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In the 21% century when knowledge-based economy is emphasized, the cultivation of
autonomous learning and problem-solving capabilities presents the importance. With web-based
collaborative problem-based learning, learners could maore conveniently cultivate their
problem-solving abilities through autonomous learninig. Nevertheless, learners are often guided to
solve a target problem by the information announced by teachers during the collaborative
problem-based learning (CPBL) processes. Individual learners often could not effectively absorb
such standard information, thus ignoring the important information from teachers. In the
information communication theory, the two-step flow of communication through opinion leaders
has been proved that it can better change audience’s attitudes than the one-step flow of
communication through mass media. This study thus employs the modularity Q function as the
fitness function of genetic algorithm (GA) to optimally detect learning communities and uses
PageRank measure to accurately find out community opinion leaders according to the social
network interaction data of learners in the CPBL process. Based on quasi-experimental design, this
study examines whether learners in the experimental group using the two-step flow of
communication through opinion leaders to convey information for solving the target CPBL



missions could more significantly enhance web-based CPBL performance, social network
interaction, and group cohesion than learners in the control group using the one-step flow of
communication through teachers’ information. Analytical results show learners in the experimental
group remarkably outperform those in the control group on learning performance and peer
interaction under a CPBL environment. Particularly, female learners in the experimental group
notably outperform female learners in the control group on learning performance, while there is no
significant difference in male learners between both groups. More importantly, learners in the
experimental group present significantly higher group cohesion than those in the control group. This
study confirms that using the two-step flow of communication instead of the one-step flow of
communication traditionally used in web-based learning environments could significantly promote
web-based CPBL performance, social network interaction, and group cohesion.

1. introduciion

With the development of information and communication technology (ICT), the

computer-supported collaborative learning in past years expects to develop a web-based
collaborative learning model better than the tive learning with face-to-face interaction in
authentic learning environiment. Koschi , Keiscn, Fe'tovich and Barrows (1996) stated that
students with web-based colilabor roblem-based lee (CPBL) outperformed those with
traditional face-to-face collabora roblem-based !'earni 1 cognitive performance. This is
because it could benefit real-time meassage communications, enhance learner interaction, and
facilitate more effective collaborative learning than traditional face-to-face interaction. Aiming at
health education, Naidu ana Oliver ( designed a c ter-assisted course with CPBL as the
teaching strategy. The results showed ! te i computei-based learning environment

with CPBL indeed could enhance learners’ tiiinking and problem-sciving ability. Liu et al. (2010)
confirmed that a web-based CPBL piatform can promote elementary school students’ research skills,
decision-making, execution, and evaluation abiiity. Hung et al. (2012) discovered that experienced
learners could effectively help novices’ learning in the web-based problem-based learning
environment to achieve collaborative iearning. Generally, learners often accept the guiding
information announced by teachers for the CPBL. However, such standard information not only
could not be effectively absorbed by individual learners, but also might result in learners ignoring
important information due to formal or serious information announcement type. On the other hand,
in the information communication theory, the two-step flow of communication has been widely
applied to information dissemination in community media, shopping choices in daily life, and
elections (Choi, 2015; Zhang, 2015; Childers & Rao, 1992; Hong, 2016) and the two-step flow of
communication through opinion leader in each community has been proved that it could better
change audience’s attitudes than the one-step flow of communication directly through mass media.
Although it is common to apply the two-step flow of communication to communications, research
on the application to teaching and even e-learning is little. It therefore induces the research
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motivation of this study to examine whether developing a two-step flow of communication model
through opinion leaders in web-based CPBL communities could better enhance CPBL performance
than the one-step flow of communication model through teachers’ information posting. This study
defined that the two-step flow of communication in an online learning context is that an online
instructor’s teaching guidance is indirectly conveyed to all members of each learning community
through opinion leader, not is directly conveyed by the instructor.

Community detection aims to explore the structure-functionality relationship in complex
networks, which involves two issues—the quantitative function for community as well as
algorithms to discover communities (Ma, Wang, & Yu, 2018). Community detection algorithms can
be divided into two categories, one is disjoint community detection, in which a node can be a
member of only one community at most, and the other is overlapping community detection, in
which a node can be a member of more than one community (Chintalapudi & Krishna Prasad,
2017). Aiming at community detection, a 'ot of past researcih proposed different algorithms that
aimed at improving the ability of detecting meaningfui communities, while keeping computational
complexity as low as possible. Modularity, proposed by Newman and Girvan (2004) based on the

graph theory, is one of the most representati criteria for measuring the quality of disjoint
community detection. Thus, reastiiing nuinity quality with modularity (Newman & Girvan,
2004) was used to detect CPBL lea ommunities-in'th 2

As the need for Web-based Joration accelerates, xcomes increasingly important to
understand small-group ieadership nline environments essick & Derry, 2010) because the
leaders of small-groups have considerable influence on group process as well as outcomes (Bass,
1990). Facilitating collaborative lea performance roviding learners with collaboration
scripts is regarded as a promising app e Kollar, Dimitriadis, Makitalo-Siegl, &

Fischer, 2009). Collaboration sciipts, whicii consist of at ieast five components, including learning
objectives, type of activities, sequencing, role distribution, and type of representation, can scaffold
specific collaborative learning processes to faciiitaie sccial and cogritive processes of collaborative
learning by shaping the way learners interact with each other (Kobbeet et al., 2007; Kollar, Fischer,
& Hesse, 2006). Particularly, role distribution is considered in collaboration scripts because it is an
important component affecting collaborative learning performance. Specially, opinion leaders in
two-step flow of communication model are the brokers between mass media and the public as well
as are the key person in information transfer. Opinion leader proposed by Lazarsfeld et al. (1994)
was considered that the influence of mass media was not as good as opinion leaders; delivering
messages to opinion leaders and having opinion leaders pass the messages to the followers could
better affect the attitudes of ones in the same community. Katz and Lazarsfeld (1995) further
analyzed the effect of information generated from opinion leaders on market consumption, fashion,
public affairs, and movies. The results showed the higher effects of opinion leaders than mass
communications on life issues of market consumption, movies, and fashion. Apparently, opinions
proposed by an opinion leader were more easily promoted and accepted in a community to result in
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critical effects on information communication. This observation inspires us to explore how opinion
leaders in collaborative learning communities affect collaborative learning performance in a CPBL
environment.

To determine the learning communities in a CPBL environment, the social network interaction
data in the CPBL processes of learners were utilized for finding out the community with which
learners appear closer interactions, based on genetic algorithm based community detection scheme
with modularity Q function (Newman & Girvan, 2004). Furthermore, PageRank measure (Page,
Brin, Motwani & Winograd, 1998) was used for searching the most influential opinion leader in
each learning community. This study aimed to examine whether the two-step flow of
communication through opinion leader in each community could better enhance CPBL performance,
social network interaction, and group cohesion than the one-step flow of communication through
teachers in the CPBL processes.

2. Community Detection with Opinion Leader Identification
for Collaborative Problem-based !_earning

2.1 Collaborative prohlem-based i¢ EBL) system
The presented CFBL procedure /es four maior e | stages for solving a target problem:
1) identifying the problem and si I; 2) designing the | m-solving method; 3) solving the

problem; 4) reflecting on the proce C its results. The four problem-solving learning stages were
summarized as corresponding to “cognition”, “action 1”, “action 27, and *reflection” mental
processes. The CPBL. sysiem used is study provi 1 friendly user interface so that the
instructor can conveniently design the ning scaffolds based on the four-stage
problem-based learning proceduies to assist learners in completing probiem solving procedures.
Based on the designed learning scaifolds, the CPBL system asks learners to solve a semi-structured
problem through higher-order thinking. A report cencerning the sciving of the target problem is
completed by the writing of a report in each stage. Figure 1 shows an example of the user interface
that the course instructor can use to plan the iearning scaffolds in the first learning stage of a task
related to the ““global warming problem” in order to assist students’ learning of the experimental
and control groups. Figure 2 shows an example of the user interface that the learner can use to write
up a task report in the first learning stage of a task related to the *“global warming problem™
according to the learning scaffolds designed by the course instructor. The learning scaffolds provide
students with the well-organized basic knowledge, designed learning guideline, gathered reference
websites, gathered reference videos, or predesigned forms that students can easily follow or fill in.
The learning scaffolds aim at guiding the learning directions of students and assisting them to learn
in solving complex problems that would otherwise be beyond their current abilities.

The problem-solving learning report is completed according to learners’ answers. The next
learning stage can be preceded after the learner completes the learning procedure at the previous

learning stage and passes the instructor’s evaluation. When a learner accesses to the platform for
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problem-based mission learning, the system would automatically record the learner’s learning
progress, discussion messages and interaction relationship, and assignment records. Opinion leaders
used the instant message function on the CPBL system to send the messages related to the
problem-based learning missions from the instructor to the members of the same learning
community based on the two-step flow of communication, whereas the instructor directly used the

bulletin board to announce the messages related to the problem-based learning missions to all the
learners based on the one-step flow of communication.

! Stepl-1

thﬁwmﬁl aTT (6| R T S RT0TA) The doomurtision, pictmss, websius, o bdmnaion b soadss.

" HTML editor
LogInLogtut ¥ 1M WIETS  Save Earth - 603 L
- & & ¢ HORa 8 ) W @ mE e EEHER . =
11 Menaspingthe
e BIUmxxX|a|iZF EE» Fleem=00ze
o 21 Dusigning
2 problnon
Bl = = T =
= 31 Solving the proble -l
- l—lm%mm -
‘process wd s results —
1-2 Thinking extensively - In recent years, much atieniion has hee paid to concerning the issue of Energy Efficiency and Carbon Reduction. Many governments and
L 3

non-governmental organizations have made effort on pushing the task of Energy Efficiency and Carbon Peduction in schools for many years. So, you can find a lot of relevant

information and websites associated with Encrgy Efficiency and Carbon Reduction from the search engines, such as Google, Gals, Yahoo, and so on Before starting to solve the

problem of this learning stage, please Lrowse the following rafrence information:

*Name : An Inconvenient Tiuth C(book)

Discription :Au Inconvenient Truth is a 2006 docusentarr film directed by Davis Gugpenhein about former United States Vice President Al
Gore’ s campeign to educate citizens about global

given more than a thousand times.

worehensive slide show that, by his own estimate made in the film, he has

- Name

System
function
menu

Discription :The Taiwan Greensch
to provide Greenschool concept
partner, the Greenschool cen
experiences and assist in de 2 |

+ Name : GreenLiving Informa ¢
Discription : Qur Green Mark ve:
with the Green Mark. The verificati

rd

: Taivan Greenschool Partaership N

Program 15 a systen

action nlans, instructional |

ent Leaves of Hope as encouragemer

rogra

ra(Ecclife) (webl

on mechanism 15 instrucied by the gov

chanism is established based on 150

catiowas

sist Taivau s schools to become Greenschools. [ts focus is
! government and private resources. After becoming a

tive to participate in related forums, exchange

. and enterprises are encouraged to certify their products

J service quality control and 130 14024 specification

Figure 1. Teacher scaffolding design interface in the CPBL system



Stepl-1

B el s 31‘:
SANIRUET BRI E T fome otk qustions and e g HTML editor
Edit Levion 2 : -
HBHORa ) e @ 0 E -
e - s - —
. 31 Designing the B I U X X @ i E E T o & PIEBOERESOI®
e »
= 3.1 Sobving the problen) sl WP ad - d A ) a3 (2
41t ontiv
e s s Please iry to complete the task of the learning step 1 according to the following steps.
= 1-1 Question description: Please think what the main environmental problems are currently on earth, and list it. (Please give five problems at least, such as air pollution, greenhouse,
L ¥
acid rain, and so on and explain why these problems were caused.)
= ¥ Ans:
1 v Greenhouse
GreGlobal Warmingenhouse :
cial Network ¥ Climate Change :
System
function
menu 1.2 Thinking T Complete the
© How much time did you spend to search and browse these websites?
Ans
©) Yhat are the difficult problems while vou browsed these reference websites? Are there methods to improve your understanding on these reference
websites (Please write 50 words ai least}
Ans ) + \ } r— N
Edit task report
. p . .
Figure 2. lLearner answer s erface in the CPBL system
' f rative pr based learni
2.2 Community detection fo aborative prok ased learning

2.2.1 Modularity Q function

To confirm the quality of identified communities and solve the problem of proper number of
community groups, Newman and (2004) pro the evaluation function Q, called
“modularity”. Modularity Q function v ;ator for evaluating the appropriateness
of specific community natwork division that it couid be used for testing the community grouping.
The larger modularity Q revealed the stronger community structure in the network. Therefore,
modularity Q function couid be used for seaiching the optimal community grouping in social
networks. Newman & Girvan (2004) indicated that the concept of a community formed by a group
of people was the connection in a group larger than the connection between groups, as the

conceptual diagram of community detection in Fig. 3.

Figure 3. Community detection diagram

Based on above concept, Newman and Girvan (2004) proposed a modularity Q function to
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measure the quality of community and listed as Equation 1.

s (ks )?
Q=36 |2 (2)] &)
where ¢ stands for the number of community detected, m is the total number of edges in the entire
network, Is is the number of edges in the sth group, and ks is the number of dimensions in the sth

group.

From Equation 1, the modularity Q function appears between -1 and 1; the closer to 1 presents
the better grouping quality of community. However, when the number is below 0, the grouping
quality does not show reference value. The modularity Q function used as the fitness function of
genetic algorithm was utilized in this study to detect communities with closer collaboration and
interaction in the CPBL system. PageRank was further used to find out the opinion leaders of such
communities for the reference of enhancing CPBL performance with two-step flow of
communication.

2.3 Opinion leader detection based 17¢

There are four approaches t tifying-opinion. | 5, including scciometric methods,
key-informant methods, self-desi g methiods, and ob ion (Rogers, 1995). Sociometric
methods involve extensive analysas of leadership nominations within members of a peer group and
were employed in the study. Pageran'< measure, proposec by the founder of Google in 1998 (Page,
Brin, Motwani & Winograd, 1998), i d of sociom 1ethods aiming to sequence pages for
measuring the importance of a website 1 | 4 analysis. Googie optimizes the search

engine through Pageranic to promote the ranking of pages with higher importance and further
enhance the correlation and quality of search results in order to meet users’ needs. The higher
Pagerank value shows the mcre popular of the page. Pagerank measure was applied in this study to
search for opinion leaders in the community network, where learners are regarded as nodes, the
interaction among learners is the link, and opinion leaders in communities with higher influence are
found out according to interactions for two-step flow of communication in order to promote the
CPBL performance.

3. Research Methodology
3.1 Experimental design

Two classes of Grade 4 students from an elementary school in Taoyuan City, Taiwan were
recruited as the research subjects to precede a target problem-based learning mission on the CPBL
system through problem discussion and interactions. Based on the quasi-experimental design, the
two classes were randomly divided into the experimental group using two-step flow of
communication and the control group applying one-step flow of communication to conduct the
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problem-based learning mission. The problem-based learning mission in the CPBL system were
divided into four learning stages of “cognition”, “action 1”, “action 2”, and “reflection”. The
instructor designed the problem-based learning mission with scaffolding support for the four stages
in the back-end of CPBL and learners asynchronously preceded collaborative learning to solve the
four-stage learning mission set by the teacher. The entire learning process lasted for 4 weeks.
Namely, each learning stage lasted for a week.

The teacher’s evaluation at the first learning stage of “cognition” was used to test the
difference in the prior knowledge of solving problem-based learning mission between two groups.
The teacher then explained the problem-based learning mission and guided learners complete the
four-stage problem-based learning mission. At the first learning stage of “cognition”, learners would
interact and discuss with real-time messages on the CPBL system, which would collect the social
interaction information among learners. After that, genetic algorithm matched with the modularity
Q function as the fitness functicn was further utilized to determine the optimal community group,
and PageRank measure was used to decide the opinion ieader of eacti community. From the learning
stages 2 to 4, the research subjects in two greups accepted the problem-based learning mission at

each corresponding learning stage and such mission with different information
communication models. The teacher’s Jation scores on solving the problems in learning
mission at the learning stages 2 (c e referred to the ng performarice. The experimental

design is further explained as follc
(1) Pretest stage

The research participants in two groups were expiained the experimental procedures and
demonstrated the CPBL platform bef > instruction iment to ensure the smooth operation
of the experiment. The research subj ul the group cohesion scale before the
experiment in order to understand the initiai states of group cohesion in both groups.
(2) Learning stage using ditferent information communication strategies for both groups

The research subjects in two groups wouid precede the foui-stage problem-based learning
mission related to the “global warming problem” on the CPBL platform for 4 weeks. Both the

first week. From the second week, the modularity Q function matched with genetic algorithm was
utilized for community detection of learners in the experimental group, according to the interactions
on the platform. Besides, the community members with the highest PageRank values in all the
communities detected from the experimental group would be regarded as opinion leaders, while the
control group was not proceeded community detection for opinion leaders and all information was
directly announced by the teacher to the entire class.

Different information communication strategies would be adopted for different groups from
week 2 to week 4. The experimental group applied two-step flow of communication, where
information is transferred to opinion leaders who then transfer to the other community members.
One-step flow of communication model was utilized in the control group, where information is
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directly transferred to all learners by the teacher. Learners in two groups receive identical conditions,
except for the communication model. In the learning stage, the opinion leaders in the experimental
group got the teaching guidance including the hints and the reference materials of solving the target
CPBL missions from the instructor via the instant message function, followed by searching more
information related to the teaching guidance from the Internet, and then transferred the absorbed
and integrated information to their peers in the same learning community by using the instant
message function. If the opinion leaders could not fully understand the teaching guidance from the
instructor, they could ask the instructor via the instant message function. Additionally, some
students actively shared useful information getting from the Internet to their opinion leaders, and
opinion leaders relayed the information to other group members to create a positive learning
circulation. In other words, the opinion leaders in the experimental group not only play the role of
information transformation, but also play the role of information filter and integrator. In contrast,
the instructor used the bulletin board to announce the teaching guidance related to the
problem-based learning missicns to all the learners in thie control group. Namely, the instructor did
not have direct interaction with al! the learners i the control group.

(3) Posttest stage

After the experiment, the research sut s of both oroups were requested to fill in the group
cohesion scale and some research 2(s in the expe tal group were invited to perform
semi-structured interviews. The ¢ ere analyzed to dc the difference in group cohesion
between both groups and to ur ind how the opinic aders in the experimental group

facilitated knowledge sharing.
3.2 Research participants

Table 1 shows the number of rese g 49 students, 27 males and 22 females
from two classes in an elementary school. One ciass was randomiy assigned to the experimental
group applying two-step flow of communication to perform the CPBL, and the remaining class was
assigned to the control group using one-step flow of communication foir the CPBL. The experiment
was preceded on the CPBL platforim, and opinion leaders in the experimental group were included
at the learning stages 2, 3, and 4 for the information transfer with two-step flow of communication,
while the control group utilized one-step flow of communication with the teacher posting messages
on the CPBL platform.

Table 1. Statistics of research subjects

Group Number Male Female
The control group with
one-step flow of 25 13 12

communication
The experimental group with

two-step flow of 24 14 10
communication
sum 49 27 22




3.3 Research tools

3.3.1 Social networks analysis tool

UCINET (University of California at Irvine Network) was used in this study for analyzing
social networks measurement of degree centrality, betweenness centrality, and closeness centrality
to judge whether two-step flow of communication could facilitate web-based collaborative learning
interaction or not. In UCINET, the data in the social networks are stored, displayed, and described
with matrix, and the social networks analysis results are visualized.

3.3.2 Group cohesion scale

The group cohesion scale used in this study contains social cohesion and task cohesion, which
are revised by referring to the questions compiied by Zaccaro (1991) and Seibold & Kelly (1988). A
total of 13 questions were deveioped for the scale, presenting favorable reliability (Crobach’s
alpha=.939, N=96) (see appendix).

4. Experimenial Resuits

4.1 Analysis of learning perforinar hoth groups
To avoid some other variab luericing the ieari arformance assessment, this study
designed the same CPBL missions ;onducted the same ¢ mental period with four weeks for

the two different learning groups. The resuits ati the ring stage 1 were preceded the
independent-samples t test to understand the difference in the prior knowledge of learners in both
groups on solving the target CPBL ni hetween | oups. Tabie 2 shows the results. The
results show that the initiai problem g a oetween learners using two different
communication models on the target CPBL missions do not appear significant difference (t=-1.579,
p=.121<.05), i.e. the prior knowledge of izarners in both groups is the same at the learning stage 1.

Table 2. Independent-samples t test of initial prior knowledge of iearners between the experimental
and control groups using different information communication strategies

Mean-equivalent t test

Test item Group Number  Mean ggi?;?gﬂ . Signific-ance
(two-tailed)
The The
performance experimental 24 77.08 7.790
of the group -1.579 121
learning The control
stage 1 group 25 74.00 5.577

The number of learners in both groups passing the four stages and the pass rate are shown in
Table 3. The pass rate of both groups at the learning stage 1 and stage 2 is 100%; the pass rate of the
experimental and control groups at the learning stage 3 appears 100% and 76%, respectively; and,

the pass rate of the experimental and control groups at the learning stage 4 shows 33.33% and 16%,
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respectively.

Table 3. The number of passed learners and the pass rate in the experimental and control groups in
the four-stage problem-based learning

Learning stage 1 Learning stage 2  Learning stage 3  Learning stage 4

Group No. of P No. of No. of No. of

ass Pass Pass Pass
passed passed passed passed
rate rate rate
learners learners learners learners
gl‘oeusze”me”ta' 24 100% 24  100% 24  100% 8  33.33%
The control group 25 100% 25 100% 19 76% 4 16%

Furthermore, the average performance of both groups at the learning stages 2, 3, and 4 were
proceeded the independent-samples t test to evaiuate the learning performance. Table 4 shows the
results, where there is significant difference in the learning stages 2 and 3 between two groups, and
the experimental group is higher than the conitrol group. it was therefore inferred the higher learning
performance of the experimentai group than the control group. The average performance of the
experimental group from the learning stages better than that of the control group, showing
that the experimental group, with the influe OT opinion leaders, outparforms the control group on
learning performance

Table 4. Independent-samples t test result of the learning periormance for the experimental and
control groups at various learning sta

Learning stage and droup an SD ?,:%ZT;TQS;
_ The experimental . - L
Learning stage group 24 77f% N "'299__ 3535 001
2 The control group 25 72.6( 5.228
i The experimental
Learning stage group 24 83.96 8.338 4353 000
3 The control group 25  57.16 29.580
. The experimental
Learning stage aroup 24 42.08 25.148 486 629
4 The control group 25 3860 25021
Average The experimental 24 67.99 9272
performance of group ' ' 2932 006
learning stages The control group ' '
2104 25 56.12 17.888

Independent-samples t test was further applied to analyze the difference in learning
performance between learners with different gender in both groups. Table 5 shows the results. The
results reveal that female learners using two-step communication model through opinion leaders
present better learning performance than female learners applying one-step flow of communication
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model through teacher’s website announcement, but no significant difference appears between male
learners in both groups. It is possibly because female learners are more easily affected by opinion
leaders or peers than male learners.

Table 5. Independent-samples t test results of learning performance between learners with different
gender in both groups

i Significance
Learning stage and group Number Mean SD t (two-tailed)
The
Average performance of male experimental 14 67.95 6.479
learners in both groups from  group -1.419 174
the learning stages 2 to 4 The control 13 6212 13.438
group
Average performance of the
gep . experimental 10 735  6.609
female learners in both B
i group ] -3.186 .006
groups from the learning - the control g
stages2to 4 12 58.94 14.083
group AN AN
After passing the learning stage 1, the experimental group was detected 4
communities by using GA wiinh the me ty Q funcl the fitness function. Table 6 shows the
results. One-way analysis of varia NOVA) was utili. this study tc analyze the learning
performance among four commun No significant!y diff e in learning performance appears
among four groups (F=66.490, p=1.386>.05), indicating that information transfer through opinion

leaders could let learners receive good information, without information gap.

Table 6. Descriptive stati ities in the experimental group

: , ‘ Significance
Community Number / Mean SD__ F (two-tailed)
Community 1 4 6563 5.543 ‘
Community 2 8 69.84 7.148
- - —— 66.490 1.386
Community 3 6 70.42 8.862
Community 4 5 75 4.146

4.2 Analysis of social network interaction between both groups

In the social networks analysis, when a learner not interacting with other learners cannot be
analyzed by using social networks analysis. Therefore, all learners in both groups not interacting
with other learners were removed from the social networks analysis. The interaction of the
experimental and control groups at the learning stages 1-4 were preceded the overall social
networks interaction analysis. Table 7 shows the social networks analysis results between both
groups with different information communication models.
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Table 7. Overall social networks analysis results between both groups with different information
communication models

Overall network centrality

Degree  Closeness Betweenness
centrality centrality  centrality

Communication
model

The experimental

group 0.5368 0.5756 0.3875
(n=23)

The control group
(n=24) 0.4308 0.4533 0.1452

Degree centrality refers to the linkage degree to others; the larger degree centrality stands for
the more active network interaction. The degree centrality of the experimental group, 0.5368, is
higher than it of the control group, 0.4308, revealing more active information transfer among
learners in the experimental group. Cioseness centrality refers to the closeness among learners; the
shorter distance among learners would show higher closeness centrality that the information could
be faster acquired. The resuits show the higher closeness centrality, 0.5756, of the experimental
group than it, 0.4533, of the control group, showing that the information transfer through opinion

leaders could shorten the distance among |¢ senness centrality refers to the degree of an
individual controlling rescurce com wens in the | . When a learner is in the shortcut
between other learners, the betwv 5 valug is higher. sult reveals that the betweenness

centrality, 0.3875, of the experime jroup is far higher th , 0.1452, of the control group. The
transfer through opinion leaders could have beiter linkages among learners and faster information
communication to enhance the inforn 1 transfer efficiency of collaborative learning teams.

The interactions of both groups erent lication models were observed in this
study. Figure 4 shows the social networks interactions among learners in the control group with

one-step flow of communication model through teacher’s website announcement. In the figure, the
linked line reveals the interactions among learners, and the direction of arrows shows the
respondents of learners. From Fig. 4, the contrei group is about a close group, but the linkage
among nodes is chaotic. It shows that leariners in the centiol gioup do not seriously discuss, and the
situation of collaborative learning is not obvious. Figure 5 shows the social network interactions of
learners in the experimental group with two-step flow of communication through opinion leaders.
Apparently, there is the appearance of sub-groups, and the linkages among nodes are easier than
those in the control group. Apparently, learners in the experimental group present good
communication intention and collaborative learning in each community detected by the community
detection scheme.
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Figure 4. The control group withi one-step flow of communication model through website
announcement (n=24)

Figure 5. The experimentai group with two-step flow of communication through opinion leaders
(n=23)

Community interactions with the information transfer through opinion leaders were also
observed in this study. The results show that, with the modularity Q function for community
detection, four communities were detected in the experimental group as shown in Fig. 6. In the
learning community network interaction map, the linked line represents the interactions between
learners; the thicker line shows the more interactions between learners. The larger node pattern
reveals the higher degree of learners in the community. According to PageRank measure, the
opinion leaders of the groups are s142, s119, s137, and s136. In Fig. 6, an opinion leader appears
the largest pattern and the thickest and the most node lines. It presents that opinion leaders are the
ones often receive and transfer information in groups to help information transfer and enhance
learners’ learning performance.
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Community 3 community 4

Figure 6. Social network stru relatioiiship of communities in the experimental group

4.3 Analysis of group cohesion between both groups

Table 8 shows the resuiis of in lest of pretest and posttest of group
cohesion for the experimental and coritroi aroups. ihe result shows no significant difference in
group cohesion between two groups before performing the CPBL missions (t=-0.542, p=.590>.05);
however, the group cohesion of both groups achieves remarkable difference after performing the
CPBL missions (t=-2.005, p=.048<.05), and the experimental group is superior to the control group.
Remarkably, compared to the pretest of group cohesion, the group cohesion of the control group
slightly decreases. It was logically inferred the learners in the control group were not guided well by
the teacher in the collaborative learning process so that they are confused and could not concentrate
on the learning.
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Table 8. Independent-samples t test of pretest and posttest of group cohesion for the experimental
and control groups

Mean-equivalent t test

Test item Group Number  Mean SD Significance
t (two-tailed)
The
Pretest of  experimental 24 50.92 9.930
group group -0.542 590
cohesion  The control o5 49.98 11.137
group
The
Posttest of  experimental 24 52.20 9.495
group group -2.205 .048
cohesion  The control o5 46.00 11,082

group

4.4 Summary of the interview results from the experimental group

To understand how opinion leaders conveyed the teaching guidance about solving the CPBL

missions from the instructor to their group nd facilitated knowledge sharing and peers’
interaction, six learners with especially excellent ¢r poor learning performance and four opinion
leaders were invited from the expe al group to-partic in a semi-structured interview. Five
learners agreed that they can g rect ana rich info n through the dissemination of
information by their opinion leaders while one learner questioned the correctness of the information
sent by her opinion leader. However, as a whole, most learners confirmed that the opinion leaders
can help them improve the CPBL per 1ce. Moregve six learners had inconsistent opinions
on the effect of information dissemina C Lructor’s website announcement for the

-

learners in the control group. Some learners expressed that the information announced by the
instructor through the website announcement can be delivered fairly because the website
announcement is normally standardized by the instructor and the correctness will be relatively high.
Furthermore, several learners thought that the information frocin the opinion leaders is not as
authoritative as instructor. Interestingly, most learners agreed that not every person is interested in
looking at the information from the instructor’s website announcement. They also worried about
that most learners may only use the information provided in the instructor’s website announcement
and will not have strong motivation to seek additional information by themselves, thus losing
autonomous learning ability. Importantly, three opinion leaders thought that passing information
through them can make learning more effective and increase positive interaction with their group
members, while one thought that it may cause other group members not willing to actively find
information by themselves because they just wait for the information from their opinion leaders.

5. Discussion

Li, Ma, Zhang, Huang, and Kinshuk (2013) indicated that opinion leaders can facilitate
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knowledge sharing on specific topics and enhance the efficiency of collaborative learning.
According to the four-stage collaborative problem-based learning performance of learners in the
experimental and control groups, the experimental group shows the higher learning performance
than the control group, possibly because the learners in the experimental group are influenced by
opinion leaders and perform the better knowledge share and information delivery. Moreover, this
study found that female learners in the experimental group with two-step flow of communication
through opinion leaders outperform female learners in the control group with one-step flow of
communication through teacher’s website announcement on learning performance, while male
learners between both groups do not appear notable difference. The possible reason is that females
are more easily and positively affected by opinion leaders than males. Several previous studies
supported the viewpoint. For example, Elder and Greene (2003) found that women’s vote choices
are more likely than men’s to be influenced hy the organizations to which they belong. Norrander
(1997) found that women feel significantly more positive about groups in society than men. Also,
the effects of different information communicaiion models on the interactions in CPBL
communities are discussed in this study. Severai studies (Carseri, Tesluk, & Marrone, 2007; Cascio,

& Shurygailo, 2002) indicated that opi rs play an important role in improving
communication and encouraging group n 2i's 10 have greater level of information exchange. The
results of the study reveal that the imental group ag y two-step flow of communication
shows higher degrze centrality, ¢ 255 centiality, and nness centrelity than the control
group using one-step flow of communication. !t is inferred that the experimental group presents
better information transfer efficiency and would absorkb opinion leaders’ opinions to facilitate better
learning interactions. More importai e group col of the iearners in the experimental
group was significantly higher than the ) ntrol group after performing the CPBL

missions. Obviously, the opinion leaders iin ihe experimental group successfully and effectively
directed their group members to tinish the CPBL missions, thus prornoting the group cohesion.
Conversely, the group cohesion of the leainers in the control group slightly decreased after
performing the CPBL missions in comparison with before perforiming the CPBL missions. In other
words, the impact of the opinion leaders on facilitating group cohesion was higher than did the
instructor. Finally, the modularity Q function was utilized in this study for community detection,
and PageRank measure was used to determine the opinion leaders. By inquiring the homeroom
teacher of the experimental group, the communities and opinion leaders detected by the proposed
algorithm are about the same as those in the real life. The results reveal that the high accuracy of
using modularity Q function as the fitness function of GA to perform community detection and
using PageRank measure to seek opinion leaders.

6. Conclusions and Future Works

The research findings of the study show that learners in the experimental group with two-step
flow of communication through opinion leaders outperform those in the control group with one-step
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communication through website announcement on learning performance, peer interaction, and
group cohesion. Moreover, under CPBL environment, the two-step flow of communication through
opinion leaders provides more benefit in terms of promoting the learning performance of female
learners than male learners. Moreover, by inquiring the homeroom teacher of the experiment group,
the detected communities and opinion leaders are about the same as the real life conditions. It
reveals that such a method on the CPBL system could effectively detect communities and opinion
leaders.

Several issues warrant further study. First, learners in this study enhance the problem-solving
capability with the CPBL system. Future research should consider apply the two-step flow of
communication through opinion leaders to other collaborative learning systems for promoting
learning performance. Moreover, elementary school Grade 4 students are the research objects in this
study. Future research could expand the iearners in different age groups of junior high schools,
senior high schools, colleges, and graduate schools to further compare the learning performance and
interactions so as to complete the research results. Finaily, learners in both groups in this study are
not tested the cognitive stvies. The effect of two-siep flow of cornmunication, under CPBL system,
on the learning performance of learners wit! ognitive styles could be further discussed in
the future.
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party. Solicitations should contain information about the aim of the research and the type of analysis
that researchers want to do. Finally, we certify that there is no conflict of interest in this paper.
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Appendix

Group cohesion scale used in the study

Dimension Item

Our team members can always accept the opinions of others
Our group members often express their support for the ideas from other
members
. _ Our team members communicate well

Social cohesion .
Our team members interact well
It is always a pleasant time for our team members to discuss
Our team members are very friendly to each other

Our team members respond friendly to tiie questions from other members

Our team members are very dedicaied to the completion of the assignment
Our teain members are very dedicated to achieving the job goal
Our team members show st in doing the job

Our team membei's we complete the assignment

gl

Task cohesion

QOur team mem! 1l engage in eac! ~’s success in actual work or
competition

Our team members can work together and share work when they actually
work
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