KnowledgeCreation Analytics for Onlin&ngineering Learning

Hon Jie Teo

Dissertation submitted to the faculty of the Virginia Polytechnic Institute and State

University in partial fulfilment of the requirements for the degree of

Doctor of Philosophy
in

Engineering Education

Aditya Johri (chaiy
Vinod K Lohani (cachair)
ChristopheB. Williams
Michael A. Evans

June 22014
Blacksburg, Virginia

Keywords:knowledge cration,k-means clusteringionrparametric analysignline

engineering community



Knowledge Creation Analytics for Online Engineering Learning
Hon Jie Teo

ABSTRACT

Theubiquitoususe of computers and greater accessihilitthe Internet have triggered
widespread use @ducational innovations such as online discussion forwfiiss, Open
Educational Resources, MOOCSs, to name a few. These advancdschttbe creation
of a wide range of instructional videos, written documents and discussion atzpives
engineering learneseekingo expand their learningnd advance their knowleeg
beyond the engineering classroom. However, it remains a challenging task to assess the
guality ofknowledge advancemeah these learning platforms particularly due to the
informal nature of engagement as a whole and the massive amount of tgaresxtd
data.This researcladdresssthis broad challengrougharesearch approadiased on
the examination dahe state ofkknowledge advancemeranalysis ofelationships
between variables indicative of knowledge creationgarticipationin knowledge
creation,and identification of groups of learneiiie study site isan online engineering
community,All About Circuits that serve81,219electrical and electronics engineering
learnersvho contributed 503,908 essagem 65,209 topicsThe knowledge ciagion
metaphor provides thguidingtheoreticaframeworkfor this researchrhis metaphors
basedn aset ofrelatedtheoriesthatconceptualizetearning as a collaborative process
of developing shared knowledge artifacts for the collective benedicommunity of
learnersin a knowledgecreating community hie qualityof learning and participation
can beevaluaedby examininghe degree of collaboration and @idvancement of

knowledge artifactever an extendegeriod of time Software routinesvere written in



Python programming languag® collect and processaore tharhalf a million messages
and to extract usggroduced dat&rom 87,263web pages to examine the use of

engineering termsocial networkand engineering artifacts

Descriptive anlysis found thastate of knowledge advancement vadesss discussion
topics and théevel of engagement in knowledge creating activities vaesss
individuals.Non-parametric orrelation analysis uncoveu strong associations between
topic lengthand knowledge creating activities, and between the total interactions
experienced by individuals and individual engagement in knowledge creating activities.
On the other handhe variable ofndividualtotal membershigeriod hasveek
associationsvith individual engagement iknowledge creating activitiekK-means
clustering analysiglentifiedthe presencef eightclusters of individuals with varying
lengths of participation and membershapdKruskalWallis testsconfirmedthat

significant differenes betweethe clustersBased ora comparative analysis &ruskak
Wallis Score Meanandthe examination of descriptive statistics for each cluieze
groups of learners were identifiddisengaged88% of all individuals) Transient(10%)
andEngagé (2%). A comparison of Spearman Correlations between pairs of variables
suggest thatvariable ofindividual active membership peri@xhibits stronger

association with knowledge creation activitiesthe group obDisengagedwhereas the
variable ofindividual total interactiongxhibits stronger association with knowledge
creation activitiesor the groupof EngagedLimitations of the study are discussed and

recommendations for future work are made.



Table of Contents

ADSTIACT . ...t e e e e ii.
LIST Of FIQUIES......eiiiiiiiiiiie ittt e e e mnne s Vil
IS A ) = 0] =TS PP UPPPPUPRPPRR IX
(IS 0 1= {171 (o o OSSP Xi
Chapter 1 Introduction and Motivation for Study.............ooooiiiiiii e 1
1.1 Wide Range of Opportunities in Online Learning..............coooeevvicceeeeeee e 1
1.2 Growth of Online Engineering Learning and Challenges of Assessment.....3
1.3 PUIPOSE Of STUAY...eeieeiiiiiiiiiiiieee ettt mene e aee e 6
1.3.1 MOtIVALION O STUAY. .....euveriiiiiiiiiiiie et 8
1.3.2 Research QUESTIQNS ......coiiii e eeeee sttt enee e e e e e e e e e eeeeeeennnnn 8

1.4 SignificanNCe Of STUAY......cciviiiiiieeeeei e 12
Chapter 2 Literature REVIEW............uuuuiiiiiiii i s s s e e e s smeeias e e e e e e e e e aaaeeees 16
2.1 Online DISCUSSION FOMUMS......cciiiiiiiiiiiiieieesiiiirirerereeeeeee e e e e s eeereeeeeeaaeaeaeeens 16
2.1.1 Structure and Features of Online Discussion FOrums............ccc.eeeeeeenes 16
2.1.2 Benefits and Limitations of Online Discussion FOrums........................ 18

2.2 ThEOrEtiCAl BASIS......uuuuiiiiiiiiiiiiiiiieeeiiiiiii ittt e e e e e erre et e e e e e e e e e e e e e e e e e s nmnnas 21
2.2.1 The Knowledge Creation Metaphor...............oovvviiieiiieeeeeeee 21
2.2.2 Knowledge Artifacts in Knowledge Creating Communities................... 26

2.2.3 Collaboration and Social Interaction in Innovative Knowledge Commuzities

Chapter 3 MethOdS.........oiiiiiii e e 34
3.1 DAt COllECHOM....uuuiiiiiiiiiiiiii ettt ane e 36
3.1.1 Data Collection From Individual Discussion TOPICS..........cccoevvriiriiennnn. 37

3.2 DAt PrOCESSING .. ttvvveeieeiiiiiiiiee e eeete ettt e rmmne e en e e 42
3.2.1 Pocessing of Social Network Variables.........ccccovveiiiiieeccciiiiiieeeee 42
3.2.2 Processing of ENgIiNEeringTermLS. ...........uuuuriiiiiiimeeiiiiiiiiiieeeeeeeeee e e e 46
3.2.3 Processing of Online Resources and Digital FileS..........ccccccoviieeeinnnn. 49

3.3 Data OrganiZatiOnl.........ceeeeeeiiiiiieisieee e ee e e e e e e ean 50



3.3.1Benefits Of APPrOACH.........uuiiiiiiiiiiiiiii e 51

3.4 Research Question 1: Descriptive StatiStiCS.........coovvviiiiiiiccceiieeeeeee 53
3.5 Method for Research Question 2 and.3...........ccoooiiiiiieeii e 55
3.5.1 Research of Knowledge Creation Environments.................ooovvcceeeeeennn. 55
3.5.2 Correlation ANAIYSIS........cooiiiiiiiiieree e 57
3.6 Method for Research QUESHION.A............uuuueiiiiiicieiirre e 59
3.6.1 Examining Groups in Research of Online Communities...................... 59
3.6.2 Kmeans Clustering ANalySiS........ccooeeeeiiiiiiiiieeee e 60
3.7 Synthesis of Research Question, Theory and Methads................ccee.. 62
3.7.1 Variables Indicative of Knowledge Creation...........cccoeeeviiieeccivnnnneeennn. 65
(@ gF=T o] (=1 g o1V 1] o LU RUOPRR 70
4.1. Participation DemOgraphiCsS..........uuuuiieiiiiiececeiiiiise s e e e e e e e veeesa e e e aaeaes 71
4.1.1 Community ParticipatiQn..............cooviiiiiiiiieee e 71
4.1.2 TOPIC PartiCIPation........uuiiieeeeeeeceieceeeiii e eeeeeeeeeee e e e e e e e e ee e 73
4.1.3 Individual Participation..............ccouviiiiiiieeen e 77
4.2 Association between Topi@vel Variables..........ccccceeveiiiiieiiiieeciicicieec e, 81
4.2.1 Nonparametric Correlation ANalySIS...........cccuuvvireiiiieemiiiiiiiiieeeeeeeeeeeee 82
4.3 Association between Individubével Variables...............coooiiiiiiii s 85
4.3.1 Nonparametric Correlation ANAlYSIS...........cccuuviiiiiiimemiiiiiiiiieieeeeeeeeeeee 86
4.4 K-means ClIUSLEr ANAIYSIS.........uuuuiiiiiiiiiiiiieeeiieiiieee e 90

4.4.1 Nonparametric Correlation Analysis Based on Cluster Classification..95
Chapter 5 DISCUSSIONL.....cciiiiiiiiiieee et enenaneee 99
5.1 State of Knowledge Creation...............uuuuiieeeieeeiiiiiiiieeeeeeeeeeee e e s eeemeeeeeeeeeeeeas 99

5.2 Strengths of Assocations Between Tdpiel Variables with Topic Length, Topic
Duration and TOPIC VIBWS.......cciiiiiieeeiaiiie e e e e 103

5.2.1 Strengths of Assocations Between Topic Length and -Lepiel Variables



5.3 Strengths of Assocations Between Individeakl Variables with Individual Total
Interactions, Individual Total Membership Period and Individual Active Membership

= 1 To o SRR 109
5.3.1 Stragths of Assocations Between Active Membership Period and Individual
VaANADIES ...t e e e et a e e e as 110
5.3.2 Strengths of Assocations Between IndigidT otal Interactions and Individual
VaANADIES ...t a e et a e e e as 112
5.3.3 Strengths of Assocations Between Individual Total Membership Period and
INIVIdUAI Vari@bIEesS.........uuuiiiiiiiiiiiiiii et 113
5.4 Clustering Analysis and Correlation Analysis Based on Classificiation by
(O3 U1 (= £ PRSP PPPPRP 114

Chaptert CONCIUSIONS..........ccoiiiiiiiiiiiiiieeee e e et smmmr e e e e e e e e e enans 118

6.1 Implications of RESEArCh...........cciiiiii it 118

6.2 Contributions of RESEAICH...........oooiiiiiieee e 122

6.3 Limitations and ASSUMPLIONS...........uuuuuiiiiiiiiieeeeeirieee e e e e e e e e e e eeeeren e 124

6.4 Future Research DIr€CHQANS . .......cuiiiiiiiiei e enee e 125

] (=] €= o =T 128
APPENTICES ...ttt eeea bbbt et e e et et e e emer e e e et e e e e aae e s 148

AppendixA: File Types of Digital Files...........cccuuuiiiiiiiiieeeiiiiiieeeeeeeeee e 148

Appendix B: Sample Engineering Terms from IEEE Dictionary of Electrical and

= Tod (o 1 oSN I =T 0 L U 149

AppendixC: Scatterfots for Correlation Analysis..........cccccveeriiiiiieesieeeee e 175

AppendixD: IRB Approval Letter and Application Documentation.................. 181

AppendixE: Python Software ROULINE.............coooiiiiiiiiiccc e 187

Vi



List of Figures
Figure 1.1Main Forum Page for All About Circuits Online Community
Figure 21 The Three Metaphors of Learning
Figure 31 Overview of Data Collection and Analysis
Figure 3.2 Listing of Discussion Threads in a $doum
(Homework HelpSubforum)
Figure 3.3 Discussion MessagesiDiscussion Thread
Figure 3.4 Extraction of Data from Discussion Message
Figure 3.5 MySQL Database of Processed Online Community Data
Figure3.6 Social Network Analysis Pross
Figure 37 Use of Gephi Software for Social Network Analysis

Figure3.8 Extractionof Web Links from Discussion Message

Figure 3.9PotentialVariables forPredictiveRelationshipBetween Topid_evel

Variables
Figure 3.10PotentialVariables for lPedictiveRelationshipBetween

IndividuakLevel Variables

Figure 41 Cumulative Message Count in Online Engineering Community

Figure 42 Heat Map of Topic Duration in the Online Community
Figure 4.3Packed Bubbles Visualization of Individual Post Count
Figure 4.4Histogram of Select Topic Level Variables

Figure 45 Histogram of Select Individual Level Variables

é

[ON

é

é

Figure 4.6 Scatter Ploof Individual Total Interactions with Indigual Variables

vii

22

34

38

39

40

41

45

46

49

6 8

69

73

76

79

81

86

88



Suggestive of Knowledge Creation

Figure 47 Identification of Groups of Learners ThroughMéans Clustering
Analysis

FigureC-1: Scatter Plots for Individual Total Interactions and Variables
Suggestive of Engagement wkimowledge Creation

FigureC-2: Scatter Plots for Individual Active Membership Period and
Variables Suggestive of Engagement with Knowledge Creation
FigureC-3: Scatter Plots for Individual Total Membership and Variables
Suggestive of Engagnent with Knowledge Creation

FigureC-4: Scatter Plots for Topic Length and Variables Suggestive of
Engagement with Knowledge Creation

FigureC-5: Scatter Plots for Topic Duration and Variables Suggestive
of Engagement with Knowledge Criat

FigureC-6: Scatter Plots for Topic Views and Variables Suggestive of

Engagement with Knowledge Creation

viii

D~

b7

b7

7

B7

179

D8



List of Tables
Table 11 Online Communities for Electrical and Electronics Engineering
Learners
Table 31 Forum Organization oAll About Circuit Online Community
Table3.2 Sample Interaction Log for Discussidhread With Topic ID of
70000
Table 3.3 Research Questions, Theoretical Basis and Methods
Table 3.4 Variables Suggestive of Knowledge CreatioroptclLevel
and IndividualLevel
Table 3.5 Variables That Predict Knowledge Creation at Topiel
and IndividualLevel
Table 41 Participation Parameters at the Community Level
Table 4.2 Community Message Gudrom 9/27/2003 to 11/3012
Table 4.3 Descriptive Statistics of Togievel Variables
Table 4.4 Descriptive Statistics of Individual Participation in Community
Table 4.5Correlation Between Topitevel Variables with Topic Length
Table 4.6CorrelationBetween Topid_evel Variables with Topic
Duration
Table 4. 7Correlation Between Topitevel Variables with Topic Views
Table 4.8Correlation Between Individudlevel Variables with Individual
Total Interactions
Table 4.9Correlation Béwveen IndividualLevel Variables with Individual

Active Membership Period

é

36

51

6 4

72

72

74

78

83

85

89



Table 4.10 Correlation Between Individiladvel Variables with Individual
Total Membership Period

Table 4.11 Iterative KMeans Cluster Comparison

Table 4.12 Dscriptive Statistics of Active Participation and Total
Membership Perio@lassified byCluster

Table 4.13 KruskaWallis Score Means for Individudlevel Variables
Classified by Cluster

Table 4.14Non-parametric Correlation Analysis For Indiual Variables
with Individual Total Interactions, Classified by Cluster

Table 4.19Non-parametric Correlation Analysis For Individual Variables
with Individual Active Period, Classified by Cluster

Table A.1 File Types and Correspondifigtensions

91

148



List of Definition

Discussion threaddierarchically organized collection of messages whereby the first post

initiates the discussion and other messages are replies to earlier messages.

Knowledge creation metaphor: Collection of l@ag theories that propose that
knowledge advancement in an online community is facilitated by the transformation of

conceptual or material artifacts through collaboration over a sustained period of time.

Online community: Network of individuals who gathliegethewoluntarily as a social
collective to pursushared interests through a computexdiatedonline communication

platform.

Online discussion forumnComputermediated communication platforirmenable
individuals to interact asynchronouslyith one another without the constraint of time

and physical plagghroughthe use ofext, image and video content

Social network analysis: Methodology that is used to examine network links between

connected groups of individuals to understand structuralrpatéend social relations.

Xi



Chapter 1

Introduction and Motivation for Study

1.1Wide Range of Opportunities inOnline Learning

With the advances irinformation communication technologi€kCT) in recent
decadesresearchers and policymakers have cea@saround the use of technology to
advance learning opportunities beyond the formal environment (Atkins, 2010; Bell et al.
2009; NSF, 2007). In engineering educatioseecheraind practitionerbave embraced
computer technology and theternet to drie innovation in engineering teaching aod
enhance access &ngineering learning resources (Bourne, Harris & Mayadas, 2005).
Spurred byheincreasedffordability ofcomputers athgreater accessibility the Internet,
numerous educational innovationsick as online discussion forums, iRy Open
Educational Resources antiOOCs have beerdevelopedwith unbounded potential to
reach a large number of learnefbese advances haireturn attracted the contributions
of awide range of instructional videosritten dacuments and discussion archivest
provide opportunities for learners to expand their learning lkyloaclassroomin the
formal education systerhigher education institutions have begun to offer online courses
and distance learning prograntscater tothe learning needs of individuals who do not
establish a physical presence at educational institutianSloan Consortium report
AOmlei Nati ono ( Al |)é&undtatapeodamately 3.5 n2iliipl students
were taking at least one oméi course irthe fall semester ®2006 This figureis double
that of a preceding study conducfedr years ago in the fall semester of 2@®%vhich it

was reported thdt.6 million students took at least one online coutseas also reported



thatpublic institutions on average offered coursesnore thari,400 online learnersach
semester.These trends suggest that the use of Ititernet and technologyediated
learning platforms such as online discussion forunts, teach and learns gaining
popukrity amongstudents in higher education institutions ardXschools

The growth of online learning expectedo continueas the current generation of
students posse$sarning habits and tendencies that relytlom nternet and information
technology(Chubin, Donaldson, Olds & Fleming, 20@8ideout, Foehr & Roberts, 2010
The current generation of engineering students, referred by mawgt &eneratiorand
Millennials, are highly proficient with computer devices and often use the Internet to
suppot their learning outgle the classroom (Johri et al., 2D1d Neeéné&r at i ond or
0 Mi | | estudenta bos detween 1980 and the present (Howe & Strauss, 2000;
Oblinger, 2003 Oblinger & Oblinger,2005, grew up withreadily availablecomputer
based teamology and almost unrestricted access to the Internet (Tapscott & Williams,
2008). Thisgenerationof youths is known to be proficient with digital technology and
proficient at multitasking when using electronic anditdigdevices (Foehr, 2006). They
pereive digital technology as omnipresent in their liaesl often leverageechnologyto
assist with their learning nee@évavik, 2005) Kvavik et al. (2004) who found that almost
all the surveyed college students in their studyd@ekss to the Internéthey found that
over 99% okurvey participants used email for academic purposes\ard®8%of survey
participants used the Internet to access materials for dbansework It has also been
noted that students IBTEM majors such ashemistry, computescience, engineering,
math, and physics spent considerably more time online than other students (Anderson,

2001). Theseresearch studiegrovide evidence to support the notion tkaidents are



increasingly capable ofusing the mternetand computer toolsor learning With an
increasing amount of learnirgtivitiescarried out through the Internet on onlpiatforms
(Bourne et al.,2005), the studies and reportaitline the growing importance of
understanding anelvaluatingengineeringtudent learningn computetsupported learning

platforms.

1.2 Growth of Online Engineering Learning and Challengesf Assessment

The use of online communities to foster learning beyond the classroom is well
documented (Bruckmann, 2006; Stahl, 2006; van de Sande, Bdii®academiarea of
engineering, there ian increasing presence of online communities acaogariety of
interest and content are@Beo et al., 2013)In the area oElectrical and Electronics
Engineering (EEE) online communitieshostedon discusson forum platforms have
attracted a larger number of learners and host an extensive number of contrifze#ons
Table 11). The online communitieenjoy significant reach which translate to vibrant
discussions and massive membership bases, despite eotingofficial support or
endorsement by formal institutions in any manwer described by Table 1, hundreds of
thousands of learners have contribuéed posteanore than 2 million messagésfive
onlineengineeringliscussion forums. In addition the forums listed below, newsgroups
such as alt.binaries.electronics host thousands of discussion topics @verdaop close

to twenty years.



Table 11

Online Communities for Electrical and Electronics Engineering Learners

Site Message | Membership | Year of

Count 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 datas rounded off to nearest thousand acdurate as okpril 2013

Bourne and colleagues (Z®)0rom the Sloan Consortium examined the status of
online learning in American engineering colleges and highlighted opportunities for
research and practice. They pospd an assessment framework for online learning based
on the Afive pillars of | earningo and used
viability of online platform in promoting learning (breadth, scale, quality). Theydurge
colleges to explore oppamities in implementing online learning platforms to contribute
to improve thequality of online courseghe ability to scale to more learners, and the
breadth of coverage of engineering domains/coufsastherassessmermonsideration of
online platforns was floated and focused tive need to provide feedback to learners and
teachers. This is captured in National Education Technology Rlamtefl States
Department of Education2010) which calls for assessments that provide students,

instructors and edation stakeholderwith timely and actionable feedback about student



learning and participation to improve instruction and student achieveAwadrding to
the latest Horizon Report (Johnson, Smith, Willis, Levine, & Haywood, 2@hlannual
survey condated by the New Media Consortium and Educaasmtal ofsix emerging
technologie$ electronic books, mobiles, augmented reality, gaiased learning, gesture
based computing, and learniagalytics wergrojectedto gain widespread adoption and
exposuran education Theauthors of the repodrguel that hese emerging technologies
have the potential to disrupt learning and education significantly in the near @werell,
the reportaises new assasgntand evaluatiokchallenges for educators asioellearning
gains prominence and reachhe reporthas highlighted the challenges oévaluating
educational dataroonline learning platformsuch as online discussion forms and learning
management system&/ith increasesgtudentengagemenwith online learningspacesand
use ofdigital mediadevices it is expected that moreducational data is expectedie
located in online environments arepresentech digital form.

There is growing awareness of the need to devahojincorporatevays toassess
online learningand the quality of student contributions on online platfofBrsickmann,
2006; Stahl, 2006; van de Sande, 20)&rious esearchers have developed methods to
asses learningn informal online communities. van De Sande (2011) examined ameonl
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 analyzingttheture of online
communities (van de Sande, 2009)s e exeldences 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 ohem@ommunities in



facilitating the learningof 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 uealioé collaborative
environments, such as chat platforms and shahgital whiteboard, to support
mathematical learning beyond the classroom. In his research, he invited small groups of
students to collaborate, discuss and solvestilictured mathematl problems He
introduced the concept of Group Cognition to describe the group process in which
individuals engage in discourse to accomplish a cognitivelaese studies are however
carried out in the KL2 mathematics aradreview of educational regeh literature suggests

that assessment of learning omnline engineering communities have been given scarce

research attention.

1.3Purpose of Study

This researcimtroduces an evaluation approdidsed orthe description ofhe
state of knowledge advamment, examination of relationships between variables
indicativeand supportivef knowledge creatigrand identification of groups of learners.
Thesite of study fothis researcis an onine engineeringcommunitynamedi A1 | Abou't
Circuits0 The onlinecommunity can be accemusingaweb browser through thglobal
URL (Uniform Resource Locatogddress ohttp://www.allaboutcircuits.conThe
vBulletin® online discussion softwafkénternet Brands, 2013yas installed on web
servers to provide anline agnchronous discussigrlatform to facilitatecommunication
between membend this onlinecommunity.As of November 12012 a total of 182,783

registered members contributed a totab@8,908messages over 5 discussion sections



(see Section 4). According to the titles of the main discussion sections, the niaasa
of discussion inclde electronics, circuits, swfare, communications and embedde

systems.

OLI-DE | WOL N-AC  WOL NI- SEMICOMDUCTORE | WOL IV-DSBMAL | WOL W-FEFEREWCE  WOL VI-EXFERMENTE | WORKEMEETE | VIDEDE l:lm

All About

Circuits

Us=r Name Us=r Name DRu:mcmD:rM:?
s All About Circuits Forum

Pazswond

General Electronics Chat (545 Viewing) | Dynamic range
Discuzsion forum for gzreral chat about anything =lzctronics relat=d, incheding azking | by crutschow 26,526 209,721
questions about material in the All About Circuits E-Book, Workshests, and Wideos. Today 06:-20 FM
The Projects Forum {355 Viewirg) .
g fto v eonverter using..
Warking on an electronics project and would like some suggestions, help or critiques? L;r e r‘:l' — 20,571 179,535
ou would like to comment o it othe = - is is the place to s r L
It you woukd fike 5 comment or assial others with their projects, This is the placs to Today 06:42 PM

Figure 11: Main Forum Page for All About Circuits Online Community.

This research draws fronthe theoretical basis surroundirtbe educational
metaphor oknowledge creation to assess and evaltlaespecifiedonline engineering
forums The overarchingfocus is ondeepening the understanding lefarning and
participationin online communitiedy evaluatingthe strengths of association between
discussion characteristics and activities that suggest engagement with knowledge creation
on onlineenvironments, and bigentifying groups of learners based on their participation
tendenciesThis researclakes intoconsideration that there lisnited presence of active
pedagogical support anidstructor presencein an online learning environmenthe
motivation toaddress this broad researaleais pertinentas weseek tofurther our

understandingf howto build effective, sistainable and setenewing online communities



that fosterinnovation and advancement of knowledgesngineering These projections
are consistent with the neeusthe digital ageas demonstrated by the insatiable appetite
for online learning and engagement witimline communigs by new generations of

learners

1.3.1 Motivation for Study

The author isnotivated toundertakehis researctdue to hisexperiences utilizing
online discussion forums in the coursehaf undergraduatera graduate studies in
Electrical EngineeringAs an undergraduate in University of Minnesdt@amajored in
electrical engineering and took a variety of elective courses from the sophomore to senior
level. Invarious engineering coursdsefaced severathallenges in understanding the
material. This is at this point whér@accessed number offorumsto clarify some ohis
understanding adlectrical engineering conceptde has learad much fromthis
experience and felt that online communifesvideavaluablesource of information and
rich silos ofresourcesThrough further engagements with the online communities, the
authorhas gained opportunitiégs makecontributions and advance the knowledge of the
community which in turn has boosted his undarsling of engineering conterior to
conducting the research, the authelieves thatonline faumsare rich sites of learning
thatoffer highly accessible opportunities active participants to advance and create

knowledge in engineering

1.3.2Resarch Questions
The focus of theesearchs on understanding and assessing the state of knowledge

creatiorofanonl ne engi neer i nlyo e to mbtioroughiheydxadmation A



of linguistic featuresonline artifacts and social interactioiiée theoretical basis based

on the knowledge creation metaphavhich is considered as a collection of learning
theories that propose that knowledgeation(in an community of learnersy facilitated

by the transformation of conceptual or materialfacts through collaboration over a
sustained period of timgeeSection2.2). The evaluation process is focuseduoicovering
patterns of use agngineering termghe useof digital forms of engineering artifexand

the formation ofsocial networks irthe online discussionsarried out byElectrical and
Electronics learnersThe strengths of association between characteristics and activities
suggestive of engagement are also examined at both the individual and topic levels. This
research will identify grups 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 groupst is hypothesizedhat numerousonline
community earners will draw on a wide range of linguistic features, participate in
extensive use of engineering artifacts and form extensive social netsvatkbat strong
associations will be found between the identified variables identified in the literature and

variables suggestive of engagement with knowledge creation.

The overarching research questi for thisresearchs:

What is the state of knowledge creatiomi online engineeringcommunities?

The overarchingresearchquestion will be examined by cadering a case study of "All
About Circuits" online communityurther, he following subresearch questionsill be

investigated to answer the above research question



1. What is the state of engineering knowledge creatioat the topic and individual
levels?
This descriptive question is focus®n examining the state of engineering knowledge
creation through the use of engineering terms, formation of social networks and
advancement of engineering artifaici$he forum Thefirst part of this descriptive gg&on
addressethe frequency counts agngineering term indicative of engineering devices and
concepts based on the IEEE Standard Dictionary of Electrical and Electronic Téens.
second part of thislescriptive question will examine the trends of usesrgineering
artifactsto facilitate discussion oengineering related topics. There will also be a focus on
on uncovering thdrequency countsf web links links to digital files hosted onlinand
the contribution attachments by individual usefrbe anwers to this question should
include usage statistics of various typesnfjineering artifactand order in which they
are usedThe third part of thislescriptive question is focused on evaluatingdibgree of
interaction among learners through socetiwork analysis. The research outcomes to this
guestion 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 p@d of continued contribidns) in each discussion topic.

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

participation in knowledge creation activities at the topic level?

This research question aims ¢éxaminethe stength of associatioletweenpairs of

variablesbased orthree variablesrepresentative of activities that promote knowledge

10



creationand sixvariablessuggestive of engagement wkhowledge creation at the topic
level. The thread variables include caétad 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).va@hables that are
suggestive of knowledge eation in topicanclude Network Size, Quoted References,
Engineering Terms, Messages, Resources and Hlesder to examine the strength of
association between the chosen variables, twopaosametric correlation techniques

(Spear manodos RhHau)aseremdploedndal | 6

3. What is the relationship betweenindividual total interactions, active period and
total membership period with individual participation in knowledge creation

activities?

This research question aimsittvestigatethe strength of assiation pairs of variables

from threevariablesrepresentative of activities thptomote knowledge creati@andfive
variablessuggestive of engagement withowledge creating activitiest the individual

level. The three individual characteristics indicalculated 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 interactian(the total number of interactions with other learners in
unique discussion topics). The varialleast suggest engagement with knowledge creating

activitiesinclude Quoted References, Engineering Terms, Messages, Resources and Files.
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In order to examinghe strength of association between the chosen variables, two non

parametric correlation techniques (Spear mano

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

active membership period? Howdo the correlation statistics vary across groups?
This research question aims to uncowdgstinct groups of individuals in the online
community based on similarity in their actimembershigeriod and total membership
period in the online communitased on the clustering analysis, individuals are classified
by their clusters to examine tlhdviduwpliTaal pe d
Interactions, Individual Active Period or Individual Total Membership Period and
Individual Variables suchs Quoted References, Engineering Terms, Messages, Resources
and FilesThe research outcomes to this research question includes the optimal number of
clusters based onikeans clustering, descriptive statistics of individual characteristics in
each clugtr and the score means frdfmuskalWallis Tests.In order to examine the
strength of association between the chosen variables, twgarametric correlation

techniques (Spearmanédés Rho and Kendall 6s

1.4 Significance of Study
In recentyearsthere is increased focus on informal spaces of learning beyond the
classroomsuch asafterschool clubgBarton & Tan, 201)) sports clubgNasir & Hand,
2008) online discussion forun{gan de Sande, 2018nhd 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 avenuesm#ion
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characteristic of these informal spaces of learning is that there is an absence bf forma
educational institutional influence: there isiied involvement by trained educational
practitioners and a lack of alignment with institutional curriciilee focus of thisesearch
All About Circuits online engineering communitis distinct from fomal educational
settings as expertise is voluntarily available and learnersauppoted by education
practitioners, buby a small number of established individuals with extensive tenure or
records of contributionsFurthermore, the AIll About Circigt online engineering
communityadoptsanopenregistrationpolicy in whichanyone with an email accoucan
set up an forum accourthis open registration polidherefore feature a large number of
volunteers with different lengths of tenure and expetésels. A review of educational
research literature unvedla number oktudies such asnline programming community
(Bruckmann, 2006; Resnick et al., 2009) and online mathematics help forums (van der
Sande & Leinhardt, 200) and Virtual Maths Chat (Stgt2006) However, none of these
studies have focused on online communities catered to engineering |Safitierso prior
studiesconductedon online engineering communities supported by maowermediated
platforms this research will significantly increa our understanding @fhetheronline
engineering communitieare essential sites of learning and participation beyond the
classroom.

Online communities are supported by online discussion forum softwiaich
allows for alarge number of participants aadcumulatedrchives of learningctivities.
The presence oflarge number olearnergenerated data amdformationdraws attention
to the difficulty of usingnanualassessmemhethoddor the evaluation obnlinelearning

environments This broadly stad challengeis of importanceas it allowsengineering
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educatorgo uncoverhow educational institutions contrast agaimgormal onlinesettings
andto understanchow to develop successfohline communitiesn support of formal
education While it has leen argued that online discussion fosters social knowledge
construction (Fischer & Weinberger, 2006), these distinct featurea gkgo of knowledge

in the sensthatit is uncleaif informal online discussion are productive spaces for learning.
This research aims to makan contribution to this knowledge pool by presentarg
assessment approach that leverdggcriptive statisticssocial network analysis artdxt
analytical processingtechniquesto characterizeknowledge creation in an online
community powered by an discussion forumplatform The discussedpproachhas
immediate practical implications for online education and distance learniflgis is
particularly so as mine discussion forums feature heavily in online distance learning
coursegGarrison, 2@7), in coursemanagement software such as Blackb@adi Moodle
(Unal & Unal, 201} and MOOC (Mak et al., 2010).

This researchoutlines a plan to answer calls from engineering education
stakeholders and leaders to leverage information technatogypiport of innovations in
educational assessment (Bourne, Harris & Mayadas, 2005; Jamieson & Lohmann, 2009).
Findings from this study can potentially inform the developméan analytic framework
that enhancesoth thebreadth and depth of the assessnaé learning through computer
mediateddiscussion forums. The describadalyticalapproachks in this researcderveto
assist educators and practitioners to derive a more holistic apgorable evaluation of
knowledge creation isomputermediated larning environmenisy 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 innovatiorfsuch as MOOCSs) are leveraging discussion forum
technology to support a large number of learners. Based on a okeszosial network
analysis andext analyticaltechniques, this research approan contribute to te
expansiorof the existing repertoiref knowledge creation analytical approaches in online
learning environmentsTo accomplish the goals of this researceptiware routinevas
developedwith Python programmin¢anguage and applied to process multiple forms of
learnertrace dataand discgsionparameters from HTML web pagei$.is potentially
feasibleto expand this software routine into an executable software packagedtpable
of processg webpages anautputing assessment report$his envisioned software
packageis expected tde capable of extractingistussionand participation data from
online communities supported by ffe-shelf commercial software such as the vBulletin
software As the vBulletin discussion platforms a popular choice fomany online
communities, this softare routine can prove to be useful to researchers seeking to

understand and assess online commurstggportedy thisdiscussion platform.
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Chapter 2

Literature Review

2.1 Online Discussion Forums

Th eAll About Circuitso online communitys suppoted by aronline discussion
forum softwargvBulletin) and thistext-basedlatformfacilitatesasynchronous
communication amongegisteredmembers. Due to this settingwill be relevant to
reviewliterature that is centered dme use of discussion famsto facilitatelearning or
education. Doing so will allow for a better understanding of the state of research
regarding discussion forums and its role in learnirtg review of research studies,
conducted in the settimaf online dscussion forumgds presented in two main sections.
Section 2.1.1 elaborates on the structure and features of online dis¢assmswith a
focus on the functionality and how discussion fosuamne used by online learneggction
2.1.2 describes the benefits and limitatiohsnline discussion forums. This section
discusses resadr that focus oeffects of online discussion on student learrang

participation.

2.1.1 Structure and Features of Online Discussion Forums

An online discussion forum refers to @medominantlytextbased 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 & Jarveld, 2006). Online discussion forums are plagaimat relyprimarily on
asynchronous texttased communicatiobhetweenparticipantsthrough 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 thr@ugleb browseonthe Internet. This process
commonlyi nvol ves | earners who write their opini
to ot her s 0 reflectromtbeir tegrning pratesBiscussion is carried aiopic
threads created by the learner or instructéos$terinteraction and exchange of knowledge
about a specific topic, which ssimmativelydescribed by th#tle of the discussion thread

In this online platforma discussion thread refers to a hierarchically organized collection

of messages whereby tfiest post starts the discussion and all ogdrsequennessages

are written as either replies to earlier (Hewitt, 200%)e messages are then sequentially
arrangedy time of post andrganizednto various discussion threads for reading (Hewitt,
2005. Online discussion is initiated when learners post a message on a discussion thread
for others to read angespond to A sustained dialogue or discussion is formed among
learners when messages are exchange to and fro as responses andesparses.

There are various features that set online discussion forums apart freto-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 learrdng increases the accessibility to
learning resourcegHarasim, 1990). This allow®or interactionbetween students and
instructors on coursework to be extended beyond the letags (Garrison et al.0B0).

Learning via the use of online discussion forusraso pervasive inthe sensethdt ud ent s 6
contributions are recorded, and can be visitethy timesandat any time (Hew et al.,

2010). Another compelling f etaetruarcet iovfi toynol i(nHea I
1990) which can be understood as a reciprocal process whereby leaenergageth

interaction through the process of posting original messages, reading and replying to the
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messages of other learners. The exchanges are asynchembcontribute to a culture of
reflection as they allow time for | earners
own writing before making preparations &ubsequent contributiorf®oole, 2000). The
exchanges are not only texdsed but can beomplemented by rich multimedia content
such as video (Snelson, 2008), and linked to external repositdrezRicationatontent
(Cantor, 2009).

Since its introduction as a form of educational technology, online discussiorsforum
have played an increasgly central role in online, blended and traditional courses to
support teaching and enhanite quality oflearning (Naidu & Jarvela, 2006). Formal
education institutions have used online discussion forums as part of courseware (such as
Moodle and Blackbard) and theonline discussion forums typicallgerveas means to
facilitate communication amorigarners and teachers. While discussion forums feature in
formal coursework, there is increasing educational interest in understamolimgo
develop and utiie discussion forums t@nhance learningpeyondthe classroom. For
instancer esear chers have developed discussion f
buil dingd pedagogy ( Scar dama-médateddis®Bissionei t er ,
and chatting orK-12 mathematical topic&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 discusion forums emphasize on learuantered dialogue in collaboration

with others and facilitate the sharing of multiple perspectivdss focus on social
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interaction andmeaning making is consistent withe social constructivist paradigm
towards learningHarvard, 199Y. While practitioners have usenhline discussion forums
to facilitate collaboration activities such as problem solving activities, researchers found
that online discussioenhancesknowledge construction through focused tasiented
discusion (Schellens & Valcke, 2006). Online discussion forums are rad$ed to
facilitate individualmeaning making in which learners bring along their own unique
experiences to interact with one another to constraeshunderstandingsd engage in
sharirg of their own unique experiences (P<taaff & Nicholls, 2004), Online discussion
forumshave beerneveraged to facilitate inquiry and knowledge building where learners
build knowledge and engage in idea improvement for benefit of the community
(Scardamah & Bereiter, 2006). The potential of online discussion foramesnfluenced
by the role and tasks assigned by instruct@searchers have noted tlegrnersare more
likely to participate to engage in knowledge construction in an environment suritiexdiet
based discussion and argumentation (Weinberger & Fischer, 2006; Wise & Chiu, 2011).
The asynchronous nature of exchange allows learnedglidoerate compose a
repl vy, and to reflect on their own lAnd ot he
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 melsabges ¢oncise
and relevant with attention paid to punctuation, grammar and spelling (Garrison, 2003). In
comparison to faceo-face learning, online discussion fosters more engaged atatskn
learning (Garrison, 2007). Jonassen and Kwon (2001) studaagp goroblem solving

activities and found that learners engaged in online discussion contributed lesser messages
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on average than fage-face communication but comparativeigore messagesereon-

task. Furthermore, the process of expressing their opiniongriting and proactive
revision of their ideas facilitate high level learning including analysis, synthesis and
evaluation (Newman, Johnson, Webb & Cochrane, 1981th allow learners to undergo

a personal and cognitively complex learning process (P&@0).

On the other hand, researchers have raised various concerns about the afability
discussion forums to facilitate high order thinking and engaged collaboration witieout
presencend interventiorof an instructor For instance, Cheung and Héa004) found
that the majority of students on online discussion forums achieve low levels of participation
marked by surfaceevel comments (Cheung & Hew, 2004). Similarly, Thomas (2002)
suggest that students pay limited attention to the contents okotherd e nt s posts ar
write replies that are not connected to oth
(2001) suggest that online discussion forums may not be able to facilitate high order
thinking without the active involvement of the instiarcin 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 provielguent 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 aciiveolvement of the course instructors. It is
alsonotedthat 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. @view 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 researchtfecus
however noted that in other doms.such as KL2 education, various researchers from the
computersupported collaborative learning (CSCL) domain have studied collaborative
learning in informal online communitieEheresearchers are nameign De Sande (2010)

who studied online homewotelp forums for Mathematics and Stahl (2006) who studied
math virtual chatTheir research highlights tledfectivenes®f discussion forums and ah

rooms in supporting learning.

2.2 Theoretical Basis

The theoretical basis for thissearch is based arset of learning theoriesith
specificfocus on knowledge creatiam online communitiesSection2.2.1 highlights the
origins of theknowledge creation metaphor together witakey principlesand
considerations of thigheoretical basis. Ais sectionincludes the discussion thfeories
that the metaphas based on. Sectidh2.2 describs in detaiwhatknowledge artifact
means angrior work that hagxamined the developmekitowledge artifactin
collaborative learning environmeng&ection2.2.3 de<ribes the pertinence of social

interactions and collaboration in knowledge creating communities.

2.21 The Knowledge Creation Metaphor

The knowledge creation metaphor refersateynthesis of aet of learning
theoriessuch aknowledge BuildingScardamlia & Bereiter, 2002)Expansive
Learning(Engestrom, 1999) ardrganizational Knowledge CreatiqiNonaka &

Takeuchi, 1995)These theories are commondygeted at understanding collaboration
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and learning through focus on the developmenitnew knowledein communities of
learnerdn school or organizational setting@aavola et al., 2004; Paavola et al., 2009).
Theorigins of theconceptualization ahe knowledge creatiometaphor can beaced to

the introduction othe third metaphor of learnirey Paavola and colleagues (2004)
response to the two metaphors of learning (Sfard, 199&)acquisition metaphor

suggests that learning can be understood through an individual gain in knowledge within
his/her mindPiaget 1970; Vgotsky, 1978)hereas thearticipation metaphor argues

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

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

Acquistion
Metaphor

Emphasis on individual's|
gain in knowledge within

the mind

Related Theories

Zone of proximal
development (Vygotsky,
1978)

Cognitive development
(Piaget, 1970)

Participation

Metaphor

Emphasis on social

interaction between
individuals

M -«

Related Theories

Situated cognition
(Brown & Duguid, 1991)

Community of practice
(Lave & Wenger, 1991)

A o

Knowledge
Creation
Metaphor

Emphasis on collaborativ

development of artifacts
and practices

Ny .
Related Theories

Knowledge building
(Scardamalia & Bereiter|
2006)

Expansive learning
(Engestrom, 1999)

Organizational
knowledge creation
(Nonaka & Takeuchi,

1995)

Figure 21: The Three Metaphors of Learning

To understand the stamgj of the third metaphor of learniiigknowledge

creation it will be useful to first revisit the first two metaphors of learniagglisition
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andparticipation). Sfard (1998) introducetthe acquisition and participation metaphors of

learningto discuss hw learning theories have been conceptualized by two dominant

campsof esear chers. Sfardos (hddaSsBigatiomand ear c h

synthesis of learnintheoriesinto two metaphorsand she argued thatlucators will not

gain a complete picte of learning if they are to prefer a metaphor over therolThe
distinctionbetween the acquisition and participation metaphors can be best understood
through acontrasiof what learningneans ana viewof knowledge according to each

metaphorintheacqui si ti on metaphor, the human

for storing knowledge and | earning occurs

and knowledgeOn the other hand, thgarticipation metaphor suggests thaople learn
when tlkey engage inlialogue with other learneesnd by doingln this view learning is
situated in individual lives in a certain social and cultural setindcenters on the

process obecoming a member of a communitjhe participation metaphor suggestd tha
learninginvolves acquisition of skills to communicate and to act within the socially
negotiated norm#ccording to the acquison metaphor, th&nowledge exist in the

world on its own or in the minds of individuals wher#as participation metaphor

suggests that knowledge an aspect of participation and engagement in cultural practice,
andthat knowledgeés accessible as a result of enculturation iateracton with other

community members

Paavola and colleagues (2004) introduced a third metapimed knowledge
creation to supplement the distinction betweerattwuisition and participation
metaphorsThe knowledge creation metaphor combines the acquisition and participation

metaphors: ipositsthat individualsparticipate in collaborative agtties in a community
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which allow them to acquiredividual knowledgeand creatmew knowledge that is

usable for the community at largehese outcomes are evident through the engagement

in the cedevelopment of artifacts and practicEse knowledge ciaion 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 adiscovery and transformatiyeocess.

Educationakesearchera/ho introducedthe knowledge buildingheory have
proposed numerous principles and ideas that can be useddeptualize thknowledge
creationmetaphor (Bereiter, 20020 a knowledge building community, all participants
have access andahights to contribute which means that the knowledge is therefore
commonly owned and forgda the participantéScardamalia & Bereiter, 2006)he
creation of knowledgean be understood agallaborative process of building
knowledge in whiclparticipantsengage t@o-construct knowledge through sdcia
interactions and engagemelnt this procesghe participants acquire knowledge and
create new knowledge that is accessible and usable by a broader number of participants.
Participantf theknowledge hilding communityfocuson authentic problems to
identify gaps in their understanding of the problem at hamgkovethe understandingf
the problem to work towardsolvingit and to provide a diversity of ideasadvance the
goals ofcollaborative workBereiter, 2002)The providence of ideas can be facilitated
by sharingdeepene@xplanations and developments of ideas with the entire community
and by considerinthe overview otritiques andilternatives to better the ide&aps of
understanding magurface when an idea developgarning activitieganthenbe

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 instructo to advance and elaborate on knowledge artifats series of inquiry
cycles conducted over a sustained period of {lRaavola et al., 2008cardamalia &

Bereiter, 200k

Paavolaet al.(2004) also daw on the expansive learning theoBngestrom
1999). Expansive learning theory was developed by Engestrom Yb28@d on studies
of learningcyclesin work teamsthrough the use dulturalHistorical Activity Theory.
Expansive learning is understood as a process which undergoes transformation of socia
practiceswith an emphasien the practices and activities that are transformed in
collective processes involved in knowledge advancenigrgdstrom1999).The cycles
of expansive learning are beyond the discussion in this research, but can be whdsrstoo
a proces@ which learners questiaxisting practicewith the goal of modeling
proposing and testingew solutions for implementatiomhe theory viewsearning as an
objectoriented activity structured by division of labweithin communitiesupported by
share values and mediated by ta@agestrom, 1999 L earners interact to
collaborativelyand jointly constructinggnowledge objecta/hich can be either abstract or
concreteentities(Engestrom, 1987in pursuit ofthe advancement shared knovedge

(Paavola & Hakkarainen, 2005)

Overall, the knowledge creation metaphor represeoctdiectionof theories with
common principleshatframeand deepen thenderstanding of knowledge advancement
in online communities. In this research, the coradf discussion topics is viewed as an
initiation of the process of knowledge creation whereas subsequent discussion based on

the topicis undestood as process of advancewgstingshared understanding and

25



knowledge One,it suggests that social interamtiis key to knowledge creation.
Participation inan online community through discussion in the online forums can be
understoodhsa collaborative process afidividualsworking togetheto create
knowledge for theollectivebenefit of the communitylhus the frequency and the
degreeof collaborationwill describe the extent of social interactions in support of
knowledge creatioprocessesSecondthe overarching theoretical framework suggests
that knowledge aifaicts are produced as a resafiknowledg creationThese

knowledge artifacts arought to be either conceptual or material and are commonly
shared, used and manipulated (Lipponen et al., 20béengagement of learners in
collaborative activities leads the development of new ideas arahsformation of
knowledge artifacts, which are indications tleatrning is taking placamongthe

learners

2.22 Knowledge Atrtifacts in Knowledge Creating Communities

In the view of knowledge creation, learners embody or objectify knowledge by
Apudga i inowl edge onto artifacts. Artifacts ca
conceptualThe description of a conceptual artifact can be tracedtbatk Ber ei t er 6 s
description that aanceptual artifactan exisin theform ofidesas, theories or model
which are expressed amdediated by language orcomputds r ei t er 6 s descri pt
basedoP o p p e r 6 s(Popyerr1B7@Vvh&re it is argued that this realm include
conceptual things such as theories amulels. According to Poppét972) it is
important to consider this realm because human individded®lop understandings in
the conceptual space in additionptoysical or mental statel other wordsindividuals

engage with a world of cultural knowledgepimduce cultural or conceptuaitifactsthat
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are distinct from what is contained the minds of the participants, suohrdd processes
within thehuman brainThe producedonceptual artifact can be understood as a working
object that is shared amongst a group of individuals and is consestdy s learners
engage in opeended inquiryOn the other hand,rmaterial artifact refers to physical
artifacts that are evolved as a result of linguistic and social pracsicese examples of

physical artifacts arerdwings, prototypes and molds.

Conceptual artifactare described gwoducts 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, Mscardi & Scapolla, 201&un et al., 2000 and as theories, ideas
guestionandmodels (Lipponen et al., 20044.common characteristiis thatboth
conceptual and materiattifacts are susceptible to changesl subje@d to continuous
transformatiorin knowledge creating communitids other words, it isiot fixed and
typically urstable This is in line with the opportunitifer engagement witmtentional
efforts to advance knowledged suggestthat shared artifacts are shared for
manipulation ad transformation by participants in the communitiis also means that
learners irthe community will have the potential to pass their existing achievement

and advance their prior understandings

SeitamaaHakkarainen and colleagsi€2010) studied congtual and material
artifacts created by teachers and elementary school students in a sciencéasepg:cin
the topic oflight that lasted 13 months of collaborative inquagross three phasds
total, the students created 1906 notes in examinatithreqdast, present and future

phases. They found that students workedeicreasingly smaller numberwaéws as they
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gainedfocus on their projectsor instance, they would be working in 14 team views as
they evaluated the history of the lamp and cors@tgwards 3 viewwards the design
of a lamp in the future phase of the projectthlis research, the researchers were also
interested in the knowledge practices in the classroom, with particular attentioosen
initiated bythe teacherTo understad 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 teachdreir findings suggest that the teacher played
the role of an organizer who was feed orstructuring and directing collaborative
activitiesthat fostelknowledge creation rather than controlling multiple aspeicts

students6é | earning.

Researchers have found evidence to support the notiolednaérs constantly
transform and modifgonceptual artifacts in an innovative commur{(iBhen et al., 2012;
Zhang et al., 2007henet al.(2012) developed a tool to explore concepts that
demonstratépromisingness(or big ideas) and facilitate the selection of ideas by
students. Based on theeias that students have selected, the authors found evidence to
support thathe students work around conceptual adifathrough questions and facts.
For instance, they observed tH800 of the "big ideas" are made up of facts and
guestions central to éhdiscussion them&hang and colleagues (2007) studied four
months of online discourse ddtased on knowledge building discussion by 22
elementary grade students. THeynd that students haaetivelygenerated conceptual
artifacts such as theories imeir online discourse and designed experiments to obtain

empirical data in examination of ttieeoriesthat they have developed
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Overall,a review ofliterature highlight that shared objects of activisesh as
conceptual and material artifaetee subgcted to advancement and transformation in
innovative anknowledge creating communities. Conceptutfats such as ideas are
continually improved by individualwho cometogether to collectively improve on and
progressively make inquiries abdbe ovearching topic over an extended period of
time. As conceptual artifacts are typically mediated by language@mngutes, this also
mears that a researcher will be able to examine knowledge creation by analyzing
linguistic features n | e ar n eanddbyexaniniag tracgsuotlearning online
learning environmentdt is with this deepened understandinglodoretical
underpinnings and empirical illustrations of knowledge creahiahtheresearchs
positioned to focugo examine concepél artifacs through engineering ternasd

material artifacts through engineering artifacts.

2.2.3Collaboration and Social Interaction in Innovative Knowledge Communities
Lipponen and colleagues (2004) have stressed on the importance of collaborative

activities in he process of knowledge creati@ssentially, knowledge creation is

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

evident among people rather than within individy®aavola et al., 2002Vhile

individual activitiesare essentialctivitiesin knowledge creating environments,

collaborative activitiesn contrastrepresent a social stream of activities and interactions

where participants engage with one anathreother words, engagement with

collaborative activitiesepreserga collectiveseries of tries and efforts to understand the

matter at handndividual participants in a collaborative activity may initially possess

incomplete or differing knowledge to accomplish the learning taskdibey work with
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each dhber, 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 Japangs@izations
Nonaka and Takeuckl995) arge that the knowledge creation begins with socialization,
which is described as phase that begins with individuals sharing their knowledge and
experiencesvith other individuals in their group. This phase suggests that not only
individuals are expected tnteract with each other but they have to interact and
collaborate closely with other individuals in order to develop a common understanding at
the group levelThis phase can be iterative amayinvolve extensive dialogues that
feature disagreement apdtential conflict, which eventually lead itodividual
challenging themselvds view their experiences and knowledge from another
perspectivelt is common that questions and problems of understanding will drive the
knowledge creation process (Bereid02. Questioning and criticism of accepted
practices forms the basis for the expansive learning cycle (Engestrém, 1999) and often
feature as part of social interaction and discussion between ingwiNionaka &

Takeuchi, 1995).

The quality of socialriteraction can be examinéatough social network
variables derived through social network anal{see Chapter.3.1 for a detailed
discussiorthe method used to process and derive social network varialites
research Social network analysis hasén leveraged in studie$ collaboration and
social interaction knowledgebuilding communitiesSha and van Aalst (2003) used
social network analysis aerver log dataf two classes of students that used the
knowledge building softwarethe Knowledg Forum Their research isargetedat
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assessing participation and interactivity by evaluatwdgvidual measurethat resulted
from the use oforum features such as writing notes or posting commaittssystemic
network measuresocial network analysiaided the researchers with the identification
of favaorableonline affordanceand they foundhat studentsvho used thédorum
featureamore extensiveljhadhighermeasures of netwomeciprocity They also found
that here was a tendency for studentsgad 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 creaRatonen and Hakkarainen (2000)
exanineda total of 493 written communicatis®mmentson the knowledge building
software ComputerSupported Intentional Learning Environmer@S(LE), produced by
of 28 elementary grade students in a public school. With the sseiaf network
analysis they viewed students as network nodes and comments as vertiegs. T
research reveals thhigh density of interactions was accompanied Veitge individual
differencedn participation The researchers also fouttihitwhile the density of
interactions wakigh and all students participated in the forustgdents tend to interact
with students of their own gendgroups and thahe achievement levels of students
seem to influence the intensity of participatidhey concluded that social network
analysiss a technique that is capableppbviding information about interactigratterns
and structures from the interaction culture of studsmpgported bknowledge building
software andn this research, social network analysis allowed them to uncover gender

differences in online participation.
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Philip (2010)employedsocial network analysis to examitie frequency oface
to-face interactions iGrade 5 clasand corresponding online interactions on the
Knowledge ForumsThrough a visualization exampléetauthorsuggestedhat social
network analysis may be a useful approach for identifying students who is central and
participating frequently in the forums, afat identifying students who are not
participating in the knowledge building discussion. Theas \ittle variation in the in
degree centralities of individuals social network obtained from studenteractions
from the activities ofeading online noteé\s the researcher examined a classroom with
active use of the knowledge building pedagamyttie communication of ideais,was
also reported that fade-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 knowledgeuilding discourse data. Oshima et &0{2)developed the
Knowledge Buildng Discourse Explorer (KBDEX) aimed asualizing network
structures in discourse data. Through the analysis of two sets of data, the KBDEX was
able to reveal the pivotal points in discsel 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 taige at the same conclusion about the quality of social
knowledge advancement by comparitwo sets of discourse daldney commented that
while their tool was capable of identifying interactions that lead to knowledge creation,

future research needs tonsider 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 omrerg
social interactios among studestin knowledge creatg communities. Theeviewed
research activities suggehat the frequency of social interaction and the directedness of
the interactiorhave been widely characterizasl variableshat are indiative of
individual engagement ithe process déinowledgeadvancementSocial network
analysis appears to be a popular method to examine social structures and social
interactions in knowledge creating communities. Studies have leveraged social network
aralysis topinpoint social practices in the classroom such as the identificatewxtioé
contributorsan the classroomand gender differences in student grpapticipation The
theoretical basis and the empirical studies of social interactions in colim@&unities
directly informthe research desigf thisresearchThe focus of the researtdrgets the
examination of the quality of ithread interactions and degree of collaboration between
learners of differing particgtion levels. Thelata processingnd organization
approache¢see Section 3.2 and Section)3a8ll contribute to thederivation of network
variables that will used to examitiee state of social iatactions among learnersthe

All About Circuits online community.
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Chapter 3

M ethods

The research activities described in ti@isearcltan bepresented af®ur main
stagesn the following orderdaa collection, data processing, data organizadimhdata
analysis (see Figure$3. The research study bagwith data collectiorwhere thegoal
was todownloadall accessible discussion datethe form of web pagesom the
discussion forunof the All About Circuitsonline community(Section 3.1) The data
processing phase begins after data collediypprocessingveb pagesising technique
such & (i.e. social network analysis atekt analysis) to processcial network data,
discussion message content and user tracaaetady them for further organizati¢see

Section 3.2)

Extract Social
Network Data

Social Network Descriptive
Analysis Statistics

Extract Messag
Content

Online Data |

Match With Derive Regression |
IEEE Dictionar Interaction Logs Ar?alysis
Examine Use 0 Clustering
el LiNKS, Files ang Analysis
Attachment ‘

Collection

Extract User
Trace Data

Data Collection Data Processing Data Organization Data Analysis

Figure 3.1: Overview of Data Collection and Anadys

34



The third stage of the reseaiicdata organization involves the derivation of
interaction logs that describe participation data, social networks, use of engineering terms
and artifacts at both the individual lexaidtopic levelto be capturednd stored in a
MySQL databasésee Section 3.3This is accomplished by means of @ghdndata
processingoftware routinavrittento computationallyrganize interactiotogs for every
discussion topi¢n = 65,209) and to allow fahe compilation of indvidual parameters
for each individua(n = 31,219)

Thelast stage of this research involves quantitadize analysiésee Section
3.4). Descriptive statistic is first computed for all variables that are suggedtive
engagement of knowledge creation aadables that are deemed tosugportive of
knowledgecreation, at both the topic and individual lev@lsennonparametric
Spearman and Kendall correlation analysigerformed to examine the relationship
between variables that are supportive of kieolge creation and variables that are
suggestive of knowledge creatioat both the topic and the individual levéddsmeans
clustering analysis is then performed to detdgsters of individualsThen,clusters with
similar participation characteristiese classifiednto groupswith the goal of examining
thevariation ofcorrelation statisticacross these groupSverall,thedata analysiphase
employsthe approacks of descriptive statisticspnparametriccorrelation analysis and
k-mean<lusteringanalysis Section 3 and SectiorB.6 delineatesherationak and
justificationfor the choice of these statistical techniques. The last section of this dhapter
Section 3.7 synthesizes the research question, employed approaches and vasables

to characterize engagement with knowledge towean this online community.
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3.1 Data Collection

Raw datafor this research comes in the form of HTML pages. Data is collected
by downloadinga total 0f87,264HTML pagesthrough accessing therum softwareor
the online communityA 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 Tabl&)3For example, there are four stdsums in the
Electronics discussion section and they are na@elyeral Electronics Chakhe Project
Forums, Homework Help and Electronics Resourbesa collection has focused on all
the online subdorums through the use of an automated downloader viher®cus will
be on ensuring all the web pages for each discussionampotownloadetb facilitate
the derivation and examination of thee of engineering terms, web links to external

resources, socialetworks for all active and dormant discussion topics.
Table 3.1:
Forum Organization of All About Circuit Online Community

Discussion # of Sub Titles of Sub-Forums

Section Forums

Electronics 4 General Electronics Chat, The Project Forums

Homework Help, Electronics Resources

Software, Micre | 4 Programmer 6s Corner,
computing, and Microcontrollers, Compting and Networks,
Communications Radio and Communications
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Discussion # of Sub

Titles of Sub-Forums

Section Forums

Circuits and 1 The Completed Projects Collection

Projects

Abstract 3 Maths, Physics, General Science

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

3.1.1 Data Collection From Individual Digussion 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 discussionase¢see Table 3.1).iffure 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 ofurapiThe subsequent pages tinst
guestions according to the order in which they last receiveganss. In order to
download the discussion contents and the responses in the community forums, a Python
Program based on tlseftwarel i br ary ABeauti ful Soupod was
within these listing pages. The purpose of using this proggdmdompile 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 p#ggtscontain all the

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

The downloaded wepagesepresenbngoing or archived discussion topan
example of a wepage ispresentedn Figure 3.3. In Figure 3,3he web page shows two
messages; the first message of the discussion topic refers to a question initiated by the
user fAanhnhao and the second message is a re
Everyweb page has a maximum of 10 messages on one web page. There are 12 messages
in this discussion thread titled AMonostabl e

pages will be downloaded and the second web page will céhtagssages
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i 8l Mpoyt Circuits Forum = Electrorics Forums = Homewsrk Helg Usertiame Userteme [ fememper M2

L4 Monostable Multivibrator help o

Homework Help Stuck = s textbock question or coursmwark? Cramming for 2 t=st 2nd ne=d belp urdzrstanding semething? Post your questions 2nd
att=mpts fmrz and let cthers help.

(EED EHEED

& 05-13-2012, 11:43 AM

#1

Join Date: Apr 2012
anhnha g Jee
Senior Member Posts- 108

|| Monostable Multivibrator help

Hi all,

I feel wvery confused with the oppsitition between the explaination in text and the diagram which is illustrated.

The explaination in text:

"When a positive trigger pulse is applied to the input at time t0, the output of the first NOR gate U1 goes LOW taking with it
the left hand plate of capacitor CT thereby discharging the capacitor. &5 both plates of the capacitor are now at logic level "0,
50 tao is the input to the second NOR gate, UZ resulting in an sutput equal to legic lewel "1", This then represents the circuits
second state, the "Unstable State” with an cutput voltage equal to +vee”

But in the diagram, the capacitar is charging.

A5 for me, I think that positive trigger pulse is applied to the input at time t0 the capacitoris charged because the cutput of
MOR gate U1 is low and the right plate of cap is High.
But I dont see how cap is discharged because when output of MOR gate U1 is High and the right plate of cap is High, hence
there is no woltage dropping in capacitor and cap is not discharged.
Am I right?
Thanks so much,

Aftached Images

[#% Monostable Multivibrator.JPG {37.7 KB, 11 views)

(A

" 4PM ¥2
Izin Dats: Mar 2008
Bill Marsden g Lozation: Dallas, TH (GMT-5 w/ DST)
Super Moderatzr Posts: 18,34
. Tt Blog Entries: 5

Remember that a gate output is @ switch, it goes low and high, so provides a current path depending on what state it is in. If it is
high, it is indirectly connected to Vec, if it is low it is connected to greund.
"Good enough is enemy of the best." An old engineering saying, Author unknown.

General info:
If you have a question, please start a thread/topic. I do not provide gratis assistance via PM nor E-mail, as that would viclate
the intent of this Beard, which is sharing knowledge ... and deprives you of other knowledgeable input. Thanks for the verbage

Wookie,
=D

Figure 3.3: Disussion Messages in a Discussion Thread

With the successful collection of all targeted web pages, a Python pragram
used to parse each individual message on each downloaded web page. As stated earlier,
each web page contaia maximum of a total of 10 @ssages 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 whermiscussion topic

comprises of more than 10 messages.
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ThePython pogram utilizeit he Pyt hon | i brfathepurgoBee aut i f ul
of processing and extracting HTML tags that contain information about the learning
traces for each discussion messagesfunctionalpurpose of this programasto
process each message ba web pages and capture replying user information, receiving
user information, message content, order of occurrence, and time and piase aff
message (see Figure B.Zhe proceswasthen repeated for extraction process for all
discussion topics in IBboutCircuits.com and organized on a SQL database&aonmon
output format for Python é& Figure 3&). The end result of the data collectwasan
organized database of relevant data thetteen extractetom eachdownloaded

webpage.

/_\Date.&_’[ime_af_liost

N05-13-2012, 12:35PM

Join Date: Apr 2%

User ID who made a reply Location: Lao

Posts: 87

Quote: ~——~ User ID who is replied to

Originally Posted by Bill_Matsden 5,
Remember that a gate outpOWjs a switdh, it goes low and high, so provides a current path depending on what state it is in. If it

is high, it is indirectly connect 'cc, if it is low it is connected to ground.

’m’
< Sorry but I am not really understand what you say? Message Content
this circuit the gate is NOR and output state of its is depended on two input pins.
Coul - ore detailed explaination about this?

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 collectiowasbeen completed and a total of 4.08 Gigabytes of files
was downloaded from AllAboutCircuits.coimcorresponding to a totaf 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 dataThe next phase, data processspugcifically focused on pargy 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 coitteathird phasé
data organization derived65,209 interaction logs from the eetidataset, and they
consist of social network, linguistic aedgineering artifactsom a database consisting

of processed user and message parameters.
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3.2Data Processing

A software routhebased on the Python programming languagsdeveloped to
proaess the three described categories of variables from the collected data. The design of
the Python programwas based on two main Python libraries (BeautifulSoup and NLTK)
and built with the functionalitgf extracting the engineering termsseof engineemg
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 & Joh2014 Teo et al., 2013)n line with the identified
categories of variables in the review of knowledge creation literature, the data processing
focusedon three main sets of variables in social netwede$ection 3.2.), use of
engineering termssgeSection 3.2.2) anddvancemerf onlineengineering artifacts

(seeSection 3.3).

3.2.1Processing 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)
betveen 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
socid network theory that high levels of reciprocal interactions represent strong ties
between individuals where on the other hand, weak ties are characterizedrbygiporcal
and low levels of interactions (Granovetter, 1973). Nodes represent individaadeamal
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 quantiatimethod used to derive person to
person relations from communication traces in a net@bdommunity (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 netwamklysis has emerged as a major research
perspective in online learning research (Siemens, 2012; Wellman, 3NA&)has found
credibility as a research approatttat is capable afluminating interaction processes in of
networks of learnerngasedn rehtional 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, Fergusoet 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 potehtid social network analysis can be realized
an online learning setting whetke quality ofinteractions between individuatan be
examined by analyzingelational activitiesand events

Within a classroom contextboth 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 evaldlaé nature of interactions between learners, to
understand the impact of learning activities and make evidemdeed pedagogical
decisions. Primary uses of SNA include clarifying relationships and interactions between

learners in a MOOC coursework (Faier et al., 2011). For instance, Cambridge and
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PerezlLopez (2012) studied an online community of professional teachers and their
interactions with content objects using bimodal social network analysis. idé&etyfied
highly influential individuals throug egocentric usage maps and found that these users are
persistently engaged with the communiteee®r a sustained period of tim8uthers and
Chu (2012) studied a professional network of educators using social network analysis
techniques such as communatgtection 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 f or m o f ndiagnoh leayning, sshich o deep
supports the idea to complemdskt analyticaltechniques with SNA in this research.
Software tools have been developed in the field of learning analytics to support social
network analysisSocial Networks Adapting Pedagogicab&ticeor 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 interactin a demonstration of this tool,
Macfadyen and Dawson (2010) utilized SNAPP to extract user data from Blackboard Vista
LMS to model if students are nat risk of f ai
design of a recommerdsystem which is capablof proposing learning resources to the

learners facilitated by data mining techniques and social network analysis on user log files.
3.21.1 Use of Social Network Analysis

The social network analysis process for teisearchs to be carried out on the
GephE softwareplatform (Bastian et al., 2009%ephi is @ open source software that is

capable of visualizing network graphs and calculating the individual network
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characteristics in a social network. This software was written in Java and-of free
charge. To perform social network analysis on Gephi, the Gephi software has to be
installed on a Windows P@rovided thatdditional steparetaken to allocate more
memory to the software (the default memory allocated to-Basad programs is 96mb
and is nsufficient for thisresearch 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
interacton in the forums (see Figure 3.8 hey are the oudegree distribution for each

user, the irdegree distribution for each user and the network size of each individual user.

Out-Degree
Distribution
Social Networ In-degree
Analysis Distribution
Network Size

Figure 3.6: Social Network Analysis Process

In-degree and oudegreemeasires the direction and degreeimtieractions to and
from a node (or individual) in the social network. The-degree distribution refers to the
number of connections made by a node to other nodes and it will be used to examine a
user 6 s f r e gtwighrothey userd. The-degreealistribution refers to the
number of connections received by a node from other nodes and it will be used to
examine an individual 6s frequency of receive

size is defined as the nunthad direct and unique individuals that have interacted as a
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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 degeeout degree and network sixegredirectly read off Gephi once the
network data has been derived angamed into Gephi. In Figure 3.the use of Gephi is
illustrated whereby there are two nodes (Node 1 and Node 2) are connected by an edge

(interactian).
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Figure 3.7: Use of Gephi Software for Social Network Analysis

3.2.2Processing ofEngineeringTerms
Engineering terms may refer to engineering concepts, devices, abbreviations and
standard units that are parts of ateane thaprovides informatia to understand textual

contentwithin an engineering contex®ne 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 activttyeiefore to identify
| e ar n e rcenbepts anedevacks part of their online discussion pertaining to
topics related tohe Electrical and Eleatnics Engineering domain. prior researchthe
author hasdopted a similar approach to conduct telgsis or word count analysis to
identify all linguistic features including nouns, verbs or pronouns (Teo et al., 2013). This
prior study uncovexdwords that learners frequently use which includes a range of
engineering terms and words associated withasiaation, and demonstratéhat 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 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 gsél is the Natural Language Toolkit (NLTK).
The NLTK is an established open source Python toolkit with very proficient libraries for
text processingnd analysi¢Bird et al., 2009). NLTK has been weitilized in educational
researchto understand leanng and interaction among studenitgaythornthwaite and
Gruzd (2007) utilized NLTK to explore noun phrases in an online bulletin board for a
graduate class and based on tahned piraegvrad een,c et h
arguedthat the bulletin boar was a supportive avenue for learning. On the other hand,
Worsl ey and Blikstein (2010) wused NLTK to e

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

nature, they highlight the potenti al of

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

These studies alssuggest that linguistic markers are capable predictors of the quality of
learning.

A list of engineering termwas extractedfom the IEEE Standard Dictionary of
Electrical and Electmics Terms (Radatz, 1997). The Pi}és for the dictionaryvere
first downloaded and converted to Microsoft Word format. Then, the bolded words that
represent unique engineering terms were extracted from each Wond files research
a total of 12,73®ngineering terms was extracted from the terms listed in the IEEE
Stardard Dictionary of Electrical and Electronics Terms (see Appendot Bn
alphabetically ordered sampl@he goal of extracting a list of engineering terms from
the IEEE Standard Dictionary of Electrical and Electronics Terms is to allow for the
compari®n against theatabase dearnerproducedwritten contributionsn the All
About Circuits online communitfRadatz, 1997)A software routinebased on the
Python programming language and MieTK software library will facilitate the process
of countingthe frequency of engineering terms used in the dataset against the derived
database of engineering terarsd denvation ofthe frequency counts for each discussion
message in a separalatabaseThe expected outcomes from this language processing
technique are a list ofegineering terms frorthe IEEE Standard Dictionary of Electrical
and Electronics Terms and a database that shows the frequency cabetssa of

engineering terms.
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3.2.3Processing ofOnline Resources and Digital Files

The focus oflte third research sudpestion is on the examination of the use of
engineering artifacts (such as the web links to external resources, scheskatad®s
and CAD files)in online discussion carriemh discussion topics ithe engineering online
community In order to examine this research question, data processing is carried out on a
total 0f503,908messages contained in the databafi5¢#09 discussion topics. This
process is carried out by scanning each message for the presence of digital file
attachnents and URL web links. An example of this @es is illustrated in Figure 3.8
where the highlighted row represents a message (withhélssagédentificationnumber
of 76) of a discussiotopic (with the topic identificationumber 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/eel30/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.

=F Host: 127.0.01 Database: allaboutcircuits | || Table: database | 3£ Data b Query| =g

allaboutcircuits.database: 580,200 rows total (approximately), limited to 1,000 b Mext KM Show all

Post_Date  Post_Timi.. Post ID Message_content

2003-11-20 0838 PM 73 My boss is looking for a back-up generator for the entire building |[We presently have a feed of 600v 3PH 400
2003-11-21 1211 AM 74 can you please help me about this topics..7|1. About Tunnel Diodes:|- definition|- construction - operation|- app
2003-11-21 0548 AM 76 Check out these lecture notes on diodes:|Slide 60|http://organics.eecs berkeley.edu'~viveks/.../section2pl pdf

2003-11-21  07:05PM 80 Thats a good link

Figure 3.8 Extraction of Web Linksdm 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 amhineering terms) from the comprehensive
MySQL database of processed community deie. goal of the approach isperform
arithmeticcalculations to derive the parameters from thedlumn to 7 column of
Table 3.2The computational derivation ofetengineering terms (in th& &nd 9" 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 samptcpss of data collection and analysis, the
engineering terms (described in tHed@®lumn of Table 3.2) are derived through
computational means. Table 3.2 describemtanaction log for discussion topic with
identification number of 7000 and each rowontains parameters that will inform the
examination of three research syibestions. For instance, th& tow of Table 4 suggests
that the 29 message of the discussion topic was send from user 19834 to user 163782 in
which an hour has elapsed sincediseussion 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 terrgatgé, state, circuits, capacitor, voltage, inpund
outpu). The use of interactidlmgs 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 topicare derived and sted in a MySQLdatabase.
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Table 3.2

Sample Interaction Log for Discuea Thread With Topic I@f 70000

Order
1

From
User

To
User

In/Out | Network
Degree | Size
/0 0

Count of Time

Engineering Terms

Eng.
Artifacts

Elapse

Term
Count

163782 | - 0] 1 0 Gate, StateCircuits, |7
Capacitor, Voltage,
Input, Output,
2 19834 | 163782 | 0/1 1 0 1 Gate, output, switch,| 5
current, ground
3 163782 | 19834 | 1/1 1 0 1 Circuit, output, gate, | 5
state, input
4 20420 | 163782 0/1 1 0 1 Gate, TTL 2
5 163782 | 20420 | 2/2 2 2 Gate, logic, cpacitor, | 4
circuit
6 41645 | 163782 | 0/1 1 3 2 Pulse, Input, Gate, |6
Voltage, Capacitor,
Resistor
7 163782 | 19834, | 3/5 3 1 2 Gate, Output, 3
20420, Capacitor
41645
8 41645 | 163782 | 1/2 1 1 3 Gate, CMOS, input, | 7
diode, circuit,
current, resistor
9 163782 | 19834, | 4/8 3 0 3 Pulse, plate,
20420, capacitor, logic
41645
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 1 Circuit 1

3.3.1Benefits of Approach

This researcleverages the Python programmingtfbrm and accompanying

software librarieso derive structured data setdhichin turnfacilitated the examination

of linguistic features, social networks and engineering artitaoitained within each

discussion topic. The benefits of this approacluihe stegby-step organization of data
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that accounts for tempordatadistribution, relatively quick process and accuracy of data

organization. The benefits are described in more details in the following paragraphs.

The contributions made by each papamt 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 4p-date datahrough 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 thevi of
the interaction log. ThB" row of the interaction log is representative of tHeressage
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 describedtde 7" column
of the 8" row. The learner has used four engineering tetouso{ 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 captutipgo-dateparameters 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 datathe 2¢and 4"
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 frometaetiion 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 aiftierest (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 ofits 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-émeer 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®ito 7" column for the total of 12 messages in the discussion topic
(with identification number of 70000). Based on the caispa, it is verified thathe

prototypesoftware routings accurate and precise in calculation and computation.

3.4 ResearciQuestion 1 Descriptive Statistics

The descriptive research approach isugmd on describing existing conditions by
examining individuals, groups and institutions with the goal of describing what, how or
why a particular event of interestcurs(Fraenkel, Wallen & Hyun, 2011). This allows
the researcher to interprettant infemationand provide details on a given state of
affairs byexamining practiceghe 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 statics 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 educatial 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 suggestdidiited studies
have examined knowledge advanegrin an online engineering community. The
research addresses problems thahaxel in its examined contewtith no directly
related priowork to build on. Thus, the use of a descriptive approach will yield
information from the examined states to pd®/for a more insightful theoretical account
of knowledge creation in online communities oriented towards engineering content. The
purpose of selecting a descriptive approach will allowafarore informative description
of the events leading tmowledgecreationand understanding of thgocesses 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 dwwledge advancement and which events will likely lead to online
discussion featuring rich knowledge creation processes. These research projections are
expected to deepen the discussion ofgtnestioni are online communities rich sites of

knowledge creatin?

With the employment cd descriptivestatisticalapproach, the purpose of tfiest
research questias 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 targetediaing

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 addresfesearchiQuestion 2 and 3his resarch will requirea statistical
approachhat is capablef examiningthe relationship between the variables
representative of knowledge creation activities in an online learning environments. In
order to select the most appropriate appro&eltion 3.1 describes literaturereview
of the research focused on the examination of relationships between distinct activities
carried out by individual learners within online environmeBtsed on the literature
review,two nonparametric statistical approach€&p ear mands Rho )and Kend
were selected arttie statistical background tife two approaches is described®ection

3.5.2

3.5.1 Research ofKnowledge CreationEnvironments
A review of literature in the domain of online learning suggests ¢hat t
parametric correlation analysis approaches s
has beeirfrequentlyused 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
buil ding pedagogy. Their findings revealed t

were dedicated to theorizing and working with evidence, based on a list of six major
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contibution types. Based on nguarametric 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
formulationof explanatory questions is moderately associated with the explanation
proposal and synthesis of ideas. Hong et al. (2010) studied knowledge building in a
university cairse in teacher education whéne knowledge building theory is used to

guide the cowge 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-pgdoemetric Spearman
correlationanalysis 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 stirdémesprocess 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. Neparametric Spearman correlation analysis found a positifrelation
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 geaod from 2001 to
2007. Based on ngparametric 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 thahighly ranked entities are

56



correlated with higher number of revisions made by large numbers of unique

contributors, suggesting thhtghly ranked entities were of superior quality.

A review of various studiesuggestshat nonparametric correlation alyical
approaches s uRhho aasn dS pResaardrspprdpiate for analyzing
relationships between variables in online learning environmpattcularly when the
distribution of quantitative data does not meet the assumptions of normalityaa

where data is either sparsely distribubedvidely varied

3.5.2 Correlation Analysis

Correlation refers to the measure of the strength of the linear relationship between
two random variableorrelation analysis assumes that individual obsemstare
statistically independent and does not implysaarelationships between the examined
variables An often used correlation measure incls@earsn productmoment
correlation, which refexto the strength of association between sets of bivariate
observationsChen & 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 th
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 variabldf. the above conditions are not met, AEarametriccorrelationmay

be used as it does n@tquirethat the analyzedata is normally distributed
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Non-parametric correlationoefficientsmeasures the strength of the monotone
relatiorshipbetween sets of x and y da@ommonly used statistical approaches include
Spearmad RhoandK e n d §dulS® £ a r R s the Pearson product moment
correlation of the ranks of data poimigplied to the scores of data after the data points
haveundergone ranking from the smallest to the largest based on two va(@hés&

Popovich, 20025Spearman, 1904fpearma 6 s Rho i s determined usin

=] — —=— _* _
P n(n?—1) (1)

where d refers todifferences in the ranks of the two variabhlegachset of observation
n refers tothe numbepf sets of observations

Kendal |l 6s Tau i strengtbassdciation betweea tsvaiseqienteb e
by counting the concordant and discordant pairs in two sequédteeda]l, 1938. In this
statistical apprazh, 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 seq(@nheps& Popovich,
2002) In sum, the callation ofK e n d a | foduses oh thdifferences in rankings
within pairsofcased o empl oy Kendal |l 6s Tau, one does n
assumption the data is statistically normally distributed and is therefagpaopriate
statistical operationof theexamination of relationships between quantitative variables in
thisresearchstudy Kendal | 6s Tau is used in the exami

association between quantitative variables suggestive of knowledge creation and
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variables that promote kmwledge creation in this researah order to addregbe second

and third research questidfendal | 6 s Tau Eqation€t er mi ned uUsi n¢

number of concordant pairs — number of discordant pairs

%fn(n -1)

T =

(2)

wheren refers to the number of sets of observations

3.6 Method for Research Question 4

To address Research €xtion 4, this study needs to empéogtatisticabpproach
to identify groups of users based on a consideration of the indiwduables A
literaturereviewis carried out and focused on pratudies that have analyzadd
identifiedgroups of userm online learning environmensee Sectio.6.1). Based on
the literature review, this study identifies an appropriate statistical apgrd@cheans
clusteringi and in Section 8.2, a discussion is carried out to descthmeestatistical
background bhind the kmeans clustering analygisat has featured iexamination of

learner behavior in dime environments.

3.6.1 Examining Groups in Research of Online Communities

In MOOC environments, Kizilcec et al. (2013Mvea&xamined trajectories of
engageent to characterize learners based on their participation patterns within three
MOOC coursesin this research, thegpplied kmeans 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 trajectAnesxample includea
group of users who view content but never took assessment.

K-means clustering is asused tanform thedesignof an assessment phig
(ForumbDash) for Blackboard Learning Management System (Speck et al., 2014) and a
course recommendation system (Aher & Lobo, 20IBg ForumDash assessment plugin
employedk-means clustering to clustergether 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)-nsedris clustering
to examine relationships betweattributes of usersased on learning tracesllected
from the Moodle systemK-means clustering has also been used to examine pockets of
discussion based on activity on discussion thread (Sinha, B34yl on the variables of
topic length, duration, edent 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 densiBased on a review of various studiesnkans
clusteringis 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 ClusteringAnalysis

Clusteringis a statistical technique that is used to gremgities or individuainto
apresenumberof clustersby attempting to reorganize them into homogenous groups
(Gore, 2000)Computational algorithms are often used to optimize the process of

reducton of variation within groups and maximizing the variation between graps.
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widely used clustering algorithm is therdeans algorithml'he K-meansclustering

algorithm is governed by Equation 3

n
argminz Z [ — il |2
S

i=1 x;€5; (3)

where S refers torandomly selected i sef points
n refers tonumber of clusters
Xj refers tg set of observations

¢i refers tomeans of the set of points in Si

Thealgorithm for theK-means clustering is operated on the concept of iterative
calculation of thalistance between nodes the basis of comparing means or standard
deviation of group characteristicBhis mehod 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 centrationsarecarried out until the besbgsible
distribution is obtained (Gore, 2000)heoptimalnumber of clusters (k) is decided by
the researchdrased on the CCC measunéhich is based on a comparison of tife R
value for a given set of clustendth the R of a uniformly distributed set of points-
means techniques also find clusters by minimizing {oluater variation while
maximizing intercluster variationEveritt et al., 200)L Limitations of kclustering
include the need to for the vabiles to be continuowndaninability to account for

missing data.

61



With the completion of Kmeans clusteringhere is a need to verify if there are
significant statisticatlifferences betweethe clustered groups of individuals through
statistical test. This means that there is a need to verify if the clustered groeps ar
significantly differenthrough the comparison between the medians of individual
variables in the clustered groups to determine itthstered amplesbelong todifferent
populatiors. This research wilemploythe KruskalWallis test Kruskal & Wallis, 1952)
the nonparametric equivalent of oneay ANOVA, to examine the statistical differences
between groupsf learnerdo ascertainf the groups are statistically differdmtforethe

comparison of correlatiocoefficientsclassified 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 aaddressing the overarching easch question of describing the degree of
knowledge advancement in an online engineeringneonity i All About Circuits. This
researchocuses on the examination of three set of parameters: linguistic features, use of
artifacts and social networks whialamslate 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
reliedon the Python programng platform and software libraries to collect and organize
half a million messagds extractlearnergeneration dateo derive interaction logs for

eachdiscussion 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 threadas fdistin

the others in terms of itontent focusindsource of originThe 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 throughountine enline
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.

Theresearchactivities present opportunities to understand why some discussion
topics enjoy high levelsf knowledge creation. Table 3d@scribes the anticipated and
potential research activities. As suggested byeakearch question in Table 3tBe
examinaion 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 chssified 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 artifacseé second research question in Tablg &8ce
discussion topics with high levels of knowledge creation are identified, there are
opportunities to further examine the role of social dynamics and interactions in

knowledgecreation.

The overall aim of theesearchs 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 threé sets
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parameter$ engineering terms, engineering artifacts and social networks. The focus of
this research can be traced to the main arguments outlined by the knowledge creation
metaphoin Chapter 2According 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 Talde

Table 33

Research Questions, Theoreticalsiaand Methods

Research Questions

1. What is the state of
engineering knowledge
creation at the topic anc
individual levels?

\ Theoretical Basis

Knowledge creation metaphor
suggests that conceptual artifac
are transformed over time and
that maerial artifacts are
advanced and transformed
through collective activities.

' Methods

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 knowldge creating
communities engage in extensi
social interaction over sustaine
periods of time.

Non-parametric
Correlation Analysis

3. To what extent are
individual total
interactions, active
membershigeriod and
total membership perio(
associated with
individual participation
in knowledge creation

activities?

Knowledge creation metaphor
stresses on the role of experts |
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| Learners on ontie communities | K-Clustering
grouped based on their| contribute and participate at | Analyss; Non-
individual total varying extents. parametric
interactions andctive Correlation Analysis
membership period?
How does correlation
compare across groups

3.7.1 VariablesIndicative of Knowledge Creation

For the first research questijaescriptive statistics is performed for variables
across the idividual and topic leveld=or the second research questworyelaton
analysis is conducted to examine the relationship between six variables at the topic level
(see Tables.4) with three variableghat may predict knowledge creati(see Table 3)6
The sixvariables that may suggest knowledge creatiarg Network Sie, Quoted
Reference, Engineering Terms, Links to Web Resources, Links to Digital Files and
Attachments. Théhreevariables that may predict knowledge creati@me Topic Length,
Topic Duration and Topic View3.he distribution of the data has to be cdesed
through theKolmogorow+SmirnovLilliefors Testbefore applying the relevant correlation
statistics.The examination of the strengthsasfsociation between variablesnoin
normaldata distribution will require the use of Speardm@&ho andKendalb $au.

For the third research questi@morrelation analysis conducted to examine the
relationship between six dependent variables at the topic level (see Fadtel Figure
3.9 with three variablethat may predict engagement with knowledge cregsen
Table 3.5and Figure 3.10 The five variables, that may suggest engagement with
knowledge creation, amfgetwork Size, Quoted Reference, Engineering Terms, Links to

Web Resources, Links to Digital Files and AttachmeTite three variables, that may
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predict knowledge creatioare Total Unique Interactions, Active Membership Period

and Total Membership Perio@ihe distribution of the data has to be considered through

theKolmogorowvSmirnowvLilliefors Testbefore applying the relevant correlation

statstics.Variables with wn-parametric data distribution will require the use of

Spearmad Rho andKendalb $au.

Table34

VariablesSuggestive of Knowledge CreatianTopicLevel and IndividualLevel

Variable

Social
Interaction

Description

Supporting
Research

Network Sizé

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
Reference?

Knowledge creation is a social product, wi
edits from contributors. Knowledge creatio
involves collaborative work that fosters
communication to know each other and
social practices that develop due teatat

fro communication beteen different
individuals in the community.

Bielaczyc & Collins,
2006; Paavolat al.,
2007;Philip, 2010;

Contributing to
Conceptual
Artifacts

Message Post

Posting messages represent shared objec
that can be accessed by any individuals al
fosta externalization of ideas in a shared

collaborative space. Messages represent
comments and notes leading to ideas and
knowledge creation, ideas interact with ide
to foster the generation of ideas.

Sha & van Aalst,
2003; Seitamaa
Hakkarainen et al,
2010; Xia et al.,
2009

Engineering
Terms!?

In knowledge creation, the acknowledged
use of engineering terms present building
blocks, classifiers and tags of conceptual
artifacts, can is used to compose the com
ground and to generate relevant conceptu

artifacts.

Lakkala et al., 2009;
Locoro et al., 2010:;
Sun et al., 2009;
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Contributions

different sources to fit situation.

to Material

Artifacts

Links to Web | Web links are sources outside the Bielaczyc & Collins,
Resource's’ communication that foster generation of | 2006; Paavolat al.,
(Abbreviated as| multiple perpectives by reading and 2007; van Aalst,
Resources) discussion. Transform ideas taken from | 2009

Links to Digital
Files?
(Abbreviated as
Files)

Knowledge creation feature objembund
entities such as web links that foster share
use of resources and objeatsich can
catalyst perspective taking and support
student ideas.

Chen et al., 2012;
Lee et al., 2008; varn
Aalst, 2009

Attachmentg

Attachments represent artifacts that
knowledgeis embodied, to be shared to
collaborate with others. The attachment
versions present counts of content

modification and advancement of knowled

McLaughlin, 2007;
Muukkonen &
Lakkala, 2009;
Paavola et al., 2005

1 = individuallevel, 2 = topiclevel

Table 35

VariablesThat Predict Knowledge Creatiat TopicLevel and IndividuaLevel

Variable

Topic-Level

Description

Supporting
Research

Topic Length

Edits can represent indexes of participatio
in knowledge creation. Online publishing
favor knowledje creation. Topic length
suggests that multiple ideas are generateq
and discussed. Densemmunication
represent&nowledge creation.

Leinonen et al.,
2009; Scardamalia,
2002; van Aalst,
2009; Xia et al.,
2009

Topic Duration

Sustained involvement over ttiple phases
and periods of times in activities that aim t
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 | Hong et al., 2010;
develop ideaand engage with the Seitamaa
knowledge creation process, and holistic | Hakkarainen et al.,
exposure twvarious phases of discussion. | 2010

Individual-

Level
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Individual Total

Individual connections and interactions wit

Hakkarainen, 2009;

Interactions othe's create opportunities for collaboratior] Leinonen et al.,
spread ideas and contribute to the formati¢ 2009; Oshima et al.,
of social practices 2012;
Individual Individual extended participation throughoy Lee et al 2008;
Active discussion and commungitan help structure Muukkonen &
Membership discussion and increasagagenent with Lakkala, 2009;
Period variety of past ideas. Seitamaa
Hakkarainen et al.,
2010
Total Individual unique experiences accumulate( Bielaczyc & Collins,
Membership througlout engagement with community cg 2006; Palonen &
Period bring insights and perspectives on issues { Hakkarainen, 2000;

ideas, leading to knowledge creation.

Hakkarainen, 2009

Supportive of Suggestive of

Knowledge Knowledge
Creation Creation
oY opic Length «Network Size
oY opic Duration «Quoted References
oY opic Views orerms

uResources

uFiles

wAttachments

Figure 39: PotentialVariables forPredictiveRelationshig Between Topid_evel

Variables
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Supportive of Suggestive of

Knowledge Knowledge

Creation Creation

aindividual Total wQuoted References
Interactions wropics

windividual Active u«Message Post
Membership Period wrerms

windividual Total «Resources

Membership Period oFiles

Figure 310: PotentiaNVariables forPredictive RelationshgBetween IndividualLevel

Variables
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Chapter 4

Findings

This chapter presents the findings related to the research questdyassed in this study
The resech questions are:
1. What is the state of engineering knowledge creation at the topic and individual
levels?
2. What is the relationship betwe#@pic length, duration and viewsith
participation in knowledge creati@ctivities at the topic level?
3. What is tle relationship betwedandividual total interactions, active
membershigeriod andotal membershigeriodwith individual participation
in knowledge creation activities?
4. How can learners be grouped based on their individual total interactions and
activemembership perioddow do the correlation statistics vaagross

groups?

Section 41 addresses the first research questwath descriptive statistics and
frequency counts of variables at both topic and individual level of participatotioB
4.2 addesses the second research questitina focus on identifying the type of
association between six variabtbat may suggest participation in knowledge creation
and threevariablesthatare strongly associated with engagemetkiiowledge creatioat
thetopic-level. Section 4.3 addresses the third research quegtioa focus on
identifying the type of association betwdere variableshat may suggest paipation

in knowledge creatioand threevariablesthat are strongly associated with engagenrent
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knowledge creatioat the individualevel. Section 4.4 addresses the finnesearch
guestion with a focus on identifying groups of individuals with similar participation

characteristics.

4.1. Participation Demographics
This section describes the paipiation demographics of the online community.
The subsections 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 close0®,908 messages contributed
by only 31,219 members out of a total registered 182,987 membara
period 0f3,353 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 CommunityParticipation

This section provides an overview of the descriptive statistics based on the
participation in the online engineering communities. As desciib&dble 41, there are
a total of 65,208 discussion topics that consist of 503,908 messagesti&hile
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 Parameterat the Community Level

Partigpation 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 Z.the rate of change of messadms been steadily

increasingThe increase iannual 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. Figliednonstrated a

consistent pattern thaigreases in annual message count rate exceeded its previous

highest levels from the 2003 to 2009.

Table 42

Community Message Count fr@f27/2003t0 11/5/2012

Year Cumulative Annual Message| Annual Change
Message Count | Count in Message

2003(From 9/27/203) | 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 (Till11/5/19 503908 96651 -20469
Cumulative Total Message
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Figure 4.1Cumulative Message Count in Online Engineering Community

4.1.2Topic Participation

To identify general trends for participation at the tedpiel and to understand the
distribution of data, @scriptive statistics and frequencaghe topiclevel parameterss
provided in Table 8. They include the means, median, mode, standard deviation,

minimum andmaximum of the each variabl€he descriptive statistics covers the entire

collection of topics ah = 65,209.
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Table 4.3

Descriptive Statisticef TopicLevel 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

110

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)

0.53%

0.00

0.00

1.42

0.00

920

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 aileast 3 unique participar(ts= 3.69) andthe

standard deviatiowas2.53(s =2.53. The media network size was 3 (xi 3) the range

was187 (Xmin=0 and xax= 188). The mean number of quoted references a6 ()=
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1.86) and thestandarddeviationwas6.40references (s 6.40. The medi an | i nks w
links (xiF 0) and the range wa&g2 links(Xmin=0 and ¥.ax= 702). Variables in the

dimension of conceptual artifacts incluthe use of engineering terrasdmessage

posted The mean engineering terms was p@5 topic or 23 per messagandthe
standarddeviationwas386termsper topic or 1& permessagd. he medi an engi nee

terms per message was 20 terms (X 20) andthe range waS$24 (Xmin =0 and X.ax= 524).

Variables in the dimension of material artifacts incledeernalonlineresources,
digital files and attachment§he mean number of links taxternalonlineresources was
1.06 (= 1.06) and he standard deviatiomas2.42links (s =2.42). The median external
links to externabnlineresources was no links (xt+ 0) andthe range wa%30 references
(Xmin=0 and ¥ax= 130). The mean number ofgltal files was0.534(x= 0.534 and te
standard deviatiowas1.42digital files (s =1.42 . The median |l inks was
(xH 0) andthe range waS2 digital files(Xmin=0 and %ax= 92). The mean number of
attachments was.729(x= 0.729 and he standard deviatiomas2.78 attachments (s =
2.78). The median was no attachments (xi 0) andthe range wa816 attachment&min =0

and Xnax= 316).

The mean topic length wasorethan half a page long (6= 7.73 andthe standard
deviationwas13.3 (s =13.3). The median topic length was athird of a page long (xi¥ 5)
the range wa$839 (Xmin=1 and xax= 1890). The mean topic duration was 4%lays or
461 hours (3= 465.105) with a standard deviation @fi6 days2800hours The median
topic duration was a 34.1 houos 1.42 day¢xi 1.42 andthe range wa8190 dayXmin

=0 and xax= 3190.
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Figure 4.2 showdhe variation in datasinga heatmap visualization of the
variable oftopic duration as an exampl&here is a higher number lghtly colored
boxes with larger sizeshich in turnoccupied more space in the heat mBus
observation indicates the dominance of topics with shorter durations over topics
conducted througlonger durationsFor instance, there are 2,154 topics withadion 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 frequerttly representation of a smaller twoh right hand corner

of the heat map

Duration of Discussion (Hours): 0-24
4~ Count of Topics with Duration: 2,154

Duration of Discussion (Hours): 4248-4272
&~ Count of Topics with Duration: 140

Il
Increasing Topic Duration >

Figure 42 Heat Map of Topic Duration ithe Online Community

Note.Size of square tilendicatethe equivalent of the percentage distribution of each
duration period. Both horizontal and vertical axes are egpatsentation of the square

tile.
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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 devtaabims more than one times of the mean
of the variable. Th&arge standard deviation of the variables sugtpedtthere is
variation in data at both the togevel. The variation of data can be better understood
under the consideratidhatdata analys was performed overl® year periodather

than a crossectionalapproach with selection of topics @ifnilar size

4.1.3Individual Participation

To identify general trends in individual participation dadinderstanthe
distribution of data, desctiipe statistics of the individual level parameters is provided in
Table 44. 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 44

Descriptive Statistics of Individual Participation in Community

Variable Mean | Median | Mode | Standard | Minimum | Maximum
Deviation

Network Degree 19.9 3.00 1.00 158 0.00 10400
(Interactions)

References (Count)] 3.8 0.00 0.00 80.3 0.00 10100
Engineering Terms 495 41.0 8.00 8450 0.00 890000
(Count)

Message Post 16.1 2.00 1.00 243 1.00 21900
(Count)

Web Resources 2.18 0.00 0.00 53.4 0.00 5710
(Count)

Digital Files 1.10 0.00 0.00 28.2 0.00 3340
(Count)

Active Membership| 76.5 1.00 1.00 244 1.00 3230
(Days)

Total Membership 1090 1020 1360 706 1.00 3350
(Days)

Notes:N=31,21%. There are81,219active individuals, as demonstrated by their

contribution of posts and user identification number.

Variables in the dimensiaof conceptual artifactmcludethe creation of topics
and messages, and the use of engineeringtdrimise mean message posted
than apage long (3= 16.1) and the standardieviationwas243 (s =243). Theme d i an
message posted was 2 (xH 2) andthe range wag1900(Xmin= 0 and Xax=2190Q. The
mean engineering terms posted was @& 495) andthe standardieviationwas8450 (s
=8450). The median messagagineering terms posted w&b(xHf 41) and the range

was890000 (Xmin =0 and Xnax= 890000).

Thelargevariabn i n the data can be observed in
visualization ofindividual post count (ge Figure 4.3)Learners witHong membership

periods as indicated by smaller user identification nump@osnot necessarilsecord
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large postounts asndicaked by the size of the bubble representative of each@shbr.
one of the most prolific contributdlabeled bubbles on Figure 4\8as an early
registrantwith an identification number of 6Qearnersvho have shorter total
membership periodsiay have magl considerable post counte largest amount
contributions (represented by the largest bubble) was madddarner who registered as

the 12669 member.

-
"«‘ ry T
User with ID #6
&>

0
ST
K5

P

Figure 4.3 Packed Bubbles Visualization of Individual Post Count

Note: Larger bubbles correspdro larger number of individual post count

Variables in the dimension of material artifacts incluad resourceanddigital
file links. The mean web resources posted was 2.18 ()= 2.18 andthe standard deviation
was53.4(s =53.4). The median web resources posted was a 0 (xH 0) andthe range was

5710 (Xmin=0 and Xax= 5710). The mean digital files posted was 1.10 (3= 1.10) and the
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standard deviatiowas282 (s = 28.2). The median digital files posted was zero (x5 0)

andthe range wa8340 (Xmin =0 and nax= 3340).

Variables in the dimension gbcial interactionnclude network degree and
quoted reference$he meametwork dgreewas19.9 (= 19.9 andthe standard
deviationwas158 (s =158). The mediametwork degre&vas3 (xf 3) andthe range
wasl1l04® (Xmin=0and %ax=104M). The mean direct references m
lessthan 4 ()= 3.80) and thestandard dewationwas80.3(s=803) . The medi an dir

reference made was O (xp 0) andthe range wa$0100 (Xmin =0 and Xax= 101).

The meanindividual activemembership periodas765 days(x= 76 5) and the
standard deviatiowas244 days(s =244). The medhn activemembershigperiodwasl
(X 1) andthe range wa8229 days(Xmin= 1 and Xnax= 3230). The meartotal
membershiperiodwas1090days(x= 1090 andthe standardieviationwas706 dayqs
=706). The mediartotal membership period wd$20day (xi+ 1020 and the range/as

3249 daygXmin= 1 and Xnax= 3250).

Overall, the computation of descriptive statistics suggests that participatied v
substantially at the individu#dvel. With the exception of the network size and
engineering termsgy message, each variable has a standard deviation that is more than
one times of the mean of the varialllbelarge standard deviation of the variables
suggest that there is variation in data at both the individual The variation of data
can be beer understood under the consideratioat data analysis was performed over a
10 year period rather than a cregsctionalapproach with selection of individuals of

similar contribution levels
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4.2 Association between Topid_evel Variables

This subsectio describs correlation statistics between variables suggestive of
knowledge creating activities with topievel parameter&olmogorov Smirnowv
Lilliefors (KSL) testsshowed thatlistributions of all the variablese notnormal
distributions Each tests carried out with the null hypothesis as the data being normally
distributed Ho = The data is from the Normal distributjoRor example, th&-value for
the variable of Topic Duration is less than the level of significah@O0QaL which rejects

thenull hypothesisand indicateshat the data is not normally distributed.

A further examination ofhe distributions of variableirough histograms (see
Figure 4.4)verified that he assumptions of normalitire not observed his reaffirms the
previous asgéon that the data is not normally distribut®sed on the consideration of
nortnormality of the variables, ngparametric correlation analysis is selected over than
parametric correlation analysis. In this analy$ieS p e a r manaKéesn djdl| lad

selected as measures of the strength of associations.

TOPIC LENGTH TOPIC DURATION TOPIC VIEWS

= e

1700 70000 . 170000

1600 65000 .uacia

1500 60000 :??‘C._:)

1400 N ' 40000

1300 55000 W 000

1200 50000 = 120000

1100 45000 U 110000

1000 40000 é 100000
900 35000 90000
800 2 80000
700 30000 70000
600 - 25000 60000 &
500 20000 50000 3
400 . 15000 40000 ji
300 w 10000 30000
200 =3 20000
100 5000 % 10000 l

_ | — 0 - 0 E_._ = -
—
Normal{7.73285.13.2739) Normal(465.105.2795.81) Normal{1291 .4 2216.04)

Figure 4.4Histogram of Select Topic Level Variables

Note:Ho = The data is from the Normal distribution. Smallgbues reject Ho.
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4.2.1 Nonparametric Correlation Analysis

This subsectioprovides arexamination of the association between the topic
level variables used in the study of the online communifiesnonrparametric
distributions, heS p e a r mandKdesn dj&ledre8estshe strength of association
between variables and has a value rangd @b 1. Strong correlation values haange
of 0.5 to 1.0, whereawnoderate correlation values have a range bet@&eto 0.49 and
weak correlation values have a rang® o 0.29 (Cohen, 1988).

The correlaton analysis betweesix topic-variablesvariablesand Topic Length
are presented in Table54TheSpearmanho valuesand Kendall tau values indicate that
thecorrelations are positive amsthatistically significant The averag8&pearman rho is
0.571 which suggests an overall strong association between-Lepel Variables and
Topic Length According to this statistical measurketstrongest correlation is between
network sizeand topic duration at p = 0.8361d he weakest correlation is between Files
and TopicLength atf = 0.323 The average Kendall tau is 0.4%#hich suggests an
overall moderate association between Tdmeuel Variables and Topic Length
According to this statistical measure, the strongest correlation is belNedeork Size
and Topic Lengtrat U= 0.721 and the weakest correlation is between Files and Topic

Length atU= 0.276.
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Table 45

Correlation Between TopitevelVariableswith Topic Length

Variable Spear m pvalue Kend & p-value
1. Network Size 0.836 <0.001 0.72 <0.001
2. QuotedReferences 0.62 <0.001 0.579 <0.001
3. Terms 0.821 <0.001 0.653 <0.001
4. Resources 0.418 <0.001 0.33¥ <0.001
5. Files 0.3 <0.001 0.266 <0.001
6. Attachments 0.335 <0.001 0.2%6 <0.001

The correlation analysis between tpic-level varigbles andlropic Durationare
presented in Table 4.6. The Spearman rho values and Kendall tau values indicate that the
correlations are positive and statistically significante @kerage Spearman rho is 0.391,
which suggests an overall moderate association betheg@n-Level Variables and
Topic Duration According to this statistical measure, th@sgest correlation is between
NetworkSize and Topic Duration at p = 0.58id the welest correlation is between
Attachmens and Topidurationat} = 0.216 The aveage Kendall tau is 0.298, which
suggests an overall moderate association between-TLepét Variables and Topic
Duration According to this statistical measure, th@sgest correlation is between

Network Size and dpic Duration atU= 0.464and the weadst correlation is between

Attachmentsand TopicDurationat U= 0.171
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Table 46

Correlation Between TopicevelVariableswith Topic Duration

Variable Spear m p-value Kenda& p-value
1. Network Size 0.597 <0.001 0.464 <0.001
2. Quoted Refences 0.442 <0.001 0.341 <0.001
3. Terms 0.560 <0.001 0.398 <0.001
4. Resources 0.292 <0.001 0.22/ <0.001
5. Files 0.2% <0.001 0.187 <0.001
6. Attachments 0.216 <0.001 0.171  <0.001

The correlation analysis between &pic-level variables and TopiViews are
presented in Table 4.7. The Spearman rho values and Kendall tau values indicate that the
correlations are positive and statistically significante Biverage Spearman rho is 0.285,
which suggests an overall weak association between -Lepiel Variables and Topic
Views. According to this statistical measure, the strongest correlation is beferan
and Topic Views at p = 0.4G¥d the weadst correlation is between Attachmeaisl
Topic Views at = 0.323.The average Kendall tau is 0.212,igfhsuggests an overall
weak association between Tojhievel Variables and Topic View#&ccording to this
statistical measure, the strongest correlation is betiesns and Topic Viewat U=

0.280and the wealkst correlation is between Attachmeatsd Teic Views atU= 0.117.
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Table 47

Correlation Between TopicevelVariableswith TopicViews

Variable Spear m p-value Kend & 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 0.2% <0.001 0.18 <0.001
5. Files 0.20 <0.001 0.173 <0.001
6. Attachments 0.1 <0.001 0.117 <0.001

4.3 Association between IndividualLevel Variables

This subsectiodescribesan examination of the association betwten
individuaklevel variables that are suggestive of participation in knowledge creating
activities in the online communitiKolmogorov SmirnowvLilliefors (KSL) tests showed
that distributions of all the variables are not normal distributiBash tests carried out
with the null hypothesis as the data being normally distribited The data is from the
Normal distribution. For example, the-Ralue for the variable of Individual Total
Interactions is less than the level of significance of 0.001 wigjelats the null
hypothesis and indicates that the data is not normally distribtéarther examination
of the distributions of variables through histograms (see FigGyevdrified that the
assumptions of normality are not observEdis reaffirms tle previous assertion that the
data is not normally distributedBased on the consideration of Aeormality of the

variables, nofparametric correlation analysis is selected over than parametric correlation
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analysis. In this analysiheS p e a r manaKéesn djd)| lad® sel ected as me:

the strength of associations.

Figure 45 Histogramof Selectindividual Level Variables
Note:Ho = The data is from the Normal distribution. Smallgbues reject Ho.

For nonparametric distributionshe Spearma n dandKje n d &degre8esnts the
strength of association between variables and has a value rafige df 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 corralatalues have a range of 0 to 0.29 (Cohen,
1988).

4.3.1 Nonparametric Correlation Analysis

Thecorrelation analysis between fiualividuatlevel variables and Individual
Total Interations are presented in Table 4T&ie Spearman rho values and Kenttall
values indicate that the correlations are positive and statistically significaatavErage
Spearman rho is 0.389, which suggests an overall moderate association between
IndividuatLevel Variables and Individual Total Interactiod&cording to thisstatistical

measure, the strongest malation is between Replies and Individual Total Interactions at
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