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ABSTRACT

Recent research suggests that firms may be able to create a competitive advantage by
deliberately revealing spemfproblem knowledge beyond firm boundaries to open source meta
organisations such that new solution knowledge is created that benefits the focal firm more than
its competitors (Alexy, George, & Salter, 2013). Yet, not all firms that use knowledge mgveali
strategies are successful in inducing the emergence of solution knowledge. The extant literature
has as of yet not explained this heterogeneity in success of knowledge revealing strategies.
Using a longitudinal database spanning the period from 1®68d 2012 with more than 2
billion data points that was obtained from the Mozilla Foundation, one of the top open source
metaorganisations, this dissertation identifies and measures the antecedent factors affecting
successful solution knowledge emergentée results reveal 35 antecedent factors that affect
solution knowledge emergence in different ways across three levels of analysis. The numerous

contributions to theory and practice that follow from the results are discussed.



DEDICATION

This disseation is dedicated to those people with power who use that power to support

those who do not have power, enabling them to achieve their potential and more.



ACKNOWLEDGEMENTS

This research would not have been possible without the energy and endlessafuppor
Ellen Auster. | am tremendously grateful for her tireless advice, her dedication to seeing

students through this challenging process, and her boundless positivity.

My thanks goes also to Christine Oliver for believing in me, helping me understand the
contextual history of this research, and challenging me to enter and contribute to some of the
oldest strategic management conversations. With her guidance, | am privileged to have been

able to stand upon the shoulders of giants, as the saying goes.

| amthankful to Yuval Deutsch for always being available for adviceepth
discussion, and help refining ideas. With his guidance and suggestions, the methodological rigor

and relevance of this research were greatly improved.

Thank you to Eileen Fischeorf being blunt when | needed bluntness, for understanding
and being patient with my engineerds mind, an

Success.

Thank you to JeaBaptiste Litrico for championing my academic path and putting our

research collabations on hold while this dissertation took center stage.

| am grateful to my colleagues in the PhD program at the Schulich School of Business.
Your experience, insights, diverse backgrounds, mentorship, friendship, and emotional support

improved both ng quality of life and the quality of my research during my time in the program.



Thank you to the support staff at the Schulich School of Business, including, in
particular, Stephanie Allen, Clara Kan, JoAnne Stein, Teresa Back, and Tammy Tam, for helping

A

me cross all my toés and dot all my i 06s.

Thank you to the Mozilla Foundation for providing access to the Mozilla Bugzilla
database for this research and for the time of your employees and volunteers who helped me
understand the many complexities in the daid transform them into a form suitable for the

analysis of questions relevant to strategic management.

This research was supported in part by a Community Investment Program grant from the

Canadian Internet Registration Authority (CIRA). Thank you to CiBY¥Ats support.

This research was supported in part by a grant from the Ontario Ministry of Training,

Colleges and Universities. Thank you for supporting innovative Canadian research.

Finally, thank you to my family for the ongoing support and for ustdeding my
distraction and focus. Thank you to Marcus Saad and Andressa Geburt for watching over me
during the rollercoaster of this process. Thank you to Alex Mckenzie for keeping me sane
during technical problems. Thank you to Yasmine Benatti fgpikgeame organized. Thank
you to Kedim, my PhD cat, and Pluto, Dora, and Nanners for warm snuggles whenever | was
stressed. And, thank you to Sarah Zandbergen for always being there for me, no matter what |

needed.



TABLE OF CONTENTS

N 0 1] 1 = ox AP O PP ii
[ To [ o3 11 o] o WU iii
ACKNOWIEAGEIMENLS. ... ..ottt e e e e e e e e emenss e e e e e eeaaeeas iv
TabIe Of CONIENLS.....uueiiiiei ettt e e e ebann s Vi
I 0 1= 1 o] = PRSP PPPPUPPPPPPPPR ix
LIST Of FIQUIES. ...ttt ettt e e e e e e e e e e e e e bbb e e XV
(@ gF=T o] (=1 g @ =S ] 1 0 o [1Tox 1o o S 1
UMY ..ttt ee e e e e ettt e e oo e ettt e e eamme e e e e eeeba e e e eeeesaa s emmma e eeeeeesnnn e eeaeennnnnanns 1
DIIVING QUESHION.......cce ittt emme et err e e e e e e e e e e e e e e e e ameesaaeeaaaeaaaaeeeeens 3
IMportance Of the TOPIC.......uuuiiiiiiiiii e 3
(O] o= 0 101 U1 o = OO 3
Strategyt The knavledgebased view of the firmL...........oiiiieen 4.
Strategyi Transaction cost economics and organisational forms of production........ 5
Limitations and Key aSSUMPLIONS. .......ccocuuuiiiirtitieeeiiiiieieeeeee e e e e e s eeeessseeereeeeeaeaeaaeeeeeeas 7
Contributions t0 the HEEratULE...........uuiiiiiiiiiiii e e 8
Chapter TWO: LItErature REVIEM. .........uuuuiiiiiiiiiiiieeeiieieeee ettt e e e e e e e e e e s rmmr e e e e e e e e e e e e e annies 11
Metaorganisations as netnaditional forms of production...............cc.oovvvieeeiiiiiieeeennnn, 11
KNOWIEAQEDASE VIBW........uiiiiiiiiiiiiiiii ettt e s 16
(O] o= 0 01U o = PP 21
Success factorsf knowledgerevealing strategies in open source r@ganisations........ 24
Success factors in open source literature.............ooovvvvvieeeeeeeeiieeeeeee e 26
Factors affecting knowledge production efforts in KBV literature.................cccoueee. 32
Chapter Three: Conceptual FrameWoLK................ovvvviieemeieiiiieeeiices e A4
RESEArCH POSITIONING.....cii ittt e e e e e e et e e e e e e e e e e e s s e e e e eeeeeas 44
Antecedent factors impacting solution knowledge emergence..............ooeeeeeeevnnnnnn. a7
(02 11To (o] 172= 11 0] o FHUU PP PSP PP PPPPPPPPPR 47

[ 1Y 010 1 U= T S P 48
Chapter Four: Research MethQd................uuuiiiiimemiiiiiiiiiiieiiee e 50
Research paradigm and methodology ChQICES..........ccoeeiiiiiicceciicccee e, 50
1 - T PP 51
Data access and ethi@NSIAerationsS.............uuuuuuuuiiiiiceeeeeiir e e 52
LEVEIS OF @NAIYSIS. ....uuiiiiiiiiiiiiiii e 53
Problem level of @nalySiS...........ooi oo 53
Individual level of @nalySiS........ooooiiiiiiiiiii e 55
Organisation level of @analySIS...........ooiiiiiiiiii e e 59
ComMMUNILY INFIUBNCE ... e 61

(@] oT=T =1 (o] gF=1 174 1o o HU PSS 62
Problem level operationalization: Dependent variables............ccccccivieeeiiiil 62
Problem level operationalization: Independent variables..........c...cocoovveeeeiiiiiiienn. 73
Individual level operationalization: Depemdevariables............cccccoooiiiiiieenn. 110

Vi



Individual level operationalization: Independent variables...............ccccovveeeeeeenn.n. 115

Organisation level operationalization: Dependent variables.............cccccvieeeennn 146
Organisation level operationalization: Independent variables................cccccce.. 152
Chapter FIVE: ANAIYSIS ......uuuiiiiiiiiiiiiii it es e 185
Prodem [evel Of @nalySiS.........covuuiiiiiiiiiii i errr e e e e e e e e e e e e e e aeeee s 185
Dependent variables: Reopening and reassigning tendencies............cccccvueeeeeenn.. 186
Dependent variables: Confirmation, fixing, and patching tendencies.................... 187
Dependent variables: Resolution, assignment, and development.timing............. 187
Modelling: Problemnievel control variables.................ouvueiiiicccreieeeicee e 191
Modelling: Problem level independent variables.............cceeviiiieeeiiiiiiiiiieieccceeee 192
Evaluating models: OLS regreSSION.........uuuuiiiiiii s ceeeiiiiies e e e e e e e e e s vneer s e e e e e e 196
Evaluating models: LOQISTIC r&@greSSION.........cceeeiiiiiiiiiiecme e e 198
Individual level of @analySiS............ovuiiiiiiiiiiie e 200

Dependent variables: Reopening tendencies of problem knowledge producer.roR02
Dependent variables: Reassigning tendencies of problem knowledge producer. 1208
Dependent variables: Outcome tendencies of problem knowledge producer.rale210
Dependent variables: Resolution timing tendencies of problem knowledge producer role

............................................................................................................................... 212
Dependent variables: Solution knowledge producer and solution knowledge verifier roles
............................................................................................................................... 215
Modelling: Individual level catrol variables................ccoviiiiiiiiccciciciiee e 219
Modelling: Individual level independent variables.............ceevviiiiieeciiiiiiiiiieeen 222
Organisation level Of @nalySiS.........coooeeeiiiiiiiiieeee s 232
Dependent variables: Reopening and reassigning tendencies of each aggregate?8fie
Dependent variables: Outcome tendenofesach aggregate rale............................ 238
Modelling: Organisation level control variables...............ccccoimnniiieee 242
Modelling: Organisation level independent variahles.................cccveeeeiiiieiieennnnn, 245
Individual-organisation nested creks/el analysis.............uvvveiviiiiiiiccciiiiieee, 254
Modelling: Base and nested MOAELS.............oiiiieiiiiceccce e eeeer e 256
Evaluating models: Base and nested madels..............ooovviimee e 259
Chapter Six: Results and DISCUSSION..............coeeiiiiiiimmeeeeeeeeeeeeeeee e 263
Hypothesis one: ADSOrPtive CAPACITY.........coiiiiiiiiiiieeee i ee e 263
Problem level of analysis reSUILS...........cccoeeiiiiiiiieeeie e 263
Individual level of analySis reSULLS............oeiviiiiiiiiiie e, 278
Organisation level of analysis reSUIS..............uueuiiiiicceeeeee e 289
Hypothesis two: Codiflability............ueviiiiiiiiii e 301
Problem level of analysis reSUILS.............oiiiiiiiiiiic e 301
Individual level of analySis reSULLS............eeiiiiiiiiiiiee e 315
Organisation level of analysiS reSUILS...........uuoiiiiiiiii e 330
Hypothesis three: Dominant knowledge paradigm..............oooiiiiiimrn e 340
Problem level of analysis reSUILS.............oiiiiiiiiiiic e 340
Individual level of analySis reSULLS............eeiiiiiiiiiee e 350
Organisation level of analysiS reSUILS............uiiiiiiiiii e 359
Hypothesis four: Knowledge flow impediments.........ccccooeeeeeeiiveeeciiieee e 367
Problem level of analysis reSUILS............uoiiiiiiiiiii e 368



Individual level of analysis reSuUlLS.............coooviiiiiiieeee e 380

Organisation level of analysis results............cccuiiiiiimemri e 394
Hypothesis five: Knowledge stakeholder influUenCe.............ceiiiiiiiccciicicce e 404
Problem level of analysis reSultsS............ccooovviiiiienn e eceeeeeennnn . 404
Individual level of analysis reSUlLS............ccooiiiiiiiiiceee e 416
Organisation level of analysis results. ..o 432
Hypothesis six: Solution knowledge value..............oooviiiiiieeei e 443
Problem level of analysis reSultS............ccoooviiiiiienn e eeeeeeeeeeeennn . 443
Individual level of analysis reSUlLS............ccooiiiiiiiiieeee e 455
Organisation level of analysis results...........ccccuuiiiiiimemri e 471
Summary of results of hypothesis testing.............ccccceevivieeeei e 481
Chapter Seven: Contributions, Limitations, & Conclusian.............cccccevvvveeeeeeee e . 484
CoNtriDULIONS 10 FESEAICI......cci ittt eeee e erene bbb e e e e e e e e e s eeneees 484
Contributions t0 OPEN SOUICE [ITEIAILLE..........uuuiiiiieeiie ettt e 484
Contributions to KBV literature..........ccccoeeeeeiiiiiiicee e eeivieees e 487
Contributions to organisational forms of production literature.................cooovceee... 491
ContributioNS tO PraCliCe ... ...iii i e e s 494
Contributions to the strategic management of fitms.............cccccvvveeceeeeeeeenn. 494
Contributions to the governance of open source fojanisations........................... 497

[0 71 7= U0 O UPPPPPPPURPRT 502
FULUIE TESEAICHL. ...ttt e ettt e et e e e e e e e e e e s smmr e e e e e e e e e e e aeeeas 505
(@0] o] 1113 [0 o PSS 512
BIDlIOGIraPNY . ... e ——————————— 513
F Y o] 01T a6 o1 PP PPPPPPPPPPP 566
Appendix A: Opeationalization COAE............cooiiiiiiiiiiiieiee e 566
APPENIX B: ANAIYSIS COUR........uuuiiiiiiiiiiiii ettt e 566
Appendix C: Additional analysis details.............c.coovviiiieee e 566
Appendix D: Regression MOdELS............ooooiiiiiiiei e 566
Appendix E: Summary of reSUIS...........coooiiiiiiiiiiieee e 567

viii



LIST OF TABLES

Table 1: Taxonomy of metarganisations (Adapted from Gulati, Puranam, &Tushman, 2032)

Table 2: Hypothesis formulatiQn..............oooovviiiiiiciiiiiiieeiiiis s 49
Table 3: Classification of solution knowledge emergence outcome measurement......... 66
Table 4: Thresholds for comparative time meastariables................cccovviiiiieee e, 72
Table 5: Activity timing threshold measures of knowledge flow impediments................. 95
Table 6: Activity quantity threshold measures of knowledge flow impediments.............. 95
Table 7: Severity levels associated with sets of problem knowledge................ccceeee.. 106
Table 8: Fiority levels associated with enhancement sets of problem knowledge......... 107

Table 9: Variables constituting reopening tendendtiesthird and fourth measures of solution
knowledge emergence at individual 1eVel..............oooo e 113

Table 10: Variables constituting reassigniagdencies, the fifth and sixth measures of solution
knowledge emergence at individual 1eVel..............ooo e 114

Table 11: Variables capturingtagties of individuals according to knowledge categaries118
Table 12: Consolidation of variables according to knowledge severity.....................eee.. 119
Table 13: Types of activities each individual can understake...............ccccovcevevvveviinnnnns 120
Table 14: Variables capturing mean description length for problems acted upon in eadl22ole
Table 15: Variables capturing mean description readability of problems acted upon in each role

Table 17: Variables capturing tendencies of comments on problems acted upon in each role at
INAIVIAUAI TEVEL......cceeeee et e e eeeer s s e e e e e e e e e e e e e e eeeeaesstnnneeeeeeeeeeeeennnennnnnn 125

Table 18: Variables capturing platform dominant knowledge paradigm measure for each role at
INAIVIAUAI TEVEL......cceeeee et e e eeeer s s e e e e e e e e e e e e e e eeeeaesstnnneeeeeeeeeeeeennnennnnnn 127

Table 19: Variables capturing operating system dominant knowledge paradigm measure for each
role at INAIVIAUAI IEVEL...........cooiie e emenrn s 128

Table 20: Variables capturing classification dominant knowledge paradigm measure for each
role at INAIVIAUAI IEVEL............cooiiiiee e emrnra s 129

Table 21: Variables capturing tinfmsed activity tendency measures for problems acted upon in
each role by each profile at individual 1eVel............ccoooi e, 133

Table 22: Variables capturing knowledge stakeholder influence related activity tendency
measures for problems acted upon in each role by each profile at uadilgdel.................. 137

Table 23: Variables capturing knowledge stakeholder observational influence measures at
INAIVIAUAI TEVEL.....c.cceeeeeee et e e e e ereer s s s e e e e e e e e e e e e e eeeeeesttnnneeeeeeeeeeeeesnnsnnnnnn 138



Table 24: Variables capturing solution knowledge value severity and priority measure at
INAIVIAUAT TEVEL.....cceeeee e rreer e e e e e e e e e e e et e e ae et nnneeeeeeeeeeeenennsnnnnns 141

Table 25: Variables capturing solution knowledge value severity and priority change tendency
measure at INAIVIAUAI [EVEL...........ooor e eeee s 142

Table 26: Variables capturing solution knowledge value keyword popularity tendency measure at
INAIVIAUAT TEVEL.....cceeeee e ereer e e e e e e e e e e e et e e ee st nnneeeeeeeeeeeeeenssnnnnns 143

Table 27: Variables capturing solution knowledge value as captured by following, voting,
commenting, and flag averages measure at individual.level................cooeeeiiiiiiiinnnnn. 145

Table 28: Variables constituting reopening tendencies, the third and fourth measures of solution
knowledge emergence at orgsation [eVel..............ooooiiiiiemn e 150

Table 29: Variables constituting reassigning tendencies, the fifth and sixth measures of solution
knowledge emeyence at organisation leVel.............ooooeen e 151

Table 30: Variables capturing activities of organisations according to knowledge catedéres

Table 31: Variables capturing mean description length for problems acted upon in each
aggregate role by OrganiSatiQS...........uuuuiiiiee e ceeeiiiee s e e e e e e e e e e e e e s eeeers e e e e e e e e eeeeeeeeeeeeannen. 157

Table 32: Variables capturing mean description readability of problems acted upon in each
aggregate role by OrganiSatiQNS...........uuuuuiiiiee s ceeeeiiiie s s e e e e e e e e e e e e e s eeeers s e e e e e e eeeeeeeeeeerennnan. 158

Table 33: Variables capturing (log) number of attachments to problems acted upon in each
aggregate rol e bes..o.r.g.an.i.s.a.t.i.an.s.6..me.mh..159

Table 34: Variables capturing tendencies of comments on problems acted upon in each aggregate
role by orgarmmi.s.at.i.ans.b..membe.. ... 161

Table 35: Variables capturing platform dominant knowledge paradigm measure for each
aggregate role at organisation [EVEL..............coooiiiiiieeei e 163

Table 36: Variables capturing operating system dominant knowledge paradigm measure for each
aggregate role at organisatiBvel..............oooooiiiiiiiiiieeer s 165

Table 37: Variables capturing classification dominant knowledge paradigm measure for each
aggregate role at organisatiBvel..............ooooiiiiiiiiiieeer s 165

Table 38: Variables capturing tinfmsed activity tendency measures for problems acted upon in
each aggregate role leach organisation at organisation level.............cccoooiivieeciiiinnnnnnnn. 171

Table 39: Variables capturing knowledge stakeholder influence activity tendency escfasur
problems acted upon in each aggregate role by each organisation at organisation.lev&lr6

Table 40: Variables capturing éwledge stakeholder observational influence measures at
OrganiSaAtION [EVEL..........ee e e e 176

Table 41: Variables capturing solution knowledigéue severity measure at organisation level

Table 42: Variables capturing solution knowledge value severity and prioritgetendency
measure at organiSation IEMEL...........ooi i ————— 180



Table 43: Variables capturing solution knowledge value keyword popularity tenoheasure at

OFQANISALION V...t eeeee s e e e e e e e e e e e e e et eeaesssnnneeeeeeeeeeeeennnees 181
Table 44: Variables capturing solution knowledge value as captured by following, voting,
commanting, and flag averages measures at organisation.level..............ccccovcecvevvinnnnnns 183
Table 45: Summary statistics of reopening and reassigning tendanpredlem level........ 186
Table 46: Quantiles of reopening and reassigning tendencies at problem.level........... 186

Table 47: Frequency of reopening and reassigning occurrences at problem.level........ 186
Table 48: Variability of confirmation, fixing, and patching tendencies at problem.level.187
Table 49: Summary statistics resolution, assignment, and development timing at problem level

Table 50:Quantiles of resolution, assignment, and development timing at problem.lev&iB3

Table 51: Dependent variables and chosen regresges at problem level...................... 191
Table 52: Control variables at problem leVel................eiiiiceii e, 192
Table 53: Absorptive capacity independent variables at problem level......................... 193
Table 54: Codifiability independent variables at problem level................cccoivceeviiiinnnnes 194

Table 55: Dominant knowledge paradigm independent variables at problem.level....... 194
Table 56: Knowledge flow impediments independent variables at problem level.......... 195
Table 57: Knowledge stakeholder influence independent variables at problem.level...195
Table 58: Solution knowledge value indepemderiables at problem level...................... 196
Table 59: Distribution of individual level roles relative to number of problems acted.up2il
Table 60: Distribution of roles in which individuals engage relative to all profiles in datab2se

Table 61: Summary statistics of reopening tendencies of problems acted upon by each individual
engaged in problem knowledge producer role at individwalle..................cccoovveee 202

Table 62: Quantiles of reopening tendencies of problems acted upon by each individual engaged
in problem knowledge proder role at individual level..............ccccoormie 203

Table 63: Summary statistics of problem knowledge creation (bug reporting) at individual level

Table 64: Quantiles of problem knowledge creation (bug reporting) at individual level.203
Table 65: Summary statistics of percentages of reported problems that are reopened at individual

Table 66: Quantiles of percentages of reported problems that are reopened at individa@#level

Table 67: Summary statistics of reporting and reopening tendencies constrained to individuals
who engaged in reporter role at least 4 times at individual.level..............cccooveenn . 205

Table 68: Quantiles of reporting and reopening tendencies constrained to individuals who
engaged in reporter role at least 4 times at individual level...............ieiiiiieeninnnn, 205

Xi



Table 69: Distribution of whether or not each profile reported at least one bug that was reopened
At INAIVIAUAI LBV et nnne e e e e e e e eeeeeeneees 207

Table 70: Summary statistics of constrained percentage of bugs reported that were reopened once
or more at INdividual I8VEL............e e 207

Table 71: Quantiles of constrained percentage of bugs reported that were reopened once or more
AL INAIVIAUAI TEVEL......c e et nnne e e e e e e e eeeeeeneee 207

Table 72: Distribution of whether or not each profile reported at least one bug that was
reassigned at iNdividual [EVEL............ooiiiiiii e 209

Table 73: Summary statistics of constrained percentage of bugs reported that were reassigned
once or more at INAIVIdUAl [EVEL............uueiiiiee e e 209

Table 74: Quantiles of constrained percentage of bugs reported that were reassigned once or
More at INAIVIAUAI TEVEL...........ueieee e e 209

Table 75: Summary statistics of constrained percentage of bugs reported that were fixed / fixed
with at least one patch at individual leVel..............coiee e 210

Table 76: Quantiles of constrained percentage of bugs reported that were fixed / fixed with at
least one patch at individual [eVEL.............oooo e 211

Table 77: Summary statistics of constrained resolution timing tendency variable for reporter role
A INAIVIAUAI LBV eeeer e e e et e et e e et nnneeeeeeeeeeeeennenes 213

Table 78: Quantiles of constrained resolution timing tendency variable for reporter role at
INAIVIAUAI TEVEL.....c.ceeeee et eeeer s e e e e e e e e e e e e e e e e eeeesstnnneeeeeeeeeeeesennsnnnnnn 213

Table 79: Problem knowledge producer role dependent variables and chosen regression types at
INAIVIAUAI TEVEL......cceeeee et e e eeeer s s e e e e e e e e e e e e e e eeeeaesstnnneeeeeeeeeeeeennnennnnnn 214

Table 80: Distribution of whether or not each profile acted in role of assigned_to / ga_contact
upon at least one bug that was reopened / reassigned atneastt individual level........... 215

Table 81: Summary statistics of constrained percentage of bugs acted upon as assigned_to /
ga_contact that were reopened / reassigned once or more at individual level.............. 216

Table 82: Quantiles of constrained percentagaugblacted upon as assigned_to / ga_contact
that were reopened / reassigned once or more at individual.level...............ccooeeeeee. 216

Table 83: Summarstatistics of constrained percentage of bugs acted upon in assigned_to /
ga_contact role that were fixed / fixed with at least one patch at individual.level.......... 217

Table 84: Quantiles of constrained percentage of bugs acted upon in assigned_to / ga_contact
role that were fixed / fixed with at least one patch at individual level......................cc.... 217

Table 85: Summary statistics of constrained resolution timing tendency variables for assigned_to
/ qa_contact roles at individual IeVel.........cccoooiiiiiiii e 218

Table 86: Quantiles of constrained resolution timing tendency variables for assigned_to /
ga_contact roles at individual [EVEL.............oeeeeiieiie e 218

Table 87: Solution knowledge producer role and solution knowledge verifier role dependent
variables and chosen regression types at individual Ievel..............cccvveeeriiiiiiiiieeee. 219

Xii



Table 88: Control variables at individual [€Mel............oeeeeeee e 222

Table 89: Absorptive capacity independent variables at individual.level....................... 224
Table 90:Codifiability independent variables at individual level..................cccooeeeeeenn. 225
Table 91: Dominant knowledge paradigm independent variables at nali&del.............. 227
Table 92: Knowledge flow impediments independent variables at individual.level........ 228

Table 93: Knowledge stakeholder influence independent variables at individual level. 229
Table 94: Solution knowledge value independent variables at individual. level............. 231
Table 95: Distribution of distinct individual actors in organisations...............cccccceeeevnee. 233

Table 96: Distributiorof distinct individual actors in organisations with rarganisational
AOMAINS EXCIUAEA. .......eeiieiiiiie e eeeer s e e e e e e e e e e e e e e e eeeesesnnneeeeeaeeeeeeennnnes 234

Table 97: Distribution of role engagent of organisations with three or more actors......235

Table 98: Distribution of whether or not each organisation acted in eaclyatgrele upon at
least one bug that was reopened / reassigned at least once at organisation.level....... 237

Table 99: Summarstatistics of constrained percentage of bugs acted upon by organisation
members in each aggregate role that were reopened / reassigned once or more at organisation

Table 100: Quantiles of constrained percentage of bugs acted upon by organisation members in
aggregate roles that were reopened / reassigned once or more at organisation level..237

Table 101: Summary statistics of constrained percentage of bugs acted upon by organisation
members in each aggregate role that were fixed / fixed with at leagladech at organisation

Table 102: Quantiles of constrained percentage of bugs acted upon by organisation members in
eat aggregate role that were fixed / fixed with at least one patch at organisation.leveP39

Table 103: Summary statistics of caagted resolution timing tendency variables for each

aggregate role at organisation [VEL..............cooiiiiiiieeei e 239
Table 104: Quantiles of constrainexolution timing tendency variables for each aggregate role
at OrganiSAtION [EVEL..........oeiiiiii e erre e e e e e e e e e e e e e ennr e e e e e e e aeaeaees 240
Table 105: Aggregate role dependent vdestand chosen regression types at organisation level
........................................................................................................................................ 242
Table 106: Control variables at organisation level..............coo e, 244
Table 107: Absorptive capacity independent variables at organisation.level................ 246
Table 108: Codifiability independent variables at organisation level.................c..oeeee.... 247

Table 109: Dominant knowledge paradigm independent variables at organisation.leveél49
Table 110: Knowledge flow impediments independent variables at organisation.level 250
Table 111: Knowledge stakeholder influence independent variables at organisatian.leX&P
Table 112: Solution knowtlye value independent variables at organisation level.......... 254

Xiii



Table 113: Sample frame of profiles and organisations subject to nestisgaints............ 255
Table 114: Nested role dependent variables and base and@fii@etdichosen regression types

Table 116: Role based correlation between mean number of comments and fix emergence
1= 010 [T T 1= PSR 325

Table 117: Summary of antecedent factors driving successful solution knowledge emé8gnce
Table 118: Opportunities for future refinement and extension of factors measured in this study

Xiv



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:

Figure 14:
Figure 15:
Figure 16:
Figure 17:

Figure 18:
Figure 19:

LIST OF FIGURES

Knowledge revealing Strat@Qy.........uuuiiieiieieceeeiiiiis e s e e e e e e e e e e e e aeees e e e e e e eaeeaaaeend 45
Gap filled DY PreSent STUAY...........uuuiiiiiiiiii e 46
Positioning of dissertation relative to extasearch.................ccccoiviieeee 47

Conceptual frameWOrK ...........oevvviiiiiiiiieeeiiieeeeeeeie e A8
Intial problem level data fieldS (EXCEIPL).........vvvvvviiiiii e e e eeees 54
Initial individual level data fieldS (EXCErpt).........uuuereiiiiiiiei e 55
Initial activity table data fields (eXCerpt)..........cccovviiiiiiiieeee e 57
Individual level knowledge actor roles................uuuviiiiieeeiiiiiiiiiieeeee e 59
Levels and units of analySiS.........coeiiiiiii e 62

Knowledge flow at problem level of analysis...........ccccoooiiiiicc s 64

Operationalizations of measures of dependent variable of interest at problem3evel
Operationaations of measures of absorptive capacity at problem.level......... 78
Ngram based text categorisation knowledge flow (Adaftem Cavnar & Trenkle,

Operationalizations of measures of codifiability at problem.level...................
Operationalizations of measures of dominant knowledge paradigm at problé& level
Operationalizations of measures of knowledge flow impediments at pietaé 00

Operationalizations of measures of knowledge stakeholder influence at problem level

Operationalizations of measures of solution knowledge value at problem.|eM@9
Operationalizations of measures of dependent variable of interest at indivielual lev

........................................................................................................................................ 115
Figure 20: Operationalizations of measures of absorptive capacity at individual.level.121
Figure 21:Operationalizations of measures of codifiability at individual level................ 125
Figure 22: Operationalizations of measures of dominant knowledge paradigm at individual level
........................................................................................................................................ 129
Figure 23: Operationalizations of measures of knowledge flow impediments at individual level
........................................................................................................................................ 132

Figure 25: Operationalizations of measures of solution knowledge value at individual |

XV


file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795186
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795187
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795192
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795193
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795195
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795196
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795197
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795198
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795198
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795199
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795200
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795200
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795201
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795202
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795203
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795203
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795204
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795204
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795205
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795205
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795206

Figure 26: Operationalizations of measures of dependent variable of interest at organisation level

Figure 27: Operationalizations of measures of absorptive capacity at organisation leval56

Figure 28: Operationalizations of measuvésodifiability at organisation level................. 161

Figure 29: Operationalizations of measures of dominant knowledge paradigm at oi@anisat

LRV e et e e e e e e et e annna e e e eean 166

Figure 30: Operationalizations of measures of knowledge flow impediments at organisation level
........................................................................................................................................ 169

Figure 31: Operationalizations of measures of knowledge stakeholder influence at organisation
LRV .o e e e e e e et e annna e e e eeas 177

Figure 32: Operationalizations of measures of solution knowledge value at organisatid84evel
Figure 33: Updated knowledge flow life cycle in Mozilla open source-ogfanisation......499

XVi


file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795207
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795207
file:///C:/Users/atriou/Dropbox/Classes%20and%20York%20Stuff/Dissertation%20and%20brainstorming/Dissertation/Final%20Mekki%20Dissertation%20July%2019,%202018%20-%20Links%20to%20Appendices.docx%23_Toc519795208

CHAPTER ONE: INTRODUCTION

Summary

For nearly two decades, many Fortune 500 companies have infiratedal and human
capital in the development of knowledge resources that are freely available to all, including their
competitors (O6Mahony & Ferraro, 2007). They
production in metarganisations (Gulati, Puranam,T&shman, 2012), such as the Mozilla
Foundation, which is best known for the development of the popular Firefox web browser. Until
recently, this open source strategy (MacAulay, 2013) had defied conventional strategic
management analysis as it appeareéirst glance, to undermine the competitive advantage of
participating firms. Alexy, George, and Salter (2013) propose that if a firm deliberately reveals
certain knowledge outside its boundaries, as is the case when engaging in knowledge production
activities in metaorganisations, useful complementary knowledge might emerge, knowledge that
could not otherwise be efficiently created by the firm itself exclusively within its boundaries
(Goldman & Gabriel, 2005). Yet, not all revelations of knowledgeideifirm boundaries result
in the emergence of useful knowledge. To date, no study has explained this heterogeneity in the

success of knowledge revealing strategies. This dissertation addresses this gap in the literature.

Grounded in the KnowledgBasedView of the firm (KBV) this dissertation investigates
the antecedent factors that determine the successful emergence of useful complementary
knowledge in response to deliberate reveals of knowledge by participants torgestegsations.

This research topiis important because it builds upon the emerging literature stream (c.f. Yang,
Phelps, & Steensma, 2010; Agarwal, Anand, Bercovitz, & Croson, 2012; Alexy, George, &

Salter, 2013) that challenges the conventional notion (Peteraf, 1993; Grant, 1996&, Dyer



Nobeoka, 2000) that the knowledge spillovers necessarily undermine competitive advantage by
identifying the factors that connect deliberate knowledge reveals to the emergence of useful
knowledge. While the emergent literature has suggested that firndewelop open source

strategy based competitive advantages by more efficiently getting complementary knowledge
returns for their knowledge revelations than other firms (Alexy, George, & Salter, 2013;
MacAulay, 2013), this dissertation fills a gap in tmegent literature by examining the specific
antecedent factors that connect knowledge revelation to the emergence of useful complementary
knowledge, the specifics of which have not previously been considered in management research.
The results of this déertation provide a potential mechanism for explaining how firms might

attain a competitive advantage using an open source strategy.

More specifically, this research analyzes longitudinal data spanning the period from 1998
to end of 2012 covering all thea&awledge production activities of the Mozilla Foundation meta
organisation during that period to identify the factors that promote knowledge emergence.
Mozilla is one of the largest and most active open source-ongémisations with a high number
of paricipating firms. Its database of the interactions between participating actors engaging in
collective knowledge production includes some of the largest Fortune 500 companies (O'Mahony
& Ferraro, 2007). These data exhaustively document all of the re\aalezinergent
knowledge since the inception of the Mozilla metganisation, for all of its projects, including
the popular Firefox web browser. To my knowledge, this extensive longitudinal data source that
| negotiated access to with the Mozilla Foumatafor the purpose of this study, which contains
more than 2 billion data points, has not previously been analyzed in strategic management

research.



Driving question

This dissertation aims to refine the model developed by Alexy et al. (2013), which
descrbes the factors leading up to the decision to use a knowledge revealing strategy and the
resulting competitive advantages derived from the emergent useful knowledge, by connecting
thesetwoengp oi nt s wi t h t he ans wWhatate thdattdrsedriving sear c h
successfusolution knowledge emergence? Gi ven t hat not all fir ms
revealing strategies succeed in getting a return of useful knowledge, the answer to this research
guestion is necessary before the research streamenorsoprce strategies can begin to test the

theory that competitive advantage can result from the use of such strategies (Alexy, et al., 2013).

Importance of the topic

This section highlights the contributions of the dissertation thesis and the importance of
the research on this topic to gaps in the open source literature and two streams of literature in

strategy: the KBV and organisational forms of production.

Open saurce

The open source literature has long examined the motivations of firms that use open
source strategies (Lerner & Tirole, 2002; Benkler, 2002; Bonaccorsi & Rossi, 2003; Grand, von
Krogh, Leonard, & Swap, 2004; Demil & Lecocq, 2006; Chesbrough & Appley&07;

Dahlander & Frederiksen, 2012). However, the factors that affect the emergence of useful
knowledge for the focal firm once it chooses to undertake an open source strategy are not well
understood (See Autio, Dahlander, & Frederiksen, 2013, fecent exception that examines the
entrepreneurial firm context). The open source literature focuses on issues of relevance to

technology and innovation management, such as measures of innovative output, leaving



guestions of central relevance to strateganagement, such as which factors should firms focus

on when seeking to achieve competitive advantage through participation in open source
metaorganisations, unaddressed. This dissertation bridges that gap by examining the nature and
extent of factors it determine when knowledge revelation translates into knowledge emergence
for focal actors. It further triangulates these factors across multiple levels of analysis, yielding

an explanation for the disparities reported in the open source literaturéhbysanf studies that

did not split levels of analysis.

Strategy 1 The knowledgebased view of the firm

The traditional KBV perspective holds that firms exist because they are an organisational
form that is more effective and efficient at the generatiahagplication of knowledge resources
than alternative organisational forms such as markets or networks (Grant, 1996a). Whereas from
this perspective, knowledge resources must be carefully protected to avoid loss of competitive
advantage due to imitatioRPéteraf, 1993; Dyer & Nobeoka, 2000; McEvily & Chakravarthy,
2002), from more recent KBV refinements, arguments have emerged suggesting that knowledge
spillovers may be beneficial to firms in some cases (Yang, Phelps, & Steensma, 2010; Agarwal,
Anand, Berovitz, & Croson, 2012; Alexy, George, & Salter, 2013). These refinements
recognize that knowledge resources are differ
economics of scarce resources does not hold in the digital age where inventanesdeigete
by application of the [knowledge] to the prod
1998: 269). While these studies have offered important insights on motivations to engage in
knowledgerevealing strategies, little is known abdle factors that determine successful
outcomes. The KBV literature describes a broad range of factors associated with knowledge

resources and knowledge production processes its actors, yet these factors have typically been

4



considered within firms who prett their internal knowledge resources and seek to develop them
internally (c.f. Dewar & Dutton, 1986; Damanpour, 1996; Kessler & Chakrabarti, 1996; Sanchez
& Mahoney, 1996; Matusik & Hill, 1998; Matusik, 2002; Matusik & Heeley, 2005; Wang, He,

& Mahoney,2009; Crossan & Apaydin, 2010) or from the perspective of the balance between
exploration and exploitation of knowledge (c.f. March, 1991; Benner & Tushman, 2003; Jansen,
Van Den Bosch, & Volberda, 2006; Miller, Zhao, & Calantone, 2006; Uotila, Maula, &eil

Zahra, 2009; Hoang & Rothaermel, 2010). Yet, given that-org@nisations are a novel form

of organisational production (Gulati, Puranam, & Tushman, 2012) and given that knowledge
revealing strategies are deliberate releases of knowledge rathactidental spillovers (Alexy,
George, & Salter, 2013), neither of these research streams fit the context of the phenomenon
under investigation. This dissertation contributes to the KBV literature by empirically

examining factors affecting knowledge resmg and knowledge production in a novel context.

Further, the multilevel nature of the many factors in the KBV literature theorized to affect
knowledge production processes has resulted in a lack of clarity on the locus of effects in the
many, inconsistergmpirical examinations, resulting in a call for more research that specifically
considers both individual level factors and the relationship between individual and organisation
level factors affecting knowledge production efforts (Pisano, 1994; von Hip@@4d; Volberda,

Foss, & Lyles, 2010). Both of these issues are considered in this study.

Strategy1 Transaction cost economics and organisational forms of production

Organisational forms of production have been a central topic in strategic management
research since the emergence of the field as distinct from its economics and sociological roots

(cf. Williamson, 1975). From the perspective of transaction cost economics, open source



metaorganisations are a distinct form of production, being neither risaniog hierarchies nor

networks (Demil & Lecocq, 2006). They have low stratification and low barriers to entry

(Gulati, Puranam & Tushman, 2012), allowing many firms to participate in the knowledge
production effort to varying degrees. The traditionakegch on organisational forms of

production assumes that open source strategies are similar to strategies used in the bottled water
business: bundle a free product (water) with something else, like a brand, guarantee, or service
agreement (Hecker, 1999;aat & Dedrick, 2001; Lerner & Tirole, 2002). The value produced

is assumed to relate purely to the +icee product in the bundle. Yet, over the past 20 years,

open source strategies have evolved from simple xadded packaging to a distinct mode of
production of knowledge resources. While the literature examines the distinct dimensions of

di fferent open source organisational forms (C
Bechky, 2008; Lakhani, LifshitAssaf, & Tushman, 2012), little is known abdu iantecedent

factors that lead to effective participation in such organisational forms, although it is clear that
failure to pay attention to these factors may lead to organisations failing to derive benefit from
their use of open source strategies (Andbilick, & Manz, 2002; West & Wood, 2014). While

the organisational forms literature has a long history of factors that affect the success of
production strategies in traditional forms such as markets, hierarchies, and networks, it is not

clear the degre® which these factors apply to mateganisational forms of production.

The purpose of this dissertation is to address these gaps in the open source literature, the
strategy literature, and the literature on organisation forms of production, infdotimg

research and practice.



Limitations and key assumptions

In order to promote the tractability and manageability of the dissertation, several key
assumptions are made that result in necessary limitations to the generalisability and scope of

interpretatm o f t he researchés results.

First, the Mozilla Foundation is assumed to be a representative open source meta
organisation. While this focus limits the generalizability of the findings, as different open source
metaorganisations may have different argdent factors for successful knowledge emergence,
the choice is justified by the breadth of the organisation and the availability of the data. Thus,
the focus on the single metaganisation ensured that the dissertation remained manageable and

primes fuure research that compares the findings across differertarggaisations.

Second, the participation of organisations in the Mozilla roeganisation is assumed to
be a deli berate sdmriadrtged kmehawing r @whacigph oif mag | i
does not reveal out of principle but rather a
(Henkel,Schober] & Alexy, 2014: 880). As a result of this assumption there is an inherent
limitation in separating organisational actors fromeothictors who may not be using deliberate
management strategies in their engagement in the knowledge production process. To address
this limitation, careful operationalisation procedures are used to compare conservatively refined

samples of the data thate more readily attributable to organisational action and intent.

Third, this dissertation deliberately focuses exclusively on the value creation side of
knowledge revealing strategies, making the assumption that these outcomes are valuable.
However, thee is undoubtedly a cost to participation in metganisations that is beyond the

scope of this research. The resulting limitation is that the net value for firms is not measured in
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the present study. This limitation is reasonable because value ciadionsts are typically
considered separately in the strategy literature and the examination of value creation typically

precedes the measuring of costs.

Fourth, this dissertation deliberately constrains its analytical focus to the data contained
withinthe Mozi |l |l a Foundationdbs Bugzilla database,
purpose of identifying antecedent factors that affect solution knowledge emergence. However,
other data sources exist that may content relevant factors that affect outaoitieg,the range
of factors that are considered and measured. This limitation is justified because past research has
suggested that matching up these disparate data sources cohesively is prohibitively difficult
(Ayari, Meshkinfam, Antoniol, & Di Pent&007) and the focus on a single longitudinal data

source promotes the manageability and the tractability of the research.

Contributions to the literature

This dissertation contributes to the KBV by providing the first specific model that
identifies the atecedent factors linking knowledge revealing strategies and the emergence of
novel knowledge that is of use to the initial knowledge revealer, extending the work of Alexy,
George, and Salter (2013) and answering the call for such researchtmaditand

organisational forms by Foss, Husted, and Michailova (2010).

This dissertation also contributes to the KBV by improving the extant understanding of
the factors involved in knowledge resources that affect the knowledge production process in
organisationsincluding absorptive capacity, codifiability, knowledge paradigms, knowledge
flow processes, knowledge stakeholders, and knowledge value, by providing novel empirical

evidence of the involvement of these factors in knowledge production in meta orgasisiitio
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also contributes by considering multiple levels of analysis of knowledge production, allowing the
identification of experience effects involved in the knowledge creation processes, informing the
debate on the influence of second order knowledgmires on lower order knowledge resource
emergence (Dierickx & Cool, 1989; Arend, 2006; Bingham & Eisenhardt, 2011). Whereas
previous research has struggled to identify higher order effects due to the data sources and
research designs of most managemesgarch (Priem & Butler, 2001), this research uses a
deliberate methodological design and accompanying analytical procedures to enable the

localisation of the level of contributing effects of the identified factors on outcomes of interest.

Third, this rese@h contributes to the KBV literature by providing novel methods and
operationalizations for investigating traditional knowledge constructs. These approaches
promote the replicability of the study and offer novel means of investigating other questions tha

are pertinent to the KBV literature.

Fourth, with the rise of metarganisations and interest in the strategic management
literature (Seé&trategic Management Journgphecial issue on organisational forms edited by
Gulati, Puranam, & Tushman, 2012) thmdnsions of different forms of metaganisations are
starting to be examined (Chesbrough & Appl eya
Lifshitz-Assaf, & Tushman, 2012). Yet, little is known about how firms can leverage
metaorganisations to theadvantage. This dissertation contributes to organisational form
research by considering the success factors of participation in the specific subset of open source
metaorganisations, which are described as low stratification and low boundary meta
organistions in the taxonomy of Gulati, Puranam, and Tushman. (2012). It provides an

improved understanding of the factors organisations must consider after extending the



knowledgebased boundaries of the firm, answering the call for such research by Bogeits, Af
and Bastian (2010). It further provides the groundwork for future research on the success factors
in metaorganisations that have different stratification and boundary characteristics or different

dimensions of organisational production and parttapefactors altogether.

This dissertation contributes to strategy theory by bridging the open source, KBV, and
organisational forms of production literatures in a manner that informs conversations in each
literature stream. It extends our understandintp® factors that affect the outcomes of open
source strategies as forms of production distinct from traditional markets, hierarchies, or
networks (Demil & Lecocq, 2006). It also develops methods for analyzing databases that have
previously only been caidered in computer science from a strategic management lens, enabling

future strategy research to tap into these rich data.

Finally, this research contributes to strategic management practice by offering firms a
better understanding of factors on whioHocus when in open source metganisations. It
adds depth and breadth to the extant guidance on managing knostedtiogy relationships
outside firm boundaries, particularly with competitors, developed by von Hippel and von Krogh
(2003), with moreecent empirical evidence that reflects the ongoing evolution of open source
metaorganisations (West & Wood, 2014). The factors identified in this research provide
guidance on resource allocation for firms wishing to use knowledge revealing open source

strategies to maximize their return on investment.
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CHAPTER TWO: LITERATURE REVIEW

Meta-organisations as norraditional forms of production

Research on organisational forms of production has been prominent in strategic
management since its inception as #lftbat is distinct from its economics and sociology roots.
Transaction cost economics (TG&therged in the late 1970s as one of the distinguished theories
of strategy. Building on the economic roots of industirglanisatiorand equilibrium
theorizing,it jJumped into prominence because it showed that firm profitability could result from
the economizing of transaction costs of varyimgns of production alone and did not
necessarily need to result from collusion, monopolies, or other strategies thahoweyht to
damage social welfa@Villiamson, 1975).0n e o f Wi (L975)carenagumets that
formsof production (which he called governance forms of economic activity) necessarily need to
be mmparative in nature. He argueat analyzing a singh®rm of productionsuch as the
traditional hierarchicdirm), in isolation provided no context for absolute assessments. Rather,
he proposes thathe task of strategic managés$o compare the different availalfterms of
production and select the one that is best suitedgiven strategic situatonl he TCEG6s or i g
formulation only compared firms and marketdasnsof production. Later, Williamso(iL991)
added A hy bmediatesfarmsahat he dedcrédmsbetveen the extremes of firms and
markets on the same dimension. More recent research (Makadok & Coff sRg@@stshat
mar kets and hierarchies donét | i e on opposite
three key dimensions: strength of@mtives strength of authaty, and nature of ownership.
Firms have low incentive strength, high authority, and high ownership and markets have high

incentives, low authority and low ownershigsing these extended dimensions, it became clear
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that thereare likely many more distinct forms of organisational production than had been

traditionally considered.

Demil andLecocq (2006yvere the first to recognize that open source organisations are
distinct forms of production. Theytebutedthe distinctiorto the novel form of contract used to
govern open sourgaoductionar r angement s, cal | dideybuitonpy!| ef t 0 &
Williamsond s (1985) wor that golieenanee fdinesf pradudieneosid be
explained by their institutional contexty which he meant the legal structure in which they

operate.

Traditional markets, helaimg are governed by classical (sales) contracts, that are well
defined and absolute. Hybrids depend onclassical contracts, which do not attempt to
foresee alpossible outcomes (as the costs would be too high), and rather are flexible, but with
intended goals and rewards for outcomesms, by contrast, he argyasegoverned by the
legal principal of forbearance, where the courts would refuse to get invalusda-firm
disagreements, leading to them being resolved by fiat and other internahisethaAs Demil
and Lecocq (200§)oint out, open source production efforts use a novel legal contract
mechanism that is distinct from all three forms describe@iliamson. It takes the
neoclassical contract as a starting point, but rather than attempting to describe at least some of
the contingencies, it reverses the assumptions of the legal system of property rights. Traditional
contracts take the assumptithat parties may do absolutely nothing except what is explicitly
permitted in the contract (license). Copylafntractdake the exact opposite position. They
guarantee that parties to the contract may do absolutely anything they wish except tha whic

prohibited by the license. They focus on ensuring that all parties have rights that cannot be

12



restricted in the future, rather than granting temporary rights that may default back to the control
of the firm in the future. It is this form of copylefontract that enables the novel production

method of the firm as distinct from markets, hierarchies and hybrids.

As interest grew, strategy researchers began to consideraattional organisational
forms of production in more depth. Gulati, Puranang, 8ushman (2012) edited a special issue
of Strategic Management Journaédicated to fleshing out issues of #oaditional
organi sations, which t hey -carggga reigsaateido n anlt of a rhnes
Metaorganisational forms "comprise netwoisfirms or individuals not bound by authority
based on employment relationships” (Gulati, Puranam, & Tushman, 2012:573). While they use
the term fAnet wor ks 0-organisatiomsgthe conmbtations msed in tioerspecal me
issue and subsegut work are related to diverse interconnections and interactions, in the manner
formulated by Demil and Lecocq (2006), not the formal networks described in the network
theory literature (e.g. Powell, 1990). Gulati, Puranam, and Tushman suggested that
met-organisations can be classified according to two major factors: the degree of stratification
and the nature of the boundaries to membership in theargdisation. The resulting 2 X 2

taxonomy, adapted from Gulati, Puranam, and Tushman. (2012) appé&alde 1.

Low-stratification/hierarchy  High-stratification/hierarchy
Closed boundariefs Consortia; Franchising; supplier
membership standards committees networks; extended enterpris
Open boundaries Managed ecosystems;
membership open innovation; contests
Tablel: Taxonomy of metarganisationgAdapted from Gulati, Puranam, &Tushman, 2012)

Open source organisations
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The formof production that is@en sourc@rganisations, such as the Mozilla
Foundation, iglistinct from other forms of metarganisatios in thatit has open boundaries
(anyone can become a member) and participadipeerbased, with lowstratification and an
absence of hierarchical conso Participants selelectto tasks andlargely) laterally review
and support one another. Firms tpatticipate in open source meaigganisationgannot
directly exclude external participati@uch as by competing firm§heymust exerstrategic
control in other ways. By contrast, standards communities also haxarification, but
membership is tightly controlled with conditions for entry, participation, and consequences for
exit. On the right side dfablel, the level of stratification contrasts open source strategy from
open innovatiorfterms that are frequently confoundediy the latter, firms exert a form of
hierarchical control over the way the innovative effort or problem solving is done, to ensure that

they keep contrabn the direction and outcomes.

Other authors have documented other dimensions of open source organisational forms as
distinct from otherfo ms of producti on. O6Mahony and Bech
dimensions: how the open source organisation is initiated (by a firm or by individuals); who
owns the intellectual property that results from the production effort (the firm or those who
contribute); who has the right to use the created resources after production is done (just the focal
firm or everyone, including competitors); and, the nature of decision making (controlled by a
firm or collective decision making through community goveggamechanisms). While the
nature of decision making factor overlaps slightly with degree of stratification discussed earlier,
it extends the former concept by including factors such as design direction, conflict resolution,

feature inclusion, quality metss, and related factors that can have distinct approaches.
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Lakhani,Lifshitz-Assaf and Tushman (2012) added two additional dimensions for
classifying nortraditional forms of production: the degree of task decomposability
(high/modular or low/integrath and the distribution of necessary problem solving knowledge
(high/broad or low/narrow). They argued that in open source-ongtmisations the ability to
decompose the task that the production effort is targeting is moderately high to high and the
avaiable problem solving knowledge is broad. Open source-orgtmnisations as forms of
production are hence best suited to fairly modular problems that do not require tight integration
to solve (which pure firm hierarchies might be better suited to), aedevthe knowledge
required to solve the problems is bepthdl y di s

specialization (which pure markets might be able to solve better).

Finally, Chesbrough and Appleyard (2007) added two more dimensions: tkeofocu
value creation (within a focal firm vs. in the broader open source community) and the
appropriator of the majority of the produced value (a single firm, or the open source community
as a whole). These two dimensions are particularly salient to operesorganisations as
distinct forms as the locus of value creation is typically in the community and the appropriator of
the majority of the produced value is typically the open source community as a whole, outcomes
that are contrary to many forms of gdrtion. As a result, firms need to carefully manage their
participation in open source mateganisations in order to leverage the valuable resources that

are created therein.

In summary, the taxonomy of metaganisations is described by at least 1@ofia; with
open source metarganisations featuring prominently as a distinct form from traditional forms in

the strategic management literature. One downside of some of the factors in the literature is that
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they assume that value production and captieezeresum game. Some authors have begun to
guestion this assumption (cf. Etzkowitz, 1997; Lado, Boyd, & Hanlon, 1997; Fey & Birkinshaw,
2005). Rather, open source metganisations may be a prominent example of the creation of
valuable resources thean be simultaneously appropriated by multiple competing parties. This
notion is weltmatched to the KBV literature because a fundamental distinction of knowledge
resources, as opposed to more traditional, physical resources, is that knowledge raspunates

consumed when they are used.

Knowledge-based view

The knowledgebased view of the firm emerged as a distinct stream from the traditional
resourcebased view of the firm (RBV) (Wernerfelt, 1984; Barney, 1986, 1991; Dierickx &
Cool, 1989; Peteraf,9b3; Peteraf & Barney, 2003) when researchers began to identify
properties of knowledge resources that were distinct from other types of resources. In particular,
knowledge resources are intangible resources that are not consumed when they are used (Grant
1996a). Knowledge resources are also developed and improved by using them, as firms can
learn from using their knowledge resources, inverting the traditional perspective that the use of
resources leads to their depletion and suggesting that simplykisindedge resources
periodically can prevent their depreciation over time, whereas traditional resources require
directed effort to develop and replenish (Dierickx & Cool, 1989). This difference can be
attributed to firm experience effects, which somthars suggest are the central distinction of

the KBV in strategy (Kogut & Zander, 1992, 1996; Eisenhardt & Santos, 2002).

The KBV literature explored the factors that affect knowledge resources and firm

learning, arguing that knowledge may be the mogbntant resource to attain and sustain
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competitive advantage and superior performance (Grant; 1996; Winter & Szulanski, 2001). A
key factor is the degree of tacitness of the knowledge, or the degree to which it is embedded in
individuals and organisationghrough learning and experience, and cannot be readily transmitted
(Nonaka, 1994). Tacit knowledge is Arooted
values, and emotionso (Nonaka & von Krogh,
explicitness, which is the property of knowledge that has been transformed into an artifact such
as speech, text, depictions, or demonstration through a process known as codification (Zander &
Kogut, 1995). Explicit knowledge can readily be transmitted fromp®rson to another.

Knowledge complexity is another factor (Zander & Kogut, 1995) that moderates the codifiability
of tacit knowledge. Given the complex relationships between these factors, some researchers
have used more aggregate constructs to despriiperties of knowledge such as ambiguity
(Szulanski, 1996). Further, at the individual level, the learner of a given knowledge resource
must have sufficient absorptive capacity (Szulanski, 1996) to make effective use of it. At the
firm level, firms must be sufficiently flexible and have appropriate organisational values in place
to permit the uptake of useful knowledge (LeorBedton, 1992). Despite the range of factors, a
consistent focus in the literature has been on how these factors affeatftiirass of the

knowledge to the focal firm. Six of these factors are discussed in more detail in the next section

and tied into the present research.

Some proponents of the KBV propose that, beyond novel properties of resources, it may
represent a novéheory of the firm. From this perspective, the core strategy question about the
nature of the firm is answered by the proposition that firms exist as a form of production because
they are better able to create and apply knowledge resources and marniegesthission and

retention of knowledge than other forms of production (Grant, 1996; Nonaka, Toyama, &
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Nagata, 2000). Other researchers contend that to inform the theory of the firm, knowledge is
better conceptualized as a process rather than a resasifm®cesses better describe the

observed firm learning (Spender, 1996). This latter perspective builds on the KBV as a theory of
the firm by arguing that the nature of firm boundaries is determined in part by knowledge flows,
rather than traditional letjhoundaries. The strategic interactions that take place between firms
(Kuk, 2006) in metabrganisations have reopened old strategic management debates about the
boundaries of the firm (c.f. Coase, 1937; Williamson, 1975) by suggesting that knowkesighe

firm boundaries may be porous and mobile. In particular, by participating in open source
metaorganisations to produce knowledge assets, firms are making a choice to extend their

knowledgebased boundaries, which can lead to knowledge spillovers toetiong.

The traditional perspective on knowledge spillovers (Dyer & Nobeoka, 2000) is that they
undermine one of the cornerstones of competitive advantage by allowing imitation of the
knowledge resource (Peteraf, 1993). Recent research highlights #igsbefextending firm
knowledge boundarida terms ofimprovenentof product development quality (Matusik, 2002)
and improvenentina f i rmés ability to internally transm
may also give a firm access to knowledge theight not have been able to create on its own
(Goldman & Gabriel, 2005)In short, the assessment of extending firm knowledge boundaries
and participating in metarganisations must consider more than the imitation by competitors
that might result fom knowledge spillovers It must alsaveigh thevalue that firmsaccruefrom
the participatior{Casadesubdasanell & Llanes, 2011)Some authors have even begun to
guestion if the assumption of knowledge spillovers as necessarily bad for competitneageva

holds in all situations (Yang, Phelps, & Steensma, 2010; Alexy, George, & Salter, 2013).
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Yang, Phelps, & Steensma (2010) demonstrated that when knowledge spills over a firm
boundary, which they argue may be unavoidable in certain contexts (suckrapavticipating
in open source metarganisations), the knowledge gets recombined with spillover knowledge
from other firms, creating a Aspillover Kknowl
benefit from this novel knowledge pool becausmiitains complementary knowledge that was
previously within other firmsdéd boundaries and
knowledge spillovers should be reconceptualised as potentially valuable learning opportunities

for firms.

Alexy, George, and Salter (2013) develop this argument further, suggesting that firms can
benefit from knowledge spillovers by turning them into deliberate strategies that they call
Asel acetviemad i Nng strategi es o0 -revealingtratgesarb ey ar gue
particularly effective when traditional forms of collaborative production are not suitable due to
high partner uncertainty, high coordination costs, or when potential collaborators are concerned
about unequal value acquisition (285). This argumeatches well with the factors that identify
open source metarganisations as a distinct form of production in cases where traditional forms
are not suitable, relating selectikevealing strategies to the choice to participate in
metaorganisations. Adxy, George, and Salter (2013) also argue that firms can gain a
competitive advantage through the use of selectivealing strategies in two different ways.
First, by revealing knowledge that relates to a problem that the firm cannot resolve on its own,
knowledge that provides a solution to the problem may emerge from th@rgatasation. A
firm that 1 s better at revealing Aproblem kno
Salter, 2013) in a manner that confirms to the institutional and smrials of specific

metaorganisations may be able to extract more frequent and/or more valuable solution
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knowledge through participation than other firms, giving the focal firm a competitive advantage
based on efficiency and effectiveness of its open sauetaorganisation participation. Second,

by selectively revealing knowledge to a metganisation a firm can reshape both the deliberate

and the passive collaborative behaviours of other participants. It can shape thepestthency

of the future agvities of other participating firms, making their future spillovers more valuable

to the focal firm. The result is a subtle form of competitive manipulation and an exercise of
power called Ainduced i somor phi s mdigntowducec h t he
other [participants] to become more similar to the focal firm, particularly with respect to the
production of knowledgeo (272). The focal fi
other firms to specific technologies that the tdoan developed, or more generally, reshaping

the content and structural compatibility of the knowledge in the-orginisation such that it
favours the focal firm over competitors by ma
proprietary assetsSelectiverevealing strategies may even allow less traditionally powerful

firms to exert influence on powerful firms over time by slowly binding them to a path that

favours the focal firm. Further, open source knowledge production processes that fyequentl

reuse software code for efficiency may be particularly conducive to deliberately inducing the

adoption of knowledge by competitors (Haefliger, von Krogh, & Spaeth, 2008).

These properties of knowledgevealing strategies lay the foundation for the tatoal
framework of this dissertation. Specifically, this dissertation addresses the gap relating to the
factors that influence successful knowledge emergence for firms that participate in open source
metaorganisation, creating a bridge of antecedenbfadetween the decision to engage in a

knowledgerevealing strategy and the emergence of valuable knowledge.
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Open source

Nearly every Fortune 500 company depends on open source software to run its business
and the impact of open source productiorogyenisatiors worldwide is in the hundreds of
billions of dollars range (MERIT, 2006). At the time of writing, there are over 800,000
registered open source projects, each with distinct characteristics, communities, norms, needs,
and types of participants (8@eforge, 2013). Most projects start small with just one or a few
contributors. Over time, in some cases over a decade or more, they can glavgétoeta
organisatios such as the Mozilla Foundatiorit is no surprise then that open source
metaorganisationdiave been a source of curiosity ftrategyscholars as, at first glance, it
would seem that they are driven primarily by the altruistic intentions of individuals who
volunteer their time to develop a collective good without expectation ait dinancial

compensationThe reality is far more complex.

Researchers have been investigating the phenomenon of open source for more than a
decade. Raymond's (1999a) classic bblé& Cathedral and the Bazaaxplained open source
as an alternative sefare development method to the proprietary methods used by large
corporations such as Microsoft. At that time, most major software projects were developed by a
few select firms, behind closed doors, to a specification that was a tightly held secit.alt w
long and laborious but clean process that Raymond equated to the construction of a cathedral.
Open source, by contrast, was described as chaotic, like a bazaar, where there are many different
participants, each with different skills, goals, and wafysarticipating. It is a fagbaced
environment where software gets released quickly and often, regardless of how many defects a
given version of the software might have. It promotes an incremental improvement model as

opposed to a dit-in-oneshot mo&l. Raymond proposed that one of the major advantages of
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open source as a form of production was that "given enough eyeballs, all bugs are shallow"
(1999b:29), by which he meant that it is easier to identify and fix defects when you have a large
number ofpeople working on a product than when you have a small number of people. When
Raymond formulated this principle, he focused on the programmer perspective and the measured
outcome of bug identification and resolution, an approach that is adapted tystestarch in

this dissertation. More recently, it has bee
distinction, with a diversity of perspectives, skills, and approaches, ultimately leads to a better
product that addresses a broader arragdi¥idual and organisational needs (MacAulay,

2010ab). Mature projects already have solid code bases that will no longer see large
improvements from the contributions of programmers alone. In such cases, Raymond's mantra
may need to be updated to "We&hough eyes, all open source project issues, technical and
norttechnical, are shallow", implying that skills other than programming are important for
continued participation. From a strategic perspective, learning these diverse skills may promote

favorable outcomes.

Much research explores the motivations of both individuals and firms to participate in
open source. Lerner and Tirole (2002) first described what seemed like a crazy scenario of
individuals and fouprofit firms working on creating a valuabtesource in order to freely share it
with the public, including with competing firms. They explained that individuals participate in
open source metarganisations because it may help them address challenges they encounter in
their jobs, as is the casden a systems administrator helps resolve a persistent problem that is
common to his office environment and that of other organisations. Individuals also participate in
order to develop a reputation in the community, to improve their career prospeaththar

portfolio of contributions and signaling effects, to entice participation in their personal projects,
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and because they identify as members of a community (Hertel, Niedner, & Herrmann, 2003;
Bagozzi & Dholakia, 2006). These incentives can oftertho@ger than hierarchical work
incentives such as salaried employment or market incentives such as contract work (Lerner &

Tirole, 2002).

Firm participation in open source was thought to be even stranger given the presumed
negative effects on competitiaelvantage. Yet, a recent attempt to measure firm participation
by venture capital firm North Bridge with a survey of more than 1000 firms in 65 countries
suggested that more than 65% of them are using knowledge revealing strategies in open source
metaorganisations (North Bridge, 2016). Firms may use a variety of means for interacting with
and attempting to influence the open source rogganisation depending on their goals and their
abilities to effectively learn about the relevant success factorsdbddn & Magnusson, 2005).
Firms sometimes create their own sponsored open sourceorgatasations in an effort to
balance control and growth surrounding an open source project (West & O'Mahony, 2008). At a
first glance, such efforts were thought tofhetless for the firm itself, while everyone else,
including its competitors, could leverage the result. Yet a closer look has shown that firms that
engage in open source production are not actually producing a purely collective good, but rather
are usiig a "privatecollective" (von Hippel & von Krogh, 2003) form of production that yields
firm benefits in a range of ways. These benefits include learning and knowledge development
(Lakhani & von Hippel, 2003), transaction cost reduction (Foss & Foss, ,28fss to
resources that the firm might not otherwise be able to leverage (Dahlander & Magnusson, 2005;
Goldman & Gabriel, 2005), promoting faster adoption of products and standards (Bonaccorsi &
Rossi, 2006), shifting the locus of value in the competiicosystem away from the strengths of

competitors (Chesbrough & Appleyard, 2007), increasing the sales of complementary assets
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(West & Gallagher, 2006), and inducing isomorphism in competitors (Alexy, George, and Salter,

2013).

More recently, researchesise conceptualizing participation in open source
metaorganisations as a deliberate strategic action. Such open source strategies, which are
strategies that are built around and dependent upon a system of production that brings together
participants fronboth within and outside the firm to produce a valuable good that remains
readily available to all (Lakhani, 2012; Levine & Prietula, 2012; von Hippel, 2005), are a
specific form of knowledgeevealing strategy (Alexy, George, and Salter, 2013) in theexbnt
of open source metarganisations. As such, | argue that open source strategies are distinct from
traditional strategies in that they focus on 4ti@ditional forms of production, do not assume that
value creation and capture is a zeton game (matahg the emergent KBV perspective), and
relax the assumption that knowledsggllovers beyond firm boundaries (or the extension of the
knowledgebased boundaries of the firm) are necessarily bad for competitive advantage. Instead,
open source strategievérage experience effects to improve the effectiveness and efficiency of
the extraction of knowledge that is more useful to the focal firm than to competitors from open
source metarganisations. This dissertation examines the factors that affect tlessoéc
knowledgerevealing strategies. In particular, it focuses on the factors that improve the
efficiency and effectiveness of solution knowledge emergence subsequent to the revelation of

knowledge by a focal actor to a metaganisation.

Success facta of knowledgerevealing strategies in open source meta
organisations

The foundation linking the KBV and open source literatures has been building for the

past decade. Il t i s b e c esourca gontribuionrsteuetiges forgHey ¢ |
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poduction of |[knowledge] resources increase t
(Powell, 2012: 692). There have been studies with formal economic modeling of the
performance of open source met@anisations (Levine & Prietula, 2013), optimal busge

model design (Belenzon & Schankerman, 2015), limitations to firm size and diversification
(Colombo, Piva, & Rosdiamastra, 2014), organisational structure design to efficiently utilize
knowledge from outside the firnfF¢ss, Husted, & Michailova, 201Boss, Lyngsie, & Zahra,

2013), organisational practices for effective engagement with open sourcergeeigations

(Salter, Criscuolo, & Ter Wal, 2014) management of partnerships (Du, Leten, & Vanhavenbeke,
2014), power dynamics between metganisatioal participants engaging in knowledge

creation (Gambardella & Panico, 2014), sources of knowledge and concerns about competitive
imitation (Giarratana & Mariani, 2014), the commercial pros and cons of the use of knowledge
revealing strategies (Henk&8chdberl, & Alexy, 2014), and, of particular relevance to this

dissertation, problem solving strategies (Felin & Zenger, 2014).

In their special issue d&esearch Policyipoking forward towards the next decade of
research, West, Salter, Vanhavenbeke, and Che
source strategy] research to the management a
measur ement 0edénd8spaxcdmpreherisive ekamioaion of the factors theorized to
affect success in open source metganisations is compiled from the open source literature and
then mapped to the corresponding themes in the KBV literature, linking the two, and identifying

the factors that are operationalized for empirical measured in this research.
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Success factors in open source literature

A comprehensive search of the open source literature revealed a large number of factors
that are associated with open source roeganisations. These factors can be organized into two

streams: ways of measuring success, and antecedents to success.

Measuring success in open source r@ganisations

The primary measure of success in most open sourcearggtaisations is whether or
notsol uti on knowledge, often termed Afixodo, emer
knowl edge, oft en t-egansatbnAivikuHew, & Murphy, 2006 met a
Antoniol, Ayari, Khomh, & Guéhéney?008; Baysalkononenko, Holmes, & Godfre013.
The roots of this measure lie in the software development history of many open source meta
organisations (Raymond, 1999), where the goal was to identify defects in software code, known
as fAibugso, and to Afixo t he oltidnyothe prabkelni ng t he
causing the Abugo. Since those early days, b
Ciordia, 2005), have adapted to serve not only for tracking of software defects, but also to track
entire strategic planning and communityl@boration and the allocation of knowledge
production effort in metarganisations (Reagle Jr., 2007; Rahman, Ruhe, & Zimmermann, 2009;
Lanubile, Ebert, Prikladnicki, & Bizcaino, 2010; Gheorghe, 2012; Hosseini, Nguyen, & Godfrey,
2012; Pereira, Goncalvesgyn Wangenheim, & Buglione, 2013). From a KBV perspective, the
Afi xingod of problems represents the emergence
engaging in the knowledgevealing strategy by revealing the problem knowledge to the meta
organisatm  ( Al exy, George, & Salter, 2013). I t c a

Ai nvest ment 06 of e-kases bhodridarigs oftthe &rm.k n owl ed ge
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A second complementary measure considers the circumstance when a fix to a problem
emerges with an accompaniéggo at cho, which is typically a pie
produced to address the problem and a part or the whole of the solution knowledge that emerges
as a result of the production effort. Given that not all solution knowledge emerges in thé form o

software code, the situation of #Afix with pat

measured independently of problems that are fixed without patches (Antoniol, et al., 2008).

A third set of measures considers timing factors related to the &dge/broduction
process. Ceteris paribus, faster completely of knowledge creation is better for focal actors.
Three timerelated success factors are considered: the overall resolution time, independent of the
actual resol ut i on Hantley,i2008; Palal €& al.p2008fimed& f i xed o (
Gokhale, 2009; Au et al., 2009he time between the submission of new problem knowledge to
the metaorganisation and its assignment to a solution knowledge producer who will work on
creating the associated stdun knowledge (Baysal, et al., 2013); and, the time it takes for a
solution to be developed, which is the difference between resolution time and assignment time,
often referred to as development time, following the software development lingo in useyin man
open source metarganisations (Sharma, Sugumaran, & Rajagopalan, 2002; Fitzgerald, 2004,

Haefliger, von Krogh, & Spaeth, 2008; Colazo & Fang, 2009).

A fourth set of measures considers the directness of the knowledge production process
(Koponen, 2006Wang & Zhang, 2012). As a complementary measure to thretaged factors,
the directness with which a problem proceeds through the knowledge production process is a
desirabl e factor. Loops in the process are ¢

happens when a solution emerges that does not address the problem it is purported to resolve
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(Guo, et al., 2010), and Areassigningo of pro
a developer who is unable or unwilling to produce the requirediso) resulting in a new

developer being identified instea@yo, et al., 2010; Guo, et al., 2Q1both of which are

considered negative success factors. The lack of reopening and reassigning implies a directness

in the knowledge production processthat ovi des an alternate measur ¢
based on the size of the probl em. An associ a
the knowledge production process whereby a problem has been investigated by a knowledgeable
actor inthe metaorganisation and validated as suitable to proceed to solution knowledge

production. As such, confirmation is generally considered positive and a desired success factor

that is also independent of problem size (Panjer, 2007). As discussed idetzdran Chapter

Four: ResearcMethod these success factors can be operationalized across three levels of

analysis, each one resulting in a distinct outcome nmeiamnt.

Antecedent factors for success in open source literature
The open source literature is rife with factors purported to affect the success measures
described in the previous section. A comprehensive review of the literature identified more than
150 ways to measure more than 50 different factors spanning several levels of analysis. As
discussed in more detail ®hapter-our: ResearcMethod at the outset,Bantecedent factors
were operationalised across three levels of analysis. The core factors described in the literature

used to create those measurements are as follows.

The number of other open problems is a factor often reported in the literaturectisgff
the subsequent production of knowledge in the rogganisation. It is suggested that the

number of unresolved problems draws attention away from novel problems, representing load on
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themetaor gani sati onds pr oduct ithatnhe afofute numberof | t has
open bugs is not the best factor, but rather the number of open bugs in similar knowledge
categories as a focal new bug is sometimes reported as the most salient antecedent success factor
(Anvik, Hiew, & Murphy, 2006. Other sudies have suggested that the number of other open

bugs submitted recently, or bugs resolved recently, from aftan@e rather than knowledge

similarity perspective, are the salient factdiedimeijer & Weimer, 2007; Shihab, et al., 2010

With respecto time, the timing of submission of new problem knowledge has been
extensively investigated in the literatufee(shtman & Gandal, 200Brancalanc& Merlo,
2008 suggesting that social factors such as day of week, day of month, month, or year; or meta
organisational cycle factors, such as proximity to release schedules, may affect success factors.
The amount of time a problem has remained Aop
also be an antecedent factor for the likelihood of solution knowledgegence Giger, Pinzger

& Gall, 2010.

With respect to the type of the problem knowledge submitted to theargsaisation,
the open source literature has considered the sufficiency of the information contained therein in
fields such Admed& Gaklsale, 2009, Battenbudg, ef al., 2008; Guo, et al.,
2010; Guo, et al., 20)1the content and clarity of that information for different stakeholders
(Canfora & Cerulo, 20068/NeiB et al.,2007;Chilana, Ko, & Wobbrock, 20)0and the
redundancy oftte information relative to information already in the matganisation
(Sandusky, Gasser, & Ripoche, 2004; Zimmermann, et al.)2®l0as also considered the

sufficiency and content of emergent information subsequent to the problem knowledge
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submissim but prior to solution KknoWtikela.e008,r oduct

Shihab, et al, 2010; Zhang, et al., 2p12

The extant literature has also assessed the waysomggtaisations categorize knowledge
as antecedents to succeRarfjer, 2007Ahmed & Gokhale, 2009; Au et al., 20@ougie et al.,
2010; Shihab, et al, 2010; Zhang, et al., d018 the case of the Mozilla metaganisation,
these categories include dAplatformo, which re
upon whit computer programs have historically been written (Bresnahan & Greenstein, 1999);
Aoperating systemo, which refers to the inter
which manages the allocation of computing resources such as memory, storggecassing
power (Tanenbaum & Bos, 2014); fAproducto, whi
a task that is wuseful to its wuser (Ruffin & E
software code that implements a useful task thateguliin many different software programs,
such as basic calculations, clocks, visual layouts, which are all independent of the purpose of the
software program that aggregates these components to perform a task (Ajila & Wu, 2007;
Haefliger, von Krogh, & Spet h, 2008); and, #dAclassificationo
program design paradigm used to design the performance of the task the software is used for,

such as the client vs. server communication paradigm (Lewis, 1995).

Another measure commonly repexat in the open source literature as an antecedent for
success is the prioritization of problems in matganisations. Commonly reported factors for
this measure include the dependencies between related proBlenasigky, Gasser, & Ripoche,
2004, theseverity level assigned to a probleRatjer, 2007Herraiz, 2008; Shihab, et al, 2010;

Guo, et al., 2011; Zhang, et al., 2(),1the priority level assigned to a probleBo(gie et al.,
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2010; Giger, Pinzger, & Gall, 2010; Shihab, et al, 2040d the perived impact of the

problem and its solution on stakeholders in the roeganisationGuo, et al., 2010

The extant literature has considered a number of factors that affect the knowledge
production process including the entry points, exit points, adssof the process itself (Baysal,
et al., 2012b); the magnitude and nature of the engagement of actors during the different states
and transitions in the knowledge production procklemimeijer & Weimer, 200;7/Guo, et al.,
2010; and, the degree to whi¢he formal process is respected (Koponen, 2006). The directness
success measure is also theorized to affect other success measures, making reopening and
reassigning contextually antecedent factors with respect to certain other success measures (Guo

etd., 2010, 2011).

The actors who engage in the knowledge production process have been considered as
antecedent factors for success. The roles in the knowledge production process that these actors
play are a primary antecedent, particularly the roles dfleno knowledge producer, the actor
who creates the initial problem knowledge submitted to the-orginisation; the solution
knowledge producer, the actor who creates the solution to the problem; and, the solution
knowledge verifier, the actor who verifi¢hat the solution matches the problem. Other
secondary roles include the triager, the actor who confirms problems and assigns them to
appropriate solution knowledge producers; commenters, actors who provide emergent
knowledge to assist in the solutioroduction process; and, influencers, actors who are
peripherally involved with the knowledge production process through signalling mechanisms
such as voting or watchingvik, Hiew, & Murphy, 2006; Panjer, 200Au et al., 2009; Giger,

Pinzger & Gall,2010; Shihab, et al, 201@immermann, et al., 20}2
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Lastly, not all actors in the metaganisation are equal. The extant literature has
considered how actor heterogeneity antecedent factors affect success. Commonly reported
factors include the popularityisibility, reputation, skills, experience, and relationships between
actors, measured in numerous different wasakus, 2002; Sandusky, Gasser, & Ripoche,
2004 Hooimeijer & Weimer, 2007Kidane & Gloor, 2007Panjer, 2007Au, et al., 2009Guo,
et d., 2010; Ko & Chilana, 2010; Shihab, et al., 2010; Baysal, et al2&t)1 It has also
considered how actor involvement affects prioritization of production effort and inclusion and/or
exclusion of other individualL@khani & von Hippel2003 Bagozzi& Dholakia 2006
Dahl ander & O6 Ma h o rFrederik€ef201P), or otganisatianal dDahland&r &
Magnusson, 2003Bonaccorsi & RossR006 We st & O,2008 WeastniyVood, 2014)
stakeholders, and the complexities of their relationsivaekus, 2002 Guo, et al., 201,0

Baysal, et al., 2@, 2013).

Collectively, these many measures in the open source literature relate closely to several
research streams in the KBV strategy literature and offer novel ways of operationalising factors
thatbridggb ot h | it eraturesé research conversations.

the KBV literature are discussed and linked to these measures from the open source literature.

Factors affecting knowledge production efforts in KBV literature

TheKBYV literature is ripe with research on factors affecting the production and
utilization of knowledge in organisations. Six major research streams are discussed and related

to the open source factors considered in this study.
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Absorptive capacity

Absorptve capacity is the ability to fAirecogni z
assimilate it, and apply ito (Cohen & Levinth
both individual and organisation level representations that are distinctfanctian of
heterogeneous expertise. (Cohen & Levinthal, 1990) and heterogeneous knowledge bases (Lane
& Lubatkin, 1998) between the producer and consumer of the knowledge. The potential
absorptive capacity of an individual or organisation may not belyfutiilled in terms of
realized absorptive capacity in specific knowledge consumption and application circumstances
(Zahra & George, 2002). A large number of factors have been theorized to affect absorptive
capacity, such that the literature has hadesdifficulty in standardizing the constructs for
empirical examination (Lane, Koka, & Pathak, 2006; Todorova & Durisin, 2007), especially the
locus of effects given many antecedents are multilevel in nature (Pisano, 1994; von Hippel,

1994; Volberda, Fosg; Lyles, 2010).

One of the common themes in the absorptive capacity literature is the factors that affect
absorptive capacity lo&dthe notion that individuals and organisations that attempt to juggle too
many balls at once may not have the ability to ¢iffety take on new knowledgeased tasks.
(Cohen & Levinthal, 1990; Zahra & George, 2002; Jansen, van den Bosch, & Volberda, 2005;
Todorova & Durisin, 2007). Whereas previously the amounts of knowledge that were handled in
organisations were managealilevh at i s happening today is that
change in the way in which vast amounts of data can be collected and communicated. The risk is
information overloado (Quintas, Lefrere, & Jo

Anumber of open problemso factor discussed in
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primary factor is the degree to which an actor is already burdened and therefore unable to

effectively process new knowledge in knowledge production efforts.

Thisload is not necessarily even for all types of knowledge or actors and may rather be
related to the way the knowledge is represented as well as the prior knowledge of producers and
consumers of the knowledge (Cohen & Levinthal, 1990; Lane & Lubatkin, 72®8a &

George, 2002; Schmidt, 2010; Spithoven, Clarysse, & Knockaert, 2011). This factor maps
closely to the way open source metganisations classify knowledge into platforms, operating

systems, products, components, and classifications.

Absorptive @pacity load may also be temporal in nature (Cohen & Levinthal, 1990; Lane
& Lubatkin, 1998; van den Bosch, Volberda, & Boer, 1999; Tu, Vonderembse;Nrdhan, &
Sharkey, 2006) and have different effects based on the breadth and depth of knowledge (van
Wijk, van den Bosch, & Volberda, 2011) both of which are related to its experience effects
through activities (Lane & Lubatkin, 1998; Lane, Salk, & Lyles, 2001; Lichtenthaler, 2009).
Similarly, the open source literature is concerned with the timing oknewledge release, the
activities and focus of actors in the metganisation, and their learning over time and

involvement.

Social cycles (Haas, 2006) and organisational processes and structure are also theorized
to affect absorptive capacity (Jansean den Bosch, & Volberda, 2005; Lichtenthaler, 2009).
The open source literature has similar concerns about timing relative to cycles and processes in

the metaorganisation and the effects on success factors.
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These conceptualizations of absorptive cédpas an antecedent factor for success are
connected to their counterparts in the open source literature and operationalized into the

variables tested empirically in this study, as illustrateigure12, Figure20, andFigure?27.

Codifiability

Codifiability Arefers to t heintmasetdfi ty of th
identifiable rules and relationships that can
387) . Not all knowl edge is fAcodifiableodo, par
particular innate skills or knowhow. It is also possiblat certain types of knowledge cannot be
broken down by virtue of the knowledge itself due to a complexity in the properties of the
knowledge such that there is causal ambiguity surrounding the properties of the knowledge
making it unclear which propertere the most salient for its observed effects when applied to
practice. A As] di mensions [they] are not in
t hough not identical.o (Kogut & Zander, 1992:
with the literature suggesting that firms exist in part because of their ability to more efficiently
codify complex knowledge than other forms of production (Kogut & Zander, 1992, 1993; Lam,
1997; Cowan, 2001; Levi, Kleindorfer & Wu, 2003; Reagans & McEAB03; Turner &

Makhija, 2006; van den Berg, 2013).

The complexity dimension of codifiability matches closely to the complexity factor of
bug reports described in the open source literature, as represented by length of information as
well as readability.Contextual and corroboratory factors, including the processes used in
organisations (Schulz & Jobe, 2001), the distributed tacit knowledge amongst participants (), and

the ways knowledge is represented (Nonaka & Konno, 1998), also match closely with
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counerpart concepts in the open source literature such as the knowledge and skills of actors in
the meteorganisation, the categorization of knowledge representations as platform, operating
system, etc., and the experience and involvement levels of diffetens,aesulting in different

sets of tacit knowledge.

These conceptualizations of codifiability as an antecedent factor for success are
connected to their counterparts in the open source literature and operationalized into the

variables tested empiridglin this study, as illustrated figure14, Figure21, andFigure28.

Dominant knowledge paradigm

The KBV literature has examined the degree to which the ways of representing
knowledge and the popularity of those representations affect oesooinnteres(Grant, 1996a,
1996b; Szulanski, 1996)This factor represents the intersection of the properties of knowledge
and the social factors that govern its use in organisations (Lam, 1997, 2000; Hassard & Kelemen,
2002; Girard, 2015). The populky of a given representation of knowledge acts as a form of
path dependency for both future representations of knowledge and its applicability to new
knowledge creation (Teece, Pisano, & Shuen, 1997). Dominant knowledge paradigms may also
be a functiorof the information systems use to store and disseminate knowledge throughout
organisations, with such systems shaping how the knowledge is encoded to be stored in the
system and how it is encoded to be retrieved, independent of the properties of thelg@owle

itself (Nemati, Steiger, lyer, & Herschel, 2002), creating another form ofdegtendency.

These path dependencies based on the representation and storage/retrieval of knowledge
assets may present challenges in periods of paradigm shift, botlaliytend externally

(Allarakhia & Walsh, 2011, 2012) such as the paradigm shift from server computing to personal
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computers in the 1980s and 1990s (Cusumano & Selby, 1995), the shift to open source
collaborative innovation in the 2000s (Baldwin & von Hip@®11), the shift to mobile

computing in recent years (Dittrich & Duysters, 2007; West & Wood, 2014), the emerging field
big data computing (LaValle, Lesser, Schokley, Hopkins, & Kruschwitz, 2011; Davenport,
Barth, & Bean, 2012; McAfee & Brynjolfsson, 2B; Chang, Kauffman, & Kwon, 2014; George,
Haas, & Pentland, 2014). These paradigm shifts have significant implications for knowledge
creation and management in organisations (Nonaka, Umemoto, & Senoo, 1996), as do the

dominant knowledge paradigms befared after the shifts (Prahalad & Bettis, 1986).

The paradigms used for representing knowledge are such influential factors that the field

of Aknowledge management 0 emerged as a distin
from information econonas, strategic management, organizational culture, organizational

behaviour, organisational structure, artificial intelligence, quality management, and

organi zational performance measurement é [t o]
defining the pocess of managing knowledge, and enabling [the] evaluation of the results of this
process. o (Carlucci, Marr, & Schiuma, 2004; B

There is significant overlap between the concepts of dominant knowledge paradigms in
the KBV literature and the representations and storage of knowledge in open source meta
organisations. In particular, the choice to categorize knowledge according to the foundational
computer platform, operating system, product, component, and classificatilis iresu
organisational segmentation of knowledge. The Bugzilla knowledge repository from which the

data in this study were drawn is a knowledge management system designed specifically to
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facilitate the representation of problem knowledge and the prodwdtgoiution knowledge in

open source metarganisations (Serrano & Ciordia, 2005).

These conceptualizations of dominant knowledge paradigm as an antecedent factor for
success are connected to their counterparts in the open source literature andhajiesdtioto

the variables tested empirically in this study, as illustratédguare15, Figure22, andFigure29.

Knowledge flow impediments

The management literature has done considerable research on knowled@etliews
process or life cycléhrough which knowledge proceeds from creation to utilization. Studies
have examined the internal organisational structure factors creating and influencing knowledge
flows (Gupta & Govindarajan, 1991, 2000; Schulz, 2001; Garrett Jr. & Covin, 2015), the
reciprocity of influence of knowledge flows on structural factors in organisations (Birkinshaw,
Nobel, & Ridderstrale2002; Macpherson & Holt, 2007), and knowledge flows beyond
organisational boundaries (Appleyard, 1996; Carlile, 2004; Malhotra, Gos&hS&wy, 2005;
Singh, 2005; Sorenson, Rivkin, & Fleming, 2006; Bell & Zaheer, 2007; Zucker, Darby, Furner,

Liu, & Ma, 2007).

Given the considerable wealth of studies and factors thought to affect the flow of
knowledge, a stream of management practitidneused literature has emerged, describing the
optimal ways to design knowledge flows and things to avoid in order to improve outcomes
(Fahey & Prusak, 1998; Birkinshaw & Sheehan, 2002; Maier & Remus, 2003; Garud &
Kamaraswamy, 2005). One of the most plewichallenges is addressing knowledge flow
impediments, which are often related to motivating actors to participate in the knowledge flow as

it is designed (Starbuck, 1992; Carayannis, Alexander, & loannidis, 2000; Schulz, 2003; Garud,
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2005; Karreman2009). Another issue is the challenge associated with classifying disparate but
contingent types of knowledge effectively in the knowledge flow process (Cheung, Lee, &
Wang, 2005; Kulkarni, Ravindran, & Freeze, 2006), which can often be a function of the

knowledge management systems used in organisations (Alavi & Leidner, 2001).

The open source |iteratureds | ife cycle
management literature for optimal knowledge flow design. Both share an intadesitifying
antecedent factors affecting knowledge flows. The activities of different actors in open source
metaorganisations match closely to the actions of different actors within and between
organisations. In fact, metaganisations have been contgpized as a form of loose alliance
with different characteristics from the traditional infiem alliances described in the KBV
literature, as well as heralded as having different organisational structure characteristics than
traditional organisation®emil & Lecocq, 2006; Gulati, Puranam, & Tushman, 2012). As such,
the study of knowledge flows in open source r@tganisation is a rich opportunity to

contribute to the knowledge flow literature an examination in a novel organisational structure.

Theseconceptualizations of knowledge flow impediments as an antecedent factor for

success are connected to their counterparts in the open source literature and operationalized into

the variables tested empirically in this study, as illustratédguare16, Figure23, andFigure30.

Knowledge stakeholder influence

The KBV literature has examined both individual and organisation level factors that

influence the knowledge production process.

the stag for detailed examinations of the relationship of the power and influence of actors and

knowledge production work over the subsequent decadiesgiiian 2010), challenging the
39
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traditional Afunctional vi ewoO a notarsandrhetorcal uci ng
discourses (Alvesson, 1993). A social perspective on the production and consumption of

knowledge emerged (Anand, Glick, & Manz, 2002), where the interconnections of knowledge
stakeholders were found to be just as important as thpendent knowledge production

activities and the properties of the resulting knowledge (Bell & Zaheer, 2007). From this
perspective, Aknowledge can be seen as a prod

knowledge is aa process or set of reladidni ps o6 ( Qui nt as, Lefere, & Jo

The human, organizational, and social capital factors of knowledge management have
also been considered (Subramaniam & Youndt, 2005; Alavi, Kayworth, & Leidner, 2014). In
particular, localizing the effects &howledge stakeholder influence antecedents to appropriate
level of analysis has been an ongoing challenge (Argote, McEvily, & Reagans, 2003). The
knowledge stakeholder influence literature also bridges into the alliances literature by
considering the eficts of heterogeneous power dynamics on the direction and nature of
knowledge flows between allied organisations (Inkpen & Dinur, 1998). It further bridges into
the networks literature, considering both network structure and degree of distribution of

knowledge on outcomes of interest (Rodan & Galunic, 2004; Dantas & Bell, 2009).

Given that much of the knowledge in organisations is tacit to individuals (Nonaka &
Konno, 1998; Lam, 2000; Nonaka & von Krogh, 2009), it is unsurprising that the specific
knowledge that resides in individuals is heterogeneous (Rodan & Galunic, 2004), sometimes
conceptualized as differing subject matter expertise (Ardichvili, Page, & Wentling, 2003). This
separation of knowledge can be both a facilitator and a barrier to knovgemtyection

depending on the actor (Franke & von Hippel, 2003). Actors with different skills tend to engage
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in different roles in the knowledge production process (Brown & Duguid, 1991; Ardichvili,
Page, & Wentling, 2003; Zahra & Filatotchev, 2004), wiiah exacerbate the knowledge
differences and result in certain roles having stronger effective power in organisations by virtue

of their knowledge.

The differential knowledge between individuals and organisations matches closely to the
open source literata examinations of actor reputation, skill, and experience in-meta
organi sations. Often these discussions separ
actors that have different subject matter expertise, different needs, and different degrees
influence on the knowledge production process (Franke & von Hippel, 2003). The power and
influence of management versus employees in traditional firms that ubadied decision
making is the counterpart to actor centrality and the resulting suppose Al at er al 6 dec |
making influenceinmetar gani sati ons (Dahlander & Od&Mahony
Frederiksen2012; Gulati, Puranam, & Tushman, 2012). The observation of other actors in

metaorganisations is the counterpart to traditional socialot maps in the KBV literature.

These conceptualizations of knowledge stakeholder influence as an antecedent factor for
success are connected to their counterparts in the open source literature and operationalized into

the variables tested empirically this study, as illustrated Figurel7, Figure24, andFigure31.

Solution knowledge value
ASol ution knowledgeodo is knowledge on how t
certain need or providing a certain function; it is the counterparti pr obl em knowl edg

is knowledge about current or anticipated technological problems for which the firm seeks
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othersé support (Jeppesen & Laursen, 2009; Af

2013).

The value of a given set of solution knedge is a frequently discussed factor in the
literature that is theorized to dramatically affect the knowledge production process. Different
organisations may derive value differently from the same set of solution knowledge (Davis &
Botkin, 1994; AlexyGeorge, & Salter, 2013). This heterogeneity of value measurement
amongst organisations and the individuals who are members of those organisations may be due
to network position (Kogut, 2000), existing stocks of knowledge (Dierickx & Cool, 1989;
Decarolis& Dees, 1999) or complementary intellectual capital assets (Wiig, 1997), team
configurations (Lewis, 2004), the geographic local and related environment support factors
(Cooke, 2005), the systems and processes used to manage knowledge (Swan, Newell,
Scatbough, & Hislop, 1999), the organisationso6 ¢
resources (Teece, Pisano, & Shuen, 1997; Eisenhardt & Martin, 2000; E&atathy& Prieto,

2008), cultural differences (Cohen, 1998), the degree of intangibilihedfowledge (Tomas &
Hult, 2003), the configuration of firmaser interactiondahlande& Magnusson, 2008Bagozzi

& Dholakia, 2006 Marh & Lievens, 2012), the transient uses of the knowledge (Bozeman &
Rogers, 2002), the accounting principles and atietrics used to measure knowledge

(Kanevsky & Housel, 1998; Martin, 2004; Xy & Bernard, 2011; Massingham, 2016), and the
functional dependencies and knowledge asymmetries of knowledge producers and knowledge

consumers (Das, 2003; Majchrzak, More, & Faz@jl1).

Most of these factors overlap closely with those factors considered in the open source

literature. In particular, the different value of knowledge between alliance partners considered at
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length in the KBV and alliances literature (c.f. Inkpen, 20@@atches closely with the
representation of open meteganisations as loosely organised alliances (Gulati, Puranam, &
Tushman, 2012). And, the metrics used to attempt to represent knowledge value and the
processes used to prioritize the production dfaie sets of knowledge match closely to the
categorization and resource allocation processes in open soureergatsations. In fact, the
signalling artefacts and processes used in open sourcergatasations contributes to the
literature on waysfaneasuring knowledge value by evaluating the effectiveness of the

knowledge value measurements used in this novel context.

These conceptualizations of solution knowledge value as an antecedent factor for success
are connected to their counterparts i tipen source literature and operationalized into the

variables tested empirically in this study, as illustratefigure 18, Figure25, andFigure32.
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CHAPTER THREE: CONCEPTUAL FRAMEWORK

Research positioning

In their seminal paper, Alexy, George, and Salter (2013) argued that by revealing
Aprobl em knowl edge 6o rtgamins atpiemn ,s ofuirrcres medta b ac
that solve their problem (Jeppesen & Laursen, 2009; Afuah & Tucci, 2012; Alexy, George, &
Salter, 2013). Mor e erfefviecailemtg usster aotfe gtyhoi sb yfi kt
its competitors is said to | eaodn tkon ccvwlnmepdege & itvh
more relevant and useful to the focal organisation than its competitors. In essence, Alexy,
George, and Salter. (2013) provide a partial
sour ce?0 us i rbgsedvieveofthemo Wigueed degicts the framework adapted
from Alexy, George, and Salter (2013) upon which the present study builds. The definitions of
Aprobl em knoodl wetdigeerd knmadwliesdge o t hat are adapt e
(2013) in the present study were derived in their study from the work of Afuah and Tucci (2012)
and Jeppesen and Laursen (2009) on interactions between firms and outside sources of
knowledgedevelopment such as open source roegmnisations, making these salient

definitions particularly suitable for the present research context.
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Why participate in open source?

By revealing “problem knowledge” to an open source project, firms
get back “solution knowledge” that solves their problem

Firm reveals problem Solution knowledge N
knowledge to open — emerges from open — C:é?,ﬁﬁilfg’f
source meta-organization source meta-organization

’/Problem knowledge )
Knowledge about current or anticipated technological problems for which the firm seeks
others’ support.
Solution knowledge
Knowledge on how to solve a certain problem, addressing a certain need or providing a
certain function.

\_ (Adapted from Alexy, George, & Salter, 2013, AMR) y

Figurel: Knowledge revealing strategy

This study extends the model of Alexy, Georgel Salter (2013) by examining the
antecedent factors that affect solution knowledge emergence subsequent to the use of a
knowledge revealing strategy by organisations. Whereas the focus of their propositional
exposition was the factors involved in the dem to use a knowledgevealing strategy and the
expected positive outcomes for the firm, not all uses of a knowdengaling strategy lead to
positive outcomes. No study to date has examined why. This study fills that gap by identifying
the antecedd factors that increase the probability and/or magnitude of positive outcomes for

organisations using knowledgevealing strategies, as depictedrigure2.
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Why participate in open source?

Antecedent success factors?

Firm reveals problem
knowledge to open source
meta-organization

Solution knowledge
emerges from open source
meta-organization

Not all revelations of problem knowledge lead to
emergence of solution knowledge.
Why? Because antecedent success factors are missing.

Figure2: Gap filled by present study

In the context of extant research, this study is positioned as depic¢tepire3. The left
side of the figure portrays the work of Alexy, George, and Salter (2013). Their model suggests
strategic factors surrounding a focal firm, namely benefits, drivers, and collabanagds, lead
to the decision to use a knowledge revealing strategy. The authors suggest that those firms
which choose to use a knowledge revealing strategy will gain a competitive advantage by virtue
of the solution knowledge that emerges as a consequ#rthe use of that knowledge revealing
strategy. Yet, not all uses of knowledge revealing strategies result in solution knowledge
emergence. The present research fills that gap by identifying, contextualizing, and measuring the
contingency factors thaffect solution knowledge emergence once a firm engages in a

knowledge revealing strategy.
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(Felin & Zenger, 2014)

Figure3: Positioning of dissertation relative to extant research

Antecedent factors impacting solution knowledge emergence
Categorization

Since this study focuses on examining antecedent factors affecting organisations that
have already decided to use a knowledgeealing strategy Alexy, George, and Salter (2013)
having already examined why firms may decide to not use the sathgyanecedent factors
are conceptualized as independent variable influencing the dependent variable of interest, namely
solution knowledge emergence. The literature review, linking the open source and KBV
literatures, revealed 86 potential antecedent measuateraed 21 potential outcome
measurements, spanning three levels of analysis. The antecedents were organized into the
conceptual KBV categories identified in the literature review, resulting in the conceptual

framework depicted ifrigure4.
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Conceptualizations of

antecedents of interest

Dominant
knowledge
paradigm

Hypothesis 1
+

Hypothesis 2
+

Hypothesis 3
+

Conceptualization of
outcome of interest

Knowledge flow
impediments

Knowledge
stakeholder
influence

Solution
knowledge value

Hypothesis 4

Hypothesis 5

+
Hypothesis 6

Figure4: Conceptual framework

Hypotheses

The potential antecedent factors reported in the literature were categorized resulting in six

hypotheses crafte

successfusolution knowledge emergencePable2 presents the formulation of the hypaths.

t

o attempt

t
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Number

H1

H2

H3

H4

H5

H6

Hypothesis
The absorptive capacity of the m&taganisation is positively correlatec
with solution knowledge emergence
The codifiability of the problem knowledge revealed to the
metaorganisation is positively correlatealith solution knowledge
emergence
The similarity of the problem knowledge revealed to the
metaorganisation to the dominant knowledge paradigm in the
metaorganisation is positively correlated with solution knowledge
emergence
Knowledge flowmpediments are negatively correlated with solution
knowledge emergence
Knowledge stakeholder influence is positively correlated with solutio
knowledge emergence
Solution knowledge value is positively correlated with solution
knowledge=smergence

Table2: Hypothesis formulation
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CHAPTER FOUR: RESEARCH METHOD

Research paradigm and methodology choices

This research uses a p@stsitivist paradigm and a theory testing methodology to
evaluate the hypotheses deysd from the literature. This approach is justified for three

reasons.

First, the traditional challenge of expressing social science phenomena in concise
guantitative terms (Popper, 1957) is mitigated by the historical roots of open source
metaorganisaitn processes in the mathematical and physical sciences, resulting in atomic,
discrete data representations that are amenable to quantitative analysis (Lerner & Tirole, 2002;

Fischer, Pinzger, & Gall, 2003).

Second, it ensur es tsdohsophiftiqated statistical metlzotisiammdn a n
mat hemati cal model so0 are not ftaken as a suff
valid empirical evidenceo alone and rather ar
interpretation of thisevidene 6 i n an fAintegrated and del i bera

(Adam, 2014: 6).

Third, the theory testing methodology is appropriate when incrementally building upon a
normal science research stream where phenomena are well described in the literature and
parsimonious data are available as is the present case (Kuhn, 1970). Further, theory testing is
well suited to the available archival data source because measurement of the variables of interest

is nonreactive (Singleton & Straits, 2005: 354) and passildernate outcomes (dependent
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variable measurement) can be constrained according to the theoretical formulation (independent

variables) using the variability inherent in the data (Roberts & Pashler, 2000).

Data

Access to an archival data source wagotiated with the Mozilla Foundation, one of the
largest open source metaganisations, best known for the development of the Firefox web
browser. The data, which reside in a relatio
Abugo and) iMbdestmi be interesting aspects of
making them fAia valuable source for retrospect
about the past and anticipating fuernk@Gal evol ut
2003: 23). I't is also a prominent example of
theorized to be environments where the proactive creation of solution knowledge is more
common than in other configurations of crasganisationaboundaies knowledge creation
efforts (Mahr & Lievens, 2012). The choice of the context of open sourceomyztaisations
responds to numerous calls for research on collective knowledge production environments
(Henkel & von Hippel, 2005; Benkler, 2006; Dahlan&gwWallin, 2006; Jeppesen &

Frederiksen, 2006; Shah & Tripsas, 2007; Bogers, Afuah, & Bastian, 2010;

The Bugzilla system itself is not exclusive to Mozilla and is used by many other major
organisations including IBM, Google, and Eclipse to assist in sloétware development
projects. The Mozilla database was selected for this research as it has been in continuous usage
since 1998, leading to more than 1 billion data points for use in this research, which may be the

largest such database in existencerthter, while the Mozilla database has been examined by
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information technology researchers, its knowletigeed strategic insights have never been

considered in management research, making its examination in this study novel.

While the research focuses arsingle open source meteganisation, the Mozilla
Foundation, the intention is to conservatively generalize (or at least lay the foundation for future
research that relates) to the population of all open sourcearganisations. This focused
sample idogistically justified as | have negotiated access to the database. The database is
sufficiently large to triangulate the research question from multiple angles, promoting validity
and permitting reliability testing to take place in future research blyasting other similar
databases in other open source rRmeganisations. The intention of the present study is to lay

the foundation for a lonterm research program that builds upon these preliminary insights.

Data access and ethical considerations

The Mozilla Bugzilla database is publicly accessible through a web portal that allows
searching with specific queries, similar to other databases used in strategic management such as
COMPUSTAT (See: http://bugzilla.mozilla.org). However, this interfac@isuitable for large
scale retrieval and analysis. As such, a complete offline copy of the database was requested from
the Mozilla Foundation for research purposes. The maintainers of the database evaluated and
approved the request and provided a coteptepy of the database, with all entries up to the end
of 2012. Because the database is public, it is well understood by participants that any actions
that they take will be documented indefinitely in this database and such data may be used for any
purpc e . The maintainers of the database review
research focus against the guideline used to assess similar requests from previous academic

researchers in other fields and agreed that no specific additional etbmsiderations were
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required. The use of the database and this research have also been discussed with several
employees of the Mozilla Foundation who believe that it is an appropriate use of the data and

that the outcomes will be of benefit to the angation and its participants. The use of these data

has also received for mal research ethics cl ea

Studies.

Levels of analysis

The Bugzilla database contains dozens of eliogsd tables of data that were argzed
into three levels of analysis: problem, individual, organisation. These levels of analysis were
concisely delineated in order to more cleanly identify the level at which the antecedent
knowledge factors reside, an issue that has been challengiagtiKBV and related research

streams (Priem & Butler, 2001; Lakhani, LifshAssaf, & Tushman, 2012).

Problem level of analysis

The problem level of analysis examines the factors that are part of or related to the
problem knowledge revealed by an ongation participating in the metarganisation. All of
the initial and emergent problem knowledge resides at this level of analysis. The unit of analysis
is fa bugo. The term Abugodo i s a-orgaaisatioesfinact of
sd t ware developmentusedThe tHesmriibegdédawaserror,
computer program or system that produces an incorrect or unexpected result, or causes it to
behaveinoi nt ended ways)Inthérdsenfcentei a, t B 17er m Abugo
extended to include problems of all types, including those that might related to errors in the
software, while also including problems that might be related to developmental philosophy,

features, enhancements, marketing, brandingyatipand the broad array of related elements
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that are of strategic interest to organisations using knowdedger e a |l i n g

strategi es

treated as a discrete knowledgeealing act by participating organisations, providing a clear

definition ard boundary for the problem knowledge that is revealed and the factors that interact

with it.
id e description
19 bug_file_loc URL
21 keywords Keywords
2 status_whiteboard Status Whiteboard
23 bug_id Bug
24 shor_dasc Summary
25 product Product
26 wersion Version
27 rep_platform Platform
28 op_sys 05 Nersion
2 bug_status Status
30 resolution Resolution
n bug_severity Sevesty
32 priodty Pricsity
3 component Component
M assigned_to AssignedTo
kL reporter RepartedBy
3% qa_contact CAContact
7 cc cc
k" dependson Depends on
3 blocked Blocks
40 target_milestone Target Miestone
41 votes Votes
42 lengdese Comment
43 debats Last changed date
44 days_elapsed Days since bug changed

attachments description  Attachment description
attachments mimetype  Attachment mime type

name

description

attachments description  Attachment description

attachments mimetype
attachments ispatch
everconfimed
assignee_accessble
cclist_accessible
gacontact_accessile
reporter_accessible
attachments isobsolete
alias

attachments filename
attachments isprivate
bug_group
estimated_time
remaining_time
flagtypes name
setters login_name
work_time:
percentage_complete
content

classification
requestess login_name
owner_idle_time
deadiine

commenter
attachments submitter
creation_ts

Atachment mime type
Attachment is patch
Ever Confimned
assignee_accessible
CC Accessible
gacontact_accessible
Reporter Accessible
Attachment is obsolete
Hias

Atachment filename
Atachment is private
Group

Estimated Hours
Remaining Hours
Rags

Aag Setter

Hours Worked
Pemcentage Complete
Cortant

Classification

Rag Requestes

Time Since Assignee T...
Deadine

Commenter
Atachment creator
Creation date

Figure5: Initial problem level data fields (excerpt)
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Atachment Foeed In
tracking fennec
blocking1.9.1
status1.9.1
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blocking2.0

See Mso
blocking-thundesbird3.0
statusthunderbird3.0
blocking1.9.2
blockingthunderbird3.1
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blockingfx
tracking firefoxS
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The database contained more than 900,000 bug units at the problem level (prior to

imputation). Each entry had more than 100 variables associated with it directly and thousands of

variables associated with it through crosterencing with other tables in the database. Many of

these variables were not relevant to the present reséatatertain variables such as status,

priority, severity, and description were instrumental for hypothesis tedfiggre5 depicts an

excerpt of the initial problem level data fields as they appeared in the database.
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Individual level of analysis

The individual level of analysis examines the actors who areviegoh the knowledge
production process in the open source peetag ani sati on. The unit of

Each profile has a unique identification number in the database that enables the tracking of each

userid login_name domain realname comment_count creation_ts first_patch_bug_id first_patch_approved_id
138037 K.Sidiropoulos @web de web.de Dr. K. Sidiropoulos o 2011-04-23 07:05:38
256320 galar?1@gmail.com gmail.com yvind 21 2007-12-20 02:36:34
60234 hasse @jasajudeju se jasajudeju se Hasse 1120 2002-07-25 09:34:.09 226342 135999
153523 mozila-bugzila @iansealy.com iansealy.com lan Sealy 1 2005-03-31 06:21:49
331584 himskim@msn.com msn.com 0 2008-11-25 04:15:04
410793 vrac@an16fr an16fr 2 2011-03-25 03.04:52
306152 lukebenes@hotmail com hotmail.com Luke 5 2008-04-06 11:21:57
249622 tom@&polemian.org polemian .org psyched_weels 2 2006-07-04 14:33.06
132266 k_f_e1@hotmail com hotmail com king 0 20110423 07.05:38
56695  bradnixon@rogers.com rogers.com Brad Nicon 3 2002.06-11 12:15:00
PETIT2 noefi1@hotmail com hotmail com b0 0 2011-04-23 07-05:38
169432 chardt mozdev@gmucnet amcnet Christian Hardt 0 20110423 07.05:38
229835 mozila@bleys.spb . bleys.spb.ru Alex 1 2005-12-27 04:30:38
24217 jeffrey philips @staffeon.com staffeon.com Jeffrey Phillips 11 2001-05-08 11:28:05
371667 josip@kastela.org kastela.org jkrolear o 2010-01-28 14:13.08
I73NT3 jothi sivathanupillai@ferguson.com ferguson.com Jothi 0 2010-02-09 08:51:29
48578 its_my_mailbox@amcnet amnet 0 20110423 07.05:38
118668 hvac2805@cs.com CS.Com Raymond Peters 0 2011-04-23 07:05:38
210788 gdarby@uiuc.edu uiuc.edu Sean 1 20050729 11:55:22

Figure®6: Initial individual level data fieldgexcerpt)

i ndividual 6s a c esiae whlly contained descnip®rs of thdparticipants in
the open source metaganisation. There were over 1 million unique profiles in the database
(prior to imputatbn). Figure6 depicts an excerpt of the initial individual level data fields as they

appeared in the database.

By crossreferencing the initial problem level (bug)diindividual level (profile) tables
over time, the result is a longitudinal account of all the actions each individual participant has
taken over the course of the knowledge generation process. The resulting table, referred to as the
ilact i vi tthe databaaehlinks thé problem and individual levels of analysis over time.

This table is crucial for testing hypotheses related to absorptive capacity and knowledge flow.

55

fa})



There were over 10 million activities recorded from 1998 to the end of 2012 database

(prior to imputation). While activities could have been treated as a separate level of analysis, the
choice was made to handle those activities components that most relate to the bug component of
the activity at the problem level of analysigidhose activity components that relate most to the
profile component of the activity at the individual level of analysis. A useful extension of the
present research would consider the triadic nature of activities (bug, profile, time) in a
longitudinal maner that is beyond the scope of the present sthiyre7 depicts an excerpt of

the activity data fields as they appeared in the database.

By examining the naturef theactivities in whicha given profile engages with respect to
the bugs allows the identification of individual actor roles related to common activities. These
roles organize the profiles at the individual level of analysis into threenubually exclusive
categories, each of which participates in the knowledge production process in a distinct way.
These roles represent a propensity of engaging in the knowledge flor process in a particular way
that is comparable to strategic choices, enabling asalfshe factors related to individual level
action in the hypotheses. To distinguish participant actions in a given role, a constraint was
imposed that a profile must engage in a given role 4 or more times to be classified in that role. In
this mannerpne-off or fewer than 4 actions on problems by individuals are handled in aggregate
at the problem level of analysis rather than at the individual level of analysis ensuring the levels

remain conceptually distinct and theoretically concise.
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bug_id who bug_when fieldid removed added attach_id

471685 233280 2008-12-31 08:56:13 69 blocking1.9.1? oL '
471685 297985 2008-12-3117:13:24 37 highmind63@gmail. com '
471685 33840 20090101 01:50:12 37 mozila@Weilbacher.org '
471685 233280 20090105 12:51:46 29 NEW ASSIGNED '
471685 233280  2009-010512:51:46 34 nobody@mozilla arg sdwilsh@forerunnerdesigns .com I
471685 233280 2009-01-0512:51:46 69 review Hbugmail @asuthedand org) 355441 I
471685 91159  2009-01-07 08:15:53 32 - P2 L '
471685 91159  2009-01-07 08:15:53 69 blocking1.9.1? blocking1.9.1+ L '
471685 151407 2005-01-07 23:21:32 &5 review 7(bugmail @asutherand .org) review+ 3560441 I
471635 233230 2009-01-08 06:34:12 22 [can land] (] '
471685  30EBET  2009-01-08 084943 37 dih@sglite org '
471635 233230 2009-01-08 08:56:52 22 [can land] '
471685 233280 2009-01-08 08:56:52 29 ASSIGNED RESOLVED '
471685 233280 2009-01-08 08:56:52 30 FIXED '
471685 233280 2009-01-08 08:56:52 40 - mozila1.9.2a1 oLl '
471685 233280 20090108 08:56:52 184 2009-01-08 08:56:52 L '
471685 233280 20090109 10:37:54 21 fed1.9.1 oLl '
471685 233280 20090109 13:23:59 21 fixed1.9.1 '
471685 233280 20090109 13:23:59 29 RESOLVED REQPENED '
471685 233280 20090109 13:23:59 30 FIXED '
471685 5189 20090109 15:38:38 37 kairo @kairo at e '
471685 192984  2009-01-1006:28:56 37 pablo@Efliagreco.com ar (] '
471685 233280 2009-01-1117-09:55 29 REOPENED ASSIGNED L '
471685 233280 2009-01-13 09:30:58 29 ASSIGNED RESOLVED L '
471685 233280 2009-01-1303:30:58 30 FIXED Gy '
471685 233280 2009-01-1309:30:58 184 2009-01-08 08:56:52 2009-01-13 09:30:58 L '
471685 233280 2009-01-16 11:25:53 21 foed1.9.1 '
471685 518  2009-01-23 16:12:35 39 475111 '
471685 263812  2009-04-08 13:23:08 21 fixed1.9.1 verfied1.9.1 '
471685 263812  2009-04-08 13:29:08 29 RESOLVED VERIFIED L '

Figure7: Initial activity table data fields (excerpt)

Individuals that frequently engage in the submission of new problem knowledge are
classified in the role of Aproblem knowl edge
bugs take. Problem knowledge producers generate and disseminate the initial problem
knowledge and provide additional, emergent problem knowledge during the knowledge

production process as necessary.
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ASol ution knowl edge pr oduc theseldtionghate t hose i
addresses the problem submitted by the problem knowledge producer. Typically, the solution
involves the creation of software code that addresses the problem by resolving a bug, adding a
feature, or updating information. The solution Wedge producer may collaborate with other
individuals for the creation of solution knowledge that hastnieial dependencies on
knowledge residing elsewhere in the metganisation, either in problem or solution knowledge
residing in bugs beyond thedal bug. Or, key solution knowledge may reside in tacit knowledge

residing in individuals that have not yet acted on the focal bug. The solution knowledge

producer role is designated by the fAassigned_
The leastcommonndi vi dual role is the fAsolution Kkt
AQA _contacto field in the bugs tabl e. This r

solution knowledge does, in fact, resolve the initial problem knowledge that was subaitted
open source metarganisation. The solution knowledge verifier liaises between the problem
knowledge producers and solution knowledge producers to ensure that all facets of the problem
have been addressed. The solution knowledge verifier magcegicompletely solved

problems back into the knowledge production process to be revisited and may identify alternate
solution knowledge producers who can assist in resolving the incomplete portions of a partially
resolved problem. Given the complexitiytiis role, typically it is engaged in only by the most
experienced and involved participants in the ecosystégure8 summarizes these three types

of knowledge ator roles in which individual level actors engage as described in the data.
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Theoretical description of knowledge actor Name of individual level role in

database
Creates and reveals problem knowledge reporter
Creates solution knowledge assigned_to
Verifies solution knowledge addresses a contact
problem described in problem knowledge qa_

Figure8: Individual level knowledge actor roles

Organisation level of analysis

The organisation level of analysis examines the organisations invalteel knowledge

o)}

production process in the open source poetag ani sati on. The unit of

organi sationo. The organisation | evel of ana
analysis in a manner that reflects their nestedraatacording to organisational membership of

each individual partipant . The email suffix

identify the organisation in which that profile is nest&dr examplethe registered email

addressofonepfiiemay be @A) ohn. doe @mipecofilonsightthave themailo . An.
address fipeter.smith@microsoft. como, and so o
Ami crosoft. como, sugge s profiegarethosdhrafMiciosofp r obabi | it

empbyees. Email addresses of other major companies such RedHat, Google, IBvayrgnd

others all appear in the database

Because many profiles are registered with personal email addresses instead of

organisational email addresses, even when the individt@l ia doing work as a member of the
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organi sation, a conservative subset of what <c
that the organisation level of analysis is not largely a restatement of the individual level of

analysis. Three additi@l constraints were imposed to address this issue. First, all email

suffixes were compared to an aggregate list assembled from six databases of known personal
email provider domains and all such domains were excluded from the organisation level of

analys s . For example, the domain Ahotmail . como

profiles are not necessarily employees of Microsoft, the parent company. All such entries were

excluded from consideration at the organisation level of analysis.

Secad, each organisation unit at the organisation level was only considered distinct from
the individual level if at least 3 profiles existed in the database with the identifying domain
name. While this constraint unduly excludes small organisations thatmhalgave one or two
people participating in the open source rr@iganisation, the cutoff was selected in order to
ensure that the remaining conservative sample of organisations was conceptually distinct and
could be analyzed for aggregate strategioant, | eavi ng t he small organ

analyzed at the individual level.

Third, the nested nature of the individual level of action into organisations allows the
nesting of indivual level actor roles into organisation level actor roles. Aswhen examing
organisational actions they were also classified into problem knowledge producer, solution
knowledge producer, and solution knowledge verifier. The same constraint was imposed on the
inclusion in a role category as at the individual lemamely that the organisation acted at least
four times in the given role to be conceptually distinct from both problem and invidual levels of

analysis, maintaining theoretical conciseness.
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The initial amount of unc onhe tatalzaserwasdveil or g a n
100,000. Applying these constraints reduced the number to a conservative sample of 6,547
organisations at the organisation level of analysis. Manual inspection of the retained
organisations revealed numerous reputable organisatianhwere known to participate in open
source metarganisations strategically, includidgCM, Adobe, Dreamhost, IBM, Nokia,

Oracle, PHPPixar, Qualcomm, Redhat, Sun Microsystems, Intel, and AMD, validating that the

constraints were effective in congeglly distinguishing organisations in the database.

Community influence

The literature review revealed that the concept of community influence in
metaorganisations, which is frequently mentioned across literature streams, does not have an
agreed upon defition. Instead, it is frequently a component of factors at one or more of the
three levels of analysis under consideration in this study. As a result, in this study, for the
purposes of clarity and parsimony, the choice was made to consider thecafbde@mmunity
in the operationalization of the particular factors rather than as a separate level of analysis. The
examination of community evel f actors for a given definit.i
future research extension that is beyorelgbope of the present study. The levels and units of

analysis examined in this study are depicteligure9.
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Problem level

Unit of analysis: a bug

(wholly contains problem knowledge revealed)

Individual level

Unit of analysis: a profile —
(contains aggregation of individual-level factors
for roles related to knowledge outcomes)

Organization level

Community influence
aouanpul AJlunwwon

—> Unit of analysis: an organization <
(contains aggregation of organization-level
factors related to knowledge outcomes)

Figure9: Levels and un# of analysis

Operationalization
The independent and dependent variables in each of the hypotheses were operationalized
to representations in the data according to level of analysis. Separating the operationalizations
by level of analysis ensured that theus of influence of each contingent factor could be clearly
identified. Crossevel nesting effects were handled analytically rather than operationally in

order to maintain consistent and concise definitions for each factor.

Problem level operationaliation: Dependent variables

At the problem level, the dependent outcome of interest, solution knowledge emergence,
was operationalized using seven types of measurement derived from the literature that were
measured or calculated in the database. Eaclesétmeasures is described in the literature as a

desired outcome of knowledge revealing stratégitbst is to say that factors that improve these
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outcomes are of strategic relevance to organisations participating in open source

metaorganisations, as pdrd theoretical framework of this study.

The first measure of the dependent outcome of interest, the most commonly reported in
the open source literature and the most frequent focus of researémyikf. Hiew, & Murphy,
2006; Antoniol, et al., 2008; Bagk et al., 2018 is whether or not a focal bug was fixed. The
concept of #Afixedod i s operationalized as equi
the metaorganisatiod the primarily desired outcome of organisations using knowledge
revealingstrategies. At the problem level of analysis, each bug unit will eventually have an

outcome of nfi xedo or finot fi xedo.

The concept of the outcome dAfixed / not fi
variabl es, fAst at us dhe&mwleddepredsiaidn process takes placeBverc a u s
time, the outcome necessarily implies a window of observation for the determination of outcome.

For example, any bug that is not yet fixed at a given time may be fixed at a future time. This

ongoing procss was taken into account by a classification process that organizes the bugs in the
database from the beginning in 1998 to the time of the last entry in the database at the end of

2012. The goal was to only consider bugs that have reached an end posur®that type 1

errors are minimized. The fistatuso and Areso
of the bug unit through the knowledge production process, known as bug life cycle, as depicted

in Figure10.

Bugs that were at a Astatuso st &iguel0i n t he
were considered at an Aend pointodo for classif

considered fAipendingo and excluded from consid

63



theory a bug at the stage Aresolvedod should eve

stages before its Afinal o state is reached, i
| arge number of bugs i n t hree sdoaltvaebdacs es traetmas naesd
state.

Mew bug from a 41—

user with canconfirm
or a product without
UNCOMFIRMED state

Bug confirmed
DI.’EEE!“.?? Bug is,reopened,
ClougmeeiEs was never confirmed

Bugzilla 3.0
bug lifecycle

Developer
takes .
possession b
Developer
Ownership takes Development
is changed posSsession i= finished
with bug
Development
DevelobDer is finished
ek g with]bug
possession
Possible resolutions:
FIXED .
DUPLICATE Issue’is . _
WONTFLE resolved Bug is
Mg ORME QA not _satisﬁed; :GA verified closed
| with solution solution worked

Bug is_ Bug.is_)
reope ned\ (-c losed

Figure10: Knowledge flow at problem level of analysis
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Once at an fAend pointo status, bugs were t

Airesolutiono at the conclusion of the knowl ed
in the database, only AfixedoO wwledges dHeect ed t o
remaining Aresolutiono types, namely dAinvalid
Afexpiredo, and fAincompl eteo, each of which re
did not emerge, resulted fhxadbug Dkéengesluhsts

process was a single logical outcome variable for each of the retained bugs after the exclusion of
t hose with Ape nTableBguinmariteathesmagpingoatheistatms.and
resolution variables to the resulting solution knowledge emergence outcome measurement

variable at the problem level of analysis.
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Status Resolution Classification

UNCONFIRMED ALL PENDING
NEW ALL PENDING
ASSIGNED ALL PENDING
REOPENED ALL PENDING
CLOSED FIXED FIXED
CLOSED INVALID NOT FIXED
CLOSED WONTFIX NOT FIXED
CLOSED DUPLICATE NOT FIXED
CLOSED WORKSFORME NOT FIXED
CLOSED EXPIRED NOT FIXED
CLOSED INCOMPLETE NOT FIXED
RESOLVED FIXED FIXED
RESOLVED INVALID NOT FIXED
RESOLVED WONTFIX NOT FIXED
RESOLVED DUPLICATE NOT FIXED
RESOLVED WORKSFORME NOT FIXED
RESOLVED EXPIRED NOT FIXED
RESOLVED INCOMPLETE NOT FIXED
RESOLVED MOVED NOT FIXED
VERIFIED FIXED FIXED
VERIFIED INVALID NOT FIXED
VERIFIED WONTFIX NOT FIXED
VERIFIED DUPLICATE NOT FIXED
VERIFIED WORKSFORME NOT FIXED
VERIFIED EXPIRED NOT FIXED
VERIFIED INCOMPLETE NOT FIXED
VERIFIED MOVED NOT FIXED

Table3: Classification of solution knowledgamergence outcome measurement

The second measure of the dependent outcome of interest at the problem level was
operationalized to account for the distinction in the literature of cases where a bug is resolved
with and without a software patch being iss(eél Antoniol, et al., 2008 Bugs fixed with
patches are sometimes considered to have more value and are treated as conceptually distinct to
bugs fixed without patches. While a detailed comparison of bug fixes with and without patches

is beyond the s@® of the present study, the fundamental distinction comes down to the
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tangibility of the emergent solution knowledge and its representation as software code (patch) or

as something else (no patch).

For this measure, initial classification of the bughatknowledge level of analysis was
conducted in the same manner as the first mea
Subsequently, a third | ogical wvariable fipatch
those bugwithapafithwednd those that were not.
|l ogical outcome variable Afixed with patcho o
variable Afixed with patch, fixed without pat
distinctions between this measure and the first measure in a manner consistent with the
|l iteratureds conceptual categories. At the a
logistical analysis of two logical variables rather than a single leserdvnultivariate analysis
of a single trinary variable. The dAfixed wit
Afi xedo variable in a manner that controll ed
variable depends on the first bgitrue. Preliminary analysis using both of these approaches
revealed the former to be provide more useful insights, validating this choice of

operationalization.

The third measure of dependent outcome of interest at the problem level operationalizes
the directness of the knowledge flow. The literature suggests that it is preferable if a bug
proceeds as directly as possible through the knowledge production pimtd&sponen, 2008
suggesting that this directness is a useful outcome that is related to but conceptually distinct from
the emergence of the solution knowledge itself. As depictEdjurel0, there are numerous

ways the knowledge production process can loop back upon itself. Three variables were selected
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to designate a |l oop in the knowledge producti
whet her a sbsugnwalsd,iraenad whet her a bug was fdeve
vari able was its own field in the database, t
calcul ated by cross referencing the Aactivity
sepaat i ng those bugs that ever had their status
one profile set as fassigned_too from those t
the knowledge flow. The choice was made to operationalize theablea as a logical status

rather than count of number of times a bug was reopened or reassigned. Preliminary analysis
revealed that bugs reopened or reassigned more than once where extremely rare and of

insufficient statistical power to be meaningfutignceptually different.

The fourth measure of the dependent outcome of interest at the problem level captured
the argument in the literature that faster resolutions were preferable to slower resolutions (c.f.
Huntley, 2003 Dalle, et al., 2008; Ahmed &okhale, 2009; Au et al., 2009). It may seem to be
an obvious implication that solution knowledge that emerges faster is of more immediate use to
the organisation that submitted the corresponding problem knowledge. However, given that the
first measure of th dependent variable already considers the emergence of problem knowledge
proper, this measure was operationalized to exclusively consider the amount of time until any
Aend pointod resolution was reached i tkeepshe kno

the measures conceptually distinct and isolates the effects of each one independently.

The amount of time until resolution was calculated in two ways. First, those bugs with a
classification of dApendingo wnmetereselwtianl Thided as

step was followed by subtracting the creation time stamp of each bug from the time stamp of the
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last activity recorded in the activity table cras$erenced with each bug. The result is each
bugds status aseenandpidt statuses depietedragiirel®. e chypice

was made to measure the Atime to resolutiono
resolutins that were later deemed insufficient (by, for example, the solution knowledge

verifier). This operationalization most closely matches the factor described in the literature

which accounts for the total time until the knowledge production process esxisely,

regardless of outcome. While the time covered may include one or more reopenings or
reassignments, which are examined in their own logical measure variables, the nature of the
present variable being an amount of time rather than a state ethaurné®se variables remain
conceptually distinct. Preliminary analysis

resolutiono revealed the present approach to

The fifth measure of the dependent outcome of interéseairoblem level of analysis
was time until assignment. This measure was operationalized to account for reports in the
literature that the more quickly a solution knowledge producer is identified and tasked (often
selftasked) with resolving the probleknowledge, the better the outcome for the organisations
who submitted the problem knowledge (8&ysal, et al., 2093 Time to assignment was
measured in a manner similar to time to resolution by subtracting the creation time stamp of the
bug fromtheif r st ti me the fiassigned_too field was pc¢
crossreferenced with the bugs table. The choice was made to stop the counting of time at the
first assignment rather than the last assignment as this operationalizatiariaselgt matches
the definition of the factor in the literature. This choice also keeps the time to assignment

variable conceptually distinct from the development time variable discussed below. Given that
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only a subset of bugs is ever assigned at allag necessary to exclude all bugs that were never

assigned as they have no meaningful value for this time variable.

The sixth measure of the dependent outcome of interest was development time. The
literature argued that faster emergence of solution krimelés of superior benefit to the
organisation who submitted the problem knowledge than slower emergenBalle.fet al.,
2008; Ahmed & Gokhale, 2008aysal, et al., 2013; Alexy, George, & Salter, 201Bhis
variable separates the amount of timerfrime identification of a solution knowledge producer to
the final resolution for the bug, regardless of the final outcome. Given that the action
Adevel opment 0 can take on many forms and the
measurement, the citse was made to not separate development time based on outcome to
ensure this variable is conceptually distinct. This variable also accounts for the amount of time
between first assignment, which was the end time point of the previous variable, andlthe fi
identification of the solution knowledge producer in the case that multiple people are assigned
over ti me. This process is often conceptual.
literature making this operationalization the closestvedent. In addition to the constraint to
only bugs that are ever assigned, as per the previous variable, this measure also excludes bugs
t hat have not yet reached an outcome (Apendin

measure.

The seventimeasure of the dependent outcome of interest examines the times to
resolution, assignment, and end of development based on idettgied thresholds. This
measure operationalizes the notion in the literature that the time measures have an entlmgeneity

the open source ecosystem itself based on its processeSigef,, Pinzger & Gall, 2010
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Baysal, et al., 2013). Therefore, in order to compare theliamed outcome within this single
ecosystem, it is necessar ythe ahercbogsip the eeosystant, h b u
effectively controlling for ecosystem endogeneity. These relative measures complement the
absolute measures for each of the tm@lated outcomes, triangulating the operationalizations to

improve the validity of the meares.

In order to determine the appropriate thresholds for comparison, the frequency of
occurrence of the duration of each time variable, in days, was graphed to identify inflection
points in each variable. The result was a-hon n etay p di¢ cdenoteckinfléctioa goints
around certain time values. These values were used to create logical variables for which
Abucket o quantile in which each bug fell for
that refl ects it dugsiferhat enkoariable.| Tagbucketssarewot ot her
numerically even but rather reflect the logarithmic equivalence of théimear scurve shape of
the quantile distribution, making them a bett
differencesat the scale of the datdable4 summarizes the inflection point thresholds used to
create each of the variables for these measures. Using these thresholdsaPRtdngbles were
created that could each independently be measured as the outcome variable of logistic regression

models with easily interpretable and intuitively understandable results.
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Relative speed

Time to resolution

Time to first

Time for development

category thresholds assignment thresholds thresholds
(days) (days) (days)
Extremely fast X<=04 X <=0.05 X<=05
Very fast 04 <X<=1.0 0.05<X<=0.4 0.5<X<=20
Fast 1.0 <X<=8.0 04<X<=20 20<X<=10
Average 8.0< X <=216 2.0 <X<=20 10 < X <=60
Slow 216 < X <= 300 20 <X <=50 60 < X <=180
Very slow 300 < X <= 800 50 < X <=160 180 < X <= 500
Extremely slow 800 < X 160 <X 500 < X

Table4: Thresholds for comparative time measure variables:

Taken collectively, the operationalizations of these seven conceptual measures provide a
detailed triangulation of the concept of solution knowledge emergence, incorga dtinad
range of definitions described in the literatuFeégurell summarises the operationalizations of

the measures of the dependent variable of interestimokrnowledge emergence, at the

problem level.
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Operationalized dependent variables

Conceptualization of at problem level of analysis

outcome of interest

Was bug fixed?

Was bug fixed with a patch?
Was bug reopened / reassigned / ever
Solution - eonfirmed?
knOWIEdge How long until a resolution was reached?
emergence -
How long until assignment?

How long did development take?

Did bug have slower/faster
resolution/assignment/development than
quantile-based thresholds?

Figurell: Operationalizations of measures of dependent variable of interest at problem ¢

Problem level operationalization: Independent variables

The independent variablesere operationalized at the problem level in line with each of
the six hypotheses that were formulated for the conceptualizations of the antecedents of interest.
Each operationalization can be conceptualised as a distinct measure used to triangulate the
overall conceptualisation derived from the KBV and open source literatures as well as a testable

subhypothesis with each of the abegiscussed measures as antecedent independent variables.

Absorptive capacity
The first antecedent of interest is absorptive capacity. It was triangulated with six
measures derived from the open source and KBV literatimebie hypothesis formulation,
absorptive capacity is theorized to be positively correlated with solutioml&dge emergence,
i.e., the more absorptive capacity a given actor or the open sourceng@tgsation as a whole
has, the better solution knowledge emergence as the actors are able to recognize, assimilate, and
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apply knowledge to solving problems. Bynt@st, many of the operationalised measures of
absorptive capacity as operationalized are negative, i.e., they act as a load on absorptive capacity,
reducing the remaining capacity that can be applied to knowledge recognition, assimilation, and
application to problem solving. As such, these measures should be thought of as the factors that
change the amount of absorptive capacity rather than representing an absolute absorptive

capacity value directly.

The first measure was number of unresolved probleitiedime new problem
knowledge is revealed to the open source rogganisation (c.f. Anvik, Hiew, & Murphy,
2006). The relationship between this independent variable and solution knowledge emergence is
hypothesized to be negative as the greater the @uaflunresolved problems pending
resolution, the worse the tendency of solution knowledge emergence for a subsequently revealed
set of problem knowledge. This variable was calculated by examining the cross section of all
bugs in the database at each tstemp of creation of a new bug and counting the number of
bugs that had the status Apendingo at each of
concept of juggling many balls at once and hence not being able to take on any new
knowledgebased taskas described in the KBV literature (c.f. Cohen & Levinthal, 1990; Zahra

& George, 2002; Jansen, Van Den Bosch, & Volberda, 2005; Todorova & Durisin, 2007).

The second measure of absorptive capacity consists of variables that organize the number
of unresdved problems according to the same platform, operating system, classification,
product, or component as the focal problem at the time its problem knowledge was revealed to
the metaorganisation. The variables were created in a manner similar to theyzreveasure.

For each bug, at the cressction of its creation time stamp, the subset of other bugs with the
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same platform in the database were reviewed at that time in order to count the number of bugs

t hat had the status 0 atedfodoparagny systeml diassifiqatiom, c e s s w
product, and component separately, resulting in 5 variables that reach reflect a different scope of
absorptive capacity. This measure allows more precise identification of the locus of absorptive
capacity challeges. This measure also complements the previous measure in a manner that

reflects the suggestion in the KBV literature that absorptive capacity can be localized at different
levels in different categories of the knowledge production process (Pisanoyh@3ippel,

1994; Lane & Lubatkin, 1998; Zahra & George, 2002; Schmidt, 2010; Volberda, Foss, & Lyles,

2010; Spithoven, Clarysse, & Knockaert, 2011).

The third measure of absorptive capacity consists of variables that organize the number
ofnewlyrevedd pr obl ems proxi mal to each focal prob
metaorganisation. This measure reflects the notion in the literature that absorptive capacity can
vary based on points in time in the knowledge production process independently of different
levels of categories of knowledge (&&rshtman & Gandal, 200Brancalanc& Merlo, 2008;

Giger, Pinzger & Gall, 2000 The variables were created in a manner similar to the previous
measures. For each bug, at the crEsdion of its creation time sig, all other bugs whose
creation time stamp was within various interyv
stamp were summed. The time intervals used t
were 1 day, 3 days, 7 days, 30 daysdags, 180 days, 1 year, and 2 years prior. These intervals

were selected based on manual experimentation with a wide variety of ranges and most closely

map the data to the short term, medium term, andtemy inflections in absorptive capacity

describd in the literature, providing a triangulation of different varieties of #rased measures

to more comprehensively measure absorptive capacity.
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The fourth measure of absorptive capacity consists of variables that organize the number
of newlysolvedprb | ems proxi mal to each f o-w©rgdnisapon.ob | e mod
This measure complements the previous measure by reflecting the notion in the literature that
absorptive capacity can vary based on both the number of newly identified probtethe an
number of newly resolved problems over time (ddoimeijer & Weimer, 2007; Shihab, et al.,
2010. The former identifies potential draws for absorptive capacity instead of the focal problem
whereas the latter, the present measure, identifies alchvas of absorptive capacity in the form
of work done on other problems recently. As with the previous measure, experimentation
revealed that the ideal intervals for the var
t he past X aenolwayt3days, 7 daysnB days, 90 days, 180 days, 1 year, and 2
years prior. Taken together, these measures triangulate thbased draws of absorptive

capacity that are theorised to affect solution knowledge emergence.

The fifth measure of absptive capacity consists of variables that consider the timing of
the revelation of the problem knowledge to the roetmnisation relative to institutional
schedules. Using the time stamp of the creation of each bug in the database, the timing was
clasgfied into variables for year, month, day of month, and weekday. Each of these variables
provides a measure of timing that represents unobserved temporal scheduling factors in the
metaorganisation as per the literature. For example, in many organgsatierabsorptive
capacity is higher at the beginning of the work week than at the end of the work week when
organisation members are tired and in need of a break over the weekend. A similar situation
takes place over the course of months, particuladyrat socially scheduled holidays, tax
season, or regularly scheduled organisation deliverable periods. These variables aim to capture

those factorsd influence on solution knowl edg
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The sixth and final measure of absorptive capacity conside@tiount of time that it
takes for a given problem to reach a resolved status. This measure is the same as the fourth
measure of the dependent outcome variable of interest, alternatively considered as an antecedent.
Clearly, this measure cannot be bo#pendent and independent variable at the same time. As a
result, it is only assessed when it can be theoretically separated from itself and evaluated with
other orthogonal measures of solution knowledge emergence. For example, the amount of time a
gvenbug was open is orthogonal to the eventual
this case, it is appropriate to consider the former as IV and the latter as DV without confounding
the measures. Considering this measure as both 1V and DV sfpatsab serves as a
verification of the independence of the different measures of solution knowledge emergence,
reducing issues of cros®rrelation confounding results. Its theoretical importance as potential
antecedent, in addition to outcome, reflghts notion in the literature that the knowledge
production process might become fAstaled and
progresses and relevant knowledge loses valueAie €t al., 2009Giger, Pinzger & Gall,

2010).

Figure12 summarises the operationalizations of the measures of absorptive capacity at
the problem level as well as their theorised direction of influence as independent vanabies

dependent outcome of interest solution knowledge emergence.
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Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at problem level outcome of interest

Number of unresolved bugs
when focal bug created

Number of unresolved bugs
when focal bug was created
with same platform, operating
system, classification, product,
or component as focal bug

- Number of bugs that were Solution
created in the last quantile- knowledge
based amounts of time before

- focal bug was created emergence

Number of bugs that were
resolved in the last quantile-
based amounts of time before
focal bug was created

Year / month / day of month /
weekday in which focal bug was
created

| Amount of time bug was open

Figurel2: Operationaliations of measures absorptive capacitgt problem level

Codifiability

The second antecedent of interest is codifiability. It wasgulated with seven
measures derived from the open source and KBV literatures. The first measure was the length of
the title and description of each of the problem knowledge sets. These variables were calculated
by counting the number of charactersha title and description of each bug. Preliminary
analysis on the quantile distribution of the range of description lengths suggesteling@aon
distribution that could not be readily transformed to linear with conventional transformations.
Instead,te di stri bution revealed that there were t
whose inflection point was at approximately 10,000 characters in length. As a result, rather than
anonl i near pure | ength variabl ea,noa 110g Pi0dDa lc hiag laa
variable was created. The use of a logical variable maximizes the power available for detecting

largescale effects. A more nuanced measure using an expanded database with a more evenly

78



distributed range of description lengths wobitla useful future extension beyond the scope of

the present research.

These measures reflect the notion in the literature that codifiability is a function of
complexity and overall length is a basic measure of compléxityBettenburg, et al., 2008;
Ahmed & Gokhale, 2009; Guo, et al., 2D1@ is theorized that excessively lotiges and
descriptions have a negative effect on solution knowledge emergecaese they reflect
difficulty of codifiability, resulting in hindered knowledge flow withihe metaorganisation
(c.f. Kogut & Zander, 1992; Cowan, 200MVhereas it would be ideal to examine the potential
for a ushaped relationship, where both too long and too short titles and descriptions were
theorized to be negative, as per the theoraéneixtant codifiability literature, the data are not
conducive to this sort of analysis. As a result, the choice was made to examine the effects too
much complexity rather than too little. Further research with data more suited to quadratic

analysis mayvish to examine this relationship in more detail.

The second measure of codifiability was the readability of the description. This measure
reflects the notion in the literature that many descriptions of problems suffer from readability
problems due togor grammar, poor choice of words, spiitimal punctuation, and so on
(Canfora & Cerulo, 2006; Guo, et al., 2010; Masmoudi, 20This issue is particularly
prevalent in metarganisations that have a technical focus, as in the present case, as some
prodem descriptions can be overly technical, reducing their codifiability for those not expert in
the narrow technical field required to understand and communicate the problem clearly. As a
result, description readability is expected to positively relaseliation knowledge emergence.

The variable representing fAreadabilityd was
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Readability Formula (Flesch, 1948; Kincaid, A
formula was selected over other availablerfolae as it has successfully been used as a

readability measure for technical manuals making it a better fit to a techsimalised

metaorganisation than readability measures more applicable to the realms of literature and

education (Smith & Kincaid I®). The application of the Flesch formula to calculate the

readability of each bug in the database was done using the koRpus R package (Michalke,
20122017) that translates the formula to R (R Foundation, 2017) code for statistical analysis

resulting ina single variable measure suitable for hypothesis testing.

The third measure of codifiability was the presence and type of attachments in the
problem knowledge revealed to the metganisation. Attachments are optional appendices to
problem descriptiorhiat provide additional details and contextualisation related to the problem.
The literature suggests that contextual and corroboratory knowledge are factors in the
codifiability of problem knowledge, suggesting their existence and nature may improvensolut
knowledge emergenc8é¢ttenburg, et al., 2008; Guo, et al., 2010; Guo, et al.,)20hlheory,
attachments can be of many different types including textual, source code, images, logical code,
audio, video, and structural models. In practice, is plairticular open source meaigganisation,
the image attachment type is used disproportionally as compared to other attachment types. As a
result, preliminary analysis revealed that there was insufficient power to examine all the
attachment types as angle categorical variable. Instead, two logical variables were created for
this measure, with the first representing the presence or absence of an attachment and the second
indicating whether or not the attediothahient t ype
represents a conservative measure of the effects of attachment type given the low power of the

full range of types. While it may result in missing smaller effect related to the specific other
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types, the goal in this study is to capture lasgale effects in a thorough analysis. Future
research with an extended database could usefully consider the effectsrfigerattachment

types, if any.

The fourth measure of codifiability is the similarity of the title and description of each
problemk nowl edge from the set of problem knowl edg
resolution. This measure reflects the notion in the literature that some elements of codifiability
are inherent to that which is being codified and are best described by mompgardesired
categories$andusky, Gasser, & Ripoche, 2004; Zimmermann, et al.)20dbhis case, the
outcome of interest being solution knowledge emergence, a prototypical model of the title and

description of each problem knowledge reveal thatdesblution knowledge emergence was

created and each individual bugbés title and d
determine similarity and difference. The pro
were created usingaconceptdeved i n the field -gogfamipgaofiskea:

(ArmstrongWarwick, Thompson, McKelvie, & Pettitpierre, 1994, Hornik, Rauch, Buchta, &

Feinerer, 2013).

AAngramisanrkc haracter slice of a | onger string
Examining the frequency of these slices and their proximity to spaces, indicating the boundaries
of a word, allow the creation of probability models of similarity. Initially, these models were
used to deal with fAnoi sy o0 oftdatadurmgitrasssmissomof c hanne
textual information (Cavnar & Trenkle, 1994). More recently these models are used for
classification and prediction, as in the present case (Hornik, et al., 2013). As Cavnar & Trenkle

(1994: 2) e x p lgemsthat aré cofnmow ® two [@rumore] stnngs, we get a
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measure of their similarity that is resistant to a wide variety of textual errors [earram
similarities such as synonyms] o. Il n particul
ngramsina document can be modell ed using ranking
comparing documents from the same category, they should have shgiEmrfrequency

di stributionso (Cavnar & Trenkle, 1994: 3).
Textcat R package (Hornik, et al., 2013) that applies these principles to build a text

categorisation system. The top parEaurel3depicts the knowledge categorisatprocess.

In the present case, the category sample (only one category is used in the present measure)
consists of alll bugs with the status #fAfixed?o,
focal bug with t he Aneswbeadhare deeecratacaldubatethe i pt i o
frequency distributions of-grams. The distance between thgram statistical distributions of

the category of Afixedo bugs and new bug is t

That nAdi st aan beealculaes i slifierest ways. Based on preliminary
analysis with the 7 most common measures, it was found that the Kullbdikr Jeffreys
divergence measure for multivariate skearmal distributions (Kullback & Leibler, 1951;
ContrerasReyes & AellanoValle, 2012) and the-gram ranks comparison measure (Hornik, et
al., 2013) produced variables that were most readily comparable between bugs on a linear scale
suitable for hypothesis testing. T hmeasikd. J me a
The ranks comparison measure was used in the following measure, discussed in the next

paragraph.
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Figurel3: N-gram based text categorisation knowledge flow (Adapted from Cavnar & Trenkle,
1994)
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As with the previous measure, the top portion of the knowledge flow uses samples of
previously resolved bugs to generate profilesthtnpresent measure, as opposed to the previous
measure, this time two profile categories are created using separate sets of samples for bugs

previously resolved as nAfixedo and as fAnot fi

calculated foreachlgud s t i t | e agnan prdfies ane dispance foom tha set of

Afi xedo profiles and one distance from the se
The algorithm simply chooses the | ower dis
As with the previousmes ur e, di fferent Adistanceodo al gorit!l

the previous measure was to examine the relationship between the actual distance measures and
the outcome of interest, the intent in the present measure is to examine the rgaietveben

the relative distance from two measures and the outcome of interest, trading relative distance
from one category for net difference of distance from two categories. As such, a different
measure of the distance, the Cavnar & Trenkle aggregstéusd difference of ranks of the

combined rgrams in the two profiles measure (Cavnar & Trenkle, 1994) was chosen as it

focuses more specifically on logical classification rather than an absolute numeric measure as in

the previous measureb6s case.

Along with the previous measure, this measure reflects the notion in the literature that
codifiability partially consists of readily identifiable patterns (Asvik, Hiew, & Murphy,
2006; Breu, et al., 20)0 It is therefore hypothesized that the identificabbthese patterns and
their ability to be classified algorithmically positively correlates with solution knowledge
emergence. The use of two distinegram profile distance measures further triangulates these

operationalizations of codifiability to stigthen the overall validity of the measures.
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The sixth measure of codifiability is the redundancy of the submitted problem
knowledge. One of the variables in the database designates that a knowledge actor has flagged
the submitted problem knowledge asuedant to previously submitted problem knowledge in a
dyadic manner. Each bug can potentially be a duplicate and can potentially have duplicates. In
the former case, being a duplicate suggests that the problem knowledge is not new and may have
previouslyled to solution knowledge emergence. As a result, new solution knowledge is
unlikely to emerge in a manner associated with the duplicate problem knowledge reveal.
Instead, in the latter case, having a duplicate suggests that the focal duplicated problem
knowledge has been codified anew, possibly in a more detailed way, increasing the likelihood
that the duplicated problem knowledge will lead to solution knowledge emergence. The two
variables, fAis a duplicateo afnhddyadiceetiomshipdupl i c
implied by this measure, following the open source literatBamqdusky, Gasser, & Ripoche,

2004).

The seventh and final measure of codifiability is the number and length of comments
appended to the problem knowledge revealgtieganetaorganisation. Comments are
conceptualised as a form of emergent problem knowledge that complements the initial problem
knowledge by providing more details, answering questions by knowledge actors, and linking the
problem knowledge to a reprodbl@ context. The number and length of comments represent
the available additional emergent problem knowledge available for codification and are therefore
hypothesized to relate to solution knowledge emergence-shape, in a manner similar to title
anddescription lengths. Too many comments and/or comments that are too long may represent a

degree of complexity that begins to compromise the codifiability.
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Preliminary analysis of the quantiles of the range of number of comments revealed that
the number bcomments were not linearly distributed across bugs. Standard transformations did
not successfully induce linearity. Instead, an inflection point was apparent at more than 50
comments.As a result, rather than a ntinear purecountvariable, dogicd ffewert han o and
fimoret h &b@ @ommentyariable was createdAs in the case of description lengthetuse of a
logical variable maximizes the power available for detecting laigde effects. A more
nuanced measure using an expanded database with a more evenly distributedaamgecot

countswould be a useful future extension beyond the scope of the present research.

In the case of comment length, given that, unlike foradbuls descri ption, t h:
typically multiple comments, the problelevel measure that is most readily comparable across
bugs is the mean comment length rather than the absolute sum of comment lengths which is
highly nonlinearly skewed and not readily cparable even with standard transformations.
These two variables triangulate the measures of emergent problem knowledge, mapping to this
component of codifiability as described in the literatWseiB et al., 2007; Zhang, et al., 2012

Alexy, George, & Sakr, 2013), enhancing the validity of the overall measure.

Figurel4 summarises theperationaliations of the measures addifiability at the
problem level as welis their theorised direction of influence as independent variables on the

dependent outcome of interest solution knowledge emergence.
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Conceptualization of
antecedent of interest

Operationalized independent

variables at problem level

| Title & description lengths

Description readability

Conceptualization of
outcome of interest

Presence / type of

attachment
—— Solution
N-gram profile distance of
title & description from knowledge
- profile of fixed bugs emergence

Automatic classification
based on n-gram profile

Is a duplicate / has a
duplicate

Number and mean length
of comments

Figurel4: Operationalizations of measurescoflifiability at problem level

Dominant knowledg paradigm

The third antecedent of interest is dominant knowledge paradigm. It was triangulated
with five measures derived from the open source and KBV literatures (Panjer, 2007; Ahmed &
Gokhale, 2009; Au et al., 2009; Bougie et al., 2010; Shihab, 20HD, Zhang, et al., 2012).
The KBV literature suggests that certain knowledge paradigms, such as technical standards, will
go through phases of popularity in organisations independent of their actual utility as relates to
the specific nature of the knosdge (Grant, 1996a, 1996b; Szulanski, 1996). The present
measures organize the problem knowledge into knowledge paradigms related to open source
metaorganisations. The measures are used in theongémisation to identify solution
knowledge producershwse skillset includes the knowledge paradigms related to the operating
system of a focal piece of problem knowledge as knowledge is often unevenly distributed within
a metaorganisation with only partial overlap amongst participants (Gulati, Puranam, &
Tushman, 2012), making these measures a good representation of the theoretical concept in the

literature.
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The first measuref dominant knowledge paradigwas platform type. Computer
platforms form of technical standard that represent particular arché@estptementations of
different possible arrangements of components that map to different engineering and computer
science fundamental principles. In the early days of computing, platforms were often unique to
the firm that developed a given computer.tha 1970s, a range of standard platforms emerged,
led by IBM (cf. Breshnahan & Greenstein, 1999; Gawer & Cusumano, 2008), with dominant
platforms waxing and waning and new platforms emerging over time. Given the longitudinal
nature of the database usedhiis study, ranging from 1998 to end of 2012, it is unsurprising that
a range of platforms are represented in the database, which the present measure captures in a

single categorical variable. Platform types include morekvello wn pl at f odms such

and NA»86& 064hich are used for a | arge portion
APower PCo0, which was used for many Appl e comp
used in many mobile computing devices. Lesser-wello wn pl at f orE@D,i ncl udi 1
ASGl 6, ASuno, AHPO, and fAScaleo which are use

represented. As the measure is meant to organize the nature of the problem knowledge, it also

includes types for ial |roblemkndwlefige telatesrtodmore thant he ¢
one platform or platforms so rare that they d
the case of dummy variable regression model s,

category that determines thedative dummy variable coefficient directions.

The second measure of dominant knowledge paradigm was classification type. The field
Acl assificationodo in the database attempts to
knowledge creation prioritiesf the open source metaganisation. In the Mozilla

metaor gani sation, 5 classifications are used: g
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Aot hero and Agraveyardo. Client software ref
will be used by end users such as the Firefox web browser. Server software refers to software

that is primary run on enterprise servers used by more than one user at the same time for broader
organisational development purposes, such as the Bugzilla bump¢racktware that created the
database used in this study. Components refer to pieces of computer software that are reused
across different client and server software. For example, both Firefox and Bugzilla must present

a usetinterface. Their user intiace rendering is done by a component known as Gecko which

is part of both software products and has its own development priorities. The other classification

is used for categorisation of problem lknowl ed
documentation, strategy, consumer outreach, standards development, support, and marketing.

The last classification, graveyard, is used to denote obsolete knowledge creation priorities that

are no longer of relevancetothemeta gani s at i ®prodlctiok attivities goidg
forward. Periodically, designated knowl edge
classification and retained there indefinitely for retrospective andnpagem analysis. Such a
retirement typically represents thad of the dominance of a given knowledge paradigm in the

open source metarganisation, making it particularly well suited for the present measure. In the
dummy variable regression models, the classif

caegory to determine relative dummy variable coefficient directions.

The third measure of dominant knowledge paradigm was operating system type.
Operating systems are a software layer of abstraction that interacts with the hardware platform
thereby creatig a programming standard for the development of applications that is independent
of hardware specifics. Hundreds of operating systems have been developed since the invention

of computers. This categorical measure has categories designating the 48mmash co
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operating systems in use between 1998 and 2012, including most versions of Microsoft Windows
(e.g., 95, 98, ME, 2000, NT, XP, 2003, 2008, Vista, 7, 8), most MacOS versions (eQgx 7.5

and OS X), Android and iOS smartphone operating systems, LinegBSD, and so on. As in

the case of the classification measure, tHed@t egory of the operating
indicating problem knowledge that applies to more than one operating system type, afftl the 50
category i s i otehthatapplytaoedokthedessrcgnmbnooperasng system
types not reflected by its own category in the variable. Given the large number of type
categories in this variable, during analysis, in order to increase the statistical power of the
measure, it &@s converted to a continuous numerical variable from 1 to 50 to represent the
operating system type. This approach has been shown to be appropriate for statistical analysis
when a variable has more than 7 categories as the use of a large number of duairgsv
significantly increases computational complexity without yielding a significant variance in

results (Rhemtulla, Brossediar, & Savalei, 2012).

The fourth measure of dominant knowledge paradigm is product type. Products are
software applicationthat provide features to conduct computational tasks. Products can be both
single user and multiser in focus and generally focus on addressing a particular set of needs

related to organisational tasks. There are 85 product types designated inlihsejataluding

Aall 0 and Aothero types similar to those used

include the Firefox web browser, the Bugzilla bug tracking system, and the Thunderbird email
client. AProduct 0 t ype daom@anisaticn tosndicate o met i me s

non-software related knowledge production activities such as in the case of the types

Adocument ati ono, fAMarketingo, AFinanceo, #0Atec

previous measure, given the large number of typeyoses in this variable, during analysis it
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was converted to a continuous numerical variable from 1 to 85 to represent the product type and

avoid the excessive use of dummy variables.

The fifth and final measure of dominant knowledge paradigm is comptypent
Components are typically reusable portions of software code that have applicability to multiple
product s. There are 1253 designated componen
problem knowledge categorisation. Examples of general categorii nc|l ude At hemeso
Al ocali sationo, fAview sourceo, fnNnextensionso,
as fAiEstoniano and fAnCatalano, and Adictionari e
developed in the metarganisation. As wit the previous measures, this categorical type
variable was converted to a continuous numerical variable from 1 to 1253 during analysis.

Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at problem level outcome of interest

| Platform type
Classification type ’
Dominant _ Solution
knowledge l Operating system type knowledge
paradigm _ emergence
Product type
[ Component type

Figurel5: Operationaliations of measures dbminant knowledge paradigat problem level

Taken collectively, these measures triangulate many different types of knowledge
paradigms that have different levels of dominance as represented in the database. Itis
hypothesized for each one that the more dominant the knowledgkgparat each problem

knowledge reveal in the metaiganisation, the more likely solution knowledge emergence
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because there is likely to be more available solution knowledge in theonget@sation amongst
knowledge producerd-igure1l5 summarises theperationaliations of the measures of
dominant knowledge paradigat the problem level as well as their theorised direction of
influence as independent variables ondbpendent outcome of interest solution knowledge

emergence

Knowledge flow impediments

The fourth antecedent of interest is knowledge flow impediments. It was triangulated
with six measures derived from the open source and KBV literatures. These meagutes
the descriptions in the literature of factors that interrupt the knowledge flow from problem

knowledge to solution knowledge in organisations.

The first measure of knowledge flow impediments is the timing of the release of the
problem knowledge tthe metaorganisation relative to a formal decision to change the
knowl edge production process for all/l knowl edg
product release strategy was to release a new version of a given piece of software whenever a
sufficient number of new features and bug fixes resulted in a substantial difference from the
previous version. The period between releases of major products like the Firefox web browser
could sometimes be a year or more. In 2010, Google began rapétgingl new versions of its
Chrome web browser, a major competitor to Firefox for market share, with releases as often as
once a week. In order to keep pace with Google, on April 12, 2011, Mozilla formally adopted a
Arapid rel easeod webbravseeanyseveral other groeucts. i As arésaltxthe
period from April 12, 2011 to December 31, 2012 in the database reflects a deliberate change in

the knowledge production process with widaging implications for solution knowledge
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emergence distct from the period of January 1, 1998 to April 11, 2011. The present measure is
represented as a simple | ogicalr elagd sad | ®t, r dtbai
and it is hypothesized that knowledge reveals taking place after theredgade strategy was

implemented are more likely to lead to solution knowledge emergence as that was one of the

stated goals of using the strategy. This measure maps to the concept in the literature that

deliberate knowledge flow strategies can be usadflteence knowledge production (Gupta &
Govindarajan, 1991; Appleyard, 1996; Fahey & Prusak, 1998; Alexy, George, & Salter, 2013;

Baysal, et al., 2@b; Garrett Jr., & Covin, 2015).

The second measure of knowledge flow impediments was knowledge prodaatiiaty
guantities and timing. Activities, tracked in the database by¢crass er enci ng t he fac
with the Abugso table, describe in detail the
knowledge along the knowledge production protessrds generating solution knowledge.
The literature suggests that the frequency and timing of these activities are correlated with the
outcome of the knowledge production procéssdimeijer & Weimer, 2007Guo, et al., 2010).
Activities immediately akr the reveal of the problem knowledge to the roetgnisation are
hypothesised to be positively correlated with solution knowledge emergence, whereas activities a
long time after creation are hypothesised to be negatively correlated with solutiondg@wle
emergence. The timing of these activities reflects knowledge actor engagement in the
knowledge flow, with earlier being better and later suggesting that the problem knowledge was
initially ignored and revisited as an afterthought, at which point yt na&e lost relevance.
Activity count overall is hypothesised to be positively correlated with solution knowledge

emergence as it reflects engagement of solution knowledge producers in resolving the problem.
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Preliminary analysis of activity patterns releshthat the continuous distributions across
time thresholds are ndmear and not readily transformed to linear with standard
transformations. Instead, logical variables were created around frequency inflection points of
time since bug was created irder to capture time frames that are relevant to the measure
without sacrificing statistical power. Similarly, preliminary analysis of the quantile distribution
of the range of number of activities amongst all the bugs revealedlaaanpattern with an
inflection point at 20 activities total. Comparing the time and quantity quantile distributions also
revealed an inflection point for more than 20 activities occurring more than 2 years after
creation, suggesting a distinct effect for the subsetofWwuge r e t hat 6s t he case.
this preliminary analysis was the creation of 15 logical variables that, collectively, categorise
each bug relative to the inflection points observed in the frequency distributions.

Experimentation with continuous vables and differing time and quantity thresholds revealed
these measures to be the best balance between statistical power and theoreticalhabieiby.
summarise the thresholds of activities relative to bug creation and their hypothesised direction

of influence on solution knowledge emergengdable6 summarises the quantibased

thresholds for activities as well as the inflection point of the interaction of quantity and timing in
the case of more than 20 activities occurring more than 2 years after bug creation which reverses
the hypothesised direction of influence relativehe occurrence of fewer activities than 20 in

the period beyond 2 years after creation. Taken collectively, these variables triangulate the
measure of knowledge flow impediments related to activities both temporally and in terms of

quantity, improvinghe validity of the measure.
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Hypothesised direction of

Time after creation thresholds for activities /
influence on outcome

L _ +

0 hours < activity <= 3 hours (Strongest)
3 hours < activity <= 6 hours +
6 hours < activity <= 12 hours +
12 hours <activity <= 24 hours +
1 day < activity <= 3 days +
S +

3 days < activity <= 7 days (Weakest)

7 days < activity <= 15 days (Weakest)
15 days < activity <= 45 days -
45 days < activity <= 90 days -
90 days < activity <= 180 days -
180 days < activitx= 365 days -
1 year < activity <= 2 years -

2 years < activity (Strongest)

Table5: Activity timing threshold measures of knowledge flow impediments

Hypothesised direction of

Activity quantity thresholds .
ya y influence on outcome

20 < activities total +
+
20 < activities later than 2 years after creation (Reverses direction of

influence of timing alone)
Table6: Activity quantity threshold measures of knowledge flow impediments

The third measure of knowledge flow impediments consists of whether the knowledge
flow was rerouted through reopening or reassigning activities, as previously described and
depicted inFigure10. These variables are the same as those used as the third measure of the
dependent outcome variable of interest, alternatively considered as an antecedent. Similar to the
case of the measure of time to outcome being considepatately as independent and
dependent variable, this measure cannot be both dependent and independent variable at the same

time. As aresult, it is only assessed when it can be theoretically separated from itself and
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evaluated with other orthogonal nseiaes of solution knowledge emergence such as the nature or
timing of outcome. The choice to separately consider reopening and reassigning as antecedents
and outcomes in different statistical analyses was made as an alternative to multivariate
regressiorthat promotes interpretability and statistical power for identification of effects and

their relationship to one another across models rather than within a single model. Further, the
dual nature of these measures reflects their descriptions in the apea erature which

considers them alternatively as antecedents and outcomes depending on the frame of reference,

which is the present casé|o, et al., 2010; Guo, et al., 2011

The fourth measure of knowledge flow impediments is the changing of kahgevieow
signalling artefacts in the database during the course of the knowledge flow of each set of
problem knowledge. Knowledge actors who engage in various triaging roles will periodically
change signals attached to bugs during their knowledge flthwereTare four main signals:
keywords, flags, whiteboard, and target milestone. Keywords reflect identifiers associated with
the problem knowledge that enables categorization based on known verbal tokens. Keywords
are selected from a pepproved list ofelevant keywords that is periodically updated by senior
members of the metarganisation. Flags are custom identifiers with a positive or negative
signal that can be changed over the course of the knowledge flow. These flags could be partial
completionmilestones for the problem production. They could also be used for coordination
across different but related pieces of problem knowledge to synchronize their knowledge flow.
The whiteboard is a scratch space used to track textual descriptions ofedtd@igsto the
problem knowledge by the knowledge producers. It complements the keywords field by
allowing the use of any text rather than-pmproved keywords. Frequently used text in the

whiteboard may be periodically moved to the list of usable keysvior the keyword field
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making their use related but distinct. Target milestone is a field used to synchronize the release

of solution knowledge in a single version of a product. For example, several sets of problem
knowledge related to new desired feattl s may have a target mil estor
indicating that even if the solution knowledge is completed before hand it will be released
simultaneously with other solution knowledge that has this same target milestone. This practice

is comma in software development communities. Taken collectively, these four signalling

artefacts change the knowledge flow by triaging or coordinating the parallel production of

knowledge in a manner that may be different from how each individual knowledgedlola

proceed in isolation.

Preliminary examination of the distribution of the count of each of these signalling
variables revealed a ndimear frequency distribution amongst bugs that could not readily be
transformed to linear form. Instead, a lo¢jicariable was created to differentiate problem
knowledge whose initial keywords, flags, whiteboard, and target milestone set during initial
problem knowledge reveal remained unchanged during the course of the knowledge flow from
those sets of problem knéedge whose initial keywords, flags, whiteboard, or target milestone
were changed subsequent to the initial problem knowledge reveal. Examination of the frequency
distribution quantiles suggested that these two categories were the only major knowledge flo
impediment factors and that a continuous variable would not properly represent the actual
frequency distributions, diluting statistical power. As the goal is to identify large scale effects in
this study, future research may usefully consider a monecegacount of changes in signalling
variables over time using a database that has suitable frequency distributions for such analysis

which is beyond the scope of the present study.
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The fifth measure of knowledge flow impediments was whether or not the dahgesv
flow life cycle was violated. The knowledge flow life cycle is a designated flow agreed upon by
participants in the metarganisation that is updated from time to time to reflect attempts to
i mprove the fl owbs ef fi cptceedate howtedgd pragldctioe ct i vene
practices. The life cycle process used for the knowledge production captured in the database is
depicted inFigure10. Problem knowlege enters the flow at the top and exits the flow when it
reaches one of the figreend statuses at the bo

paths in the knowledge flow life cycle. The present measure examines the case where states are

Ajuchpe 1 .e., a transition takes place that s
there is no valid knowledge flow Iife cycle |
Therefore, i f a bug were t o twiarsiutti dn rfsrto ny ofi
Areopenedod state, it would be said to have vi

all valid state transitions, indicated by the arrows in the diagram, were mapped and all state
transitions for allbugsinthetlaa bas e wer e examined in the fAacti
variable Aviolated bug |ifecycleo was set to
knowledge flow life cycle transition that was not a valid transition designated by an arrow. This
measuranaps to the concept in the literature that agreed upon knowledge flows improve

outcomes if they are adhered to (Fahey & Prusak, 1998; Birkinshaw & Sheehan, 2002; Maier &
Remus, 2003Koponen, 2006Zucker, et al., 2007). As such it is theorised that timmeof the

bug life cycle is negatively correlated with solution knowledge outcome measures.

The sixth measure of knowledge flow impediments is the dependency relationship
between sets of problem knowledge. Two variables reflect complementary sideswddkure,

reflection the notion in the literature that knowledge flows may be impeded bypraddem
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effects that are independent from a given set of problem knowledge considered in isolation
(Birkinshaw, Nobel, &Ridderstrale2002;Sandusky, Gasse, Ripoche, 2004Garud &

Kumaraswamy, 2005). The first variable identifies the case when a focal set of problem

knowledge reveal depends on another set of problem knowledge first being solved before a

solution can be created to address the focal problrs situation is known as a bug being

Abl ocked byo another bug. The term Abl ockedo
impediment in the knowledge production process that indicates a solution ordering dependency
between bugs. The second variadentifies the reciprocal side of this dyadic relationship

bet ween bugs, i1 .e., when a bug is Ablockingo.
before another problem can be addressed. As a result, each bug can, independently, be blocking
one ormore bugs and blocked by one or more bugs. Preliminary frequency analysis revealed

that the number of bugs that each bug is blocking or blocked by {éneam and best
represented by the |l ogical variabl es mofr ebl oc
As with previous measures, given that the goal in this study is to capture large scale effects,

future research may usefully examine the effect of the count of blocking or blocked by

relationships using network theory modelled with structurahton models and a database that

has data with suitable frequency distributions, which is beyond the scope of the present study.

Taken collectively, these measures triangulate the many different types impediments that
may delay or reroute the flow of knadge productionFigure16 summarises the
operationalizations of the measures of knowledge flow impediments at the problem level as well

as their theorised directiasf influence as independent variables on the dependent outcome of
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interest solution knowledge emergence.

Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at problem level outcome of interest

Bug was created before rapid-release
strategy

Count of activities on bug within
certain time frames

Solution
Kn(.)r‘lz’l:vdge - ‘ Bug was reopened / reassigned knowledge
impediments - emergence

Keywords, flags, whiteboard, or target
milestone were changed =

| Bug life cycle was violated

Bug is blocking / blocked by another
bug

+/-

Figurel6: Operationaliations of measures &howledge flow impedimentst problem level

Knowledge stakeholder influence

The fifth antecedent of interest is knowledge stakeholder influefloe.concept of
Astakeholdero is defined broadly in the prese
organisational, that are involved in the knowledge production process itbaW@r stake in its
outcome. In this sense, the major stakeholders include the actor that creates and submits the
problem knowledge, the actor who creates the solution knowledge, and the actor who verifies the
solution knowledge. Other stakeholdersuid the broader open source community, which

includes the users of the products that are produced as part of the collective effort.

The knowledge stakeholder influence measuas triangulated with five measures
derived from the open source and KBV lgeires. These measures map to the descriptions in
the literature of factors that relate to the influence of knowledge stakeholders in

metaorganisations that influence knowledge production.
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The first measure of knowledge stakeholder influence is thehsiflee who revealed the
initial problem knowledge to the metaiganisation. Reputation is a commonly reported factor in
the literature that is theorised to affect solution knowledge emergence as certain stakeholders
have sway over the knowledge productomacess and, as result, the metganisation will
prioritise problem knowledge submitted by certain stakeholders over other problem knowledge
independent of the contents of the problem knowledgeAgwvik, Hiew, & Murphy, 2006;
Panjer, 2007Au et al.,2009; Giger, Pinzger & GalR010; Zimmermann, et al., 200L2This
measure is represented by a variable that uniquely identifies the profile of the stakeholder who
submitted the problem knowledge. As there are hundreds of thousands of unique pribiies in
database, while theoretically this variable is categorical in nature, as with previous variables with
a large number of categories, it was treated as a continuous numerical variable for the purpose of

analysis.

The second measure of knowledge stalkadranfluence is the nature of the role of the
stakeholder who revealed the initial problem knowledge. Whereas the former measure considers
each individual problem knowledge revealing stakeholder, the present measure separates the bug
reporting stakeholdes i nt o t hose who are ficore actorso a
those knowledge actors who have certain abilities to influence the knowledge production process
that other knowledge actors do not. These abilities are typically reserved tormenibers of
the metaorganisation and are earned over time, resulting in a form of knowledge stakeholder
influence hierarchy. Knowl edge stakehol der s
profile had one or more of the abilities to editgraeters in bugs, create/modify groups of
profiles, create/modify components, create/modify keywords, modify user profiles, confirm bug

reports, create/modify classifications, create/modify profile notifications, or, was listed as a
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designated component oam quality assurance contact or default recipient of notifications.

Only approximately 0.23% of profiles in the database had one or more of these abilities,
suggesting that Acore knowledge actorso are
dispoportionate influence as compared to other knowledge stakeholders, which is a close match
to the description of the role the present measure is attempting to capture in the litBadteye (
Besten, & Masmoudi, 2008; Dallet al., 2008Guo, et al., 201,0Masmoudi, 2012). At the

problem level, the variable retained for the present measure was a logical variable indicating

whether or not the stakeholder who revealed the problem knowledge as a core knowledge actor.

The third measure of knowledge stakeholdéuence is the number of stakeholders
designated as core or peripheral knowledge actors who follow, vote for, and/or comment on each
set of problem knowledge. Whereas core knowledge actors are defined as in the previous
measure, peripheral knowledget@s are defined as those knowledge actors who are not core
actors, i.e., do not have any of the abilities set on their profile as described for the previous
measure, and, who also have never submitted problem knowledge, have never submitted an
attachmento a set of problem knowledge (reporter), have never been a designated solution
knowledge producer (assigned_to), and, have never been a designated solution knowledge
verifier (QA_contact). These actors reflect the notion in the open source literatittectie are
participants in open source meta organisations who do not affect the knowledge production
activities directly but instead enact an influence through peripheral participation such

guantifiable observation, voting, or commenting. A third thicaiecategory of actors, referred

a

to as Aknowledge fl ow participanto actors cap

core knowledge actor abilities but have directly participated in the knowledge production in one

of the roles described ab@v This category of stakeholders is the most common amongst
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profiles. As aresult, it is held as the reference category in the analysis, with the core and

peripheral stakeholdersoé relative influence m

Preliminary examination of the fregocy distributions of the following, voting, and
commenting activities of core and peripheral stakeholders revealed that only the following
activity of core stakeholders had a linear frequency distribution suitable for analysis with a single
count variable The other five variables, namely votes by core stakeholders, comments by core
stakeholders, following by peripheral stakeholders, votes by peripheral stakeholders, and
comments by peripheral stakeholders, all hadliva@ar frequency distributions naeadily
transformable using standard transformations. Instead, each one was represented by a logical
variable at the problem level which captured whether each set of problem knowledge had one ore
more votes by a core stakeholder, one or more commentsdrg atakeholder, one or more
follows by a peripheral stakeholder, one or more votes by a peripheral stakeholder, and, one or
more comments by a peripheral stakeholder. Preliminary analysis revealed that these logical
variables captured the majority oktlhrariance of these factors in the database, ensuring the
power would be sufficient to capture major effects. As with previous measures, in future
research with a database with a more suitable frequency distribution, examination of the effect of
count varables could usefully be conducted, though such analysis is beyond the scope of the
present study. Collectively these six variables triangulate the description in the literature of
knowledge stakeholders influencing the knowledge production processiteatiycand

indirectly Mockus, 2002; Sandusky, Gasser, & Ripoche, 280dane & Gloor, 2007).

The fourth measure of knowledge stakeholder influence is the domain of the profile that

submitted each set of problem knowledge. Much like the first measgemisations that
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participate in metarganisations are theorised in the literature to have reputations that manifest

as an influence over the knowledge production procdes®( al., 2009; Baysal, et al., 2Q13At

the problemevel of analysis this meare is represented by the variable that captures the domain

of the registered email address that is associated to the profile of the submitter of the problem
knowl edge. Each bug wil/l have a single fArepo
thousand®f distinct domains in the database, much like the first measure, while theoretically

this variable is categorical in nature, it was transformed into a continuous numerical variable for

the purpose of analysis.

The fifth measure of knowledge stakehold#lience is whether or not the domain of the
profile that submitted each set of problem knowledge was a known webmail domain. This
measure complements the fourth measure by teasing apart the stakeholder influence effects of
each domain based on whethenoot each domain can be cl assifie
di scussed previously, to be considered an fAor
webmail domains, i.e., domains that are known to be usable by anyone, regardless of whether or
notthey are a member of the organisation associated with that domain, are excluded. It is
theorised in the |iterature that fAorganisatio
norrorganisationsgaysal, et al., 2013a The present operationaltizan of this concept allows a
direct testing of this hypothesis in a manner distinct from the representation of organisations as
all domains of registered profiles. It further allows a closer examination of the use of domains as
a proxy for organisation® ensure the validity of the measure. A single logical variable
captured this measure for each set of problem knowledge, separating those bugs that were
reported by profiles with a domain that was a known webmail domain from those that were from

other danains. The former was theorised to negatively correlate with solution knowledge
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emergence whereas the latter was theorised to positively correlate with solution knowledge

emergence.

Taken collectively, these five measures triangulate the notion of kngavktdkeholder
influence affecting the knowledge production process as described in the liteFagunee17
summarises theperationaliations of the measures afidwledgestakeholder influencat the
problem level as well as their theorised directioméifienceas independent variables on the

dependent outcome eblution knowledge emergence.

Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at problem level outcome of interest

i

Stakeholder who reported the bug

Stakeholder who reported the bug is Ll
a core actor

Solution
Knowledge - Number of CCs / votes / comments on | * knowledde
stakeholder bug by core / peripheral actors g
influence - emergence

Domain from which bug was reported

Domain from which bug was reported
not known webmail domain *

Figurel7: Operationaliations of measures of knowledgiakeholder influencat problem leve

Solution knowledge value
The sixth antecedent of interest is solution knowledge value. It was triangulated with
four measures derived from the open source and KBV literatures. Tleasenes map to the

descriptions in the literature of factors that relate to the value of the solution knowledge as
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measured both inherently to the problem and solution knowledge pair and as measured by

differing value to different stakeholders in the ogenrce metarganisation.

The first measure of solution knowledge value is the stated importance of resolving each
set of problem knowledge as specified by the problem knowledge producer and the community.
The measure is represented by two variablesriggwaad priority. The severity variable is set
by the problem knowledge producer at the time the problem knowledge is revealed to the
metaorganisation. It is typically interpreted as the value of the sought solution knowledge to the
focal profile andhe organisation to which it is associated. It can also be interpreted as a
proposed impact of the problem on other participants of the-ongéaisation and a signalling
mechanism to encourage solution knowledge producers to assist in resolving the pooble
everyonebs benefit. There are sevale7 standard

describes each severity level used to classify sets of problem kigmwle

Severity level Description
Blocker Major issue that is preventing (blocking) a product release
Critical Problem relates to program crashes, loss of data, severe memory leaks
Major Major loss of functionality of program
Normal Some loss ofunctionality of program under specific circumstances
Minor Minor loss of function where workaround is possible
Trivial Cosmetic problems that dondét aff

Enhancement Request for new feature or enhancement of existing feature
Table7: Severity levels associated with sets of problem knowledge

The fAenhancemento severity | evel, by defin
is a desire for a new feature. It reflects the notion that problem knowleblgessions also
include things beside actual problems and include all phases of product development including
new feature development and more. As a result, enhancement type knowledge reveals are also
classified for solution knowledge value using the piyorariable to complement the severity
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variable. The priority variable represents the perceived usefulness of the enhancement request to
the metaorganisation as a whole as judged by one of the core knowledge actors who has earned

the ability to set printy on bugs through seniority. There are six priority levels, described in

Table8.
Priority level Description
Not set Not yet reviewed by core knowledge aatomot an enhancement request

Pl Definitely wanted by the community; useful to everybody in roetmnisation
P2 Wanted by the community
P3 May be useful to community in the future; may be useful for certain groups
P4 Not broadly useful to communityut may accept if solution submitted
P5 Not useful to community; unlikely to accept even if solution submitted

Table8: Priority levels associated with enhancement sets of problem knowledge

Both severity and priority orderezhtegorical variables and are hypothesised to be
positively correlated with solution knowledge emergeden{ed & Gokhale, 2009; Bougie et

al., 2010; Giger, Pinzger, & Gall, 2010; Guo, et al., 3011

The second measure of solution knowledge value is nuaflobianges in severity and
priority subsequent to the initial reveal of problem knowledge to the-ongémisation. While
ideally the initial setting of the severity variable in the bug report would be sufficient to classify
solution knowledge value, practice, the individuals who submit bugs tend to misclassify the
severity either because they overestimate the usefulness of the solution to other participants in
the ecosystem or because they underestimate the full impact of the problem they haveddescrib
(Herraiz, 2008; Saha, Lawall, Khurshid, & Perry, 2015). As a result, core knowledge actors who
have the ability to modify problem knowledge reports based on seniority in the

metaorganisation effectively act as preliminary reviewers or triagers girtitdem

knowl edgeds severity and adj uTable7i ltikevasse, neces s a
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problem knowledge triagers may periodically revisit the pyasftfeature enhancement problem

knowl edge reports to adjust them according to

While changes to severity and priority could be in either direction, either increasing or
decreasing the severity or priority attached tivamgset of problem knowledge, the very fact of
the change reflects an interesting in the community, even if it may be one of disagreement, which
suggests some level of value to at least some members in the community. By contrast, a lack of
severity or piority change may indicate that the initially set severity and priority (if any) were
accurate but it may also indicate a lack of interest on the part of the community to engage with
the problem at all. For the present research, it is hypothesizeddamatrttber of changes to
severity and priority are positively correlated with solution knowledge emergence. Future
research may wish to examine more closely whether a lack of change in severity or priority is
more related to accuracy of initial levels azkaf interest, using a database that allows the

di stinction of the two cases which isnét poss

The third measure of solution knowledge value is the popularity of the keywords
associated with each set of revealed problem knowleldggwords are both chosen by the
problem knowledge producer at the time of submission of the bug and added by core actors in
the community as the bug is triaged. Keywords are used to identify potential solution knowledge
producers and reflect a thgsedvaluation of community priorities (Guo, et al., 2010). While
there are thousands of keywords in the database, preliminary analysis revealed that certain
keywords appear with far greater frequency than other keywords, suggesting they describe sets
of problem knowledge that are of higher value than others. Examination of the frequency

distribution quantiles of keyword popularity revealed inflection points at the top 3, top 10, top
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25, and top 50 keywords. Logical variables were created for each of thlestan points such
t hat each bug has a | ogical status variable f
keywordso, fAhas one or more top 10 keywordso,
one or more top 50 keyiwompds keywbhael d4Dsacisaetti @
knowledge is hypothesized to have a positive relationship to solution knowledge emergence,
with higher tier keywords, i.e., Atop 30 havi

keywords, i.e., Atop 500.

The fourth measure of solution knowledge value is the number of community members

following and voting for each set of problem knowledge. Eachcbagn b e Af ol | owed o
Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at problem level outcome of interest

Severity / priority level

Number of severity / priority changes | *

SOlution - after bug creation SO]Utlon
knowledge knowledge
Bug has one or more top 3/10/25/ emergence
ol _ 50 keywords . g

Overall count of CCs & votes on bug

Figure 18. Operationaliations of measures sblution knowledge valuat problem level

participants in the metarganisation, which means that the following participants are notified
whenever a change takes place related to the bug, including status changes, comments, and other
activities. Given that it is a proactivaaice for a participant to follow a bug and that no special
permission is required to do so, the count of followers provides a rough measure of the value that
the community, as a whole, places on each individual bug. Likewise, participants can directly
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Afgteodo for particular bugs, signaling to poten:
of the problem associated with that bug is valuable to them. As a result, each bug has a count of
number of participants following it with a variable knowsma i CCo6, t he abbrevi at |
copyo, and a count of the votes that have bee
concept in the literature of solution knowledge value as expressed bythemegaa ni s at i on 0 s
community Hooimeijer & Weimer, 2007; Panjer, 200Ahmed & Gokhale, 2009; Shihab, et al,

2010).

Figure 18 summariseshe operationaliations of the measures sélution knowledge
valueat the problem level as well as their theorised direction of influence as independent

variables on the dependent outcome of solution knowledge emergence.

Individual level operationalization: Dependent variables

At the individual level, the dependent outo® of interest, solution knowledge
emergence, was operationalized using seven types of measurement derived from the literature
that were measured or calculated in the database. Each of these measures is described in the
literature as a desired outcomekabwledge revealing strateg@shat is to say that factors that
improve these outcomes are of strategic relevance to organisations participating in open source
metaorganisations, as per the theoretical framework of this study. These measures are distinct
from the dependent variable measures at the problem level in that they relate to each of the
knowledge actor roles at the individual level of analysis. As a result, the measures are related to
the individual | evel unthantheproblenmlevél yng of analysis, h e i p
the fibugo. Each of the seven measures is sep

database that is classified in each of the roles described in the previous section on levels of
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analysis, creatingeffectively, twentyone measures for solution knowledge emergence for each

hypothesis.

The first measure of solution knowledge emergence at the individual level is the percent

of bugs acted upon in each r ol e problemtevelahishi ev ed
measureds counterpart is the outcome of the p
resolution Aresol vedo. At the individual |l ev

that individual actors have differeniccess rates that are attributable to the individual rather
than the problems al one. Therefore, a percen

calculated for each individual in terms of each role in which they act upon problems.

For example, sapose a focal individual has acted as problem knowledge producer 100
ti mes and therefore is |listed as fireportero o
at the time of analysis 23 of thoseugs,d3ys have
had an outcome of Afixedo and 44 had an outco
bugs fixed for the focal individual in the role of problem knowledge producer is 33/77 = ~43%.
This process is repeated for the same individual comsglenly the bugs upon which the
individual acted as solution knowledge producer (assigned_to) and repeated again for the role of
solution knowledge verifier (QA_contact). The result is 3 percentage variables for each profile
that collectively constitutéhis measure at the individual level. The separation of this measure
into the three roles reflects the notion in the literature that individuals may have differing
abilities, different strengths and weaknesses, and, as a result, may have differemt solutio
knowledge outcome success rates depending on the roles they play in the knowledge production

process.
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The second measure of solution knowledge emergence at the individual level is the
counterpart to the second measure at the problem level namely eéroegs acted upon in
each role that achieved a final statwus of #Afi
similarly to the previous measure except the percentages result are calculated using number of
bugs Afixed witkrpaetscshodteer sums!l aldi ngt ifi xed w
As a result, this second measure will necessarily always result in a percentage that is lower than
the first measure. This measure reflects the notion in the literature that individuals may hav
abilities related to outcomes that involve patches independently from their resolution alone and
that this measure is a sougtiter outcome representing a distinct from of solution knowledge
emergence. As there is clear correlation between the twainesathey are never analyzed
together in a single regression model as it would violate assumptions of orthogonality. Instead

they are always analyzed in a complementary and comparative manner using separate regression

models.

The third and fourth measwef solution knowledge emergence at the individual level
capture the reopening tendencies of bugs upon which each profile acts in each role. Preliminary
analysis of the frequency distribution of bug reopenings per profile revealed a heavily skewed
nortlinear distribution that was not readily transformable to linearity with standard functions.
Instead, the reopening tendencies for each profile were split into two measures, with the first
being three logical variables that capture whether or not at leadiugy acted upon in each role
was reopened for each profile, and the second being thresenopercentage variables that
measure the percentage of bugs that were reopened in each role, where each retained profile
acted upon at least one bug that wapeeed. The first measure separates the skewed frequency

distribution of reopening tendencies into profitdes that have any reopenings vs. those
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profile-roles that do not have any reopenings. The second measure focusses in on the subset of
profile-roles with reopenings and examines the comparative percentage distribution amongst

them. Taken together, these measures triangulate individual level reopening tendencies in a
manner that is best suited to the observed frequency distributions in thd diakz9

summarises the definitions of the variables that constitute the third and fourth measures of

solution knowledge emergence at the individual level, collectieeliyer r ed t o as f@Ar eo

tendenci eso.

Reopening tendenciesaptured Variable type Measure
For each profile, was at least one bug acted upon in the role .
~ R Logical 3rd
Areporterodo reopened?
For each profile, was at least one bug acted upon in the role .
~ : N Logical 3rd
Aassigned too reopened?
For each profile, was at least one bug acted upon in the role Logical 3rd

Aga _contacto reopened?
For each profile in the subset of profiles where at least one bug
acted upon in the r ol evadihee po Non-zero

percentage of bugs that were reopened that were acted upon it percentage AT
Areportero rol e?

For each profile in the subset of profiles where at least one bug

acted upon in the role fassi Non-zero 4th
percentagef bugs that were reopened that were acted uponin'  percentage
Afassigned too role?

For each profile in the subset of profiles where at least one bug

acted upon in the role fAga_c Non-zero 4th

percentage of bugs that seereopened that were acted upon inth  percentage
fga_contacto role?

Table9: Variables constituting reopening tendencies, the third and fourth measures of solution
knowledge emergence at individual level

The fifth and sixth measures of solution knowledge emergence at the individual level
capture the reassigning tendencies of bugs upon which each profile acts in each role. During
preliminary analysis of the frequency distributions, which proved to bdimear, itwas found

that the best representation of these measures was six variables that triangulate the measures in a
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manner similar to measures three and four. The result was three logical variables separating the
rare cases of reassignments occurring at altlame@ norzero percentage variables

distinguishing amongst those profileles that had reassignmeni&able10 summarises the

definitions of the variables that cditste the fifth and sixth measures of solution knowledge

emergence at the individual |l evel, collective

Reassigning tendenciesaptured Variable type Measure
For each profile, was at least one bug acted uptmeinole

~ R : Logical 5th
Areporterodo reassigned?

For each profile, was at least one bug acted upon in the role :

~ : N : Logical 5th
Afassigned too reassigned?

For each profile, was at least one bug acted upon in the role Logical 5th

iga_contacto reassigned?
For eactprofile in the subset of profiles where at least one bug
acted upon in the role firepo Non-zero

percentage of bugs that were reassigned that were acted upon percentage i
Areportero role?
For each profile in the sset of profiles where at least one bug
acted upon in the role fAassi Non-zero

. 6th
percentage of bugs that were reassigned that were acted upon  percentage
Aassigned too role?
For each profile in the subsetmffiles where at least one bug
acted upon in the role fAga_c Non-zero 6th

percentage of bugs that were reassigned that were acted upon percentage
fga_contacto role?

Tablel1Q: Variables costitutingreassigning tendencies, tfith andsixth measures of solution
knowledge emergence at individual level

The seventh measure of solution knowledge emergence is the mean time to resolution for
bugs acted upon in each role by each profile. Thesme complements the problkdevel time
to resolution measure by examining the average resolution times at the individual level as the
literature suggests that different individuals may have implicit factors that affect time to
resolution independent frothe problems themselves. The measure was calculated by taking the

subset of all bugs acted upon in each role by each profile and taking the average time to
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resolution for each one, resulting in three variables: one for eachHigige19 summarises the
operationalizations of the measures of the dependent variable of interest, solution knowledge

emergence, at the individual level of analysis.

W Operationalized dependent variables
Conceptualization of at individual level

outcome of interest

Percent bugs fixed for each role

Percent bugs fixed with patch for each role

In each role, was at least one bug reopened?

Solution
In each role, for those profiles that had at least
knowled ge one bug reopened, percentage of bugs that
emergence were reopened

In each role, was at least one bug reassigned?

In each role, for those profiles that had at least
one bug reassigned, percentage of bugs that
were reassigned

Mean time to resolution in each role

Figure19: Operationaliations of measures of dependent variable of interestdiaidual level

Individual level operationalization: Independent variables

At the individual level, the independent variables were operationalized in line with each
of the six hypotheses that were formulated for the conceptualizations of the antecedents of
interest, in a manner similar to the operationalizations at the problem level. Each
operationalization can be conceptualised as a distinct individual level meagiite tr&gngulate
the overall conceptualisations derived from the KBV and open source literatures as well as a
testable sulinypothesis with each of the abegiscussed measures as antecedent independent

variables.
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Absorptive capacity

The first antecedent &bsorptive capacity. At the individual level of analysis, it was
triangulated with five measures derived from the open source and KBV literatures. The first
measure was number of activities performed by each profile. Activities, tracked in the
Afactesottable, reflect actions taken by indiyv
These actions may include triaging, providing additional problem knowledge, moving problem
knowledge through the knowledge life cycle, solving problems, and chamgirsighaling
artefacts associated with sets of problem knowledge. The present measure, represented by a
count variable of all the activities performed by each individual profile, captures the notion in the
KBV literature that those individuals who are higactive may have lower absorptive capacity
to engage new problem knowledge. It is therefore hypothesized that number of activities
performed is negatively correlated with solution knowledge emergence. Preliminary analysis
revealed that the frequencigttibutions of activity counts amongst individuals were-tinaar
but were readily transformed into a form suitable for analysis with assumptions of linearity with
a standard log transformation which is common practice when working with count variables
(Chambers, 1998). As such, the present measure was analysed usirg@sfogmed count of
activities variable using the form log10 (1+x) given that there are a large number of profiles with

zero counts which would result in infinite logs confoundingysis (R Foundation, 2017).

The second measure of absorptive capacity at the individual level complements the first
measure by triangulating the notion in the KBV literature that absorptive capacity of individuals
may be compartmentalised and have differing levels according to tategbknowledge
(Cohen & Levinthal, 1990; Lane & Lubatkin, 1998; Zahra & George, 2002; Schmidt, 2010;

Spithoven, Clarysse, & Knockaert, 2011). In the present case, the measure is captured with
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variables that count the number of activities of each iddadifor each platform, operating

system, and product classification, which are the major categories of knowledge as distinguished
in the database. Preliminary analysis of the frequency distributions of activities separated into
platform, operating systeand classification revealed a ntnear distribution. Experimentation

with transformations and consolidation revealed that there were severatategaries that

grouped the activity counts for platform, operating system, and product classificate®n mor

evenly than their full categorical range permitted.

To even the distributions for analysis, the initial 12 categories of platforms were

consolidated into 6 meta categories that collect together the platforms based on frequency

distributionands i mi | ar i t y. The initial categbrités of
were maintained and a new category, fAall othe
pl atfor ms. Whil e an Aothero cat digpfeequgntlyal r eady

used categories were also present in the database. These categories were consolidated to even

the distribution for comparative analysis. This process was repeated to organize the 47 identified
operating systems into 6 conceptualand mereen | v di stri buted categori
AWi ndows PCo, AWindows Mobileo, AAppl e Mobile
Incidentally, these categories represent the major conceptuatatetpries of operating

systems, suggesting the consolidatnot only evens frequency distribution for analysis but also

matches the conceptual distinctions between the types of knowledge created in the

metaorganisation. For the classifications, the initial 5 categories were reduced to four,

maintaining the inti i a | Aclient softwareo, ARserver soft wasa
consolidating the Aothero and figraveyardo cat

first measure, each of these variables werdragsformed to permit analysistviassumptions
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of linearity as the count distributions were found to belilogar. Tablel1l summarises the 15

variables that encompass this measure for each profile.

Variables for each profile

(l og) Number of activities on problem kn
(l'og) Number of activities on problem kn
(log) Number of activities ono6wmwrobl em kn
(1l og) Number of activities on prbakloem kn
(log) Number of activities on problem kn
(log) Number of activities on problem kn
(loggNumber of activities on problem knowl ¢
(log) Number of activities on problem kn
(l og) Number of activities on problMomilkn
(log) Number of activities on problem kn
(' og) Number of activities on problem kn
(log) Number of activities on problem knowledge related to classift i on A CIl i en
(log) Number of activities on problem kn
(l'og) Number of activities on problem kn

(log) Number of activities on problem knowledgelr at ed t o cl assi fi c
Tablell: Variables capturing activities of individuals according to knowledge categories

The third measure of absorptive capacity at the individual level is the number of activities
performed by eeh individual separated according to severity level. This measure complements
the previous two measures by capturing the notion in the literature that absorptive capacity may
be a function of prioritization of the production of certain types of knowla@flected by the
Aseveritydo measure in the present database.
frequency distribution of problems organized according to severity wabkneam, the initial 7
categories of severity were consolidated into 3arategories that enabled more even
comparative analysis: #fAlowodo, fAaverageo, and i
believe that absorptive capacity impairment varies at a higffilyed level of categories. Given

that the goal of the presestudy is to capture large scale effects, the consolidation improves the

power of the analysis to more effectively detect such effects if they exist. Future research may
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wish to examine the degree to which absorptive capacity impairment is granularaotdem
knowledge severity (or knowledge categories, as per the previous measure). As with the
previous measures, the distributions of the consolidated categories were found tbrisatog
so the log transform of each variable was takeable12 summarises the three variables that

were created for each individual consolidating their activities according to severity.

Consolidated severity category Initial severity category
Enhancement
Trivial
Minor
Average severity Normal
Major
Critical
Blocker
Table12 Consolidation ofzariables according to knowledgeverity

Low severity

High severity

The fourth measure of absorptivapacity at the individual level is the number of
activities performed by each individual organized by activity type. This measure complements
the previous measures by recognizing that the type of activity taken may have a separate level of
absorptive cagcity than factors related to the problems upon which the activity was done. There
are 15 types of activities that each individual can undertake defined in the database as captured in
the fAactivityo tabl e. -liRgaredistibutionrioatheyactiatiesa | y si s r
amongst individuals. As a result, each of these count variables was log transformed in a manner
similar to the previous measureBable13 summarises the types of activities that each
individual can undertake, reflecting the 15-lognsformed count variables that constitute the

present measure.
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Activity type

Change a problemb6s foll owe
Change a probl embés keyword
Change a pmductb!| e mod s

Change a problembs compone
Change a probl embs status
Change a problemb6s resol ut
Change a problembés fl ags
Change a problemb6s whitebo
Change a problemb6s target
Change a problembs descrip
Change a problembs priorit
Change a problembés severit

Assign a problem to a solution knowledge producer
Reassign a problem to a different solution knowledge prod
Reopen a problem that was previously closed

Tablel13: Types of activitiegach individubcan understake

The fifth measure of absorptive capacity at the individual level is the number of times
each individual acted in each of the three r
knowl edge producer 0 and 0 sscuksadtinthe previous gestiore d g e
individuals can act upon problems in the knowledge production process in three different roles.
Some individuals will engage in more than one role at a time, whereas other individuals will only
engage in one (or zero rojJess is the case for the influence peripheral community members
discussed at the problem level). The present measure captures the notion that absorptive
capacity for individuals may vary according to role involvement. Preliminary analysis revealed
the frequency distribution of actions in each role amongst individuals to Haé&ay, so the
three variables were log transformed in a manner similar to the previous me&sgues20
summarises the operationalizations of the measures of absorptive capacity at the individual level
as well as their hypothesised direction of influence on the dependent outcome of interest,

solution knowledge emergence.
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Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at individual level outcome of interest

Number of activities
performed

Number of activities
performed for each platform
| operating system / product

- classification Solution
Number of activities knowledge

- rerf?rmed for each severity emergence
eve

Number of activities
performed for each activity

type

Number of times acting in
each role

Figure20: Operationaliations of measures absorptive capacitgtindividual level

Codifiability

The second antecedent is codifiability. At the individual level of analysis, it was
triangulated using five measures derived fromliteeature. The first measure was the mean
description length of the bugs acted upon in each role. Whereas at the problem level each
problem had a description whose length could be measured, at the individual level, each
individual acts upon different pblems in different roles. For each individual profile, acting in
each of those roles, the mean description length of the problems acted upon was calculated,
resulting in three variables per profile. These variables triangulate the notion that cdglifiabil
may be related to individual level abilities and actions in addition to preleleehfactors. At
the problem level title length was also considered. Preliminary analysis at the individual level for
average title length revealed insufficient varidabifor appropriate analysis. As such the average
title length was not included in this codifiability measure at the individual level. As was the case
with previous measures, the frequency distribution was observed to-liedag so the log

transform vas done on each variable to permit analysis with assumptions of lin€atiie 14
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summarises the variables created for each profile to calcuéategn description length of

problems acted upon in each role in which individuals engage.

Mean description length \ariables

(log) Mean length of descriptions of problems acted upon in role of problem knowledge pr
(reporter)

(log) Mean length oflescriptions of problems acted upon in role of solution knowledge proc
(assigned_t®

(log) Mean length of descriptions of problems acted upon in role of solution knowledge ve
(ga_contact)

Tablel14: Variables capturingnean description length for problems acted upon in each role

The second measure of codifiability at the individual level was mean of the readability
measures of the descriptions of the problems acted upon by individuals in each of the three roles.
Atthepr obl em | evel, the readability measure usec¢
Flesch reading ease readability formula. The formula produces a numerical value that can be
meaningfully averaged to calculate a mean individual level value thatsesys the readability
associated with the full range of descriptions of problems upon which each profile has acted.
Preliminary analysis of the resulting means suggested a distribution that is sufficiently linear for
analysis without transformation3.able15 summarises the variables created for each profile to
calculate the mean description readability of problems acted upon in each role in which

individuals engage

Mean description readability variables
Mean Flesch reading ease of descriptions of problems acted upon in role of problem knov
producer (eporter)
Mean Flesch reading ease of descriptions of problems acted upon in role of solution know
produer (@ssigned_td
Mean Flesch reading ease of descriptions of problems acted upon in role of solution know
verifier (ga_contact)
Tablel5: Variables capturing mean description readability of problems acted upon in each role
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The third measure of codifiability at the individual level is the mean number of
attachments to problems acted upon in each role. Much like the attachment measures at the
problem level, the mean number of attachments to problems captures the notioiothmetion
enabling codifiability may reside at the individual level as well as at the problem level with
regards to attachments to initial problem knowledge. Preliminary examination of the types of
attachments at the individual level revealed insuffici@miability for analysis. As such, a single
variable capturing the mean number of attachments of any type for each role played by
individuals in acting upon problems was creat@dble16 summarises the variables created for
each profile to calculate the mean number of attachments to problems acted upon in each role in

which individuals engage.

Mean attachment number \ariables
Mean number of attachments to probleamged upon in role of problem knowledge producer
(reporter)
Mean number of attachments to problems acted upon in role of solution knowledge produ
(assigned_t®
Mean number of attachments to problems acted upon in role of solution knowledge verifie
(ga_contact)
Tablel6: Variables capturing mearumber of attachments pwoblems acted upon in each role

The fourth measure of codifiability at the individual level is the redundancy tendencies of
the problem knowledge submitted égch individual. At the problem level, a give piece of
problem knowledge can either be a duplicate of other problem knowledge or can be duplicated
by other problem knowledge. At the individual level, the present measure captures the notion
that redundaey in the knowledge available for codification can take place at the individual level
and individual level effects may lead to problem knowledge that is a duplicate of or duplicated
by other problem knowledge. This measure only makes sense from thecpreespiethe role of

problem knowledge producer as the other two roles, solution knowledge producer and solution
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knowledge verifier do not synthesize the initial problem knowledge that could potentially be a
duplicate or duplicated by other problem knovged As a result, two variables encapsulate this
measure: The percentage of problem knowledge reports relative to all problem knowledge
reports each individual submits that were identified as duplicates to other problem knowledge
reports; and, the percegtof problem knowledge reports relative to all problem knowledge

reports each individual submits that were duplicated by other problem reports.

The fifth measure of codifiability at the individual level is the mean number and length of
comments attached problems acted upon in each role. Much like their counterparts at the
problem level, the individual levels of mean number of comments and mean comment length aim
to capture the notion that the codification enabling additional information submitted via
comments to supplant the initially submitted problem knowledge may have individual level
effects. Therefore, three variables were created to capture the mean comment length amongst
problem and three variables to capture mean comment count amongst probkeifos,each
role in which individuals engage. Preliminary examination of the frequency distribution of mean
comment length and mean comment count revealed-linkeay relationship. As such, a log
transformation was done on each variable to enablgssalith assumptions of linearity in a
manner similar to previous measurdable17 summarises the six variables triangulating the
tendencies of comments attachiegroblems acted upon in each of the roles undertaken by

individuals.
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Comment tendency variables
(log) Mean length of comments on problems acted upon in problem knowledge producer |
(reporter)
(log) Mean length of comments on problems acted upsolirtion knowledge producer role
(assigned_t®
(log) Mean length of comments on problems acted upon in solution knowledge verifier rol
(ga_contac)
(log) Mean number of comments on problems acted upon in problem knowledge producel
(reporter)
(log) Mean number of comments on problems acted upon in solution knowledge producer
(assigned_to
(log) Mean number of comments on problems acted upon in solution knowledge verifier rc
(qa_contac)
Tablel7: Variablescapturingtendencies of comments problems acted upon in each rake
individual level

Collectively, these measures triangulate the concept of codifjaibilierms of individual

level effects.Figure21 summarises the operationalizations of the measures of codifiability at the

individual level as well as their hypasised direction of influence on the dependent outcome of

interest, solution knowledge emergence.

Operationalized independent Conceptualization of

Conceptualization of i i -
variables at individual level outcome of interest

antecedent of interest

Mean description length of
bugs acted upon in each role

Mean description readability of
bugs acted upon in each role

Mean number of attachments to

i Solution
bugs acted upon in each role
knowledge
- Percent of bugs acted upon in emergence

reporter role were duplicates /
duplicated

Mean number and length of
comments on bugs acted upon
in each role

Figure21: Operationaliations of measures obdifiability at individual level

125



Dominant knowledge paradigm

The third antecedent of interest is dominant knowledge paradigm. It was triangulated at
the individual level using three measudesived from the literature. Whereas five measures
were used at the problem level, given the large number of products and components in the
database, it was impractical to create all variable permutations as the frequenttebave

beentoo low for comparative analysis.

The first measure was percent of actions in each role upon bugs of each type of platform.
Whereas the probleevel dominant knowledge paradigm measure simply seeks to classify

problems according to their platform, tmglividual level measure seeks to examine the action

tendencies of each individual acting in each
and AQA _contacto. The platforms were consol.
Ax 86bi6tdol, o fiaand Aothero, to more evenly distr.i

Aot hero category was maintained as the refere
categories for each individuabdle is always 100%, by definition. The resulisnl2 variables

per individual (3 roles times 4 platforms) making up this platform tendency medsabk18

summarises the variables for the platform dominant kedge paradigm measure for each role

at the individual level.

The seconaneasure was percent of actions in each role upon bugs of each type of
operating system. Much like the previous measure, this measure captures the individual level
knowledge paradigrtendencies in each role for each operating system. The operating systems
were consolidated into eight categories to improve frequency distributions for comparative

anal ysis: fAAndroido, fALinuxo, AApple PCoO, AWi
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Mobi IOed heri PCO, and AOther Mobil eo. The fAOthe
category during analysis. The result was/adablesper individual (3 roles times &erating

system$ making up thioperating systemendency measurelable19 summarises the

variables capturing theperating systerdominant knowledge paradigm measure for each role at

the individual level.

Role Platform Variable
All % bugs as reporter for platform All
Problem knowledgeroducer PowerPC % bugs as reporter for platform PowerPC
(reporter) x86 % bugs as reporter for platform x86
x86_64 % bugs as reporter for platform x86-6#4
All % bugs as assigned_to for platform All
Solution knowledge produce PowerPC % bugs as assigned_to for platform Powerl
(assigned_to) x86 % bugs as assigned_to for platform x86
x86_64 % bugs as assigned_to for platform x86ks4
All % bugs as ga_contair platform All
Solution knowledge verifier PowerPC % bugs as ga_contact for platform PowerP
(ga_contact) x86 % bugs as ga_contact for platform x86

x86 64 % bugs as ga_contact for platform x86G¢
Table18: Variables capturing platform dominant knowleggegadigm measure for each role at
individual level

The third measure was percent of actions in each role upon bugs of each type of
classification. As with the previous measures, this measure captures the individual level
knowledge paradigm tendencies ach role for each classification. The classifications were
consolidated into AClIient Softwareo, fAServer
AOt hero category held as the reference catego
individual (3 roles times 3 classifications) making up this classification tendency me@abte.
20 summarises the variables capturing ¢lassificationdominant knowledg paradigm measure

for each role at the individual level.
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Collectively, these measures triangulate the concegwminant knowledge paradigim
terms of individual level effectsigure22 summarises theperationaliations of the measures

of dominant knowledge paradigat the individual level as well as their hypothesised direction

of influence on the dependent outcome of interest, solution knowledge emergence.

Operating

Role Variable
system
All % bugs as reporter for operating system Al
Android % bugs as reporter for operating system Android
Problem Linux % bugs as reporter for operating system Linux
Apple PC % bugs as reportéor operating system Apple PC
knowledge . ; :

Windows PC % bugs as reporter for operating system Windows PC
producer . 0 . :
(reporter) Appl_e Mobile = % bugs as reporter for operating system Apple Mobile

V\&ré%(ﬁ\évs % bugs as reporter for operating system Windows Mobil«

Other Mobile % bugsas reporter for operating system Other Mobile

All % bugs as assigned_to for operating system All
g gnea_ p g Sy
Android % bugs as assigned_to for operating system Android
Solution Linux % bugs as assigned_to for operating sydtamx
u Apple PC % bugs as assigned_to for operating system Apple PC
knowledge . . : .
Windows PC % bugs as assigned_to for operating system Windows P
producer . 0 . : :
(assigned. to) Appl_e Mobile = % bugs as ass!gned_to for ope_ratlng system_ Apple Mobi
- Windows % bugs as assigned_to faperating system Windows
Mobile Mobile
Other Mobile % bugs as assigned_to for operating system Other Mobi
All % bugs as ga_contact for operating system All
Android % bugs as ga_contact for operating system Android
Solution Linux % bugs as ga_contact for operating system Linux
y Apple PC % bugs as ga_contact for operating system Apple PC
knowledge . 0 ¢ : :
verifier Windows F_’C % bugs as ga_contact for operat!ng system Windows P_C
(ga__contact) Apple Mobile % bugs as ga_contact for operating system Apple Mobile
- V\thiﬁ\évs % bugs as ga_contact for operating system Windows Mc
Other Mobile % bugs as ga_contact for operating system Other Mobile

Tablel19: Variables capturingperating systerdominant knowledge paradigm measure fahea
role at individual level
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Role Classification Variable

Problem Client Software % bugs as reporter for classification Client Software
knowledge Server Software % bugs as reporter for classification Server Software
producer 0 e
(reporter) Component Yo bugsas reporter for classification Component
Solution Client Software % bugs as assigned_to for classification Client Softw
knowledge Server Software % bugs as assigned_to for classification Server Soft\
r r . e
( aSS(i)gdnug C? to) Component % bugs asssigned_to for classification Component
Solution Client Software % bugs as ga_contact for classification Client Softwe
knowledge Server Software % bugs as ga_contact for classification Server Softw
verifier

0 .
(ga__contact) Component Yo bugs asgja_contact for classification Component

Table20: Variables capturinglassificationdominant knowledge paradigm measure for each
role at individual level

Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at individual level outcome of interest

Percent of actions in each | *+
role in each platform type

Dominant Percent of actions in each | | Solution
knowledge role in each classification knowledge
paradigm type emergence

Percent of actions in each
role in each operating
system type

Figure22: Operationaliations of measures dbminant knowledge paradigat individual level

Knowledge flow impediments

The fourth antecedent of interest is knowledge flow impediments. It was triangulated at
the individual level using six measures derived from the literature. The first measure was
percent of bugs acted upon in each role that violated the bug life Ytlereas at the problem
level each bug was examined to determine whether or not the bug life cycle was followed as per

the knowledge flow depicted Figurel0, the gal of the present measure is to capture the
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individual level bug life cycle violation tendencies in each role in which participants engage.
The result was 3 percentages, one for each role, for each profile, representing violation of bug
life cycle. Necesarily, the percentage of bugs acted upon in each role that did not violate the

bug life cycle became the reference category for analysis.

The second measure was percent of bugs acted upon in each role whose target milestone
was changed at least once. Shmeasure captures the individual level tendencies of bugs acted
upon in each of the three roles. Examination of tendencies for target milestone changes for bugs
acted upon in each role revealed that the comparative frequency distribution at the ihdividua
|l evel was best represented by the percentage
mi |l estone changed at | east onceodo and Atarget
reference category for analysis. As with the previous measure, titewas 3 percentages, one

for each role, for each profile.

The third measure was percent of bugs acted upon in each role whose severity was
changed at least once. Like the previous measure, this measure captures individual level severity
change tendenden each of the three roles in which individuals act. Similarly, the comparative
frequency distribution at the individual level was best represented as percentage of bugs acted
upon in each role where fAseverithaonbadgedt he
being the reference category for analysis. Three percentages variables were created for each

profile for this measure, one for each role.

The fourth and fifth measures were percent of bugs acted upon in each role that were
reopened oreassigned at least once. As with the previous measures, the comparative frequency

distributions at the individual level were best represented as percentage of bugs acted upon in
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each role where Abug was reopenea/reassigned
reopened/ reassignedo, the | atter being the re

variables were created for each measure, one for each role.

The sixth measure was number of activities taking place on each bug acted upon in each
role within certain time frames. This measure seeks to capture the individual level counterpart of
the problem level examination of activities on problems. At the individual level, the goal was to
establish the activity tendencies for all problems acted upcecim @le for each individual.
Preliminary frequency distribution analysis of the mean number of activities occurring in various
ranges of time on each problem in each role revealedlmkay relationship at thresholds
comparable to those used at thelppem level. The result was the creation of 21 variables for
each individual, 7 for each of the three roles in which individuals engage, that capture the log of
the mean number of activities taking place in each time range depidiatle?l. For
activities occurring in the first 24 hours or more than 365 days after bug creation, preliminary
analysis revealed a ndimear tendency for each individuadle that wasot readily
transformable for comparative analysis. Given that the literature suggests thaitiickty
acted upon problems and very slowly acted upon problems may have unique gspbétgic
features that cause them to be outliers, the decision wastmadclude these activities as
outliers from analysis at the individual level as they are likely to skew results in a manner that

obscures effects occurring in the retained time ranges.

Collectively, these measures triangulate the concdptai/ledge fow impedimentsn

terms of individual level effectsFigure23 summarises theperationaliations of the measures
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of knowledge flow impedimentat the individual levieas well as their hypothesised direction of

influence on the dependent outcome of interest, solution knowledge emergence.

Conceptualization of
antecedent of interest

Knowledge
flow
impediments

Operationalized independent
variables at individual level

Percent of bugs acted upon in each
role violated bug life cycle

Percent of bugs acted upon in each
role with target milestone changed at
least once

Conceptualization of
outcome of interest

Percent of bugs acted upon in each
role with severity changed at least
once

Percent of bugs acted upon in each
role reopened at least once

Solution
knowledge
emergence

Percent of bugs acted upon in each
role reassigned at least once

Mean number of activities on bugs
acted upon in each role within certain
time frames

Figure23: Operationaliations of measures &howledge flow impedimentst individual level
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Role

Problem
knowledge
producer
(reporter)

Solution
knowledge
producer
(assigned_to

Solution
knowledge
verifier
(ga_contact)

Time range
l1<t<= 3
days
3<t<= 7
days
7<t<= 15
days
15<t<= 45
days
45<t<= 90
days
90 <t<=180
days
180 <t <= 365
days
l1<t<= 3
days
3<t<= 7
days
7<t<= 15
days
15<t<= 45
days
45<t<= 90
days
90 <t<=180
days
180 <t <= 365
days
1<t<= 3
days
3<t<= 7
days
7<t<= 15
days
15<t<= 45
days
45<t<= 90
days
90 <t<=180
days
180 <t<=365
days

Variable
(log) mean number of activities from 1 to 3 days after
creation of bugs acted on as reporter by profile
(log) mean number of activities from 3 tadys after
creation of bugs acted on as reporter by profile
(log) mean number of activities from 7 to 15 days after
creation of bugs acted on as reporter by profile
(log) mean number of activities from 1546 days after
creation of bugs acted on as reporter by profile
(log) mean number of activities from 45 to 90 days afte
creation of bugs acted on as reporter by profile
(log) mean number of activities from @9 180 days after
creation of bugs acted on as reporter by profile
(log) mean number of activities from 180 to 365 days af
creation of bugs acted on as reporter by profile
(log) mean number of activities from 1 to 3 days after
creation of bugs acted on as assigned_to by profile
(log) mean number of activities from 3 to 7 days after
creation of bugs acted on as assigned_tprbfile
(log) mean number of activities from 7 to 15 days after
creation of bugs acted on as assigned_to by profile
(log) mean number of activities from 15 to 45 days after
creation of bugs acted on assigned_to by profile
(log) mean number of activities from 45 to 90 days after
creation of bugs acted on as assigned_to by profile
(log) mean number of activities from 90 to 180 days afte
creation of bugs ded on as assigned_to by profile
(log) mean number of activities from 180 to 365 days af
creation of bugs acted on as assigned_to by profile
(log) mean number dictivities from 1 to 3 days after
creation of bugs acted on as ga_contact by profile
(log) mean number of activities from 3 to 7 days after
creation of bugs acted on as ga_contact by profile
(log) meamumber of activities from 7 to 15 days after
creation of bugs acted on as ga_contact by profile
(log) mean number of activities from 15 to 45 days after
creation of bugs acted on as ga_contact by profile
(log) mean number of activities from 45 to 90 days after
creation of bugs acted on as ga_contact by profile
(log) mean number of activities from 90 to 180 days afte
creation of bugs acted on as ga_contact by profile
(log) mean number of activities from 180 to 365 days af
creation of bugs acted on as ga_contact by profile

Table21: Variables capturinggme-based activity tendeneyeasurefor problems acted upon in
each roleby each profileat individual level
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Knowledge stakeholder influence

The fifth antecedent of interest is knowledge stakeholder influence. It was triangulated at
the individual level using three measures derived from the literature. The first measure of
knowledge stakeholder influence is whether or not each profile is a core knowledge actor. This
measure is captured by a simple |l ogical wvaria
knowl edge actoro i s the s aMWlereasshe prablerclevelb ed at
measure examined whether or not the profile that reported each focal problem was a core
knowledge actor, the present measure examines whether or not each focal profile is a core
knowledge actor at the individual level. Togettierse measures ensure proper localisation of

the level of any effects related to knowledge actor centrality in the angéaisation.

The second measure of knowledge stakeholder influence is the tendencies related to
following, voting, and comments by daof the three classes of knowledge actors on bugs acted
upon in each of the three roles in which each profile engages. The definitions of the three classes
of knowledge actors, core knowledge actor, knowledge flow participant actor, and peripheral
knowledge actor, are the same as at the problem level of analysis. The present measure
complements the problem level measures in order to localise the level of any effects related to
knowledge stakeholder influence in the following, voting, and commentingrteiede The
measure was operationalized with 30 variables, 10 per role in which each focal profile engages.
Three measures capture the voting tendencies for core, participant, and peripheral knowledge
actors on bugs acted upon by individuals in each tiofeg measures capture the following
tendencies of core, participant, and peripheral knowledge actors on bugs acted upon by
individuals in each role; and, three measures capture the commenting tendencies of core,

participant, and peripheral knowledge aston bugs acted upon by individuals in each role. A
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fourth measure for commenting tendencies captures the mean distinct number of commenters for
bugs acted upon by individuals in each role as actors, of any involvement level, since individuals
may commenmultiple times on a given problem, whereas they can only follow or vote once for
each problem. Therefore, the comment count variables do not fully represent the degree of
stakeholder influence. The distinctiveness measure complements the count nieaapasate

degree of interest from range of interest amongst participants in thergatasation in the

analysis. Table22 summarises the variables that capthieknowledge stakeholder influence

related activity tendencies at the individual level.

The third measure of knowledge stakeholder influence is the count and type of
individuals and organisations each profile is observing and observed by. Much like Hwv, a
problem level, each problem report can be followed through its life cycle by individuals and

organisations, at the individual level, each profile can watch and be watched by other profiles.
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Role

Problem
knowledge
producer
(reporter)

Solution
knowledge
producer

(assigned_to’

Solution
knowledge
verifier
(ga_contat)

Tendency

Votes

Votes

Votes
Following
Following

Following

Commenting
Commenting
Commenting

Commenting

Votes

Votes

Votes
Following
Following

Following

Commenting
Commenting
Commenting

Commenting

Votes

Votes

Votes

Actor

Core
Participant
Peripheral

Core
Participant
Peripheral

Core
Participant
Peripheral

Distinct

Core
Participant
Peripheral

Core
Participant
Peripheral

Core
Participant
Peripheral

Distinct

Core

Participant

Peripheral

Variable
(log) Mean number of votes by core actors on bug
acted on as reporter by profile
(log) Mean number of votes by participant actors
bugs acted on as reporter by profile
(log) Mean number ofotes by peripheral actors or
bugs acted on as reporter by profile
(log) Mean number of follows by core actors on
bugs acted on as reporter by profile
(log) Mean number of follows by participant actor:
on bugs actedn as reporter by profile
(log) Mean number of follows by peripheral actors
on bugs acted on as reporter by profile
(log) Mean number of comments by core actors o
bugs acted on as reporter by profile
(log) Mean number of comments by participant
actors on bugs acted on as reporter by profile
(log) Mean number of comments by peripheral
actors on bugs acted on as reporter by profile
(log) Meannumber of distinct actors commenting
bugs acted on as reporter by profile
(log) Mean number of votes by core actors on bug
acted on as assigned_to by profile
(log) Mean number ofotes by participant actors or
bugs acted on as assigned_to by profile
(log) Mean number of votes by peripheral actors ¢
bugs acted on as assigned_to by profile
(log) Mean number of follows by core actors on
bugs actedn as assigned_to by profile
(log) Mean number of follows by participant actor:
on bugs acted on as assigned_to by profile
(log) Mean number of follows by peripheral actors
on bugs acted on as assigned_t@hofile
(log) Mean number of comments by core actors o
bugs acted on as assigned_to by profile
(log) Mean number of comments by participant
actors on bugs acted on as assigned_to by profile
(log) Mean number of comments by peripheral
actors on bugs acted on as assigned_to by profile
(log) Mean number of distinct actors commenting
bugs acted on as assigned_to by profile
(log) Mean number of votes by core actors on bug
acted on as ga_contact by profile
(log) Mean number of votes by participant actors
bugs acted on as ga_contact by profile
(log) Mean number of votes by peripheral actors ¢
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bugs acted on as ga_contact by profile

(log) Mean number of follows by core actors on
bugs acted on as ga_contact by profile

(log) Mean number of follows by partgant actors
on bugs acted on as ga_contact by profile

(log) Mean number of follows by peripheral actors
on bugs acted on as ga_contact by profile

(log) Mean number of comments by core actors o
bugs acted on ag_contact by profile

(log) Mean number of comments by participant
actors on bugs acted on as ga_contact by profile
(log) Mean number of comments by peripheral
actors on bugs acted on as ga_contagirbfile

(log) Mean number of distinct actors commenting
bugs acted on as ga_contact by profile

Table22: Variables capturingnowledge stakeholder influence relatadivity tendency
measures for problemstad upon in each role by each profile at individual level

Following Core

Following  Participant

Following  Peripheral
Commenting  Core
Commenting Participant
Commenting Peripheral

Commenting Distinct

By extension, the organisations that are associated with each profile can watch and be
watched by others as well. Comparison of profile and organisation watching and watched by
measures allows latisation of any effects. To distinguish between the following of problems,
the terms Awatchingd and fAwatched byo are use

profiles and their associated organisations.

Preliminary analysis of the frequency distriions of the counts of the different types of
profiles and organisations watched by and watching each profile revealetireebog
relationship suitable for analysis with a standard log transformation. Ten variables triangulate
the measure with five viables capturing the (log) count of distinct actors, distinct organisations,
only core knowledge actors, only participant knowledge actors, and only peripheral knowledge
actors watched by each profile. Five variables capture the (log) count of distorst distinct

organisations, only core knowledge actors, only participant knowledge actors, and only
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peripheral knowledge actors who are watching each prdfddle23 summarises the variables

capturing knowledge stakeholder observational influence measures at the individual level.

Action Actor Variable
Watching All actors (log) Count of actors watching profile
Watching  Organisations (log) Count of organisationsatching profile
Watching Core actors  (log) Count of core actors watching profile

Watching Participant actors (log) Count of participant actors watching profile
Watching Peripheral actors (log) Count of peripheral actors watching profile
Watched by All actors (log) Count of actors watched by profile
Watched by Organisations (log) Count of organisations watched by profile
Watched by  Core actors  (log) Count of core actors watched by profile
Watched by Participant actors (log) Count of participanactors watched by profil
Watched by Peripheral actors (log) Count of peripheral actors watched by prof
Table23: Variables capturingnowledge stakeholder observational influenesasures at
individual level

Collectively, these measures triangulate the concept of knowsakeholder influence
in terms of individual level effectsFigure24 summarises theperationaliations of the

measures of knowledggakeholder influencat the individual level as well as their hypothesised

Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at individual level outcome of interest
Is profile a core knowledge actor? 5
Mean number of CCs / votes / Solution
Knowledge : | comments by core / peripheral / w K led
stakeholder participant knowledge actors on bugs nowiledge
influence acted upon in each role emergence
Number and type of profiles and *
organizations profile is watching /
watched by

Figure24: Operationalizations of measures of knowledge stakeholder influence at individua
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direction of influence on théependent outcome of interest, solution knowledge emergence.

Solution knowledge value

The sixth antecedent of interest is solution knowledge value. It was triangulated at the
individual level with four measures derived from the literature. The firssuneavas the
tendencies of profiles to act upon bugs of differing severity and priority in each of the 3 roles in
which individuals engage. This measure captures the notion in the literature that solution
knowledge value may be reflected at the individea¢l in the tendencies to engage with
problem knowledge that is classified at higher or lower severity or priority levels. Tendencies to
engage higher severity or priority problem knowledge are hypothesized to promote solution
knowledge emergence assttheorized that solutions to those problems have greater value.
Eighteen variables were created to capture each of the tendency to act upon bugs in each of the 6
severity levels from trivial to bl ocnker, with
category for the purpose of analysis, in each of the 3 roles, problem knowledge producer,
solution knowledge producer, and solution knowledge verifier. Likewise, 15 percentage
variables were created for prporotyty5nbbrsesn
the reference category for analysigable24 summarizes variables that make up the solution

knowledge value severity andiqrity measure at individual level.

The second measure of solution knowledge value was the tendencies of profiles to act
upon bugs in each of the 3 roles in which individuals engage whose severity or priority level had
changed at least once since theahiteveal of the problem knowledge to the rettganisation.
Preliminary analysis of the frequency distribution of percentages of bugs acted upon in each role

with varying numbers of severity and priority changes revealed that there was only sufficient
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variability for analysis between fAchanged at
priority and severity changes occurring more than once, as previously observed at the problem
level, were sufficiently infrequent as to be statistical outliersa Aesult, the variables making

up this measure at the individual level were selected to match their counterparts at the problem
level and focus on the tendencies to act upon bugs with or without the occurrence of severity or

priority change rather than ciomuous counts of such changes.

It should be noted that the severity change variable in the hypothesis six models is the
same variable as the one used in the hypothesis four: knowledge flow impediments models. It is
included again in the present modela$sess its impact in combination with the priority
changes in the same model to more clearly separate their effects. Given that severity changes are
theorized to have both an impact on knowledge flow and on solution knowledge value signalling,
and sevety level is considered to be one of the most important predictors of solution knowledge
emergence in the literature (cAhmed & Gokhale, 2009; Bougie et al., 2010; Giger, Pinzger, &
Gall, 2010; Guo, et al., 2011; Zhang, et al., 901it8 inclusion in mitiple models allows for
triangulation of the concept in independent model fits to reduce the likelihood of errors due to
particular combinations of variables creating spurious model fits. The observed characteristics
of the severit yectcarediscygssed kelative tathe Irebeiast hypdtheses in the

results and discussion section.
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Severity /

Role . Variable
Priority
Trivial % bugs as reporter had severity trivial
Minor % bugs as reportéradseverityminor
Normal % bugs as reportéradseveritynormal
Major % bugs as reportéradseveritymajor
Critical % bugs as reportéradseveritycritical
Problem knowledge product Blocker % bugs as reportéradseverityblocker
(reporter) g P rity
P1 % bugs as reporter had priority P1
P2 % bugsas reporter had priority P2
P3 % bugs as reporter had priority P3
P4 % bugs as reporter had priority P4
P5 % bugs as reporter had priority P5
Trivial % bugs as assigned_to had severity trivi
Minor % bugs asssigned_thadseverityminor
Normal % bugs asissigned_thadseveritynormal
Major % bugs asssigned_thadseveritymajor
Critical % bugs asssigned_thadseveritycritical
Solution knowledge produce Bl % bugs asssigned_thadseverity
) ocker
(assigned_to) blocker
P1 % bugs as assigned_to had priority P1
P2 % bugs as assigned_to had priority P2
P3 % bugs as assigned_to had priority P3
P4 % bugs as assigned_to had priority P4
P5 % bugs as assigned_to had priority P5
Trivial % bugs as ga_contact had severity trivia
Minor % bugs agja_contachadseverityminor
Normal % bugs agja_contachadseveritynormal
Major % bugs agja_contachadseveritymajor
. e Critical % bugs agja_contachadseveritycritical
Solution knowledge verifier % b tachad fitvblocker
(ga__contact) Blocker 0 bugs agja_contachadseverityblocke
P1 % bugs as ga_contact had priority P1
P2 % bugs as ga_contact had priority P2
P3 % bugs as ga_contact had priority P3
P4 % bugs as ga_contact had priority P4
P5 % bugs as ga_contact had priofty

Table24: Variables capturingolution knowledge value severity and priority meastire
individual level

As with the previous measure, this measure captures the individual level counterpart of
the severity and priority changesasures at the problem level, reflecting the notion in the

literature that tendencies to act on problems whose value is debated in tteegaatsation, as
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reflected by the changes in the severity and priority variables, is hypothesized to positively
correlate with solution knowledge mergence. Six variables, 2 for each of the 3 roles in which
individuals engage, were created, capturing the percentage of bugs acted upon in each role whose
severity/priority changed at least once, with the percentage ofdhase severity/priority never
changed acting as the reference category for analyailsle25 summarises the variables that

constitute the solution knowledge valwasrity and priority change tendency measure at the

individual level.

Role Wil Variable
changed
Problem knowledge Severity % bugs as reporter w/ severity changed at least one
producer . 0 .
(reporter) Priority % bugs as reporter w/ priority changedeatst once

0 : :
Solution knowledge Severity % bugs as assigned_to w/ severity changed at leas

once
producer 0 . P
(assigned. to) Priority gc;] E:gs as assigned_to w/ priority changed at least
Solution knowledge verifiel Severity % bugs agja_contact w/ severity changed at least 0
(ga_contact) Priority % bugs as ga_contact w/ priority changed at least ¢

Table25: Variables capturing solution knowledge value severity and prichigyge tendency
measure at individual level

The third measure of solution knowledge value was the tendency to act upon bugs, in
each of the three roles in which individuals engage, which had one or more top keyasrds.
with the previous measure, this measure captures the individual level cauntethe presence
of popular keywords attached to bugs at the problem level. This measure reflects the notion that
the tendency to act upon bugs with top keywords at the individual level reflects higher solution
knowledge value that is hypothesized torpote solution knowledge mergence. Twelve percent
variables were created, 3 for each role, which were selected to match their problem level

counterparts by examining the percentage of bugs acted upon in each role that have one or more
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top 3, top 10, toe5, and/or top 50 keywords. In each role, the reference category for analysis
was all other bugs acted upon, such as those with no keywords or keywords not in the top 50 or
higher. Table26 summarises theaviablesthat constitute theolution knowledge value keyword

popularity tendency measuretaeindividual level

Keyword
popularity
Top3 % bugs as reportavith top 3 keyword
Top 10 % bugs as reporter with top 10 keyword
Top 25 % bugs as reporter with top RByword
Top 50 % bugs as reporter with top &8yword
Top3 % bugs as assigned_to with top 3 keyword
Top 10 % bugs as assigned_to with top 10 keyword
Top 25 % bugs as assigned_to with topk&yword
Top 50 % bugs as assigned_to with topKe/word
Top3 % bugs as ga_contact with top 3 keyword
Solution knowledge verifie  Top 10 % bugsas ga_contact with top 10 keyword
(ga_contact) Top 25 % bugs as ga_contact with top 2&word
Top 50 % bugs as ga_contact with top lk&yword
Table26: Variables capturing solution knowledge vakeyword popularitgfendency measure at
individual level

Role Variable

Problem knowledge

producer
(reporter)

Solution knowledge
producer
(assigned_to)

The fourth measure of solution knowledge value is average overall number of follows,
votes, comments, and flags attached to bugs acted upon in each of the three roles in which
individuals engage. This measure complements the problenmieasiure by examining the
average tendencies in each role at the individual level. It also complements the knowledge
stakeholder influence measure by providing variables that examine the overall count of follows,
votes and comments rather than those ltesapreviously described that only consider such
variables according to the st aogabkaidndTde 6 s powe
measure for mean number of comments is the same measure as the one used in the hypothesis
two individual level ofanalysis models. As discussed in the organisation level of analysis
operationalisation section, alternate operationalisations of the comment count variables were
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created to facilitate comparing and contrasting of variables within and across levelysisanal

The mean comment variable is duplicated in hypothesis six as a robustness check that the
significance of effects of the independent variables are not merely a function of the other
variables with which they are paired in the models, subject taitied classification into the six
hypotheses. While nerascading regression model fitting was used, this variable duplication in
alternate models provides a validation that the model fitting is considering the independent
variables independently, ageémded. Together, with the alternate representations discussed in the
organisation level section, these measures allow better localisation of any effect on solution

knowledge mergence, improving the validity and distinctiveness of the measures.

Twelve vaiables make up this measure, four for each role in which individuals engage.
They reflect the notion in the literature that, at the individual level, average levels of following,
votes, commenting and flags amongst the roles in which individuals engeaggpathesized to
positively correlate with solution knowledge emergence as such variables constitute solution
knowledge value. Preliminary analysis revealed almmar distribution of the averages
amongst profileoles. Sufficient linearity for andigal assumptions was readily induced by
taking the log transformation of the variables in a manner similar to previous varidblde27
summarises the variables that make up the solution knowledge value measure reflected in

following, voting, commenting, and flag averages at the individual level.
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Role Tendency Variable
Problem @ Following (log) Mean numbeof votes on bugs acted on as reporter
knowledge Votes  (log) Mean number of votes on bugs acted on as reporter
producer Comments (log) Mean number of comments on bugs acted on as reporter
(reporter) Flags  (log) Mean number of flags on bugs acted on as reporter
Solution Following (log) Mean number of votes on bugs acted on as assigned_to
knowledge Votes  (log) Mean number of votes on bugs acted on as assigned_to
producer Comments (log) Mean nhumber of comments on bugs acted on as assignet
(assigned_to]  Flags (log) Meannumber of flags on bugs acted on as assigned_to
Solution Following (log) Mean number of votes on bugs acted on as ga_contact
knowledge Votes  (log) Mean number of votes on bugs acted on as ga_contact
verifier Comments (log) Mean number afomments on bugs acted on as ga_contac
(ga_contact) Flags (log) Mean number of flags on bugs acted on as ga_contact
Table27: Variables capturing solution knowledge vaasecaptured by following, voting,
commenting, and flag averages measrindividual level

Collectively, these measures triangulate the concegalafion knowledge valul terms
of individual level effects Figure25 summarises theperationaliations of the measures of
solution knowledge valuat the individual level as well as their hypothesised direction of

influence on the dependent outcome of interest, solution knowdgegence.
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Conceptualization of
antecedent of interest

Solution i
knowledge
]

value

Operationalized independent
variables at individual level

Percent of bugs acted upon in each
role with each severity / priority level

Conceptualization of
outcome of interest

Percent of bugs acted upon in each
role that had severity / priority level
changed at least once

Percent of bugs acted upon in each
role that had one or more top 3/10/
251750 keyword

Solution
knowledge
emergence

Mean number of overall CCs / votes /
comments / flags on bugs acted upon
in each role

Figure25: Operatimalizations of measures gblution knowledge valuat individual level

Organisation level operationalization: Dependent variables

At the organisation level, the dependent outcome of interest, solution knowledge
emergence, was operationalized using séyees of measurement derived from the literature
that were measured or calculated in the database. Each of these measures is described in the
literature as a desired outcome of knowledge revealing strategies. As per the theoretical
framework of this stug factors that improve these outcomes are of strategic relevance to
organisations participating in open source rwganisations. These measures are distinct from
the dependent variable measures at the problem and individual levels in that they edate t

of the aggregate knowledge actor roles at the organisation level of analysis. As a result, the

measur es ar e

problem | evel

rel ated to t

organi sation

eve

unit ofiandupnsi $ eveheofibaga] ysr

of the seven measures is separately assessed on the subset of the organisations in the database

that have a sufficient number of actors to create aggregate values for the roles described in the
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previous se@n on the individual level of analysis, creating, effectively, twetg measures

for solution knowledge emergence for each hypothesis at the organisation level.

The first measure of solution knowledge emergence airtfanisatiorievel is the
percent of bugs acted upon in eagjyregate ol e t hat achieved a final
problem | evel, this measureb6s counterpart s
status Afixedo wi t hhe mavalmllavel, this measuseesdo | v e d o . A
counterparteflects the notion in the literature that individual actors have different success rates
that are attributable to the individual rather than the problems alokewise, at the
organisation levelhis measure reflects the notion in the literature that aggregate actors in an
organisation have different success rates that are attributable to the organisation rather than any
given individual aloneTher ef ore, a percent agdemspdanb@f i xedo \
calculated for eacbrganisationin terms of eaclaggregateole in whichactors in the

organisatioract upon problems.

For example, suppose a focaanisation has, amongst the aggregation of all its
individual actorsacted as blem krowledge producet00times and therefore has its members
|l i sted as fAreportero on 100 di f thetmeofanalysis g r ep
37 of those bugs have astatup e ndi ng o . Of t hladaneutcamerofi ng 63 b
Afixwdadhad an outcome of Anot fixedo. Therefo
focal organisationn theaggregateole of problem knowledge producer is 21/63 =398. This
process is repeated for the samnganisatiorconsidering only the bugs upaevhich the
organi sati on6s naetedlassduton knawledgeapgogucdassignede tp) and

repeated again for treggregateole of solution knowledge verifiefQYA_contact. The result is
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3 percentage variables for eamfganisatiorthat colectively constitute this measure at the
organisatiorievel. The separation of this measure into the thgegegateoles reflects the

notion in the literature thatrganisationsnay have differing abilities, differestrengthsand
weaknesses, ands aresult may have different solution knowledge outcome success rates
depending on thaggregateoles they play in the knowledge production procédss measure
complements its counterpart individual and problem level measures to allow better localisatio

of any outcomes at the correct level of analysis in the data.

The second measure of solution knowledge emergence at the organisation level is the
counterpart to the second measure at the problem and individual levels namely percent of bugs
acteduponimach aggregate role that achieved a fine
This measure is calculated similarly to the previous measure except the percentages result are
calcul ated using number of bugsd nfcfliuxda ch gwifitf i xpe
without a patcho for each aggregate role. As
always result in a percentage that is lower than the first measure. This measure reflects the
notion in the literature that organisations mayehabilities related to outcomes that involve
patches independently from problem resolution alone and that this measure is afieught
outcome for participant organisations, representing a distinct from of solution knowledge
emergence. Much like at tivedividual level, as there is clear correlation between the two
measures, they are never analyzed together in a single regression model as it would violate
assumptions of orthogonality. Instead they are always analyzed in a complementary and

comparative ranner using separate regression models.
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The third and fourth measures of solution knowledge emergence at the organisation level
capture the reopening tendencies of bugs upon which each organisation acts in each aggregate
role. Similar to the case at thedividual level, preliminary analysis of the frequency distribution
of bug reopenings per organisation revealed a heavily skewelhean distribution that was
not readily transformable to linearity with standard functions. Instead, the reopening:tesden
for each organisation were split into two measures, with the first being three logical variables
that capture whether or not at least one bug acted upon in each aggregate role was reopened for
each organisation, and the second being threezemnpecentage variables that measure the
percentage of bugs that were reopened for each aggregate role, where each retained organisation
acted upon at least one bug that was reopened. The first measure separates the skewed frequency
distribution of reopening telencies into organisatieaggregateoles that have any reopenings
vs. those organisatiemggregateoles that do not have any reopenings. The second measure
focusses in on the subset of organisatiggregataoles with reopenings and examines the
compaative percentage distribution amongst them. Taken together, these measures triangulate
organisatiodevel reopening tendencies in a manner that is best suited to the observed frequency
distributions in the dataTable28 summarises the definitions of the variables that constitute the
third and fourth measures of solution knowledge emergence at the organisation level,

collectively referred to as Areopening tenden
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Reopening tendencies captured Variable type Measure
For each organisation, was at least one bug acted upon in the

~ R Logical 3rd
aggregate role Areportero re
For each organisation, was at least one bug acted upon in the .
~ : R Logical 3rd
aggregaterol@assi gned _t oo reopened
For each organisation, was at least one bug acted upon in the .
R Logical 3rd

aggregate role Aiga_contacto
For each organisation in the subset of organisations where at ¢
one bug acted upon inthe aggregate | e fAr eport e Non-zero

what was the percentage of bugs that were reopened that were  percentage i
upon in the fAreportero aggre
For each organisation in the subset of organisations where at ¢
one bug acteduponinthg@r egat e rol e fdas Non-zero

4th
reopened, what was the percentage of bugs that were reopene  percentage
were acted upon in the fAassi
For each organisation in the subset of organisations where at ¢
onebugac® upon in the aggregate Non-zero

4th
reopened, what was the percentage of bugs that were reopene percentage
were acted upon in the fAqa_c

Table28: Variables constituting reopening tendencies, the third and fourth measures of solution
knowledge emergence @atganisatiorievel

The fifth and sixth measures of solution knowledge emergence at the organisation level
capture the reassigning tendencies afsupon which each organisation acts in each aggregate
role. Similar to at the individual level, during preliminary analysis of the frequency
distributions, which proved to be ndinear, it was found that the best representation of these
measures was siariables that triangulate the measures in a manner similar to measures three
and four. The result was three logical variables separating the rare cases of reassignments
occurring at all and three naero percentage variables distinguishing amongsethos
organisatioraggregateoles that had reassignmeni&able29 summarises the definitions of the
variables that constitute the fifth and sixth measures of solktiowledge emergence at the

organi sation | evel, collectively referred
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Reassigning tendenciesaptured Variable type Measure
For each organisation, was at least one bug acted upon in the

~ R Logical 5th
aggregate roled?fireportero re
For each organisation, was at least one bug acted upon in the :

~ ; R Logical 5th
aggregate role Rnassigned_tobo
For each organisation, was at least one bug acted upon in the :

~ R Logical 5th
aggregate role fAga_contacto
For eaclorganisation in the subset of organisations where at lei
one bug acted upon in the ag Non-zero 6th
what was the percentage of bugs that were reassigned that we  percentage
acted upon in the fAreportero
For each organisation in the subset of organisations where at ¢
one bug acted upon in the ag Non-zero

: : 6th

reassigned, what was the percentage of bugs that were reassi¢  percentage
t hat were acted upon in the
For each organisation in the subset of organisations where at ¢
one bug acted upon in the ag Non-zero 6th

reassigned, what was the percentage of bugs that were reassi¢  percentage

t hat were acted uaggregateirale? t h e

Table29: Variables constitutingeassigning tendencies, tfith andsixth measures of solution
knowledge emergence @atganisatiorievel

The seventh measure of solution knowledge emegganthe organisation level is the
mean time to resolution for bugs acted upon in each aggregate role by each organisation. This
measure complements the problem and individual level time to resolution measures by
examining the average resolution timethat organisation level as the literature suggests that
different organisations may have implicit factors that affect time to resolution independent from
the problems and individuals themselves. The measure was calculated by taking the subset of all
bugs a&ted upon in each aggregate role by each organisation and taking the average time to
resolution for each one, resulting in three variables: one for each aggregatégote26
summarises the operationalizations of the measures of the dependent variable of interest, solution

knowledge emergence, at the organisation level of analysis.
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Operationalized dependent variables

Conceptualization of at organisation level

outcome of interest

Percent bugs fixed for each aggregate role in
organisation

Percent bugs fixed with patch for each
aggregate role in organisation

In each aggregate role in organisation, was at
least one bug reopened?

Solution : : —
n each aggregate role in organisation, for
knowledge those organisations that had at least one bug
- reopened, percentage of bugs that were
emergence reopened

In each aggregate role in organisation, was at
least one bug reassigned?

In each aggregate role in organisation, for
those organisations that had at least one bug
reassigned, percentage of bugs that were
reassigned

Mean time to resolution in each aggregate role
in organisation

Figure26: Operationaliations of measures of dependeatiable of interest airganisatiorievel

Organisation level operationalization: Independent variables

At the organisation level, in a manner similar to problem and individual levels, the
independent variables were operationalized in line with each sfxhgypotheses that were
formulated for the conceptualizations of the antecedents of interest. Each operationalization can
be conceptualised as a distinct organisation level measure used to triangulate the overall
conceptualisations derived from the KBYd open source literatures as well as a testable

subhypothesis with each of the abegiscussed measures as antecedent independent variables.

Absorptive capacity

The first antecedent is absorptive capacity. At the organisation level of analysis, similar
to the individual level, it was triangulated with five measures derived from the open source and
KBV literatures. The first measure was number of activities pedd by each organisation.
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Activities, tracked in the fAactivitieso tabl
knowledge creation process. These actions are the same actions taken by individuals, but, at the
organisation level of analysis,ay have been taken by different individuals in the same
organisation, creating a distinct numerical aggregation for each organisation in the data. The
present measure, represented by a count variable of all the activities performed by each
organisation, aptures the notion in the KBV literature that those organisations that are very

active in the metarganisation may have lower absorptive capacity to engage new problem
knowledge (Cohen & Levinthal, 1990; Zahra & George, 2002; Jansen, Van Den Bosch, &
Volberda, 2005; Todorova & Durisin, 2007). It is therefore hypothesized that number of

activities performed by an organisation is negatively correlated with solution knowledge
emergence. Similar to the individual level, preliminary analysis revealed tHatdiency

distributions of activity counts amongst organisations werelinear but were readily

transformed into a form suitable for analysis with assumptions of linearity with a standard log
transformation. As such, the present measure was analyagdadegtransformed count of

activities variable using the form log10 (1+x) given that there are a large number of

organisations with zero counts which would result in infinite logs confounding analysis (R

Foundation, 2017).

The second measure of absomptcapacity at the organisation level complements the first
measure by triangulating the notion in the KBV literature that absorptive capacity of
organisations may be compartmentalised, such as, for example, by organisation department or
function, and hae differing levels according to categories of knowledge that the different
organisation structures engage (Cohen & Levinthal, 1990; Lane & Lubatkin, 1998; Zahra &

George, 2002; Jansen, Van Den Bosch, & Volberda, 2005; Schmidt, 2010; Spithoven, Clarysse,
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& Knockaert, 2011). In the present case, the measure is captured with variables that count the
number of activities of each organisation for each platform, operating system, and product
classification, which are the major categories of knowledge as distiveyl in the database.

Similar to the individual level, preliminary analysis of the frequency distributions of activities
separated into platform, operating system and classification revealedine@rdistribution
amongst organisations. Experimematwith transformations and consolidation revealed that
there were several metategories that grouped the activity counts for platform, operating
system, and product classification more evenly than their full categorical range permitted. The
identified consolidated categories were the same as at the individual level, as summarised in

Table30.

Variables for each organisation

(log) Number of activitesbgp r gani sati on onAllbugs with pl
(log) Number of activities HowerPR&G gani sat i
(1l og) Number of activities X860 organi sat.
(1l og) Number of activities X8664to gani sat i
(log) Number of activities @herdor gani sat.i
(1l og) Number of activities by @ApplgRGi sat i
(log) Number of activities by Wm&@ni sat.i
(log) Number of activities by Wmndabikeidos at i
(l'og) Number of activities by @&pplglobied at i
(log) Number of activities by OthgRQoi sat i
(1l og) Number of activities by OthgyMabiled at i
(log) Number of activities byCliemrsgftwared s at i
(1l og) Number of activities bySererpfavareds at i
(l'og) Number of activities byCompore@di sat i
(l og) Number of activities byOtherogani sati
Table30: Variables capturing activities of orgaations according to knowledge categories

The third measure of absorptive capacity at the organisation level is the number of
activities performed by each organisation separated according to severity level. This measure

complements the previous two me@&suby capturing the notion in the literature that absorptive
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capacity may be a function of prioritization of the production of certain types of knowledge,
reflected by the fiseverityo measure in the pr
previousmeasures, given that the frequency distribution of problems organized according to

severity was noflinear, the initial 7 categories of severity were consolidated into 3

metac at egori es that enabled more eveni glhomparat.
severity. As with the previous measures, the distributions of the consolidated categories were

found to be loginear, so the log transform of each variable was taken. The organisation level
consolidated severity variables were the same as atdivedimal level, as previously

summarised iMablel2.

The fourth measure of absorptive capacity at the organisation level is the number of
activities performed by ehmrganisation separated according to activity type. This measure
complements the previous measures by recognizing that the type of activity taken may have a
separate level of absorptive capacity than factors related to the problems upon which tle activit
was done, particularly in the case of organisations with multiple departments or functions
participating in the metarganisation. Organisations can engage in the same 15 types of
activities that individual can undertake, previously summarisdalmel3. As was the case at
the individual level, preliminary analysis revealed aliogar distribution for the activities
amongst organisations. As a result, eadhe$e count variables was log transformed in a

manner similar to the previous measures.

The fifth measure of absorptive capacity at the organisation level is the number of times
each organisation acted in eachedde tpreodthaereo,

Asol ution knowledge producero and Asolution Kk
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problems in the knowledge production process in three different aggregate roles. Much like

individuals, some organisations will engage in mora ivae aggregate role at a time, whereas

other organisation will only engage in one aggregate role. The present measure captures the

notion that absorptive capacity for organisation may vary according to aggregate role

involvement, which is often more nuaad and distinct at the organisation level than at the

Conceptualization of
antecedent of interest

Operationalized independent
variables at organisation level

Number of activities
performed

Number of activities
performed for each platform
| operating system / product
classification

Number of activities
performed for each severity
level

Number of activities
performed for each activity

type

Number of aggregate times

Conceptualization of
outcome of interest

Solution
knowledge
emergence

acting in each role

Figure27: Operationaliations of measures of absorptive capacityrganisationevel

individual level by virtue of the aggregation of roles. Preliminary analysis revealed the

frequency distribution of actions in each aggregate role amongst organisations tdifeaiog

so the thre@ariables were log transformed in a manner similar to the previous meaBiges

27 summarises the operationalizations of the measures of absorptive capacity at the organisation

level as well as their hypothesised direction of influence on the dependent outcome of interest,

solution knowledge emergence.

156



Codifiability

The second antecedent is codifiability. At the organisation level of analysis, it was
triangulated using five measures derived from the literafline first measure was the mean
description length of the bugs acted upon in each aggregate role. Much like at the individual
level, for each organisation, the mean description length of the problems acted upon in each
aggregate role was calculated, t@ag in three variables per organisation. These variables
complemented their counterparts at the other letters by helping localise the level of codifiability
factors. Much like at the individual level, title length had insufficient variability for apate
analysis. As such the average title length was not included in this codifiability measure at the
organisation level. As was the case with previous measures, the frequency distribution was
observed to be lelinear, so the log transform was doneeach variable to permit analysis with
assumptions of linearityTable31 summarises the variables created for each organisation to
calculate the meadescription length of problems acted upon in each aggregate role by each

organisation.

Mean description length \ariables
(log) Mean length of descriptions of problems acted upon in aggregate role of problem
knowledge producerdporter) by organisation
(log) Mean length of descriptions of problems acted upon in aggregate role of solution
knowledge producerésigned_td by organisation
(log) Mean length of descriptions of problems acted upon in aggregate role of solution
knowledge verifierda_contact)by organisation
Table31: Variables capturing mean description length for problems acted upon in each
aggregate role by organisations

The second measure of codifiability at the organisation level was the mean of the
readability measures of the descriptions of the problems acted upon by organisations in each of

the three aggregate roles. Much like at the individual level, the Fleschgease readability
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formula was selected as its value can be meaningfully averaged to calculate a mean organisation
level value that represents the readability associated with the full range of descriptions of
problems upon which each organisation hasdt each aggregate role. Preliminary analysis of

the resulting means suggested a distribution that is sufficiently linear for analysis without
transformations.Table32 summarises the variables created for each organisation to calculate the

mean description readability of problems acted upon in each aggregate role by each organisation.

Mean description readability variables
Mean Flesch reading ease of descriptiohgroblems acted upon in aggregate role of probler
knowledge producerdporter) by organisation
Mean Flesch reading ease of descriptions of problems acted upon in aggregate role of so
knowledge producerésigned_td by organisation
Mean Fleschieading ease of descriptions of problems acted upon in aggregate role of solu
knowledge verifierda_contact)by organisation
Table32 Variables capturing mean description readability of problems acted upon in each
aggregateale by organisations

The third measure of codifiability at the organisation level is the number of attachments
to problems acted upon in each aggregate rol e
problem and individual levels, the number of attachisiémproblems captures the notion that
information enabling codifiability may reside at the organisation level as well as at other level.
Like at the individual level, preliminary examination of the types of attachments at the
organisation level revealadsufficient variability for analysis. As such, a single variable
capturing the number of attachments of any type for each aggregate role played by organisations
in acting upon problems was created. The choice was made at the organisation levéhéo take
Acounto of attachments related to each aggreg
otherwise be the mean of the mean variable from the individual level of analysis that would not

introduce sufficient variability at the organisation level relatovéhe individual level of
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anal ysi s. A log transformation was taken of
for analysis. This choice was made to present an alternate view of the variable at the
organisation level of analysis to compare aontrast the logarithmic nature of the attachment

counts to the measures of central tendencies of the varibilde 33 summarises the variables

created for eachrganisation to calculate the (log) number of attachments to problems acted

upon in each aggregate role by organisations?o

Attachment count variables
(log) Number of attachments to problems acted upon in aggregate role of problem knowle
producer(reporter) by organi sationsd® members
(log) Number of attachments to problems acted upon in aggregate role of solution knowle
producergssigned t) by organi sationsd member s
(log) Number of attachments to problems acted upon in aggregate roletmfrskhowledge
verifier (qa_contact)byor gani sati ons® member s
Table33: Variables capturinglog) number of attachments psoblems acted upon in each
aggregateoleby or gani sati onsd® members

The fourth measure of codifiability at the organisation level is the redundancy tendencies
of the problem knowledge submitted by each organisation. Much like at the individual level, the
present measure captures the notion that redundancy in the knoaA@ilgble for codification
can take place at the organisation level and organisation level effects may lead to problem
knowledge that is a duplicate of or duplicated by other problem knowledge. This measure only
makes sense from the perspective of ttgremgate role of problem knowledge producer as the
other two aggregate roles, solution knowledge producer and solution knowledge verifier do not
synthesize the initial problem knowledge that could potentially be a duplicate or duplicated by
other problem kawledge. As a result, two variables encapsulate this measure: The percentage
of problem knowledge reports relative to all problem knowledge reports each organisation

submits that were identified as duplicates to other problem knowledge reports; and, the
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percentage of problem knowledge reports relative to all problem knowledge reports each

organisation submits that were duplicated by other problem reports.

The fifth measure of codifiability at the organisation level is the number and length of
comments attzhed to problems acted upon in each aggregate role by organisations. Much as
their counterparts at the problem and individual levels, the organisation level number of
comments and mean comment length aim to capture the notion that the codificatiorgenablin
additional information submitted via comments to supplant the initially submitted problem
knowledge may have organisation level effects. Therefore, three variables were created to
capture the comment length amongst problems and three variables te captanent count
amongst problems, one for each aggregate rol e
manner similar to the attachment variables, the choice was made at the organisation level to take
the Acount o of manual thanthe ondamwHich wodld athermsedar t s r a
the mean of the mean variable from the individual level of analysis that would not introduce
sufficient variability at the organisation level relative to the individual level of analysis.
Manually submitted commentepresent a portion of the total comments that are appended to
problem knowledge. Given that automated comments are typically generated from the
information that already is contained in the problem knowledge, the manual comments are more
likely to add ew information that affects codifiability, as per the hypotheses. The choice was
made to present an alternate view of the variable at the organisation level of analysis to compare
and contrast these variable representations. A log transformation wasndeaeh variable to
enable analysis with assumptions of linearity in a manner similar to previous medsabie34
summarises the six variables triangulatingtdrelencies of comments attached to problems

acted upon in each of the aggregate roles undertaken by organisations.
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Comment tendency variables
(log) Mean length of comments on problems acted upon in aggregate problem knowledge
producer rolergporter)byor gani sati onsd® member s
(log) Mean length of comments on problems acted upon in aggregate solution knowledge
producer roledssigned t9 by organi sationsd members
(log) Mean length of comments on problems acted upon in aggregate solution knowledge
role(a contac) by organi sationsd®é members
(log) Number of manual comments on problems acted upon in aggregate problem knowle
producer rolergporter) by organi sati onsd members
(log) Number of manual comments on problems acted upon in aggrelyditensknowledge
producer roledssigned t9 by organi sationsd members
(log) Number of manual comments on problems acted upon in aggregate solution knowle
verifierrole qa_contach by organi sati ons6 members
Table34: Variablescapturing tendencies of commentspgnblems acted upon in eaafjgregate
roeby organi sationso members

Collectively, these measures triangulate the concept of codifiability in terms of

organisation level effectdrigure28 summarises the operationalizations of the measures of

codifiability at the organisation level as well as their hypothesised direction of influence on the

dependent outcome of interest, solutiolowledge emergence.

Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at organisation level outcome of interest

Mean description length of
bugs acted upon in each
aggregate role

Mean description readability of
bugs acted upon in each
aggregate role

Solution
Number of attachments to bugs e el e
acted upon in each aggregate g
role emergence

Percent of bugs acted upon in
aggregate reporter role were
duplicates / duplicated

Number and length of
comments on bugs acted upon
in each aggregate role

Figure28: Operationaliations of measures of codifiability atganisatiorievel
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Dominant knowledge paradigm

The third antecedent of interest is dominant knowledge paradigm. It was triangulated at
theorganisation level using three measures derived from the literature. Much like at the
individual level, whereas five measures were used at the problem level, given the large number
of products and components in the database, it was impractical to ¢dreateahble permutations
at the organisation level as the frequencies were too low for comparative analysis amongst

organisations.

The first measure was percent of actions by organisations in each aggregate role upon
bugs of each type of platform. Simitarthe individual level, the platforms were consolidated
into five categori eshi thid,0wiealPIC®, dnx®B6MMQt MxrB®d,
di stribute them for comparative anal ysi s. Th
category dung analysis. The result was 12 variables per organisation (3 aggregate roles times 4
platforms) making up this platform tendency measUm@ble35 summarises the viables for the
platform dominant knowledge paradigm measure for each aggregate role engaged in by

organisations.

The seconaneasure was percent of actions in each aggregate role done on bugs of each
type of operating system. Much like the previous meashis measure captures the
organisation level knowledge paradigm tendencies in each aggregate role for each operating

system. Like at the individual level, the operating systems were consolidated into eight

ot

categories to improve frequency distributidn® r compar ati ve anal ysi s:
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Aggregate ole Platform Variable

% bugs acted upon by organisation in aggregate role of

All .

reporter with platform All
% bugs acted upon by organisatioraggregate role of
reporter with platform PowerPC
% bugs acted upon by organisation in aggregate role of
reporter with platform x86
% bugs acted upon by organisation in aggregate role of
reporter with platform x86 6bit
% bugs acted upon by organisation in aggregate role of
assigned_to with platform All
% bugs acted upon by organisation in aggregate role of
assigned_to with platform PowerPC

Problem knowledge PowerPC
producer
(reporter) x86
x86_64
All

Solution knowledge PowerPC

(asgi)gdnuefderto) %86 % bugs acted upon by organisatioraggregate role of
- assigned_to with platform x86
%86 64 % bugs acted upon by organisation in aggregate role of
- assigned_to with platform x86 @3t
Al % bugs acted upon by organisation in aggregate role of

ga_contact with platform All
% bugs acted upon by organisation in aggregate role of
ga_contact with platform PowerPC
% bugs acted upon by organisation in aggregate role of
ga_contact with platform x86
%86 64 % bugs acteo[ upon lwganisation in aggregate role of

- ga_contact with platform x86 @it
Table35: Variables capturing platform dominant knowledge paradigm measure for each
aggregate role atrganisatiorevel

Solution knowledge PowerPC
verifier
(ga_contact) x86

AAppl e PCo, AWindows RWONndOWNppMebMbBDI eAOt her
Mobil eo. The AOther PCO category was held as
result was 24/ariablesper organisation (3 aggregate roles timep@&rating systemsnaking up

this operating systentendency measurelable36 summarises the variables capturing the

operating systerdominant knowledge paradigm measure for esggregateole at the

organisatiorievel.

The third measure was percent of actions in each aggregate role upon bugs of each type

of classification. As with the previous measures, this measure captures the organisation level
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Aggregate ole

Problem
knowledge
producer
(reporter)

Solution
knowledge
producer
(assigned_to)

Solution
knowledge
verifier
(ga_contact)

Operating
system

All
Android
Linux
Apple PC
Windows PC

Apple Mobile

Windows
Mobile

OtherMobile
All
Android
Linux
Apple PC
Windows PC

Apple Mobile

Windows
Mobile

Other Mobile
All
Android
Linux
Apple PC
Windows PC

Apple Mobile

Variable

% bugs acted upon by organisation in aggregate role of
reporter for operating system All

% bugs acted upon by organisation in aggregate role of
reporter for operating system Android

% bugs acted upon by organisatioraggregate role of
reporter for operating system Linux

% bugs acted upon by organisation in aggregate role of
reporter for operating system Apple PC

% bugs acted upon by organisation in aggregate role of
reporter for operating steam Windows PC

% bugs acted upon by organisation in aggregate role of
reporter for operating system Apple Mobile

% bugs acted upon by organisation in aggregate role of
reporter for operating system Windows Mobile

% bugs acted upon by organisation in aggregate role of
reporter for operating system Other Mobile

% bugs acted upon by organisation in aggregate role of
assigned_to for operating system All

% bugs acted upon by organisation in aggregate role of
assigned_to for operating system Android

% bugs acted upon by organisation in aggregate role of
assigned_to for operating system Linux

% bugs acted upon by organisatioraggregate role of
assigned_to for operating system Apple PC

% bugs acted upon by organisation in aggregate role of
assigned_to for operating system Windows PC

% bugs acted upon by organisation in aggregate role of
assigned_tdor operating system Apple Mobile

% bugs acted upon by organisation in aggregate role of
assigned_to for operating system Windows Mobile

% bugs acted upon by organisation in aggregate role of
assigned_to for operating $gs1 Other Mobile

% bugs acted upon by organisation in aggregate role of
ga_contact for operating system Al

% bugs acted upon by organisation in aggregate role of
ga_contact for operating systékndroid

% bugs acted upon by organisation in aggregate role of
ga_contact for operating system Linux

% bugs acted upon by organisation in aggregate role of
ga_contact for operating system Apple PC

% bugs acted upon lmrganisation in aggregate role of
ga_contact for operating system Windows PC

% bugs acted upon by organisation in aggregate role of
ga_contact for operating system Apple Mobile
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Windows % bugs acted upon by organisatioraggregate role of
Mobile ga_contact for operating system Windows Mobile

Other Mobile

% bugs acted upon by organisation in aggregate role of

ga_contact for operating system Other Mobile

Table36: Variables capturing operating system dominant knowledge paradigm measure fol

aggregateole atorganisatiorievel

knowledge paradigm tendencies in each aggregate role for each classification. Like at the

individual level, the classificationswere®o | i dat ed i nto ACIient

AComponent so, and

Sof t\

Ot her o0, with the A0t her o c

analysis. The result was 9 variables per organisation (3 aggregate roles times 3 classifications)

making up ths classification tendency measuieable37 summarises the variables capturing the

classificationdominant knowledge paradigm measure for eagregateole at theorganisation

level.
Aggregate Classification
role

Problem Client Software

knowledge Server Software
producer

(reporter) Component
Salltion Client Software

knowledge oo o Software
producer

(assigned_to) Component

Solution Client Software

knowledge
verifier
(ga_contact)

Server Software

Component

Table37: Variables capturing classification dominant knowledge paradigm measure for each

aggregateole atorganisatiorevel

Variable

% bugs acted upon by organisation in aggregate rol
reporter for classification Client Software

% bugs acted upon lmrganisation in aggregate role ¢
reporter for classification Server Software

% bugs acted upon by organisation in aggregate rol
reporter for classification Component

% bugs actedpon by organisation in aggregate role
assigned_to for classification Client Software

% bugs acted upon by organisation in aggregate rol
assigned_to for classification Server Software

% bugs acted upon lmrganisation in aggregate role ¢
assigned_to for classification Component

% bugs acted upon by organisation in aggregate rol
ga_contact for classification Client Software

% bugs acted upon by organisation in aggregate rol
ga_contact for classification Server Software

% bugs acted upon by organisation in aggregate rol
ga_contact for classification Component
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Collectively, these measures triangulate the concegwminant knowledge paradigim
terms oforganisatiorievel effectsFigure29 summarises theperationaliations of the measures
of dominant knowledge paradigat theorganisatiorievel as well as their hypothesised direction
of influence on the dependent outcome of interest, solution knowledge emergence.

Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at organisation level outcome of interest

Percent of actions in each
aggregate role in each

platform type
Dominant _ Percent of actions in each | , Solution
knowledge aggre_g_ate_role in each knowledge
paradigm _ classification type emergence

Percent of actions in each
aggregate role in each
operating system type

Figure29: Operationalizations of measures of dominant knowledge paradigm at organisation
level

Knowledge flow impediments

The fourth antecedent of interest is knowledge flow impediments. It was triangulated at
the organisation level using six measures derived from the literature. The first measure was
percent of bugs acted upon by organisations in agghegate role that violated the bug life
cycle. Similar to at the individual level, 3 percentages variables were created, one for each
aggregate role, for each organisation, representing violation of bug life cycle by the bugs acted
upon. Necessarilyhe percentage of bugs acted upon in each aggregate role by organisations

which did not violate the bug life cycle was the reference category for analysis.
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The second measure was percent of bugs acted upon in each aggregate role whose target
milestone washanged at least once. This measure captures the organisation level tendencies of
bugs acted upon by organisations in each of the three aggregate roles. Examination of tendencies
for target milestone changes for bugs acted upon in each aggregateealedékiat the
comparative frequency distribution at the organisation level was best represented by the
percentage of bugs acted upon in each aggrega
onceodo and fAtarget mil es netmeeefererce ategory foramalysesd 6, t
As with the previous measure, the result was 3 percentages, one for each aggregate role, for each

organisation.

The third measure was percent of bugs acted upon in each aggregate role whose severity
was changed aeast once. Like the previous measure, this measure captures organisation level
severity change tendencies in each of the three aggregate roles in which organisations act.

Similarly, the comparative frequency distribution at the organisation level wasepessented

as percentage of bugs acted upon in each agagr
and Aseverity never changedo, the | atter bein
percentages variables were created for each organi$atitinis measure, one for each aggregate

role.

The fourth and fifth measures were percent of bugs acted upon in each aggregate role by
organisations which were reopened or reassigned at least once. As with the previous measures,
the comparative frequenclystributions at the organisation level were best represented as
percentage of bugs acted upon by organisation

reopened/reassigned at | east oncedo and fAbug w
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referencecategories for analysis. Three percentage variables were created for each measure, one

for each aggregate role.

The sixth measure was number of activities taking place on each bug acted upon by
organisations in each aggregate role within certain tinmeefsa This measure seeks to capture
the organisation level counterpart of the problem and individual level examination of activities
on problems. Similar to at the individual level, the goal was to establish the activity tendencies
for all problems actedpon in each aggregate role by each organisation. Preliminary frequency
distribution analysis of the mean number of activities occurring in various ranges of time on each
problem in each aggregate role revealed ditagpr relationship at thresholds coangble to
those used at the problem and individual levels. The result was the creation of 21 variables for
each organisation, 7 for each of the three aggregate roles in which organisations engage, that
capture the log of the mean number of activitiesigldlace in each time range depicted in

Table38.

Collectively, these measures triangulate the conceptmf/ledge flow impediments
terms oforganisatiorevel effects. Figure30 summarises theperationaliations of the
measures dfnowledge flow impedimentat theorganisatiorievel as well as their hypothesised

directionof influence on the dependent outcome of interest, solution knowledge emergence.
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Conceptualization of
antecedent of interest

Knowledge
flow
impediments

Figure30: Operationalizations of measures of knowledge flow impediments at organisation level

Operationalized independent
variables at organisation level

Percent of bugs acted upon in each
aggregate role violated bug life cycle

Percent of bugs acted upon in each
aggregate role with target milestone
changed at least once

Conceptualization of
outcome of interest

Percent of bugs acted upon in each
role with severity changed at least
once

Percent of bugs acted upon in each
aggregate role reopened at least once

Percent of bugs acted upon in each
aggregate role reassigned at least
once

Solution
knowledge
emergence

Mean number of activities on bugs
acted upon in each aggregate role
within certain time frames
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Aggregate Time range

role (days)
l1<t<= 3
3<t<= 7
7<t<= 15
Problem
knowledge

producer 15<t<= 45
(reporter)
45<t<= 90

90<t<=180

180 <t <=365

1<t<= 3
3<t<= 7
7<t<= 15
Solution
knowledge

producer 15<t<= 45
(assigned_to)

45<t<= 90

90 <t<=180

180 <t <= 365

Solution

knowledge l<t<= 3

Variable

(log) mean number of activities from 1 to 3 days after
creation of bugs acted on in aggregate reporter role by
organisation

(log) mean number of activities from 3 to 7 days after
creation of bugs acted on in aggregate reporter role by
organisation

(log) mean number of activities from 7 to 15 days after
creation of bugs acted on in aggregate reporter role by
organisation

(log) mean number ddctivities from 15 to 45 days after
creation of bugs acted on in aggregate reporter role by
organisation

(log) mean number of activities from 45 to 90 days after
creation of bugs acted on in aggregate reporter role by
organisation

(log) mean number of activities from 90 to 180 days after
creation of bugs acted on in aggregate reporter role by
organisation

(log) mean number of activities from 180 to 365 days afte
creation of bugs acted on in aggrega&gorter role by
organisation

(log) mean number of activities from 1 to 3 days after
creation of bugs acted on in aggregate assigned_to role |
organisation

(log) meamumber of activities from 3 to 7 days after
creation of bugs acted on in aggregate assigned_to role |
organisation

(log) mean number of activities from 7 to 15 days after
creation of bugs acted on in aggregate assigned_to role |
organisation

(log) mean number of activities from 15 to 45 days after
creation of bugs acted on in aggregate assigned_to role |
organisation

(log) mean number of activities from 45 to 90 days after
creation of bugs d&ed on in aggregate assigned_to role by
organisation

(log) mean number of activities from 90 to 180 days after
creation of bugs acted on in aggregate assigned_to role |
organisation

(log) mean number of activities frob80 to 365 days after
creation of bugs acted on in aggregate assigned_to role |
organisation

(log) mean number of activities from 1 to 3 days after
creation of bugs acted on in aggregate ga ambmble by
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verifier
(ga_contact)
3<t<= 7

7<t<= 15

15<t<= 45

45<t<= 90

90 <t<=180

180 <t <= 365

organisation

(log) mean number of activities from 3 to 7 days after
creation of bugs acted on in aggregate ga_contact role b
organisation

(log) mean number of activities from 7 to 15 days after
creationof bugs acted on in aggregate ga_contact role by
organisation

(log) mean number of activities from 15 to 45 days after
creation of bugs acted on in aggregate ga_contact role b
organisation

(log) mean number of acties from 45 to 90 days after
creation of bugs acted on in aggregate ga_contact role b
organisation

(log) mean number of activities from 90 to 180 days after
creation of bugs acted on in aggregate ga_contact role b
organisation

(log) mean number of activities from 180 to 365 days afte
creation of bugs acted on in aggregate ga_contact role b
organisation

Table38: Variables capturingime-based activity tendenapeasursfor problems acted upan
eachaggregateole by each organisatiosit organisatiorievel

Knowledge stakeholder influence

The fifth antecedent of interest is knowledge stakeholder influence. It was triangulated at

the organisation level using four measures derived from thatlirer The first measure of

knowledge stakeholder influence is the degree of involvement in theamgztaisation of each

organi sationds

Aparticipant o,

me mber s. Whereas at t he

0 € actdrg, atthe grdar@satian level, igiveo tdt eachg

ndi

organisation is made up of multiple individual members, the complementary measures are the

count and percentage of members of each degree of involvement in each organisation. This

measure complementstimdividual and problem level measures to allow better localisation of

any effects at the correct level of analysis.
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Five variables were created for each profile making up this measure. Three count
variables, log transformed to fit assumptions of liitgaluring analysis, were created for each
organisation, reflecting the number of members who were core, participant, and peripheral
knowledge actors respectively. Two percentage variables, the percentage of organisation
members who were core knowledgeass and the percentage of organisation members who
were participant knowledge actors were also created. The percentage of organisation members
that were peripheral knowledge actors was held as the reference category for analysis as the

percentages necewily always add to 100%, precluding linear regression analysis.

The second measure of knowledge stakeholder influence is the tendencies related to
following, voting, and acting by each of the three classes of knowledge actors on bugs acted
upon in each fathe three aggregate roles in which each organisation engages. The definitions of
the three classes of knowledge actors, core knowledge actor, knowledge flow participant actor,
and peripheral knowledge actor, are the same as at the problem and indivielsabf analysis.

The present measure complements the problem and individual level measures in order to localise
the level of any effects related to knowledge stakeholder influence in the following, voting, and
acting tendencies. The measure was djperaized with 27 variables, 9 per aggregate role in

which each organisation engages. Three measures capture the voting tendencies for core,
participant, and peripheral actors on bugs acted upon by organisation in each aggregate role.
Three measures dape the following tendencies of core, participant, and peripheral knowledge
actors on bugs acted upon by organisations in each aggregate role. And, three measures capture
the acting tendencies of core, participant, and peripheral knowledge actors @ctedgspon by
organisations in each aggregate role. The log transform of each of these count variables was

taken to meet assumptions of linearity for analysis. The choice was made to take
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log-transformed count variables at the organisation level rétharmeans of the means
presented at the individual level that would have had insufficient distinctiveness at the
organisation level in a manner similar to that discussed for previous varidblele39
summarises the variables that capture the knowledge stakeholder influence related activity

tendencies at the individual level.

The third measure of knowledge stakeholder influence is the mean number of distinct
actorscommenting and acting upon bugs acted upon in each of the three aggregate roles in which
organisations engage. Given that actors in the-org@nisation can comment and act upon
problems more than once, the present measure complements the mean roetsinedividual
level of analysis by considering the averages of distinct actors commenting and acting upon bugs
that organisations have acted upon in each of the three aggregate roles. Comparison of the
present and previous measures allows a sepaxdtibe effects due to a small number of actors
engaging problems multiple times from the effects of a large number of actors engaging
problems a few times. It also allows separation of individual involvement effects (core vs.
peripheral) from organisatiolevel effects. Six variables were created, two for each aggregate
role for each organisation. The log transform of the variables was taken to meet assumptions of

linearity for analysis.

The fourth measure of knowledge stakeholder influence is the eod degree of
involvement of individuals and organisations each organisation is observing and observed by. At
the organisation level, each organisation can watch and be watched by other profiles and
organisations. Eight variables triangulate the measuth four variables capturing the (log)

count of distinct actors, distinct organisations, only core knowledge actors, and only participant
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knowledge actors, watched by each organisation. Four variables capture the (log) count of

distinct actors, distict organisations, only core knowledge actors, and only participant

knowledge actors who are watching each organisation. The count of peripheral knowledge

actors watching and watched by each organisation is held as the reference category because the
definn t i on of Aperipheral knowl edge actoro neces
knowledge production process, precluding visibility tothe metagani sati onés me mb ¢
necessary to populate the watching/watched_by count variakdéée 40 summarises the

variables capturing knowledge stakeholder observational influence measures at the organisation

level.
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Aggregate

role Tendency

Votes

Votes

Votes

Problem Following

knowledge Following
producer

(reporter) Following

Acting

Acting

Acting

Votes

Votes

Votes

Solution Following

knowledge Following
producer

(assigned_to Following

Acting

Acting

Acting

Votes

Solution Votes
knowledge
verifier

(ga_contact) Votes

Following

Actor
Core
Participant
Peripheral
Core
Participant
Peripheral
Core
Participant
Peripheral
Core
Participant
Peripheral
Core
Participant
Peripheral
Core
Participant
Peripheral
Core
Participant
Peripheral

Core

Variable

(log) Count of votes by core actors on bugs acted «
in aggregate reporter role by organisation

(log) Count of votes by participant actors on bugs
acted on in aggregate reporter roledbganisation
(log) Count of votes by peripheral actors on bugs
acted on in aggregate reporter role by organisatior
(log) Count of follows by core actors on bugs actec
on in aggregate reporter role by organisation

(log) Count of follows by participant actors on bugs
acted on in aggregate reporter role by organisatior
(log) Count of follows by peripheral actors on bugs
acted on in aggregate reporter role by organisatior
(log) Count of actions by core actors on bugs actet
in aggregate reporter role by organisation

(log) Count of actions by participant actors on bugt
acted on in aggregate reporter role by organisatior
(log) Count of actions by peripheral actors on bugs
acted on in aggregate reporter role by organisatior
(log) Count of votes by core actors on bugs acted «
in aggregate assigned_to role by organisation
(log) Count of votes by participant actors on bugs
acted on in aggregate assigned_to role by organis
(log) Count of votes by peripheral actors on bugs
acted on in aggregate assigned_to role by organis
(log) Count of follows by core actors on bugs actec
on in aggregate assigned_to role by organisation
(log) Count of follows by participant actors on bugs
acted on in aggregate assigned_to role by organis
(log) Count of follows by peripheral actors on bugs
acted on in aggregate assigned_to role by organis
(log) Count of actions by core actors on bugs actet
in aggregate assigned_to role by organisation
(log) Count of actions by participant actors on bugt
acted on in aggregate assigned_to role by organis
(log) Count of actions by peripheral actors on bugs
acted on in aggregate assigned_to role by organis
(log) Count of votes by core actors on bugs acted «
In aggregate gqa_contact role by organisation

(log) Count of votes by participant actors on bugs
acted on in aggregate ga_contact role lgaoisation
(log) Count of votes by peripheral actors on bugs
acted on in aggregate ga_contact role by organisa
(log) Count of follows by core actors on bugs actec
on in aggregate ga_contact role by organisation
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(log) Count of follows by participant actors on bugs
acted on in aggregate ga_contact role by organisa
I (log) Count of follows by peripheral actors on bugs
acted on in aggregate ga_contact role by organrsa
(log) Count of actions by core actors on bugs actet
in aggregate ga_contact role by organisation

(log) Count of actions by participant actors on bugt
acted on in aggregate gqa_contact role by organisa
(log) Count of actions by peripheral actors on bugs
acted on in aggregate ga_contact role by organisa
Table39: Variables capturingnowledge stakeholder influeneetivity tendency measures for
problems acted upon in eaafjgregateole by eaclorganisation at organisation level

Following Participant

Following Periphera
Acting Core
Acting Participant

Acting Peripheral

Action Actor Variable
Watching All actors (log) Count of actors watching organisation
Watching  Organisations (log) Count of organisationsatching organisation
Watching Core actors  (log) Count of core actors watching organisation
Watching Participant actors (log) Count of participant actors watching organisatio
Watched by All actors (log) Count of actors watched by organisation

Watchedby Organisations (log) Count of organisations watched by organisation

Watched by  Core actors  (log) Count of core actors watched by organisation

Watched by Participant actor¢ (log) Count of participant actors watched by organisa
Table40: Variables capturingnowledge stakeholder observational influenwsasures at
organisatiorievel

Collectively, these measures triangulate the concept of knowsakeholder influence
in terms oforganisatiorievel effectsFigure31 summarises theperationaliations of the
measures of knowledggakeholder influencat theorganisatiorievel as well as their
hypothesised direction of infence on the dependent outcome of interest, solution knowledge

emergence.
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Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at organisation level outcome of interest

Count and percent of organisation
members who are core / participant /
peripheral knowledge actors

Number of follows / votes [ activities

by core / participant / peripheral &
knowledge actors on bugs acted Solution
Knowledge - upon in each aggregate role
takehold knowledge
i emergence
influence Mean number of distinct actors

commenting and acting on bugs
acted upon in each aggregate role by
organisation members

Number and type of profiles and
organisations organisation is -
watching / watched by

Figure31: Operationalizations of measures of knowledge stakeholder influence at organisation
level

Solution knowledge value

The sixth antecedent of interest is solution knowledge value. It was triangulated at the
organisation level with five measures derived from the literature. The first measure was the
tendencies of profiles to act upon bugs of differing severity levedadch of the 3 aggregate
roles in which organisations engage. This measure complements its individual level counterpart
by capturing the notion in the literature that solution knowledge value may be reflected at the
organisation level in the tendenciesttgage with problem knowledge that is classified at higher
or lower severity levels. Tendencies to engage higher severity problem knowledge are
hypothesized to promote solution knowledge emergence as it is theorized that solutions to those
problems havergater value. Whereas at the individual level priority levels were also
considered, given the inclusion constraints for data at the organisation level, there was
insufficient variability in the priority levels for analysis. Therefore, the priority lewele
excluded from analysis. Eighteen percentage variables were created to capture each of the

tendencies to act upon bugs in each of the 6 severity levels from enhancement to blocker, with
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the severity fAnor mal 0 hel gosad analysig ineae obthe8n c e ¢
aggregate rol es. The choice was made to chan
organi sation | evel of analysis instead of fAen
because t he erxicolruistiyoon coaft etghoer ifieps at t he organi
the direct examination of the enhancement category as a substitute as priorities are only defined

for the enhancement category of severity. Further, it allows a contrasting of sevedty &tim

level of analysis effects to better localize any observed outcome effedite41 summarises

variables that make up the solution knowlkedg@lue severity measure at organisation level.

The second measure of solution knowledge value was the tendencies of organisation to
act upon bugs in each of the 3 aggregate roles in which organisation engage whose severity or
priority level had changed Bast once since the initial reveal of the problem knowledge to the
metaorganisation. Preliminary analysis of the frequency distribution of percentages of bugs
acted upon in each aggregate role with varying numbers of severity and priority chandes revea
t hat there was only sufficient variability fo
changedo, similar to the individual l evel. I
more than once, as previously observed at the probldrmdividual levels, were sufficiently
infrequent as to be statistical outliers. As a result, the variables making up this measure at the
organisation level were selected to match their counterparts at the problem and individual levels
and focus on the telencies to act upon bugs with or without the occurrence of severity or

priority change rather than continuous counts of such changes.
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Aggregate

role Severity Variable
Enhancemen % bugs a(_:ted on by organisatioraiggregate role of reporter
had severity enhancement
Trivial % bugs a(_:ted on by organisation in aggregate role of report
had severity trivial
Problem Minor % bugs acted on by organisation in aggregate roteqprter
knowledge hadseverityminor
producer Major % bugs acte@n by organisation in aggregate roleeporter
(reporter) hadseveritymajor
Critical % bugs ag:tedlqn by organisation in aggregate rotepafrter
hadseveritycritical
Blocker % bugs apted on by organisation in aggregate rotepdrter
hadseverityblocker
% bugs acted on by organisation in aggregate role of
Enhancemen assigned_to had severity enhancement
Trivial % b_ugs acted on by organise}tion in aggregate role of
assigned_to had severity trivial
Solution Minor % bugsacted on by organisation in aggregate role of
knowledge assigned_ttadseverityminor
producer Maior % bugs acted on by organisation in aggregate role of
(assigned_to) J assigned_ttadseveritymajor
Critical % b_ugs acted on by c_)rga_n_isation in aggregate role of
assigned_thadseveriy critical
Blocker % bugs acted on by organisation in aggregate role of

assigned_thadseverityblocker

% bugs acted on by organisation in aggregate role of ga_cc
had severity enhancement

% bugs acted on by organisation in aggregate role of ga_cc

Enhancemen

Trivial A
had severity trivial
Solution . % bugs acted on by organisation in aggregate rotgo€tontact
Minor o
knowledge hadseverityminor
verifier Maior % bugs acted on by organisation in aggregate rotgo€tontact
(ga_contact) J hadseveritymajor
" % bugs acted on by organisation in aggregate rotgo€tontact
Critical A
hadseveritycritical
Blocker % bugs acted on by organisation in aggregate rotgo€tontact

hadseverityblocker
Table41: Variables capturingolution knowledge value severity measatrerganisatiorievel

As with the previous measure, this measure captures the organisation level counterpart of
the severity and priority change measures at the problem and individual Ideetjngfthe

notion in the literature that tendencies to act on problems whose value is debated in the
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metaorganisation, as reflected by the changes in the severity and priority variables, is
hypothesized to positively correlate with solution knowledgegerere. This measure also
complements its counterparts at other levels to promote localisation of the correct level of any
effects on the dependent outcome of interest. Six variables, 2 for each of the 3 aggregate roles in
which organisations engage, wereated, capturing the percentage of bugs acted upon in each
aggregate role whose severity/priority changed at least once, with the percentage of bugs whose
severity/priority never changed acting as the reference category for andigble42

summarises the variables that constitute the solution knowledge value severity and priority

change tendency measure at the organisation level.

Value

Aggregate mole changed Variable
.. % bugs acted on by organisation in aggregate role
ProbIFe)rrglérlﬁ\évrledge Severity reporter with severity changed at least once
. % bugs acted on by organisation in aggregate role
(reporter) Priority : .
reporter with priority changed at least once
. .. % bugs acted on by organisation in aggregate role
SolutL)orgI;rll(():\évrledge Severity assigned_to with severity (_:har_wgegl at least once
(assigned._ to) Priority % pugs acted on by_ organisation in aggregate role
- assigned_to with priority changed at least once
. _ Severity % bugs acted_ on by organisation in aggregate role
Solution knowledge verifier ga_contact with severity changed at least once
(ga_contact) Priority % bugs acted on by organisation in aggregate role

ga_contact with priority changed at leaste
Table42: Variables capturing solution knowledge value severity and prichiéange tendency
measure abrganisatiorevel

The third measure of solution knowledge value was the tendencies to act upon bugs, in
each of the 3 agggate roles in which organisations engage, which had one or more top
keywords. As with the previous measure, this measure captures the organisation level
counterpart to the presence of popular keywords attached to bug. This measure reflects the

notion hat the tendency to act upon bugs with top keywords at the organisation level reflects

180



higher solution knowledge value that is hypothesized to promote solution knowledge mergence.
Twelve percentage variables were created, 3 for each aggregate rolewetgdelected to

match their problem and individual level counterparts by examining the percentage of bugs acted
upon in each aggregate role that have one or more top 3, top 10, top 25, and/or top 50 keywords.
For each aggregate role, the reference cayefgo analysis was all other bugs acted upon, such

as those with no keywords or keywords not in the top 50 or higredle43 summarises the
variablesthat constiite thesolution knowledge value keyword popularity tendency measure at

the organisatiofevel.

Ag?g?gate Keyword popularity Variable
Top 3 % bugs acted on by organisation in aggregate role
P reporter with to8 keyword

Problem % bugs acted on by organisation in aggregate role

knowledge e & reporter with top 10 keyword
producer Ton 25 % bugs acted on by organisation in aggregate role
(reporter) b reporter with top 2&eyword
Top 50 % bugs acted on by organisation in aggregate role
reporter with top 5&eyword
Top 3 % bugs acted on by organisation in aggregate role

assigned_to with top 3 keyword
Solution % bugs acted on by organisation in aggregate rol¢

knowledge [EEES assigned_to with top 10 keyword
producer Ton 25 % bugs acted on by organisation in aggregate role
(assigned_to) b assigned_to with top 2&eyword
Top 50 % bygs acted on by organisation in aggregate rols
assigned_to with top Seyword
Top 3 % bugs acted on byrganisation in aggregate role ¢
ga_contact with top 3 keyword
Solution Top 10 % bugs acted on by organisation in aggregate rol¢
knowledge ga_contact with top 10 keyword
verifier Top 25 % bugs acted on by organisation in aggregate rols
(ga_contact) ga_contact with top 2keyword
Top50 % bugs acted on by organisation in aggregate rols

ga_contact with top 5keyword
Table43: Variables capturing solution knowledge vakeyword popularitgtendency measure at
organisatiorievel
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The fourth and fifth measures solution knowledge value were the count of follows,
votes, and comments, and the mean number of flags attached to bugs acted upon in each of the 3
aggregate roles in which organisations engage. These measures complement the problem and
individual levelmeasures by examining the counts and averages related to in each aggregate role
at the organisation level. They also complement the knowledge stakeholder influence measure
by providing variables that examine the overall count of follows, votes and cdmradrer than
those variables previously describe that only consider such variables according to the
stakehol der 6 s p o we r-orgamsdtion. Rurthey thenconement variabldiganme t a
alternate representation of commenting effects thastsdt from the manual comments that
were considered as part of the codifiability hypothesis, capturing instead a broader solution
knowledge value representation of commenting tendencies. Together, these measures allow
better localisation of any effect solution knowledge mergence, improving the validity and

distinctiveness of the measures.

Twelve variables make up these two measures, 4 for each aggregate role in which
organisations engage. They reflect the notion in the literature that, at thesatiganlievel, the
count of following, votes, commenting, and average flags on problems amongst the aggregate
roles in which organisations engage are hypothesized to positively correlate with solution
knowledge emergence as such variables are signalsutibsdtnowledge value. At the
organisation level, the choice was made to focus on overall organisgtpegataole counts
rather than overall organisation means or means of individual means, as this value is the most
conducive to analysis that sepasatadividual tendencies from organisation tendencies, as
desired in this separate level of analysis. The exception was the case of flags, where the count of

flags on a given problem may be sufficiently large as to obscure level distinctiveness effects
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when aggregated at the organisation level. As such, for flags, an average was taken for each

organisatioraggregateole. Sufficient linearity for analytical assumptions was readily induced

by taking the log transformation of the variables in a mannerasimailprevious variablesTable

44 summarises the variables that make up the solution knowledge value measures reflected in

following, voting, commenting, and flag erages at the organisation level.

Aggregate ole

Problem
knowledge
producer
(reporter)

Solution
knowledge
producer
(assigned_to)

Solution
knowledge
verifier
(ga_contact)

Tendency

Following
Votes
Comments
Flags
Following
Votes
Comments
Flags
Following
Votes
Comments

Flags

Variable
(log) Count of votes on bugs acted on by organisation in
aggregate role of reporter
(log) Count of votes on bugs acted ondsganisation in
aggregate role of reporter
(log) Count of comments on bugs acted on by organisation
aggregate role of reporter
(log) Mean number of flags on bugs acted on by organisati
aggregate role of reporter
(log) Count of votes on bugs acted on by organisation in
aggregate role of assigned_to
(log) Count of votes on bugs acted on by organisation in
aggregate role of assigned_to
(log) Count of comments dmugs acted on by organisation in
aggregate role of assigned_to
(log) Mean number of flags on bugs acted on by organisati
aggregate role of assigned_to
(log) Count of votes on bugs acted ondsganisation in
aggregate role of qa_contact
(log) Count of votes on bugs acted on by organisation in
aggregate role of ga_contact
(log) Count of comments on bugs acted on by organisation
aggregate role of ga_contact
(log) Mean number of flags on bugs acted on by organisatic
aggregate role of ga_contact

Table44: Variables capturing solution knowledge vaasecaptured by following, voting,
commenting, and flag averages measatesganisatiorievel

Collectively, these measures triangulate the conceglafion knowledge valul terms

of organisatiorlevel effects Figure32 summarises theperationaliztions of the measures of
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solution knowledge valuat theorganisatiorievel as well as their hypothesised direction of

influence on the dependent outcome of interest, solution knowedgegence.

Conceptualization of Operationalized independent Conceptualization of
antecedent of interest variables at organisation level outcome of interest

Percent of bugs acted upon in each
aggregate role with each severity
level

Percent of bugs acted upon in each
aggregate role that had =
severity/priority level changed at

Solution | [  [leastonce Solution

knowledge Percent of bugs acted upon in each |+ knowledge

value aggregate role that had one or more emergence
top 3/10/25/ 50 keyword

Number of overall CCs / votes / +
comments on bugs acted upon in
each aggregate role

Mean number of overall flags set on
bugs acted upon in each aggregate
role

Figure32: Operationalizationsf measures of solution knowledge value at organisation level

In summary, this chapter described the operationalizations of the six antecedent factors of
the theoretical framework, namely absorptive capacity, codifiability, dominant knowledge
paradigm, knwledge flow impediments, knowledge stakeholder influence, and solution
knowledge value, which are hypothesized to affect solution knowledge emergence at the
problem level (bug), individual level (profile), and organisation level. The R code (R
Foundation2017) that implements the operationalizations discussed in this chapter is
reproduced iAppendixA: Operationalizatiowode The next chapter describes the process

used to analyze the data.
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CHAPTER FIVE: ANALYSIS

Given the complexity of the dataset and the nature of the operationalization of the
variables discussed in the previous chapter, a systematic approach was used to determine the
appropriate analyticaltootso t est this studyds hypotheses.

parts based on level of analysis.

Problem level of analysis

As discussed in the previous chapter, problem level dependent variables were
operationalized to conform to the data conatsaand to maximize validity and reliability of the
analytical process. The operationalization created three continuous variables, namely days to
resolution, days to first assignment, and days from first assignment to resolution. -Sixenty
logical varidles were also created, namely logical outcome (fixed/not fixed), fixed with patch,
was reopened, was reassigned, ever confirmed, as well as the-twerttyresholbased timing
variables, with seven thresholds for resolution time, seven thresholdséotutifirst assignment,

and seven thresholds for time from first assignment to resolution.

The first step of the analysis, following conventional statistical analysis practices (c.f.
Tabachnick & Fidell, 2007) was to examine the summary statistics lofdegpendent variable,
which are each described in turn in the subsequent sections. Quantiles were calculated at 10%
intervals following the formula of Hyndman & Fan (1996). Skewness and kurtosis were
calculated following the formula of Joanes & Gill (B)9 Both formulae are commonly used in

major statistical analysis packages including SPSS and SAS.
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Dependent variables: Reopening and reassigning tendencies

Examination of the dependent variables for reopening and reassigning tendencies
produced the summgastatistics described ihable45 and the quantiles describedTinble46.
Normal QQ plots (Tabachnick & Fidell, 2007), which show significantimanmal properties to

the variables, are depictedAppendixC: Additional analysisdetails

Variable N Mean Median Stdev Min Max Skewness Kurtosis
reopened_couni 774765 0.091 0 0.349 0 24  6.488447 116.0092
reassigned_cour 774765 0.047 0 0.251 0 9 6.802974 65.13482

Table45: Summary statistics geopening and reassigning tendencies at problem level

Quantiles
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
reopened_count 0O 0 0 0 0 0 0 0 0 0 24
reassigned_cour O 0 0 0 0 0 0 0 0 0 9
Table46: Quantiles of reopeningnd reassigning tendencies at problem level

Variable

Upon inspection of the summary quantiles, skewness, kurtosis, and ne@npldgs it
became clear that the reopening and reassigning count variables, while collected as continuous
variables, are better understbas bimodal variables given that reopening and reassigning
activities occur infrequently, as summarized able47. As a result, binomial versions of each
variablewere created, and logistic regression (GLM with logit link) (Tabachnick & Fidell, 2007)
and analysis of cwariance (ANCOVA type Il) (Fox & Weisberg, 2011) were selected as the

appropriate analytical approaches for analyze these dependent variables.

Variable Count=0 Count>=1 Count>=2

copening 714086 60,679 7,718
PENING 92 2306)  (7.83%) (1.00%)
743,360 31,405 4,270
reassigning

(95.95%) (4.05%) (0.55%)
Table47: Frequency of reopening and reassigning occurrences at problem level
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Dependent variables: Confirmation, fixing, and patching tendencies

Given that the variables representing confirmation, fixing, and patching tendencies were
already logical in nature, the major analytical concern was sufficient variability in responses for
meaningful analysis. The variability described able48 suggests sufficient variability is
present in the data for analysis with logistic regression (GLM with liog) and ANCOVA

(type II) in a manner similar to the reopening and reassigning tendency variables.

Variable N True False
everconfirmed 774,765 520,444 254,321
fixed 664,993 280,477 384,516
fixed_with_patch 664,993 148,843 516,150

Table48: Variability of confirmation, fixing, and patching tendencies at problem level

Dependent variables: Resolution, assignment, and development timing

Examination of the dependent variables for resolution, assignment, and developmen

timing produced the summary statistics describefainie49 and quantiles described Trable

50.
Variable N Mean Median Stdev  Min Max Skewness Kurtosis
reé";;g)o” 664.992220.80 23.05 487.85 0.000024,861.7C 3.826 17.569
as(sé%';gem 12554C 7526 3.8 254.38 0.0001 4196.73 6.753 59.232
de‘ggﬁge”lle,ﬁmzm.m 22.3 555362 0.0001 4783.17 4.201 19.191

Table49: Summary statistics resolution, assignment, and development timing at problem level
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Quantiles

variable qo0 1006 20% 30% 40% 50% 60% 70% 80% 90% = 100%
re(sdoa'l;g;’” 8.00 12.0517.1224.20 33.9246.82 63.94 87.10 118.70 160.67 216.00
as(s(;%g‘/gem <0.0010.004 0.053 0.366 1.192 3.792 8.740 20.770 51.196 160.76C 4196.72
deﬁ:ﬁgen <0.001 0.70 2.19 5.71 11.56 22.3444.10 87.56 188.86 524.94 4783.17

Table50: Quantiles of resolution, assignment, and development timing at problem level

Normal QQ plots which show significant ndmear properties are depictedAppendixC:
Additional analysisdetails

Given the Sshape curve features in the norma)(lots of all three timing variables,
standard transformations including square root, cube root, inverse, and log transformations were

attempted tary to induce linearity, as depictedAppendixC: Additional analysisdetails

Examination of the boxplots of each transformation reveals that in all three cases th
transformation induces symmetry better than any other transformation. The log transformation is
not ideal but is sufficient for ordinary leasquares (OLS) regression and ANCOVA analysis
using standard assumptions of normality. In order to cdimetihe unbalanced nature of the
data and the resulting ndinearity, it was decided to run heteroskedasticity correction on all
regression models subsequent to fitting to reduce the likelihood of spurious results due to

violations of assumptions of naméarity (Fox & Weisberg, 2011).

Given that the | og tr an s-$hape obaervedanrthe doongls n 6 t
Q-Q plots, additional manipulations were attempted fggeendixC: Additional analysis
detailg to try to capture the full extent of the nlmearity in the data. Inspections of normal

Q-Q plots for numerous isolated ranges of the timing data variables revealed inflection points
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arouwnd certain fast and slow timing tendencies for all three variables. These inflections were
captured by creating logical threshold variables at each change in tendency reflecting seven
categories of timing for each variable: extremely fast, very fast,dastage, slow, very slow,

and extremely slow. The specific timing, in days, for each inflection point that were calculated

with this process were describedTiable4 in the previous chapter.

Each problem level dependent variable and the regression types selected as the result of

these preliminary analyses are describetiable51.
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Dependent variable
Fixed
(logical_outcome)
Fixed and patched
(fixed_with_patch)
Reopening tendencies
(was_reopened)
Reassigning tendencies
(was_reassigned)

Confirmation tendencies
(everconfirmed)

(log) Resolution time
(days_to_resolution)

(log) Assignment time
(days_to_first_assignment)

(log) Development time
(days_from_first_assignment_to_resolutic

extremely_fast_resolution
very_fast_resolution
fast_resolution
average_resolution
slow_resolution
very_slow_resolution
extremely_slow_resolution
extremely fast _assignment
very fast_assignment
fast_assignment
average_assignment

slow_assignment

Variable
type

Logical
Logical
Logical
Logical

Logical

Regression type
(Heteroskedasticity correctian
all)

Logistic (GLM with logit link)

+ ANCOVA (Type 1)

Logistic (GLM with logit link)

+ ANCOVA (Type II)

Logistic (GLM with logit link)

+ ANCOVA (Type II)

Logistic (GLM with logit link)

+ ANCOVA (Type II)

Logistic (GLM with logit link)

+ ANCOVA (Type II)

Ordinary least squares (OLS with

Continuous dummy variables)

+ ANCOVA (Type 1)
Ordinary least squares (OLS with

Continuous dummy variables)

+ ANCOVA (Type II)
Ordinary least squares (OLS with

Continuous dummy variables)

Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical

Logical
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+ ANCOVA (Type 1)
Logistic (GLM with logit link)
+ ANCOVA (Type II)
Logistic (GLM with logit link)
+ ANCOVA (Type II)
Logistic (GLM with logit link)
+ ANCOVA (Type II)
Logistic (GLM with logit link)
+ ANCOVA (Type II)
Logistic (GLM with logit link)
+ ANCOVA (Type II)
Logistic (GLM with logit link)
+ ANCOVA (Type II)
Logistic (GLM with logit link)
+ ANCOVA (Type II)
Logistic (GLM with logit link)
+ ANCOVA (Type II)
Logistic (GLM with logit link)
+ ANCOVA (Type 1I)
Logistic (GLM with logit link)
+ ANCOVA (Type II)
Logistic (GLM with logit link)
+ ANCOVA (Type 1)
Logistic (GLM with logit link)
+ ANCOVA (Type 1I)



Logistic (GLM with logit link)

very_slow_assignment Logical + ANCOVA (Type Il
extremely_slow_assignment Logical togli\fg%(\%-l(\f'r)‘;‘géhl:?git link)
extremely_fast_development Logical togli\fg%(f;'(\flr;\gghl:?git link)

very_fast_development Logical leo/gli\fgco(\?pl\_l(\{lrxteh|:§)git link)

fast_development Logical -I;O,A?[i\fg%(\?pl\_l(\{lrxteh|:§)git link)
average_development Logical -I;o/gli\fgco(\?;l(\{ll'xtehl:ggit link)
slow_development Logical ko/gli\fg%(\/GAl\_l(\{Irx;hl:?git link)
very_slow_development Logical JI:o,gli\Tg%(\?Al\_l(\{Irx;h|:§)git link)
extremely_slow_development Logical Logistic (GLM with logit link)

+ ANCOVA (Type II)
Table51: Dependent variables and chosen regression types at problem level

Modelling: Problem level control variables

Modelling was conducted in two stages. The first stage consisted of the identification of
suitable control variables for each model. Thirteen variables that are commonly reported in the
literature as having direct influemon the problem level dependent variables described in the
previous section were selected as control variable candidttuei€y, 2003; Fershtman &

Gandal, 2004; Sandusky, Gasser, & Ripoche, 2004; Anvik, Hiew, & Murphy, 2006; Koponen,
2006; Hooimeijer &\Veimer, 2007; Panjer, 2007; Antoniol, et al., 2008; Dalle, et al., 2008;
Francalanc& Merlo, 2008; Herraiz, 2008; Ahmed & Gokhale, 2009; Au et al., 2009; Bougie et
al., 2010; Giger, Pinzger, & Gall, 2010; Shihab, et al, 2010; Zimmermann, et al., 201@tGuo
al., 2011; Zhang, et al., 2012; Baysal, et al., 20Fbr each of the 29 problem level dependent
variables, a test regression model was fitted with the thirteen control variable candidates as
independent variables. Examination of the analysis iidvee and type II ANCOVA models

with heteroskedasticity correction revealed which of the candidate control variables were
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significant for each dependent variable at a p < 0.05 degree of certainty. In each case, those
variables that were found to be sigrant were retained as controls and those that were found to
not be significant were dropped from the model, as per standard statistical modeling practice
(Tabachnick & Fidell, 2007). As discussed in the previous chapter, in cases where a control
variabke was the same as or directly correlated to a given dependent variable, it was omitted from

the regression model. The control variables and their data type are summafiabl 52.

Control variable Variable type
logical_outcome Logical
everconfirmed Logical
is_duplicate Logical
bug_severity Categorical
has_vote Logical
violated_bug_lifecycle Logical
rep_platform Categorical
classification_name Categorical
o0 svs id Categorical
P_SYys_ (Converted to continuous
: Categorical
PEEVEL e (Converted to continuous
component_id Categorical
b - (Converted to continuous
days_to_resolution Continuous
creation_year Categorical

Table52: Controlvariables at problem level

Modelling: Problem level independent variables

During second stage of modelling, the significant controls for each dependent variable
were combined with the independent variables described in the problem level of the conceptual
framework to create regression models that test each hypothesis. Each of the 29 models was

created in the standard regression model form:

DV ~ Controi + Controb+ é + ¢glwmttved ¢é #F+ | V
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The name and type of each independent variable assbtwatach hypothesis at the
problem level of analysis are summarized as follows: Absorptive capadiabia53;
codifiability in Table54; dominant knowledge paradigm Trable55; knowledge flow
impediments ifmable56; knowledge stakeholder influenceTiable57; and, solution knowledge

value inTable58.

Independent variable Variable type
open_bugs_at creation_all_count Count
open_bugs_at creation_same_rep_platform_col Count

open_bugs_at creation_same_op_sys_count Count
open_bugs_at creation_same_classification_id_c Count

open_bugs_at creation_same_product_id_coul Count
open_bugs_at_creation_same_component_id_cc Count
bugs created past 1 day count Count
bugs created past 3 days_count Count
bugs created past 7 days count Count
bugs created past 30 days count Count
bugs created _past 90 days_count Count
bugs created past 180 days_count Count
bugs created past 1 year count Count
bugs created past 2 years count Count
bugs censored_past 1 day count Count
bugs_censored past 3 days_count Count
bugs censored past 7 days_count Count
bugs_censored_past_30_days_count Count
bugs censored_past 90 days count Count
bugs censored_past 180 days_count Count
bugs censored past 1 year count Count
bugs censored past 2 years count Count
days_to_resolution Continuous
creation_year Categorical
creation_month Categorical
creation_weekday Categorical
creation_monthday Categorical

Table53: Absorptive capacity independent variables at problem level
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Independent variable Variable type

title_length Continuous
has_long_description Logical
has_attachment Logical
has_image_attachment Logical

title_description_merged _ngram_distance_fixed KLJ Continuous
title_description_merged_ngram_outcome_prediction_r: Logical

description_readability Flesch_reading_ease Continuous
is_duplicate Logical
has_duplicate Logical
has_more_than_fifty comments Logical
comments_mean_length Continuous

Table54: Codifiability independent variables at problem level

Independent variable Variable type
rep_platform Categorical
classification_name Categorical
o0 svs id Categorical
P_SYs_ (Converted to continuous
- Categorical
PEELEL (e (Converted to continuous

Categorical
(Converted to continuous

Table55: Dominantknowledge paradigm independent variables at problem level

component_id,
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Independent variable Variable type

was_reopened Logical
was_reassigned Logical
had_keyword_change Logical
had_flag_change Logical
had_whiteboard_change Logical
had_target_milestone_change Logical
is_blocking_bug Logical
is_blocked_by bug Logical
is_pre_fast_release Logical
violated_bug_lifecycle Logical

has _more than_ twenty activities_total Logical
had_activity 0 to 3 hours_after creation Logical
had_activity 3 to 6 _hours_after_creation Logical
had_activity 6 to 12 hours_after creation Logical
had_activity 12 to 24 hours_after_ creation Logical
had_activity 1 to 3 days_after_creation Logical
had_activity 3 to 7 days_after creation Logical
had_ativity 7 to 15 days_after creation Logical
had_activity 15 to 45 days_after creation Logical
had_activity 45 to 90 days_after_ creation Logical
had_activity 90 to 180 days after creation Logical
had_activity 180 to 365 days_after creation Logical
had_activity 1 to 2 years_ after_creation Logical
had_activity 2 plus_years after creation Logical

had_more_than_twenty activities later_than_ 2 years_after_cre Logical
Table56. Knowledge flow impediments independenariables at problem level

Independent variable Variable type
reporter_id Categorical_

- (Converted to continuous
reporter_domain_id CategorlcaI.

- - (Converted to continuous
is_org_reporter_domain Logical
is_reporter_core_actor Logical
cC_core_actors_count Count
has_core_actor_vote Logical

has core actor_comment Logical
has_peripheral_actor_cc Logical
has_peripheral_actor_vote Logical
has_peripheral_actor_comme Logical

Table57: Knowledge stakeholder influence independetables at problem level
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Independent variable Variable type

bug_severity Categorical
severity_change_cour Count
priority Categorical

priority_change_coun Count

has_top 3 keyword Logical
has_top_10_keyworc Logical

has_top_ 25 keyworc Logical
has_top_50_keyworc Logical

cc_all_actors_count Count
votes_all_actors_cour Count

Table58: Solution knowledge value independent variables at problem level

At the outset, a pair of models, consisting of one comindf model anane control plus
independent variable model, was created for each of the 29 dependent variables for each of the
six hypotheses, resulting in 348 models at the problem level. For each model, the goodness of fit
and significance of calculated coefficiefids each variable were evaluated using a range of

standard statistical measures discussed in the following sections.

Evaluating models: OLS regression

In order to evaluate the 3 pairs of OLS regression model for each of the 6 hypotheses (18
models intotal), a range of standard statistical analysis procedures were conducted. First,
heteroskedasticitgorrected coefficients and standard errors were calculated for all control and
independent variables. P values, indicating degree of confidence itnigggpe null hypothesis
that there are no effects, were calculated for each variable and annotated using the standard stars
annotation format with three stars (***) indicating p < 0.001 (doudiled), two stars (**)
indicating p < 0.01 (doubltiled),and one star (*) indicating p < 0.05 (doutdded). P values
greater than 0.05 were interpreted as the model fits having an insufficient degree of certainty to

reject the null hypothesis. Given the magnitude of the data set, higher than typical p value
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cut-off thresholds were targeted as the goal of the present study is to identify powerful effects.

Subsequent studies may wish to examine less prominent effects.

The model F statistic, clsiquared statistic, and corresponding p values and degrees of
freedom were calculated for each model using the standard Wald test approach (Chambers, 1992;
Hothorn, Zeileis, Farebrother, Cummins, Millo, & Mitchell, 2017) with heteroscedasticity
correction of the varianeeovariance matrix. Comparative Wald test F diasand associated
p values were calculated between the control and full model pairs to provide a measurement of
the effect of the independent variables relative to the control variables alone. In order to estimate
effect size, three measures were seldets the best choices from the statistical methods
literature and calculated in turn. ThégRatistic representing the fraction of variance explained

by the model was calculated using the standard formula (Chambers & Hastie, 1992):

R*=1- sSum(R[if) / Sum((yi} y*)?)

where y* is the mean of y[i] if there & intercept and zero otherwise

C o h e&difect size and? additive effect size were also calculated using the formulae
widely accepted as the most appropriate for regression models of thee uetd in this study,

respectively (Cohen, 1988, 1992; Sawilowsky, 2009):

#=R?/1T R
and

42 =R%pg- R/ 11 Rag

where A denotes the controhly model and AB denotes the full model
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For ease of i nt eeffec size statistiofiect sizé desiiptors wedes
included in brackets below each valu&/hen interpreting the results, these descriptors were

considered in combination with other measures and used primarily in a behedeh

comparative manner rather than taken purelycs falue in isolation, to ensure that they do not

3

mislead given the whole context of each regression model, as cautioned by Sawilowsky (2009).

Lastly, for each variable in the models, an analysis of deviance test (type Il) was

conducted to evaluate the ¢obution of each variable to the overall model goodness of fit,

represented by separate F statistic values and associated p values for degree of certainty, along

with degrees of freedom and residuals. This complementary test allows a comparison of model

with dummy variables representing each category of categorical values evaluated separately and

collectively as a single variable.

Evaluating models: Logistic regression

For the logistic regression models, alternate measures that are suitable for generalize

linear models (GLM) were calculated. Residual and null deviance for each model were
cal cul ated using standard approaches for
Information Criterion (AIC) and control vs. full model comparative déli& (Sakamoto,

Ishiguro, & Kitagawa, 1986) were calculated using the formula:

AIC = -2*|log-likelihood + 2npar

where npar is the number of parameters in the fitted model

Schwarz6s Bayesian I nformation Criteri

theformula:
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BIC = -2*log-likelihood + log(n)npar

where npar is the number of parameters in the fitted model and n is the number of observations

AIC and BIC were used during analysis to facilitate model selection based on weights

(Burnham & Anderson, 2002; VWjanmakers & Farrell, 2004).

Given that there is no single agregobnR? formula for generalized linear models
(Jackman, 20 15-R%valaewas calalated fofi gashenodeldy taking the
statistical mean of the three values calculated usintithe most common pseude? formulae
in the statistical | i-RP¢ Cahgge & Ohhgg, &10@A0Dg 6
pseudeR’( Mc Fadden, 1973), and L onRj@ong b9a7y. iTheum | i ke
resultant single value pseu®8wasab 0 used t o c&dffecusizeaand additivdr e n 6 s
effect size in a manner similar to the approach used for the linear models, and with similar

contextual interpretation caution.

Lastly, in a manner similar to the approach used for the linearlsy@eanalysis of
deviance test (type II) for each variable in the models was conducted to evaluate the contribution
of each variable to the overall model goodness of fit, represented by separstgi&bid
statistic values and associated p values fgrakeof certainty, along with degrees of freedom.
This complementary test allows a comparison of model with dummy variables representing each
category of categorical values evaluated separately and collectively as a single variable. It
further offers a omplementary p value interpretation of the likelihood ratio of thesgbhared
test of the coefficients in each model in order to address the concerns regarding inappropriate p

value estimations for generalized linear models (Hastie & Pregibon, 1992 (a,
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Wasserstein & Lazar, 2016) when carefully interpreted in context and in combination with other

values.

Individual level of analysis

As discussed in the previous chapter, individual level dependent variables were
operationalized to conform to the datanstraints and to maximize validity and reliability of the
analytical process. The operationalization created 2 logical variables, 4 percentage variables,
and 1 continuous variable for each of the roles in which individuals engage, resulting in 21
depemlent variables in total. The role separation of dependent variables is necessary to reflect
the nature of the distinctiveness between problem and individual level, which manifests in how
individuals participate in the knowledge creation process orthotmiiat properties of the

knowledge itself.

The three roles in which individuals engage are problem knowledge producer (reporter),
solution knowledge producer (assigned_to), and solution knowledge verifier (QA_contact).
These roles are inherent to theusture of the data used in this study. Every set of problem
knowl edge must have a Areportero actor and as
knowl edge must have an fAassigned_toodo actor an
ofproblens go t hrough a formal verification and tF
organisation because only a small number of solutions are of sufficient complexity that they
require a formal process to verify their match to the problem knowledgeary cases,
emergent solution knowledge is accepted at face value without the formal process. The

association of the three roles with the problems in the data are is descrTladxdieino.
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Role Problems acted upon by role
Problem knowledge producer 774,744 (100%)
(reporter)
Solution knowledge producer
(assigned_to)
Solution knowledge verifier 265,588 (34.3%)
(qa_contact)

Table59: Distribution of individual level roles relative to number of problems acted upon

504,990 (65.2%)

As a result of the role distinction at the individual level, in line with the research
guestion, it is necessary to aggregate from the problem level to the indiedelahtcording to
role because individuals influence problem level outcomes acting in some combination of the
reporter, assigned_to, and QA_contact roles. These are the primary participants in the
knowledge production process, as operationalized. Wholkeetindividual actors who never take
on one of these three roles may influence the knowledge production process, such effects are
captured as independent variable Acommunity?o
to the knowledge productigrrocess, as discussed in the operationalizations chapter. This
approach provides a conservative estimate of the individual level effects on the outcome
variables which fits this studyds goal of foc
future research. It is also consistent with the methodological guidelines for operational

aggregation of variables across levels (c.f. Rousseau & House,188&4,; 1998; Bliese, 2000).

At the individual level, the unit of analysis is the profile, with a stib$ all profiles
engaging in the three roles that are theorized to influence the knowledge production process.

The breakdown of number of profiles that engage in each of the roles is desciilabteB0.
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Profiles Count

Al ‘(‘535%5‘

Acted in reporter role (13?2 56(;)?
Acted in assigned_to rol (511(2/?)
Acted in ga_contact role (09_:2380)

Table60: Distribution of roles irwhich individuals engage relative to all profiles in database

Given that only a subset of all profiles engages in active roles in the knowledge creation
process, the first step in the analysis was to exclude those profiles not involved in one or more
role because they do not represent meaningful degrees of freedom in the analysis and would
spuriously inflate n values and resulting power effects. Next, the operationalized variables and
associated data were organized into subsets according to each indexdusedle and analyzed

each in turn.

Dependent variables: Reopening tendencies of problem knowledge producer role

Examination of the variables for the reopening tendencies of problems that each
individual who engaged in the problem knowledge produceracdied upon produced the

summary statistics describedTiable61 and the quantiles describedTiable62.

Variable N Mean Median Stdev Min Max
reopened_count 158618 0.45 0 531 0 589
reopened_mean 158618 0.07 0 026 O 10

reopened_at least _once 158618 0.38 0 441 0 498
reopened_at_least_twice 158618 0.05 0 0717 O 90

reopened_thrice_or_more 158618 0.01 0 0.188 O 19
Table61: Summary statistics of reopening tendencies of problems acted upon by each individual
engaged in problem knowledge producer role at individual level:
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Quantiles

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

reopened_count 0 0 0 0 0 0 0 0 0 1 589

reopened_mean 0 0 0 0 0 0 0 0 0 0.133 10
reopened_at least onc O 0 0 0 0 0 0 0 0 1 498
reopened_at least twic O 0 0 0 0 0 0 0 0 0 90
reopened_thrice_or_ mo O 0 0 0 0 0 0 0 0 0 19
Table62: Quantiles of reopening tendencies of problems acted upon by each individual engaged
in problem knowledge producer role at individual level

Variable

Examination of the summary statistics and quantile distributiottseeaeopening
tendencies reveal a very heavy skew, with the clear majority of those acting in the reporter role
never reporting any bugs that are ever reopened. By comparing the mean number of
bugreopeninggerprofile to the mean number of bugsopend-at-leastonceperprofile, it
becomes clear that the upper 10% heavily skew the overall results. In order to identify the
source of the skew, the next step was to look at the percentage of bugs with some form of
reopening relative to the number of bugported by each individual acting in the reporter role.
This approach controls for the fact that some individuals who act in the reporter role report a
large number of bugs whereas others only report one or two. The summary statistics of bug
reporting endencies are describedTliable63; the quantiles are describedTiable64; and, the

Normal QQplot is depicted ilAppendixC: Additional analysisdetails

Variable N Mean Median Stdev Min Max Skewness Kurtosis
bugs_reported_cour 158618 4.88 1 529 1 6883 51.61 4302
Table63: Summary statistics of problem knowledgeation (bug reporting) at individual level

Quantiles
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
bugs_reported coun O 0 0 0 0 0 0 0 0 1 589
Table64: Quantiles of problem knowledge creation (bug reporting)davidual level

Variable
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Inspection of the summaries and plots of bug reporting tendency reveals that some
individuals are responsible for many bug reports while a large number of individuals only file a
single piece of problem knowledge. As a result, for théyaisaat the individual level, the
influence of the number of bugs reported by each individual must be controlled for in the
measure of the reopening variable to avoid spuriousness. A percgmagariable was
calculated that creates a uniform meashiae normalizes the effects of bug reporting and
focuses on the reopening effect associated wi
summary statistics of the percentage reopening tendencies are descriablt @b, the
guantiles are described Trable66; and, the Normal € plots are depicted iippendixC:

Additional analysisdetails

Variable N Mean Median Stdev Min Max
percent_bugs_reopened_at least on 158618 0.063 0 0.21 0% 100%
percent_bugs _reopened_at least tw 158618 0.006 0 0.07 0% 100%
percent_bugs_reopened_thrice_or_m 158618 0.001 0 0.03 0% 100%

Table65: Summary statistics of percentages of reported problems that are reopened at individual
level

Quantiles
0% 10%20% 30% 40%50% 60% 70% 80% 90% 100%
percent_bugs reopened at least oo 0 0 O O O O O O O0 013 1
percent_bugs reopened at leasttv O 0 O O O O O O O O 1
percent_bugs_reopened thrice or n0 O O O O O O O O O 1
Table66: Quantiles of percentages of reported problems that are reopened at individual level

Variable

Examination of the summaries and plots of the percentage variables reveals a different
problem. While the skew due to some profiles reporting many bugs is addressed, there is
insufficient variability in the data to get meaningful outcome values at thadodl level
because many profiles submit just one or a couple of problems and have undue weight on the

percentage variables as a result. For example, a profile that has only reported one bug that
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happens to have been reopened will have a value of

percem _bugs reported_reopened_at least_once of 100%, whereas a profile that has reported 50
bugs of which 10 have been reopened will only have a value of 20%. There are insufficient
degrees of freedom in the former value for the 100% value to be meaningilbaced to the

20% value.

This effect demonstrates the need for a minimum threshold of actions in a given role for
an individual level outcome variable to have sufficient degrees of freedom f@puoious
analysis and interpretation, as discussed irofezationalizations chapter. Based on inspections
of the summary statistics and graph, aaffilevel of at least 4 actions in a given role was
chosen in order for sufficient number of actions on problems to aggregate to have sufficient
variability for profile-level analysis. Introducing this eaff to the analysis results in the
summary statistics describedTiable67, the quantiles described Trable68, and the Normal

Q-Q plots depicted\ppendixC: Additional analysisdetails

Variable N Mean Median Stdev Min Max
bugs_reported_count 17591 34.09 7 1559 4 6883
percent_bugs reopened_at least on 17591 0.083 0.04 0.110 O 0.86
percent_bugs_reopened_at least tw 17591 0.010 0 0.038 0 0.75
percent_bugs_reopened_thrice_or_m 17591 0.002 0 0.018 0 0.75
Table67. Summary statistics of reporting and reopening tendencies constrained to individuals
who engaged in reporter role at least 4 times at individual level

Variable e
0% 10% 20% 30%40%50% 60% 70% 80%90% 100%
bugs_reported_count 4 4 4 5 6 7 9 13 20 46 6883

percent_bugs_reopened_at least 00 0 0 O O O 0.040.080.120.170.25 0.86
percent_bugs reopened atleasttv 0 0 O O O O O O O 0.020.75
percent_bugs reopened thrice or nO 0 O O O O O O O 0 0.75
Table68: Quantiles of reporting and reopening tendencies constrained to individuals who
engaged in reporter role at least 4 times at individual level
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Theapplication of the constraint for bugs reported led to a todidef a lower n (n = 17,
591 vs. n = 15861) for better variability in the constrained data, exposing a clear exponential
relationship, which is consistent with the theoretically expectedldistin of these variables
given the nature of the way individuals engage in the knowledge creation process. Given that the
constrained n value is still very large, the trafflewas deepened worthwhile to improve the

validity of the operationalizationd the outcome variables.

The constrained percentage variables show much better variability for analysis. Yet,
significant overrepresentation of the 0% result for all reopening tendencies still exists. The large
amount of 0% results was interpreted effecting the relatively rare nature of reopening events
for problems, which is consistent with the theory of the knowledge flow through the bug life
cycle in the literature (Koponen, 2006). As such, rather than attempting additional constrains or
transfamations to eliminate the 0% results, they were maintained because they have theoretical

significance and are therefore valid representations of the operationalized variables in the data.

In order to address the split nature of the data the data wgzechal two
complementary ways. Given that the data shows that bug reopening is an unusual event and, as
discussed in the previous section, there are theoretical reasons to believe that this is an accurate
representation of this outcome variable, a ldgreaiable was created that delineates profiles that
reported at least one bug that was reopened from profiles that have never reported a bug that was
reopened. This variable is the individual level counterpart to the problem level variable
capturing reopning occurrence in the data. The distribution of this logical variable, subject to
the same constraints discussed above, is descriffebla69. The distributiorof the logical

variable is very good for analytical purposes.
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N FALSE TRUE
8436 9155
17,591 (48.0%) (52.0%)
Table69: Distribution of whether or not each profile reported at least one bug that was reopened
at individual level

A second variable was created to capture the continuous variability in the percentage of
bugs reported that were reopened for each profile if at least one reopening takes place. This
variable complements the first logical variable by excluding the 84#8q% that did not report
at least one bug that was reopened at least once and focusing on the variability in reopening
tendencies in the remaining profiles. This variable acts as the individual level counterpart to the
problem level reopening tendencgriable. The inclusion of both variables allows for better
localisation of effects at the appropriate level. The summary statistics of the constrained percent
variable are described rable70; the percentiles are describedliable71; and, the normal

Q-Q plot is depicted i\ppendixC: Additional analysisdetails

Variable N Mean Median Stdev Min Max
percent_bugs_reported_reopened_at least 9155 0.16 0.14 0.10 0.008 0.857
Table70: Summary statistics of constrained percentage of bugs reported that were reopened once
or more at individual level

Quantiles of variable percent_bugs_reported_reopened_at least once
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
0.008 0.053 0.074 0.092 0.112 0.143 0.167 0.200 0.250 0.250 0.857
Table71: Quantilesof constrained percentage of bugs reported that were reopened once or more
at individual level

Examination of the summary statistics, quantiles, and nora@p@t suggest that the
distribution of the variable is now suitable for analysis with the selection of an appropriate

regression model.
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The logical reopening variable was analyzed using logistic regression (GLM with
binomial logit link) and ANCOVA (type Il)both with heteroskedasticity correction, in a manner
similar to its counterpart at the problem level ove analysis. The percentage variable was
analyzed using beta regression model fitting (Smithson & Verkuilen, 2006; Gxibtri&

Zeileis, 2010; Sima®BarreteSouza, & Rocha, 201@Grin, Kosmidis, and Zeileis, 20} 2vhich

builds upon classic binomial probability statistical analysis principles (c.f. Williams, 1986;
Smithson & Verkuilen, 2006) to address the problems that arise when analyzing codhstraine
variables such as percentages with traditional regression models that assume Gaussian symmetry.
This approach has been found to be superior to log or power based transformations because it
maintains interpretability of the variables while correctinghfeteroskedasticity, kurtosis, and
different probability density functions inherent to constrained unit intervals. Further, beta
regression promotes datiaiven statistical analysis in a manner analogous to logistic regression
rather than forcing neided data to fit common regression models that are poorly suited to the
data (Smithson & Verkuilen, 2006; CribaMieto & Zeileis, 2010; Simas, BarreRouza, &

Rocha, 20106Grin, Kosmidis, and Zeileis, 20L2In addition, analysis of covariance

(ANCOVA typell) was conducted on the beta regression mode{Riig & Weisberg, 2011)

Dependent variables: Reassigning tendencies of problem knowledge producer role

Given the analytical constraints for reopening tendencies discussed in the previous
section and theatt that reassigning occurs with similar infrequence in the data, the same
constraints were applied: Minimum number of 4 actions as problem knowledge producer for
inclusion at individual level of analysis; and, reassigning tendencies split into two gsridilie
first variable was logical, capturing the occurrence of at least one reassignment of a problem

acted upon by an individual in a problem knowledge producer (reporter) role. The second
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variable was a nemero percent variable that captured thealality in reassigning tendencies

amongst individuals for whom at least one problem that was acted upon in reporter role was
reassigned. The distribution of the logical at_least_one_reassigned variable is desdraidel in
72. While the distribution is less even than the reopening occurrence variable, it is still more

than sufficient for analysis using logistic regression (generalized linear modeling with logit link)

N FALSE TRUE
12760 4831
17,591 (72.5%) (27.5%)

Table72: Distribution of whether or not each profile reported at least one bug that was
reassigned at individual level

The summary statistics of the constrained percent variable for reassigning tendencies are
described infable73; the percentiles are describedliable74; and, the normal € plot is

depicted inAppendixC: Additional analysisdetails

As with the reopening tendency percentage variable, the reassigning tendency percentage
variable was analyzed using beta regressloraddition, analysis of covariance (ANCOVA type

II) was conducted on the beta regression mbe{Fox & Weisberg, 2011)

Variable N Mean Median Stdev Min Max
percent_bugs_reported reassigned_at least 4831 0.126 0.10 0.10 0.0010.818
Table73. Summary statistics of constrained percentage of bugs reported thaeassigned
once or more at individual level

Quantiles of variable percent_bugs reported reassigned_at_least _once
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
0.001 0.023 0.040 0.058 0.077 0.100 0.125 1.167 0.200 0.250 0.818
Table74: Quantiles of constrained percentage of bugs reported that were reassigned once or
more at individual level
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Dependent variables: Outcome tendencies of problem knowledge producer role

The individual level counterparts to the problem level outcome tegydemiables
necessarily separate the variables based on the roles in which individuals engage when acting
upon the problems that manifest the variable outcomes, similar to the previously discussed
variables. Therefore, the same constraint of a minimiuiour actions being required in the
problem knowledge producer role is applied as theoffuor inclusion in the analysis at the
individual level. Whereas at the problem level, the outcome status is a simple logical fixed or
not fixed outcome, at thadividual level, the goal is to capture tendency effects that relate to the
individual engaging in each role. Because, as discussed in the section on reopening tendencies,
the number of actions in a given role will bias any count measures, the deasionade to use
a percent variable to represent reopening tendencies. Two percent variables were created:
percent of bugs acted upon in problem knowledge producer role that were fixed and percent of
bugs acted upon in problem knowledge producer role tbet fixed with a patch. Given that
percent bugs not fixed is simply Jpercent bugs fixed, it is redundant and not included as a
separate variable. Bugs with pending status are not considered here for the same reasons

discussed in the problem level comee tendencies analysis section.

The summary statistics of the two percent outcome tendency variables are described in
Table75; the quantiles are describedTiable76; and, the normal € plots are depicted in

AppendixC: Additional analysisdetails

Variable N Mean Median Stdev Min Max
percent_bugs reported fixed 17560 0.243 0.1667 0.273 O 1
percent_bugs_reported fixeat_ ;564 155 0000 0198 0 1
least_one_patch
Table75: Summary statistics of constrained percentage of bugs reported that were fixed / fixed
with at least one patch at individual level
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Quantiles
Variable 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
percent_bugs_reported_fixec0.00 0.00 0.00 0.00 0.09 0.17 0.25 0.33 0.50 0.68 1.00

percent_bugs_reported_fixeat_, 4 5 1) 0.00 0.00 0.00 0.00 0.06 0.14 0.25 0.40 1.00
least_one_patch

Table76: Quantiles of constrained percentage of bugs reported that weré fixed with at
least one patch at individual level

While the central portion of the normal@plot for both variables has linear properties,
the large number of 0 and 1 values resu-shapes. Additional splits and transformations were
attempted on the variables (not shdwseeAppendixC: Additionalanalysisdetailg and it was
concluded that # best approach was to ussta regression model fitting (Smithson &

Verkuilen, 2006; CribafNeto & Zeileis, 2010; Simas, Barre8puza, & Rocha, 201@Grin,
Kosmidis, and Zeileis, 20)decause it accounts for the floor and ceiling biases inherent in
corstrained range variables such as percentages. In order to ensure that the floor and ceiling
values do not undyly bias the maximulikelihood estimates in the regression models, following
the advice of Smithson and Verkuilen (2006), a standard transfomvaéis applied to each

percent variable such that:

yl=(y*(ni 1)+0.5)/n

where n is the sample size

Given that the floor and ceiling values have theoretical meaning in the context of
outcome tendencies, their inclusion contributes to maintainingjtyadluring the analysis
process. The skew and heteroskedasticities observed in the variable are accounted for in the beta
regression modelling (CribaNeto & Zeileis, 2010). In addition, analysis of covariance

(ANCOVA type 1) was conducted on the betgression model fiffox & Weisberg, 2011)
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Dependent variables: Resolution timing tendencies of problem knowledge producer role

Thereas there are three timing tendency variables at the problem level: resolution time,
assignment time, and developménte, given that at the individual level the variables
necessarily aggregate around the role in which individuals engage on problems, only the
resolution time tendency variable was considered at the individual level of analysis. Both the
assignment timeral development time variables are problematic to consider at the individual
level because they necessarily involve the interaction of multiple individuals in determining the
timing tendencies, making it impossible to attribute the individual level efieetparticular
individual. Further, aside from the confounding nature of the source of individual level
contributions, given that there is a theoretical relationship between the resolution time,
assignment time, and development time variables, whergtéh@r mean at the invidual level,
their variability is reduced to central tendency deviance such that there is too Mungadty
for analysis with assumptions of orthogonality. As a result, examination of assignment time and
development time tendeies at the individual level is suggested for future research when
additional data are available that allow for the disambiguation of the individual contributions to
these timing effects and that enable the separation of tleeewity of the variables dhe

individual level.

At the individual level, the resolution time tendencies for each individual are aggregated
as a simple mean of the resolution times of all the bugs acted upon in the problem knowledge
producer role. As with previous variables atitidividual level, a constraint of 4 actions as
problem knowledge producer was applied as a threshold for inclusion at the individual level of

analysis. By taking the average, the total number of actions taken in the role do not unduly skew
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the resolutiortiming effects, allowing comparison across individuals with different degrees of

involvement, as desired.

The summary statistics of the constrained variable for resolution timing tendencies are
described infable77; the percentiles are describedliable78, and, the normal @ plot is

depicted m AppendixC: Additional analysisdetails

Variable N Mean Median Stdev Min Max Skewness Kurtosis

bugs_reported_meal ;001 195 6 1228 210.3<0.011826.4 1.870  4.474
days to resolution

Table77: Summary statistics of constrained resolution timing tendency variable for reporter role
at individual level

Quantiles of variable
bugs_reported_mean_days_to_resolution
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
<0.01 13.54 33.96 57.65 86.97 122.80 168.16 235.06 327.39 486.85 1826.36
Table78: Quantiles of constrained resolution timing tendency variable for reporter role at
individual level

Examination of the summastatistics and normal-Q plot reveals significant
nortlinearity in the distribution. Several standard transformations were applied to attempt to
induce linearity for analysis (not shodrrseeAppendixC: Additional analysisdetails.

Boxplots of the standard transformations are depictégppendixC: Additional analysisdetails

Whereas both the log and squanet transformations result in better normality, the log
transformation better captures the values that are very small, close to zero. Since these values
are theoretically relevant, representing very quiskrage resolution times, the log
transformation was chosen as a better mapping of the underlying data as thesmjuare

transformation would diminish their contribution to the overal distribution of the data. Further,
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the log transformation is more reldnterpretable, facilitating hypothesis testing, as is the intent
of this analysis. Lastly, use of the log transformation facilitates direct-leeslscomparison

given the log transformation was also used for timing tendences at the problem |exaysisa
allowing for localisation of the level of any effect, as per the theoretical framework of the study.
Both log (base 10) and log + 1 transformations were attempted, with little difference noted
between the two. The resulting Hrgnsformed resation timing variable was analyzed using
ordinary leassquares (OLS) regression and ANCOVA using standards assumptions with
heteroskedasticity correction for those Himearities not addressed by the log transformation

(Fox & Weisberg, 2011).

The reporter role dependent variables at the individual level and the regression types

selected as the result of these preliminary analyses are descritsalaO.

Regression type

Dependent variable VEliE (Heteroskedasticity correctior
type in all)
. Logistic (GLM with logit link)
At least one reported bug was reopened Logical + ANCOVA (Type II)
(Non-zero) Percent of reported bugs were p Beta regression + ANCOVA
ercent
reopened at least once (Type II)
. . Logistic (GLM with logit link)
At least one reported bug was reassigned Logical + ANCOVA (Type II)
(Non-zero) Percent of reported bugs were p Beta regression + ANCOVA
: ercent
reassigned at least once (Type 11)
Percent of reported bugs were fixed Percent (B_Iia;ger?lg);ressmn + ANCOVA

Percent of reported bugs were fixed with at P Beta regression + ANCOVA
ercent
least one patch (Type II)
Ordinary least squares (OLS)
+ ANCOVA (Type II)
Table79: Problem knowledge producer role dependent variables and chosen regression types at
individual level

(log) Mean resolution time of reported bugs Continuous
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Dependent variables: Solution knowledge producer and solution knowledgerifier roles

The dependent variables for the solution knowledge producer and solution knowledge
verifier roles were analyzed in a manner similar to the problem knowledge producer role except
constrained according to their respective roles. The samgiealtefinement process was
applied as the one described in the previous section (not 8heaaf\ppendixC: Additional
analysisdetailg. The result of the processs the selection of the same analytical methods as
for the problem knowledge producer role, which is desirable to simplify-cotssgsomparison at
the individual level. The most notable difference relative to the problem knowledge producer
role was thesignificantly lower n value for the solution knowledge producer role and the very
low n value for the solution knowledge verifier role. These lower n values reflect the relative
infrequency of individual level engagement in these roles as expecteddat#éheThe lower n
values present some challenges that are carefully considered in the interpretation of the results,

as discussed in the next chapter.

The summary statistics of the logical and (1z@mo) percent variables for reopening and
reassigning testencies of solution knowledge producer (assigned_to) and solution knowledge
verifier (QA_contact) roles are describedliable80 andTable81; the quantiles of the percent
variables are described Trable82; and, the normal @ plots of the percent variables are

depicted inAppendixC: Additional analysisdetails

Variable N FALSE TRUE
assigned_to_reopened_at least o1 2274 372 1902
assigned_to_reassigned_at_least ¢ 2274 737 1537
ga_contact_reopened_at_least _on 439 42 397
ga_contact_reassigned_at_least_ol 439 121 318

Table80: Distribution of whether or not each profile acted in role of assignedjaodontact
upon at least one bug that was reopened / reassigned at least once at individual level
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Variable N Mean Median Stdev Min Max
percent_bugs_assigned_to_reopened_at least 1902 0.126 0.101 0.092 0.008 1.000
percent_bugs_assigned_to_reassigned_at least 1537 0.117 0.071 0.132 0.001 1.000
percent_bugs ga contact reopened_at least ( 397 0.126 0.105 0.092 0.015 0.650
percent_bugs_ga_contact_reassigned_at least 318 0.111 0.075 0.109 0.002 0.750

Table81: Summary statistics of constrained percentage of bugs acted upon as assigned_to /
ga_contact that were reopened / reassigned once or more at individual level

Quantiles
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0.00€0.04£0.0620.0770.08€0.1010.11€0.1420.1670.25C€1.00C

Variable

percent_bugs_assigned _t
reopened_at_least_once
percent_bugs_assigned_t
reassigned_at least onc
percent_bugs_ga_contac
reopened_at least_once
percent_bugs_ga_contac , 4, 01¢0,0310.0450.05€0.0750.10C0.13€0.1750.25€ 0.750
reassigned_at least onc
Table82: Quantilesof constrained percentage of buagded upon as assigned_to / ga_contact
that were reopenddeassignednce or more at individual level

0.0010.0150.0240.03€0.0520.0710.10€0.1320.1820.25€1.00C

0.01£0.0510.0670.0810.0920.1050.11€0.1330.15€0.21£0.65C

As was the case for the analysis of the reporter role dependent variable patstéor
the assigned_to ar@@A_contactroles, thdogical reopening and reassigning tendency variables
were analyzed using logistic regression, and the percent reopening and reassigning tendency
variables were analyzed using beta regression. Once agéaregression was selected to
analyze the percentage variables because it addresses the unit interval constraint while also
accounting for the nehnearities observed in the normai@plots (Smithson & Verkuilen,
2006; CribariNeto & Zeileis, 2010; nas, BarreteSouza, & Rocha, 2010; Grin, Kosmidis, and
Zeileis, 2012).In addition, analysis of covariance (ANCOVA type Il) was conducted on the

respective logistic and beta regression mode(Fitx & Weisberg, 2011)

The summary statistics of the tygercent outcome tendency variables, percent fixed and

percent fixed with patch, for assigned_to and QA _contact roles are descritasaaB3; the
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guantiles are described fable84; and, the normal € plots are depicted i\ppendixC:
Additional analysisdetails All these percentariables were analyzed using beta regression and

analysis of covariance.

Variable N Mean Median Stdev Min Max

percent_bugs_assigned foxed 2453 0.753 0.857 0.271 0.000 1.000

percent_bugs_assigned txed at_ , 53 467 0483 0.386 0.000 1.000
least_one_patch

percent_bugs_ga_contafiked 461 0.610 0.625 0.277 0.000 1.000

percent_bugs_qa_contaiked at_ ;51 954 0154 0.257 0.000 1.000
least_one_patch

Table83. Summary statistics of constrained percentage of bugs aptedin assigned_to /

ga_contact role that were fixed / fixed with at least one patch at individual level

Quantiles
Variable 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
percent_bugs_assigned foxed 0.000.300.540.700.800.860.900.94 0.98 1.00 1.00

percent_bugs_assigned_tixed at_, 4 00,01 0.08 0.25 0.48 0.68 0.80 0.89 1.00 1.00
least_one patch

percent_bugs ga contafiked 0.000.210.330.450.540.630.730.820.880.98 1.00

percent_bugs_ga_contaiked at_, 4,4 500,01 0.070.11 0.15 0.25 0.36 0.47 0.67 1.00
least_one_ patch

Table84: Quantiles of constrained percentage of bagged upon in assigned_to / ga_contact
role that were fixed fixed with at least one patch at individual level

The summary statistics of the constrained variable for resolution timing tendencies for
assigned_to and QA_contact roles are describ&dlae85; the quantiles are describedTiable
86, and, the normal @ plots and the boxplots of the standard transformatior both variables
are depicted il\ppendixC: Additionalanalysisdetails The log transformation of the resolution
timing variables was selected as most appab@iboth in terms of analytical validity and
comparability to the reporter role equivalent variable. Analysis was conducted using OLS
regression and ANCOVA (type Il), both with heteroskedasticity correction for remaining

noninearities not addressed Hyetlog transformation (Fox & Weisberg, 2011).
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Variable N Mean Median Stdev Min Max Skewness Kurtosis

bugs_assigned_to_meal , ;5 195 17 115,00 228.72 0.308 2182.9 2.481  9.461
days to_resolution

bugs_ga_contact_mean .. 14797c 110,30 204.69 0.231 2111.8 3.478  21.278
days_to_resolution

Table85: Summary statistics of constrained resolution timing tendency variables for assigned_to
/ qa_contact roles at individual level

Quantiles
Variable 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

bugs_assigned_to_mear , 3 11 g 56 3 47.6 77.8 115.0 162.4 219.1 305.4 490.6 2182.9
days_to_resolution

bugs_ga_contact_mean , , g5 538 457 69.4 110.3 154.4 204.7 258.4 374.5 2111.8
days_to_resolution

Table86: Quantiles of constrained resolution timing tendency variables for assigned_to /
ga_contact roles at individual level

The assigned_to role and QA _contact role dependent variables at the individual level and

the regression types selected as the result of these preliminary analyses are deSkaitle&7n
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Regression type

Dependent variable Ve;nalgle (Heteroskedasticity
yp correctionin all)
At least one bug acted upon in assigned_to role Logical hr?s;stlc (GLM with logit
was reopened + ANCOVA (Type II)
on-zero) Percent of bugs acted upon in eta regressioft
(N ) P t of bug ted upon i Percent Beta reg [
assigned_to role that were reopened at least or ANCOVA (Type II)
At least one bug acted upon in assigned_to role Logical hr?s;stlc (GLM with logit
was reassigned + ANCOVA (Type II)
on-zero) Percent of bugs acted upon in etaregression +
N P tofb ted [ Percent Bet [
assigned_to role that were reassigned at least ¢ ANCOVA (Type 1)
Percent of bugs acted upon in assigned_to role Percent Beta regression +
were fixed ANCOVA (Type 1)
Percent of bugs acted upon in assigned_to role Percent Beta regression +
were fixed with at least one patch ANCOVA (Type 1)
L : Ordinary least squares
g;)gi) I;]/I:darlore;zcl)éutlon time of bugs acted upon il Continuous (OLS)
gnea_ + ANCOVA (Type 1I)
At least one bug acted upon in ga_contact role Logical hr?%lstlc (LA D BT
reopened + ANCOVA (Type II)
on-zero) Percent of bugs acted upon in eta regression +
N P tofb ted [ Percent Bet [
ga_contact role that were reopened at least onc ANCOVA (Type 1)
At least one bug acted upon in ga_contact role ical :TOE'S“C (Gl i gl
reassigned =L 1Y
+ ANCOVA (Type II)
on-zero) Percent of bugs acted upon in eta regression +
N P tofb ted [ Percent Bet [
ga_contact role that were reassigned at least or ANCOVA (Type 1)
Percent of bugs acted upon in ga_contact role t Percent Beta regression +
were fixed ANCOVA (Type 1)
Percent of bugs acted upon in ga_contact role t Percent Beta regression +
were fixed with at least one patch ANCOVA (Type 1)
L . Ordinary least squares
(log) Mean resolution time of bugs acted upon il Continuous (OLS)

ga_contact role

+ ANCOVA (Type II)

Table87: Solution knowledge producer role and solution knowledge verifier eperttient
variables and chosen regression types at individual level

Modelling: Individual level control variables

Modelling was conducted in two stagasa manner similar to the approach used at the

problem level of analysis. In the first stage, suitable control variables were selected from the
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literature. Huntley, 2003; Fershtman & Gandal, 2004; Sandusky, Gasser, & Ripoche, 2004;

Anvik, Hiew, & Murphy, 2006; Koponen, 2006; Hooimeijer & Weimer, 2007; Panjer, 2007,

Antoniol, et al., 2008; Dalle, et al., 2008;ancalanc& Merlo, 2008; Herraiz, 2008; Ahmed &

Gokhale, 2009; Au et al., 2009; Bougie et al., 2010; Giger, Pinzger, & Gall, 2010; Shihab, et al

2010; Zimmermann, et al., 2010; Guo, et al., 2011; Zhang, et al., 2012; Baysal, et al.,A013

the individual level of analysis, similar to the dependent variables discussed in the previous

section, many of the control variables are necessarilyatkfiglative to the role in which each

individual engages upon problems. In cases where the variables had significhnéaion

di stribution properties amongst individuals (

transformation was taken to normalibe tvariable for analysis.

For the problem knowledge producer role, seven control variables were identified that
were expected to affect individual l evel out c
actoro; 2) the (1 oavgval; 3 thd (logy nummber ottimesnhe individualt h e i n
engaged in the problem knowledge producer (reporter) role; 4) the (log) mean resolution time of
problems acted upon in reporter role; 5) the percent of reported bugs that were duplicates; 6) the
percentbof reported bugs that were fixed; and, 7) the percent of reported bugs that violated the

bug life cycle.

For the solution knowledge producer (assigned_to) and solution knowledge verifier
(QA _contact) roles, six counterparts of each of these controblesiavere used, relative to their
respective roles; e.g., for the regression models created to analyze the solution knowledge
producer (assigned_to) role, the counterpart to control variable 6) was percent of bugs acted

upon in assigned_to role that wepeetl. Control variable 5), the percent of reported bugs that
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were duplicates, is only defined for the problem knowledge producer role, because duplicate
bugs, by definition, never proceed along the bug life cycle to solution knowledge creation or
solutionknowledge verification. As a result, this control variable was only used for models that

analyzed the reporter role at the individual level.

As discussed in the operationalization chapter and in the section on problem level
analysis, in cases where a trohvariable was the same as or directly correlated to a given
dependent variable, it was omitted from the regression model. For each of the 21 individual
level dependent variables (seven for each of the three roles in which individuals engage), a test
regression model was fitted with the seven (or six, for assigned_to and QA_contact roles) control
variable candidates as independent variables. Examination of the analysis of variance and type II
ANCOVA models with heteroskedasticity correction revealettkvbf the candidate control
variables were significant for each dependent variable at a p < 0.05 degree of certainty. In each
case, those variables that were found to be significant were retained as controls and those that
were found to not be significawere dropped from the model, as per standard statistical
modeling practice (Tabachnick & Fidell, 2007). The control variables, the roles to which they

pertain in the analysis, and their variable type are summariZeabie88.
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Role Control variable Variable type

All IS_core_actor Logical
All (log) activity count Count
Problem I((rr;(;v(\)llrfgge produc (log) bugs_reported_count Count
Problem knowledgeroducer (log) bugs_reported__ Continuous
(reporter) mean_days_to_resolution
Problem knowledge product percent_bugs_reported Percent
(reporter) Is_duplicate
FUBIElE I((rr;([))v(\)/lrfgge e percent_bugs_reported_fixec Percent
Problem knowledgeroducer percent_bugs_reported Percent
(reporter) violated_bug_lifecycle

Solution knowledge produce
(assigned_to)
Solution knowledge produce (log) bugs_assigned_to

(assigned_to) mean_days _to_resolution
Solution knowledge produce
(assigned_to)
Solution knowledge produce  percent_bugs_assigned_to

(assigned_to) violated _bug_lifecycle
Solution knowledge verifier

(ga_contact)
Solution knowledge verifier (log) bugs_ga_contact_

(ga_contact) mean_days _to_resolution
Solution knowledge verifier

(ga_contact)
Solution knowledge verifier ~ percent_bugs_ga_contact_

(ga_contact) violated _bug_lifecycle

Table88: Control variables at individual level

(log) bugs_assigned_to_coun Count
Continuous
percent_bugs_assigned_to_fix Percent
Percent
(log) bugs_ga_contact_count Count
Continuous
percent_bugs_ga_contact_fixe Percent

Percent

Modelling: Individual level independent variables

During the second stage of modelling, the significant controls for each dependent
variable were combed with the independent variables described in the individual level of the
conceptual framework to create regression models that test each hypothesis. Each of the 21
models (7 dependent variables for each of the 3 roles in which individuals engageyated icr
the standard regression model form in a manner similar to that discussed in the problem level

analysis section.
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The name, type, and related role of each independent variable associated to each
hypothesis at the individual level of analysis are samzed as follows: Absorptive capacity in
Table89; codifiability in Table90; dominant knowledge paradigm Trable91; knowledge flow

impediments ifmable92; knowledge stakeholder influenceTiable93; and, solution knowledge

value inTable94.
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Role

reporter
assigned_to
ga_contact
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All

Independent variable

(log) bugs_reported count

(log) bugs_assigned_to_count

(log) bugs_ga_contact_count

(log) activity count

(log) activity_cc_change_count

(log) activity keywords_change count

(log) activity product_change_count

(log) activity_component_change_count

(log) activity status_change count

(log) activity _resolution_change_count

(log) activity flags_change_count

(log) activity_whiteboard_change_count

(log) activity target _milestone_change_count

(log) activity_description_change_count

(log) activity priority_change_count

(log) activity severity change count

(log) activity assigning_count

(log) activity reassigning_count

(log) activity reopening_count

(log) activity rep_platform_All_count

(log) activity _rep_platform_PowerPC_count

(log) activity rep_platform_x86_64 count

(log) activity rep_platform_x86 count

(log) activity rep_platform_Combined_Other_count
(log) activity op_sys_Mac_pc_count

(log) activity_op_sys Windows_pc_count

(log) activity op_sys Windows_mobile count

(log) activity op_sys iOS_mobile_count

(log) activity op_sys_other_mobile_count

(log) activity op_sys_other_pc_count

(log) activity_product_classification_client_software_cour
(log) activity product_classification_components_count
(log) activity_product_classification_server_software_cou
(log) activity _product_classification_Combined_Other_co
(log) activity _bugs low_severity count

(log) activity bugs_average_severity_count

(log) activity _bugs_high_severity count

Table89: Absorptive capacity independent variables at individual level
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Variable
type
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count
Count



Variable

Role Independent variable type
reporter (log) bugs_reported_all types_description_mean_length Continuous
reporter bugs_reported_description_readability_Flesch_reading_ease_m: Continuous
reporter (log) bugs_reported_attachments_all_types_mean Continuous
reporter percent_bugs_reported_is_duplicate Percent
reporter percent_bugs_reported_was_duplicated Percent
reporter (log) bugs_reported_all_types comments_mean_length Continuous
reporter (log) bugs_reported_comments_all_actors_mean Continuous

assigned_ti (log) bugs_assigned_to_all types_description_mean_length Continuous
assigned_tibugs assigned_to_description_readability Flesch_reading_ease Continuous
assigned_ti (log) bugs_assigned_to_attachments_all_types_mean Continuous
assigned_ti (log) bugs_assigned to_all types comments _mean_length Continuous
assigned_ti (log) bugs_assigned_to _comments_all_actors_mean Continuous
ga_contaci (log) bugs_ga_contact_all types_description_mean_length Continuous
ga_contaci bugs_qga_contact_description_readability Flesch_reading_ease_Continuous
ga_contaci (log) bugs_ga_contact_attachments_all_types_mean Continuous
ga_contaci (log) bugs_ga_contact_all _types _comments_mean_length Continuous
ga_contaci (log) bugs_ga_contact comments_all _actors_mean Continuous

Table90: Codifiability independent variables at individual level
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Role

reporter
reporter
reporter
reporter
reporter
reporter
reporter
reporter
reporter
reporter
reporter
reporter
reporter
reporter
reporter
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
assigned_tc
ga_contact
ga_contact
ga_contact
ga_contact
ga_contact
ga_contact
ga_contact
ga_contact
ga_contact
ga_contact
ga_contact
ga_contact
ga_contact

Independent variable

percent_bugs_reported_rep_platform_All
percent_bugs_reported_rep_platform_PowerPC
percent_bugs_reported_rep_platform_x86_ 64
percent_bugs_reported_rep_platform_x86
percent_bugs_reported_op_sys_All
percent_bugs_reported_op_sys_Android
percent_bugs_reported_op_sys_Linux
percent_bugs_reported_op_sys Mac_pc
percent_bugs_reported_op_sys Windows pc
percent_bugs_reported_op_sys_Windows_mobile
percent_bugs_reported_op_sys iOS_mobile
percent_bugs_reported_op_sys_other_mobile
percent_bugs_reported_product_classification_client_softwar
percent_bugs_reported_product_classification_components
percent_bugs_reported_product_classification_server_softwa
percent_bugs_assigndd rep_platform_All
percent_bugs_assigned _to_rep_platform_PowerPC
percent_bugs_assigned_to_rep_platform_x86 64
percent_bugs_assigned_to_rep_platform_x86
percent_bugs_assigned to_op_sys_All
percent_bugs_assigned_to_op_sys_ Android
percent_bugs_assigned_to_op_sys_Linux
percent_bugs_assigned_to_op_sys Mac_pc
percent_bugs_assigned_to_op_sys Windows_pc
percent_bugs_assigned to _op_sys Windows_mobile
percent_bugs_assigned to_op_sys i0OS_mobile
percent_bugs_assigned_to _op_sys_other_mobile
percent_bugs_assigned_to_product_classification_client_soft
percent_bugs_assigned_to_product_classification_componen
percent_bugs_assigned_to_product_classification_server_sof
percent_bugs_ga_contact_rep_platform_All
percent_bugs_ga_contact_rep_platform_PowerPC
percent_bugs_ga_contact _rep_platform_x86 64
percent_bugs ga_ contact_rep_platform_x86
percent_bugs ga contact op_sys_All
percent_bugs_ga_contact_op_sys_Android
percent_bugs ga contact op_sys_Linux
percent_bugs_ga_contact_op_sys_Mac_pc
percent_bugs ga contact op_sys Windows_pc
percent_bugs_ga_contact_op_sys_Windows_mobile
percent_bugs_ga_contact_op_sys_iOS_mobile
percent_bugs ga_ contact op_sys_other_mobile
percent_bugs_ga_contact_product_classification_client_softw
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Variable
type
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent
Percent


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































