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Abstract: A four-stage online collaborative learning approsxisupporting teachers’ professional
development was proposed and described in thisrp@pes study investigated primary school
teachers’ interactive networks and social knowledgestruction behavioral patterns in online
collaborative learning activities. The subjecthutstudy was 83 primary school Chinese teachers
who were participating in a structured online pssfenal development program that was 6
months in duration. By combining social network lgsig, content analysis and lag sequential
analysis, results showed that interactive netwgekserated in two rounds of online collaborative
learning activities were low reciprocal, and logsebnnected with a low cohesiveness. There was
no significant difference of behavior distributiormetween core and peripheral members.
Moreover, teachers’ social knowledge constructioghdvioral patterns presented different
characteristics in different rounds of activitiés.addition, this study identified certain problems
in teachers’ online learning. Finally, some impliocas for the design of teacher education
programs, limitations and further research plaespanposed.
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Interactive networks and social knowledge construabn behavioral patterns in
primary school teachers' online collaborative learing activities

Abstract: A four-stage online collaborative learning approaetsupporting in-service teachers’
professional development was proposed and desciibdtlis paper. This study investigated
primary school teachers’ interactive networks awodiad knowledge construction behavioral
patterns in online collaborative learning actistidhe subject of this study was 83 primary school
Chinese teachers who were participating in a stradtonline professional development program
that was 6 months in duration. By combining soaietwork analysis, content analysis and lag
sequential analysis, results showed that interaatistworks generated in two rounds of online
collaborative learning activities were low recipac and loosely connected with a low
cohesiveness. There was no significant differenfcéetavior distributions between core and
peripheral members. Moreover, teachers’ social kedge construction behavioral patterns
presented different characteristics in differentnas of activities. In addition, this study ideiif
certain problems in teachers’ online learning. Bmaome implications for the design of online
professional development programs, limitations fmther research plans are proposed.

Keywords: computer-mediated communication; cooperative/coliative learning; learning
communities; teaching/learning strategies

1. Introduction

With the deepening application of Information andn@nunication Technologies (ICT) in
classroom practices, teachers are faced with isotrgademands due to educational reforms,
changes in the curriculum, and new pedagogicalcgmbies (Tsiotakis & Jimoyiannis, 2016; van
den Bergh, Ros, & Beijaard, 2015). Teachers’ psiteml development has been considered as a
critical factor for their growth and educationalorens (Chen, Chen, & Tsai, 2009; Matzat, 2013).
Teacher professional development programs havadedwmultiple opportunities for teachers to
improve their instructional design knowledge anillskChen, 2012; Liu, Zhang, & Wang, 2015).
The most traditional and popular approach is teathers attend a training course and listen
passively to experts. Yet, these approaches com dwave low impacts on teachers’ faith to put
innovative teaching methods into practice (Duncanvell, 2010). As a result of the increased
demands and the complexity of instructional adésit collaboration and interaction among
teachers have become increasingly important.

With the development of internet technology, onliearning becomes an important method for
teachers’ professional development in additionaitefto-face approaches. Online learning offers
authentic, flexible, and personalized opportunif@steachers to interact and communicate with
each other (Chieu & Herbst, 2016; Duncan-Howelll®0 Teachers can online discuss evidence
of how successful an approach is in the classrodtm their colleagues and then decide whether
to try the suggested approaches or strategies éhesss(Chen et al., 2009; Kent, Laslo, & Rafaeli,
2016). Online learning supports the sharing of atlanal experiences and co-construction of
knowledge by means of fostering effective socig&ractions (Chen et al., 2009; Hou, 2015). In

recent years, Web 2.0 tools, course managememnsygCMS) and virtual learning environments
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(VLE) such as Moodle are commonly used to buildcheas’ online learning communities.
Teachers have the opportunities to share resowmcdsdevelop their pedagogical skills and
strategies in an online learning community (Cheal.€2009). While online learning has been one
useful strategy to enhance teachers’ thinking arattige (Cherrington & Loveridge, 2014),
nonetheless, it would be too simple to assume tthatimplementation of online professional
development programs automatically promotes teatheollaboration and knowledge
construction (Vanblaere & Devos, 2016). Collabaatrelationship means teachers act on an
ongoing basis to develop their knowledge by sharégspurces and engaging in critical dialogue
(Wenger, McDermott, Snyder, 2002). Majority of teaxs in online learning activities exhibit
moderate or even low collaborative relationshipsvfP& Rodrigo, 2015; Tsiotakis et al., 2016).
Pedagogy and social interaction are key factorarofonline learning environment and these
factors can be used to facilitate collaboration fgya2008). Many researchers have proposed
content analysis schemes to evaluate learner'dslefesocial knowledge construction during
online discussion (Gunawardena, Lowe, & Andersa®971 Hou, 2012; Hou, 2015). Social
knowledge construction behavioral patterns whichameequential relationships between each
type of coded discussion content can help to utaleishe whole sequential pattern of discussion
in online learning activities. Compared to the egsh on behavioral patterns in students’ online
discussions activities, the issue of exploringhlibbavioral patterns of teachers’ online discussion
activities has attracted relatively little attemtioTeachers’ collaborative relationships and social
knowledge construction behavioral patterns in alinerlearning activity are vital because such
relationships and patterns can provide insight th& characteristics and limitations of teachers’
online learning activities (Lee & Bonk, 2016).

In this study, on the basis of constructivist léagrtheories and the interactivity design theorg, w
propose a four-stage online collaborative learrapgroach, which consisted of two times of
discussing lesson plans and two times of discussiagsroom teaching. The objective of this
study is to investigate collaborative relationshgmal social knowledge construction behavioral
patterns in primary school teachers’ online colfative learning activities.

2. Theoretical framework

In this section, theoretical foundations that suppihe design of the four-stage online
collaborative learning approach are introduced)ofedd by a detailed description of the
four-stage online collaborative learning approach.

2.1 Theoretical foundations

2.1.1 Constructivist learning theories

Constructivist learning theories provide theorét&gport for the design and development of the
four-stage online collaborative learning approdghgnitive constructivists argue that knowledge
is actively constructed byndividual learners rather than transmitted by othend learners
construct meaningful and conceptually function@resentations based on their prior experience
and new information (Jonassen, 1991; Wang, 200&)iaSconstructivists, however, argue that
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learners construct knowledge collaboratively ingasses of information sharing, negotiation, and
discussion (Jonassen, Davison, Collins, CampbelHagag, 1995; Wenger, 1998). According to
cognitive constructivism, online professional depehent programs must satisfy the learning
intention of individual teachers and should be aoleprovide various leaning activities and
opportunities for teachers to reflect and artimilah the content under study and to apply the
knowledge learned to teaching practice. In addjtiba design of the online learning environment
must enable the mentor to scaffold teachers dutieg learning process. On the other hand,
social constructivists suggest a culture of coliaon among teachers be cultivated to support
long-term professional development. Teachers’ #tial knowledge and practical knowledge
could be effectively coupled when they collaboratéth more experienced and knowledgeable
colleagues (Krutka, Bergman, Flores, Mason, & Ja6k4).

2.1.2 Interactivity design

Among the factors in designing an effective onlipeofessional development program,
interactivity remains a central concern. Educatioraearchers believe that interaction must be
deliberately incorporated into an online learningsign (Chou, 2003; Tang & Lam, 2014).
Interactivity refers to real-time dynamics and naltgive-and-take between the learner and an
instructional system, and his or her technologyagickd peers (Merrill, Li, & Jones, 1990; Peng,
Chou, & Chang, 2008). Interactivity plays an impott role in learners’ social knowledge
construction and the development of cognitive skiih an online learning environment, there are
three interactive relationships, including learimterface, learner-content, and learner-people
interaction (Hillman, Willis, & Gunawardena, 1994jaw & Huang, 2000; Wang, 2008).
Learner-people interaction refers to the interactid learner-instructor and the interaction of
learner-learner. Sound design of the interactioftgan online learning environment should be able
to promote these three types of interaction. Withard to the learner-interface interaction, the
online learning environment must grant learnery @asess to functions and desired information
with a user-friendly interface. A technically indetive online learning environment is essential,
for the interaction with the interface serves asfthundation for both interaction with content and
interaction with people. In terms of the learnentemt interaction, learners should be able to
access meaningful and authentic learning contéhéseover, the online learning environment
must allow the learners to add extra materialsrasdurces to share in addition to those provided
by moderators. The last but the most importantnkea should be able to interact with other
members and moderators in an online learning emviemt. Therefore, the design of the online
learning environment should involve authentic tagksl group work to promote learners’
interaction with other members and moderators.

2.2 A four-stage online collaborative learning appsach

On the basis of constructivist learning theories thre interactivity design theory discussed above,
we propose a four-stage online collaborative legrrapproach which is designed to support
teachers’ online professional development. Thisr@ggh consists of two times of discussing
lesson plans and two times of discussing classrtaathing (see Fig 1). A study group which
consists of a chief teacher and some teachershas& unit to complete independently the
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four-stage online collaborative learning activitihe chief teacher was selected based on three
criteria: 1) teaching experience; 2) subject makieswledge; and 3) proficiency of using the
online learning platform. The chief teacher’s dsitieclude: 1) initiating questions and assigning
roles, 2) creating and maintaining a friendly, iatgive learning environment, and 3)
summarizing key points for teachers.

At the beginning of the online collaborative leagniactivity, the chief teacher makes a plan,
selects an authentic topic for discussion and thenplan and topic are posted onto an online
learning platform. One teacher (hereafter refetoeg@ls Teacher A) is assigned by the chief teacher
to submit the lesson plan and the video-recordassobom teaching process. In addition, the chief
teacher selects and uploads three to five readatgnals related to the topic. All teachers are als
encouraged to upload extra reading materials ssuwlrees to share with others.

After the preparation has been completed, Teachsubinits an initial lesson plan based on the
topic discussed and his/her teaching experiencéhdoonline learning platform. The whole
collaborative learning activity is divided into fostages, as described below:

In the first stage, the rest of teachers read erlire initial lesson plan submitted by Teacher A.

Then, Teacher A explains his/her design of théainigsson plan, including the teaching objectives,
content, organization form, and process. All teeghanline discuss the initial lesson plan and

propose revision suggestions based on their tegqahiperience and knowledge. The process of
online discussion lasts for one week. At the enthisfstage, teacher A refines the lesson plan for
the first time based on the revision suggestiomiscamclusions of the online discussion.

In the second stage, teacher A implements classteaching for the first time based on the lesson
plan revised in the first stage and video recongsdassroom teaching process. Next, Teacher A
submits the video-recorded classroom teaching peofédeo episode 1) to the online learning
platform. Teacher A can also upload extra mategath as teaching notes, teaching journal, and
students’ performance by using text and photostedthers view the video episode 1 online and
reflect on the effects of teaching. Then, eachheaputs forward revision suggestions according
to their teaching experience and online discush wibup members for one week. The chief
teacher monitors the whole learning process relyulagives information feedback and
summarizes key points of online discussion. Ateahd of this stage, Teacher A refines the lesson
plan for the second time based on the revisionestigans and key points of online discussion.



Chief teacher . W

~
e Y Selects a topic and posts Stage 1: Discuss the
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initial classroom
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Y

Stage 3: Discuss the

Chief teacher final lesson plan
and teachers |

Y
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End J— Summarize <« final classroom
- o teaching

Fig. 1. Procedure of the four-stage online collatige learning approach

In the third stage, Teacher A submits the revissddn plan (the final lesson plan) to the online
learning platform. All teachers online discussfihal lesson plan and propose suggestions for the
implementation of the lesson plan.

In the final stage, Teacher A implements a classréeaching for the second time based on the
final lesson plan submitted in the third stage aigo records the classroom teaching process.
Next, teacher A submits the video-recorded classréeaching process (video episode 2) to the
online learning platform. All teachers view the etidepisode 2 online for the second time, discuss
the effect of the classroom teaching, and refladhe final lesson plan. If different opinions abou
the final lesson plan still existed, teachers aamtinue the discussion process in the second round
of online collaborative learning activities.

This four-stage process takes about one monthr Aft¢he stages are completed, the chief teacher
and other teachers summarize the result and esaché¢r submits a journal to the online learning
platform.

2.3 Related literature

2.3.1 Collaborative relationships

Online collaborative learning has become more popas it permits teachers to learn from each
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other when they encounter classroom managementepneb(Cohen-Sayag & Fischl, 2012;
Rigelman & Ruben, 2012). Social Network AnalysidNgS is a major analytical method in
educational research to explore collaborative imHahips between individuals, groups and
communities (Stepanyan, Mather, & Dalrymple, 20I#)e basic constructs of SNA are nodes
and links. The nodes are social entities such sgete individuals, collective social units within
the network, whereas the links represent relatipsstimong social entities. SNA has been used to
investigate the dynamics of the community and grdepelopment, the diffusion of information
through social networks, and the structure of ielated Web resources (Stepanyan et al., 2014).
SNA studies the structure of the social network using visual mapping and quantitative
techniques for describing network characterisfitee SNA results report five groups of nodes and
relationship characteristics: cohesion, role-groupswer of actors, range of influence and
brokerage (Yang, Li, Guo, & Li, 2015). Among thesm@racteristics, cohesion and power of actors
(centrality) are most commonly used. Cohesivenegdiates the presence of strong socializing
relationships in the whole network and the extentvhich all members interact with others
(Haythornthwaite, 1996). Power of actors (centyglilefines the position of an actor in the
network in purely relational terms and indicatesolbactor or actors are “more or less in demand
in the network (Lee et al, 2016; Pavo et al., 20C®ntrality is a fundamental concept in social
network analysis and is used to explain differémt&formance of communication networks and
network members (Borgatti & Everett, 2006). A caralefined as a group of densely connected
actors and is characterized by a high density @drielations in contrast to a more loosely

connected class of actors forming the peripherthefnetwork (Borgatti & Everett, 1999). Core
members who have a high degree of centrality azartbst active and powerful members in the
whole network with regard to spreading ideas afidencing others. Peripheral members are less
powerful community members and they have margiatrdoution to the learning activity. A
three-dimensional analytical model was proposed at@mlyze the structural features of
collaborative networks (Lin, Hu, Hu, & Liu, 2016nd results revealed that deep interactions
between teachers need to be further strengthenedisiBg SNA to reveal teachers’ interaction
structures in an online learning community and esipy the factors of teachers’ presence,
Tsiotakis et al. (2016) suggested that a morecatitinderstanding of collaborative relationships
and information flow would be crucial.

2.3.2 Social knowledge construction behavioral pattns

Content analysis is a research technique for teesyatic, objective, and quantitative description
of the manifest content of communication and haenbesed to determine the effect of
computer-supported collaborative learning (Rourkém@erson, 2004). Communication has been
segmented into analysis units, codes and theiuéecjes and percentage used for investigating
and analyzing the process of the social knowledgstecuction (Lan, Tsai, Yang, and Hung, 2012).
Many researchers have proposed coding schemeslioe aliscussion content analysis (Chai &
Khine, 2006; Gunawardena et al., 1997; Jeong, 20BGBhawardena et al. (1997) proposed an
interaction analysis model (IAM) which consistsfieke phases of social knowledge construction:
1) sharing or comparing of information of a probjezh discovery and exploration of dissonance
or inconsistency among ideas, concepts or statemed) negotiation of meaning or
co-construction of knowledge; 4) testing and madifion of proposed synthesis or
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co-construction; and 5) agreement statement(spplications of newly constructed meaning. The

knowledge construction coding items had been widehd in previous research (Hou, Chang, &
Sung, 2009; Lan et al., 2012; Lucas, Gunawardendpg&eira, 2014) and it helped to increase the
validity of the content analysis (Hou & Wu, 201Cpntent analysis helps to understand the online
discussion content by providing data of frequency aercentage. This method, however,

provides limited information for us to understamé twhole behavioral patterns of community

members’ social knowledge construction.

Behavioral patterns refer to the sequential rehatiqps between each types of coded discussion
content and can be determined by calculating thigsstal significance of a behavioral sequence
of one certain behavior followed immediately by #eo. Lag sequential analysis (LSA) helps
researchers to examine the statistical significarice certain behavior being followed by another
and a visualized diagram of behavioral patternsbeaimferred by using this method (Bakeman &
Gottman, 1997). More details of learners’ onlinarténg processes and behavioral transition
patterns can be revealed through the use of lages¢igl analysis of online discussion behavioral.
By combining content analysis and LSA to compard aantrast students’ social knowledge
construction behavioral patterns in a mobile desdgased online asynchronous discussion
environment, results showed that students are emgaged in sharing information and reflecting
thinking (Lan et al.,, 2012). Compared to researohbehavioral patterns in students’ online
discussions activities, the issue of exploringlibbavioral patterns of teachers’ online discussion
has attracted relatively little attention. Therefoit is necessary to further investigate teachers’
social knowledge construction behavioral pattenrari online learning environment.

2.3.3 Teachers’ perceptions of experiences

Teachers’ perceptions of experiences can providienportant perspective on the design features
that help support outcomes such as interactiorini®yviewing some teachers to understand their
perceptions towards an online synchronous discussiovironment which was developed to
support in-service teachers’ web-based professibaatlopment, Chen et al. (2009) revealed that
the way to use online synchronous interaction toti® quality of discussion topic, the
opportunity for teachers to reflect upon knowledgastruction, and the role of online moderators
and tutors all affect teachers’ interaction and tlevelopment of a sense of online learning
communities. A specific questionnaire was usedepia teachers’ perceptions and views of an
online learning community which was developed tppgut primary and secondary public school
teachers’ professional development. The resultsvetothat the functionality of a community
platform, the stages of teachers’ engagement, hadcommunity activities constitute critical
design factors for an effective online learning cwmity (Tsiotakis et al., 2016).

In accordance with the research objectives, themearch questions to be addressed are as

follows:

(1) What are the collaborative relationships in theérentollaborative learning activities?

(2) What social knowledge construction behavioral pasteexist in the online collaborative
learning activities?

(3) What are the participating teachers’ perceptiongxqferiences in the online collaborative
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learning activities?
3. Methodology
3.1 Research design

In order to understand teachers’ collaborative ti@ahips, social knowledge construction
behavioral patterns, and their perceptions of égpees in online collaborative learning activities,
this study went through four main phases (see Jig 2

1. Phase 1: The design of a four-stage online colithar learning approach, the development
of an Online Professional Development Platform (®R,D

2. Phase 2: The implementation of two rounds of ordinéaborative learning activities;

3. Phase 3: Data collection and analysis. All the dstigah as posts, interactions and logs were
collected according to certain formats. Two anabltapproaches, social network analysis and
content analysis were used to explore and visuatiababorative relationships, social
knowledge construction behavioral patterns of teexh

4. Phase 4: a questionnaire and in-depth interviews w@nducted immediately with teachers to
obtain more in-depth information after the two rdsinof online collaborative learning
activities were finished,. Finally, some conclusiaand implications for activity design were

proposed.
Literature
rev',e.,‘f" = Teacher
l professional
Teachers’ professional i . development )
development program Design of online platform Implementation of The first round
collaborative =~ —— > online collaborative
Research questions learning approach learning activities The second round
~ Data
§ € —
collection

Social network
analyses, content

ST SR /" Completion of ™

i | |
sequential analyses _ activities

Posts

»

Survey and in Conclusions and
depth interviews implications

Fig. 2. The research design of this study

Interactions

3.2 Participants

12000 primary school teachers from a county of €liiad participated in an online professional
development program that was 6 months in duratiime online professional development

program was divided into three continuous partsvdfching ICT-integrated courses individually

(for 2 months), 2) two rounds of online collabovatlearning (for 2 months), and 3) submitting an
ICT lesson plan or a video-recorded classroom iaggbrocess (for 2 months). These teachers
came from different towns of this county. The samseanother study (Liu et al., 2015), these
teachers were mainly composed of female particgp@nt6963, 58%) and had an average of
18.52 years of teaching experience. In order taebehanage and provide services, teacher
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educators had divided all these teachers into 1&@ysgroups with 70-100 teachers per study
group according to teachers’ discipline and thenwhere these teachers came from. In the 150
study groups, the proportions of study groups With80 teachers was 14% (n=21), with 80-90
teachers was 62% (n=93), and the rest is the gjuolyps with 90-100 teachers (n=36). These
study groups were mainly composed of major disegdi (81%), such as Chinese, Math, and
English in China. Each study group had to compietiependently the two rounds of online
collaborative learning activities. A study groupsaselected for this study. In order to control the
possible factors that might influence the resulthig study, the study group was selected based on
the following three criteria: 1) belonging to majisciplines; 2) having an average size of the
study groups; and 3) take into account the two itam factors: gender and years of teaching
experience. The selected study group consisted3dClinese teachers who had an average of
18.48 years of teaching experience and female ¢eschere the majority (n=51, 61%). All
teachers had accepted online professional develuppiatform’s operation training and could
complete their learning task smoothly. In additisohools where these teachers came from had
often organized off-line lesson study activitiesddhese teachers were familiar with the process
of the activities.

3.3 Instruments
3.3.1 In-service teachers’ online professional delepment platform

An Online Professional Development Platform (OPEfP)the in-service teachers was developed
to support the whole online professional developnpegngram (http://guopei.crtvu.edu.cn/cms).
Educational courses, resources, asynchronous coivatiom and collaboration tools, such as
asynchronous text chat, file uploading and downlmgadools were provided in the OPDP. Two
rounds of online collaborative learning activitibat lasted for two months were an important part
of the whole online professional development progr&igure 3 showed the interface of the
four-stage online collaborative learning activitythe OPDP. At the beginning, the teachers were
trained to view information, post messages, respondthers’ postings, upload and download
learning materials. And one teacher was recommeradethe chief teacher to organize and
coordinate the activities. Afterward, all teachgasticipated in two rounds of online collaborative
learning activities and each activity lasted foeanonth All interaction data and comments were
recorded automatically into the back-end databds®RDP. The chief teacher could publish
information and monitor the whole online learningivaties. All teachers could online discuss
with group members, upload and download files h&ihterface.
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3.3.2 Coding Scheme

All interaction data of this group of teachers e tOPDP were collected and coded. The
interaction analysis model (IAM), which was deveddy Gunawardena et al. (1997), was used
to code the online discussion content. In additiothe five phases in IAM, we added a new phase
KC6 to represent the contents irrelevant to theniag task (See Table 1). In order to guarantee

the validity of this coding scheme, two experts wiere proficient in online collaborative
learning and learning behavior analysis were invite check and verify the feasibility of the
coding scheme and the corresponding definitionseaadhples.

Table 1. The coding schemes for online discussioent analysis

Code | Phase Description Examples

KC1 | Sharing/comparing  of Presenting new information tpl think the key points and difficul
information other teachers; a statement |opoints of this lesson are “”. | agree

agreement between teachers with you.

KC2 | The discovery and Identifying areas of disagreement;The analysis of key points of this
exploration of| asking and answering questions|téesson is problematic. | think
dissonance of clarify disagreement teaching methods should be
inconsistency adjusted.

KC3 Negotiation of meaning Negotiation or clarification of the | have accepted your opinion and
or co-construction of meaning of terms; identification revised my lesson plan. | agree with
knowledge of areas of agreement or overlagour opinion, and let more students

among conflicting concepts participate in classroom activities.

KC4 | Testing and modification Testing the proposed newAccording to the curriculum
of proposed synthesis orknowledge  against  existing standard, the content of this lesson
co-construction cognitive schema or personplshould contain “". Therefore, |

experience revise the lesson plan.
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KC5 | Agreement statement($)Summarization of agreements pBy discussing the lesson plan apd
/ applications of| metacognitive statements thatlassroom teaching, | realize the
newly-constructed illustrating their understanding | importance of knowledge in life tp

meaning Chinese teaching.

KC6 | Contents irrelevant to A comment that is completely This activity is very meaningful.

the learning task irrelevant to the learning task will actively participate in this

activity.

3.4 Data collection and analysis

Two rounds of online collaborative learning actaest yielded 763 comments. These comments
were exported to a Word document for further conteralysis and lag sequential analysis. In
order to give a complete picture of collaboratigkations of teachers, the interaction data from the
comments that teachers had posted and receivdukiprbcess of collaborative learning were
gathered and converted into an adjacency matrix fiwther SNA. The total number of
learner-people interactions in the first round w08 (57.7% of the total number of comments),
while the number of interactions were 405 in theose round (70.6% of the total number of
comments).

For the first research question, SNA was®d to investigate teachers’ collaborative retetiips in
the two rounds of online collaborative learningidates by using UCINET 6.0. Two indicators,
namely, the cohesion and power of actors, werectseleto analyze the relationships between
nodes in the two rounds of activities. Density wasajor statistical descriptor used to represent
the level of cohesion in this study. The densitaafetwork refers to the level of linkages among
nodes and can be calculated as the ratio of thédeuwnf actual links to the number of possible
links in a population (Haythornthwaite, 1996). @iste is a commonly used concept in SNA and
measures the efficiency of information diffusioristance is calculated by the number of links in
the shortest possible pathway from one node tohendHan, McCubbins, & Paulsen, 2016).
Reciprocity is an index for measuring the tendeoicgctors to reciprocate. Centrality defines the
position of an actor in the network. In a directedwork, in-degree centrality means the number
of ties coming in, and out-degree centrality metlresnumber of ties going out. The actor with
most lines into or out, the core member, is mostraé Actors with a few lines into or out, the
peripheral members, exhibit a marginal presence.riiéthod of content analysis was combined to
explore the difference of behavior distributionsamen core and peripheral members.

For the second research question, content analydi$ SA were used to explore and visualize the
social knowledge construction behavioral patterae b the fact that teachers’ posts in the online
collaborative learning activities mainly consistefl one sentence, the basic unit of content
analysis was a sentence, and every sentence wad baded on its temporal order. In order to
ensure the reliability of the behavioral sequentalysis in this study, two researchers skilled at
content analysis participated in the two-stage mpdirocess. In the first stage, two coders
received coding training and grasped the definitiand examples of items in the coding scheme.
Then 200 messages (about one fourth of the totabeu of messages) were chosen at random for
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recording by them. Coding results showed thatrker-rater reliability Kappa was 0.626 (p<0.01),
which demonstrates fair to good reliability (Flei981).

For the third research question, a questionnaimyeguand interviews were conducted to
investigate teachers’ perceptions of their expessrin the online collaborative learning activities
The questionnaire survey consisting of six itemee(sfable. 2) was implemented online
(https://sojump.com/jg/9929155.aspx) after 83 teexhfinished the two rounds of online
collaborative learning activities. Each questionmatem adapted from Yang and Lin’s (2010)
survey and used a 5-point Likert scale ranging ffoas strongly disagree to 5 as strongly agree.
A total of 78 teachers participated in the sunasy the response rate was 94%. Results of the
guestionnaire were analyzed by using the SPSSstitatioftware and the reliability of the
questionnaire was 0.797 (using Cronbach’s alphajicating that the internal reliability was
sufficient. The Shapiro-Wilk test was used for dtieg the normality of distributions of six
measured items’ values and the test results wegnéfisant (p<0.05), showing six measured items
of this questionnaire did not have normal distiitmg of data.

Table 2. The items of the questionnaire survey.

Question Shapiro-Wilk test

w P
1. I knew how to get to the next stage by readmegactivity plan. 0.781 0.000
2. | carefully read other members’ comments onQR®P. 0.816 0.000
3. | collaborated with other members by activelynoeenting on their messages. 0.76[7 0.000
4. | could share teaching materials convenientt wther members on the OPDP. 0.824 0.000
5. | referred to lesson plan or video episode sttbohby Teacher A for proof of my 0.805 0.000
explanation to other members.
6. | am willing to use the OPDP again to discussda plan with other members. 0.80y 0.0q0

As the questionnaire survey was completed firdls résults were used to formulate interview
questions. Interview questions probed for percegtiof their experiences in online collaborative
learning activities, and main impediments they emtered. Online interviews (each lasting
between 20 and 30 min) were conducted with onef ¢haecher (N=1, female) and ten teachers
(female=6, male=4) of the study group using purfdsmampling (Maxwell, 2013) when the two

rounds of online collaborative learning activitiegere finished. The information about the
purposefully sampled teachers were provided iné&8blAll participant names were replaced with
pseudonyms. The results of questionnaire surveyimtedviews were combined in the results
section organized around the third research questio

Table 3. Demographics of interview participants

Participant Gender Grade Leve Years of teachipgBance
Chief teacher Female 6 25+
1 Male 3 16-20
2 Male 5 11-15
3 Female 4 6-10
4 Female 6 21-25
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5 Female 2 6-10

6 Female 1 16-20

7 Male 2 11-15

8 Male 4 25+

9 Female 5 16-20

10 Female 3 21-25
4, Results

4.1 What are the collaborative relationships in tke online collaborative learning activities?

4.1.1 Network cohesion

The density of the interactive network of the firstind of online collaborative learning activities
was 0.016, and the value increased to 0.0595 imélxé round of activities (see Table 4). The
density of the two rounds of activities represerttett teachers’ collaborative relationships was a
low-density network. The teachers in the low dgnsétwork were in touch with a few members
and information could not be distributed freely ammaall teachers. The mean distance of the
network of the first round was 4.858, and the valieereased to 3.248 in the next round of
activities which means one teacher could traveeseef nodes to touch another teacher. The
reciprocity of the interactive network in the firsund was 0.06, and the value increased to 0.10 in
the next round, which showed the network was losiprecal.

Table 4. Network cohesion of two rounds of onlindlaborative learning activities

Density Mean Distance Reciprocity
The first round 0.0160 4.858 0.060
The second round 0.0595 3.248 0.100

4.1.2 Network centrality

By applying the Shapiro-Wilk test for checking thermality of distributions (Shapiro & Wilk,
1965) of in-degree and out-degree centrality valithe p-value were 0.000 Tlin-degree
centrality), 0.000 (% out-degree centrality), 0.038 (2st in-degree edity}, 0.000 (2st out-degree
centrality), respectively. That is, test resultsreveignificant (p<0.05), showing samples of this
study did not have normal distributions of data, SoWilcoxon-Mann-Whitney test (Fay &
Proschan, 2010) was used to analyze whether thaseawy statistically significant difference
between the first and second round of online collative learning activities in terms of in-degree
and our-degree centrality values. Significant défeees were found in in-degree (Z=-3.779,
p<0.001) values (see Table 5). In-degree centralifyes of individual teachers in the second
round significantly increased. The significant oparof teachers’ positions in the network meant
they could receive more information from others.

Table 5. Wilcoxon-Mann-Whitney test result of ingtlee and our-degree centrality values
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Mean Std. dev. Std. error Mean Z P
The first round 0.534 0.669 0.073
In-degree -3.779 0.000
The second found 0.992 0.803 0.088
The first round 0.534 0.729 0.080
Out-degree -1.695 0.090
The second found 0.992 1.442 0.158

4.1.3 Social network diagram generated in online dlaborative learning activities

The social network diagram (see Fig. 4 and Figl&jrly showed the structure and features of the
network generated in the two rounds of online talfative learning activities according to
interaction data among teachers. In these figuredes represented individual teachers within
interactive networks and links showed the relatigms among nodes. The mean of the number of
comments that individual teachers sent to otherthénfirst round was 1.313, and the value
increased to 4.88 in the second round. Thirty teecihad no connection to others in the first
round, which means they only received informatiartlee OPDP but had no opportunities to pass
on that information. The number of teachers who f@adonnection with others decreased in the
second round.

Fig 4. The social network diagram of the first rdwf activities
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Fig 5. The social network diagram of the seconcdhdoar activities
4.1.4 The behavior distributions between core andgripheral members

SNA and content analysis were applied to exploeedifference of behavior distributions between
core and peripheral members and results were shiowiable 6. C-1 to C-8 represented core
members, while P-1 to P-8 represented peripheraibaes.

The total numbers of each behavioral category o @emd peripheral members were calculated
after content analysis. According to a Chi-Squase tesult X(3) = 3.044, P > 0.1), there was no

significant difference of behavior distributions tlheen the core and peripheral members.
“sharing/comparing of information” (KC1) appearedsh frequently which suggests that both

core and peripheral members were concerned witlinghand present information to others.

The in-degree centrality demotes the degree otnless of one teacher perceived by others. The
in-degree centrality values of core members (ex€eBj were higher in the second round than in
the first round. Similarly, the out-degree centyalialues of core members were higher in the
second round. The teacher (C-3) contributed moadher teachers and received less from others
in the second round, which means C-3 became inoghasmportant. The in-degree centrality
values of peripheral members (except P-7 and PeBg Wwigher in the second round than in the
first round. Five peripheral teachers’ in-degreati@dity was 0 in the first round of activities,
which means they did not interact with others huliy posted new information. The out-degree
centrality values of all 8 peripheral teachers were the two rounds of online collaborative
activities, which indicates that their contributitm the development of interactive network was
very little.

Table 6. Behavior distributions of core and periphenembers

Name In-degree centrality Out- degree centrality

KC1 | KC2 | KC3| KC4| KC5| KC6

1 | 2n ‘differe * ‘ 2 |differe
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round | round nce round  round nce
C-1 1.62 3.86 | -2.24 2.85 9.35 | -6.5 41 0 4 0 0 0
C-2 0.40 0.81 | -0.41 2.85 5.69 | -2.84 16 4 7 0 0 0
C-3 1.22 0.81| 0.41 2.44 468 | -2.24 23 1 1 0 0 0
C-4 0.81 142 | -0.61 2.03 4.68 | -2.65 12 2 6 0 0 1
c-5 122 | 1.83| -061 | 203 | 3.46 | -143 | 13 0 4 0 0 0
C-6 0.41 1.63| -1.22 2.03 2.85 | -0.82 12 0 2 0 0 0
C-7 0.81 142 | -0.61 2.03 2.85 | -0.82 12 0 2 0 0 0
C-8 1.22 2.85| -1.63 2.03 2.64 | -0.61 13 0 0 0 0 0
P-1 0.41 3.25| -2.84 0 0 0 5 0 0 0 0 0
P-2 0 1.22 | -1.22 0 0 0 2 0 0 0 0 0
P-3 0 1.02 | -1.02 0 0 0 2 0 0 0 0 0
P-4 0 0.81 | -0.81 0 0 0 1 0 0 0 0 0
P-5 0 0.41 | -0.41 0 0 0 1 0 0 0 0 0
P-6 0 1.02 | -1.02 0 0 0 1 0 0 0 0 0
P-7 0.81 041 04 0 0 0 1 0 0 0 0 0
P-8 122 | 1.02| 0.2 0 0 0 1 0 0 0 0 0

Note. “C-1" means the first core member of the netwonkg dP-1" means the first peripheral
member of the network.

4.2 What social knowledge construction behavioral agiterns exist in the online
collaborative learning activities?

To answer the second question, we conducted LSAudigg GSEQ 5.1 to analyze social
knowledge construction behavioral patterns in déffie rounds of online collaborative learning
activities (Hou, 2012; Lai & Hwang, 2015). Tablesfiows frequency and percentage of each
behavioral category across the two rounds of dietszi Results showed that “sharing/comparing
of information” (KC1) was the most-frequent behavi85%) in the first round, while “Testing
and modification of proposed synthesis or co-coiesion” (KC4) and “Agreement statement(s) /
applications of newly-constructed meaning” (KC5)evenissing. Similarly, in the second round,
“sharing/comparing of information” (KC1) was the stdrequent behavior (79%), while “Testing
and modification of proposed synthesis or co-caiesion” (KC4) was least frequently used (1%).

Table 7. Frequencies of social knowledge constadiiehavior in two rounds of activities

KC1 KC2 KC3 KC4 KC5 KC6 Total
The first round 180(95%) 2(1%) 6(3.5% 0 0 1(0.5%) 189
The second round 453(79% 34(6% 43(7%) 5(1%) 27(8% 12(2%) 574
Total 633 36 49 5 27 13 763

The frequency of each behavioral category immelgidtdlowing another behavioral category

was calculated (see Table. 8). The second colupmesents starting behaviors and the first row
represents follow-up behaviors. The humbers ind8liepresent the total number of times of one
behavior followed by another. For example, in tinst fround, the frequency of starting behavior
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KC1 followed by KC1 was 171 and the frequency aftitg behavior KC2 followed by KC1 was
2.

Table 8. Frequency transition table in the two dsuaf activities

Frequency KC1 KC2 KC3 KC4 KC5 KC6
KC1 171 2 5 0 0 1
KC2 2 0 0 0 0 0
KC3 5 0 1 0 0 0

The first round
KC4 0 0 0 0 0 0
KC5 0 0 0 0 0
KC6 1 0 0 0 0 0
KC1 345 32 35 5 23 12
KC2 31 0 1 0 2 0
KC3 34 2 6 0 1 0
The second round

KC4 4 0 0 0 1 0
KC5 26 0 1 0 0 0
KC6 12 0 0 0 0 0

We calculated adjusted residuals (Z-scores) amooded: behaviors of teachers, and the

significance level of each behavioral sequencecatdd overall social knowledge construction

behavioral patterns in online collaborative leagnictivities (Bakeman et al., 1997). Table 9

showed the adjusted residuals (Z-scores) of the mwamds of activities. The second column

represented starting behaviors and the first rogresented follow-up behaviors. The z-score

value greater than +1.96 indicated a behavioralesace reaches the level of significance (p<0.05),
from which we can obtain the behavior transitioagidams (see Figure 6).

In Figure 6, nodes represented six behavioral osaeegy (KC1 to KC6), the numerical value
(Z-scores) represented the significance level, #rel arrowhead represented the behavioral
transitional direction. As shown in Figure 6, nmexkable behavioral sequence existed in the first
round. Nevertheless, two behavioral sequences witained in the second round, that was,
KC1-KC2 and KC5-KCL1. In the second round the pa@lKC2 (Z-score = 2.24) means that
when one teacher proposed and shared informatictheo®PDP, the rest of teachers tended to
discover and explore inconsistency. The behavijpa#h KC5>KC1 (Z-score = 2.27) meant that
teachers would like to summarize the views of athard then generate new ideas. The results
suggested that in the second round, teachers douits on the subject of discussion, posted
different views and obtained useful and meaningfigrmation.

Table 9. Adjusted residuals table (Z-scores)

Z-score KC1 KC2 KC3 KC4 KC5 KC6
KC1 0.91 0.32 -1.39 0 0 0.22
KC2 0.32 -0.15 -0.26 0 0 -0.10
The first round KC3 -1.39 -0.26 191 0 0 -0.18
KC4 0 0 0 0 0 0
KC5 0 0 0 0 0 0
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KC6 0.22 -0.10 -0.18 0 0 -0.07
KC1 -2.90 2.24* 0.42 1.16 0.82 1.81
KC2 1.81 -1.51 -1.04 -0.56 0.33 -0.88
KC3 0.03 -0.37 1.67 -0.64 -0.7Y -1.00
The second round
KC4 0.06 -0.56 -0.64 -0.21 1.62 -0.38
KC5 2.27* -1.34 -0.77 -0.50 -1.18 -0.78
KC6 1.81 -0.88 -1.00 -0.33 -0.78 -0.51
Note. * p<0.05.

/ I “/.f . 7 "\\‘ : - '\\\ 2.24 ) o N / ‘

| KC1 ) | KC2 | KC3 [KC1 —»{KC2 ) | KC3 )

\_ 4 N 4 N A N " N 4

2.27
(ks | (KCs ) (K4 | (kee)  (Kes)  (Kkea)
b . b Vi \\__{ / A / \___7_/
The first round The second round

Fig 6. Behavioral transition diagrams in two rounds.ctivities
Note. KC1 : “Sharing/comparing of information”. KC2 : “Bhdiscovery and exploration of
dissonance or inconsistency”. KC3 : “Negotiationnoéaning or co-construction of knowledge”.
KC4 : “Testing and modification of proposed synthes co-construction”. KC5 : “Agreement
statement(s) / applications of newly-constructecammeg”. KC6 : “Contents irrelevant to the
learning task”. Numerical values (Z-scores) repmeske significance level, and the arrowhead
represents the behavioral transitional direction.

4.3 What are the participating teachers’ perceptios of experiences in the online
collaborative learning activities?

Descriptive statistics were used to analyze theltesf questionnaire survey regarding perceived
experiences of online collaborative learning atiei (see Table. 10). The sample means were
higher than 3 which showed that these teachersdqudsitive attitude to the environment of the

OPDP and the design of online discussion activititsachers of the sample had lowest

perceptions on the learner-content interaction (@&an=3.75) and then the learner-learner

interaction (Q3, Mean=3.85). In the meantime, thegamity of teachers of the sample tended to

have the strongest sense in terms of the planeoditine learning activities (Q1, Mean=4.32) and

the usefulness of the online learning environm&, Mean=4.20).

Table 10. The descriptive data of the questionraireey.

Question Mean Std. dev. Point> 4
1 4.32 0.730 88%
2 4.17 0.746 82%
3 3.85 0.605 75%
4 412 0.756 80%
5 3.75 0.706 71%
6 4.20 0.727 85%
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Interviews were conducted to get a deeper undetistgrof problems teachers encountered, their
experiences and feeling about online collaborakbagning activities. Most of the interviewed
teachers pointed out that the four-stage onlinéalootative learning approach was better than
previous training methods and the online collabeealearning environment did provide them a
way to share education resources, exchange infanmand correlate theories with practices:

Different from the previous training methods whjdid more attention to operating skills
and test score, the four-stage online collaboratiearning approach lets me have more
opportunities to discuss problems in teaching withileagues and make practical use of
knowledge. This will authentically improve my tdagtskills and knowledgdéacher 1.

The ODPD (Online Professional Development Platfoimmhew to me. It is a very good
platform because | can find useful educational veses thereTeacher 3

| can upload and download learning resources coremty on the OPDP. | can log into the
ODPD by using my mobile telephone and communicatie @thers anywhere and anytime
(Teacher &

| have improved my teaching skills and knowledgdibgussing with others and | am willing
to test innovative teaching methods provided bgrstinto practice Teacher &

| have learned to look at the theories behind lagslans, and see some connections between
theories of learning and teaching practices in siii{@eacher ®
Although the questionnaire survey showed that tlagority of teachers of the sample took a
positive attitude to the environment of the OPDRE #re design of online discussion activities,
some teachers admitted during the interviews ti@ntain problem they encountered was how to
solve the contradiction of teaching tasks and persiearning:

| am teaching two classes. In addition to thisyr the head teacher of one of the two classes
at the same time. | can only participate in theirmmlcollaborative learning activities in the
evening of workday or in the weekenddcher 2

Apart from completing the basic teaching task, échéo do some educational and scientific
research to promote the development of Chineseaéiduc I dont know how to combine my
teaching task and this online professional devekmtrprogram Teacher J.
Despite questionnaire survey data showing highescior perceived experiences of online learning
and platform operation, a majority of teachers fmnout that some aspects were helpful for
online learning activities:

If I can identify sections of the online discossfthreads and sub-threads) as coherent units
and use such information to make decisions aboighagosts to give comments, | will be better to
participate in the online discussiomgacher b

If the topic of online discussion is related todieag problems in my class, | will be more
interested in this topic and actively participatethe online discussiodéacher B

If the chief teacher can pay attention to me anavige help for me when | encounter
problems during the online learning activities, illactively participate in the activitiesTéacher
10).

These thoughts were echoed by the chief teachersafth “The main problems | encountered
were how toZl) select an authentic topic which could arousetiess’ interest, 2) pay attention to

the difference between teachers, 3) monitor thenieg process regularly because of her busy
schedule, and 4) summarize key points accuratedytiamely.” This suggested that appropriate
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skills were needed for the chief teacher.
5. Discussion

The interactive networks generated in the two rguoflonline collaborative learning activities
were loosely connected and had very low reciprobitgjority of teachers exhibited low rates of
interaction (Hou et al., 2009; Wenger et al., 2008 hough the interaction was limited, the
teachers of the sample agreed that the adoptidheofour-stage online collaborative learning
approach in OPDP expanded their learning experieamu@ positively contributed to their
professional development. At the beginning of trefgssional development program, the teachers
were connected by the active task and their diseipl major. Along with the participation of the
online collaborative learning activities, the teachbecame acquainted with each other and they
posted and received more information. The in-degretrality of each teacher significantly
increased at the end of second round of activigapared to that at the beginning. The OPDP
was designed and developed to support teachersieonbllaboration, however, an effective
online collaborative learning atmosphere was naabdished. Some teachers contributed no
information, which adversely affected the collaliomra willingness and attitude of others. Some
teachers preferred to post initial messages fiosts that did not have parent post) on the platfor
(Chieu et al, 2016). Beyond that, some similar cemi® appeared multiple times on the OPDP,
e.g., “l agree with you.” “You are so right thatduldn't agree more”. These issues will prevent
the formation of an online learning community whiphomotes teachers’ collaboration and
engagement. Based on the constructivist learniagritss and interactivity design theory, we can
conclude that a beneficial interaction dependsachers’ active interaction with content and with
others. In order to achieve this, teachers firgthgd to read comments posted by other teachers
carefully and actively reflect on the meaning oédh comments (proactive interaction with
content). Then they need to elaborate on theirsidaal experiences and actively interact with
others. So, a beneficial interaction is a multiplgiprocal and iterative process in which each
iteration is essentially circular — each interacti@ceives input from, and provides output to,
another interaction (Hou, 2015). In addition, tie€ teacher is a key role and needs to possess
appropriate skills (Wang, 2008), including initiedi questions, keeping discussions focused,
giving actively feedback, setting up norms, moritgr regularly, and providing technical
assistance. Peripheral members only post new irdiom on the online learning platform and
rarely respond to the comments of others, so twitribution to the development of interactive
network was limited. Besides stimulating the inwshent of peripheral members in online
learning activity, building a sense of community feeripheral members is a critical element
(Tsiotakis et al., 2016). Peripheral members mest ébliged to reply, distribute knowledge and
experience, and support each other.

Teachers’ social knowledge construction behavipedterns presented different characteristics in
the two rounds of online collaborative learninghaties. The behavioral sequences (e.g., K€1
KC2, KC5—~KC1) were helpful for the teachers to constructwdealge. As for the high ratio of
K1, this was in line with previous studies, whicfdicated that knowledge construction in the
online collaborative learning process concentratedtly in K1 (Gunawardena et al., 1997; Hou
et al., 2012). KC6KC6 did not appear indicated that teachers actigbélgred knowledge and
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experience and seldom used the online platformotber social purposes (Rolando, Salvador,
Souza, & Luz, 2014). Moreover, teachers attempteprovide more information about teaching
plans and share information with other teacherotoplete training tasks, rather than spend extra
time to promote in-depth understanding of the comtmosted by others. For the high level
knowledge construction, behavioral sequences of KRC3, KC2—~KC3, KC3—~KC4, KC3—
KC5 should also be encouraged to occur. For exgraffter sharing or comparing information,
teachers began to explore knowledge implicationsclwlwas helpful for them to construct
knowledge meaning. In this regard, we recommendltief teacher and moderators to be aware
of the appropriate interactive strategies such ey poaching (Britton & Anderson, 2010; Lu,
2010) and peer assessment (Lynch, McNamara, & S26@?). In addition, some intelligent
agents, which can provide instant messages or Hintgigh semantic and behavior analysis,
should be integrated into the OPDP to promote kadgé construction.

6. Conclusion

This study proposed a four-stage online collabeeatiearning approach and investigated
collaborative relationships and social knowledgastaiction behavioral patterns of primary
school teachers in an online professional developrpeogram. By combining SNA, content
analysis, and LSA, results showed that interaatetsvorks generated in the two rounds of online
collaborative learning activities were low recipac and loosely connected with a low
cohesiveness. There was no significant differerfideebavior distributions between the core and
peripheral members. In different rounds of onlindaborative learning activities, teachers’ social
knowledge construction behavioral patterns preserddferent characteristics. Remarkable
behavioral sequences were not found in the finghdo Nevertheless, two behavioral sequences of
social knowledge construction were obtained in #egond round, that is, KC1-KC2 and
KC5-KC1. Our findings contribute to the current enstanding of teachers’ online learning and
the design and implementation of the online pradess development program.

In this study, we discovered an obvious issue. Jdréicipating teachers took a positive attitude to
the environment of the OPDP and the design of entiollaborative learning activities, and they
were also willing to positively comment. Howevengse teachers’ in-depth interaction did not
appear. Some possible factors, such as teachets’ofapersonal learning time, weak online

discussion skills, and the chief teacher’s shortafjerganizational ability, might be the main

barriers affecting teachers’ levels of interactamd social knowledge construction. An efficient
and convenient ubiquitous learning environment wipcovides a variety of online synchronous
and asynchronous discussion tools and support rbightelpful for addressing this issue (Trust,
Krutka, & Carpenter, 2016).

6.1 Limitations and future directions

Some limitations existed in this study. Firstlyeth might have some face-to-face interaction
during the 2-month online collaborative learningj\dties but this study was unable to capture the
evidence of non-online interactions that were ra@f#\to teachers’ online learning behaviors. For
example, some teachers in a study group might vinrthe same school and these teachers’
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everyday non-online contact might influence theiliree interactions. In the future, we will
synthesize online and non-online interactions tdeustand teachers’ online learning behaviors.
Secondly, because of the limited sample, we coatdnfer statistically that all the participants of
the online professional development program togositive attitude to the environment and the
design of online collaborative learning activitiddie fact that in-depth interaction did not appear
was an important aspect need to be deeply explamddverified in future research. Thirdly, we
did not analyze the relationships between interactietwork characteristics, social knowledge
construction behavioral patterns and learning perémce. Future studies need expand the number
of samples in order to make results more reprefestaA comparative study investigating
relationships between teachers’ collaborative imlahips, social knowledge construction
behavioral patterns and learning performance byngetip the control group will provide richer
insights about teachers’ online learning. We ptaditide the group into several sub-groups of 4-6
teachers per group. Fourthly, we did not distinguiether a respondent was Teacher A who was
responsible for submitting lesson plans and vidaseagles or the remaining teachers of the study
group. Hence, we did not explore the relationslefmieen the core and periphery membership and
teachers’ status. The relationship between the aodeperiphery membership and teachers’ status
is an important aspect, which will be further explband verified in future research.
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Hightlights:

(1) A four-stage online collaborative learning apgmh to supporting in-service teachers’
professional development was proposed.

(2) Interactive networks were low reciprocal anddely connected with a low cohesiveness.

(3) There was no significant difference of behawiistributions between core and peripheral
members.

(4) Social knowledge construction behavioral patepresented different characteristics in

different rounds of activities.
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