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Knowledge Creation Analytics for Online Engineering Learning 

Hon Jie Teo 

ABSTRACT 

The ubiquitous use of computers and greater accessibility of the Internet have triggered 

widespread use of educational innovations such as online discussion forums, Wikis, Open 

Educational Resources, MOOCs, to name a few. These advances have led to the creation 

of a wide range of instructional videos, written documents and discussion archives by 

engineering learners seeking to expand their learning and advance their knowledge 

beyond the engineering classroom. However, it remains a challenging task to assess the 

quality of knowledge advancement on these learning platforms particularly due to the 

informal nature of engagement as a whole and the massive amount of learner-generated 

data. This research addresses this broad challenge through a research approach based on 

the examination of the state of knowledge advancement, analysis of relationships 

between variables indicative of knowledge creation and participation in knowledge 

creation, and identification of groups of learners. The study site is an online engineering 

community, All About Circuits, that serves 31,219 electrical and electronics engineering 

learners who contributed 503,908 messages in 65,209 topics. The knowledge creation 

metaphor provides the guiding theoretical framework for this research. This metaphor is 

based on a set of related theories that conceptualizes learning as a collaborative process 

of developing shared knowledge artifacts for the collective benefit of a community of 

learners. In a knowledge-creating community, the quality of learning and participation 

can be evaluated by examining the degree of collaboration and the advancement of 

knowledge artifacts over an extended period of time. Software routines were written in 
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Python programming language to collect and process more than half a million messages, 

and to extract user-produced data from 87,263 web pages to examine the use of 

engineering terms, social networks and engineering artifacts.  

Descriptive analysis found that state of knowledge advancement varies across discussion 

topics and the level of engagement in knowledge creating activities varies across 

individuals. Non-parametric correlation analysis uncovered strong associations between 

topic length and knowledge creating activities, and between the total interactions 

experienced by individuals and individual engagement in knowledge creating activities.   

On the other hand, the variable of individual total membership period has week 

associations with individual engagement in knowledge creating activities. K-means 

clustering analysis identified the presence of eight clusters of individuals with varying 

lengths of participation and membership, and Kruskal-Wallis tests confirmed that 

significant differences between the clusters. Based on a comparative analysis of Kruskal-

Wallis Score Means and the examination of descriptive statistics for each cluster, three 

groups of learners were identified: Disengaged (88% of all individuals), Transient (10%) 

and Engaged (2%). A comparison of Spearman Correlations between pairs of variables 

suggests that variable of individual active membership period exhibits stronger 

association with knowledge creation activities for the group of Disengaged, whereas the 

variable of individual total interactions exhibits stronger association with knowledge 

creation activities for the group of Engaged. Limitations of the study are discussed and 

recommendations for future work are made.   
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Chapter 1  

Introduction and Motivation  for Study 

 

1.1 Wide Range of Opportunities in Online Learning 

With the advances in information communication technologies (ICT) in recent 

decades, researchers and policymakers have coalesced around the use of technology to 

advance learning opportunities beyond the formal environment (Atkins, 2010; Bell et al. 

2009; NSF, 2007). In engineering education, researchers and practitioners have embraced 

computer technology and the Internet to drive innovation in engineering teaching and to 

enhance access to engineering learning resources (Bourne, Harris & Mayadas, 2005). 

Spurred by the increased affordability of computers and greater accessibility to the Internet, 

numerous educational innovations such as online discussion forums, Wiki, Open 

Educational Resources and MOOCs have been developed with unbounded potential to 

reach a large number of learners. These advances have in turn attracted the contributions 

of a wide range of instructional videos, written documents and discussion archives that 

provide opportunities for learners to expand their learning beyond the classroom. In the 

formal education system, higher education institutions have begun to offer online courses 

and distance learning programs to cater to the learning needs of individuals who do not 

establish a physical presence at educational institutions. A Sloan Consortium report 

ñOnline Nationò (Allen & Seaman, 2007) found that approximately 3.5 million students 

were taking at least one online course in the fall semester of 2006. This figure is double 

that of a preceding study conducted four years ago in the fall semester of 2002 in which it 

was reported that 1.6 million students took at least one online course. It was also reported 
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that public institutions on average offered courses to more than 1,400 online learners each 

semester. These trends suggest that the use of the Internet and technology-mediated 

learning platforms, such as online discussion forums, to teach and learn is gaining 

popularity among students in higher education institutions and K-12 schools.  

The growth of online learning is expected to continue as the current generation of 

students possess learning habits and tendencies that rely on the Internet and information 

technology (Chubin, Donaldson, Olds & Fleming, 2008; Rideout, Foehr & Roberts, 2010). 

The current generation of engineering students, referred by many as Net Generation and 

Millennials, are highly proficient with computer devices and often use the Internet to 

support their learning outside the classroom (Johri et al., 2014). óNet Generationô or 

óMillennialsô students, born between 1980 and the present (Howe & Strauss, 2000; 

Oblinger, 2003, Oblinger & Oblinger, 2005), grew up with readily available computer-

based technology and almost unrestricted access to the Internet (Tapscott & Williams, 

2008). This generation of youths is known to be proficient with digital technology and 

proficient at multitasking when using electronic and digital devices (Foehr, 2006). They 

perceive digital technology as omnipresent in their lives and often leverage technology to 

assist with their learning needs (Kvavik, 2005). Kvavik et al. (2004) who found that almost 

all the surveyed college students in their study had access to the Internet. They found that 

over 99% of survey participants used email for academic purposes and over 98% of survey 

participants used the Internet to access materials for their coursework. It has also been 

noted that students in STEM majors such as chemistry, computer science, engineering, 

math, and physics spent considerably more time online than other students (Anderson, 

2001). These research studies provide evidence to support the notion that students are 
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increasingly capable of using the Internet and computer tools for learning. With an 

increasing amount of learning activities carried out through the Internet on online platforms 

(Bourne et al., 2005), the studies and reports outline the growing importance of 

understanding and evaluating engineering student learning on computer-supported learning 

platforms.  

 

1.2 Growth of Online Engineering Learning and Challenges of Assessment 

The use of online communities to foster learning beyond the classroom is well-

documented (Bruckmann, 2006; Stahl, 2006; van de Sande, 2012). In the academic area of 

engineering, there is an increasing presence of online communities across a variety of 

interest and content areas (Teo et al., 2013). In the area of Electrical and Electronics 

Engineering (EEE), online communities hosted on discussion forum platforms have 

attracted a larger number of learners and host an extensive number of contributions (see 

Table 1.1). The online communities enjoy significant reach which translate to vibrant 

discussions and massive membership bases, despite not receiving official support or 

endorsement by formal institutions in any manner. As described by Table 1.1, hundreds of 

thousands of learners have contributed and posted more than 2 million messages to five 

online engineering discussion forums. In addition to the forums listed below, newsgroups 

such as alt.binaries.electronics host thousands of discussion topics over a period of close 

to twenty years.  
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Table 1.1 

Online Communities for Electrical and Electronics Engineering Learners 

Site Message 

Count 

Membership Year of 

Establishment 

AllAboutCircuits.com  570,000  202,000 2003 

Arduino.cc 1,176,000 128,000 2010 

EdaBoard.com 1,174,000 483,000 2001 

Electro-Tech-Online.com 796,000 191,000 2002 

ElectronicsPoint.com 83,000 23,000 2006 

Note. Descriptive data is rounded off to nearest thousand and accurate as of April 2013 

 

Bourne and colleagues (2005) from the Sloan Consortium examined the status of 

online learning in American engineering colleges and highlighted opportunities for 

research and practice. They proposed an assessment framework for online learning based 

on the ñfive pillars of learningò and used three performance parameters to assess the 

viability of online platform in promoting learning (breadth, scale, quality). They urged 

colleges to explore opportunities in implementing online learning platforms to contribute 

to improve the quality of online courses, the ability to scale to more learners, and the 

breadth of coverage of engineering domains/courses. Another assessment consideration of 

online platforms was floated and focused on the need to provide feedback to learners and 

teachers. This is captured in National Education Technology Plan (United States 

Department of Education, 2010) which calls for assessments that provide students, 

instructors and education stakeholders with timely and actionable feedback about student 
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learning and participation to improve instruction and student achievement. According to 

the latest Horizon Report (Johnson, Smith, Willis, Levine, & Haywood, 2011), an annual 

survey conducted by the New Media Consortium and Educause, a total of six emerging 

technologies ï electronic books, mobiles, augmented reality, game-based learning, gesture-

based computing, and learning analytics were projected to gain widespread adoption and 

exposure in education. The authors of the report argued that these emerging technologies 

have the potential to disrupt learning and education significantly in the near future. Overall, 

the report raises new assessment and evaluation challenges for educators as online learning 

gains prominence and reach. The report has highlighted the challenges of evaluating 

educational data on online learning platforms such as online discussion forms and learning 

management systems. With increased student engagement with online learning spaces and 

use of digital media devices, it is expected that more educational data is expected to be 

located in online environments and represented in digital form.  

There is growing awareness of the need to develop and incorporate ways to assess 

online learning and the quality of student contributions on online platforms (Bruckmann, 

2006; Stahl, 2006; van de Sande, 2012). Various researchers have developed methods to 

assess learning in informal online communities. van De Sande (2011) examined an online 

help forum for mathematics and found that learners receive general forms of help that 

orientate the learners towards resolving homework challenges rather than detailed step that 

will directly lead to the solution. Her work has focused on analyzing the structure of online 

communities (van de Sande, 2009), usersô experiences of learning on discussion forums 

and cognitive factors associated with online homework help forums (van de Sande & 

Greeno, 2012). Her research draws attention to the viability of online communities in 
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facilitating the learning of mathematics outside the classroom and outlined opportunities 

to conduct deeper inquiries of online communities for informal learners seeking common 

interests and purposes. Stahl (2006) has examined the use of online collaborative 

environments, such as chat platforms and shared digital whiteboards, to support 

mathematical learning beyond the classroom. In his research, he invited small groups of 

students to collaborate, discuss and solve ill-structured mathematical problems. He 

introduced the concept of Group Cognition to describe the group process in which 

individuals engage in discourse to accomplish a cognitive act. These studies are however 

carried out in the K-12 mathematics and a review of educational research literature suggests 

that assessment of learning on online engineering communities have been given scarce 

research attention. 

 

1.3 Purpose of Study 

This research introduces an evaluation approach based on the description of the 

state of knowledge advancement, examination of relationships between variables 

indicative and supportive of knowledge creation, and identification of groups of learners. 

The site of study for this research is an online engineering community named ñAll About 

Circuits.ò The online community can be accessed using a web browser through the global 

URL (Uniform Resource Locator) address of http://www.allaboutcircuits.com. The 

vBulletin® online discussion software (Internet Brands, 2013) was installed on web 

servers to provide a online asynchronous discussion platform to facilitate communication 

between members of this online community. As of November 1, 2012, a total of 182,783 

registered members contributed a total of 503,908 messages over 5 discussion sections 
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(see Section 4.1). According to the titles of the main discussion sections, the main areas 

of discussion include electronics, circuits, software, communications and embedded 

systems.  

 

 

Figure 1.1: Main Forum Page for All About Circuits Online Community.  

 

This research draws from the theoretical basis surrounding the educational 

metaphor of knowledge creation to assess and evaluate the specified online engineering 

forums. The overarching focus is on deepening the understanding of learning and 

participation in online communities by evaluating the strengths of association between 

discussion characteristics and activities that suggest engagement with knowledge creation 

on online environments, and by identifying groups of learners based on their participation 

tendencies. This research takes into consideration that there is limited presence of active 

pedagogical support and instructor presence in an online learning environment. The 

motivation to address this broad research area is pertinent as we seek to further our 

understanding of how to build effective, sustainable and self-renewing online communities 
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that foster innovation and advancement of knowledge in engineering. These projections 

are consistent with the needs in the digital age as demonstrated by the insatiable appetite 

for online learning and engagement with online communities by new generations of 

learners.  

 

1.3.1 Motivation for Study 

The author is motivated to undertake this research due to his experiences utilizing 

online discussion forums in the course of his undergraduate and graduate studies in 

Electrical Engineering. As an undergraduate in University of Minnesota, he majored in 

electrical engineering and took a variety of elective courses from the sophomore to senior 

level. In various engineering courses, he faced several challenges in understanding the 

material. This is at this point when he accessed a number of forums to clarify some of his 

understanding of electrical engineering concepts. He has learned much from this 

experience and felt that online communities provide a valuable source of information and 

rich silos of resources. Through further engagements with the online communities, the 

author has gained opportunities to make contributions and advance the knowledge of the 

community, which in turn has boosted his understanding of engineering content. Prior to 

conducting the research, the author believes that online forums are rich sites of learning 

that offer highly accessible opportunities to active participants to advance and create 

knowledge in engineering.  

1.3.2 Research Questions 

The focus of the research is on understanding and assessing the state of knowledge 

creation of an online engineering community ñAll About Circuitsò through the examination 
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of linguistic features, online artifacts and social interactions. The theoretical basis is based 

on the knowledge creation metaphor, which is considered as a collection of learning 

theories that propose that knowledge creation (in an community of learners) is facilitated 

by the transformation of conceptual or material artifacts through collaboration over a 

sustained period of time (see Section 2.2). The evaluation process is focused on uncovering 

patterns of use of engineering terms, the use of digital forms of engineering artifacts and 

the formation of social networks in the online discussions carried out by Electrical and 

Electronics learners. The strengths of association between characteristics and activities 

suggestive of engagement are also examined at both the individual and topic levels. This 

research will identify groups of learners based on their participation tendencies and verify 

if the strength of associations between individual characteristics and knowledge creation 

activities vary across the identified groups.  It is hypothesized that numerous online 

community learners will draw on a wide range of linguistic features, participate in 

extensive use of engineering artifacts and form extensive social networks and that strong 

associations will be found between the identified variables identified in the literature and 

variables suggestive of engagement with knowledge creation.   

 

The over-arching research question for this research is:  

What is the state of knowledge creation in online engineering communities? 

 

The over-arching research question will be examined by considering a case study of "All 

About Circuits" online community. Further, the following sub-research questions will be 

investigated to answer the above research question:  
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1. What is the state of engineering knowledge creation at the topic and individual 

levels? 

This descriptive question is focused on examining the state of engineering knowledge 

creation through the use of engineering terms, formation of social networks and 

advancement of engineering artifacts in the forum. The first part of this descriptive question 

addresses the frequency counts of engineering term indicative of engineering devices and 

concepts based on the IEEE Standard Dictionary of Electrical and Electronic Terms. The 

second part of this descriptive question will examine the trends of use of engineering 

artifacts to facilitate discussion on engineering related topics. There will also be a focus on 

on uncovering the frequency counts of web links, links to digital files hosted online and 

the contribution attachments by individual users. The answers to this question should 

include usage statistics of various types of engineering artifacts and order in which they 

are used. The third part of this descriptive question is focused on evaluating the degree of 

interaction among learners through social network analysis. The research outcomes to this 

question will include in/out degree of the participating learners and the network size of the 

learners including information about the number of established individuals (with extensive 

contribution and long period of continued contributions) in each discussion topic. 

 

2. What is the relationship between topic length, duration and views associated with 

participation in knowledge creation activities at the topic level?  

 

This research question aims to examine the strength of association between pairs of 

variables based on three variables representative of activities that promote knowledge 
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creation and six variables suggestive of engagement with knowledge creation at the topic 

level. The thread variables include calculated values of topic length (the total number of 

messages in a topic), topic duration (the time period between first post and the last post) 

and topic views (the total number of views received by a topic). The variables that are 

suggestive of knowledge creation in topics include Network Size, Quoted References, 

Engineering Terms, Messages, Resources and Files. In order to examine the strength of 

association between the chosen variables, two non-parametric correlation techniques 

(Spearmanôs Rho and Kendallôs Tau) are employed.  

 

3. What is the relationship between individual total interactions, active period and 

total membership period with  individual participation in knowledge creation 

activities? 

 

This research question aims to investigate the strength of association pairs of variables 

from three variables representative of activities that promote knowledge creation and five 

variables suggestive of engagement with knowledge creating activities at the individual 

level. The three individual characteristics include calculated values of total active period 

(the time period between an individual first post and last post), total membership period 

(the time period between an individual registration date and end date of data collection) 

and individual total interactions (the total number of interactions with other learners in 

unique discussion topics). The variables that suggest engagement with knowledge creating 

activities include Quoted References, Engineering Terms, Messages, Resources and Files. 



12 

 

In order to examine the strength of association between the chosen variables, two non-

parametric correlation techniques (Spearmanôs Rho and Kendallôs Tau) are employed. 

 

4. How can learners be grouped based on their individual total interactions and 

active membership period? How do the correlation statistics vary across groups?  

This research question aims to uncover distinct groups of individuals in the online 

community based on similarity in their active membership period and total membership 

period in the online community. Based on the clustering analysis, individuals are classified 

by their clusters to examine the grouped individualsô correlations between Individual Total 

Interactions, Individual Active Period or Individual Total Membership Period and 

Individual Variables such as Quoted References, Engineering Terms, Messages, Resources 

and Files. The research outcomes to this research question includes the optimal number of 

clusters based on k-means clustering, descriptive statistics of individual characteristics in 

each cluster and the score means from Kruskal-Wallis Tests. In order to examine the 

strength of association between the chosen variables, two non-parametric correlation 

techniques (Spearmanôs Rho and Kendallôs Tau) are employed. 

 

1.4 Significance of Study  

In recent years, there is increased focus on informal spaces of learning beyond the 

classrooms such as afterschool clubs (Barton & Tan, 2010), sports clubs (Nasir & Hand, 

2008), online discussion forums (van de Sande, 2010) and online chat rooms (Stahl, 2006). 

With supporting evidence from their studies, researchers are quick to argue that learners 

pick up critical learning attitudes and knowledge through these avenues. A common 
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characteristic of these informal spaces of learning is that there is an absence of formal 

educational institutional influence: there is limited involvement by trained educational 

practitioners and a lack of alignment with institutional curricula. The focus of this research, 

All About Circuits online engineering community, is distinct from formal educational 

settings as expertise is voluntarily available and learners are not supported by education 

practitioners, but by a small number of established individuals with extensive tenure or 

records of contributions. Furthermore, the All About Circuits online engineering 

community adopts an open registration policy in which anyone with an email account can 

set up an forum account. This open registration policy therefore feature a large number of 

volunteers with different lengths of tenure and expertise levels. A review of educational 

research literature unveiled a number of studies such as online programming community 

(Bruckmann, 2006; Resnick et al., 2009) and online mathematics help forums (van der 

Sande & Leinhardt, 2007) and Virtual Maths Chat (Stahl, 2006). However, none of these 

studies have focused on online communities catered to engineering learners. With no prior 

studies conducted on online engineering communities supported by computer-mediated 

platforms, this research will significantly increase our understanding of whether online 

engineering communities are essential sites of learning and participation beyond the 

classroom. 

Online communities are supported by online discussion forum software which 

allows for a large number of participants and accumulated archives of learning activities. 

The presence of a large number of learner-generated data and information draws attention 

to the difficulty of using manual assessment methods for the evaluation of online learning 

environments. This broadly stated challenge is of importance as it allows engineering 
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educators to uncover how educational institutions contrast against informal online settings 

and to understand how to develop successful online communities in support of formal 

education. While it has been argued that online discussion fosters social knowledge 

construction (Fischer & Weinberger, 2006), these distinct features also a gap of knowledge 

in the sense that it is unclear if informal online discussion are productive spaces for learning. 

This research aims to make an contribution to this knowledge pool by presenting an 

assessment approach that leverage descriptive statistics, social network analysis and text 

analytical processing techniques to characterize knowledge creation in an online 

community powered by an discussion forum platform. The discussed approach has 

immediate practical implications for online education and distance learning. This is 

particularly so as online discussion forums feature heavily in online distance learning 

courses (Garrison, 2007), in course management software such as Blackboard and Moodle 

(Unal & Unal, 2011) and MOOC (Mak et al., 2010).  

This research outlines a plan to answer calls from engineering education 

stakeholders and leaders to leverage information technology in support of innovations in 

educational assessment (Bourne, Harris & Mayadas, 2005; Jamieson & Lohmann, 2009). 

Findings from this study can potentially inform the development of an analytic framework 

that enhances both the breadth and depth of the assessment of learning through computer-

mediated discussion forums. The described analytical approaches in this research serve to 

assist educators and practitioners to derive a more holistic approach for the evaluation of 

knowledge creation in computer-mediated learning environments, by considering the use 

of engineering terms, quality of social interactions and advancement of engineering 

artifacts.  
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Furthermore, student use of discussion forums is expected to grow as an increasing 

number of educational innovations (such as MOOCs) are leveraging discussion forum 

technology to support a large number of learners. Based on a nexus of social network 

analysis and text analytical techniques, this research approach can contribute to the 

expansion of the existing repertoire of knowledge creation analytical approaches in online 

learning environments.  To accomplish the goals of this research, a software routine was 

developed with Python programming language and applied to process multiple forms of 

learner trace data and discussion parameters from HTML web pages. It is potentially 

feasible to expand this software routine into an executable software package that is capable 

of processing webpages and outputting assessment reports. This envisioned software 

package is expected to be capable of extracting discussion and participation data from 

online communities supported by off-the-shelf commercial software such as the vBulletin 

software. As the vBulletin discussion platform is a popular choice for many online 

communities, this software routine can prove to be useful to researchers seeking to 

understand and assess online communities supported by this discussion platform.  
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Chapter 2  

Literature Review 

 

2.1 Online Discussion Forums  

The ñAll About Circuitsò online community is supported by an online discussion 

forum software (vBulletin) and this text-based platform facilitates asynchronous 

communication among registered members. Due to this setting, it will be relevant to 

review literature that is centered on the use of discussion forums to facilitate learning or 

education. Doing so will allow for a better understanding of the state of research 

regarding discussion forums and its role in learning. The review of research studies, 

conducted in the setting of online discussion forums, is presented in two main sections. 

Section 2.1.1 elaborates on the structure and features of online discussion forums with a 

focus on the functionality and how discussion forums are used by online learners. Section 

2.1.2 describes the benefits and limitations of online discussion forums. This section 

discusses research that focus on effects of online discussion on student learning and 

participation.  

2.1.1 Structure and Features of Online Discussion Forums 

An online discussion forum refers to a predominantly text-based computer-

mediated communication platform that enables individuals to interact asynchronously with 

one another without the constraint of time and physical place (Hew, Cheung & Ng, 2010; 

Naidu & Järvelä, 2006). Online discussion forums are platforms that rely primarily on 

asynchronous text-based communication between participants through the exchange of 

written contributions that foster collaboration on a group task. They are typically installed 
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on a computer server and accessed through a web browser on the Internet. This process 

commonly involves learners who write their opinions, analyze othersô comments, respond 

to othersô comments and reflect on their learning process. Discussion is carried on topic 

threads created by the learner or instructor to foster interaction and exchange of knowledge 

about a specific topic, which is summatively described by the title of the discussion thread. 

In this online platform, a discussion thread refers to a hierarchically organized collection 

of messages whereby the first post starts the discussion and all other subsequent messages 

are written as either replies to earlier (Hewitt, 2005). The messages are then sequentially 

arranged by time of post and organized into various discussion threads for reading (Hewitt, 

2005). Online discussion is initiated when learners post a message on a discussion thread 

for others to read and respond to. A sustained dialogue or discussion is formed among 

learners when messages are exchange to and fro as responses and counter-responses. 

There are various features that set online discussion forums apart from face-to-face 

classroom discussion. Online discussion forums are an environment that provides 

pervasive access to learners from any physical location and are generally available 24 hours 

a day which reduces the time restriction on learning and increases the accessibility to 

learning resources (Harasim, 1990). This allows for interaction between students and 

instructors on coursework to be extended beyond the class hours (Garrison et al. 2000). 

Learning via the use of online discussion forums is also pervasive in the sense that studentsô 

contributions are recorded, and can be visited many times and at any time (Hew et al., 

2010). Another compelling feature of online discussion forums is ñinteractivityò (Harasim, 

1990) which can be understood as a reciprocal process whereby learners are engaged in 

interaction through the process of posting original messages, reading and replying to the 
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messages of other learners. The exchanges are asynchronous and contribute to a culture of 

reflection as they allow time for learners to reflect on othersô contributions and on their 

own writing before making preparations for subsequent contributions (Poole, 2000). The 

exchanges are not only text-based but can be complemented by rich multimedia content 

such as video (Snelson, 2008), and linked to external repositories of educational content 

(Cantor, 2009).  

Since its introduction as a form of educational technology, online discussion forums 

have played an increasingly central role in online, blended and traditional courses to 

support teaching and enhance the quality of learning (Naidu & Järvelä, 2006). Formal 

education institutions have used online discussion forums as part of courseware (such as 

Moodle and Blackboard) and the online discussion forums typically serve as means to 

facilitate communication among learners and teachers. While discussion forums feature in 

formal coursework, there is increasing educational interest in understanding how to 

develop and utilize discussion forums to enhance learning beyond the classroom. For 

instance, researchers have developed discussion forums customized for the ñknowledge 

buildingò pedagogy (Scardamalia & Bereiter, 2006) and for computer-mediated discussion 

and chatting on K-12 mathematical topics (Stahl, 2006). Overall, a review of literature 

found increased use of online discussion forums to foster and facilitate learning in and 

beyond the classroom.  

 

2.1.2 Benefits and Limitations of Online Discussion Forums 

Online discussion forums emphasize on learner-centered dialogue in collaboration 

with others and facilitate the sharing of multiple perspectives. This focus on social 
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interaction and meaning making is consistent with the social constructivist paradigm 

towards learning (Harvard, 1997). While practitioners have used online discussion forums 

to facilitate collaboration activities such as problem solving activities, researchers found 

that online discussion enhances knowledge construction through focused task-oriented 

discussion (Schellens & Valcke, 2006). Online discussion forums are also noted to 

facilitate individual meaning making in which learners bring along their own unique 

experiences to interact with one another to construct shared understandings and engage in 

sharing of their own unique experiences (Pena-Shaff & Nicholls, 2004), Online discussion 

forums have been leveraged to facilitate inquiry and knowledge building where learners 

build knowledge and engage in idea improvement for benefit of the community 

(Scardamalia & Bereiter, 2006). The potential of online discussion forums are influenced 

by the role and tasks assigned by instructors: researchers have noted that learners are more 

likely to participate to engage in knowledge construction in an environment suited for role-

based discussion and argumentation (Weinberger & Fischer, 2006; Wise & Chiu, 2011).  

The asynchronous nature of exchange allows learners to deliberate, compose a 

reply, and to reflect on their own and othersô comments at their own pace, all of which 

allow opportunities to thoroughly think through their writings and not just to write answers 

to questions but to critically reflect upon them (Vonderwell, 2003). With no time limit 

posed on the composition process, participants tend to compose messages that are concise 

and relevant with attention paid to punctuation, grammar and spelling (Garrison, 2003). In 

comparison to face-to-face learning, online discussion fosters more engaged and on-task 

learning (Garrison, 2007). Jonassen and Kwon (2001) studied group problem solving 

activities and found that learners engaged in online discussion contributed lesser messages 
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on average than face-to-face communication but comparatively, more messages were on-

task. Furthermore, the process of expressing their opinions in writing and proactive 

revision of their ideas facilitate high level learning including analysis, synthesis and 

evaluation (Newman, Johnson, Webb & Cochrane, 1997), which allow learners to undergo 

a personal and cognitively complex learning process (Tam, 2000).  

On the other hand, researchers have raised various concerns about the inability of 

discussion forums to facilitate high order thinking and engaged collaboration without the 

presence and intervention of an instructor. For instance, Cheung and Hew (2004) found 

that the majority of students on online discussion forums achieve low levels of participation 

marked by surface-level comments (Cheung & Hew, 2004). Similarly, Thomas (2002) 

suggest that students pay limited attention to the contents of other studentsô posts and often 

write replies that are not connected to other studentsô writings. Garrison and colleagues 

(2001) suggest that online discussion forums may not be able to facilitate high order 

thinking without the active involvement of the instructor in the design of discussion 

activities and in supporting discussion as they evolve (Garrison, Anderson, & Archer, 

2001). This concern is echoed by Dennen (2005) who found that students learn most when 

instructors have high online presence and provide frequent feedback (Dennen, 2005).  

Overall, a review of education literature and research performed in the setting of 

online discussion forums highlight the potential of online discussion forums for facilitating 

positive learning experiences through active involvement of the course instructors. It is 

also noted that most educational researchers examined online discussion forums that are 

tied to coursework or curriculum in a setting where efforts are either mandated by 

coursework or given academic credit. A review of literature on EBSCO database targeted 
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studies focused on online communities catered to informal engineering learners from the 

educational research stand point and found no studies with similar research focus. It is 

however noted that in other domains such as K-12 education, various researchers from the 

computer-supported collaborative learning (CSCL) domain have studied collaborative 

learning in informal online communities. The researchers are namely van De Sande (2010) 

who studied online homework help forums for Mathematics and Stahl (2006) who studied 

math virtual chat. Their research highlights the effectiveness of discussion forums and chat 

rooms in supporting learning. 

 

2.2 Theoretical Basis 

The theoretical basis for this research is based on a set of learning theories with 

specific focus on knowledge creation in online communities. Section 2.2.1 highlights the 

origins of the knowledge creation metaphor together with the key principles and 

considerations of this theoretical basis. This section includes the discussion of theories 

that the metaphor is based on. Section 2.2.2 describes in detail what knowledge artifact 

means and prior work that has examined the development knowledge artifacts in 

collaborative learning environments. Section 2.2.3 describes the pertinence of social 

interactions and collaboration in knowledge creating communities.  

2.2.1 The Knowledge Creation Metaphor 

The knowledge creation metaphor refers to a synthesis of a set of learning 

theories such as Knowledge Building (Scardamalia & Bereiter, 2002), Expansive 

Learning (Engeström, 1999) and Organizational Knowledge Creation (Nonaka & 

Takeuchi, 1995). These theories are commonly targeted at understanding collaboration 



22 

 

and learning through a focus on the development of new knowledge in communities of 

learners in school or organizational settings (Paavola et al., 2004; Paavola et al., 2009). 

The origins of the conceptualization of the knowledge creation metaphor can be traced to 

the introduction of the third metaphor of learning by Paavola and colleagues (2004) in 

response to the two metaphors of learning (Sfard, 1998). The acquisition metaphor 

suggests that learning can be understood through an individual gain in knowledge within 

his/her mind (Piaget 1970; Vgotsky, 1978) whereas the participation metaphor argues 

that learning is facilitated through social interactions between individuals in a community 

of practice (Brown & Duguid, 1991; Lave & Wegner, 1991).  

 

Figure 2.1: The Three Metaphors of Learning  

 To understand the standing of the third metaphor of learning ï knowledge 

creation, it will be useful to first revisit the first two metaphors of learning (acquisition 
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and participation). Sfard (1998) introduced the acquisition and participation metaphors of 

learning to discuss how learning theories have been conceptualized by two dominant 

camps of researchers. Sfardôs (1998) research was focused on the classification and 

synthesis of learning theories into two metaphors, and she argued that educators will not 

gain a complete picture of learning if they are to prefer a metaphor over the other. The 

distinction between the acquisition and participation metaphors can be best understood 

through a contrast of what learning means and a view of knowledge according to each 

metaphor. In the acquisition metaphor, the human mind is suggested to be a ócontainerô 

for storing knowledge and learning occurs when a teacher fill the ócontainerô with content 

and knowledge. On the other hand, the participation metaphor suggests that people learn 

when they engage in dialogue with other learners and by doing. In this view, learning is 

situated in individual lives in a certain social and cultural setting, and centers on the 

process of becoming a member of a community. The participation metaphor suggests that 

learning involves acquisition of skills to communicate and to act within the socially 

negotiated norms. According to the acquisition metaphor, the knowledge exist in the 

world on its own or in the minds of individuals whereas the participation metaphor 

suggests that knowledge is an aspect of participation and engagement in cultural practice, 

and that knowledge is accessible as a result of enculturation and interaction with other 

community members.  

Paavola and colleagues (2004) introduced a third metaphor termed knowledge 

creation to supplement the distinction between the acquisition and participation 

metaphors. The knowledge creation metaphor combines the acquisition and participation 

metaphors: it posits that individuals participate in collaborative activities in a community 
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which allow them to acquire individual knowledge and create new knowledge that is 

usable for the community at large. These outcomes are evident through the engagement 

in the co-development of artifacts and practices. The knowledge creation metaphor of 

learning suggests that learning is understood as participation in processes of inquiry, 

typically focused on inquiry about something that is either new or substantially enhanced 

through a discovery and transformative process.  

Educational researchers who introduced the knowledge building theory have 

proposed numerous principles and ideas that can be used to conceptualize the knowledge 

creation metaphor (Bereiter, 2002). In a knowledge building community, all participants 

have access and the rights to contribute which means that the knowledge is therefore 

commonly owned and forged by the participants (Scardamalia & Bereiter, 2006). The 

creation of knowledge can be understood as a collaborative process of building 

knowledge in which participants engage to co-construct knowledge through social 

interactions and engagement. In this process, the participants acquire knowledge and 

create new knowledge that is accessible and usable by a broader number of participants. 

Participants of the knowledge building community focus on authentic problems to 

identify gaps in their understanding of the problem at hand, improve the understanding of 

the problem to work towards solving it and to provide a diversity of ideas to advance the 

goals of collaborative work (Bereiter, 2002). The providence of ideas can be facilitated 

by sharing deepened explanations and developments of ideas with the entire community 

and by considering the overview of critiques and alternatives to better the ideas. Gaps of 

understanding may surface when an idea develops. Learning activities can then be 

undertaken to facilitate the refinement and collective advancement of the understanding 
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of the idea. This is manifested as learners work together collectively under the support of 

the instructor to advance and elaborate on knowledge artifacts over series of inquiry 

cycles conducted over a sustained period of time (Paavola et al., 2009; Scardamalia & 

Bereiter, 2006).  

Paavola et al. (2004) also drew on the expansive learning theory (Engeström, 

1999). Expansive learning theory was developed by Engestrom (1999) based on studies 

of learning cycles in work teams through the use of Cultural Historical Activity Theory. 

Expansive learning is understood as a process which undergoes transformation of social 

practices with an emphasis on the practices and activities that are transformed in 

collective processes involved in knowledge advancement (Engeström, 1999). The cycles 

of expansive learning are beyond the discussion in this research, but can be understood as 

a process in which learners question existing practices with the goal of modeling, 

proposing and testing new solutions for implementation. The theory views learning as an 

object-oriented activity structured by division of labor within communities supported by 

share values and mediated by tools (Engeström, 1999). Learners interact to 

collaboratively and jointly constructing knowledge objects which can be either abstract or 

concrete entities (Engeström, 1987), in pursuit of the advancement of shared knowledge 

(Paavola & Hakkarainen, 2005).  

Overall, the knowledge creation metaphor represents a collection of theories with 

common principles that frame and deepen the understanding of knowledge advancement 

in online communities. In this research, the creation of discussion topics is viewed as an 

initiation of the process of knowledge creation whereas subsequent discussion based on 

the topic is understood as process of advancing existing shared understanding and 
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knowledge. One, it suggests that social interaction is key to knowledge creation. 

Participation in an online community through discussion in the online forums can be 

understood as a collaborative process of individuals working together to create 

knowledge for the collective benefit of the community. Thus, the frequency and the 

degree of collaboration will describe the extent of social interactions in support of 

knowledge creation processes. Second, the overarching theoretical framework suggests 

that knowledge artifacts are produced as a result of knowledge creation. These 

knowledge artifacts are thought to be either conceptual or material and are commonly 

shared, used and manipulated (Lipponen et al., 2004). The engagement of learners in 

collaborative activities leads to the development of new ideas and transformation of 

knowledge artifacts, which are indications that learning is taking place among the 

learners.  

2.2.2 Knowledge Artifacts in Knowledge Creating Communities  

In the view of knowledge creation, learners embody or objectify knowledge by  

ñputtingò knowledge onto artifacts. Artifacts can be understood as either material or 

conceptual. The description of a conceptual artifact can be traced back to Bereiterôs 

description that a conceptual artifact can exist in the form of ideas, theories or model 

which are expressed and mediated by language or computers. Bereiterôs description was 

based on Popperôs World 3 (Popper, 1972) where it is argued that this realm include 

conceptual things such as theories and models. According to Popper (1972), it is 

important to consider this realm because human individuals develop understandings in 

the conceptual space in addition to physical or mental states. In other words, individuals 

engage with a world of cultural knowledge to produce cultural or conceptual artifacts that 
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are distinct from what is contained the minds of the participants, such as mental processes 

within the human brain. The produced conceptual artifact can be understood as a working 

object that is shared amongst a group of individuals and is constantly tested as learners 

engage in open-ended inquiry. On the other hand, a material artifact refers to physical 

artifacts that are evolved as a result of linguistic and social practices. Some examples of 

physical artifacts are drawings, prototypes and molds.  

Conceptual artifacts are described as products of objects of thinking and 

reasoning that learners can access to foster an understanding and to improve upon 

(Bereiter, 2002). The shared artifacts can refer to vocabularies, taxonomies and 

ontologies (Locoro, Mascardi & Scapolla, 2010; Sun et al., 2010), and as theories, ideas, 

questions and models (Lipponen et al., 2004). A common characteristic is that both 

conceptual and material artifacts are susceptible to changes and subjected to continuous 

transformation in knowledge creating communities. In other words, it is not fixed and 

typically unstable. This is in line with the opportunities for engagement with intentional 

efforts to advance knowledge and suggests that shared artifacts are shared for 

manipulation and transformation by participants in the community. This also means that 

learners in the community will have the potential to surpass their existing achievement 

and advance their prior understandings. 

Seitamaa-Hakkarainen and colleagues (2010) studied conceptual and material 

artifacts created by teachers and elementary school students in a science project based on 

the topic of light that lasted 13 months of collaborative inquiry across three phases. In 

total, the students created 1906 notes in examination of the past, present and future 

phases. They found that students worked in decreasingly smaller number of views as they 
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gained focus on their projects. For instance, they would be working in 14 team views as 

they evaluated the history of the lamp and converged towards 3 views towards the design 

of a lamp in the future phase of the project. In this research, the researchers were also 

interested in the knowledge practices in the classroom, with particular attention on those 

initiated by the teacher. To understand the enacted practices in the classroom, the 

researchers analyzed the contributions on the knowledge forum as well as the project 

diary which was updated by the teacher. Their findings suggest that the teacher played 

the role of an organizer who was focused on structuring and directing collaborative 

activities that foster knowledge creation rather than controlling multiple aspects of 

studentsô learning.  

Researchers have found evidence to support the notion that learners constantly 

transform and modify conceptual artifacts in an innovative community (Chen et al., 2012; 

Zhang et al., 2007). Chen et al. (2012) developed a tool to explore concepts that 

demonstrate "promisingnessò (or big ideas) and facilitate the selection of ideas by 

students. Based on the ideas that students have selected, the authors found evidence to 

support that the students work around conceptual artifacts through questions and facts. 

For instance, they observed that 40% of the "big ideas" are made up of facts and 

questions central to the discussion theme. Zhang and colleagues (2007) studied four 

months of online discourse data based on knowledge building discussion by 22 

elementary grade students. They found that students have actively generated conceptual 

artifacts such as theories in their online discourse and designed experiments to obtain 

empirical data in examination of the theories that they have developed.  
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Overall, a review of literature highlight that shared objects of activities such as 

conceptual and material artifacts are subjected to advancement and transformation in 

innovative and knowledge creating communities. Conceptual artifacts such as ideas are 

continually improved by individuals who come together to collectively improve on and 

progressively make inquiries about the overarching topic over an extended period of 

time. As conceptual artifacts are typically mediated by language and computers, this also 

means that a researcher will be able to examine knowledge creation by analyzing 

linguistic features in learnersô dialogue and by examining traces of learning on online 

learning environments. It is with this deepened understanding of theoretical 

underpinnings and empirical illustrations of knowledge creation that the research is 

positioned to focus to examine conceptual artifacts through engineering terms and 

material artifacts through engineering artifacts. 

2.2.3 Collaboration and Social Interaction in Innovative Knowledge Communities 

Lipponen and colleagues (2004) have stressed on the importance of collaborative 

activities in the process of knowledge creation. Essentially, knowledge creation is 

fundamentally a social process, and the emergence of new ideas and understanding is 

evident among people rather than within individuals (Paavola et al., 2002). While 

individual activities are essential activities in knowledge creating environments, 

collaborative activities in contrast represent a social stream of activities and interactions 

where participants engage with one another. In other words, engagement with 

collaborative activities represents a collective series of tries and efforts to understand the 

matter at hand. Individual participants in a collaborative activity may initially possess 

incomplete or differing knowledge to accomplish the learning task but as they work with 



30 

 

each other, they collectively improve their understanding in this social interaction process 

while developing shared understandings of the topic at hand.  

In a body of work that studies knowledge creation in Japanese organizations, 

Nonaka and Takeuchi (1995) argue that the knowledge creation begins with socialization, 

which is described as a phase that begins with individuals sharing their knowledge and 

experiences with other individuals in their group. This phase suggests that not only 

individuals are expected to interact with each other but they have to interact and 

collaborate closely with other individuals in order to develop a common understanding at 

the group level. This phase can be iterative and may involve extensive dialogues that 

feature disagreement and potential conflict, which eventually lead to individual 

challenging themselves to view their experiences and knowledge from another 

perspective. It is common that questions and problems of understanding will drive the 

knowledge creation process (Bereiter, 2002). Questioning and criticism of accepted 

practices forms the basis for the expansive learning cycle (Engeström, 1999) and often 

feature as part of social interaction and discussion between individuals (Nonaka & 

Takeuchi, 1995).  

The quality of social interaction can be examined through social network 

variables derived through social network analysis (see Chapter 3.2.1 for a detailed 

discussion the method used to process and derive social network variables in this 

research). Social network analysis has been leveraged in studies of collaboration and 

social interaction in knowledge building communities. Sha and van Aalst (2003) used 

social network analysis on server log data of two classes of students that used the 

knowledge building software ï the Knowledge Forum. Their research is targeted at 
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assessing participation and interactivity by evaluating individual measures that resulted 

from the use of forum features such as writing notes or posting comments with systemic 

network measures. Social network analysis aided the researchers with the identification 

of favaorable online affordances and they found that students who used the forum 

features more extensively had higher measures of network reciprocity. They also found 

that there was a tendency for students to read and build on the notes of other students, 

rather than posting isolated messages. 

 Social network analysis is used extensively to uncover social interactions in 

learning environments that support knowledge creation. Palonen and Hakkarainen (2000) 

examined a total of 493 written communicative comments on the knowledge building 

software, Computer-Supported Intentional Learning Environments (CSILE), produced by 

of 28 elementary grade students in a public school. With the use of social network 

analysis, they viewed students as network nodes and comments as vertices. Their 

research reveals that high density of interactions was accompanied with large individual 

differences in participation. The researchers also found that while the density of 

interactions was high and all students participated in the forums, students tend to interact 

with students of their own gender groups and that the achievement levels of students 

seem to influence the intensity of participation. They concluded that social network 

analysis is a technique that is capable of providing information about interaction patterns 

and structures from the interaction culture of students supported by knowledge building 

software and in this research, social network analysis allowed them to uncover gender 

differences in online participation.  
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Philip (2010) employed social network analysis to examine the frequency of face-

to-face interactions in Grade 5 class and corresponding online interactions on the 

Knowledge Forums. Through a visualization example, the author suggested that social 

network analysis may be a useful approach for identifying students who is central and 

participating frequently in the forums, and for identifying students who are not 

participating in the knowledge building discussion. There was little variation in the in-

degree centralities of individuals in social network obtained from student interactions 

from the activities of reading online notes. As the researcher examined a classroom with 

active use of the knowledge building pedagogy for the communication of ideas, it was 

also reported that face-to-face interactions appear to be sparse compared to interactions 

on the knowledge forums.  

Software tools have been developed to support the visualization of social 

networks in knowledge building discourse data. Oshima et al. (2012) developed the 

Knowledge Building Discourse Explorer (KBDEX) aimed at visualizing network 

structures in discourse data. Through the analysis of two sets of data, the KBDEX was 

able to reveal the pivotal points in discourse that facilitated knowledge advancement and 

identify participants that contribute to the social advancement of knowledge. The findings 

from social network analysis mirror that of discourse analysis, where it is observed that 

both methods were able to arrive at the same conclusion about the quality of social 

knowledge advancement by comparing two sets of discourse data. They commented that 

while their tool was capable of identifying interactions that lead to knowledge creation, 

future research needs to consider the comparison of the learning processes of learners 
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with a set of benchmark data set by experts, in order to make valid interpretations of the 

social advancement progress. 

 In sum, this section has provided a discussion of literature focused on examining 

social interactions among students in knowledge creating communities. The reviewed 

research activities suggest that the frequency of social interaction and the directedness of 

the interaction have been widely characterized as variables that are indicative of 

individual engagement in the process of knowledge advancement. Social network 

analysis appears to be a popular method to examine social structures and social 

interactions in knowledge creating communities. Studies have leveraged social network 

analysis to pinpoint social practices in the classroom such as the identification of active 

contributors in the classroom and gender differences in student group participation. The 

theoretical basis and the empirical studies of social interactions in online communities 

directly inform the research design of this research. The focus of the research targets the 

examination of the quality of in-thread interactions and degree of collaboration between 

learners of differing participation levels. The data processing and organization 

approaches (see Section 3.2 and Section 3.3) will contribute to the derivation of network 

variables that will used to examine the state of social interactions among learners in the 

All About Circuits online community.   
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Chapter 3 

Methods 

 

The research activities described in this research can be presented as four main 

stages in the following order: data collection, data processing, data organization and data 

analysis (see Figure 3.1). The research study began with data collection where the goal 

was to download all accessible discussion data in the form of web pages from the 

discussion forum of the All About Circuits online community (Section 3.1). The data 

processing phase begins after data collection by processing web pages using techniques 

such as (i.e. social network analysis and text analysis) to process social network data, 

discussion message content and user trace data to ready them for further organization (see 

Section 3.2).  

 

 

Figure 3.1: Overview of Data Collection and Analysis.  
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The third stage of the research ï data organization ï involves the derivation of 

interaction logs that describe participation data, social networks, use of engineering terms 

and artifacts at both the individual level and topic level to be captured and stored in a 

MySQL database (see Section 3.3). This is accomplished by means of a Python data 

processing software routine written to computationally organize interaction logs for every 

discussion topic (n = 65,209) and to allow for the compilation of individual parameters 

for each individual (n = 31,219) 

The last stage of this research involves quantitative data analysis (see Section 

3.4). Descriptive statistic is first computed for all variables that are suggestive of 

engagement of knowledge creation and variables that are deemed to be supportive of 

knowledge creation, at both the topic and individual levels. Then non-parametric 

Spearman and Kendall correlation analysis is performed to examine the relationship 

between variables that are supportive of knowledge creation and variables that are 

suggestive of knowledge creation, at both the topic and the individual levels. K-means 

clustering analysis is then performed to detect clusters of individuals. Then, clusters with 

similar participation characteristics are classified into groups with the goal of examining 

the variation of correlation statistics across these groups. Overall, the data analysis phase 

employs the approaches of descriptive statistics, non-parametric correlation analysis and 

k-means clustering analysis. Section 3.5 and Section 3.6 delineates the rationale and 

justification for the choice of these statistical techniques. The last section of this chapter ï 

Section 3.7 ï synthesizes the research question, employed approaches and variables used 

to characterize engagement with knowledge creation in this online community. 



36 

 

3.1 Data Collection  

Raw data for this research comes in the form of HTML pages. Data is collected 

by downloading a total of 87,264 HTML pages through accessing the forum software for 

the online community. A discussion of the forum organization will benefit the 

understanding of the forum structure and how the data was collected. As shown in Figure 

3.2, the online community is supported by the Vbulletin online discussion forum software 

and organized into various academic areas of interest. There are four main sections of 

forums in the site of study (see Table 3.1). For example, there are four sub-forums in the 

Electronics discussion section and they are namely General Electronics Chat, The Project 

Forums, Homework Help and Electronics Resources. Data collection has focused on all 

the online sub-forums through the use of an automated downloader where the focus will 

be on ensuring all the web pages for each discussion topic are downloaded to facilitate 

the derivation and examination of the use of engineering terms, web links to external 

resources, social networks for all active and dormant discussion topics.  

Table 3.1:  

Forum Organization of All About Circuit Online Community  

Discussion 

Section 

# of Sub-

Forums 
Titles of Sub-Forums 

Electronics 4 General Electronics Chat, The Project Forums, 

Homework Help, Electronics Resources 

Software, Micro-

computing, and 

Communications 

4 Programmerôs Corner, Embedded Systems and 

Microcontrollers, Computing and Networks, 

Radio and Communications 
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Discussion 

Section 

# of Sub-

Forums 
Titles of Sub-Forums 

Circuits and 

Projects 

1 The Completed Projects Collection 

Abstract 3 Maths, Physics, General Science 

Community 3 Off-Topic, The Flea Market, Feedback and 

Suggestions 

 

3.1.1 Data Collection From Individual Discussion Topics 

Each online discussion thread is created by any individual with a registered forum 

account and represents a contained discussion described by a distinct title in the 

discussion forums and placed within a discussion section (see Table 3.1). Figure 3.2 

displays the first page of the forum and lists the most active questions which have most 

recently received a reply or comment at the time of capture. The subsequent pages list the 

questions according to the order in which they last received a response. In order to 

download the discussion contents and the responses in the community forums, a Python 

Program based on the software library ñBeautiful Soupò was written to look for topic IDs 

within these listing pages. The purpose of using this program is to compile a 

comprehensive list of web pages to download from the web site rather than to download 

the web pages based on an iterative algorithm that may cause unnecessary network stress 

on the web hosts. This list will include web links of the web pages that contain all the 

discussion topics and corresponding pages of discussion messages.  
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Figure 3.2: Listing of Discussion Threads in a Sub-Forum (Homework Help) 

The downloaded web pages represent ongoing or archived discussion topic; an 

example of a web page is presented in Figure 3.3. In Figure 3.3, the web page shows two 

messages; the first message of the discussion topic refers to a question initiated by the 

user ñanhnhaò and the second message is a reply to the question by user ñBill_Marsdenò. 

Every web page has a maximum of 10 messages on one web page. There are 12 messages 

in this discussion thread titled ñMonostable Multivibrator helpò which means that 2 web 

pages will be downloaded and the second web page will contain 2 messages. 
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Figure 3.3: Discussion Messages in a Discussion Thread 

With the successful collection of all targeted web pages, a Python program was 

used to parse each individual message on each downloaded web page. As stated earlier, 

each web page contains a maximum of a total of 10 messages and therefore, additional 

precaution was taken to identify discussion threads that feature more than 10 messages 

and to facilitate extraction of data in multiple web pages when the discussion topic 

comprises of more than 10 messages.  
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The Python program utilized the Python library ñBeautifulSoupò for the purpose 

of processing and extracting HTML tags that contain information about the learning 

traces for each discussion message. The functional purpose of this program was to 

process each message on the web pages and capture replying user information, receiving 

user information, message content, order of occurrence, and time and date of post of 

message (see Figure 3.4). The process was then repeated for extraction process for all 

discussion topics in AllAboutCircuits.com and organized on a SQL database ï a common 

output format for Python (see Figure 3.5). The end result of the data collection was an 

organized database of relevant data that had been extracted from each downloaded 

webpage.  

 

Figure 3.4: Extraction of Data from Discussion Message 
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Figure 3.5: MySQL Database of Processed Online Community Data 

In sum, data collection was been completed and a total of 4.08 Gigabytes of files 

was downloaded from AllAboutCircuits.com ï corresponding to a total of 87,263 files 

HTML web pages representative of 65,209 discussion topics. These raw HTML pages 

however required additional data processing with focus on extracting rudimentary user 

trace data. The next phase, data processing, specifically focused on parsing and storing 

parameters of interest include a range of information including date of message posted, 

message ID, posting user ID, replying user ID and message contents. The third phase ï 

data organization ï derived 65,209 interaction logs from the entire dataset, and they 

consist of social network, linguistic and engineering artifacts from a database consisting 

of processed user and message parameters. 
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3.2 Data Processing  

A software routine based on the Python programming language was developed to 

process the three described categories of variables from the collected data. The design of 

the Python program was based on two main Python libraries (BeautifulSoup and NLTK) 

and built with the functionality of extracting the engineering terms, use of engineering 

artifacts from messages and to extract social network data from interaction trace data. 

The data extraction approaches have been utilized in a similar fashion in prior research on 

online communities (Teo & Johri, 2014; Teo et al., 2013). In line with the identified 

categories of variables in the review of knowledge creation literature, the data processing 

focused on three main sets of variables in social network (see Section 3.2.1), use of 

engineering terms (see Section 3.2.2) and advancement of online engineering artifacts 

(see Section 3.2.3).  

3.2.1 Processing of Social Network Variables 

A social network is defined as a set of links between connected groups of 

individuals and is described by the set of individuals (nodes) and the relationship (ties) 

between the individuals (Wasserman et al., 1994). The characteristics of the linkages 

between individuals can be used to understand and interpret the social behavior of 

individuals in the networked community (Wasserman et al., 1994). It is understood in 

social network theory that high levels of reciprocal interactions represent strong ties 

between individuals where on the other hand, weak ties are characterized by non-reciprocal 

and low levels of interactions (Granovetter, 1973). Nodes represent individuals in a social 

network and an edge represents a social connection between two nodes or individuals 

(Wasserman et al., 1994).  
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Social network analysis (SNA) is a quantitative method used to derive person to 

person relations from communication traces in a networked community (Haythornthwaite, 

2011; Wasserman et al., 1994). SNA allows the researcher to analyze the structural patterns 

of social relationships in a social network (Haythornthwaite, 2011; Wassermann et al., 

1994). In educational research, social network analysis has emerged as a major research 

perspective in online learning research (Siemens, 2012; Wellman, 2012). SNA has found 

credibility as a research approach that is capable of illuminating interaction processes in of 

networks of learners based on relational properties and structures (Haythornthwaite, 2011; 

Suther et al., 2012). In this perspective, learning can be viewed as a relation that connects 

learners and as a network outcome of relations supported by interactions (Haythornthwaite, 

2011, Ferguson et al., 2012). Social network analytics allows one to gain insights into the 

practices and interests of a social group (Haythornthwaite & de Laat, 2010), and to examine 

interactions between individuals based on sharing common knowledge and practices 

(Haythornthwaite 2006; 2008). The potential of social network analysis can be realized in 

an online learning setting where the quality of interactions between individuals can be 

examined by analyzing relational activities and events. 

Within a classroom context, both learners and teachers can leverage data 

visualization and recommendation systems to guide classroom learning experiences (Duval, 

2011; Verbert et al., 2011). These advances present insightful examples of how 

practitioners and researchers can evaluate the nature of interactions between learners, to 

understand the impact of learning activities and make evidence-backed pedagogical 

decisions. Primary uses of SNA include clarifying relationships and interactions between 

learners in a MOOC coursework (Fournier et al., 2011). For instance, Cambridge and 
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Perez-Lopez (2012) studied an online community of professional teachers and their 

interactions with content objects using bimodal social network analysis. They identified 

highly influential individuals through egocentric usage maps and found that these users are 

persistently engaged with the communities over a sustained period of time. Suthers and 

Chu (2012) studied a professional network of educators using social network analysis 

techniques such as community detection algorithms and illuminated prominent actors and 

described six major communities within the social network.  

Advances in software development suggest that social network analysis can feed 

into a subsequent form of analysis to deepen oneôs understanding of learning, which 

supports the idea to complement text analytical techniques with SNA in this research. 

Software tools have been developed in the field of learning analytics to support social 

network analysis. Social Networks Adapting Pedagogical Practice or SNAPP (Bakhari & 

Dawson, 2011) is one tool which is capable of extracting data from existing Learning 

Management Systems (LMS) such as Blackboard and Moodle to visualize the discussion 

activities, mainly retroactive analysis of student interaction. In a demonstration of this tool, 

Macfadyen and Dawson (2010) utilized SNAPP to extract user data from Blackboard Vista 

LMS to model if students are ñat risk of failureò. Zhuhadar and Yang (2012) devised the 

design of a recommender system which is capable of proposing learning resources to the 

learners facilitated by data mining techniques and social network analysis on user log files.  

3.2.1.1 Use of Social Network Analysis 

The social network analysis process for this research is to be carried out on the 

GephiÊ software platform (Bastian et al., 2009). Gephi is an open source software that is 

capable of visualizing network graphs and calculating the individual network 



45 

 

characteristics in a social network. This software was written in Java and is free-of 

charge. To perform social network analysis on Gephi, the Gephi software has to be 

installed on a Windows PC provided that additional steps are taken to allocate more 

memory to the software (the default memory allocated to Java-based programs is 96mb 

and is insufficient for this research). By importing network data into Gephi, this research 

will leverage the program for three main calculations that will determine the individual 

social network characteristics and provide information about the frequencies of 

interaction in the forums (see Figure 3.6). They are the out-degree distribution for each 

user, the in-degree distribution for each user and the network size of each individual user.  

 

Figure 3.6: Social Network Analysis Process 

In-degree and out-degree measures the direction and degree of interactions to and 

from a node (or individual) in the social network. The out-degree distribution refers to the 

number of connections made by a node to other nodes and it will be used to examine a 

userôs frequency of contact with other users. The in-degree distribution refers to the 

number of connections received by a node from other nodes and it will be used to 

examine an individualôs frequency of received interactions from other users. Network 

size is defined as the number of direct and unique individuals that have interacted as a 

Social Network 
Analysis

Out-Degree 
DIstribution

In-degree 
Distribution

Network Size



46 

 

sender or receiver with an individual. It is also understood as the total number of direct 

ties that connect an individual to other individuals in the social network. The three 

measures (in degree, out degree and network size) were directly read off Gephi once the 

network data has been derived and imported into Gephi. In Figure 3.7, the use of Gephi is 

illustrated whereby there are two nodes (Node 1 and Node 2) are connected by an edge 

(interaction).  

 

Figure 3.7: Use of Gephi Software for Social Network Analysis  

3.2.2 Processing of EngineeringTerms  

Engineering terms may refer to engineering concepts, devices, abbreviations and 

standard units that are parts of a sentence that provides information to understand textual 

content within an engineering context. One can grasp the contexts in which a noun is 
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used by referring to the corresponding segment of one word (unigrams) and segment of 

two words (bigrams). The purpose of this research activity is therefore to identify 

learnersô use of concepts and devices as part of their online discussion pertaining to 

topics related to the Electrical and Electronics Engineering domain. In prior research, the 

author has adopted a similar approach to conduct text analysis or word count analysis to 

identify all linguistic features including nouns, verbs or pronouns (Teo et al., 2013). This 

prior study uncovered words that learners frequently use which includes a range of 

engineering terms and words associated with socialization, and demonstrated that text 

analysis is capable of identifying key engineering concepts and devices in student 

conversations. 

The extraction of engineering terms from the IEEE Dictionary of Electrical and 

Electronic Terms (Radatz, 1997) will be performed on the Python programming platform 

and this process is aided extensively by a software package named Natural Language 

Toolkit (NLTK). One popular and efficient Python library used for natural language 

processing and computational linguistic analysis is the Natural Language Toolkit (NLTK). 

The NLTK is an established open source Python toolkit with very proficient libraries for 

text processing and analysis (Bird et al., 2009). NLTK has been well-utilized in educational 

research to understand learning and interaction among students. Haythornthwaite and 

Gruzd (2007) utilized NLTK to explore noun phrases in an online bulletin board for a 

graduate class and based on the prevalence of words such as ñthanksò and ñagreeò, they 

argued that the bulletin board was a supportive avenue for learning. On the other hand, 

Worsley and Blikstein (2010) used NLTK to explore studentsô speech about electronics 

and mechanical devices and found that speech markers (such as adverbial modifiers) are 
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indicative of domain-specific expertise. While these research works are exploratory in 

nature, they highlight the potential of NLTK in deepening our understanding of studentsô 

discourse and provide ways of assessing written contributions in online environments. 

These studies also suggest that linguistic markers are capable predictors of the quality of 

learning.  

A list of engineering terms was extracted from the IEEE Standard Dictionary of 

Electrical and Electronics Terms (Radatz, 1997). The PDF files for the dictionary were 

first downloaded and converted to Microsoft Word format. Then, the bolded words that 

represent unique engineering terms were extracted from each Word file. In this research, 

a total of 12,739 engineering terms was extracted from the terms listed in the IEEE 

Standard Dictionary of Electrical and Electronics Terms (see Appendix B for an 

alphabetically ordered sample). The goal of extracting a list of engineering terms from 

the IEEE Standard Dictionary of Electrical and Electronics Terms is to allow for the 

comparison against the database of learner-produced written contributions in the All 

About Circuits online community (Radatz, 1997). A software routine, based on the 

Python programming language and the NLTK software library, will facilitate the process 

of counting the frequency of engineering terms used in the dataset against the derived 

database of engineering terms and derivation of the frequency counts for each discussion 

message in a separate database. The expected outcomes from this language processing 

technique are a list of engineering terms from the IEEE Standard Dictionary of Electrical 

and Electronics Terms and a database that shows the frequency counts of the use of 

engineering terms.  
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3.2.3 Processing of Online Resources and Digital Files 

The focus of the third research sub-question is on the examination of the use of 

engineering artifacts (such as the web links to external resources, schematics, sketches 

and CAD files) in online discussion carried on discussion topics in the engineering online 

community. In order to examine this research question, data processing is carried out on a 

total of 503,908 messages contained in the database of 65,209 discussion topics. This 

process is carried out by scanning each message for the presence of digital file 

attachments and URL web links. An example of this process is illustrated in Figure 3.8, 

where the highlighted row represents a message (with the message identification number 

of 76) of a discussion topic (with the topic identification number of 26) created on 

11/21/2003. In this illustration, the described process of scanning the text contents of this 

discussion message results in the capture of a web link to an external resource hosted a 

computer server hosted by the University of California, Berkeley. The URL is: 

http://organics.eecs.berkeley.edu/~viveks/ee130/lectures/section2p2.pdf. It is expected 

that the process is repeated for every message in the data set to derive frequency counts 

of use of web links and attachments.  

 

Figure 3.8 Extraction of Web Links from Discussion Message 
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3.3 Data Organization  

To verify the viability of the research approach, a Python prototype program was 

created to extract the parameters of interest (as suggested by the three categories of 

engineering artifacts, social network and engineering terms) from the comprehensive 

MySQL database of processed community data. The goal of the approach is to perform 

arithmetic calculations to derive the parameters from the 1st column to 7th column of 

Table 3.2. The computational derivation of the engineering terms (in the 8th and 9th row 

of Table 3.2) is functional. A list of engineering terms from the alphabet A to Z will be 

derived from the IEEE dictionary of Electrical and Electronics (See Appendix A).  

For the purpose of presenting a sample process of data collection and analysis, the 

engineering terms (described in the 8th column of Table 3.2) are derived through 

computational means. Table 3.2 describes an interaction log for discussion topic with 

identification number of 70,000 and each row contains parameters that will inform the 

examination of three research sub-questions. For instance, the 2nd row of Table 4 suggests 

that the 2nd message of the discussion topic was send from user 19834 to user 163782 in 

which an hour has elapsed since the discussion topic has created. This discussion 

message has resulted in an out degree of 1 and network size of 1 for user 19834, and has 

resulted in seven engineering terms (gate, state, circuits, capacitor, voltage, input and 

output). The use of interaction logs will facilitate the descriptive examination of 

parameters across the three knowledge creation dimensions in each discussion topic. 

Overall, a total of 65,209 interaction logs corresponding to a similar number of 

discussion topics are derived and stored in a MySQL database.  
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Table 3.2 

Sample Interaction Log for Discussion Thread With Topic ID of 70000 

Order From 

User  

To 

User  

In/Out 

Degree  

Network 

Size 

Count of 

Eng. 

Artifacts 

Time 

Elapse 

Engineering Terms Term 

Count 

1 163782 - 0/0 0 1 0 Gate, State, Circuits, 

Capacitor, Voltage, 

Input, Output, 

7 

2 19834 163782 0/1 1 0 1 Gate, output, switch, 

current, ground 

5 

3 163782 19834 1/1 1 0 1 Circuit, output, gate, 

state, input 

5 

4 20420 163782 0/1 1 0 1 Gate, TTL 2 

5 163782 20420 2/2 2  2 Gate, logic, capacitor, 

circuit 

4 

6 41645 163782 0/1 1 3 2 Pulse, Input, Gate, 

Voltage, Capacitor, 

Resistor 

6 

7 163782 19834, 

20420, 

41645 

3/5 3 1 2 Gate, Output, 

Capacitor 

3 

8 41645 163782 1/2  1 1 3 Gate, CMOS, input, 

diode, circuit, 

current, resistor 

7 

9 163782 19834, 

20420, 

41645 

4/8 3 0 3 Pulse, plate, 

capacitor, logic 

 

10 163782 41645 4/9 3 0 4 - 0 

11 41645 163782 2/4 1 0 5 Capacitor, Circuit 2 

12 2867 163782 0/1  1 0 10 Circuit 1 

  

3.3.1 Benefits of Approach 

This research leverages the Python programming platform and accompanying 

software libraries to derive structured data sets, which in turn facilitated the examination 

of linguistic features, social networks and engineering artifacts contained within each 

discussion topic. The benefits of this approach include step-by-step organization of data 
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that accounts for temporal data distribution, relatively quick process and accuracy of data 

organization. The benefits are described in more details in the following paragraphs.  

The contributions made by each participant are saliently represented according to 

the order in which they occur. Each row of the interaction log consists of information that 

represents the most current information at the point of capture. The advantage of 

capturing accurate and up-to-date data through the interaction logs is evident in Table 

3.2. In Table 3.2, a sample interaction log is derived from the discussion topic with the 

identification number of 70,000. It will be useful to examine, for instance, the 5th row of 

the interaction log. The 5th row of the interaction log is representative of the 5th message 

in the discussion topic and was contributed by the learner with the identification number 

of 163782. The contributions took place about 2 hours after the creation of the discussion 

topic. The learner has experienced a total of 4 interactions with other participants which 

can be further described as 1 incoming and 1 outgoing interaction with each of the users 

with the identification numbers of 19834 and 204020, as described 4th in the 7th column 

of the 5th row. The learner has used four engineering terms (logic, gate, capacitor and 

circuit) and three engineering artifacts in the form of three attachments in the discussion 

topic. Overall, the interaction log is capable of capturing up-to-date parameters central to 

research focus on engineering terms, engineering artifacts and social networks.  

The social network characteristics of individual users can be swiftly calculated 

from the interaction log. From Table 3.2, the social interaction data from the 2nd and 4th 

columns in each row of the interaction log will allow the researcher to conduct social 

network analysis at the individual level as well as to examine social network data 

associated with each discussion topic. These parameters from the interaction logs will be 
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critical for the examination of social network characteristic and patterns throughout at the 

individual and community level.  

This data organization approach allows for the organization of parameters across 

the three dimensions of interest (social interactions, conceptual artifacts and material 

artifacts) from each discussion topic into one interaction log. The organization of data 

into interaction logs is of importance as each discussion topic is distinct from the others 

in terms of its focus and the user who created it. This manner of organization will allow 

the analysis process to be framed by the discussion topic in which learning took place. 

Furthermore, the approach is accurate and error-free. A manual check was conducted to 

verify if the derived parameters matches that of the actual web pages. This manual check 

was performed by going through line by line to verify the accuracy of extracted 

parameters from 1st to 7th column for the total of 12 messages in the discussion topic 

(with identification number of 70000). Based on the comparison, it is verified that the 

prototype software routine is accurate and precise in calculation and computation. 

3.4 Research Question 1: Descriptive Statistics 

The descriptive research approach is focused on describing existing conditions by 

examining individuals, groups and institutions with the goal of describing what, how or 

why a particular event of interest occurs (Fraenkel, Wallen & Hyun, 2011). This allows 

the researcher to interpret extant information and provide details on a given state of 

affairs by examining practices, the ongoing processes and the trends that are developing 

(Cohen, Manion and Morrison, 2007). This is attained by focusing on the calculation and 

tabulation of descriptive statistics which include the statistical values of mean, mode, 

variance and range of the examined variables (social network parameters, engineering 
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words and web links in this research) for the purposes of analysis, comparison and 

interpretation of the educational entities and events of interest (Creswell, 2009).  

The selection of a descriptive approach in this study requires a more detailed 

discussion. As established earlier, a review of literature suggested that limited studies 

have examined knowledge advancement in an online engineering community. The 

research addresses problems that are novel in its examined context with no directly 

related prior work to build on. Thus, the use of a descriptive approach will yield 

information from the examined states to provide for a more insightful theoretical account 

of knowledge creation in online communities oriented towards engineering content. The 

purpose of selecting a descriptive approach will allow for a more informative description 

of the events leading to knowledge creation and understanding of the processes in online 

discussion as they unfold in the context of online communities. A descriptive approach 

will help focus attention on the characteristics of what parameters are the most important 

for the assessment of knowledge advancement and which events will likely lead to online 

discussion featuring rich knowledge creation processes. These research projections are 

expected to deepen the discussion of the question ï are online communities rich sites of 

knowledge creation? 

With the employment of a descriptive statistical approach, the purpose of the first 

research question is to address the broad research question of the state and level of 

knowledge creation on All About Circuits. The description research is focused on 

examining two variables that describe the characteristics and quality of created 

knowledge and three network variables that describe social interactions in the forums. 

The two variables describing the quality of knowledge creation are the use of engineering 
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terms and the use of web links to external resources. The three network variables that 

describe social interactions are individual network measures in degree, out degree and 

network size. This descriptive set up is used as research question is targeted at examining 

the state of knowledge creation and it matches the need to address the broad research 

approach of characterizing and measuring the advancement of knowledge. 

3.5 Method for Research Question 2 and 3 

To address Research Question 2 and 3, this research will require a statistical 

approach that is capable of examining the relationship between the variables 

representative of knowledge creation activities in an online learning environments. In 

order to select the most appropriate approach, Section 3.5.1 describes a literature review 

of the research focused on the examination of relationships between distinct activities 

carried out by individual learners within online environments. Based on the literature 

review, two non-parametric statistical approaches (Spearmanôs Rho and Kendallôs Tau) 

were selected and the statistical background of the two approaches is described in Section 

3.5.2.  

3.5.1 Research of Knowledge Creation Environments 

A review of literature in the domain of online learning suggests that ton-

parametric correlation analysis approaches such as Spearmanôs Rho and Kendallôs Tau 

has been frequently used to examine relationships between variables in knowledge 

building and creation environments. Chuy et al. (2013) studied science dialogue in an 

elementary school classroom setting where the teacher committed to the knowledge 

building pedagogy. Their findings revealed that the majority of studentsô contributions 

were dedicated to theorizing and working with evidence, based on a list of six major 
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contribution types. Based on non-parametric Spearman correlation analysis, the 

researchers found that theory improvement in scientific dialogue is moderately associated 

with an ability to use evidence or references to support an idea whereas learner 

formulation of explanatory questions is moderately associated with the explanation 

proposal and synthesis of ideas. Hong et al. (2010) studied knowledge building in a 

university course in teacher education where the knowledge building theory is used to 

guide the course with the Knowledge Forum as a central point for discussion. They found 

that learners tended to perceive the climate of the knowledge building environment they 

were engaged as highly supportive for knowledge creation. Non-parametric Spearman 

correlation analysis found that students who contributed more written notes to the 

community also tended to be consistently more active in other contributive activities in a 

knowledge building environment. 

Gan (2008) studied drawings or sketches generated by students in the process of 

production of ideas and writing in an elementary school and found that children who 

drew more while writing produced more ideas and used more words in longer written 

sentences. Non-parametric Spearman correlation analysis found a positive correlation 

between drawing scores and the quality of produced ideas. Zhang et al. (2010) studied 

knowledge building activities in Wikipedia based on a comparison of entity creation, 

article revision, and link evolution made by contributors in a six year period from 2001 to 

2007. Based on non-parametric Kendall correlation analysis, they found that the ranks of 

entities have positive correlations with time of creation, the number of revisions, and 

number of unique contributors. This finding suggest that the highly ranked entities are 
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correlated with higher number of revisions made by large numbers of unique 

contributors, suggesting that highly ranked entities were of superior quality.  

A review of various studies suggests that non-parametric correlation analytical 

approaches such as Spearmanôs Rho and Kendallôs Tau are appropriate for analyzing 

relationships between variables in online learning environments, particularly when the 

distribution of quantitative data does not meet the assumptions of normality in cases 

where data is either sparsely distributed or widely varied. 

3.5.2 Correlation Analysis  

Correlation refers to the measure of the strength of the linear relationship between 

two random variables. Correlation analysis assumes that individual observations are 

statistically independent and does not imply causal relationships between the examined 

variables. An often used correlation measure includes Pearson product-moment 

correlation, which refers to the strength of association between sets of bivariate 

observations (Chen & Popovich, 2002). Assumptions of parametric correlation include 

normality, linearity and homoscedasticity (Creswell, 2009). Normality considers if the 

probability distribution of the data conforms to normal whereas linearity refers to the 

assumption that there is a linear relationship between the variables examined. 

Homoscedasticity on the other hand refer to the expectation that the dependent variable 

will demonstrate equal or similar levels of variance across the range of values for an 

independent variable. If the above conditions are not met, non-parametric correlation may 

be used as it does not require that the analyzed data is normally distributed.  
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Non-parametric correlation coefficients measures the strength of the monotone 

relationship between sets of x and y data. Commonly used statistical approaches include 

Spearmanôs Rho and Kendallôs Tau. Spearmanôs Rho is the Pearson product moment 

correlation of the ranks of data points applied to the scores of data after the data points 

have undergone ranking from the smallest to the largest based on two variables (Chen & 

Popovich, 2002; Spearman, 1904). Spearmanôs Rho is determined using Equation 1: 

               (1) 

where  d refers to differences in the ranks of the two variables in each set of observations 

 n refers to the number of sets of observations  

Kendallôs Tau is used to measure the strength association between two sequences 

by counting the concordant and discordant pairs in two sequences (Kendall, 1938). In this 

statistical approach, a concordant pair consists of a pair of observations that assume the 

same ranks in two sequences whereas a disconcordant pair consists of a pair of 

observations that do not assume the same ranks in two sequences (Chen & Popovich, 

2002). In sum, the calculation of Kendallôs Tau focuses on the differences in rankings 

within pairs of cases. To employ Kendallôs Tau, one does not need to meet the 

assumption the data is statistically normally distributed and is therefore an appropriate 

statistical operation for the examination of relationships between quantitative variables in 

this research study. Kendallôs Tau is used in the examination of the strength of 

association between quantitative variables suggestive of knowledge creation and 
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variables that promote knowledge creation in this research, in order to address the second 

and third research question. Kendallôs Tau is determined using Equation 2: 

(2) 

where n refers to the number of sets of observations 

3.6 Method for Research Question 4 

To address Research Question 4, this study needs to employ a statistical approach 

to identify groups of users based on a consideration of the individual variables. A 

literature review is carried out and focused on prior studies that have analyzed and 

identified groups of users in online learning environments (see Section 3.6.1). Based on 

the literature review, this study identifies an appropriate statistical approach ï K-means 

clustering ï and in Section 3.6.2, a discussion is carried out to describe the statistical 

background behind the K-means clustering analysis that has featured in examination of 

learner behavior in online environments.  

3.6.1 Examining Groups in Research of Online Communities  

 

In MOOC environments, Kizilcec et al. (2013) have examined trajectories of 

engagement to characterize learners based on their participation patterns within three 

MOOC courses. In this research, they applied k-means clustering to user parameters 

indicative of interactions with course content to identify distinct user trajectories of 

engagement within three MOOC courses. Through their research, they found evidence to 
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support that there are three main user participation trajectories. An example includes a 

group of users who view content but never took assessment.  

K-means clustering is also used to inform the design of an assessment plug-in 

(ForumDash) for Blackboard Learning Management System (Speck et al., 2014) and a 

course recommendation system (Aher & Lobo, 2013). The ForumDash assessment plugin 

employed k-means clustering to cluster together topics that are indicative of engagement 

with a variety of situations including questions and answers, syllabus and information 

about other courses (Speck et al., 2014). Aher and Lobo (2013) used k-means clustering 

to examine relationships between attributes of users based on learning traces collected 

from the Moodle system.  K-means clustering has also been used to examine pockets of 

discussion based on activity on discussion thread (Sinha, 2014) based on the variables of 

topic length, duration, content detail and density. Findings from clustering analysis reveal 

three main clusters: short responses with low detail, short responses with high detail and 

lengthy topics with high content density. Based on a review of various studies, k-means 

clustering is deemed as an appropriate statistical approach for the identification and 

detection of groups of learners based on variables that are representative of their 

engagement and participation in the online community.  

  

3.6.2 K-means Clustering Analysis  

Clustering is a statistical technique that is used to group entities or individual into 

a preset number of clusters by attempting to reorganize them into homogenous groups 

(Gore, 2000). Computational algorithms are often used to optimize the process of 

reduction of variation within groups and maximizing the variation between groups. One 
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widely used clustering algorithm is the K-means algorithm. The K-means clustering 

algorithm is governed by Equation 3: 

         (3) 

where  Si refers to randomly selected i set of points  

n refers to number of clusters 

xj refers to j set of observations 

ɛi refers to means of the set of points in Si 

The algorithm for the K-means clustering is operated on the concept of iterative 

calculation of the distance between nodes on the basis of comparing means or standard 

deviation of group characteristics. This method is operated by first dividing sampled n 

observations into clusters, in which observations will be assigned to a cluster with the 

closest mean. It starts from a given center point, and group together entities by 

considering the distance from the center. Iterations are carried out until the best possible 

distribution is obtained (Gore, 2000). The optimal number of clusters (k) is decided by 

the researcher based on the CCC measure, which is based on a comparison of the R2 

value for a given set of clusters with the R2 of a uniformly distributed set of points. K-

means techniques also find clusters by minimizing intra-cluster variation while 

maximizing inter-cluster variation (Everitt et al., 2001). Limitations of k-clustering 

include the need to for the variables to be continuous and an inability to account for 

missing data.  

n 
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With the completion of K-means clustering, there is a need to verify if there are 

significant statistical differences between the clustered groups of individuals through 

statistical tests. This means that there is a need to verify if the clustered groups are 

significantly different through the comparison between the medians of individual 

variables in the clustered groups to determine if the clustered samples belong to different 

populations. This research will employ the Kruskal-Wallis test (Kruskal & Wallis, 1952), 

the non-parametric equivalent of one-way ANOVA, to examine the statistical differences 

between groups of learners to ascertain if  the groups are statistically different before the 

comparison of correlation coefficients classified by clusters is performed. 

3.7 Synthesis of Research Question, Theory and Methods 

Guided by the knowledge creation metaphor, the outlined research activities are 

targeted at addressing the overarching research question of describing the degree of 

knowledge advancement in an online engineering community ï All About Circuits. This 

research focuses on the examination of three set of parameters: linguistic features, use of 

artifacts and social networks which translate to an examination of the use of engineering 

terms, engineering artifacts and the formation of social networks among engineering 

learners in the online community. In order to derive these parameters, the research plans 

relied on the Python programming platform and software libraries to collect and organize 

half a million messages to extract learner-generation data to derive interaction logs for 

each discussion topics. 

The outlined descriptive research approach centered on the analysis of interaction 

logs is expected to be capable of addressing the research focus on evaluating knowledge 

advancement in the online community. This is particularly so as public discussion is 
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carried out exclusively on discussion threads and each discussion thread is distinct from 

the others in terms of its content focus and source of origin. The examination of entire set 

of 62,509 interaction logs will also allow a focus on use of engineering terms, 

engineering artifacts and the formation of social networks throughout the entire online 

community, based on the discussion thread in which discussion took place. This will 

facilitate the statistical description of the three sets of parameters to describe the state of 

knowledge creation in the online engineering community.  

The research activities present opportunities to understand why some discussion 

topics enjoy high levels of knowledge creation. Table 3.3 describes the anticipated and 

potential research activities. As suggested by the research question in Table 3.3, the 

examination of the state of knowledge creation will provide summary statistical 

description (mean, mode, variance and range) of the examined variables contained within 

the interaction logs. The interaction logs are derived from individual discussion topics 

and classified based on a discussion topic identification number. Therefore, the 

summative descriptive statistics will allow for the identification of discussion topics with 

high level of knowledge creation which features rich social networks, and active use of 

engineering terms and artifacts (see second research question in Table 3.3). Once 

discussion topics with high levels of knowledge creation are identified, there are 

opportunities to further examine the role of social dynamics and interactions in 

knowledge creation.  

The overall aim of the research is to assess learning in an online engineering 

community based on the knowledge creation metaphor. The research objectives involve 

the descriptive examination of the state of knowledge creation through three sets of 
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parameters ï engineering terms, engineering artifacts and social networks. The focus of 

this research can be traced to the main arguments outlined by the knowledge creation 

metaphor in Chapter 2. According to this perspective, learners engaged in social 

interaction to advance and transform both material and artifacts over time. The sub 

research questions are summarized together with the corresponding theoretical 

perspectives and research methods in Table 3.3.  

Table 3.3 

Research Questions, Theoretical Basis and Methods 

Research Questions  Theoretical Basis  Methods 

1. What is the state of 

engineering knowledge 

creation at the topic and 

individual levels? 

Knowledge creation metaphor 

suggests that conceptual artifacts 

are transformed over time and 

that material artifacts are 

advanced and transformed 

through collective activities. 

Descriptive statistics 

2. To what extent are 

topic length, duration 

and views associated 

with participation in 

knowledge creation 

activities at the topic 

level? 

Learners of knowledge creating 

communities engage in extensive 

social interaction over sustained 

periods of time. 

Non-parametric 

Correlation Analysis 

3. To what extent are 

individual total 

interactions, active 

membership period and 

total membership period 

associated with 

individual participation 

in knowledge creation 

activities?  

Knowledge creation metaphor 

stresses on the role of experts in 

the facilitation of knowledge 

creation among learners  

Non-parametric 

Correlation Analysis 
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Research Questions  Theoretical Basis  Methods 

4. How can learners be 

grouped based on their 

individual total 

interactions and active 

membership period? 

How does correlation 

compare across groups? 

Learners on online communities 

contribute and participate at 

varying extents.  

K-Clustering 

Analysis; Non-

parametric 

Correlation Analysis 

 

3.7.1 Variables Indicative of Knowledge Creation 

For the first research question, descriptive statistics is performed for variables 

across the individual and topic levels. For the second research question, correlation 

analysis is conducted to examine the relationship between six variables at the topic level 

(see Table 3.4) with three variables that may predict knowledge creation (see Table 3.5). 

The six variables, that may suggest knowledge creation, are Network Size, Quoted 

Reference, Engineering Terms, Links to Web Resources, Links to Digital Files and 

Attachments. The three variables, that may predict knowledge creation, are Topic Length, 

Topic Duration and Topic Views. The distribution of the data has to be considered 

through the Kolmogorov-Smirnov-Lilliefors Test before applying the relevant correlation 

statistics. The examination of the strengths of association between variables of non-

normal data distribution will require the use of Spearmanôs Rho and Kendallôs Tau.  

For the third research question, correlation analysis is conducted to examine the 

relationship between six dependent variables at the topic level (see Table 3.4 and Figure 

3.9) with three variables that may predict engagement with knowledge creation (see 

Table 3.5 and Figure 3.10). The five variables, that may suggest engagement with 

knowledge creation, are Network Size, Quoted Reference, Engineering Terms, Links to 

Web Resources, Links to Digital Files and Attachments. The three variables, that may 
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predict knowledge creation, are Total Unique Interactions, Active Membership Period 

and Total Membership Period. The distribution of the data has to be considered through 

the Kolmogorov-Smirnov-Lilliefors Test before applying the relevant correlation 

statistics. Variables with non-parametric data distribution will require the use of 

Spearmanôs Rho and Kendallôs Tau.  

Table 3.4  

Variables Suggestive of Knowledge Creation at Topic-Level and Individual-Level  

Variable  Description  Supporting 

Research 

Social 

Interaction 

  

Network Size 2 Joint work and organized collaboration 

between different individual foster the 

processes of knowledge creation and 

collective advancement of knowledge.  

Bielaczyc & Collins, 

2006; McLaughlin, 

2007; Scardamalia 

& Bereiter, 2006 

Quoted 

References 1,2 

Knowledge creation is a social product, with 

edits from contributors. Knowledge creation 

involves collaborative work that fosters 

communication to know each other and 

social practices that develop due to to-and-

fro communication between different 

individuals in the community. 

Bielaczyc & Collins, 

2006; Paavola et al., 

2007; Philip, 2010; 

 

Contributing to 

Conceptual 

Artifacts 

  

Message Post 1 Posting messages represent shared objects 

that can be accessed by any individuals and 

foster externalization of ideas in a shared 

collaborative space. Messages represent 

comments and notes leading to ideas and in 

knowledge creation, ideas interact with ideas 

to foster the generation of ideas. 

Sha & van Aalst, 

2003; Seitamaa-

Hakkarainen et al, 

2010; Xia et al., 

2009 

Engineering 

Terms 1,2 

In knowledge creation, the acknowledged 

use of engineering terms present building 

blocks, classifiers and tags of conceptual 

artifacts, can is used to compose the common 

ground and to generate relevant conceptual 

artifacts. 

Lakkala et al., 2009; 

Locoro et al., 2010; 

Sun et al., 2009;  
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Contributions 

to Material 

Artifacts 

  

Links to Web 

Resources1,2 

(Abbreviated as 

Resources)  

Web links are sources outside the 

communication that foster generation of 

multiple perspectives by reading and 

discussion. Transform ideas taken from 

different sources to fit situation. 

Bielaczyc & Collins, 

2006; Paavola et al., 

2007; van Aalst, 

2009 

Links to Digital 

Files 1,2 

(Abbreviated as 

Files) 

Knowledge creation feature object-bound 

entities such as web links that foster shared 

use of resources and objects, which can 

catalyst perspective taking and support 

student ideas. 

Chen et al., 2012; 

Lee et al., 2008; van 

Aalst, 2009; 

Attachments 2 Attachments represent artifacts that 

knowledge is embodied, to be shared to 

collaborate with others. The attachment 

versions present counts of content 

modification and advancement of knowledge 

McLaughlin, 2007; 

Muukkonen & 

Lakkala, 2009; 

Paavola et al., 2005 

 

1 = individual-level; 2 = topic-level 

Table 3.5  

Variables That Predict Knowledge Creation at Topic-Level and Individual-Level  

Variable Description  Supporting 

Research 

Topic-Level   

Topic Length Edits can represent indexes of participation 

in knowledge creation. Online publishing 

favor knowledge creation. Topic length 

suggests that multiple ideas are generated 

and discussed. Dense communication 

represents knowledge creation. 

Leinonen et al., 

2009; Scardamalia, 

2002; van Aalst, 

2009; Xia et al., 

2009 

Topic Duration Sustained involvement over multiple phases 

and periods of times in activities that aim to 

improve the overall community through 

problems. 

Leinonen et al., 

2009; Seitamaa-

Hakkarainen et al., 

2010; Zhang et al., 

2007 

Topic Views Views suggest participation and efforts to 

develop ideas and engage with the 

knowledge creation process, and holistic 

exposure to various phases of discussion. 

Hong et al., 2010; 

Seitamaa-

Hakkarainen et al., 

2010 

Individual-

Level 
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Individual Total 

Interactions 

Individual connections and interactions with 

others create opportunities for collaboration, 

spread ideas and contribute to the formation 

of social practices 

Hakkarainen, 2009; 

Leinonen et al., 

2009; Oshima et al., 

2012;  

Individual 

Active 

Membership 

Period 

Individual extended participation throughout 

discussion and community can help structure 

discussion and increase engagement with 

variety of past ideas. 

Lee et al 2008; 

Muukkonen & 

Lakkala, 2009; 

Seitamaa-

Hakkarainen et al., 

2010 

Total 

Membership 

Period 

Individual unique experiences accumulated 

throughout engagement with community can 

bring insights and perspectives on issues and 

ideas, leading to knowledge creation. 

Bielaczyc & Collins, 

2006; Palonen & 

Hakkarainen, 2000; 

Hakkarainen, 2009 

 

Figure 3.9: Potential Variables for Predictive Relationships Between Topic-Level 

Variables 

Supportive of 
Knowledge 
Creation

ωTopic Length

ωTopic Duration

ωTopic Views

Suggestive of 
Knowledge 
Creation

ωNetwork Size

ωQuoted References

ωTerms

ωResources

ωFiles

ωAttachments



69 

 

 

Figure 3.10: Potential Variables for Predictive Relationships Between Individual-Level 

Variables 
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Chapter 4 

Findings 

  

This chapter presents the findings related to the research questions addressed in this study. 

The research questions are: 

1. What is the state of engineering knowledge creation at the topic and individual 

levels? 

2. What is the relationship between topic length, duration and views with 

participation in knowledge creation activities at the topic level?  

3. What is the relationship between individual total interactions, active 

membership period and total membership period with individual participation 

in knowledge creation activities?  

4. How can learners be grouped based on their individual total interactions and 

active membership period? How do the correlation statistics vary across 

groups?  

Section 4.1 addresses the first research question, with descriptive statistics and 

frequency counts of variables at both topic and individual level of participation. Section 

4.2 addresses the second research question with a focus on identifying the type of 

association between six variables that may suggest participation in knowledge creation 

and three variables that are strongly associated with engagement in knowledge creation at 

the topic-level. Section 4.3 addresses the third research question with a focus on 

identifying the type of association between five variables that may suggest participation 

in knowledge creation and three variables that are strongly associated with engagement in 
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knowledge creation at the individual-level. Section 4.4 addresses the fourth research 

question with a focus on identifying groups of individuals with similar participation 

characteristics.  

4.1. Participation Demographics 

This section describes the participation demographics of the online community. 

The sub-sections describe participation demographics related to the topics (Section 4.1.1) 

and membership (Section 4.1.2). Findings from this section indicate: 

1. The 65,208 discussion topics consist of close to 503,908 messages contributed 

by only 31,219 members out of a total registered 182,987 members over a 

period of 3,353 days.  

2. The annual message post count has seen an increases from 2003 to 2009 but 

has been at a decline from 2010 to 2012. 

4.1.1 Community Participation 

This section provides an overview of the descriptive statistics based on the 

participation in the online engineering communities. As described in Table 4.1, there are 

a total of 65,208 discussion topics that consist of 503,908 messages. While the 

community report a total of registered 182,937 members at the point of data collection, 

only 31,219 members (17.1% of all members) have posted at least one message to the 

community whereas 151,178 (82.9% of all members) have not posted any messages to 

the community. This suggests that certain community features may require membership 

registration and the search function is one of the communtiy feature that requires 

membership to access.  
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Table 4.1  

Participation Parameters at the Community Level 

Participation Parameter Count  

Discussion Topics  65,208 

Messages 503,908 

Active Users 31,219 

Total Members 182,937 

Period of Establishment 3,353 days 

 

As described in Table 4.2, the rate of change of messages has been steadily 

increasing. The increase in annual message count rate for year 2010 and 2011 was 22,136 

and 8,723 respectively and they are both substantially lower than the previous high of 

32,421: with a decline of 10,285 and 23,698 respectively. Figure 4.1 demonstrated a 

consistent pattern that increases in annual message count rate exceeded its previous 

highest levels from the 2003 to 2009. 

Table 4.2  

Community Message Count from 9/27/2003 to 11/5/2012  

Year Cumulative 

Message Count 

Annual Message 

Count 

Annual Change 

in Message 

2003 (From 9/27/2003) 99 99 99 

2004  2497 2398 2299 

2005 7532 5035 2637 

2006 18003 10471 5436 

2007  41639 23636 13165 
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2008 95479 53840 30204 

2009 181740 86261 32421 

2010 290137 108397 22136 

2011  407257 117120 8723 

2012 (Till 11/5/12) 503908 96651 -20469 

 

 

Figure 4.1 Cumulative Message Count in Online Engineering Community  

4.1.2 Topic Participation 

To identify general trends for participation at the topic-level and to understand the 

distribution of data, descriptive statistics and frequencies of the topic-level parameters is 

provided in Table 4.3. They include the means, median, mode, standard deviation, 

minimum and maximum of the each variable. The descriptive statistics covers the entire 

collection of topics at n = 65,209.  
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Table 4.3:  

Descriptive Statistics of Topic-Level Variables 

Variable (Units) Mean Median Mode Standard 

Deviation 

Minimum Maximum 

Topic Length 

(Message Count) 

7.73 5.00 2.00 13.3 1.00 1890 

Topic Duration 

(Days)  

19.4 1.42 0.00 116 0.00 3190 

Topic Views 

(Count of 

Views) 

1290 803 503 2220 0.00 183000 

Network Size 

(Unique 

Contributors) 

3.69 3.00 2.00 2.53 1.00 187 

Quoted 

Reference 

(Count) 

1.86 0.00 0.00 6.40 0.00 702 

Terms/Message 

(Word Count) 

23.9 20.0 11.0 18.5 0.00 524 

Links To Online 

Resources 

(Frequency 

Count) 

1.06 0.00 0.00 2.42 0.00 130 

Links To Digital 

Files (Frequency 

Count) 

0.534 0.00 0.00 1.42 0.00 92.0 

File Attachments 

(Frequency 

Count) 

0.729 0.00 0.00 2.78 0.00 316 

Note: N = 65,209*  

There are 65,209 distinct discussion topics, as demonstrated by their distinct discussion 

topics and topic identification number.   

Variables in the social interaction dimension include network size and quoted 

references. The mean network size was at least 3 unique participants (xↄ= 3.69) and the 

standard deviation was 2.53 (s = 2.53). The median network size was 3 (xӉ = 3) the range 

was 187 (xmin =0 and xmax = 188). The mean number of quoted references was 1.86 (xↄ= 
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1.86) and the standard deviation was 6.40 references (s = 6.40). The median links was no 

links (xӉ = 0) and the range was 702 links (xmin =0 and xmax = 702). Variables in the 

dimension of conceptual artifacts include the use of engineering terms and message 

posted. The mean engineering terms was 195 per topic or 23.9 per message and the 

standard deviation was 386 terms per topic or 18.5 per message. The median engineering 

terms per message was 20 terms (xӉ = 20) and the range was 524 (xmin =0 and xmax = 524). 

Variables in the dimension of material artifacts include external online resources, 

digital files and attachments. The mean number of links to external online resources was 

1.06 (xↄ= 1.06) and the standard deviation was 2.42 links (s = 2.42). The median external 

links to external online resources was no links (xӉ = 0) and the range was 130 references 

(xmin =0 and xmax = 130). The mean number of digital files was 0.534 (xↄ= 0.534) and the 

standard deviation was 1.42 digital files (s = 1.42).  The median links was no digital files 

(xӉ = 0) and the range was 92 digital files (xmin =0 and xmax = 92). The mean number of 

attachments was 0.729 (xↄ= 0.729) and the standard deviation was 2.78 attachments (s = 

2.78). The median was no attachments (xӉ = 0) and the range was 316 attachments (xmin =0 

and xmax = 316). 

The mean topic length was more than half a page long (xↄ= 7.73) and the standard 

deviation was 13.3 (s = 13.3).  The median topic length was a third of a page long (xӉ = 5) 

the range was 1889 (xmin =1 and xmax = 1890). The mean topic duration was 19.4 days or 

461 hours (xↄ= 465.1051) with a standard deviation of 116 days 2800 hours.  The median 

topic duration was a 34.1 hours or 1.42 days (xӉ = 1.42) and the range was 3190 days (xmin 

=0 and xmax = 3190).   
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Figure 4.2 shows the variation in data using a heat-map visualization of the 

variable of topic duration as an example. There is a higher number of lightly colored 

boxes with larger sizes which in turn occupied more space in the heat map. This 

observation indicates the dominance of topics with shorter durations over topics 

conducted through longer durations. For instance, there are 2,154 topics with duration of 

1 day or less as compared to 140 topics with duration of between 178 to 178 days. Topics 

with extended duration are represented as dark green regions in the heat map and can be 

observed to occur less frequently by representation of a smaller bottom right hand corner 

of the heat map. 

 

Figure 4.2 Heat Map of Topic Duration in the Online Community  

Note. Size of square tile indicate the equivalent of the percentage distribution of each 

duration period. Both horizontal and vertical axes are equal representation of the square 

tile.   

Increasing Topic Duration 



77 

 

Overall, the computation of descriptive statistics suggests that participation varied 

at the topic level. With the exception of the network size and engineering terms per 

message, each variable has a standard deviation that is more than one times of the mean 

of the variable. The large standard deviation of the variables suggest that there is 

variation in data at both the topic level. The variation of data can be better understood 

under the consideration that data analysis was performed over a 10 year period rather 

than a cross-sectional approach with selection of topics of similar size. 

4.1.3 Individual Participation  

To identify general trends in individual participation and to understand the 

distribution of data, descriptive statistics of the individual level parameters is provided in 

Table 4.4. They include the means, median, mode, standard deviation, minimum and 

maximum of the each variable.  The descriptive statistics cover the entire collection of 

topics at N = 31,219. 
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Table 4.4  

Descriptive Statistics of Individual Participation in Community 

Variable Mean Median Mode Standard 

Deviation 

Minimum Maximum 

Network Degree 

(Interactions) 

19.9 3.00 1.00 158 0.00 10400 

References (Count) 3.80 0.00 0.00 80.3 0.00 10100 

Engineering Terms 

(Count) 

495 41.0 8.00 8450 0.00 890000 

Message Post 

(Count) 

16.1 2.00 1.00 243 1.00 21900 

Web Resources 

(Count) 

2.18 0.00 0.00 53.4 0.00 5710 

Digital Files 

(Count) 

1.10 0.00 0.00 28.2 0.00 3340 

Active Membership 

(Days) 

76.5 1.00 1.00 244 1.00 3230 

Total Membership 

(Days) 

1090 1020 1360 706 1.00 3350 

Notes: N= 31,219*. There are 31,219 active individuals, as demonstrated by their 

contribution of posts and user identification number.   

Variables in the dimension of conceptual artifacts include the creation of topics 

and messages, and the use of engineering terms. The mean message posted was more 

than a page long (xↄ= 16.1) and the standard deviation was 243 (s = 243).  The median 

message posted was 2 (xӉ = 2) and the range was 21900 (xmin = 0 and xmax = 21900). The 

mean engineering terms posted was 495 (xↄ= 495) and the standard deviation was 8450 (s 

= 8450).  The median message engineering terms posted was 41 (xӉ = 41) and the range 

was 890000 (xmin =0 and xmax = 890000).  

The large variation in the data can be observed in a ñpacked bubblesò 

visualization of individual post count (see Figure 4.3). Learners with long membership 

periods, as indicated by smaller user identification numbers, do not necessarily record 
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large post counts as indicated by the size of the bubble representative of each user. Only 

one of the most prolific contributor (labeled bubbles on Figure 4.3) was an early 

registrant with an identification number of 60. Learners who have shorter total 

membership periods may have made considerable post counts. The largest amount 

contributions (represented by the largest bubble) was made by a learner who registered as 

the 12669th member. 

 

Figure 4.3 Packed Bubbles Visualization of Individual Post Count 

Note: Larger bubbles correspond to larger number of individual post count  

Variables in the dimension of material artifacts include web resources and digital 

file links. The mean web resources posted was 2.18 (xↄ= 2.18) and the standard deviation 

was 53.4 (s = 53.4).  The median web resources posted was a 0 (xӉ = 0) and the range was 

5710 (xmin =0 and xmax = 5710). The mean digital files posted was 1.10 (xↄ= 1.10) and the 

User with ID #60 
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standard deviation was 28.2 (s = 28. 2).  The median digital files posted was zero (xӉ = 0) 

and the range was 3340 (xmin =0 and xmax = 3340). 

Variables in the dimension of social interaction include network degree and 

quoted references. The mean network degree was 19.9 (xↄ= 19.9) and the standard 

deviation was 158 (s = 158).  The median network degree was 3 (xӉ = 3) and the range 

was 10400 (xmin = 0 and xmax = 10400). The mean direct references made to others was 

less than 4 (xↄ= 3.80) and the standard deviation was 80.3 (s = 80.3). The median direct 

reference made was 0 (xӉ = 0) and the range was 10100 (xmin =0 and xmax = 10100). 

The mean individual active membership period was 76.5 days (xↄ= 76.5) and the 

standard deviation was 244 days (s = 244).  The median active membership period was 1 

(xӉ = 1) and the range was 3229 days (xmin = 1 and xmax = 3230). The mean total 

membership period was 1090 days (xↄ= 1090) and the standard deviation was 706 days (s 

= 706). The median total membership period was 1020 day (xӉ = 1020) and the range was 

3249 days (xmin = 1 and xmax = 3250). 

Overall, the computation of descriptive statistics suggests that participation varied 

substantially at the individual level. With the exception of the network size and 

engineering terms per message, each variable has a standard deviation that is more than 

one times of the mean of the variable. The large standard deviation of the variables 

suggest that there is variation in data at both the individual level. The variation of data 

can be better understood under the consideration that data analysis was performed over a 

10 year period rather than a cross-sectional approach with selection of individuals of 

similar contribution levels. 
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4.2 Association between Topic-Level Variables 

This sub-section describes correlation statistics between variables suggestive of 

knowledge creating activities with topic level parameters. KolmogorovïSmirnov-

Lilliefors (KSL) tests showed that distributions of all the variables are not normal 

distributions. Each test is carried out with the null hypothesis as the data being normally 

distributed (Ho = The data is from the Normal distribution). For example, the P-value for 

the variable of Topic Duration is less than the level of significance of 0.001 which rejects 

the null hypothesis and indicates that the data is not normally distributed.  

A further examination of the distributions of variables through histograms (see 

Figure 4.4) verified that the assumptions of normality are not observed. This reaffirms the 

previous assertion that the data is not normally distributed. Based on the consideration of 

non-normality of the variables, non-parametric correlation analysis is selected over than 

parametric correlation analysis. In this analysis, the Spearmanôs ɟ and Kendallôs Ű are 

selected as measures of the strength of associations.  

 

Figure 4.4 Histogram of Select Topic Level Variables 

Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 
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4.2.1  Nonparametric Correlation Analysis 

This subsection provides an examination of the association between the topic-

level variables used in the study of the online communitties. For non-parametric 

distributions, the Spearmanôs ɟ and Kendallôs Ű represents the strength of association 

between variables and has a value range of -1 to 1. Strong correlation values have a range 

of 0.5 to 1.0, whereas moderate correlation values have a range between 0.3 to 0.49 and 

weak correlation values have a range of 0 to 0.29 (Cohen, 1988).  

The correlation analysis between six topic-variables variables and Topic Length 

are presented in Table 4.5. The Spearman rho values and Kendall tau values indicate that 

the correlations are positive and statistically significant.  The average Spearman rho is 

0.571, which suggests an overall strong association between Topic-Level Variables and 

Topic Length. According to this statistical measure, the strongest correlation is between 

network size and topic duration at p = 0.836 and the weakest correlation is between Files 

and Topic Length at ɟ = 0.323. The average Kendall tau is 0.472, which suggests an 

overall moderate association between Topic-Level Variables and Topic Length. 

According to this statistical measure, the strongest correlation is between Network Size 

and Topic Length at Ű = 0.721 and the weakest correlation is between Files and Topic 

Length at Ű = 0.276.  
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Table 4.5 

Correlation Between Topic-Level Variables with Topic Length 

Variable Spearmanôs ɟ p-value Kendallôs Ű p-value 

1. Network Size 0.836 <0.001 0.721 <0.001 

2. Quoted References 0.692 <0.001 0.579 <0.001 

3. Terms 0.821 <0.001 0.653 <0.001 

4. Resources 0.418 <0.001 0.339 <0.001 

5. Files 0.323 <0.001 0.266 <0.001 

6. Attachments 0.335 <0.001 0.276 <0.001 

 

The correlation analysis between six topic-level variables and Topic Duration are 

presented in Table 4.6. The Spearman rho values and Kendall tau values indicate that the 

correlations are positive and statistically significant.  The average Spearman rho is 0.391, 

which suggests an overall moderate association between Topic-Level Variables and 

Topic Duration. According to this statistical measure, the strongest correlation is between 

Network Size and Topic Duration at p = 0.597 and the weakest correlation is between 

Attachments and Topic Duration at ɟ = 0.216. The average Kendall tau is 0.298, which 

suggests an overall moderate association between Topic-Level Variables and Topic 

Duration. According to this statistical measure, the strongest correlation is between 

Network Size and Topic Duration at Ű = 0.464 and the weakest correlation is between 

Attachments and Topic Duration at Ű = 0.171.  
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Table 4.6 

Correlation Between Topic-Level Variables with Topic Duration 

Variable Spearmanôs ɟ p-value Kendallôs Ű p-value 

1. Network Size 0.597 <0.001 0.464 <0.001 

2. Quoted References 0.442 <0.001 0.341 <0.001 

3. Terms 0.560 <0.001 0.398 <0.001 

4. Resources 0.292 <0.001 0.227 <0.001 

5. Files 0.236 <0.001 0.187 <0.001 

6. Attachments 0.216 <0.001 0.171 <0.001 

 

The correlation analysis between six topic-level variables and Topic Views are 

presented in Table 4.7. The Spearman rho values and Kendall tau values indicate that the 

correlations are positive and statistically significant.  The average Spearman rho is 0.285, 

which suggests an overall weak association between Topic-Level Variables and Topic 

Views. According to this statistical measure, the strongest correlation is between Terms 

and Topic Views at p = 0.407 and the weakest correlation is between Attachments and 

Topic Views at ɟ = 0.323. The average Kendall tau is 0.212, which suggests an overall 

weak association between Topic-Level Variables and Topic Views. According to this 

statistical measure, the strongest correlation is between Terms and Topic Views at Ű = 

0.280 and the weakest correlation is between Attachments and Topic Views at Ű = 0.117.  
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Table 4.7 

Correlation Between Topic-Level Variables with Topic Views 

Variable Spearmanôs ɟ p-value Kendallôs Ű p-value 

1. Network Size 0.356 <0.001 0.261 <0.001 

2. Quoted References 0.340 <0.001 0.259 <0.001 

3. Terms 0.407 <0.001 0.280 <0.001 

4. Resources 0.236 <0.001 0.181 <0.001 

5. Files 0.220 <0.001 0.173 <0.001 

6. Attachments 0.149 <0.001 0.117 <0.001 

 

4.3 Association between Individual-Level Variables 

This subsection describes an examination of the association between the 

individual-level variables that are suggestive of participation in knowledge creating 

activities in the online community. KolmogorovïSmirnov-Lilliefors (KSL) tests showed 

that distributions of all the variables are not normal distributions. Each test is carried out 

with the null hypothesis as the data being normally distributed (Ho = The data is from the 

Normal distribution). For example, the P-value for the variable of Individual Total 

Interactions is less than the level of significance of 0.001 which rejects the null 

hypothesis and indicates that the data is not normally distributed.  A further examination 

of the distributions of variables through histograms (see Figure 4.5) verified that the 

assumptions of normality are not observed. This reaffirms the previous assertion that the 

data is not normally distributed.  Based on the consideration of non-normality of the 

variables, non-parametric correlation analysis is selected over than parametric correlation 
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analysis. In this analysis, the Spearmanôs ɟ and Kendallôs Ű are selected as measures of 

the strength of associations.  

 

Figure 4.5 Histogram of Select Individual Level Variables  

Note: Ho = The data is from the Normal distribution. Small p-values reject Ho. 

For non-parametric distributions, the Spearmanôs ɟ and Kendallôs Ű represents the 

strength of association between variables and has a value range of -1 to 1. Strong 

correlation values have a range of 0.5 to 1.0, whereas moderate correlation values have a 

range between 0.3 to 0.49 and weak correlation values have a range of 0 to 0.29 (Cohen, 

1988).  

4.3.1  Nonparametric Correlation Analysis 

The correlation analysis between five individual-level variables and Individual 

Total Interactions are presented in Table 4.8. The Spearman rho values and Kendall tau 

values indicate that the correlations are positive and statistically significant.  The average 

Spearman rho is 0.389, which suggests an overall moderate association between 

Individual-Level Variables and Individual Total Interactions. According to this statistical 

measure, the strongest correlation is between Replies and Individual Total Interactions at 












































































































































































































