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Abstract Competition Based Learning (CBL) is perceived to be the most effective way to integrate robotics into subjects like
math and physics. However, during competitive activities, communication and helping others is usually minimized and
students disregard other goals such as groups’ interactions, collaboration and shared vision. This study is the first attempt to
employ knowledge building pedagogy and technology to integrate robotics into subjects like math. One of the Knowledge
Building goals is to re-create schools as knowledge creating organizations. Therefore, this study employs innovation network
framework to analyze students’ collaborations in robotics against knowledge creation organizations criteria. The results show
the emergence of the COIN networks in education settings and the importance of these networks for idea improvement.
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1.

Introduction

Since mid 20th century, scholars have observed society gradually turning into a "knowledge society" (Drucker, 1968; Bell, 1973;
Toffler, 1990) with citizenry able to work with knowledge. Prominent ideas running through both scholarly and popular
commentary on knowledge society themes are innovation and knowledge creation. Therefore, helping students become more
innovative and develop competences associated with cultural creativity is an increasingly important educational goal in higher
education (Bourke & McGee, 2012; Hansen, 2014; UNESCO, 2005). This is in line with knowledge building theory and
pedagogy, which aims to engage students in idea-driven knowledge creation (Scardamalia & Bereiter, 2014) and foster
innovation and design thinking among today’s learners (Bereiter & scardamalia, 2006).
This study explores how and if employing knowledge building pedagogy and technology cultivates and facilitates
innovations in elementary schools, while students explore math using robotics. To reach this goal, collaborative innovation
network framework (Gloor, 2006) is employed to analyze a knowledge building community according to the innovative
networks dynamics, to explore whether students have similar contribution patterns as those observed in innovation-intensive
organizations. The choice of robotics as the focal activity is based on (1) evidence that work in robotics promotes development
of problem-solving skills, creativity, critical thinking, and collaboration and team work skills along with better understanding
of Science, Technology, Engineering, and Mathematics (STEM) (Attard, 2012; Bers & Portsmore, 2005; Gura, 2012); and (2)
the availability of child-appropriate software and hardware for it (Eguchi, 2007; Grubs, 2013). Knowledge Building was chosen
as the educational framework because it is an extensively researched approach that directly pursues knowledge creation as a
goal (Bereiter & Scardamalia, 2014) and because it incorporates technology specifically developed to support collaborative
knowledge building (Scardamalia & Bereiter, 2006, 2014). Finally, I have chosen to build on Gloor’s work (2006) on innovation
networks because, although it has focused on adults working in innovation-intensive organizations, it offers an analytic
framework that addresses concerns important in education at all levels.

2.
2.1.

Literature review
Robotics

Along with robotics technology development, researchers and educators in many countries, including Canada, Japan, South
Korea, Taiwan, and the United States, have employed robots to support education (Han, 2012). Robotics might be used as a
learning object or as a learning tool (Alimisis & Kynigos, 2009). In the first category (i.e. learning object) robotics on its own
is studied as a subject, while in the second category (i.e. learning tool) robotics is used as a tool for teaching and learning other
school subjects such as mathematics and science. Several studies (e.g. Attard, 2012; Bauerle & Gallagher, 2003; Druin &
Hendler, 2000; Jeschke, Kato, & Knipping, 2008) have shown that hands-on robotics is engaging, creates constructive learning
environments that are suitable for a better understanding of STEM disciplines, has positive long-term effects such as attracting
students to technological and scientific studies, and leads students to a love of STEM subjects. Robotics also helps students to

promote their skills for living in the digital world (Gura, 2012) and has a great impact on developing problem-solving skills,
creativity, critical thinking, and collaborative skills (Alimisis & Kynigos, 2009; Barak & Doppelt, 2000; Bers & Portsmore,
2005; Chalmers, 2013; Vernado, 2005). It has been claimed in some studies (e.g. Giannakopoulos, 2009) that Competition
Based Learning (CBL) is the most effective way to integrate robotics into subjects such as math and physics. In CBL, students
form small groups, collaborate within their groups, and build and program their robots in order to accomplish challenges, beat
others and get credit (Kanda, Shimada, & Koizumi, 2012). Some studies demonstrated that robotics competitions provide
engaging contexts for learning STEM subjects and promote students’ interests toward STEM-related fields (e.g. Johnson &
Londt, 2010; Welch, 2010). Moreover, robotics competitions have been shown in some studies to have positive effects on
students’ attitudes towards teamwork and collaborative problem solving (Goodman Research Group, 2000). Hence, researchers
and educators have widely employed CBL to integrate robotics (Altin & Pedaste, 2013; Jung, 2013).
Although the concept of competition in education is supported by several studies (e.g. Lawrence, 2004; Verhoeff, 1997),
there are several concerns in regards to competitions in education. One concern is that competitions usually focus on winning,
while education should focus on processes that ultimately result in success (Murphy, 2000). Therefore, competitions may have
negative effects on the learning process, and force students to focus on a limited set of “winning” goals rather than a process
more attuned to deep understanding (Lam, Yim, Law, & Cheung, 2001; Vockell, 2004). This concern is true for robotics
competitions as well. For instance, Hallak, Armoni, and Ben-Ari (2015) stated that sometimes learning opportunities were
sacrificed by students in favor of building robots to accomplish the challenges: students were unable to explain important
robotics concepts because they had just memorized the information to operate their robots. Another concern is that during
competitive activities, communication and helping others is usually minimized because students usually perceive their goals as
only being reached if other students fail to achieve their goals (Johnson, Johnson, & Smith, 1991). In fact, the growing emphasis
on the final products of competitive activities sometimes leads students to disregard other goals such as groups’ interactions,
collaboration and shared vision (Cohen, Brody, & Sapon-Shevin, 2004). Therefore, competitions may “discourage active
construction of knowledge and the development of talent by isolating students” (Johnson et al., 1991, p. 11). Such a learning
environment creates a dichotomy in which talented students are the winners at the expense of less talented students. In robotics
competitions, like other competitive activities, it is very common to have some really developed projects and some projects in
their early stages of development. For example, Hallak and colleagues (2015) stated that only a few groups of students could
successfully complete their robots to accomplish the challenges. Moreover, although the relative quality of products may be an
indicator of winning a contest, winning the competition does not necessarily mean that students are doing their best, because
trying to beat others is different than trying to do well (Kohn, 1992).
One potential solution for these challenges and concerns is to teach robotics employing collaborative approaches. Kohn
(1992) stated that students’ discussions in cooperative and collaborative environments develop “higher quality cognitive
strategies for learning than does the individual reasoning found in competitive and individualistic learning situations,” leading
students to produce more complex products (p. 50). Therefore, some researchers (e.g. Denis & Hubert, 2001) employed a
collaborative approach (i.e. not competitive) in which students formed small groups to collaboratively accomplish robotics
projects. Although small-scale collaboration has the potential to mitigate the negative effects of robotics competitions, it has its
drawbacks as well. For example, the results of a study showed that several teams could not complete the robotics projects, and
the average completion rate was 68% (Karahoca, Karahoca, & Uzunboyluhave, 2011). In fact, information in small groups is
not readily available to the full group, thus less likely to spread and be built on (Scardamalia, 2002). Engaging students in a
large-scale collaboration, in which students collaborate with all other students, may result in fewer students at the periphery.
Knowledge Building theory, pedagogy and technology are developed to create an open innovation community in which
innovations and knowledge are democratized for the benefit of all.
2.2.

Knowledge building pedagogy and technology

As Bereiter and Scardamalia (2014) explain, “Knowledge Building” in the learning sciences (Scardamalia & Bereiter, 1991;
Scardamalia, Bereiter, & Lamon, 1994) and “knowledge creation” in the organizational sciences (Nonaka, 1991; Nonaka &
Takeuchi, 1995) are synonyms, each entered into the literature at about the same time and enjoying currency in different
contexts. It is only in the last decade that they have come to be understood as synonyms, however. Why so long coming to this
understanding? Learning science research is conducted largely in schools with participants spanning pre-school to tertiary
education. Organizational research is conducted largely in out-of-school contexts with adults. The dominant belief across these
contexts is that students do not create knowledge, they just learn. Thus a plausibility barrier obscures parallels.
Scardamalia (2002) and Scardamalia and Bereiter (2006) presented 12 principles that altogether describe Knowledge
Building as a principle-based pedagogy and that are set forth to make knowledge creation more accessible to teachers and
students. These 12 principles frame Knowledge Building as an idea-centered pedagogy with students as epistemic agents,
creating knowledge through engaging in complex socio-cognitive interactions. Knowledge Building places great emphasis on
the notion of community and collective responsibility for knowledge advancement. In such a community, students are
encouraged to advance community knowledge through participation in progressive discourse (Beretier, 1994; Bereiter &
Scardamalia, 1993) and contribute to the community knowledge and a shared knowledge objective (Bereiter, Scardamalia,
Cassells, & Hewitt, 1997). In essence, in Knowledge Building, knowledge is viewed as a social product with students taking

collective responsibility for the state of public knowledge and continual idea improvement (Bereiter, 2002; Scardamalia, 2002;
Scardamalia & Bereiter, 2006). From a Knowledge Building perspective, the community succeeds through distribution of group
effort across all members, not the concentration of efforts amongst a few individuals. Therefore, beyond ideas held privately by
individuals, they should be made available to the community as publicly accessible artifacts that can be discussed,
interconnected, revised, and superseded (Scardamalia & Bereiter, 2003). In fact, individual interests and expertise are
complemented by those of the community as each individual tries to achieve both individual and community goals (Amar,
2002). Symmetric knowledge advances within and between communities create what Gloor (2006) terms Collaborative
Knowledge Networks.
2.3.

Collaborative Knowledge Networks

In an attempt to provide a framework to understand dynamics of knowledge creation communities and the contributors’
behavior, Gloor (2006) analyzed knowledge communities and identified three types of collaboration networks: Collaborative
Innovation Networks (COIN), Collaborative Learning Networks (CLN), and Collaborative Interest Networks (CIN). These
three networks together form the ecosystem of Collaborative Knowledge Networks (CKNs), which Gloor believes are
“extremely powerful engine of open and disruptive innovation for knowledge creation and dissemination” (p. 136).
Gloor described a COIN as a network of people that is formed by the most dedicated, self-organized and intrinsically selfmotivated people who have a collective vision. Although a COIN has the smallest number of members compare to other two
networks, it forms the core of a Collaborative Knowledge Network. Members in this network share ideas, information, and
work in order to achieve the common goal. In fact, the members of the COIN share “the same ‘genes’” (Gloor, 2006, p. 22),
because their main goal is to create innovative things, and they do their best to succeed and spread the innovation. As described
by Gloor, COINs are the “most productive engines of innovation ever” (p. 10), and their efforts provide opportunities for any
organization to become a more creative, productive and efficient organization. However, membership in COINs is fluid;
founding members may leave the COINs due to changes in their interest.
Once a COIN is formed to create innovative ideas, other people join the community to discuss the new ideas emerging, to
share common interest and common knowledge, to learn about the purpose or the applications of the proposed ideas, and to
collaboratively work to develop the ideas (DiMaggio, Gloor, & Passiante, 2009; Gloor, 2006). These people, who not only like experts- actively share knowledge but also -like students- actively seek knowledge, form a CLN (Gloor, 2006). The
members of this network include people who may lack the skill, time, or interest to join the COIN, but are interested in
discussing the ideas emerging and the knowledge being shared (Gloor, 2006).
The CIN network is formed by people who typically “do little actual work together in a virtual team” (Gloor, 2006, p. 127).
While a minority of people in this network share knowledge, the majority of them are silent knowledge seekers (lurkers) who
do not usually contribute any content (Gloor, 2006). The members in this network are people who are fascinated by the core
team and are connected to one or two members of the COIN as well as some members of the CLN. However, these lurkers at
the periphery are “the agents of knowledge dissemination, spreading the seeds of acceptance for the new product” (Gloor, 2006,
p. 188).
Each of these three networks is embedded into the subsequent, larger community (Fig. 1). The COIN is the smallest
community which is the heart of this set of concentric communities, while the CIN is the largest and outermost community.

Fig. 1. The ecosystem of CKNs (Gloor, 2006).

3.

Method

This study explores forms of engagement and knowledge work within knowledge building classes. Math topics (e.g.
measurement, proportion, conversion) are explored using robotics. The online environment used to facilitate the formation of

innovation network is Knowledge Forum® (KF)--a web based discourse medium specifically designed to support production
and refinement of community knowledge to advance understanding of the world and effective action through social interaction.
3.1.

Participants and settings

Participants for this study included 16 Grade 5/6 (12 boys, 4 girls) in a school located in Ancaster, Hamilton. This school has
two classes per grade, taking into account that in some classes two grades are mixed. In this study, the participants explored
math concepts while working on their robotics projects over the course of four months, one session a week. Each session lasted
for 90 minutes, involving two components:
1. Knowledge Building circle: Students were asked to update their peers about their progress on the task, express their
success/failure stories, ask questions, and answer their peers’ questions. In this class, students were sitting around a
horizontal whiteboard, named “TOGA” (Table of Great Achievement) by students, and were able write down their
ideas, and make notes of other students’ ideas. The Knowledge building circle usually lasted for 20 minutes. Students
were asked to enter their findings of the knowledge building circle into Knowledge Forum.
2. After this knowledge building circle, students were asked to work on their projects, dividing into their groups. During
their projects time, they were involved in hands-on robotics projects to solve the challenge. This part lasted for an hour.
While working on their projects, students were expected to enter their findings, challenges, issues, and breakthroughs
to Knowledge Forum, ask their questions, and build on other students’ contributions. It should be clarified that during
all the two components described above, minimal guidance to students was provided.
3.2.

Dataset

Students’ contributions on Knowledge Forum and the log data are the two main sources of data for this study. Students were
involved in doing three different projects; they posted 199 notes for project 1, 107 Notes for project 2, and 163 notes for project
3. While all the Modules have been analyzed, in this study only the results of the final project are fully presented, because the
methods of analysis and the procedures in all the three modules are similar. In the last project of the study, students were
expected to think about a robotics project, integrating math into robotics that will be presented to parents in the school’s final
exhibition. In this module, we purposely provided no guidance and let the students think and decide about the projects, in order
to turn over agency to students. We also aimed to provide an opportunity for students to experience authentic education and
decide about the project that is important to them. Before students decided about their final projects, they were engaged in a
conversation about the potential final projects. For the final project, students decided to design a robot to collect the garbage
from the environment and make their city a “green city.
3.3.

Plan of Analysis

The data analyses include social network analysis and lexical analysis. In order to be able to explore changes in students
collaboration patterns, students notes posted during the project is divided into two parts: the first half of the projects, and the
second half of the project. In each half part, a social network analysis was first conducted in order to examine if the three subnetworks of the knowledge networks (Gloor, 2006) are formed in a community, and to identify the members of each network.
Then, a lexical analysis is employed to explore whether new ideas proposed and spread in the community.

4.

Results

The section below details the results of analyses, including description of findings for the three sub-networks and spread of
ideas. The analyses have been done in two parts: the first part of the project and the second part of the project.
4.1.

Social network analysis

One major objective of this research was to explore whether the three networks observed in the knowledge creation
organizations are formed in education settings. To determine if the three sub-networks are formed, social network analysis was
used.
Part 1
Students collaboration patterns have been analyzed over time. Fig. 2 shows the networks of the writers in the first half of the
module.

Fig. 2. Network of writers

According to Gloor (2006), a central dense cluster of the network is an indicator of the emergence of a COIN. Gephi, the social
network analysis tool that is used in this study, has a feature to distinguish dense nodes using different colors and sizes. A dense
node is a node with a high degree, in which the degree is the total number of lines incident (in-degree and out-degree) the node.
In Fig. 2, nodes with the higher degrees are presented in dark green, with larger sizes. As the figure shows, Rya, Anw, and Bis
form a central dense cluster in the network, which may be an indicator of the formation of a COIN. To verify the formation of
the COIN, the whole network is divided into two parts: the potential COIN and the potential CLN/CIN (Fig. 3).

Fig. 3. a) potential COIN network, b) CLN/CIN networks.

Gloor described density and group betweenness centrality measures to distinguish COIN members from CLN/CIN members.
The density and group betweenness centrality of each sub-network are calculated using Gephi. Also, the group betweenness
centrality of these two networks are calculated using the Freeman’s index, which formulates how the group betweenness
centrality can be calculated:
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Eq.1

The results are presented in Table 1.
Table 1. Density and GBC for the networks-first part

Network

Density

group betweenness centrality

COIN

0.833

0.0565186

CLN/CIN

0.179

0.2856853

As Table 1 shows, the identified COIN has the highest density and lowest group betweenness centrality, while the identified
CLN/CIN has the lowest density and the highest group betweenness centrality. These results confirm that the COIN and
CLN/CIN networks have been correctly identified. To identify the members of each team, the Log data are used. Fig. 4
represents the log data for note creation. As described by Gloor, the CLN members are active contributors who actively engaged
in sharing knowledge, while the CIN members are usually silent knowledge seekers who do little or no contributions. Therefore,
those wo have posted notes more than the average number of notes posted by the CLN/CIN members form the CLN network,
while other students who posted fewer notes than the average form the CIN network.

Fig. 4. Number of notes created by the CLN/CIN members

As Fig. 4 shows, Dle, Ess, Jaw, and Jax have written more than the average number of notes posted by all the CLN and CIN
members. Therefore, they are considered as the CLN members. As a result, Cat, Mor, Noo, Zak, and Bra are considered the
members of the CIN.
Part 2
Fig. 5 shows the network of the writers in the second part of the final project.

Fig. 5. Network of writers

As it is evident form the network, Rya, Bis, Anw, Zak, and Dle can be considered as the potential COIN members, as they
together formed a central dense cluster. To verify this selection, the network is divided into two sub-networks: the potential
COIN network and the remaining part that potentially form the CLN/CIN network (Fig. 6).

Fig. 6 a) potential COIN network, b) CLN/CIN networks.

The density of the whole network, COIN network, and CLN/CIN network, as well as the group betweenness centrality of the
COIN and CLN/CIN network are computed in order to verify the COIN and CLN/CIN networks are correctly identified. The
results are presented in Table 2.
Table 2. Density and GBC for the networks-second part

Network

Density

group betweenness centrality

COIN

0.7

0.08066127

CLN/CIN

0.048

0.21041336

As Table 2 shows, the COIN and CLN/CIN networks are correctly identified, because the identified COIN network has the
highest density and the lowest group betweenness centrality. Similar to the previous part, to identify which student are members

of the CLN and which students form the CIN, the Logs data are used. As can be seen in Fig. 7, Cat, Ang, Ess, Jaw, and Jax
have posted fair numbers of notes (i.e., Above the average number of notes posted by all the CLN/CIN members). Therefore,
they form a CLN network, and the remaining students (i.e., Mor, ZakM, and Noo) are considered as the members of the CIN
network

Fig. 7. Number of notes created by the CLN/CIN members.

4.2.

Lexical analysis

Using the lexical analysis tool embedded in knowledge forum, I examined the math words students used in each part of the
project. In this section, the results of the analysis for both Part 1 and Part 2 are presented.
Part 1
Fig. 8 shows the math words students used and their frequencies. From Fig. 8 it is evident that students mainly discussed
cardinal directions, as they have written the terms cardinal directions (7 times), east (6 times), West (5 times), north (4 times),
and south (3 times). They also talked about other concepts like measurements and graphs. However, as the frequency of the
used terms show, these concepts have not been well-discussed.

Fig. 8. The concepts discussed by the students in the first part.

To further analyze students contributions, we calculated the “math lexical density”. Lexical density is defined as the proportion
of content words (nouns, verbs, adjectives, and adverbs) to the total number of words (Johansson, 2008). In this study, we are
especially interested in math words, therefore, to calculate the “math lexical density”, we selected only math-related content
words and calculate the math lexical density for each part of the modules. This measure can show what percentage of the words
students used in their notes are math-related words. To do further analysis, all the notes posted by students are reviewed and
coded to two different categories: math notes and non-math notes. A math-note is a note that contain at least one math-related
keywords. Then, the percentages of the math-notes in each part of the modules are calculated and labeled as the “math-note
density”. These two analyses can reveal the breadth of students math talk. We conducted such analyses over time to examine
how students’ discussions around those math concepts change over time. To calculate the math lexical density, the total number
of math terms used by the students are divided by the total number of words. Also, to calculate the math-note density, the notes
coded into math and non-math notes, in which a math-note is a note that contains at least one math-related keyword (excluding
numbers). Then, the math-note density is calculated as the proportion of the math notes to the total number of notes. The mathlexical density and math-note density of the first part are calculated as 5.75% and 30%, respectively. Therefore, less than 6%
of all the words students used in their notes are math-related terms. On the other hand, the math-note density shows that only
30% of the notes (23 notes out of the total 76) contain at least a math word. The results show that while students discussed some
math concepts, they were mainly discussing non-math related issues, such as building their robots. For example, one of the
students had written:
We had a problem where when the vex turns it stops. We tried cutting the bottom and that didn’t work. we tried to fix
the wires and that didn’t work. If you guys have any ideas please build on.
As the next step, I reviewed the math-notes to examine who wrote whose notes and who introduced those math words for the
first time. Reviewing the math notes shows that most of the math notes are written by the COIN members; out of the total 23
math notes, 16 notes were posted by the COIN members. Also, most of the math terms were first introduced by the COIN
members. For example, cardinal directions, coordinate, axis, and scale were first introduced by the COIN members and then
some of them spread in the community and used by members of CLN and CIN. For example, Anw for the first time talked
about the cardinal directions:
we would try to use cardinal directions (north, east, south, west) and then try to make a way that the vex could use to
go around using seconds (you will know more about that when you read others solutions).
However, there were other math concepts that initially introduced by a student from CLN/CIN networks. For example, Dle,
who is identified as a member of the CLN network for the first time used the word “pounds” which is a measurement unit which
students are expected to learn:
my theory is ... to make vex a kilometer in 1 day and at the end we can m3asure the total garbage at the end of the
week. we can use pounds to measure.
Part 2
Employing the similar approach, a lexical analysis has been conducted on students notes posted during the second part of the
final project. Fig. 9 shows the math words students used and their frequencies. Fig. 9 shows that students discussed different
math concepts, such as measurement, volume, area, distance, and cardinal directions. The frequencies of the words used related
to each topic shows that students deeply discussed those topics. For example, students broadly referred to words related to
volume (e.g., ml: 17 times, volume 7 times, oz 3 times). They also well discussed concepts related to cardinal directions,
distances, areas. In the next step, the math-lexical density and the math-note density are calculated. In this part, students used
364 math words out of the total 1690 words (21.53%). Also, out of the total 84 notes posted by students, 65 notes (62%) coded
as math notes. The following note is an example of the math-notes:
We thought of doing one space in the hallway, This is how we got the area. First we measured the length and width of
a square tile. That was: 30 and 30 Then we multiplied them 30 multiplied by 30 and that equals 900 Now we counted
how many square tiles there were, That was 80 finally we multiplied 80 with 900 and got 72000 you can add unit
measurements to all of numbers? Feel free to use picture I posted of the definition of square centimetre, to help guide
you.

Fig. 9. The concepts discussed by the students in the second part.

On the other hand, in a non-math note, students mainly discussed about their robots, the codes they wrote for their robots. For
example, one of the students wrote:
I think it would help our theory because it would be easier and faster than putting move forward.
To further analyze who wrote the math notes and whether the math concepts were first introduced by the COIN members or not,
I reviewed all the math notes. The results of the analysis show that out of the 65 math notes, 43 nodes were written by the five
COIN members, while only 22 math-notes were written by the CLN/CIN members. Also, most of the math terms were first
introduced by COIN members. For example, Zak, who is identified as a COIN member, was the first person who talked about
the area and how the area of a rectangle can be calculated and converting different units:
What my group did was pick out a space in the class room for now and we measured the side lengths.
The width we got was 160cm and the length we got was 192cm so our space is obviously a rectangle.
After that we wanted to find area so we did the area formula Length times width and so now we
multiply. 1.92m x 1.60m ___________ 3.072m2. The answer we got was 3.072mSQUARE or if it was
converted to cm it would be 30720cm2.
However, there were some math concepts that was initially introduced and discussed by other members. For example, Ang, who
is identified as a member of the CLN network was the first student who talked about the perimeter:
are you sure you did multiplying because the way you showed it looks like you added which is the formula for the
perimeter.

4.3.

Discussion and conclusion

As the results of the analysis show, the three networks that observed in knowledge creation organizations are formed in this grade
5 class. Interestingly, not only the COIN, CLN, and CIN are formed in both views, but also students moved from one network to
the other networks. For example, while Bis, Rya, and Anw formed the COIN in the first part, the COIN members in the second
part included Bis, Rya, Anw, Zak, and Dle. As was discussed, Dle was initially a member of the CLN network and Zak was a
member of the CIN network. Also, Cat from the CIN moved to the CLN network. As it is evident from the results, compare to
the first part, more students were involved in the community. In the second half of the project, more students formed COIN, CLN,
and CIN. As the results show, while in the first part only three students formed the COIN, in the second part five students form
the COIN. This result is supported by Gloor (2006), as he stated the COIN network may extend over time to include other
members. Also, in the second part, five students formed the CLN network, in contrast to the three students who formed the CLN
network in the first part. As a result, while the CIN in the first view composed of four students, in the second part its members
reduced to three. The results confirm the emergence of “leaders” and “rotating leaderships” (Gloor, 2006) among students; as
stated by Gloor (2006), during the creative “swarming” process, several leaders emerge as the community is a self-organized
community aiming to advance their goals. In essence, highly creative teams have different leaders who rotate frequently over
time (Gloor et al., 2003; Kidane and Gloor, 2007). The results of this study show that, over time, different students took the role
of “thought leaders” to move the discussion towards knowledge objectives. These thought leaders take collective responsibility
for contributing to the community knowledge, resulting in a success of the project.
Moreover, the results show that while in the first half of the module new ideas and new concepts were introduced (mainly by the
COIN members), they did not spread. For example, the words “Coordinate”, “Axis”, “Perimeter”, “Area”, were only used by the
COIN members. Some other words like “Pounds” were discussed only by a few students. This result was expected as most of the
students were not actively engaged in the community. As the logs data show, several students in this view did not even read notes.
The average number of notes read by CLN/CIN students were 44.5 notes per person which may not be enough to learn the new
concepts introduced in the community. Also, the average number of notes posted by CLN/CIN members were 3.5 per person
which may not be enough to spread the ideas. Also, only three students formed the COIN, and this may have affected the spread
of their ideas.
In the second part, compared to the first part, not only more diverse math concepts have been discussed, but also some concepts
like measuring, area, cardinal directions have been deeply discussed by in the community. Such a result was expected because
the total math-notes increased from 30% in the first part to 62% in the second part of the project. Moreover, the results show that
in the first part, 65% of the moth-notes and in the second part 66% of the math-notes were written by the COIN members. The
fact that most of the math-notes were written by the COIN members indicates that such improvements that happened were a result
of the great effort that the COIN members put to move the discussion forward. In fact, not only most of the new math concepts
were first introduced by the COIN members, but also they were mainly discussed by the COIN members. This result show the
importance of the COIN members for knowledge advancement in a community. However, the contributions of other community
members (i.e., CLN and CIN members) should be acknowledged, as all these three networks together form the ecosystem of
knowledge creation. In terms of the limitations, one of the limitations is that no quality analysis has been conducted to qualitatively
analyze students’ contributions; rather, only social lexical analysis has been conducted to examine the community in terms of
knowledge creation. While the lexical analysis provides insights about the knowledge building discourse, it is unable to reveal
whether the community is moving toward the knowledge objectives, which is idea improvement. For the next step, a discourse
analysis will be employed to qualitatively analyze students notes.
In terms of implications, such analyses can be conducted in education settings in order to examine the extent to which students
have collective vision and take collective responsibilities.
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