order
thinking (e.g., meta-cognitive awareness), and increase their autonomy (McMahon, 2010; Xiao & Lucking, 2008). For example, several
studies have reported that peer assessment activities are effective in terms of enhancing students' autonomous learning ability (Chen,
2010; Yang, Badger, & Yu, 2006). Moreover, the effect of engaging students in the role of a reviewer on their reflections has been pointed
out (Prins, Sluijsmans, Kirschner, & Srijbos, 2005; Xiao & Lucking, 2008). On the other hand, the benefit of receiving feedback from peers
in improving students' learning outcomes has also been reported (Miller, Topping, & Thurston, 2010; Tsuei, 2012). For instance,
Nicolaidou (2013) found that students' feedback could gradually become more comprehensive and correct by inspecting peers' com-
ments in the learning process. Other researchers have also found that assessment training can result in a significant decrease in the
discrepancy between student and instructor ratings of example projects; that is, the students' meta-cognitive awareness might be
improved (Liu & Li, 2014).

Several studies have further emphasized the advantages of involving students in peer-assessment activities, including stimulating the
self-reflection and higher order thinking of students (Dkeidek, Mamlok-Naaman,& Hofstein, 2011; Prins et al., 2005; Yu, Liu, & Chan, 2005).
In addition, other benefits of engaging students in peer-assessment, such as promoting their learning performance (Maas et al., 2014; Xiao&
Lucking, 2008), learning motivation (Jenkins, 2004; Llado et al., 2014), and facilitating their self-reflection and communication abilities
(Brader, Luke, Klenowski, Connolly, & Behzadpour, 2014) have been reported. For example, Yu (2011) stated that involving students in peer-
assessment activities could not only engage them in making reflections, but could also improve their higher order thinking and commu-
nication abilities.

On the other hand, researchers have pointed out the problems of the conventional peer-assessment approach. One of the problems is
that students might have difficulty fully comprehending the assessment criteria provided by the teacher (Juwah, 2003; Tsivitanidou et al.,
2012). Therefore, Juwah (2003) suggested that researchers and educators might consider involving students in determining the assessment
criteria. However, to the best of our knowledge, despite the recommendations, none of these previous studies have involved students in
developing their own peer-assessment criteria; instead, they merely asked the students to assess their peers' work based on the criteria
provided by the teachers (Segrist & Schoonaert, 2006; Yu &Wu, 2013). Another problem encountered in most peer-assessment activities is
that teachers are usually unable to provide instant comments or feedback owing to the lack of effective tools or strategies (Denton, Madden,
Roberts, & Rowe, 2008; Wu, Hwang, Milrad, Ke, & Huang, 2012). Students are likely to feel frustrated and lose interest during the learning
process if their learning difficulties cannot be resolved immediately (Chen & Huang, 2010; Hwang, Wu, & Ke, 2011).

Therefore, the aim of this study is to overcome these problems by proposing an interactive peer-assessment criteria development
approach, and implementing a learning support system based on the approach to improve students' learning outcomes.

2.2. Mobile technology-enhanced learning

Mobile technology has been regarded as a potential medium for engaging students in learning in the classroom or in the field (Hwang,
Tsai,& Yang, 2008; Hwang, Tsai, Chu, Kinshuk,& Chen, 2012). The popular handheld devices, such as smartphones and tablet computers, not
only enable students to access learning materials without being limited by time or space, but also provide teachers with opportunities to
develop learning activities from new perspectives (Chen, 2010; Hwang et al., 2011; Looi et al., 2010).

Moreover, many researchers have reported the benefits of using mobile technologies in school settings, such as the provision of
personalized learning objectives and schedules (Chen & Li, 2009; Sandberg, Maris, & Hoogendoorn, 2014; Sung, Hwang, Liu, & Chiu, 2014),
the access to learning facilities (Hyewon, MiYoung, & Minjeong, 2014), and the provision of learning support (Chang, Lan, Chang, & Sung,
2010) anywhere and at any time.

The presence of mobile technologies has brought criteria development to a new stage (Ogata, Saito, Paredes, San Martin, & Yano, 2008;
Yang & Lin, 2010). With the help of mobile technologies, students are able to observe real artwork developed by their peers, acquire new
knowledge via access to online resources, share their artwork and opinions, reorganize their knowledge, create assessment criteria, and
make reflections on their own work (Chen & Huang, 2010; Jones, Ramanau, Cross, & Healing, 2010). Moreover, the facilities of providing
personalized feedback can help students identify their shortcomings in the criteria they develop as well as realize their possible mis-
understandings of the learning objectives provided by the teacher (Corbalan, Paas, & Cuypers, 2010; Jordan, 2012; Yu & Wu, 2013). The
knowledge sharing and instant interaction facilities provided by mobile and wireless communication technologies further enable students
to receive immediate feedback from teachers and peers (Chu, 2014; Lin, Wu, Hung, Hwang, & Yeh, 2009; Shih, Chuang, & Hwang, 2010).

Therefore, in this study, an interactive peer-assessment criteria development approach is proposed for developing mobile learning
systems for the poster design unit of an elementary school art course. Moreover, several research questions are investigated to evaluate the
effectiveness of the proposed approach:
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(1) Can the peer-assessment criteria development approach improve the students' learning achievements?
(2) Can the peer-assessment criteria development approach improve the students' learning motivations?
(3) Can the peer-assessment criteria development approach improve the students' meta-cognitive awareness?
(4) Does the peer-assessment criteria development approach increase the students' cognitive load?

3. Mobile learning system based on a formative criteria development approach

To engage students in higher order thinking, a mobile learning system is developed for supporting interactive peer-assessment criteria
development. The system consists of a student poster gallery, a criteria setting system, a peer assessment system, a student profile, and an
expert criteria database, as shown in Fig. 1. The student poster gallery provides all students' posters for peers' reference. The criteria setting
system consists of a rate poster unit, a criteria setting unit, and an observing platform that displays others' criteria. The peer assessment
system enables students to evaluate the posters developed by their peers. The expert criteria database stores the criteria developed by
experts (i.e., teachers).

Fig. 2 shows the procedure for guiding students to develop peer-assessment criteria and to evaluate peers' work using the mobile
learning system. After students log into the learning system, they can observe all the groups' posters in the gallery. When they start to
set the criteria, a three-step criteria setting procedure is provided: rate the poster, develop the criteria, and view others' criteria. During
the process in which the students develop the criteria, the system compares their criteria with those of the expert, and then gives
feedback. After the students finish writing all their criteria, they evaluate other groups' posters based on the criteria they designed
themselves.

Fig. 3 shows the student interface of the mobile learning system. After students log into the system, the task list is provided so that they
can observe other groups' posters, set criteria and evaluate others' posters.

There is a three-step criteria setting procedure provided; the first step is shown as Fig. 4. In this process, students need to rank the ten
posters made by other groups and themselves. In this stage, students are engaged in comparing the overall quality of each poster and rating
the posters based on their strengths and weaknesses.

Fig. 5 shows the second step inwhich the students set their own criteria. There are four dimensions students need to develop criteria for
in this learning activity: words, space, color and theme. In Fig. 5, in the first dimension, words, students need to develop the criteria relating
to the text used on the poster. After the students read the description of the task, they need to input the criteria which they think are
important in the word dimension when designing the poster (e.g., the heading should be big; there should be some decoration in the
heading.). After finishing their criteria setting, the system compares the students' criteria with those provided by the teacher and presents
the degree of similarity (i.e., high, medium, and low) between the corresponding criteria as well as the comments from the teacher. Thus, the
students can read the teacher's comments and revise their criteria accordingly.

Fig. 6 shows the last step, view others' criteria, of the criteria setting, in which students can view other groups' criteria, and observe the
difference between their own criteria and those of others. In this procedure, students can choose to revise their criteria via the previous
interface.

After students finish setting their criteria, they utilize their criteria to evaluate other groups' posters, as shown in Fig. 7. The system
records and lists students' criteria in the evaluation platform, with a score range of 1e3, where 1 is the lowest and 3 is the highest. Students
need to evaluate all others' posters in this learning procedure. The total score of each group is calculated by the system, and then shown in
the student poster gallery, as in Fig. 8.
Fig. 1. Structure of the mobile learning system.



Fig. 2. Flow of the interactive peer-assessment criteria development approach.

Fig. 3. The homepage of the mobile learning system.

Fig. 4. The first step, rate the poster, of criteria setting.
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Fig. 5. The second step, developing the criteria, of criteria setting.

Fig. 6. The third step, view others' criteria, of criteria setting.
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4. Experiment design

To evaluate the performance of the interactive peer-assessment criteria development approach to helping students set criteria and
perform peer assessment, an empirical experiment was conducted in an art course of an elementary school in northern Taiwan. Several
measuring tools were used to assess the students' learning achievement, learning motivation, meta-cognitive awareness and cognitive load.

4.1. Participants

In order to control the possible factors that might influence students' learning performance as well as reflect the teaching reality of the
schools in Taiwan, in this study, the participants were selected based on the following criteria: the learning activity was part of the formal
curriculum of the school and the students were taught by the same teacher. Therefore, the participants of this study included four classes of
fifth graders of an elementary school. Two classes were randomly assigned to be the experimental group and the other twowere the control
Fig. 7. The interface of peer assessment.



Fig. 8. The interface of students' poster gallery.
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group. All of the students had the basic skills of designing posters, and were grouped into the teams they usually worked in. Each group
consisted of 2e3 students. The experimental group, including 51 students, learned with the interactive peer-assessment criteria devel-
opment approach. On the other hand, the control group, with 52 students, learned with the conventional peer assessment strategy. During
the learning activity and the data analysis process, all of the students' personal information, including their names, were hidden by using a
serial number as identification.

4.2. Rubrics for evaluating posters

To ensure the reliability of the evaluating criteria in this study, two researchers and a school teacher who had more than 10 years'
experience of teaching art courses collaboratively defined the rubrics for evaluating the posters, as shown in Table 1. The rubrics were used
not only to guide the students in the control group to develop their artwork, but also to serve as a reference for helping the experimental
group students develop their own rubrics.

4.3. Experimental procedure

The learning procedure is shown in Fig. 9. At the beginning of the learning activity, the students took the printed pre-questionnaires of
learning motivation and meta-cognitive awareness. After completing the pre-questionnaires, the students designed a poster based on the
topic specified by the teacher as the pre-test. During the peer assessment activity, the students in both the experimental group and the
control group were equipped with a tablet computer to interact with the learning system, which enabled them to share posters, provide
comments and receive comments from peers. The only difference between the two groups was the learning approach.

The students in the experimental group learned with the interactive peer-assessment criteria development approach; that is, they
participated in the 80-min peer-assessment criteria development process via the learning system. Following that, a 60-min peer-assessment
activity was conducted. During this activity, they evaluated other groups' posters and received feedback from their peers for improving their
posters.

On the other hand, the control group learned with the conventional peer assessment strategy. At the beginning of the activity, an 80-
min assessment criteria instruction was given by the teacher who presented several demonstration posters to help the students under-
stand the evaluation method and criteria. Following that, the students participated in a 60-min peer-assessment activity, in which they
evaluated peers' posters via the learning system and received feedback from their peers for refining their posters.

After the learning activity, all of the students completed the questionnaires of learning motivation, meta-cognitive awareness and
cognitive load. Moreover, they were asked to design another poster in 120 min as the post-test.
Table 1
The four dimensions of the criteria for poster design.

Dimension Rating

3 2 1

Word The size of the heading is large and striking.
The size of the content is middle type.
The text has rich decoration.

The size of the heading is not large enough.
The size of the content looks the same as the
heading.
The text has some decoration.

The size of the heading is too small.
The size of the content is too big.
The text has no decoration.

Space The distribution of the space is fine.
The font size of the main content is proper.

The distribution of the space is not
good enough.
The font size of the main content is not
big enough.

The distribution of the space is messy.
The font size of the main content is too small.

Color This poster is colorful.
The adopted colors make the main
content striking.

This poster only contains 2e3 colors.
The adopted colors do not make the main
content striking.

This poster is boring.
The adopted colors make the poster messy.

Theme All of the poster content is consistent
with the theme.
The heading is highly related to the theme.

Part of the poster content is related to the theme.
The heading is partially relevant to the theme.

All of the content, including its heading, is not
relevant to the theme.



Fig. 9. Diagram of the experiment design.
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4.4. Instruments

The measuring tools of this study included the pre-test, post-test, and the questionnaires of learning motivation, meta-cognitive
awareness and cognitive load.

In order to evaluate the students' poster designing ability, the pre-test and the post-test required the students to design a poster with
their groupmembers. Two experienced art teachers scored the students' posters according to the criteria of poster designwhich consisted of
four evaluating dimensions, “words” (25%), “space” (25%), “color” (25%), and “theme” (25%), with a perfect score of 100. The Cronbach's
alpha value of the pre-test was .86, and it was .92 for the post-test, showing a high inter-rater reliability of the test scores.

The questionnaire of learning motivation was modified from the measure developed by Hwang, Yang, and Wang (2013). It consisted of
seven items (e.g., “I think learning art is interesting and valuable” and “It is worth learning those things about art”) based on a five-point
rating scheme. The Cronbach's alpha value of the questionnaire was 0.85.

The meta-cognitive awareness questionnaire originated from the questionnaire developed by Schraw and Dennison (1994). It consists of
10 items with a five-point Likert rating scheme. The Cronbach's alpha value of the questionnaire was 0.91.

The cognitive load instrument was developed by Hwang et al. (2013) based on the cognitive loadmeasures proposed by Paas, Renkle, and
Sweller (2003) and Sweller, van Merrienboer, and Paas (1998). It consists of eight items based on a seven-point Likert rating scheme. The
total Cronbach's alpha value of the questionnaire was 0.96.

5. Experimental results

5.1. Analysis of learning achievement

The mean values and standard deviations of the pre-test score were 58.82 and 9.06 for the experimental group, and 58.85 and 10.76 for
the control group. The t-test result shows that there was no significant difference between the two groups (t ¼ �.01, p > .05), meaning that
the two groups of students had equivalent prior design skills before the learning activity.

After the learning activity, the second poster design as the post-test was conducted to evaluate the students' design skills. Table 2 shows
the t-test result of the post-test scores of the two groups. The means and standard deviations were 83.06 and 5.31 for the experimental
group, and 70.31 and 5.33 for the control group. According to the t-test result, there was a significant difference between the two groups
(t ¼ 10.09, p < .001). Furthermore, the Cohen's d value of the test results was 2.39. Usually a test result is said to have a large effect size if its
Cohen's d value is greater than .80 (Cohen, 1988). This result indicates that the finding has a good effect size.

5.2. Learning motivation

The means and standard deviations of the learning motivation pre-questionnaire ratings were 4.00 and 0.59 for the experimental group,
and 4.19 and 0.62 for the control group. The t-test result shows no significant difference between the pre-questionnaire ratings of the two
groups (t ¼ �1.56, p>.05), showing that the two groups of students had equivalent learning motivation before participating in the learning
activity.

Table 3 shows the ANCOVA result of the learning motivation on the post-questionnaire of the two groups. The adjusted means and
standard error of the ratings were 4.32 and .09 for the experimental group, and 4.01 and 0.90 for the control group. It is found that the post-
questionnaire ratings of the two groups are significantly different (F ¼ 5.72, p < .05). As the adjusted mean of the experimental group (4.32)



Table 3
ANCOVA result of the learning motivation post-questionnaire scores of the two groups.

Group N Mean S.D. Adjusted mean Std. Error. F

Experimental group 51 4.28 .69 4.32 .09 5.72*

Control group 52 4.08 .79 4.01 .09

*p < .05.

Table 2
Descriptive data and t-test of the post-test results.

Group N Mean S.D. t d

Experimental group 51 83.06 5.31 10.09*** 2.39
Control group 52 70.31 5.33

***p < .001.

C.-L. Lai, G.-J. Hwang / Computers & Education 85 (2015) 149e159156
was significantly higher than that of the control group (4.01), it is concluded that the interactive peer-assessment criteria setting strategy
had a significant impact on improving the students' learning motivation regarding the art course.

5.3. Meta-cognitive awareness

During the assessment criteria development process, the students were engaged in such higher order thinking activities as identifying
the objectives to be accomplished, proposing criteria for fulfilling the objectives, evaluating the criteria proposed by the teacher and their
peers, exchanging ideas with others, and making reflections and judgments for revising the criteria. Those activities are highly relevant to
meta-cognitive awareness, which refers to what individuals know about the cognitive process and status of themselves and others
(Mokhtari& Reichard, 2002). Meta-cognitive awareness helps learners develop andmonitor their learning plans as well as enabling them to
realize their learning strengths and weaknesses (Schraw & Dennison, 1994).

In this study, the means and standard deviations of the meta-cognitive awareness pre-questionnaire ratings were 3.93 and 0.67 for the
experimental group, and 4.05 and 0.66 for the control group. The t-test result shows no significant difference between the pre-questionnaire
ratings of the two groups (t ¼ �.89, p>.05), showing that the two groups of students had equivalent meta-cognitive awareness before
participating in the learning activity.

Table 4 shows the ANCOVA result of themeta-cognitive awareness post-questionnaire ratings of the two groups. The adjustedmeans and
standard errors of the ratings were 4.14 and .08 for the experimental group, and 3.82 and 0.8 for the control group. It is found that the post-
questionnaire ratings of the two groups are significantly different (F ¼ 7.97, p < .01), suggesting that the interactive peer-assessment criteria
setting strategy had a significant impact on improving the students' meta-cognitive awareness in the art course.

5.4. Cognitive load

As it was a new experience for the students to learn with the interactive peer-assessment criteria development approach in the art
course, it is interesting to know whether this new approach would increase their cognitive load during the learning process. Table 5 shows
the t-test result, suggesting that no significant difference was found between the cognitive load ratings of the two groups (t¼�.94, p < .05);
that is, the interactive peer-assessment criteria development approach did not increase the students' cognitive load.

6. Discussion and conclusions

In this study, an interactive criteria development approach was proposed for helping students develop knowledge and skills in
creativeness-oriented learning activities. An experiment was conducted in the poster design activity of an elementary school art course to
evaluate the performance of the proposed approach. The experimental results show that the proposed approach significantly improved the
students' learning achievement, learning motivation and meta-cognitive awareness.

In terms of learning achievement, several studies that conducted technology-enhanced constructivist learning activities have reported
the potential of engaging students in constructing knowledge themselves (Longfellow, May, Burke, & Marks-Maran, 2008) as well as
improving their higher order skills, such as creativity (Auttawutikul et al., 2014; Tsai & Liang, 2009) and reflection (Juwah, 2003; Su &
Beaumont, 2010). Researchers have also indicated that learning tasks that engage students in developing course-related content can
benefit them in terms of having positive learning performance, stimulating them to have active interaction with peers, and helping them
realize their learning problems during such a constructivist learning process (Halverson et al., 2014; Hardy et al. 2014; Jordan, 2012; Yang,
2010). In the present study, the experimental group students created their assessment criteria with the interactive criteria development
approach, which involved them in the learning process of developing new criteria, comparing their criteriawith those of their peers, making
reflections and revisions based on the teacher's comments, and applying the criteria to practical cases. Such a learning process not only
Table 4
ANCOVA result of the meta-cognitive awareness post-questionnaire scores of the two groups.

Group N Mean S.D. Adjusted mean Std. Error. F

Experimental group 51 4.12 .67 4.14 .08 7.97**

Control group 52 3.87 .81 3.82 .08

**p < .01.



Table 5
t-Test result of the cognitive load post-questionnaire scores of the two groups.

Group N Mean S.D. t

Experimental group 51 2.45 1.00 �.94
Control group 52 2.65 1.20
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situated them in higher order thinking, but also enabled them to fully comprehend the assessment criteria proposed by the teacher and their
peers. This could be the reason why the students showed better learning achievements in their final artwork than the other group.

In terms of learning motivation, although the two groups of students were both asked to evaluate other groups' posters, their learning
motivations differed. From the experimental results, it is apparent that the students in the experimental group could develop their own
criteria and evaluate other groups' posters based on their criteria. Through this kind of learning activity, the students had the opportunity
to play an important role in the learning process; that is, they were allowed to propose their own perspectives and strengthen their
confidence via developing and applying their own criteria to the evaluation of peers' work (Pintrich, 2003; Schunk, Pintrich, & Meece,
2008; Wang & Wu, 2008). Therefore, the students' learning motivation, which was related to their self-worth, was aroused (Hyun,
2005; Zhang et al., 2010).

As for meta-cognitive awareness, some researchers have pointed out that engaging students in developing works (e.g., educational
games, concept maps) as well as constructing knowledge by themselves could provide them with more opportunities for self-reflection
and deeper thinking in their learning (Akinoglu, 2013; Donnelly, 2010; Hwang et al., 2014). Differing from the control group students in
the current study, who only evaluated other groups' posters, the students in the experimental group needed to face the challenges from
their peers and teacher to make reflections during the assessment criteria development and revision process. Such a process of devel-
oping, comparing, reflecting on and revising assessment criteria could situate them in higher order thinking and help them see things
from different perspectives (Sutopo & Waldrip, 2014; Yang, Gamble, Hung, & Lin, 2014); that is, they were more aware of the objectives to
be accomplished, the criteria to be fulfilled, and how to meet the criteria. This finding also supports the point indicated by scholars that
learners with better meta-cognitive awareness are likely to show better performance in identifying the key points of the learning tasks,
finding the required strategies and sources, planning the procedure and time for completing the tasks, and checking whether the criteria
of the tasks are fulfilled; therefore, they tend to learn more strategically and effectively (Chu, Hwang, & Tsai, 2010; Mokhtari & Reichard,
2002). Moreover, from the students' learning outcomes and their feedback on the cognitive load measure, it was found that the proposed
approach could help the students learn better without increasing either their mental load or their mental effort. That is, the students did
not feel overly stressed even though they needed to face the challenges from the teacher and their peers during the assessment criteria
development process. Consequently, it is evident that the interactive peer-assessment criteria development approach is an effective
strategy for engaging students in higher order thinking.

To sum up, the major contribution of this study is to propose and implement an interactive assessment criteria development approach
that has not been considered before. The proposed approach realizes the future work addressed by several previous studies (Juwah, 2003;
Yu &Wu, 2013); that is, it is important to increase students' participation and engagement during the learning process, and involving them
in the assessment criteria process could be a good strategy. The research findings of this study also accomplish the expectations of several
researchers (Jonassen, Carr, & Yueh, 1998; Peng, Su, Chou,& Tsai, 2009), namely that involving students in constructing knowledge on their
own can help them to demonstrate high quality learning performance. Furthermore, the provision of individual feedback in the criteria
developing process can help the students design fit-for-purpose work after learning (Nicolaidou, 2013).

On the other hand, it should be noted that the present study has some limitations. First, the experiment was conducted with fifth graders
taking an art course; therefore, the findings might not be able to be generalized to subjects of other ages or to those taking other courses
without conducting further experiments. Second, during the assessment criteria development process, teachers need to provide feedback to
individual students via the learning system, which might increase their workload to some extent. Although a friendly interface has been
provided to assist teachers in comparing students' rubrics with the objective rubric, such a feedback-providing approach could overload the
teachers if the number of students is large. Therefore, it is worth developing semi-automatic or even fully automatic mechanisms to provide
feedback for improving students' rubrics in future studies. In addition, since the proposed assessment criteria development approach is
effective in terms of assisting students in improving their learning performance for poster design, it is worth investigating students' learning
behaviors and the quality of their self-generated criteria in the future.
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Appendix. Questionnaire items

Learning motivation

(1) I think learning art is interesting and valuable.
(2) I would like to learn more and observe more in the art course.
(3) It is worth learning those things about art.
(4) It is important for me to learn the art course well.
(5) It is important to know the art knowledge related to our lives.
(6) I will actively search for more information and learn about art.
(7) It is important for everyone to take the art course.
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Meta-cognitive awareness

(1) I ask myself periodically if I am meeting my goals.
(2) I ask myself if I have considered all options when solving a problem.
(3) I periodically review to help me understand important relationships.
(4) I find myself pausing regularly to check my comprehension.
(5) I ask myself questions about how well I am doing while I am learning something new.
(6) I ask myself if there was an easier way to do things after I finish a task.
(7) I summarize what I've learned after I finish.
(8) I ask myself how well I accomplish my goals once I'm finished.
(9) I ask myself if I have considered all options after I solve a problem.

(10) I ask myself if I learned as much as I could have once I finish a task.
Cognitive load

(1) The learning content in this learning activity was difficult for me.
(2) I had to put a lot of effort into solving the learning tasks in this learning activity.
(3) It was troublesome for me to solve the learning tasks in this learning activity.
(4) I felt frustrated solving the learning tasks in this learning activity.
(5) I did not have enough time to solve the learning tasks in this learning activity.
(6) During the learning activity, the way of instruction or learning content presentation caused me a lot of mental effort.
(7) I need to put lots of effort into completing the learning tasks or achieving the learning objectives in this learning activity.
(8) The instructional way in the learning activity was difficult to follow and understand.
References

Akinoglu, O. (2013). Effects of concept maps on students critical thinking skills in science education. Journal of Environmental Protection and Ecology, 14(3A), 1424e1431.
Auttawutikul, S., Wiwitkunkasem, K., & Smith, D. R. (2014). Use of weblogs to enhance group learning and design creativity amongst students at a Thai University. Innovations

in Education and Teaching International, 51(4), 378e388.
Bonsignore, E., Quinn, A. J., Druin, A., & Bederson, B. B. (2013). Sharing stories “in the Wild”: a mobile storytelling case study using StoryKit. ACM Transactions on Computer-

Human Interaction, 20(3).
Boud, D., Cohen, R., & Sampson, J. (1999). Peer learning and assessment. Assessment & Evaluation in Higher Education, 24(4), 413e426.
Brader, A., Luke, A., Klenowski, V., Connolly, S., & Behzadpour, A. (2014). Designing online assessment tools for disengaged youth. International Journal of Inclusive Education,

18(7), 698e717.
Carlson, P. A., & Berry, F. C. (2008). Using computer-mediated peer review in an engineering design course. Transactions on Professional Communication, 51, 264e279.
Chang, K. E., Lan, Y. J., Chang, C. M., & Sung, Y. T. (2010). Mobile-device-supported strategy for Chinese reading comprehension. Innovations in Education and Teaching In-

ternational, 47(1), 69e84.
Chen, C. H. (2010). The implementation and evaluation of a mobile self- and peer-assessment system. Computers & Education, 55(1), 229e236.
Chen, H. R., & Huang, H. L. (2010). User acceptance of mobile knowledge management learning system: design and analysis. Educational Technology & Society, 13(3), 70e77.
Chen, C. M., & Li, Y. L. (2009). Personalised context-aware ubiquitous learning system for supporting effective English vocabulary learning. Interactive Learning Environments,

18(4), 341e364.
Cho, K., & MacArthur, C. (2010). Student revision with peer and expert reviewing. Learning and Instruction, 20(4), 328e338.
Chu, H. C. (2014). Potential negative effects of mobile learning on students' learning achievement and cognitive load e a format assessment perspective. Educational

Technology & Society, 17(1), 332e344.
Chu, H. C., Hwang, G. J., & Tsai, C. C. (2010). A knowledge engineering approach to developing mindtools for context-aware ubiquitous learning. Computers & Education, 54(1),

289e297.
Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). New Jersey: Lawrence Erlbaum Associates.
Corbalan, G., Paas, F., & Cuypers, H. (2010). Computer-based feedback in linear algebra: effects on transfer performance and motivation. Computers & Education, 55(2),

692e703.
Denton, P., Madden, J., Roberts, M., & Rowe, P. (2008). Students' response to traditional and computer-assisted formative feedback: a comparative case study. British Journal of

Educational Technology, 39(3), 486e500.
Dkeidek, I., Mamlok-Naaman, R., & Hofstein, A. (2011). Effect of culture on high-school students' question-asking ability resulting from an inquiry-oriented chemistry lab-

oratory. International Journal of Science and Mathematics Education, 9(6), 1305e1331.
Donnelly, R. (2010). Interaction analysis in a ‘Learning by Doing’ problem-based professional development context. Computers & Education, 55(3), 1357e1366.
Groenendijk, T., Janssen, T., Rijlaarsdam, G., & van den Bergh, H. (2013). Learning to be creative. The effects of observational learning on students' design products and

processes. Learning and Instruction, 28, 35e47.
Halverson, E. R., Gibbons, D., Copeland, S., Andrews, A., Llorens, B. H., & Bass, M. B. (2014). What makes a youth-produced film good? The youth audience perspective. Learning

Media and Technology, 39(3), 386e403.
Hardy, J., Bates, S. P., Casey, M. M., Galloway, K. W., Galloway, R. K., Kay, A. E., et al. (2014). Student-generated content: enhancing learning through sharing multiple-choice

questions. International Journal of Science Education, 36(13), 2180e2194.
Hovardas, T., Tsivitanidou, O. E., & Zacharia, Z. C. (2014). Peer versus expert feedback: an investigation of the quality of peer feedback among secondary school students.

Computers & Education, 71, 133e152.
Hwang, G. J., Hung, C. M., & Chen, N. S. (2014). Improving learning achievements, motivations and problem-solving skills through a peer assessment-based game development

approach. Educational Technology Research and Development, 62(2), 129e145.
Hwang, G. J., Tsai, C. C., Chu, H. C., Kinshuk, & Chen, C. Y. (2012). A context-aware ubiquitous learning approach to conducting scientific inquiry activities in a science park.

Australasian Journal of Educational Technology, 28(5), 931e947.
Hwang, G. J., Tsai, C. C., & Yang, S. J. H. (2008). Criteria, strategies and research issues of context-aware ubiquitous learning. Educational Technology & Society, 11(2), 81e91.
Hwang, G. J., Wu, P. H., & Ke, H. R. (2011). An interactive concept map approach to supporting mobile learning activities for natural science courses. Computers & Education,

57(4), 2272e2280.
Hwang, G. J., Yang, L. H., & Wang, S. Y. (2013). A concept map-embedded educational computer game for improving students' learning performance in natural science courses.

Computers & Education, 69, 121e130.
Hyewon, K., MiYoung, L., & Minjeong, K. (2014). Effects of mobile instant messaging on collaborative learning processes and outcomes: the case of South Korea. Educational

Technology & Society, 17(2), 31e42.
Hyun, E. (2005). A study of 5-to 6-year-old children's peer dynamics and dialectical learning in a computer-based technology-rich classroom environment. Computers &

Education, 44(1), 69e91.

http://refhub.elsevier.com/S0360-1315(15)00063-9/sref1
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref1
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref2
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref2
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref2
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref3
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref3
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref4
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref4
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref4
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref5
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref5
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref5
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref6
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref6
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref7
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref7
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref7
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref8
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref8
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref8
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref9
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref9
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref9
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref10
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref10
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref10
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref11
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref11
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref12
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref12
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref12
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref12
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref12
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref13
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref13
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref13
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref13
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref14
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref15
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref15
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref15
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref15
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref16
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref16
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref16
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref17
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref17
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref17
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref18
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref18
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref18
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref19
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref19
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref19
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref20
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref20
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref20
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref21
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref21
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref21
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref22
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref22
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref22
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref22
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref23
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref23
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref23
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref24
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref24
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref24
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref81a
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref81a
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref81a
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref25
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref25
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref25
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref25
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref26
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref26
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref26
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref26
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref27
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref27
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref27
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref27
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref28
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref28
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref28


C.-L. Lai, G.-J. Hwang / Computers & Education 85 (2015) 149e159 159
Jenkins, M. (2004). Unfulfilled promise: formative assessment using computer-aided assessment. Learning and Teaching in Higher Education, 1, 67e80.
Jonassen, D. H., Carr, C., & Yueh, H. P. (1998). Computers as mindtools for engaging learners in critical thinking. TechTrends, 43(2), 24e32.
Jones, C., Ramanau, R., Cross, S., & Healing, G. (2010). Net generation or digital natives: is there a distinct new generation entering university? Computers & Education, 54(3),

722e732.
Jordan, S. (2012). Student engagement with assessment and feedback: some lessons from short-answer free-text e-assessment questions. Computers & Education, 58(2),

818e834.
Juwah, C. (2003). Using peer assessment to develop skills and capabilities. Journal of United States Distance Learning Association, 17(1), 39e50.
Lin, H. S., Hong, Z. R., Wang, H. H., & Lee, S. T. (2011). Using reflective peer assessment to promote students' conceptual understanding through asynchronous discussions.

Educational Technology & Society, 14(3), 178e189.
Lin, Y. F., Wu, T. H., Hung, P. H., Hwang, G. J., & Yeh, Y. F. (2009). A cognitive load-based framework for integrating PDAs into outdoor observations. In Paper presented at the the

5th International Workshop on Mobile and Ubiquitous Learning Environments (MULE 2009). Japan: University of Tokushima.
Lin, C. F., Yeh, Y. C., Hung, Y. H., & Chang, R. I. (2013). Data mining for providing a personalized learning path in creativity: an application of decision trees. Computers &

Education, 68, 199e210.
Liu, X., & Li, L. (2014). Assessment training effects on student assessment skills and task performance in a technology-facilitated peer assessment. Assessment & Evaluation in

Higher Education, 39(3), 275e292.
Llado, A. P., Soley, L. F., Sansbello, R. M. F., Pujolras, G. A., Planella, J. P., Roura-Pascual, N., et al. (2014). Student perceptions of peer assessment: an interdisciplinary study.

Assessment & Evaluation in Higher Education, 39(5), 592e610.
Longfellow, E., May, S., Burke, L., & Marks-Maran, D. (2008). ‘They had a way of helping that actually helped’: a case study of a peer-assisted learning scheme. Teaching in

Higher Education, 13(1), 93e105.
Looi, C. K., Seow, P., Zhang, B., So, H. J., Chen, W., & Wong, L. H. (2010). Leveraging mobile technology for sustainable seamless learning: a research agenda. British Journal of

Educational Technology, 41(2), 154e169.
Maas, M. J. M., Sluijsmans, D. M. A., van der Wees, P. J., Heerkens, Y. F., Nijhuis-van der Sanden, M. W. G., & van der Vleuten, C. P. M. (2014). Why peer assessment helps to

improve clinical performance in undergraduate physical therapy education: a mixed methods design. Bmc Medical Education, 14(1), 117.
Matsuno, S. (2009). Self-, peer-, and teacher-assessments in Japanese university EFL writing classrooms. Language Testing, 26, 75e100.
McMahon, T. (2010). Combining peer-assessment with negotiated learning activities on a day-release undergraduate-level certificate course (ECTS level 3). Assessment &

Evaluation in Higher Education, 35(2), 223e239.
Miller, D., Topping, K., & Thurston, A. (2010). Peer tutoring in reading: the effects of role and organization on two dimensions of self-esteem. British Journal of Educational

Psychology, 80(3), 417e433.
Mokhtari, K., & Reichard, C. A. (2002). Assessing students' meta-cognitive awareness of reading strategies. Journal of Educational Psychology, 94(2), 249e259.
Ng, E. M. W. (2014). Using a mixed research method to evaluate the effectiveness of formative assessment in supporting student teachers' wiki authoring. Computers &

Education, 73, 141e148.
Nicolaidou, I. (2013). E-portfolios supporting primary students' writing performance and peer feedback. Computers & Education, 68, 404e415.
Ogata, H., Saito, N. A., Paredes, J. R. G., San Martin, G. A., & Yano, Y. (2008). Supporting classroom activities with the BSUL system. Educational Technology & Society, 11(1), 1e16.
Paas, F., Renkl, A., & Sweller, J. (2003). Cognitive load theory and instructional design: recent developments. Educational Psychologist, 38(1), 1e4.
Peng, H. Y., Su, Y. J., Chou, C., & Tsai, C. C. (2009). Ubiquitous knowledge construction: mobile learning re-defined and a conceptual framework. Innovations in Education and

Teaching International, 46(2), 171e183.
Piirto, J. (2011). Creativity for 21st century skills: How to embed creativity into the curriculum. Sense Publishers.
Pintrich, P. R. (2003). A motivational science perspective on the role of student motivation in learning and teaching contexts. Journal of Educational Psychology, 95, 667e686.
Prins, F. J., Sluijsmans, D. M. A., Kirschner, P. A., & Srijbos, J. W. (2005). Formative peer assessment in a CSCL environment: a case study. Assessment and Evaluation in Higher

Education, 30(4), 417e444.
Sandberg, J., Maris, M., & Hoogendoorn, P. (2014). The added value of a gaming context and intelligent adaptation for a mobile learning application for vocabulary learning.

Computers & Education, 76(0), 119e130.
Schraw, G., & Dennison, R. S. (1994). Assessing meta-cognitive awareness. Contemporary Educational Psychology, 19(4), 460e475.
Schunk, D. H., Pintrich, P. R., & Meece, J. L. (2008). Motivation in education: Theory, research, and applications. Pearson/Merrill Prentice Hall.
Segrist, K., & Schoonaert, K. (2006). Skills-building assessment of service-focused wellness assistantships. Educational Gerontology, 32(3), 185e201.
Shih, J. L., Chuang, C. W., & Hwang, G. J. (2010). An inquiry-based Mobile learning approach to enhancing social science learning effectiveness. Educational Technology &

Society, 13(4), 50e62.
Su, F., & Beaumont, C. (2010). Evaluating the use of a wiki for collaborative learning. Innovations in Education and Teaching International, 47(4), 417e431.
Sung, H. Y., Hwang, G. J., Liu, S. Y., & Chiu, I. H. (2014). A prompt-based annotation approach to conducting mobile learning activities for architecture design courses. Computers

& Education, 76, 80e90.
Sutopo, & Waldrip, B. (2014). Impact of a representational approach on students' reasoning and conceptual understanding in learning mechanics. International Journal of

Science and Mathematics Education, 12(4), 741e765.
Sweller, J., van Merrienboer, J. J. G., & Paas, F. G. W. C. (1998). Cognitive architecture and instructional design. Educational Psychology Review, 10(3), 251e296.
Topping, K. (1998). Peer assessment between students in colleges and universities. Review of Educational Research, 68(3), 249e276.
Tsai, C. C., & Liang, J. C. (2009). The development of science activities via on-line peer assessment: the role of scientific epistemological views. Instructional Science, 37(3),

293e310.
Tseng, S. C., & Tsai, C. C. (2010). Taiwan college students' self-efficacy and motivation of learning in online peer assessment environments. The Internet and Higher Education,

13, 164e169.
Tsivitanidou, O., Zacharia, Z. C., Hovardas, T., & Nicolaou, A. (2012). Peer assessment among secondary school students: Introducing a peer feedback tool in the context of a

computer supported inquiry learning environment in science. Journal of Computers in Mathematics and Science Teaching, 31(4), 433e465.
Tsuei, M. (2012). Using synchronous peer tutoring system to promote elementary students' learning in mathematics. Computers & Education, 58(4), 1171e1182.
Wang, S. L., & Wu, P. Y. (2008). The role of feedback and self-efficacy on web-based learning: the social cognitive perspective. Computers & Education, 51(4), 1589e1598.
Wen, M. L., & Tsai, C. C. (2008). Online peer assessment in an in-service science and mathematics teacher education course. Teaching in Higher Education, 13(1), 55e67.
Wu, P. H., Hwang, G. J., Milrad, M., Ke, H. R., & Huang, Y. M. (2012). An innovative concept map approach for improving students' learning performance with an instant

feedback mechanism. British Journal of Educational Technology, 43(2), 217e232.
Xiao, Y., & Lucking, R. (2008). The impact of two types of peer assessment on students' performance and satisfaction within a Wiki environment. The Internet and Higher

Education, 11(3e4), 186e193.
Yang, Y. F. (2010). Students' reflection on online self-correction and peer review to improve writing. Computers & Education, 55(3), 1202e1210.
Yang, M., Badger, R., & Yu, Z. (2006). A comparative study of peer and teacher feedback in a Chinese EFL writing class. Journal of Second Language Writing, 15(3),

179e200.
Yang, H. L., & Cheng, H. H. (2010). Creativity of student information system projects: from the perspective of network embeddedness. Computers & Education, 54(1),

209e221.
Yang, Y. T. C., Gamble, J. H., Hung, Y. W., & Lin, T. Y. (2014). An online adaptive learning environment for critical-thinking-infused English literacy instruction. British Journal of

Educational Technology, 45(4), 723e747.
Yang, J. C., & Lin, Y. L. (2010). Development and evaluation of an interactive mobile learning environment with shared display groupware. Educational Technology & Society,

13(1), 195e207.
Yu, F. Y. (2011). Multiple peer-assessment modes to augment online student question-generation processes. Computers & Education, 56(2), 484e494.
Yu, F. Y., Liu, Y. H., & Chan, T. W. (2005). A web-based learning system for question-posing and peer assessment. Innovations in Education and Teaching International, 42(4),

337e348.
Yu, F. Y., & Wu, C. P. (2013). Predictive effects of online peer feedback types on performance quality. Educational Technology & Society, 16(1), 332e341.
Zhang, B., Looi, C. K., Seow, P., Chia, G., Wong, L. H., Chen, W., et al. (2010). Deconstructing and reconstructing: transforming primary science learning via a mobilized

curriculum. Computers & Education, 55(4), 1504e1523.

http://refhub.elsevier.com/S0360-1315(15)00063-9/sref29
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref29
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref30
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref30
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref31
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref31
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref31
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref31
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref32
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref32
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref32
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref32
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref33
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref33
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref34
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref34
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref34
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref34
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref35
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref35
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref36
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref36
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref36
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref37
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref37
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref37
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref37
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref38
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref38
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref38
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref38
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref39
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref39
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref39
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref40
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref40
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref40
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref41
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref41
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref42
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref42
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref43
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref43
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref43
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref44
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref44
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref44
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref45
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref45
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref46
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref46
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref46
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref47
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref47
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref47
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref48
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref48
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref48
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref49
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref49
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref50
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref50
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref50
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref51
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref52
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref52
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref53
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref53
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref53
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref54
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref54
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref54
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref54
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref55
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref55
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref56
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref57
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref57
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref58
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref58
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref58
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref59
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref59
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref60
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref60
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref60
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref61
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref61
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref61
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref62
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref62
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref63
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref63
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref64
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref64
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref64
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref65
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref65
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref65
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref66
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref66
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref66
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref67
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref67
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref67
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref68
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref68
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref68
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref69
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref69
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref70
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref70
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref70
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref71
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref71
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref71
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref71
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref72
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref72
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref72
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref73
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref73
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref73
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref74
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref74
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref74
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref74
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref75
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref75
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref75
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref76
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref76
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref76
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref76
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref77
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref77
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref77
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref78
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref78
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref78
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref79
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref79
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref79
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref80
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref80
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref80
http://refhub.elsevier.com/S0360-1315(15)00063-9/sref80

	An interactive peer-assessment criteria development approach to improving students' art design performance using handheld d ...
	1. Introduction
	2. Literature review
	2.1. Peer assessment
	2.2. Mobile technology-enhanced learning

	3. Mobile learning system based on a formative criteria development approach
	4. Experiment design
	4.1. Participants
	4.2. Rubrics for evaluating posters
	4.3. Experimental procedure
	4.4. Instruments

	5. Experimental results
	5.1. Analysis of learning achievement
	5.2. Learning motivation
	5.3. Meta-cognitive awareness
	5.4. Cognitive load

	6. Discussion and conclusions
	Acknowledgments
	Appendix. Questionnaire items
	Learning motivation
	Meta-cognitive awareness
	Cognitive load

	References


