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Abstract

Purpose — The purpose of this paper is to investigate the process and interaction among group
members using wikis to produce collaborative writing (CW) projects, and to compare their
collaborative behavior among students at different levels of education.
Design/methodology/approach — The study investigated the participation and collaboration of
Hong Kong primary school, secondary school, and university students in the process of developing
their wiki-based CW projects. Both qualitative and quantitative data were obtained from analyzing the
revision histories and the content of wiki pages.

Findings — Results indicated that the level of education significantly affected student CW actions, and
their interaction and coordination behavior to co-construct the work. Also, the frequency of
collaborative activities varied noticeably among the primary, secondary, and university students.
Practical implications — The study enriches our understanding of the complex and dynamic
process of CW using wikis. It has practical implications on why and how the pedagogy and technology
should be implemented differentially for the students at three different levels of education to facilitate
collaborative knowledge construction.

Originality/value — Research to date is still lacking an in-depth knowledge about the processes and
activities involved when students write collaboratively on wikis. Also, no study has yet compared the
collaborative behavior among students at different levels of education. The results of this study
contribute to the development of new and appropriate modes of group-based collaborative learning at
all levels of the education system for the twenty-first century.

Keywords Wiki, Collaborative behaviour, Collaborative writing, Social media adoption

Paper type Research paper

Introduction

Wikis, as a well-recognized social media tool, have been gaining momentum and
popularity in the educational sector ever since they made their debut in the early 1990s.
Educators have seen in them a multitude of possibilities for teaching and learning

This work was supported by the National Natural Science Foundation of China fund
(No. 71572050) and the Guangdong Graduate Education Innovation Project fund (No. 2016XSLT17).
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across disciplines and levels of education, especially regarding their potential with
the rapidly growing wiki applications in collaborative knowledge construction
(Caverly and Ward, 2008). One particularly popular use of the wiki is as a tool for
collaborative writing (CW), in which two or more authors share responsibility for the
creation of a single document (Dillon, 1993). So far, the use of wikis for CW varies
widely, ranging from story writing among students in the language classroom
(e.g. Castafieda and Cho, 2013) to group report writing in inquiry-based projects
(e.g. Biasutti and EL-Deghaidy, 2015), at all levels of education, from primary school
pupils to university students. The potential of the wiki as a CW tool has attracted the
attention of researchers in recent years. An emergent body of research has been done
on wiki-based CW, focussing on its design, implementation, and impact on
collaborative knowledge construction (e.g. Hadjerrouit, 2014).

Despite these studies, there is still a dearth of in-depth knowledge about the processes
and activities involved in students interacting with and learning from each other when
they write collaboratively on wikis. Since CW on wikis is a social act involving a number
of people, it is a complex and dynamic process consisting of individual writing actions as
well as group dynamics (such as how the work is distributed and coordinated
among group members, and how members interact and communicate with each other to
co-construct the work). It is important to have a clear understanding of the collaborative
activities involving both content input actions and comment actions on wikis in the CW
process, in order to guide the effective and efficient design and implementation of
collaborative knowledge construction. In addition, no study has yet compared students’
collaborative behavior at different levels of the education system. This paper therefore
presents an exploratory study of wiki-based CW among primary school students,
secondary school students, and university students in Hong Kong. The purpose of the
study was to examine the behavior of students in wiki-based CW process at different
levels of the education system. Based on data drawn from the students’ group report
revision and comment history on wikis, the study aimed to evaluate and compare the
participation and collaboration of students at each of (and among) the three levels of
education, and to understand the collaborative activities (i.e. patterns and frequencies
of mput/comment actions), and the distribution and coordination of work among group
members in co-developing the CW projects on wikis.

Literature review

CW has long been used in a wide range of educational settings (e.g. Speck et al., 1999).
Its pedagogical value is rooted in social constructivist theories of learning. Grounded in
the work of Vygotsky and Bruner, social constructivism views cognitive development
as a socially situated process (Kim, 2001). Individuals build on their knowledge and
skills through social interaction with more capable others, who provide them with the
assistance they need to go beyond their existing levels of development. Such assistance
1s now commonly referred to in the literature as “scaffolding,” a metaphor introduced
by Wood et al. (1976). In a classroom context, scaffolding can be provided not only by
teachers but also by peers. Research has shown that people engaging in pair or group
work are able to support each other in the processes of information seeking (Shah and
Marchionini, 2010), information retrieval (Mohammad ef al,, 2015), knowledge building
(Lai and Law, 2006), critical thinking (Sharma and Hannafin, 2005), problem solving
(Fawcett and Garton, 2005), and language acquisition (Donato, 1994). Accordingly,
learners should be given the opportunity to participate in activities that encourage
social interaction and peer-influenced learning.

CW with
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CW is a typical example of these collaborative activities. It involves multiple
learners in the co-production of different aspects of the writing, ranging from content,
structure, and language usage. Also, it introduces collaboration between a group of
learners from the early stage of planning to the later stage of revising and editing.
In the initial stage, CW provides the opportunities for collective brainstorming through
interacting and commenting on each other’s work, which facilitates idea development
and enhances creative writing (Vass ef al, 2008). Unlike individual writing, CW affords
the learners to review the co-created texts and generate feedback for their peers to
improve the organization and mechanics of the writing. The extent and intensity of
these collaborative editing process enhances the effectiveness of knowledge building
(Swain, 2006). Empirical studies have indicated that the products co-created by CW had
higher grammatical and lexical accuracy (Dobao and Blum, 2013) and greater linguistic
complexity (Storch, 2005), compared with the individually written products.

Besides collaborative activities, previous studies have also investigated the work
distributed and coordinated among the collaborating group members by means of the
division of labor in the CW process. Morris and Horvitz (2007) highlighted that the
collaborative process enables individuals with different sets of skills to pool their
individual resources and contribute their strengths based on the division of labor,
thereby fostering effective task accomplishment. According to Lowry ef al (2004), there
are five different forms of distributing and coordinating work in CW: single-author
writing — one group member writes as a representative for the entire group; sequential
single writing — each group member is assigned a portion of the document, writes his or
her portion and then passes the document onto the next group member; parallel writing
— a group divides the writing into separate parts, and all members work on their
assigned parts at the same time; reactive writing — group members react to and revise
each other’s contributions to develop their product; and mixed mode — a combination of
two or more of the patterns described above.

The emergence of wiki technology has opened up new possibilities for implementing
collaborative learning (Carroll ef al., 2013; Li et al, 2014). Many online platforms have
been developed and implemented to allow multiple learners to co-create and co-edit the
web content collectively through a web browser, such as Search-Together (Morris and
Horvitz, 2007), ClassSearch (Moraveji et al., 2011), Classroom Wiki (Khandaker and Soh,
2010), MediaWiki (Hadjerrouit, 2011), and Wikispaces (Lee, 2013). These wiki-based
CW tools (or wikis in short) provide users with synchronous access, version control,
change tracking, and comment functionalities, which are beneficial to the collaborating
writers (No€l and Robert, 2004). Easily accessible and functional, a wiki is seen as a
viable tool to extend CW beyond the confines of the traditional classroom. It provides a
virtual platform for collaborating learners to have immediate access to the latest
version of their joint written work and serves as a ubiquitous means of coordinating
their writing efforts. At the same time, educators can make use of the same platform to
access every version of the students’ developing work and offer appropriate support
and scaffolding without the constraints of time and space. This makes the study of the
wiki’s educational potential rather important.

However, research on the educational use of wikis in CW is limited. Most of the
existing studies seem to fall into two categories. The first category of research is
prescriptive, with a focus on the pedagogical design, implementation and evaluation of
wiki-based CW. The second category of research is exploratory, with the general aim of
observing and analyzing the interplay between learners and the wiki's CW
environment. It constitutes most of the current research, with active contributions
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from various fields of education. Our review of this growing body of research has CW with
shown an intricate and dynamic picture of wiki-based CW in the classroom. Its findings wikis
have offered insights into the use of wikis in CW from three perspectives: students’
perceptions, written products, and writing processes. Table I outlines existing
prescriptive and exploratory studies on the educational use of wikis.
A sizable amount of research has been conducted to investigate students’
perceptions of the use of wikis in CW. Much of the research has shown that students 383
tend to have positive views of CW with wikis (Mirk et al, 2010). They considered wikis
as useful tools for facilitating better writing (Elola and Oskoz, 2010), team interaction
(Woo et al, 2011), and intragroup collaboration (Chao and Lo, 2009). In comparison,
research is less conclusive concerning the effects of wiki-based CW on students’ written
Prescriptive study Exploratory study
Perception A CW approach to wiki development based Wiki enhanced organization and the
on rapid prototyping was proposed and reflective aspect of learning, and facilitated
found to support discussion and information mutual learning (Wang et al., 2013)
sharing (Hadjerrouit, 2011)
Students showed positive perceptions of the Wiki improved teamwork and supported
implementation of a wiki-based CW project collaborative learning (Woo ef al., 2011)
with a five-stage writing process (Chao and Students showed positive attitudes toward
Lo, 2009) collaborative use of a wiki (Mirk ef al., 2010)
Wiki enriched the content and structure of
writing (Elola and Oskoz, 2010)
Written A VSP.O.W CW approach was Students produced longer and more
product  implemented and found to be conducive to coherent texts during CW on wikis
linguistic skills enhancement among the (Mak and Coniam, 2008)
students (Wong ef al., 2011)
The implementation of classroom wiki was The texts collaboratively produced on wikis
shown to improve students’ attainment of  tended to be longer and more accurate than
collaborative learning outcomes and the texts produced by individuals (Liou and
facilitate teachers’ assessment of students’ Lee, 2011)
writing contributions (Khandaker and CW with wikis contributed to significantly
Soh, 2010) higher levels of writing quality and user
satisfaction with the writing output,
compared with writing in MS Word (Shu
and Chuang, 2012)
Writing  Survey grids and ad hoc formulae were Three patterns of wiki interaction were
process developed to evaluate the students’ identified among small online writing
wiki participation and contribution groups: collectively contributing/mutually
(Trentin, 2009) supportive, authoritative/responsive, and
dominant/withdrawn (Li and Zhu, 2013)
Hazari et al. (2009) explored the pedagogical Only a minority of students made most of
effectiveness of using wiki in terms of the comments contributed and interacted
learning/pedagogy, motivation, group with group members through the comment
interaction, and technology, and provided function (Judd ef al, 2010)
the best practice of using wiki to develop
pedagogically effective CW environments
Meishar-Tal and Gorsky (2010) used a
refined taxonomy to categorize the actions
performed on wikis, and revealed that the Table L.
students mostly added content to the wikis Educational use
but rarely deleted the existing content of wikis
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products. There is still not enough research into the topic to make any significant
generalizations. Nevertheless, a few studies have suggested that wikis have the
potential to enhance the writing output of collaborating learners in terms of length
(Mak and Coniam, 2008; Liou and Lee, 2011), quality (Shu and Chuang, 2012), coherence
(Mak and Coniam, 2008), and accuracy (Liou and Lee, 2011). Research on the processes
involved in students’ CW with wikis is equally limited. Most available studies have
been conducted in the fields of first and second language learning, with a common
focus on the activities and interactions of learners in relation to different elements and
stages of writing (e.g. Hazari et al, 2009; Li and Zhu, 2013). Only recently researchers
have started to investigate how students act and interact in the CW environment with
wikis (Judd et al, 2010; Meishar-Tal and Gorsky, 2010).

The literature shows that research on wiki-based CW and group learning has been
dominated by perception-based studies and empirical research mostly at the university
level. Very little work has been done on students’ collaborative activities and
coordination patterns during the process of CW, especially at the primary and secondary
school levels. Moreover, no research has been conducted to compare the use of wikis in
CW at all three levels of education. The present cross-education-level comparison study
attempted to fill the research gap by examining and comparing how these different levels
of student groups engaged in the process of CW on wikis. Using a mixture of qualitative
and quantitative data derived from the students’ input and comment actions and group
dynamics (rather than perceptions) on wikis, the study aimed to gain a genuine
understanding of the students’ collaborative activities and coordination patterns in
co-developing their group projects using wikis at “all three levels of education.

Research method

Research questions

This study examined how Hong Kong primary school, secondary school, and
university students participated and collaborated in completing their wiki-based CW
projects. Since the CW process involves individual report writing actions as well as
group dynamics, the study aimed to answer the following four main questions:

(1) What are the patterns of input action performed by the students at different
levels of education?

(2) What are the patterns of comment action performed by the students at different
levels of education?

(3) How do these students distribute and coordinate their writing work among
group members?

(4) What are the frequencies of these collaborative activities involving input and
comment actions, and how have they evolved in the CW process?

Participants and settings

The study involved participants (z = 68) from all three levels of the education system in
Hong Kong: primary school (five groups, n=21), secondary school (five groups,
n=25), and university (four groups, # = 22). The participants were randomly divided
into either four or five groups depending on their total number. They were required to
conduct a group project and write their project reports on wikis. They were instructed
to use either PBworks (http://pbworks.com/) or Google Sites (http://sites.google.com/) to
produce and co-construct their group projects in English. The CW process was done
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during the school lessons and at home, but the students were asked to access wikis
individually at all times and to participate asynchronously as much as possible to avoid
loss of concurrent updates. The primary school students undertook two-month English
writing group projects from May to June 2011. The secondary school students worked
on Liberal Studies group projects from November 2010 to April 2011. The university
students were engaged in Knowledge Management group projects from January 2011
to April 2011. All of them were guided and assisted by their subject teacher during the
course of the projects.

Data collection and coding

Two kinds of student-contributed wiki content were collected and analyzed in the
study: students’ input in their group projects, and students’ comment on their group
projects. These two types of data were automatically recorded and made available on
their group wikis by means of the built-in functions of PBworks and Google Sites.

The input from individual students was accessed through wiki's revision history
function, which allowed direct access to all the previous versions of a wiki page, and
detailed every change made to the page. Also, the comment that each student in
the group wrote and the replies on each wiki page were all kept and accessible on wikis by
the comment function. Three types of imput and comment data can be captured
on students’ wiki projects: the name of the student making each change, the date and time a
change was made, and the content of a specific change made. These data were used to
analyze the type, amount, and frequency of students’ input actions and corresponding
comment actions performed in the process of co-developing their group projects using wikis.

Coding of input actions. Based on Meishar-Tal and Gorsky’s (2010) action taxonomy,
which was derived from Pfeil et al’s (2006) categories of change, the student input actions
performed on wikis were classified into eight categories, namely “adding,” “moving,” and
“deleting” actions on a sentence, and editing “grammar,” “words,” “images,” “links,”
and “format” actions within a sentence. These eight categories were further classified
as either high-level or low-level input actions. High-level input actions refer to more
advanced editing process which involves both review and revision of the structure and
content of the writing, whereas low-level input actions refer to elementary input process
which consist of either the addition of the new information (e.g. text, image, link) or
formatting changes. A diagram of the modified taxonomy of input actions is illustrated in
Figure 1. This modified taxonomy offered a hierarchical and cross-disciplinary model for
classifying CW actions on wikis, and was adopted in the study to measure students’
input actions in the process of co-developing their group projects using wikis. The data of
students’ input actions were analyzed to assess how much and how often students
had contributed directly to the content of their group project on wikis, as well as their
coordination patterns during the CW process.

Coding of comment actions. Comment actions performed by the students were
classified using a content analysis coding scheme adapted from the work of Judd et al.
(2010). As described in Table II, this scheme consisted of two main categories: “Nature”
and “Target” of the comment actions, with a total of six sub-categories: namely
commenting on the “Content,” “Form,” and “Work” nature; and commenting to the
“Individual,” “Group,” and “Reply” target. The data of students’ comment actions were
analyzed to understand the patterns of interaction among group members and the
frequency of collaborative activities involving comment actions in the process of
co-developing their group projects using wikis.

CW with
wikis
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Figure 1.

Categories of input

action on wiki

Table II.
Categories of
comment action
on wiki

@ High-level action
D Low-level action

Within
Sentence

On
Sentence

Deleting

Editing

Grammar

Category Description

Nature of comment action

Content A comment on the selection, organization, and presentation of ideas

Form A comment on the mechanical aspects of writing, such as grammar, spelling, and format
Work A comment on the communication and coordination of group work

Target of comment action

Individual A comment addressed to an individual group member
Group A comment addressed to the whole group

Reply A comment written in response to another comment

To ensure the validity and reliability of the study, two coders were hired to code the
students’ inputs and comments on their wiki-based group projects, based on the
abovementioned two coding schemes adapted from prior studies. One coder was
responsible for the primary school and university students’ data, and the other one
coded the secondary school students’ data. They each worked independently. To
ensure the reliability of their coding, the first coder randomly selected and coded
20 percent of the data for which the second coder was responsible. Inter-rater
agreement was 86 percent. Since the coding schemes were quite straightforward, the
discrepancies between the earlier and the later coders were largely due to coding
mistakes. The two coders were then asked to recode their own responsible data set.
After this round of recoding (correction of mistakes), 91 percent inter-rater agreement
was reached following the first round of the reliability testing method. The corrected
full data set was then used for empirical analysis.
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Findings and discussion CW with
Patterns of input action wikis
In general, the university students seemed to write more and write more frequently on

their wiki-based group reports than did the secondary and primary school students. On

a monthly average, they performed over 15 input actions, while the secondary and

primary school students only performed 4.15 and 1.47 input actions, respectively.

Following the coding scheme illustrated in Figure 1, the student’s input actions on their 387
group wikis were characterized by the addition of sentences and editorial changes, in
which “adding” on sentences, and editing “images,” “format”, and “links” within
sentences are low-level input actions, while “moving” and “deleting” on sentences, and
editing “words” and “grammar” within sentences are high-level input actions.
As shown in Table III, the one-way between-group analysis of variance (ANOVA) tests
suggested that there were significant differences in both high-level input actions
(F12, 65)=31.9, p=0.000) and low-level input actions (F(2, 65)=24.26, p = 0.000)
between primary school, secondary school, and university students.

In addition, the within-group two-sample ¢-tests shown in Table III suggest that both
primary school students (f=-2.78, p=0.012) and secondary school students
(t=-297, p =0.007) performed significantly more low-level actions than high-level
actions, but no significant difference was observed for the university students.
The detailed distribution of the eight categories of student input actions illustrated
in Figure 2 is consistent with the above findings. In particular, the two most frequently
performed input actions by primary school students were both low-level actions, such
as editing “format” within sentences and “adding” on sentences, which constituted over
72 percent of the total number of CW actions performed. However, more than half of the
university students (55 percent) performed high-level actions like “moving” and
“deleting” on sentences, and editing “words” and “grammar” within sentences.
Secondary school students seemed to stay in the middle, with 42 percent of them made
high-level actions. These findings suggest that level of education has a significant
impact on students’ collaborative input actions, with students at the higher level of
education more likely to focus on high-level input actions.

In addition to the above significantly different high-level and low-level input actions
found among the students at the different education levels, we also observed some
general activity tendencies in the study. First, students at all three levels of education
tended to add rather than delete text in the process of CW on wikis. The same tendency
was noted by Meishar-Tal and Gorsky (2010) in their respective studies of university
students. Second, when writing the wiki-based group reports, both secondary and
university students were inclined to focus their content editing efforts on words rather

Mean (SD)*

Primary school Secondary school University ANOVA
Input action (n=21) (n=25) (n=22) (between group)
High level 0.40 (0.83) 1.76 (2.06) 822 (5.63) 31.90
Low level 1.07 (1.45) 2.39 (2.02) 6.86 (4.36) 24.26 ek
t-test (within
group) -2.78 * —2.97 ** 171
Notes: *Monthly mean value was used here because of the varying time taken by the primary, Table III.
secondary, and university students to complete their group projects; *p < 0.05; **p <0.01; Comparison of

¥ < 0.001 student input actions
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Figure 2.
Student input
actions by category

Monthly average of student input actions

A

A A — =

1 Adding (%) | Deleting (%) | Moving (%) | Format (%) |Grammar (%)| Words (%) | Images (%) | Links (%)
®Primary | 3056 | 323 | 000 | 4210 | 1766 | 645 | 000 | 000
mSecondary] 3291 | 899 | 161 | 1878 305 | 2873 | 337 | 257
@University | 3459 | 1485 | 294 | 874 859 | 2811 | 0.38 1.81

than format, while the opposite was the case for the primary school students.
Third, both secondary and university (but not primary) students seldom edited
their group wikis for grammatical errors. The relative absence of grammatical
corrections corroborates a similar finding by Mak and Coniam (2008) among secondary
school students.

One potential factor influencing our results may lie in the nature of the wiki-based
CW task the students were assigned to perform in the study. For the secondary school
and university students, the group reports they wrote on wikis were the end products
of their liberal studies or knowledge management projects, which accounted for part of
their subjects’ final grades. In such a context, report writing was not viewed as a
language task but as part of a subject-based research project. Accordingly, the
secondary school and university students gave priority to the content over the form as
they collaborated on their written reports. They focussed their efforts on adding and
editing text but paid little attention to the mechanics of writing, as demonstrated
in their activity tendencies. In the case of the primary school students, however,
the wiki-based CW project was an English assignment and would not count toward
their final grades. Therefore, the students had less incentive to focus on content.
Also, the fact that it was an English assignment probably explains why the primary
school students engaged more in grammatical actions compared with the secondary
school and university students in the study.

Patterns of comment action
There was evidence that the group members had interacted and communicated through
the wiki comment facility in the process of their project report writing. In the study,
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a different pattern of comment actions among the group members was observed at the
three levels of education. As a result, the type and amount of wiki comments made by
members to complete their group projects and the distribution of these comment actions
were analyzed. Following the classification defined in Table II, the students’ comment
actions on wikis were classified as commenting on the “Content,” “Form,” and “Work,”
and commenting to the “Individual,” “Group,” and “Reply,” of which the first three types
were the “Nature” of comment actions and the latter three were the “Target” of comment
actions. As shown in Table IV, the between-group ANOVA tests suggested that the
comment actions made by the primary school, secondary school, and university students
on their group work was significantly different, particularly with respect to comments
relating to form (F(2, 65) = 3.4, p = 0.04) and work (F12, 65) = 3.44, p = 0.038), as well as to
group (F2, 65)=3.22, p=0.046) and reply (F12, 65)=4.28, p=0.02). In addition, the
within-group ANOVA tests suggested that the primary school students focussed their
comment actions significantly more on the wiki content and form than on their group
work (F(2, 19) =11.69, p = 0.000), while both secondary school (F12, 23) =5.8, p = 0.009)
and university (F(2, 20)=825, p=0.002) students focussed their comment actions
significantly more on the wiki content than on form and their group work. Also, among
the primary school students there were significant differences between the number of
comments targeting at the individual, group, and reply (F12, 19) = 5.37, p = 0.014), while
for both secondary school and university students there were no significant differences
concerning the target of their comments.

Since the time taken by the students at different levels of education to complete their
wiki-based group projects varied, we analyzed the detailed distribution of the group
comment actions using a monthly average. The five groups of primary school students
posted a total of 39 comments, with an average of 7.8 comments per group, of which
content and form constituted over 60 percent. The five groups of secondary school students
posted a total of 178 comments, with an average of 35.6 comments per group, of which
31.2 percent concerned content and 26.7 percent were targeted at the group. Similar to
the secondary school students, the four groups of university students posted a total of

Mean (SD)?
Comment Primary school Secondary school University ANOVA
action (n=21) (n=25) (n=22) (between group)
Nature of comment action
Content 0.48 (0.56) 0.74 (0.78) 097 (1.15) 172
Form 043 (0.62) 0.17 (0.46) 0.08 (0.19) 3.40%*
Work 0.00 (0.00) 0.27 (0.49) 018 (0.34) 3.44%
ANOVA
(within group) 11.69%** 5.80%* 8.25%*
Target of comment action
Individual 0.43 (0.46) 0.32 (0.59) 0.31 (0.41) 0.40
Group 0.10 (0.20) 0.63 (0.86) 066 (1.11) 3.20%
Reply 0.05 (0.22) 0.23 (0.37) 0.40 (0.53) 4.28*
ANOVA
(within group) 5.37* 2.59 1.89

Notes: *Monthly mean value was used here because of the varying time taken by the primary,
secondary, and university students to complete their group projects; *p < 0.05; **p < 0.01;
#k p < 0.001
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Figure 3.
Group comment
actions by category

111 comments, with an average of 27.8 comments per group, of which 37.3 percent
concerned content and 25.4 percent were targeted at the group. As illustrated in Figure 3,
both secondary school and university students much preferred to focus their comment
actions on content over form and work. The primary school students, however, focussed
their comment actions largely on content and form, but not at all on work. In terms of the
target of comments, the primary school students mainly addressed their comments to an
individual group member, while both secondary school and university students’ comments
were mostly addressed to the whole group. The predominance of students’ commenting on
“Content” and targeting at “Group” (except at the primary school level) was an indication
that students engaged in effective online communication to exchange ideas among group
members. The result further suggests that level of education seemed to have affected not
only the degree of interaction but also the effectiveness of collaboration.

It is important to note that the students’ comment actions do not provide a complete
picture of their collaboration in the wiki-based report writing process. As they
collaborated on their group reports, they used more than the comment facility on wikis
to interact and communicate with their group members. These comments on the group
wikis indicated that the students made use of telephones and e-mails to support their
CW on wikis. Each group was also given classroom time to work on their report and
meet face to face regularly in school. The collaborative activities that the students
engaged in through those combined means of interaction and communication were not
included in the present analysis. Thus, the patterns of comment actions reported in this
study should be treated with great caution. However, the results of this study are an
indication of the extent to which the students interacted and collaborated with each
other through the commenting facility on wikis.

Work distribution and coordination
During the CW process, group members divide their writing tasks into smaller parts,
allowing individual members to pool their resources and contribute their strengths

Monthly average of group comments

Content Form Work Individual Group Reply

Nature of comment action (%) Target of comment action (%)
(@Primary | 3115 | 2951 0.00 29.51 6.56 3.28
Secondary 3118 |  7.30 1152 | 1348 26.69 9.83

|@ University 37.28 ' 3.07 ’ 7.02 11.84 | 2544 15.35
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based on the division of labor. Hence, the coordination among the collaborating group
members of the CW projects in our study was indicated by: the distribution of input
actions among group members, and the proportion of input actions performed on
individual sections of the project reports by group members. The results of our study
suggest that the writing of the wiki-based group reports was not evenly distributed
among the students in each group, with the greatest disparity among the group
members at the primary school level, less so at the secondary school level, and the least
at the university level. Primary school students were observed to have coordinated less
among group members than secondary school students, and even less so than
university students.

As illustrated in Figure 4, all five primary school student projects were completed by
two members in the group, involving only half or even less than half of the
group members. The other three members made no contribution to the group report.
Over 83 percent of the input actions in three of the five groups were performed by only
one student in the group. In the other two groups, student A of Group 2 contributed
twice as much input as student C of the same group, while student B of Group 1
performed three times more input actions concerning adding and deleting sentences
than student C of the same group, whose primary action (81 percent) was editing
within sentences (see the cross-tab of Figure 4). In addition, the study found that
89.2-100 percent of the project report was written by a single author in the primary
school student groups.

For the secondary school students, all members in each group contributed their
mput in the wiki projects, with student E in Group 1 the least active contributor,
making only one input (less than 2 percent of the group input), and student B in Group
4 the most active contributor, making 117 input actions (over 44 percent of the group
work). As noted in Figure 5, two or three group members tended to contribute more
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students’ individual
input actions
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Figure 5.
Secondary school
students’ individual
input actions
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than 70 percent of the input actions on each wiki project. A similar disproportion was
also evident in the number of actions each student performed on individual sections of
the group report. In three of the five groups, at least 75 percent of the report sections
were the work of not more than three members. In the other two groups, this percentage
was as much as 42 percent. In addition, the detailed number of student input actions on
each report section suggested that each section was written by one or more members of
the group. Members divided and coordinated the report writing task within the group,
with each member focussing more or less on different sections of the report. Also, the
group leaders were found to be the key contributors among group members, except for
Group 3. Their contributions were relatively large, both in terms of the number of
actions they performed and the number of report sections they worked on.

It is noticeable in Figure 6 that the uneven distribution of input actions among the
group members at the university level was less than that among the primary and
secondary school student groups. Members in each of the university groups all
contributed their input in the wiki projects. The lowest number of input actions was
that of student E of Group 3, which constituted 5.36 percent (12 actions) of the group
work, while the most active person, student B of Group 1, contributed 142 input
actions, constituting 27 percent of the group work. Except for Group 3, in which
student E alone performed 110 input actions (49 percent of the group work), the work
distribution in the other three groups was more equally spread among the group
members. The detailed work distribution of the students for each report section also
suggested more equal division of labor among group members at the university level
than that among the secondary school group members. As a result, over 65 percent of
the report sections involved contributions from three or more members in the
university student groups. This finding suggests that members need to coordinate
their work more effectively in order to complete a group project. For instance, as a
given member writes a section, others in the group may review the section and create
new sections in response.
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actions

The results of our study suggest that student groups at the different level of education
demonstrated different patterns of coordination. The “single-author writing” pattern
characterized as a large proportion of the wiki report written by only one group
member were typically seen in the primary school student group projects, as this type
of coordination involves the minimum activities of planning, drafting, and revising, and
usually occurs when the writing task is simple. The secondary school students
appeared to have the “parallel writing” characteristic in coordinating and
co-constructing their group work. Almost all the groups divided up the writing of
their reports, with one or more students responsible for an individual section of the
report. The writing actions of the university student groups were more evenly
distributed, showing a more even division of labor than that of the secondary and
primary school student groups. The university students in our study tended to have a
combination of the “parallel writing” and “reactive writing” characteristic. Even
without an assigned group leader, some students seemed to take up more than one role
within the group, serving in parallel as writers, editors, and reviewers during the report
writing process. Compared to the primary school and secondary school students, the
university school students also reacted and responded more to each other’s comments
during the project development process (see also Table IV and Figure 3).

Frequency of collaborative activities

Collaborative activities on wikis refer to both input actions and comment actions. The
frequency of these collaborative activities varied across the three educational levels,
with the primary school students having the lowest level of collaborative activities and
the university students having the highest level of collaborative activities. As shown
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Table V.

Monthly frequency
of collaborative
activities

in Table V, the majority of the primary (53.4 percent) and secondary (52.0 percent)
school students performed input actions less than once a month. On the other hand, the
majority of the university students performed input actions (86.4 percent) and made
comments (40.9 percent) twice or more than twice a month, which indicated that their
participation frequency was much higher than that of the primary and secondary
school student groups. The, generally, low frequency of collaborative activities each
month at all three educational levels in our study indicates that, although the wiki is
said to be an effective CW tool, its actual use by students may not be as satisfactory as
it is designed for. This raises questions over the usability and utilization issue of the
tool and requires further investigation in future research.

As shown in Figure 7, significant variation was observed in the temporal
distribution of wiki input action among the students at different levels of education.
Because of the differences in the time taken by the primary, secondary ,and university
students to complete their group projects, we used three stages to represent the period
of the project: the early stage represents the first one-third of the project period, the
middle stage represents the second one-third of the project period, and the later stage
represents the last one-third of the project period. As a result, about 44 percent of the
primary school students performed their input actions in the early stage whereas
the vast majority of the input actions among secondary (79.8 percent) and university
(50.8 percent) students occurred in the later stage.

The above frequency of the students’ collaborative activities seemed to be indicative
of their practical application of wikis during the project development period. The group

% Less than once a month ~ Once a month ~ Twice or more than twice a month

Input action

Primary 524 238 238
Secondary 52.0 240 240
University 0 136 86.4

Comment action

Primary 524 38.1 9.5
Secondary 12.0 40.0 48.0
University 31.8 273 409

Figure 7.
Percentage of
student input action
by project stage
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wikis were designed as collaborative tools for writing and communicating online, with
the purpose of facilitating participation and interaction in the process of CW. In practice,
the students in this study utilized their group wikis as a common work platform, where
they displayed their work-in-progress or completed work for group members to read,
modify, and comment on. Most of them were inclined to contribute the majority of their
input actions within a short period of time. Both the secondary school and the university
student groups participated more frequently in the last month before the project deadline,
while the primary school student groups performed more input actions in the relatively
early stage of the project period. This reflects that the university and secondary school
students used wikis more as a means of presenting their finished products than as a
working tool during the report writing process. The high participation rate for university
and secondary school students before the deadline may also be explained by the fact that
these students tended to procrastinate (see Steel, 2007 for a review) with regard to their
work. A follow-up study may clarify the reasons behind the procrastination of these
students, which can be a focus point of our future research.

Conclusion

This study examined the participation and collaboration of Hong Kong primary school,
secondary school, and university students in the process of developing their wiki-based
CW projects. There were four main findings. First, the level of education had a
significant impact on the patterns of input actions, with students at the higher level of
education tending to write more and more frequently, and more likely to focus on high-
level input actions. Second, through an analysis of the comment actions performed on
wikis, the level of education seems to have been related not only to the degree of
interaction but also to its effectiveness during the CW process. Third, the collaborating
students did not generally distribute the writing tasks on the wikis evenly among
group members, with the greatest disparity at the primary school level, less disparity at
the secondary school level, and the smallest disparity at the university level
Consequently, students at different levels of the education system tended to have
different patterns of distributing and coordinating their work among group members,
with primary school students essentially showing a “single-author writing” pattern,
secondary school students mainly having a “parallel writing” pattern, and university
students primarily having a “mixed mode” pattern. Fourth, the application of a wiki as
a CW tool did not necessarily guarantee a high frequency of collaborative activities
(.e. high usage) by students in the CW process. In general, students seemed to
participate and contribute most of their work in a short period of time, either toward the
end (mostly for university and secondary school students) or at the beginning (mostly
for primary school students) of the project development period.

The study has its limitations. First of all, the sample size and the number of groups
within each education level were small, which may affect the reliability and validity of
the group comparison results. Also, the results of the study may not be generalizable to
the entire population. Cultural homogeneity of the sample is another issue in that the
participants were all students in Hong Kong. Therefore, caution is needed in applying
the results of this study to students in other different cultures. In future research, a
culturally comparable sample may be used to compare and identify potential cultural
influences in the CW process.

Despite the limitations, the cross-education-level comparison of our study offers
insights into the ways in which primary, secondary, and university students make use
of wikis for CW. It has theoretical, methodological as well as practical implications for
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both educators and researchers in the design, implementation, and use of wiki-based
CW for all levels of education. From a theoretical perspective, the study explored and
compared the collaborative behavior of student at all three levels of the education
system in the wiki-based CW environment, showcasing the potentials and possible
pitfalls of wikis for group-based collaborative learning. The study offers insights into
the individual students’ writing actions and group dynamics, two very important and
complex CW components, during the course of producing the collaborative work.
Methodologically speaking, the two content coding schemes introduced and used in
the study provide a theoretically driven and empirically tested content analysis
framework, which can be easily applied to other similar studies in the future. Lastly,
the study has important practical implications on why and how the pedagogy and
technology should be implemented differentially for the students at three different
levels of education. Since primary school students had relatively less
sophisticated writing and collaboration skills, as indicated by the low amount of
input actions and unequal work distribution, teachers should provide more
scaffolding support through active feedback of student work and frequent
interaction with students on wikis. As students’ skills of writing and collaboration
increase with their education, teachers’ level of online scaffolding and involvement
may be mitigated at the secondary and university levels. Also, given
that the primary school students were associated with the least frequent input
actions and the greatest disparity in work distribution, the wikis designed for
primary school students should involve a notification system to remind the users
for update and input. The notification messages should contain a brief report of
project progress and inform the users about the relative contribution of each group
members, so as to motivate them to take active responsibility and have greater
involvement in the CW process.
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