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Abstract 

This t hesis examines t he ef fect s of  int ragroup social  net work relat ions on group 

performance.  Building on pr ior st udies,  it  views social  net work t opology along 

st ruct ural ,  relat ional  and cognit ive dimensions.  Where previous research used a 

sel f -report ing quest ionnaire t o gauge t hese dimensions,  t his research uses Social  

Net work Analysis (SNA) sof t ware t o measure e-mail  communicat ion logs bet ween 

group members.  The st udy was conduct ed in a nat ional  t ravel  agency and focused 

on t he social  net works of  187 of f ices,  each a subsidiary of  t he nat ional  t ravel  

agency.  Each of f ice group was t asked similar ly and represent ed a unit  of  analysis.  

An analysis of  more t han 7 mil l ion emails was undert aken t o generat e social  

net work measures for t he f i rm wide net work.  Subgraphs represent ing t he 

int raof f ice social  net works were t hen generat ed for each of  t he 187 t ravel  of f ices 

in t he great er f i rm-wide net work.  NodeXL® sof t ware was used t o generat e group 

measures represent ing t he dimensions of  each of f ice’ s social  net work t opology.  As 

in prior st udies,  Cent ral it y,  St ruct ural  Holes,  and Tie St rengt h (al l  social  net work 

concept s) were used t o measure and compare t he dimensions of  t he int ragroup 

social  net works.  This st udy cont ribut es by helping t o di f ferent iat e t he concept s of  

social  capit al  and social  net work.  This research f inds t he use of  email  logs t o 

generat e SNA more ef f icient  but  as ef fect ive as prior survey t echniques.  The st udy 

also ext ends prior work by dynamical ly examining t he t ie format ion amongst  

recent ly hired employees.  The st udy conf irms exist ing views of  a curvil inear 

relat ionship bet ween social  net work relat ions and f i rm performance.  This st udy 

f inds social  net work t opology a valuable predict or of  group performance.   

Keywords 

Social  Net work Topology,  Social  Capit al ,  Int ragroup Knowledge Transfer,  

Performance  
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Chapter 1 – Introduct ion 

Introduction to the Research 

At  t he dawn of  t he t went y-f irst  cent ury,  

knowledge has quickly become t he key asset  of  

commerce (St ewart ,  2003).  This t hesis examines 

t he ef fect s of  int ragroup social  net work relat ions 

on group performance.  To achieve opt imal 

performance,  a group at t empt s t o ef f icient ly 

creat e,  manage,  dist ribut e and leverage it s 

knowledge resources (Frey,  2001);  by doing so 

groups drive bot h innovat ion and ef f iciency.  

Int ragroup relat ionships form a t opology over 

which knowledge can f low.   

Net work t opology is t he arrangement  of  t he various element s (l inks,  nodes,  

et c. ) of  a comput er (Grot h and Skandler,  2005;  ATIS commit t ee PRQC, 2007) or 

biological  net work (Proulx,  Promislow and Phil l ips,  2005).  Over t he last  decade,  

Social  net works have quickly become a paradigm t hrough which a group can be 

examined (Gulat i ,  2006).  The organizat ional  chart  has become less r igid.  Twent y-

f irst  cent ury groups are seen not  as st at ic snapshot s but  as evolving net works 

(Hit e,  2001).   

This research seeks t o l ink a group’ s social  net work t opology wit h t hat  

group’ s performance.  It  presupposes t hat  cert ain social  net work t opologies 

facil it at e performance t hrough knowledge f low more ef fect ively t han ot hers.  The 

research explores t he fol lowing quest ion:  Do high performing groups,  undert aking 

t he same t ask in t he same environment ,  share similar social  net work t opologies,  

part icularly t opologies t hat  f acil it at e knowledge t ransfer? This research looks t o 

bet t er underst and how social  net work t opology impact s per f ormance t hrough t he 

lens of  social  capi t al  and knowledge f low.   

Figure 1: Areas of Research 
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1.1 Overview to Research 

Firms (col lect ives of  resources geared t o a common goal) st rive for 

compet it ive advant age.  In t he t went y-f irst  cent ury,  such an advant age of t en 

comes f rom a f irm’ s abil it y t o ident i fy and ef f icient ly t ransfer st rat egic knowledge 

bet ween geographical ly non-proximal locat ions and arm’ s lengt h act ors (de Pablos,  

2006).  This research cont ribut es t o t he social  net work conversat ion by augment ing 

and adding t o t he knowledge generat ed by recent  works,  part icularly t hat  of  

Lechner,  Frankenberger and Floyd’ s 2010 st udy and Maurer,  Bart sch and Ebers’  

2011 st udy,  bot h of  which found an inverse curvil inear relat ionship connect ing 

int ragroup social  net work t opology wit h group performance.  Unl ike Lechner,  

Frankenberger and Floyd’ s 2010 st udy which focused on st rat egic init iat ives (which 

of t en only exist  for f init e periods of  t ime and have specif ic expl icit  goals) as t he 

unit  of  analysis,  t his research focuses on Business as Usual  inside more t han 187 

groups at  a nat ional  t ravel  agency.   Similarly,  as compared t o Maurer,  Bart sch and 

Ebers’  2011 st udy which examined 218 proj ect s in t he German engineering 

indust ry as t he unit  of  analysis,  t his research focuses on Business as Usual  inside 

more t han 187 groups at  a nat ional  t ravel  agency.   Thus,  t his research cont ribut es 

by showing t he f indings t o be val id for durable (non-t emporary) groups not  j ust  

st rat egic init iat ives or proj ect s.   

Academic l it erat ure has long heralded t he import ance of  t he knowledge 

process and t he abil it y t o t ransfer knowledge wit hin groups.  In brief ,  t his current  

proj ect  is guided by t he fol lowing assert ions:  

A ‘ f irm’  can be def ined as:    

• a col lect ion of  product ive resources,  t he disposal  of  which,  bet ween 

dif ferent  uses and over t ime,  is det ermined by administ rat ive decision 

(Penrose,  1959);  

• a set  of  asset s under common ownership and cont rol  is equat ed wit h 

ownership (Grossman and Hart ,  1986);  or 

• a pool  of  learned skil ls,  physical  facil it ies and l iquid capit al  (Chandler,  

1962).   
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Under each and al l  t he above def init ions,  bot h t he parent  company and it s 

187 subsidiary groups would each be seen as a ‘ f i rm’ .  In t his research t he t erms 

f irm,  group and organizat ion are used int erchangeably as synonyms.  

• A f i rm seeks t o maximize prof it s (Carrol l ,  1999).   

• Innovat ion (t he process of  doing t hings bet t er) rel ies on harnessing,  

leveraging and recombining knowledge st ocks (i. e.  t he knowledge held in 

a f irm’ s net work) (Lawson,  2003).  

• Prior research has found it  di f f icul t  t o quant ify and empir ical ly measure 

knowledge f low (Hansen,  2002).  Inst ead,  researchers have focused on 

t he ant ecedent s t o bot h (e.g.  t rust ,  st rengt h of  net work t ies).   

• Social  Net works can be descr ibed along t hree net work dimensions:  

st ruct ural  (e.g.  who is near whom);  relat ional  (e.g.  how st rong are t he 

bonds bet ween act ors);  and cognit ive (e.g.  how similar are t he minds in 

t he net work).  These dimensions are used as proxies for SNA measures 

(e.g.  cent ral it y represent s t he st ruct ural  dimension) (Neergaard,  2005).  

• Social  Capit al  can be def ined as ‘ t he aggregat e of  t he act ual  or pot ent ial  

resources which are l inked t o possession of  a durable net work of  more or 

less inst it ut ional ized relat ionships of  mut ual  acquaint ance and 

recognit ion’  (Bourdieu,  1983).  

• Through t he Social  Capit al  of  t heir members,  organizat ions gain 

knowledge resources (e.g.  best  pract ices) t hat  can enhance 

organizat ional  performance (Wasko and Faraj ,  2005).  

• Bet t er knowledge f low leads t o bet t er performance (Vera,  2003).   

• Social  Capit al  facil it at es knowledge f low.  Social  Capit al  is t he lubricant  

t hat  al lows knowledge t o f low more easily amongst  nodes in a net work 

(Peng,  2009).  
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This research speci f ical ly seeks t o invest igat e t he impact  t hat  int ragroup 

Social  Net work Topology has on group performance.  It  also seeks t o explore if  

measures of  Social  Net work Topology can predict  performance.  Moreover,  t his 

work examines int ragroup net work t opology t o det ermine if  each int ragroup 

net work dimension (cognit ive,  relat ional ,  and st ruct ural) has an inverse curvil inear 

relat ionship wit h overal l  performance,  as suggest ed by Lechner,  Frankenberger 

and Floyd (2010) in t heir wel l -cit ed Academy of  Management  paper.  By exploring 

t he mat t ers above,  t he aut hor hopes t o i l lust rat e how int ragroup net work 

st ruct ure impact s overal l  group performance.   

1.2 Research Context  

This research st ands on t he shoulders of  pr ior aut hors exploring knowledge 

t ransfer and SNA.  

Table 1:  Recent  Relevant  Lit erat ures 

Year Author(s) Contribution 

2004 Burakova-Lorgnier,  

Bouzdine-Chameeva 

and MacGilChrist 

Propose a vision of  a net work st ruct ure f rom 

t he point  of  view of  knowledge t ransfer 

capacit y.  Find a st ruct ure based on st rong t ies,  

and t hus dense net work,  assist  t he t ransfer of  

t acit  knowledge.  

2006 Ordonez de Pablos Develops a concept ual  f ramework for t he 

analysis of  knowledge f low bet ween 

subsidiaries and t heir parent  organizat ion.   

2010 Lechner,  

Frankenberger and 

Floyd 

Find (at  a group level ,  inside t he group) 

curvil inear relat ionships bet ween several  SNA 

variables and group performance.  

2011 Maurer,  Bartsch and 

Ebers  

Find (at  proj ect  level ,  across an indust ry) 

curvil inear relat ionships bet ween several  SNA 

variables and group performance.  
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1.3 Research Questions  

While recent  works (Lechner,  Frankenberger and Floyd,  2010;  Maurer,  

Bart sch and Ebers,  2011) have explored t he moderat ing role t hat  key SNA variables 

(e.g.  Cent ral it y,  Tie St rengt h) have on knowledge t ransfer,  l i t t le research has 

been done t o det ermine how t hese variables are int errelat ed and,  more 

import ant ly,  how one can t est  t hem dynamical ly.  Nahapiet  and Ghoshal  (1998) 

provide a suit able f ramework of  analysis,  and it  is ut i l ised in t his st udy.  The 

f ramework consist s of  t hree t ypes (or dimensions as t hey cal l  t hem) of  social  

capit al :  st ruct ural  dimension,  cognit ive dimension and relat ional  dimension 

(Ful ler,  2006).  Not e:  This is where t he dist inct ions bet ween t he concept s of  social  

capit al  and social  net work of t en become blurred.   

This research focuses on net work charact erist ics and how t hey impact  

performance by driving or hindering knowledge f low.  It  is t his aut hor’ s hypot hesis 

t hat  some net work t opologies are bet t er suit ed t o explorat ion pract ices,  while 

ot hers are more suit ed t o exploit at ion pract ices.  This idea was t ouched upon by 

Lechner,  Frankenberger and Floyd (2010) as t hey explored t he concept  of  Task 

Cont ingencies.  Some organizat ional  net work st ruct ures t hat  yield posit ive social  

capit al  in some t ask sit uat ions can convey social  l iabil it y in ot her sit uat ions.  

Imagine a net work of  creat ive designers;  t hey form a net work st ruct ure t hat  is 

opt imal for creat ive t asks undert aken by t he net work,  but  t he same  t opology 

might  not  be suit ed t o ef f icient ly execut e rout ine t asks.  This is known as t he 

t heory of  Task Cont ingency (Donaldson,  2001).  Research has polar ized t ask 

cont ingency around t he degree of  t ask explorat ion.  Prior research shows t hat  

explorat ory t eams (i.e.  t hose t eams focused on innovat ion) complet e t heir  

proj ect s more quickly if  t hey have a social  net work st ruct ure composed of  many 

st rong ext ernal  t ies t hat  are non-redundant .  In cont rast ,  t eams pursuing t asks t hat  

exploit  exist ing expert ise (e.g.  t hose t eams focused on ef f iciency) t ake longer t o 

complet e if  t hey have t his t ype of  social  net work st ruct ure,  mainly because 

ext ernal  t ies must  be maint ained but  are not  needed for t he t ask.   

Al t hough t his issue was or iginal ly addressed by Hansen,  Podolny and Pfef fer 

(2001),  recent  f indings show knowledge t ransfer mediat es bet ween organizat ion 

members’  int ra-organizat ional  social  capi t al  and organizat ional  performance 
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out comes of  growt h and innovat ion performance (Maurer,  Bart sch and Ebers,  

2011).  Based on t his,  t he research-derived t heoret ical  model is as fol lows:  

 

 

Figure 2: Proposed Research Model 

The aut hor seeks t o explore how wel l  int ragroup social  net work t opology 

predict s performance and def ines t he Research Obj ect ive as empirical ly 

conf irming t he relat ionship bet ween an organizat ion’ s Social  Net work Topology 

and organizat ional  Performance.  More general ly st at ed as:  

Do the Cognit ive,  Relational and Structural Dimensions of an 

organization’s Social Network have an inverse curvilinear 

correlation with organizational Performance as predicted?  

 Addit ional ly,  because t he dat a available in t his research is t ime-st amped,  

t his t hesis has t he opport unit y t o explore how t he dimensions of  net work t opology 

are formed dynamical ly,  and whet her or not  such dynamics impact  individual  

performance.  This can be examined t hrough t he fol lowing Research Quest ion:  

What is the relationship between the speed at which an 

individual forms strong t ies and that individual’s performance?   

1.4 Overview of Method  

The sample populat ion examined in t his research is comprised of  al l  t he 

sales associat es of  a nat ional  t ravel  agency.  This organizat ion,  which wil l  be cal led 

St ructural  Dimension 
(e.g.  st ructural  

holes,  cent ral i t y) 

Relat ional Dimension 
(e.g.  t ie st rength)  

Social  Network  

Social  Capit al  
Performance 

Cognit ive Dimension 
(e.g.  homophi ly,  
shared context ) 

Knowledge Flow 
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High Flyer or ‘ HF‘  hereaf t er,  employs over 1800 individuals in Canada and 20,000 

ful l  t ime employees worldwide.  More t han 80% of  HF personnel  in Canada are 

exclusively engaged in sel l ing t ravel  product s (f l ight s,  hot els,  car rent als,  t ours,  

et c. ).   

At  HF,  employees are grouped by Of f ice;  each Of f ice is st af fed wit h 5 t o 8 

employees on average (some out l iers,  e.g.  t he HF ecommerce of f ice,  have 15 ful l  

t ime employees (FTEs).  Of  t he 180+ Of f ices reviewed,  17 Of f ices are Corporat e 

(i.e.  sel l ing most ly t o pre-est abl ished business cl ient s via phone and email ) and 

160+ of f ices are Ret ail  (i. e.  sel l ing most ly t o walk-in cust omers).  Corporat e t eams 

are assembled int o t hree shared facil it ies across Canada.  Ret ail  t eams are locat ed 

in individual  dist inct  st reet  level  (160+) st oref ront s across Canada.  Several  Of f ices 

were excluded f rom t he sample.  The excluded Of f ices sel l  wholesale cruise t ravel  

and primarily serve as an int ermediary wit h no cl ient  cont act .  Because of  t he 

dif ferent  business models,  t he cruise of f ices were removed f rom t he sample.   

Ul t imat ely,  each member of  an Of f ice at t empt s t o maximize individual  sales 

while maint aining a st rong margin.  HF management  measures Of f ice performance 

based on Tot al  Sales Volume and Gross Average Margin.  The management ’ s goal  is 

t o maximize t he performance of  every group.   

For pr imary dat a,  t his research rel ied on an HF-provided dat abase 

cont aining al l  HF emails sent  or received for 2011.  More t han 7 mil l ion email  

records (To,  From, Dat e,  Time) were reviewed,  grouped and organized.  Any email  

deemed ext ernal  (i .e.  having a To,  From or CC f ield t hat  l ist s a non-HF email  

address) were excluded.  Only int ragroup emails (e.g.  amongst  members of  t he 

same Off ice) were examined.  

Using an ext ension t o t he NodeXL® sof t ware package creat ed specif ical ly 

for t his research by t he Social  Media Foundat ion and Microsof t ,  t he researcher 

t ook an ‘ x-ray snapshot ’  of  each group’ s social  net work.  This snapshot  is based on 

underlying dat a represent ing a series of  social  net work t opology measures,  

including Tie St rengt h,  St ruct ural  Holes and Cent ral it y.  To represent  t he relat ional  

dimension of  t he Social  Net work,  Tie St rengt h was measured as an indicat or of  t he 

overal l  Tie St rengt h in t he group.  Cent ral it y and Densit y (t he inverse of  St ruct ural  
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Holes) were measured t o represent  t he st ruct ural  dimension of  t he Social  Net work.  

Three dist inct  t ypes of  Cent ral it y were measured:  Eigenvect or,  Closeness and 

Bet weenness.  A group measure for each was calculat ed by averaging t he individual  

t eam members’  cent ral it y measures.  Init ial l y,  homophily was t o be measured t o 

represent  t he cognit ive dimension of  t he Social  Net work.  Unfort unat ely,  HF 

management  inst ruct ed t he researcher not  t o undert ake any cont ext ual  analysis;  

as t his is necessary t o measure homophily,  homophily measures were abandoned.  

Al t ernat ive measures of  t he cognit ive dimension (e.g.  shared background) require 

HR dat a for personnel .  Access t o such dat a was also denied t o t he researcher by 

HF management .  For t his reason,  t his research must  abandon examining t he 

cognit ive dimension.  Pr ivacy and conf ident ial it y were cit ed as t he reasons for t he 

denial  of  access.   

Tie St rengt h,  St ruct ural  Holes,  and Cent ral it y were t hen correlat ed,  t hrough 

mult iple variant  regression and general ized l inear model l ing,  wit h group 

performance (Normal ized Sales Volume,  Gross Margin Average) in order t o 

det ermine i f  high-performing groups share similar net work measures.  Mult iple 

variant  regression was used t o analyse t he f indings and t o det ermine how wel l  t he 

model generat ed deviat es f rom t he dat a provided.  In addit ion t o using MVR: GLM 

t echniques,  t he resul t ing social  graphs were also reviewed using a form of  visual  

analysis.   

A summary of  variables fol lows:  

Table 2:  Social  Net work Topology Variables 

Name Independent /  Dependent  Acronym 

Normal ized Revenue Dependent  nrev 

St ruct ural  Holes Independent  holes 

Tie St rengt h Independent  t ies 

Average Eigenvect or ct r  Independent  eig 

Average Closeness ct r  Independent  clos 
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Average Bet weenness ct r  Independent  Bet w 

Ful l  t ime equivalent s Independent  Ft e 

Of f ice Type Independent   

(0=corp,  1=ret ail ) 

t ype 

 

To measure onboarding,  t his research looked t o ident ify and record t he 

moment  when a st rong t ie is formed.  St rong Ties were said t o exist  when t wo 

act ors exchanged t heir t ent h email .  While t his number may seem low,  one most  

consider t hat  t he colocat ion of  most  employees (e.g.  proximat ely amongst  

of f icemat es) is ext remely high,  and email  use may be l imit ed.  Furt her,  one must  

remember t hat  t his number does not  ref lect  t he quant it y of  email  sent ,  only t he 

quant it y of  int ra-organizat ional  (e.g.  bet ween of f ice mat es) email  sent .  To 

det ermine where t o set  t he bar,  t he researcher examined t he f requency of  email  

dist ribut ion,  looking t o set  t hat  bar at  a level  t hat  would ideal ly encompass a 

meaningful  set  of  relat ionships was t he goal .  The NodeXl® sof t ware package 

facil it at ed t his visual ly and t he t ent h email  was select ed as a meaningful  level .   

The earl ier t hat  t he t ent h email  was sent ,  t he longer t he st rong t ie bond 

was in place.  An act or who formed a st rong t ie mont hs before anot her act or would 

t heoret ical ly benef it  f rom having such a st rong t ie in place longer.  Therefore,  t his 

research at t empt s t o explore t he correlat ion bet ween individual  performance and 

t he number of  days t hat  st rong t ies were in place.   

1.5 Findings 

A model predict ing performance was generat ed at  t he conclusion of  t his 

research.  This model was t hen t est ed t o see what  ext ent  t he model ’ s out put s 

could be val idat ed by act ual  dat a.  This model demonst rat es t he relat ionships 

bet ween performance,  as represent ed by normal ized sales,  and measures of  bot h 

t he st ruct ural  dimensions and t he relat ional  dimension of  Social  Capit al .  An 

inverse curvil inear relat ionship was found t o correlat e normal ized sales t o t he 

number of  st rong t ies present  in t he net work.  This coincides wit h Lechner,  

Frankenberger and Floyd’ s f indings (2010).  An inverse curvil inear relat ionship was 



22 

 

also found t o correlat e normal ized sales t o group eigenvect or cent ral it y.  This,  t oo,  

furt hers Lechner,  Frankenberger and Floyd’ s (2010) t heory of  t he Dark Side of  

Social  Capit al  (see Chapt er 2 for addit ional  discussion),  which basical ly conf irms 

what  mot hers for t ime immemorial  have t aught  t heir children,  t hat  ‘ t oo much of  a 

good t hing can be a bad t hing’ .  For t he 180+ of f ices t hat  comprise t he HF nat ional  

t ravel  agency,  t op performing f irms were found t o have high similar int ra-t eam 

individual  eigenvect or cent ral it y,  few st ruct ural  holes and st rong t ies.  Similarly,  

for t he 180+ of f ices t hat  comprise t he HF nat ional  t ravel  agency,  low performing 

f irms were found t o have a large number of  st ruct ural  holes,  few st rong t ies and 

uneven individual  eigenvect or cent ral it y scores.   

Based on l imit ed dat a,  a possible curvil inear relat ionship was also found t o 

exist  bet ween individual  performance and onboarding speed (i .e.  t he speed at  

which a new agent  builds t heir f i rst  st rong int ragroup t ies),  but  wit h so few point s 

available it  would be inappropriat e t o rely on t hese f indings.   

Table 3:  Social  Net work Topology Findings 

 Findings 

GLM Analysis  Performance is best  measured by Nrev alone.   

The relat ional  social  net work measures (log t ot al  st rong 

edges and Tie St rengt h) were highly correlat ed wit h 

performance.  

Performance had a U relat ion wit h log t ot al  st rong edges.   

Performance had an inverse U relat ion wit h Tie St rengt h.   

Visual Analysis  High performing t eams demonst rat ed most ly of  st rong t ie 

relat ionships.   

High performing t eams demonst rat ed high average 

eigenvect or cent ral it y.   

High performing t eams demonst rat ed only a few st ruct ural  

holes.   

Low performing t eams seem t o lack t he t ies necessary t o 

facil it at e t acit  knowledge t ransfer.  
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Low performing t eams have st rong cent ral  act ors.  

Low performing t eams have a large number of  st ruct ural  

holes.   

Onboarding 

Analysis 

A posit ive relat ionship bet ween onboarding speed and 

individual  performance was found,  al t hough such was based 

on an ext remely l imit ed dat aset .   

1.6 Strengths of Research 

Prior research has been l imit ed most ly to est abl ishing t he social  net work 

(and relat ed SNA measures) t hrough survey t echniques.  The possible weaknesses of  

survey met hodology include t he recency bias.  Furt her,  surveys can be inf lexible in 

t hat  t hey require t he init ial  st udy design (t he t ool  and administ rat ion of  t he t ool) 

t o remain unchanged t hroughout  t he dat a col lect ion.  Furt her st i l l ,  wit h a survey 

approach t he researcher would have t o ensure t hat  a large number of  t he select ed 

sample repl ied;  ot herwise t he survey’ s val idi t y may be quest ioned.   

Previous research int o Facebook and ot her social  net work services,  such as 

Friendst er and MySpace,  has also been performed using surveys (e.g.  Boyd,  2007;  

El l ison et  al . ,  2006;  St ut zman,  2006).  While t hese met hods (survey and int erview) 

provide a deep underst anding of  what  individuals are doing and t heir mot ivat ions 

for doing so,  t hey do not  capt ure large-scale pat t erns or t emporal  rhyt hms 

exhibit ed by t he col lect ive act ion of  immense numbers of  users (Golder et  al . ,  

2006).  For t hat  one needs t o deploy large scale dat a mining t echniques.   

Inst ead of  int erview or survey,  t his research uses act ual  email  dat a t o build 

t he social  net work t hrough communicat ion pat t erns.  The met hod used herein 

requires only t he consent  of  management  t o garner not  t he perceived social  l inks,  

but  t he act ual  t ies creat ed when Act or A speaks wit h Act or B.  Thus,  email  dat a 

observed wil l  t end t o be more accurat e,  as it  is based on act ual ,  not  perceived,  

communicat ions in net work.  In addit ion,  using email  dat a inst ead of  survey dat a is 

exponent ial ly fast er.  In t his research,  7 mil l ion emails were reviewed,  

represent ing al l  email  communicat ions for t he 1800+ act ors in t he HF net work.  

SNA dat a was generat ed wit hin a few hours of  dat a explorat ion.  If  surveys had 
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been deployed at  HF,  it  might  have t aken weeks,  if  not  mont hs,  t o gat her t he 

dat a.  

Final ly,  t his new met hod can generat e longit udinal  informat ion.  Survey dat a 

is gat hered at  one moment  in t ime and requires t he part icipant s t o ref lect  

backwards upon t heir net work.  Using email  dat a al lows for t he generat ion and a 

dynamic review of  t he f inal  SNA dat a.  In t he case at  hand,  survey dat a would show 

which new employees had successful ly buil t  st rong t ies as of  December 31,  2011.  

Email  dat a showing t he dynamic longit udinal  format ion of  such t ies t hus of fers t he 

researcher a more accurat e view of  t he process of  net work format ion,  not  simply 

it s out put .   

1.7 Limitations of Research 

The l imit at ions of  t his research are explored and addressed in great er det ail  

in Chapt er 7.  In sum, t he aut hor acknowledges t he fol lowing l imit at ions.  The 

researcher focused on only one nat ional  f i rm,  in one indust ry (Travel  Services),  in 

one count ry (Canada).  This wil l  l imit  t he general izabil it y of  any f indings.  The 

research acknowledges t hat  not  al l  conversat ions are conduct ed by email ;  hence,  

some net work act ivit ies (i. e.  phone cal ls and face t o face conversat ions) cannot  be 

t raced t hrough t his met hodology.  In fact ,  t here is some evidence t hat  key 

conversat ions (especial ly concerning t acit  knowledge) are rarely exchanged over 

email  (Grippa,  Zil l i ,  Laubacher and Gloor,  2006).  Not wit hst anding,  t here is much 

more evidence t o suggest  t hat  email  is an ef fect ive proxy (Tyler,  Wilkinson and 

Huberman,  2005;  Wel lman,  2002;  Whit t aker and Sidner,  1996).  The above 

l imit at ion has a part icular impact  in t he onboarding dat a,  where some high-

performing act ors showed no st rong t ies.  An al t ernat e explanat ion,  t hat  t hese 

act ors have st rong t ies but  do not  use email ,  may skew t he val idit y of  t he f indings 

relat ing t o onboarding speed.   

Summary of Chapter 1 

This research focuses on how social  net work charact er ist ics impact  

performance by dr iving or hindering knowledge f low.  This research assumes some 

social  net work t opologies are bet t er suit ed for f irms requiring explorat ion and 

innovat ion,  while ot hers are more appropriat e exploit at ion and ef f iciency.  This 
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idea was t ouched upon by Lechner,  Frankenberger and Floyd (2010) as t hey 

explored t he concept  of  Task Cont ingencies.  Recent  f indings show t hat  knowledge 

t ransfer mediat es bet ween an organizat ion member’ s int ra-organizat ional  social  

capit al  and organizat ional  performance out comes of  growt h and innovat ion 

performance (Maurer,  Bart sch and Ebers,  2011).  This research cont ribut es t o such 

dialogues while at t empt ing t o ext end exist ing views on t he correlat ion bet ween 

group performance and group social  net work t opology and seeking t o empirically 

confirm that social network topology is a strong predictive measure of group performance. 

This research also attempts to build a crit ical  dist inct ion bet ween social  net works and 

social  capit al .  Final ly,  t his research examines possible correlat ions bet ween 

onboarding speed and individual  performance.   

In t his chapt er,  t he researcher provides an overview of  t his research 

proj ect .  Chapt er 2 provides a review of  t he ext ant  l it erat ure as wel l  as a 

descript ion of  t he phenomenon and what  has been said about  it  t o dat e.  In 

Chapt er 3,  t he researcher explores t he met hodologies and met hods available and 

j ust if ies t he choice of  met hods.  Chapt er 4 focuses on operat ional izing t he research 

by det ermining which measures t o col lect  and how best  t o collect  t hem. Chapt er 4 

also set s out  t he research quest ions t o be t est ed.  Chapt er 5 out l ines how dat a was 

col lect ed,  cleaned and t ransformed prior t o analysis.  Analysis of  t he dat a is 

covered in Chapt er 6.  Chapt er 7 l ist s t he f indings as wel l  as t he l imit at ions of  t his 

research,  ending wit h a discussion of  t he cont ribut ions made by t his research and 

possible areas t o explore in t he fut ure.  
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Chapter 2 — Literature Review and Key Concepts in the Field 

Chapt er 1 provided an int roduct ion and some background on t he general  

foundat ions of  t his research.  Next ,  t he researcher explores t he l it erat ure,  bot h t o 

underst and t he current  landscape and t o ident ify any possible knowledge gaps t hat  

t his research may be able t o address.   

Background to Research 

Adam Smit h (1723-1790) is t he fat her of  modern economics.  Smit hian 

economics is buil t  around t he t enet  t hat  f or groups (e.g.  Firms,  Organizat ions,  

et c. ) t o be compet it ive t hey must  creat e value (Van de Ven,  1986).  In Smit hian 

economics,  a group’ s ul t imat e aim is t o ident ify and exploit  economic 

opport unit ies (Van de Ven,  1986).  Building upon Smit h’ s work,  scholars over t he 

next  t wo cent uries det ermined t hat ,  for groups t o sust ain performance and creat e 

value over t he long t erm, t hey must  develop new product s and new services in 

order t o pursue new market s and t o adapt  t o new market  demands (Brown and 

Eisenhardt ,  1995;  Burgelman,  1991;  Damanpour,  1992).  However,  t he process of  

sust aining performance by adapt ing t o market  demands is not  simple.  Such a 

process is st eeped in var ious social  mechanisms by which groups combine and 

exchange resources as a means of  creat ing value (Moran and Ghoshal ,  1996;  

Nahapiet  and Ghoshal ,  1998).  The rise of  t he import ance of  such social  

mechanisms has ref lect ed a shi f t  not  only in market  demands but  in t he very 

organizat ion of  groups t hemselves.   

2.1 The Rise of KBV 

Business st rat egy developed in t he 1960s,  dominat ed by economics,  focused 

mainly on f irm posit ioning as t he main source of  compet it iveness (Port er,  1985).  

These concept s were chal lenged by t he rise of  t he Resource Based View (‘ RBV’ ) of  

t he f i rm.  RBV (which was popularised by Barney in 1991) appears earl ier in t he 

l it erat ure,  t hanks t o bot h Penrose (1995) and Wernerfel t  (1995).  Under RBV,  a f irm 

(e.g.  group,  organizat ion) garners compet it ive advant age t hrough ef f icient  use of  

resources (Barney,  1991;  Teece,  Pissano,  and Shuen,  1997;  Wernerfel t ,  1984).   
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More recent ly,  t he paradigm has shi f t ed away f rom RBV t o one in which 

knowledge is seen as t he most  import ant  int ernal  resource and t he pr imary source 

of  compet it ive advant age (Knowledge Based View,  ‘ KBV’ ).  The knowledge-based 

view of  t he group argues t hat  knowledge is t he resource most  necessary for 

pursuing economic opport unit ies (Barney,  1991).  These shif t ing market  views have 

rendered services (e.g.  f inancial  services) t he dominant  form of  economic 

employment  in t he world;  for example,  service-orient ed employment  now 

account s for 42% of  al l  j obs worldwide (ILO,  2009).  In west ern economies,  services 

play an even more dominat ing role,  account ing for 79.6% of  al l  j obs in t he US,  

74.5% in t he UK, and 69.6% in Canada,  according t o recent  f igures (CIA,  2008).  The 

concept  of  service innovat ion is root ed squarely in KBV.  

While seeking t o explain t he world of  service f i rms,  service dominant  logic 

argues t hat  t he services are fundament al ly concerned wit h t he appl icat ion of  one 

crit ical  resource:  knowledge (Lusch,  2006;  Lusch,  Vargo and Tanniru,  2009).  This 

signals t he emergence of  an economic syst em based around knowledge and t he 

dominance of  a knowledge-based economy in west ern societ ies.  Consequent ly,  

knowledge is now seen as t he most  import ant  asset  among a group’ s resources for 

developing new appl icat ions and pursuing market  opport unit ies (Moort hy and 

Pol ley,  2010;  Nonaka and von Krogh,  2009;  Zander and Kogut ,  1995).   

As a resul t  of  t hese paradigm shif t s,  knowledge creat ion has come t o be 

viewed as t he dominant  source of  modern compet it ive advant age (Lyles and Salk,  

1996;  Moort hy and Pol ley,  2010;  Nonaka,  1994;  Nonaka and von Krogh,  2009;  Tsai ,  

2001;  Zaheer and Bel l ,  2005).  However,  it  is import ant  t o not e t hat  t he capacit y 

for knowledge creat ion is not  held solely by individuals (nor is it  held wit hin t he 

group it sel f );  but ,  rat her,  such capacit y resides in t he social  relat ionships 

embedded wit hin t he group’ s net work (Burt ,  1992).  Wit h social  relat ionships as t he 

nexus of  knowledge creat ion,  one’ s social  net work now represent s t he most  vit al  

of  group resources.  Thus,  it  is crit ical  t o st udy t he t ransfer of  knowledge 

(part icularly along t hose social  relat ionships) wit h respect  t o t he performance of  

t he group in order t o gain import ant  insight s int o t he social  aspect s of  

organizat ional  design and t heir impact  upon performance.  In ot her words,  if  one 

want s t o leverage knowledge more ef fect ively,  one f i rst  needs t o underst and how 

knowledge f lows across a group’ s social  net work.  
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Under KBV, a f irm gains advant age t hrough t he purposeful  disseminat ion 

and creat ion of  knowledge across t he organizat ion (Bou-Llusar and Segarra-Cipres,  

2006;  Grant ,  1997).  The KBV focuses on t he int ernal  relat ionships of  t he group,  

basing it s model of  group ef fect iveness more heavily on t he knowledge net work of  

a f i rm rat her t han on t he f i rm’ s formal st ruct ure.  Through t his paradigm shif t ,  

f rom RBV t o KBV, t he chal lenges of  adapt ing t o t oday’ s dynamic market s fal ls on 

t he net work and it s abil it y t o exchange knowledge in pursuit  of  economic 

opport unit ies.  This has not  only impact ed t he dynamics of  t he organizat ion,  but  

has also become it sel f  t he dominant  funct ion t hat  t he maj orit y of  groups perform 

(services,  not  goods).  

Recent  l it erat ure conf irms t hese t heories,  but  only for a f init e subset  of  

st rat egic init iat ives.  Lechner,  Frankenberger and Floyd (2010) found curvil inear 

relat ionships bet ween several  SNA dimensions and group performance.  In t heir  

concluding t heir st udy,  t hey out l ine some pot ent ial  fut ure research:   

The int ra-organizat ional  social  environment  exert s signi f icant  
select ion pressures on st rat egic init iat ives.  So far,  t his t heoret ical  
proposit ion has prompt ed relat ively l it t le empirical  research on t he 
role of  social  net works in t he success of  such groups.  The resul t s here 
conf irm t he import ance of  int ergroup relat ions and show t hat  t heir  
inf luence on init iat ives’  performance is mult idimensional  and 
curvil inear.  The researchers hope ot her st udies wil l  cont inue t o 
ref ine underst anding of  how net works af fect  t he development  of  
st rat egic init iat ives.  (p.  885) 

In t he same art icle,  t he aut hors Lechner,  Frankenberger and Floyd (2010) 

ident ify a gap in t he l it erat ure.  This research seeks t o address t hat  gap.  Lechner,  

Frankenberger and Floyd (2010) advocat e:   

[T]he need t o ref ine [our]  underst anding of  how [group]  net work 
relat ions cont r ibut e t o group performance.  (p.  867)  

Furt her,  t he fol lowing st at ement  f rom t hat  AOM art icle informs t his research:   

[P] rior work has shown t hat  net work feat ures combine t o creat e 
part icular conf igurat ions t hat  fost er act or performance.  (p.  867) 

This research t hen set s out  t o explore t he fol lowing foundat ional  quest ion:  

Given a set  of  ident ical  t asks,  per f ormed by al l  groups,  is t here an opt imal  social  
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net work t opology? Is t here a cert ain social  net work format ion (e.g.  hub,  st ar-

shaped,  f lat ) t hat  wil l  generat e opt imal performance? 

2.2 Theoretical Foundations of the Research 

This research seeks t o underst and how social  capit al  (in part icular,  social  

net work t opology) correlat es wit h performance.  The idea t hat  t acit  knowledge 

(i.e.  t hat  which cannot  be t aught  expl icit ly,  e.g.  how t o price t ravel) is t he key t o 

success in t he t went y-f irst  cent ury,  and t hat  t acit  knowledge f lows only over 

st rong t ie net works,  wil l  be discussed.  Since it  is posit ed t hat  t his t acit  knowledge 

(e.g.  best  pract ices for bil l ing) al lows for increases in performance,  one must  f irst  

underst and t he basic concept s at  t he heart  of  t his research.  

2.3 The Firm 

Much research t o dat e has focused on t he f i rm as t he unit  of  analysis,  t hat  

is,  a unit  of  product ion act ing in cooperat ion t owards a common goal  (Davis,  

1941).  At  HF,  each of f ice shares some inf rast ruct ure (e.g.  IT,  HR,  Senior 

Management ,  et c. ),  but  each of f ice is responsible for generat ing it s own gross 

sales and gross margin.  It  is helpful  t o imagine each Of f ice as int errelat ed but  

aut onomous.  Based on t his,  each HF Of f ice can be seen as a ‘ f i rm’  under t he 

def init ion discussed above.   

2.3.1 Evolution of the Firm: Theoretical Underpinnings 

The aim of  a f irm is t o perform and t o ful f i l  i t s speci f ied funct ions (Burgin,  

1969).  Given t his imperat ive,  a f irm is forced t o ut i l ize available resources in 

pursuit  of  economic opport unit ies;  t hus,  it s abil it y t o do so is of  vit al  import ance.  

First ,  however,  t he researcher must  ask,  what  is a f irm? It  is import ant  t o 

underst and modern organizat ional  forms,  part icularly t he r ise of  t he organizat ional  

paradigm, which sees a group as a net work of  resources.  Moreover,  it  is import ant  

t o underst and t he signi f icance of  such net works and t heir ef fect s on group 

performance.  It  is also crit ical  t o underst and t he knowledge processes t hat  t ake 

place t hrough a net work,  because net works ul t imat ely af fect  t he performance of  

t he group.  This discussion wil l  begin wit h a review of  ‘ group’  as a management  

concept .  
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The dominant  approach t o st rat egic management  in t he last  f if t een years 

has st emmed f rom t he early work of  Edit h Penrose’ s book,  The t heory of  growt h 

of  t he f i rm (1995),  which was original ly publ ished in 1959.  Penrose expanded t he 

foundat ion for t he Resource Based View (RBV) of  a group,  f irst  popularized by 

Wernerfel t  (1984).  Barney (1991) st at es,  in his seminal  work,  t hat  a group garners 

compet it ive advant age by leveraging it s own int ernal  resources.  Barney has been 

involved in an on-going debat e wit h Priem and But ler (2001) as t o t he pract ical  

impl icat ions of  RBV described in his 1991 art icle.  Priem and But ler (2001) argue 

t hat  t he maj orit y of  management  t heories in fact  are simply concept s,  j ust  short  

of  t heories,  and t hus are lacking in pract ical  relevance.  They argue t hat  RBV is an 

example of  yet  anot her management  t heory which lacks grounding.  They argue 

t hat  RBV is not  suf f icient ly ref ined t o have any pract ical  appl icat ion.  This posit ion 

was chal lenged by Barney,  who cont ends t hat  t he RBV has al l  t he necessary 

empirical  underpinnings (including some managerial  impl icat ions) t o be considered 

a legit imat e t heory.  Priem and But ler (2001) count er Barney,  claiming t hat  

regardless of  any debat e as t o what  is considered a t heory,  RBV is useful  but  

requires a more ref ined def init ion.  Not wit hst anding t his debat e,  bot h Priem and 

But ler (2001) and Barney (1991) agree t hat  t he value garnered f rom group 

resources is dependent  on fact ors out side t he Resource Based View.  

Fundament al ly,  t he advant age garnered f rom group resources is not  only 

dependent  on t hose resources but  on t he group’ s abil it y t o exploit  such (Nelson 

and Wint er,  1982).  Thus,  even under t he RBV of  t he f irm,  knowledge is seen as a 

key resource f rom which groups garner value.  This shif t  f rom a Resources Based 

View (where resources are largely perceived as t angible,  mat erial  goods) t o a 

Knowledge Based View (where knowledge is seen as t he most  valuable resource) 

represent s t he most  signif icant  shi f t  in management  t hinking since t he early 

t went iet h cent ury (Grant ,  1997).  This new KBV paradigm was buil t  on t he earl ier 

work of  Zander,  Nonaka,  Hedlund,  Von Krogh,  Roos and Spender.  Ref lect ing on 

Barney’ s (1986) early work,  Grant  (1996) suggest s t hat  a group is not  solely t he 

sum of  it s resources,  but  inst ead it  is t he t ransferabil it y of  t hose resources t hat  

af fect s a group’ s abil it y t o confer a sust ainable compet it ive advant age.  Grant  

(1996) argues t hat  t he t ransferabil it y of  resources is part icularly import ant  when 

t he resource in quest ion is knowledge and cit es t he epist emological  dist inct ion 

t hat  is dominant  in knowledge management  l it erat ure—i.e.  t he di f ference 
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bet ween knowing what  and knowing how.  Grant  (1996) argues t hat ,  wit hin t he KBV 

paradigm, knowledge asset s in t hemselves do not  garner compet it ive advant age 

but ,  rat her,  as Barney  (1986) suggest s,  t he abil it y t o t ransfer knowledge as 

needed leads t o a compet it ive advant age.  

The shif t  f rom RBV t o KBV is not  a t rit e dist inct ion based on semant ics.  

Drucker (1988) argues t hat  t his paradigm shif t  (e.g.  f rom RBV t o KBV) would 

change t he very nat ure of  organizat ional  forms and t he asset s t hose organizat ions 

hold dear.  Drucker’ s view is reinforced by t he paral lel  shif t  in management  

l it erat ure f rom Goods Dominant  Logic (where t he primary goal  of  a group is 

perceived as t he product ion of  a ‘ good’ ,  such as an aut omobile) t o Services 

Dominant  Logic (where t he primary goal  of  a group is perceived as a service 

generat ing ‘ value’  f rom t he good;  for example,  t ransport at ion f rom point  A t o 

point  B) (Lusch,  2006;  Vargo and Lusch,  2008).  

2.4 The Firm as a Network 

A net work is a set  of  act ors connect ed by a set  of  t ies (Borgat t i and Fost er,  

2003).  The act ors,  of t en cal led ‘ nodes’ ,  can be persons,  t eams,  organizat ions,  

concept s,  et c.  According t o Borgat t i and Fost er (2003),  t ies (i. e.  vert ices) connect  

pairs of  act ors and can be direct ed (i. e.  pot ent ial ly one-direct ional ,  as in giving 

advice t o someone) or undirect ed (i.e.  physical ly proximat e) and can be 

dichot omous (present  or absent ,  as in whet her t wo people are f riends or not ) or 

valued (measured on a scale,  as in st rengt h of  f r iendship).  

The concept  of  Net worked Organizat ions (and Organizat ional  Net works) 

gained popularit y in t he lat e 1980s and early 1990s (Borgat t i and Fost er,  2003).  

Scholars used t he net work as an organizat ional  form t o describe an ent it y formed 

by repet it ive exchanges amongst  semi-aut onomous act ors (groups,  people) t hat  

rely on embedded social  relat ionships (Bradach and Eccles,  1989;  Eccles,  1981;  

Jaril lo,  1988;  Powel l ,  1990).  According t o Borgat t i and Fost er (2003),  t he net work 

form of  t he organizat ion emerged t o balance t he f lexibil it y of  t he market  

organizat ional  form wit h t he predict abil it y of  t radit ional  hierarchal  organizat ions 

forms.  The net work form of  organizat ion feat ures:  a f lat  hierarchy;  empowered 

semi-aut onomous workers;  and lat eral  communicat ion pat hs in knowledge-based 
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indust ries (Borgat t i and Fost er,  2003).  Furt her,  net works can be seen as def ining 

t he act ors’  environment ,  creat ing bot h opport unit ies and const raint s (Borgat t i and 

Fost er,  2003).  Drucker (1988) foreshadows t he development  of  such net worked 

organizat ional  forms 20 years ago,  while a recent  whit e paper f rom MIT (Malone,  

Laubacher and Del larocas,  2009) argues t hat  t he emergent  organizat ional  forms 

creat e knowledge in concert  wit h each ot her t hrough t heir social  net works.  

Consequent ly,  t his realm is of  great  int erest  t o management  researchers and has 

vast  impl icat ions for modern groups looking t o gain compet it ive advant age f rom 

knowledge.   

It  is import ant  t o underst and t hat  t he social  net work may prove more 

import ant  t han t he formal organizat ional  chart  in a discussion of  t he manner in 

which an organizat ion impact s it s int ernal  f low of  knowledge bet ween individuals.  

A large body of  work exist s describing t he net work dynamics of  groups and t heir  

impl icat ions on group performance (Cross,  Prusak,  Parker and Borgat t i ,  2001;  

Cross,  Borgat t i and Parker,  2002).  This l it erat ure general ly argues t hat  net work 

cent ral it y is relat ed t o group performance (i . e.  cent ral it y in t his sense ref lect s t he 

posit ion of  a group wit h respect  t o ot her groups).  Similarly,  t he l it erat ure suggest s 

t hat  individuals who show higher cent ral it y,  def ined as having a higher number of  

net work t ies (Wasserman and Faust ,  1994),  perform bet t er t han t hose wit h less 

cent ral it y.  The former is at  t he macro level  (group t o group wit hin an indust ry).  

The lat t er is at  t he micro level  (individual  t o individual  wit hin a group).This 

research focuses on t he mezzo (Firm) level  and asks at  an int ragroup level :  How do 

measures (including net work cent ral it y) af fect  overal l  group performance? This 

research builds on t he discussion of  net works and at t empt s t o explore t ie st rengt h,  

t ie format ion,  cent ral it y,  posit ion (st ruct ural  holes) and cont ribut ion t o overal l  

performance (Burt ,  1992).   

The l it erat ure on formal organizat ional  st ruct ures and t heir impl icat ions for 

group performance is longst anding (Drucker,  1988).  Early st udies by Pearce and 

David (1983) and Van de Ven,  Delbecq and Koenig (1976) argue t hat  organizat ional  

design invariably impact s t he overal l  performance of  t he group.  According t o t hese 

aut hors,  it  is import ant  t o consider t he dimensions by which organizat ional  design 

is def ined.  Mint zberg (1980) synt hesized organizat ional  forms int o f ive general  

models (i.e.  Simple St ruct ure,  Machine Bureaucracy,  Professional  Bureaucracy,  
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Divisional ised Form and Adhocracy),  which he claims apply wit hout  except ion t o 

al l  possible organisat ional  forms.  While t he discussion fol lowing f rom Mint zberg’ s 

work focuses on formal organizat ional  forms,  t he models t hemselves suggest  t hat  

t here are underlying social  organizat ional  const ruct s in each organizat ional  form 

(i.e.  groups consist  of  more t han what  appears on t heir organizat ional  chart ).  In 

fact ,  one can see t he evolut ion f rom t he simple st ruct ure t hat  was prominent  in 

Smit h’ s day t o t he modern adhocracy which has def ined t he post -int ernet  world.  

However,  when referring t o a net work one is not  simply referring t o t he group’ s 

organizat ional  form as an adhocracy.  Inst ead,  t he t erm ‘ net work’  refers t o t he 

larger web of  resources and relat ionships which exist  paral lel  t o,  but  are of t en 

separat e f rom, t he formal hierarchy.   

While t he above discussion only scrat ches t he surface of  organizat ional  

design,  it  does int roduce t he fundament al  shif t  in organizat ional  st ruct ure which 

has accompanied t he shif t  t owards service businesses.  This shi f t  t owards services 

and t he more adhocrat ic organizat ional  st ruct ures which came wit h it  have made 

social  net works a more accurat e represent at ion of  st ruct ures wit hin t went y-f irst  

cent ury organizat ions.  Thus,  t he social  dimension of  net works and t he fact ors 

associat ed wit h int erpersonal  relat ionships def ine t he organizat ion and t he design 

of  modern groups,  and t hus are vit al ly import ant  for modern management  

research.  

The social  net work dimension of  organizat ional  design ref lect s t he 

knowledge and social  resources embedded wit hin personal  relat ionships (Burt ,  

1992).  Podolny and Page (1998) argue t hat  al l  organizat ions have t heir own 

net work form. This form is ref lect ed by social  t ies rat her t han t he formal st ruct ure 

of  t he organizat ion.  This aut hor st rongly concurs wit h t his posit ion.  Bienenst ock 

and Bonacich (2003) art iculat e four organizat ional  net work forms (random, scale-

f ree,  lat t ice and bipart it e) used t o descr ibe net works.  While t hese represent  t he 

general  shape net works can t ake,  t hey fai l  t o describe t he net work in a t rue 

organizat ional  sense.  More import ant ly,  t hese forms fail  t o art iculat e t he 

subst ant ial  shif t  in organizat ional  design which has brought  net works t o dominance 

in modern groups.  
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2.5 KBV model versus RBV model - Network Paradigms 

The Knowledge Based View of  t he group preceded t hat  of  t he t heory of  

Dynamic Capabil it ies and focused at t ent ion t owards int ernal  group fact ors rat her 

t han environment al  fact ors as t he source of  a f irm’ s success (Barney,  1991).  

However,  while t he Dynamic Capabil it y perspect ive builds on t he import ance of  

knowledge and it s adapt at ion,  it  is import ant  t o f irst  underst and t he resource-

based view,  t o underst and why knowledge and it s f low are cent ral  t o t he 

performance of  t he group.  

KBV t heory views knowledge asset s as t he dominant  source of  compet it ive 

advant age for groups.  As discussed earl ier,  t his suggest s t hat  t he resource cent ral  

t o businesses is not  a t angible good but  rat her knowledge (or,  more specif ical ly,  a 

t acit  skil l  which is possessed).  Similarly,  t he t angible asset s possessed by a 

company are not  t he fundament al  source of  t hat  company’ s value proposit ion;  

inst ead it  is t heir abil it y t o ut i l ize t hose goods in providing value.  Comparat ively,  

t he Service Dominant  (S-D) view proposed by Vargo and Lusch (2004) suggest s t hat  

t angible asset s are knowledge-enabled and do not  creat e value on t heir own.  As 

such,  t he asset s t hat  are most  valued in t he service dominant  perspect ive are 

t hose special ized skil ls and compet ences (t acit  knowledge which is int ernal  t o t he 

group) which are leveraged in creat ing value.  However,  t his raises t he issue of  

value creat ion in a service dominant  perspect ive,  which is not  simply t he value 

prescribed by t he producers (embedded in product s) but  is co-creat ed wit h t he 

consumers (based on how much value t he consumers derive f rom it ).  Given t hat  

under t he S-D paradigm, value is co-creat ed bet ween separat e act ors,  it  is hardly 

surpr ising t hat  several  scholars (Achrol  and Kot ler,  2006;  Grönroos,  2006;  

Gummesson,  2006) have l ikened t his int eract ion t o t hat  of  net work nodes,  

suggest ing t hat  net works play a cent ral  role in value creat ion and exchange under 

S-D logic.   

2.6 Social Capital? 

Social  capit al  is a sociological  concept  which deals wit h t he connect ions 

wit hin and bet ween social  net works.  In The f orms of  capi t al ,  Pierre Bourdieu 

(1983) def ines social  capit al  as ‘ t he aggregat e of  t he act ual  or pot ent ial  resources 

which are l inked t o possession of  a durable net work of  more or less 
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inst it ut ional ized relat ionships of  mut ual  acquaint ance and recognit ion’ .  Coleman 

(1990),  who was t he f irst  t o subj ect  t he concept  t o empirical  analysis and develop 

ways of  operat ional izing it  for research purposes,  def ined social  capit al  as fol lows:  

Social  capit al  is def ined by it s funct ion;  it  is not  a single ent it y but  a 
variet y of  dif ferent  ent it ies having charact erist ics in common:  t hey 
al l  consist  of  some aspect  of  a social  st ruct ure,  and t hey facil it at e 
cert ain act ions of  individuals who are wit hin t he st ruct ure (p.  302).  

2.7 Social Capital Analysis 

Social  Net work analysis (SNA) st udies t he pat t erns of  relat ions amongst  

individual  act ors (Wasserman and Faust ,  1994).  SNA assumes t he st ruct ure of  

int eract ing unit s (groups in an indust ry,  groups in a group,  act ors in a group) can 

lend insight s int o t he nat ure of  t hese relat ionships (Farral l ,  2004).  At  t he heart  of  

Social  Net work Analysis is t he t heory of  Social  Capit al .  At  t he heart  of  t he Theory 

of  Social  Capit al  is t he not ion of  t he value of  connect ions (Borgat t i and Fost er,  

2003).  

2.8 Group Level Social Capital  

Put nam (2000) def ines a f irm’ s social  capit al  in t erms of  broad cross-cut t ing 

int erconnect ions among al l  f irm members.  The social  capit al  t heory emphasizes 

t he possibil it ies for act ion t hat  social  t ies provide t he individual ,  f irm or group 

(Borgat t i and Fost er,  2003).  Social  capit al  st udies seek t o explain variat ion in 

success (i .e.  performance or reward) as a funct ion of  social  t ies (Borgat t i and 

Fost er,  2003).  

In general ,  more social  capit al  resources lead t o great er ef fect iveness 

(Guzzo and Shea,  1992;  Hackman,  1980).  At  t he f irm level ,  ef fect iveness is 

measured by such st andards as sat isfying ext ernal  cl ient  needs,  reaching agreed-

upon goals,  and being able t o come t oget her at  some fut ure point  t o do more work 

if  needed.  

It  is expect ed t hat  great er f irm social  capit al  resources wil l  make it  easier 

for members’  goals and needs t o be met ;  wil l  make t he f irm more l ikely t o want  t o 

come t oget her again in t he fut ure;  and,  ul t imat ely,  wil l  al low t he f irm t o reach it s 
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goal more easily and wit h bet t er resul t s (Oh,  Labianca and Chung,  2006).  Firm 

social  capit al  is t he overal l  balance of  relat ionships t hat  leads t o t he maximum 

f low of  group social  capit al  resources (Oh,  Labianca and Chung,  2006).   

2.9 Dimensions of Social Capital 

Like social  net works t hemselves,  in order t o invest igat e t he concept  of  

social  capit al  one needs a model t o operat ional ize.  The t hree-dimensional  model,  

developed f irst  in organizat ion t heory,  is one such valuable approach.  Social  

capit al  can be divided int o st ruct ural ,  cognit ive,  and relat ional  dimensions 

(Hazlet on and Kennan,  2000;  Nahapiet  and S.  Ghoshal ,  1998;  Tsai and Ghoshal ,  

1998).  These t hree dimensions ident ical l y mirror t he dimensions of  Social  

Net works:  St ruct ural ,  Cognit ive and Relat ional  (Sheri f f ,  2012).  The st ruct ural  

dimension refers t o t he informat ion channels t hat  connect  individuals and unit s 

(Tsai and Ghoshal ,  1998).  The relat ional  dimension of  social  capit al  refers t o 

resources embedded in relat ionships,  e.g.  t he t rust  t hat  members develop t hrough 

int ense social  int eract ions (Sheri f f ,  2012).  The relat ional  dimension of  social  

capit al  is crit ical  for exploit at ion of  knowledge (Tsai and Ghoshal ,  1998;  Zahra and 

George,  2002) because t rust  engenders knowledge t ransfer (Put nam and Borko,  

1997) as opposed t o simple informat ion exchange.  When act ors in a net work t rust  

each ot her,  t hey are of t en found t o be wi l l ing t o spend t he t ime necessary t o 

ensure t hat  informat ion exchanged is comprehended and can be ful ly exploit ed 

(Sherif f ,  2012).  The cognit ive dimension of  social  capit al  refers t o t he shared 

meaning and shared underst anding t hat  develops among members of  t he net work 

as t hey social ly int eract  (Sherif f ,  2012).  A f irm high in t he cognit ive dimension wil l  

of t en have easier t ime t ransferr ing t acit  knowledge,  since by def init ion t he act ors 

in t he net work share ment al  f rameworks and common underst andings.  Al l  t hree 

dimensions are import ant  for t he acquisit ion,  comprehension and exploit at ion of  

knowledge (Nonaka,  1994).   

2.10 The Girders vs.  Pipes Debate 

In 2003,  Borgat t i and Fost er dist inguished bet ween t wo broad cat egories of  

social  net work t heory:  Topology and Flow (Farral l ,  2004).  This debat e is of t en 

label led t he Girders vs.  Pipes debat e.  St ruct ional ist s (girders) hold t hat  an act or’ s 

posit ion det ermines t he out come. Const ruct ionist s (pipes) consider t hat  it  is t he 
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t ransmission of  resources (e.g.  t he f low of  knowledge) along pre-exist ing social  

t ies t hat  dict at es out come. The girder perspect ive focuses on social  capit al  while 

t he pipes perspect ive focuses on t he f low of  social  asset s l ike knowledge over or  

t hrough t he social  net work.  Topology St ruct ional ist s discount  t he act ual  cont ent  of  

t ies while focusing on overal l  pat t erns of  associat ion (Farral l ,  2004),  whereas 

social  t heorist s describe t he net work st ruct ure of  social  capit al  on t he girders side.  

Al t ernat ively,  f low mechanisms consider net work t ies as expl icit  conduit s for t he 

f low of  social  goods.  Rogers’  (1962) Dif fusion of  Innovat ion t heory adheres t o t he 

pipes perspect ive,  whereas t he girders paradigm is best  al igned wit h social  capit al  

concept s (e.g.  social  capit al  makes up t he girders t hat  connect  act ors).  The pipes 

paradigm is best  al igned wit h social  net works (e.g.  social  net works are t he pipes 

over which knowledge f lows).   

Perhaps it  is neit her girders nor pipes alone t hat  provide t he opt imal 

t heory;  perhaps in fact  it  is bot h.  Much l ike t he Wave-Part icle Dual it y Theory of  

Light  (Greiner,  2001),  where l ight  shares at t ribut es of  bot h wave and part icle,  

perhaps a net work can simult aneously act  bot h as a girder and as a pipe depending 

on how t he phenomenon is viewed.  This is part  of  t he concept  of  

complement ar i t y,  which says t hat  a phenomenon can be viewed in one way or in 

anot her,  but  not  bot h simult aneously (Chen and Klahr,  1999;  Green and Murray,  

1989).  

Social  Capit al  vs.  Social  Net work;  t he above debat e sheds l ight  on why some 

research descr ibes t he phenomenon as social  capit al  (t he st rong girders which 

build wit hin t he net work) while ot hers descr ibe it  as t he social  net work (t he pipes 

over which t he knowledge can f low).  This researcher prefers t he complement ar i t y 

view,  t hat  social  net work forms t he pipes over which social  capit al  (a subset  of  

which is t acit  knowledge) f lows,  but  equal ly accept s t he dual it y t heory of  

net works.   

2.11 The Dark Side of Social Capital 

Lechner,  Frankenberger and Floyd (2010) looked at  t he ef fect  of  social  

net work t opography on performance.  Up unt il  t hen,  most  research suggest ed a 

st rict ly posit ive correlat ion bet ween social  capit al  measures and performance 
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(e.g.  more t ies are bet t er).  However Lechner,  Frankenberger and Floyd t heorize 

t hat  t oo much social  capit al  could have negat ive impl icat ions.  Lechner,  

Frankenberger and Floyd’ s (2010) art icle succinct ly summarizes what  t hey cal l  t he 

‘ dark side of  social  capit al ’ .   

Whereas most  research (Argot e,  Mcevily,  and Reagans (2003) and Burakova-

Lorgnier,  Bouzdine-Chameeva,  and MacGilChrist  (2004)) emphasizes t he benef it s of  

increased social  capit al  (bet t er relat ionships,  higher t rust ,  more absorpt ive 

capacit y) Lechner,  Frankenberger and Floyd posit  t hat  t oo much social  capit al 

could generat e negat ive consequences.  Consider t he fol lowing t hought  

experiment :  imagine a group of  employees wit h no Social  Capit al .  Employees 

would seldom converse,  let  alone work t oget her.  Now imagine a group wit h t oo 

much Social  Capit al ,  employees who would chat  al l  day and invest  in t heir  

relat ionships at  t he group,  but  not  act ual ly do much work.  Similarly,  imagine a 

social  net work involving t oo l it t le t rust .  Then imagine a social  net work wit h t oo 

much t rust .  One posit s t hat ,  similarly,  any benef it s f rom t rust  are negat ive at  bot h 

ext remes.  Too l it t le t rust  may undermine knowledge t ransfer by undermining t he 

conf idence of  t he receiver or dis-incent ivising t he sender.  Too much t rust  may 

lead t o ‘ group t hink’ .  Lechner,  Frankenberger and Floyd (2010) point  t o t his 

l imit at ion (negat ive at  bot h ext remes) on each of  t he dimensions of  Social  Capit al ,  

proposing t hat  performance would be opt imal at  neit her end of  t he spect rum (e.g.  

neit her t oo much nor t oo l it t le) but ,  rat her,  at  some point  bet ween t he t wo 

ext remes.   

Figure 3: Negative and Positive Influences of Intergroup Relations on Init iat ive Performances 

(from Lechner,  Frankenberger and Floyd 2010) 
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The Dark Side of  Social  Capit al ,  as f ramed by Lechner,  Frankenberger and 

Floyd (2010),  was found consist ent  in t heir empirical  f indings,  which general ly 

demonst rat ed an inverse curvil inear relat ionship (invert ed U) bet ween net work 

dimensions and group performance.  Unfort unat ely,  t heir evidence only found such 

t o be t rue for t wo of  t he t hree operat ional ized net work dimensions (e.g.  Shared 

Trust ,  a measure of  t he cognit ive dimension,  was found t o be l inear).  This was 

explained by t he aut hors as simply being t he lef t  side of  t he inverse curvil inear 

curve of  t he cognit ive dimension.  This research ext ends t he f indings of  Lechner,  

Frankenberger and Floyd (2010).   

2.12 Task Contingency and Social Capital 

Some organizat ion net work st ruct ures t hat  yield posit ive Social  Capit al  in 

some t ask sit uat ions convey social  l iabil it y in ot her sit uat ions.  Imagine a net work 

of  creat ive designers,  who form a net work st ruct ure t hat  is opt imal for creat ive 

t asks undert aken by t he net work;  but  such a t opology might  not  be ideal ly suit ed 

t o group t asks requir ing ef f icient  execut ion of  mil l ions of  repet it ive rout ine t asks.  

This is known as t he Theory of  Task Cont ingency.  Wil l iam Richard Scot t  (1981,  

p.  114) describes cont ingency t heory in t he fol lowing manner:  ‘ The best  way t o 

organize depends on t he nat ure of  t he environment  t o which t he organizat ion must  

relat e’ .  In Images of  organizat ion,  Garet h Morgan (1997) describes t he main ideas 

underlying t he Theory of  Task Cont ingency in a nut shel l :  

1.  Organizat ions are open syst ems t hat  need careful  management  t o 
sat isfy and balance int ernal  needs and t o adapt  t o environment al  
circumst ances.  

2.  There is no one best  way of  organizing.  The appropriat e form 
depends on t he kind of  t ask or environment  at  hand.  

3.  Management  must  be concerned,  above al l  else,  wit h achieving 
al ignment  and good f it .  

4.  Dif ferent  t ypes of  organizat ions are needed in dif ferent  t ypes of  
environment s.  

Research has polarized t ask cont ingency around t he degree of  t ask 

explorat ion.  Pr ior research shows t hat  explorat ory t eams complet e t heir proj ect s 

more quickly if  t hey have a social  net work st ruct ure composed of  many st rong 

http://en.wikipedia.org/wiki/William_Richard_Scott
http://en.wikipedia.org/wiki/Gareth_Morgan_(author)
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ext ernal  t ies t hat  are non-redundant  (Gabbay and Pit t s,  2002).  In cont rast ,  t eams 

pursuing t asks t hat  exploit  exist ing expert ise wil l  t ake longer t o complet e t he 

same t asks if  t hey have t his t ype of  social  net work st ruct ure,  mainly because 

ext ernal  t ies must  be maint ained,  even t hough t hey are not  needed for t he t ask.  

This research proposes t hat  organizat ion net work t heories of  t ie st rengt h and 

st ruct ural  holes should t o be broadened t o ref lect  t he ef fect s of  t ask di f ferences,  

net work cost s,  and di f f icul t ies in get t ing ot hers t o help.   

A f irm’ s social  net work can only be opt imized by f i rst  examining t he level  of  

explorat ion vs.  exploit at ion t hat  t he f i rm undert akes.  Some f i rms (e.g.  an 

innovat ive food company) focus on t he creat ion of  new knowledge (product s,  

services);  t hese f i rms can be seen t o be primarily explorat ive.  Some f irms (e.g.  a 

law f irm) focus on ef f iciencies for compet it ive advant age,  of t en by t aking an 

innovat ion and exploit ing it  for ef f iciency t hrough di f f usion.  These f irms can be 

seen t o be primarily exploit ive.  In real it y,  no f irm is st rict ly exploit ive or st rict ly 

explorat ive;  al l  f irms undert ake some t asks t hat  could be cat egorized as eit her.  Al l  

f irms are a mix of  explorat ive vs.  exploit ive (e.g.  even law f i rms have t o creat e 

new knowledge,  and even innovat ive food companies must  f ind ef f iciencies).   

Figure 4: Performance vs.  Tie Strength (from Lechner,  Frankenberger and Floyd, 2010) 
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Prior research has indicat ed t hat  explorat ion moderat es relat ionships 

bet ween performance and al l  t hree dimensions of  int ergroup social  net works 

(Lechner,  Frankenberger and Floyd,  2010).  Negat ive consequences of  st rong t ies 

and cent ral it y are more pronounced in explorat ory init iat ives t han in ‘ exploit ive’  

init iat ives.  Taken t o t he nt h degree,  an explorat ive f irm could seek t o have a large 

number of  st ruct ural  holes and a great er diversit y in t he act or’ s cognit ive 

background,  while an exploit ive f irm might  seek t o be less cognit ively diverse wit h 

st ronger and of t en redundant  t ies.  Seen on a spect rum, t hree f i rms (one wit h a 

high level  of  explorat ion,  one wit h a mean explorat ion level  and one wit h a low 

explorat ion level) wil l  have t heir opt imal point s skewed,  as can be seen in t he 

fol lowing correlat ion bet ween Performance and Tie St rengt h.   

Figure 4 (f rom Lechner,  Frankenberger and Floyd,  2010) graphs performance 

vs.  t ie st rengt h,  which is a proxy for t he relat ional  dimension.  In t he graph,  t hree 

t ypes of  init iat ives,  each wit h a high,  medium and low level  of  Task Cont ingency,  

are examined.  In each case,  t he graph shows an inverse curvil inear relat ionship.  

Or,  in plain Engl ish,  t oo many st rong t ies have as much negat ive impact  as t oo few 

st rong t ies,  regardless of  t ask cont ingency.  Task cont ingency simply shif t s t he 

point  of  opt imal ret urns.   

What  is int erest ing is t hat  performance is opt imized in t he middle group 

despit e t he level  of  explorat ion.  Also int erest ing is t he fact  t hat  t he more 

explorat ory t he group (i.e.  a group wit h a great er need for innovat ion),  t he more 

t ie st rengt h is needed for opt imal performance.  Firms wit h a low level  of  

explorat ion need fewer and less st rong t ies t han groups whose focus is on 

innovat ion.  This can be explained by t he fact  t hat  explorat ory f irms require more 

t ies t o more diverse sources of  knowledge t o drive innovat ion,  while f irms focused 

on exploit at ion need t o defuse innovat ion more t han t hey need t o facil it at e it s 

generat ion.   

2.13 Performance 

Performance can be def ined as t he degree t o which any expect at ion is 

f ul f i l l ed (Selnes,  1998;  Venkat raman and Ramanuj am, 1986).  In an organizat ional  

sense,  t he expect at ions t o be met  are t acit ly underst ood by t he shareholders,  who 
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appoint  t he management  of  t hat  company t o ful f i l  t hose organizat ional  aims.  If  t he 

shareholders of  an organizat ion are simply seen as invest ors who buy shares wit h 

t he expect at ion t hat  t hey wil l  rise in value,  t hen t heir sole int erest  is f inancial  

performance.  However,  while f inancial  performance may represent  t he ul t imat e 

aim of  an organizat ion,  it  is import ant  t hat  group performance can only be 

sust ained if  real  compet it ive advant age is consist ent ly developed.  Compet it ive 

Advant age occurs when an organizat ion acquires or develops an at t ribut e,  or 

combinat ion of  at t r ibut es,  t hat  al lows it  t o out perform it s compet it ors (Port er,  

1985).  Thus compet it ive advant age,  when harnessed,  leads t o performance gains.  

Inside each HF Of f ice,  a t ravel  agent  (act or) f ields incoming request s for 

t ravel  bookings (e.g.  f l ight s,  hot els,  car rent al) f rom eit her Ret ail  (consumer) 

cl ient s or Corporat e (business) cl ient s.  For each request ,  an agent  checks t he 

int ernal  cost  of  t he service being sold,  t hen decides on t he gross margin t hat  t he 

agent  bel ieves it  can acquire wit hout  damaging t he cl ient  relat ionship.  Agent s are 

incent ivised t o sel l  as much t ravel  as possible;  while gross margin is not  

incent ivised direct ly,  it  does signif icant ly cont ribut e t o t he Tot al  Sales Volume 

f igures.  The abil it y t o manage t he cl ient ’ s elast icit y of  demand (i.e.  how price 

sensit ive t he cl ient  is) direct ly impact s t he agent ’ s abil it y t o price ef fect ively and 

t herefore t o maximize prof it .  By def init ion,  t his is a t acit  knowledge skil l .  A new 

employee who mast ers t his skil l  earl ier,  or learns such f rom her t eam mat es 

quickly,  wil l  generat e higher prof it s.   

2.13.1 Factors for Firm (Group) Performance 

Firm performance is cont ingent  on t he group’ s abil it y t o perceive 

opport unit ies and capacit y t o pursue t hose opport unit ies (Van de Ven,  1986).  This 

builds on t he fundament al  Schumpet erian (1950) concept  of  creat ive dest ruct ion,  

whereby new development s degrade t he rent s appropriat ed f rom current  business 

pract ices.   

Under t he Schumpet erian t heory of  economic development ,  groups require 

const ant  innovat ion and improvement  in pursuit  of  economic opport unit ies for  

sust ained compet it iveness/ performance.  Schumpet er (1950) out l ines t he 

t heoret ical  need for innovat ion f rom an organizat ional  perspect ive.  Van de Ven 



43 

 

(1986) lat er buil t  on t his,  out l ining innovat ion as t he development  and 

implement at ion of  new ideas by people who over  t ime engage in t ransact ions wit h 

ot hers wit hin an inst i t ut ional  order .  Van de Ven (1986) saw innovat ion as t he most  

crucial  mechanism by which groups can ensure t heir f ut ure compet iveness.  Von 

Hippel  (1988) expanded upon Van de Ven’ s concept  of  innovat ion,  ident i fying t wo 

dif ferent  mechanisms by which innovat ions al low groups t o develop and sust ain 

compet it ive advant age:  1) al lowing groups t o develop superior ef f iciency 

compared t o t heir compet it ors;  and 2) providing superior value for cust omers.  

2.14 Knowledge 

Plat o def ined knowledge as ‘ j ust if ied t rue bel ief ’ .  This early underst anding 

concept ual ized knowledge as an ul t imat e t rut h which individuals can underst and 

t hrough a complex cognit ive process.  Lat er def init ions of  knowledge evolved t o 

describe an int rinsic underst anding of  a part icular subj ect  which can be appl ied t o 

specif ic ends.  Sir Francis Bacon aphorized t his phenomenon as ‘ knowledge is 

power’  in his 1597 Medit at ions sacrae.  This paradigm represent ed t he pervasive 

logic of  individuals and organizat ions unt il  t he end of  t he last  cent ury:  Knowledge 

represent s t he dominant  source of  sust ainable compet i t ive advant age f or  groups 

(Grant ,  1997).   

A decade ago,  t he benef it  of  possessing int ernal  knowledge was not  

perceived t o be as useful  as having t he capacit y t o use t hat  knowledge t o develop 

new knowledge resources dynamical ly (Teece et  al . ,  1997).  Throughout  his work 

on knowledge creat ion processes,  Nonaka argues t hat  a group must  possess 

int ernal  knowledge asset s t o be able t o dynamical ly engage t hem in t he creat ion 

of  new knowledge and t o pursue economic opport unit ies (Gupt a and Govindaraj an,  

2000;  Nonaka,  1994;  Nonaka,  Toyama and Konno,  2000).  From t his perspect ive,  

t he abil it y t o pursue economic opport unit ies t hrough knowledge asset s does not  

rej ect  t he knowledge-based view of  t he group but ,  rat her,  argues t hat  one must  

possess knowledge t o creat e it .  However,  i f  one is int erest ed in t he process by 

which knowledge is creat ed,  t hen t he dynamic process of  creat ing knowledge f rom 

exist ing asset s is of  more int erest .  
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2.14.1 Knowledge Management 

More cont emporary def init ions of  knowledge suggest  it  is:  

t hat  which t he researcher comes t o bel ieve and value on t he basis of  
t he meaningful ly organized accumulat ion of  informat ion t hrough 
experience,  communicat ion or inference (Zack,  1999,  p.  46).   

Dominant  organizat ional  paradigms t oday view knowledge as t he most  vit al  

of  group resources (Seidman,  2011).  Even out side t he discussion of  knowledge-

based organizat ional  paradigms,  much management  l it erat ure argues t hat  

knowledge is t he most  relevant  st rat egic resource t hat  groups may possess (Argot e 

and Ingram, 2000;  Ipe,  2003;  Moort hy and Pol ley,  2010).  

2.14.2 Knowledge Types 

Polanyi (1966) creat es a valuable dist inct ion bet ween t acit  and expl icit  

knowledge.  Tacit  knowledge is 

t hat  which an individual  possesses 

int ernal ly but  may not  easily 

express out wardly.  Put  anot her 

way,  expl icit  knowledge is easy t o 

share (e.g.  knowing what  a bicycle 

is),  but  t acit  knowledge is derived 

f rom personal  experience and is 

not  easily shared (e.g.  knowing 

how t o ride a bicycle).  More 

specif ical ly,  t acit  knowledge 

ent ails insight s,  int uit ions and 

bel iefs t hat  are t ight ly int ert wined wit h personal  experience wit h t he knowledge 

source (Polanyi,  1966).  Tacit  knowledge is seen as dif f icul t  t o move bet ween 

part ies,  which is bot h a boon (i.e.  compet it ors cannot  easily acquire it ) and a bane 

(i.e.  t ransferring t acit  knowledge wit hin a group is j ust  as chal lenging) (Bou-Llusar 

and Segarra-Ciprés,  2006).   

The concept  of  t acit  knowledge is cent ral  t o any discussion of  knowledge 

t ransfer and performance.  Tacit  knowledge is seen as more useful  in improving 

Figure 5: Nonaka's SECI model for Knowledge 

Transfer 
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performance but ,  as ment ioned above,  t acit  knowledge proves much more dif f icul t  

t o t ransfer (Nonaka,  1994).  The chal lenges associat ed wit h t ransferr ing t acit  

knowledge are heavily referred t o in t he discussion of  dynamic capabil it ies and 

represent  t he impet us t o develop Dynamic Capabil it ies (Grant ,  1995).  However,  

act ual  propert ies of  knowledge are not  simply binary;  inst ead,  t hey form a 

spect rum of  knowledge.  Nissen’ s t ext  (2005) on knowledge f low of fers an excel lent  

i l lust rat ion of  a knowledge hierarchy.  Each element  of  t he hierarchy is qual if ied 

based on it s act ionabil it y (i.e.  how easily and of t en does t he presence of  such lead 

t o act ionable st eps?) and it s abundance (i. e.  how prevalent  is it ?).  

 

 

Figure 6: Nissen’s hierarchy of Knowledge 

Nissen (2005) describes four sub-t ypes of  knowledge:  Dat a,  Informat ion,  

Knowledge and Wisdom. The t able below summarizes his f indings.  

Table 4:  Knowledge t ypes (f rom Nissen,  2005) 

 

 

 Actionability Abundance Tacitness Stickiness 

Data Low Very high Low None 

Information Medium High Low Lit t le 

Knowledge High Medium High Some 

Wisdom Very High Low Very high Ext reme 
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Nissen (2005) out l ines dif ferent  forms of  knowledge which vary bot h in t heir  

abil it y t o be t ransferred and in t heir abil it y t o be useful .  Most ,  i f  not  al l ,  scholars 

claim t hat  it  is most ly t he harnessing of  t acit  knowledge t hat  leads t o innovat ion 

and,  in t urn,  t o performance (Harlow,  2008;  Yang,  Brashear and Boles,  2011).  The 

more t acit  t he knowledge is,  however,  t he harder it  is t o t ransfer.  Thus st ickiness 

(as def ined by Szulanski,  1996) is correlat ed t o ut i l i t y.  However,  wisdom (as shown 

in Error! Reference source not found.4) is far more useful  (or act ionable) t han 

regular knowledge,  but  it  proves even more dif f icul t  t o t ransfer.  This makes sense 

since,  according t o Nissen’ s hierarchy,  wisdom is t he most  t acit  form of  

knowledge.  The benef it  of  having such act ionable knowledge is t hat  when t hat  

knowledge is t ransferred,  absorbed,  combined and t ransferred again (i .e.  Nonaka’ s 

SECI process),  t he knowledge out put  and it s ut i l i t y are far great er.   

2.15 Knowledge Transfer 

Knowledge it sel f  present s a concept  t hat  is dif f icul t  t o measure 

quant it at ively.  While it  is somet hing t hat  is shared bet ween individuals,  knowledge 

is very specif ic t o t he individual  and is al t ered when it  is t ransferred bet ween 

individuals.  Knowledge exchange (t ransfer) is def ined by researchers as t he 

process by which one unit  is af fect ed by t he experience of  anot her (Argot e and 

Ingram, 2000;  Inkpen and Tsang,  2005).   

Management  l it erat ure on t he exchange of  knowledge has it s early root s in 

t he st udy of  t he di f fusion of  innovat ion.  Rogers’  (1983) early evidence in t his area 

has proven t o be t he def init ive work on disseminat ion of  innovat ion publ ished t o 

dat e.  While Rogers’  work has not  been surpassed in t his f ield,  it  did lay t he 

t heoret ical  underpinnings for a variet y of  management  l it erat ure which fol lowed,  

namely t he body of  work on st ickiness and knowledge f low.  Szulanski ’ s (1996) work 

on st ickiness popularized von Hippel ’ s (1994) concept  of  ‘ St icky Knowledge’ .  This 

concept  argues t hat  some knowledge is harder t o t ransfer t han ot hers.  To 

art iculat e t his concept ,  Szulanski makes ext ensive use of  Rogers’  (1983) early 

work.   



47 

 

Maurer,  Bart sch and Ebers (2011) also f ind t hat  knowledge t ransfer 

mediat es bet ween organizat ion members’  int ra-organizat ional  social  capit al  and 

organizat ional  performance out comes of  growt h and innovat ion performance.  

Their  work builds on Lechner,  Frankenberger and Floyd (2010) by using similar 

survey t echniques.  Like Lechner,  Frankenberger and Floyd,  Maurer,  Bart sch and 

Ebers (2011) also cal l  for furt her explorat ion of  t he inf luence of  int ragroup 

net works on group performance.   

On aggregat e,  t he dif ferent  exchanges of  knowledge represent  an overal l  

f low (which can be direct ional) of  knowledge across t he organizat ion,  which is 

dynamic and changes over t ime.  Whereas knowledge is dif f icul t  t o quant i fy,  

knowledge f low is even more abst ract  and dif f icul t  t o measure.  Nissen and Levit t  

(2004) argue t hat  one of  t he fail ings of  exist ing knowledge management  t heories is 

t he lack of  a st rong cohesive t heory in t he f ield of  knowledge f low.  While t here 

are many works which address t he aspect s of  knowledge f low (Nissen,  2005;  

Szulanski,  1996;  Von Hippel ,  1994),  t here have been few at t empt s t o develop a 

model which addresses t he dynamics of  knowledge as it  f lows (Nissen and Levit t ,  

2004).  The ext ant  l it erat ure on t he creat ion of  knowledge f low of fers a 

concept ual izat ion of  t he overal l  exchange of  knowledge across a group,  t he kind of  

knowledge exchange t hat  ul t imat ely impact s group innovat ion.  

Scholars agree t hat  t he process of  cont inual ly acquiring new knowledge is 

necessary for compet it ive advant age t o be sust ained (Argot e and Ingram, 2000).  

Wit hin t he management  l it erat ure,  t he preceding concept  was developed paral lel  

t o t he advancement  of  dynamic/ organizat ional  capabil it y,  as laid out  by Grant  

(1995).  The dynamic acquisit ion of  knowledge t heorized by dynamic/  

organizat ional  capabil it y has been est abl ished in t he management  l it erat ure,  

st art ing wit h t he def init ive work by Nonaka (1994).  Grant  (1995) buil t  upon 

Nonaka’ s work,  proposing t hat  t he development  of  knowledge creat ion 

mechanisms is l inked t o t he performance of  t he group wit h respect  t o it s abil it y t o 

pursue economic opport unit ies.  The learning and knowledge creat ion process 

developed by Nonaka and cont ext ual ized by Grant  was t hen furt her developed by 

Dyer and Nobeoka (2000),  who argue t hat  t he knowledge creat ion process is in fact  

a process of  int ernal izing and combining knowledge t o form new knowledge.   
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A variet y of  work exist s concept ual izing t he t ransfer of  knowledge across 

organizat ions:  Knowledge Transfer (Mowery,  Oxley,  and Silverman,  1996;  Tsai ,  

2002),  Knowledge Sharing (Hansen,  1999;  Tsai,  2002),  Knowledge Flows (Gupt a and 

Govindaraj an,  2000;  Schulz,  2001) and Knowledge Acquisit ion (Darr,  Argot e,  and 

Epple,  1995;  Lyles and Salk,  1996).  It  is import ant  t o consider t he condit ions t hat  

must  be present  for knowledge t o be exchanged successful ly (e.g.  t ransferred,  

shared,  f lowed,  acquired,  et c. ).  This research cal ls t hese knowledge ant ecedent s.  

There is a burgeoning body of  l it erat ure which has at t empt ed t o address t he 

exchange of  knowledge and t he ant ecedent s t o facil it at ing such exchange (Argot e 

and Ingram, 2000;  Szulanski and Jensen,  2006).  The most  relevant  for our purposes 

is t he work of  Lyles,  van Wij k and Jansen (2008) leveraging t he earl ier work by 

Inkpen and Tsang (2005),  which groups al l  of  t he pot ent ial  ant ecedent s t o t he 

t ransfer of  knowledge along t hree cat egories based on t hree set s of  underlying 

charact er ist ics:  knowledge charact er ist ics,  organizat ional  charact erist ics and 

net work charact er ist ics.   

The l it erat ure has also explored t he ef fect s of  net works on knowledge 

t ransfer.  Szulanski (1996) argues t hat  higher t rust  leads t o great er t ransfer of  t acit  

knowledge.  Gulat i ,  Nohria and Zaheer (2000) cont end t hat  t rust  reduces search 

cost s associat ed wit h t he t ransfer of  knowledge.  Moreover,  considerable l it erat ure 

exist s examining social  const ruct s such as cent ral it y and it s ef fect s on exposing 

act ors t o a wider range of  input s (Burt ,  1992).  The seminal  art icles which have 

emerged are det ailed in Table 5 below.  

Table 5:  Recent  Knowledge Transfer Lit erat ure 

Year Author(s) Contribution 

1994 von Hippel Put s fort h t he not ion of  ‘ St icky’  informat ion,  

which suggest s t hat  knowledge which proved most  

useful  in st imulat ing innovat ion.  

1994 Nonaka Popularizes t he not ion of  knowledge creat ion (a 

paral lel  t o innovat ion) and suggest s t hat  t he 

knowledge which was most  t acit  (and useful) is 

t hat  which cont ribut es t o t he process of  

knowledge creat ion.  
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Year Author(s) Contribution 

1995 Szulanski Builds upon von Hippel ’ s concept  of  ‘ st icky’  

informat ion purport ing t he concept  of  ‘ st icky’  

knowledge as t he knowledge which is most  useful  

but  dif f icul t  t o t ransfer and acquire.  

1995 Zander and Kogut Suggest s t hat  knowledge and it s cont ext ual  

propert ies are t he most  import ant  in facil i t at ing 

knowledge f low.   

1998 Tsai and Ghoshal Underl ines t he import ance of  cognit ive 

impediment s t o knowledge exchange,  such as 

Cult ural  Dist ance and Shared Vision.  

2000 Szulanski Argues t hat  an import ant  f act or in impeding 

knowledge is knowledge ambiguit y (part ly l inked 

t o knowledge t acit ness).  

2003 Argote,  Mcevily 

and Reagans 

Int roduces a set  of  fact ors which facil it at e t he 

f low of  knowledge.  

2004 Burakova-

Lorgnier,  

Bouzdine-

Chameeva and 

MacGilChrist 

Proposes a vision of  a net work st ruct ure f rom t he 

point  of  view of  knowledge t ransfer capacit y.  

Finds a st ruct ure based on st rong t ies,  and t hus a 

dense net work wit h a high level  of  t rust ,  assist s in 

t he t ransfer of  t acit  knowledge.  

2006 Ordonez de Pablos Develops a concept ual  f ramework for t he analysis 

of  knowledge f low bet ween subsidiaries and t heir  

parent  organizat ion.  

2008 Jansen,  van Wijk 

and Lyles 

Consol idat es t he exist ing management  l it erat ure,  

art iculat es t he concept  of  knowledge ant ecedent s 

and t he need for furt her research int o specif ic 

ant ecedent s.  

2010 Lechner,  

Frankenberger 

and Floyd  

Shows a curvil inear relat ionship correlat ing t he 

relat ional  and st ruct ural  dimensions of  net works 

on performance.  Finds t hat  cognit ive dimensions 

have a posit ive relat ionship wit h group 

performance.  
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Year Author(s) Contribution 

 2011 Maurer,  Bartsch 

and Ebers  

Indicat es t hat  knowledge t ransfer mediat es 

bet ween organizat ion members’  int ra-

organizat ional  social  capit al  and organizat ional  

performance out comes of  growt h and innovat ion 

performance.  

2.16 Knowledge Transfer Activit ies  

Recent  l it erat ure (Noet hen and Voelpel ,  2010) has explored knowledge 

t ransfer/ knowledge f low as t he combinat ion of  t wo sub act ions:  knowledge 

seeking and knowledge sharing.  The former focuses on t he t asks relat ed t o 

det ermining t he knowledge needed and sourcing such.  The lat t er describes t he 

process of  t ransferring t he knowledge.  A person who engages in a large amount  of  

knowledge seeking would be a receiver who act ively seeks knowledge f rom ot hers 

t o enhance out comes.  A person who engages in a large amount  of  knowledge 

sourcing is a sender who shares t heir knowledge wit h ot hers.  The researcher’ s 

def init ion of  knowledge f low includes bot h knowledge seeking and knowledge 

sharing.  As a resul t ,  and t o minimize complexit y,  knowledge f low wil l  be examined 

only at  t he group level  as including bot h sub-act ions.   

As has been ment ioned above,  knowledge t ransfer is cont ingent  on a var iet y 

of  fact ors.  While knowledge specif ic fact ors are import ant ,  wit hin an 

organizat ional  cont ext ,  organizat ion and net work specif ic charact erist ics also play 

an import ant  role.  The fol lowing sect ions address each of  t hese individual ly.  

2.17 Knowledge Characteristics 

The int rinsic charact er ist ics of  any given kernel  of  knowledge are 

considered t o be among t he most  important  fact ors for such a kernel  t o be 

t ransferred and exchanged (Zander and Kogut ,  1995).  Tacit ness is a prime example 

of  an int rinsic charact erist ic of  knowledge.  As ment ioned in earl ier sect ions,  t he 

degree t o which knowledge is t acit  is a primary fact or in det ermining how easily 

t he knowledge is t ransferred  (McLaughl in,  Pat on and Macbet h,  2008;  Reed and 

Def il l ippi,  1990).  Anot her commonly cit ed ant ecedent  for knowledge exchange is 
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knowledge ambiguit y (Levin and Cross,  2004;  Simonin,  1999).  The concept  of  

Knowledge Ambiguit y emerges f rom t he combined ef fect s of  t aci t ness,  speci f ici t y 

and complexi t y of  t he underlying knowledge and has been long been seen as a 

hindrance t o t he t ransfer of  knowledge bet ween groups (int ergroup) in al l iance 

l it erat ure (Singh,  2005).  It  has also been suggest ed t hat  knowledge ambiguit y 

works also on an int ragroup basis.  As such,  Knowledge Ambiguit y is a fact or which 

mit igat es t he dynamic capabil it ies of  individual  groups t o t ransfer knowledge 

(Cof f ,  Cof f  and East vold,  2006).  

2.18 Organizational Characteristics 

As wit h t he cont ext  of  knowledge,  t he very nat ure of  an organizat ion and it s 

design can af fect  t he t ransfer of  knowledge.  Organizat ional  charact erist ics have 

been general ly reduced t o t wo measures in t he l it erat ure:  group size and age 

(Lyles,  van Wij k and Jansen,  2008).  While most  aut hors agree t hat  t hese t wo 

ant ecedent s are key t o knowledge t ransfer,  t he exact  ef fect  t hat  each of  t hese 

fact ors has on knowledge t ransfer is st i l l  a t opic of  debat e.  Bot h Gupt a and 

Govindaraj an (2000) and Laursen and Sal t er (2006) argue t hat  group size does 

af fect  t he group’ s abil it y t o t ransfer knowledge,  while Tsang (2002) found t hat  

group size is not  a signi f icant  fact or in knowledge t ransfer.  The ef fect  of  

organizat ional  age on knowledge t ransfer is also widely debat ed,  wit h March and 

Cyert  (1963) t aking t he posit ion t hat  young groups t ransfer knowledge bet t er t han 

t hose t hat  are long est abl ished.  But  March and Cyert  (1963) have been chal lenged 

by more recent  scholars (Gray and Meist er,  2004;  Yl i-Renko,  Aut io and Sapienza,  

2001) who suggest  t hat  t he age of  a group does not  have an ef fect  on knowledge 

t ransfer at  al l .  Regardless of  t his cont radict ion,  t here are recommendat ions in t he 

l it erat ure which suggest  t hat ,  t o regain t he advant age of  nascent  organizat ions,  

est abl ished groups should revert  t o decent ral izat ion and disaggregat ion of  t heir  

st ruct ure (Gupt a and Govindaraj an,  2000).  Gupt a and Govindaraj an (2000) argue 

t hat  t his process (of  decent ral izat ion and disaggregat ion) is in fact  a means by 

which groups induce more open and wil l ing exchange of  knowledge.  Regardless of  

any dif f erences in t his argument ,  t he discussion of  t hese organizat ional  

charact er ist ics suggest s t hat  organizat ional  f orm and design do in fact  impact  t he 

f low of  knowledge direct ly.  
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In addit ion t o a group’ s age and size,  a group’ s ‘ absorpt ive capacit y’  is an 

organizat ional  at t ribut e which has been found t o direct ly impact  t he degree t o 

which an organizat ion (or individual) can absorb t he knowledge being t ransferred.  

Absorpt ive capacit y,  concept ual ized by Cohen and Levint hal  (1990),  has been 

largely posit ioned as a mezzo (group) level  mechanism for int ernal izing knowledge 

(Lane,  Lyles and Salk,  2001).  However,  Lane,  Lyles and Salk’ s research suggest s 

t hat  Absorpt ive Capacit y can also be observed at  a micro level  by focusing on t he 

exchange of  knowledge bet ween t wo individuals.  This (micro) not ion of  absorpt ive 

capacit y suggest s t hat  di f f erent  act ors (groups or individuals) receive knowledge 

dif ferent ly.  For example,  some act ors have t he abil it y t o absorb al l knowledge 

direct ed t owards t hem while ot her act ors simply lack t his abil it y.  The abil it y t o 

absorb knowledge t hus plays a vit al  role in int ernal  knowledge f low.  Absorpt ive 

Capacit y has in fact  been argued t o be t he key ant ecedent  t o underlying 

knowledge t ransfer  (Gupt a and Govindaraj an,  2000;  Szulanski,  1996).  

2.19 Network Characteristics 

As discussed above,  social  net works represent  t he out lay of  social  

relat ionships wit hin groups.  In t his cont ext ,  a net work is def ined as a pat t ern of  

relat ionships among groups and inst i t ut ions (Kogut ,  2000).  A group’ s social  

net work can t hus be concept ual ized as t he lat t ice of  pipes t hrough which 

knowledge and even social  capit al  may f low.  These social  relat ionships may ext end 

out side t he boundaries of  t he group but  represent  t he t rue avenues and channels 

t hrough which knowledge is exchanged (Inkpen and Tsang,  2005).  Fr it sch and 

Kauf feld-Monz (2009) argue t hat  net work st ruct ures signif icant ly af fect  a group’ s 

abil it y t o t ransfer and absorb knowledge and t hat  t his in t urn af fect s group 

performance.  As such,  net work charact er ist ics ref lect  t he social  facul t y of  

knowledge exchange.  Net work charact erist ics can be divided along t hree 

dimensions:  st ruct ural ,  relat ional  and cognit ive.  Nahapiet  and Ghoshal  (1998) 

argue t hat  each dimension is required t o facil it at e t he combinat ion and exchange 

of  resources embedded wit hin net work relat ionships (i .e.  social  capit al ).  Nahapiet  

and Ghoshal ’ s t hree dimensions are def ined as fol lows:  
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• Structural Dimension: This dimension includes t he number of  relat ions 

wit hin a net work;  t he relat ive access t o informat ion each net work act or 

has (Hansen,  1999;  Tsai,  2001);  and t he cent ral it y of  each net work 

act or,  as def ined by Bonacich (1987) and adopt ed lat er by Ahuj a (2000),  

Losada and Heaphy (2004),  Powel l ,  Koput  and Smit h-Doerr (1996) and 

Tsai (2000).  The concept  of  densit y refers t o t he rat io of  act ual  t ies t o 

pot ent ial  t ies.  A f i rm wit h ful l  densit y would have t ies bet ween each 

act or.  The inverse of  densit y is t he concept  of  St ruct ural  Holes.  When A 

connect s t o B and C,  but  B and C do not  connect ,  t hen A bridges t he 

st ruct ural  hole said t o exist  bet ween B and C.   

• Relational Dimension: This dimension governs relat ionships bet ween 

individual  act ors in a net work.  The relat ional  measure of  Tie St rengt h,  

as def ined by Granovet t er (1973),  is cit ed as a key relat ional  

det erminant  in facil it at ing t he f low of  knowledge bet ween dyads 

(Hansen,  1999).  More recent  work ext ends t he Tie St rengt h concept  t o 

an organizat ional  level ,  arguing t hat  t he Tie St rengt h reinforces t rust ,  

which ul t imat ely af fect s t he degree t o which knowledge is t ransferred 

(Jensen and Szulanski ,  2004;  Lyles,  Lane and Salk,  2001).  Ot her scholars 

have put  forward count erargument s not ing t hat  high levels of  t rust  are 

in fact  inhibit ors t o t he exchange of  knowledge (e.g.  Jensen and 

Szulanski,  2004;  Lyles,  van Wij k,  and Jansen,  2008;  Yl i-Renko,  Aut io and 

Sapienza,  2001).  

• Cognitive Dimension: Shared vision and cul t ural  dist ance are widely 

accept ed as being import ant  cognit ive element s which charact erize t he 

cognit ive dimension of  knowledge t ransfer (Inkpen and Tsang,  2005;  

Jensen and Szulanski,  2004;  Lyles and Salk,  1996;  Tsai,  2001).  The 

concept  of  Homophily is of t en used as a measure of  t he cognit ive 

dimension (Breiger,  2004;  Louch,  2000;  Novak,  2000).  Homophily refers 

t o t he similarit y (in background,  experience,  cul t ure,  t raining,  et c. ) 

bet ween A and B.  If  A and B are very similar,  t hen t he level  of  homophily 

is said t o be large.   
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These t hree dimensions of  Social  Net works are also widely cit ed as t he 

t hree dimensions of  Social  Capit al .  This makes sense in t hat  Social  Capit al  is,  by 

def init ion,  a net work propert y and as such it  is impact ed by t he st ruct ural ,  

relat ional  and cognit ive forces over which it  f lows.   

The propert ies of  individual  charact er ist ics and t heir respect ive 

ant ecedent s,  as def ined by Lyles,  van Wij k and Jansen (2008),  are shown below in 

Table below in paral lel  t o a l ist  of  facil it at ors developed by Argot e et  al .  (2003).   

Table 6:  Ant ecedent s t o Knowledge Flow 

Antecedents  

(Lyles,  van Wij k and Jansen,  2008) 

Facilitators  

(Argot e, Mcevily and 

Reagans,  2003) 

Network 

Dimensions 

(Lechner,  

Frankenberg and 

Floyd,  2010) 

Knowledge 

Characteristics 

Tacit ness 

Ambiguit y 

Knowledge 

(Context) 

Tacit ness 

Causal 

Ambiguit y 

Not  Considered 

Organizational 

Characteristics 

Firm Size 

Firm Age 

Absorpt ive Capacit y 

Unit 

(Firm) 

Absorpt ive 

Capacit y 

Prior 

Experience 

Shared Vision 

Degree of  

Explorat ion 

 

Network 

Characteristics 

St ructural 

# of  

Relat ions 

Access t o 

Informat ion 

Cent ral i t y 

Relationship 

(Network) 

Tie St rengt h 

Trust  

Cent ral i t y 

Relat ional 
St rength of  

t ies 
Tie St rengt h 

Cognit ive 

Shared 

Vision 

Cult ural 

Dist ance 
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Argot e et  al .  (2003),  Frit sch and Kauf feld-Monz (2009),  and Lyles et  al .  

(2008) focus on net work charact er ist ics t hat  impact  knowledge t ransfer.  Expanding 

on t he previous l ist s above,  Frit sch and Kauf feld-Monz (2009) explore t he 

moderat ing and mit igat ing ef fect s of  net work measures on knowledge t ransfer,  

which include but  are not  l imit ed t o f requency of  int eract ion,  spat ial  proximit y of  

net work t ies and het erogeneit y of  compet encies.  

2.20 Knowledge Transfer and Network Topology  

Lechner,  Frankenberger and Floyd’ s (2010) paper looked at  t he ef fect  of  

net work t opology on performance.  Hansen’ s (1999) work informed t heir st udy,  

providing evidence t hat  st rong t ies facil it at e t he t ransfer of  complex knowledge.  

Evidence has also been found t o suggest  t hat  t ie st rengt h diminishes opport unist ic 

behaviour bet ween act ors (McAl l ist er,  1995).  However,  Hansen (1999) also f inds 

t hat  relat ional  embeddedness (t he closeness of  t he act ors in relat ion t o each 

ot her) has a negat ive ef fect  on performance.  The rat ionale behind t his 

phenomenon is t hat  t hose who are t ied very closely t o ot hers may not  look beyond 

t heir closest  t ies for knowledge.  Based on t his prior research it  seems l ikely t hat  

net work t opography plays a signi f icant  role in t he t ransfer of  knowledge and t hus 

on organizat ional  performance as wel l .  

2.21 Social Capital and Knowledge Transfer 

Organizat ion t heorist s suggest  t he social  capit al  wit hin organizat ions is a 

pot ent ial ly powerful  resource for improving organizat ional  performance (Andrews,  

2010).  Empirical  st udies on social  capit al  at t empt  t o quant ify social  capit al ’ s 

cont ribut ion t o economic development  and show t he l ink bet ween performance 

and t he dif ferent  social  capit al  dimensions (Tsai  and Ghoshal ,  1998;  Widén-Wulf f  

and Ginman,  2004).  Tsai and Ghoshal  (1998) made a quant it at ive st udy t est ing t he 

impact  of  t he dif ferent  social  capit al  dimensions in a mult inat ional  company wit h 

15 business unit s and over 30,000 employees.  Tsai and Ghoshal  show t hat  each 

dimension of  social  capit al  reinforces t he creat ion of  t he ot her dimensions.  Tsai  

and Ghoshal   found t hat  creat ing social  capit al  t hrough t hese dimensions creat es 

value for t he organizat ion (Widén-Wulf f  and Ginman,  2004).  
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2.22 Onboarding  

Onboarding is t he process of  accl imat ing a newly hired employee t o an 

organizat ion (Bradt ,  2009).  Organizat ional  social izat ion,  i.e.  onboarding,  is t he 

process t hrough which new employees move f rom being organizat ional  out siders t o 

becoming organizat ional  insiders (Bauer and Erdogan 2011).  Onboarding refers t o 

t he process t hat  helps new employees learn t he knowledge,  skil ls and behaviours 

t hey need t o succeed in t heir new organizat ions (Bauer and Erdogan 2011).  

Furt her,  new employee adj ust ment  is associat ed wit h import ant  employee and 

organizat ional  out comes,  including performance (Bauer 2011).  Prior research,  

including t he recent  works of  Bauer and Erdogan (2011) and Bradt  (2009),  has 

rel ied on surveys t o develop t hese conclusions.   

There is a growing dialogue regarding t he not ion t hat  early and easy 

knowledge t ransfer leads t o improved performance of  new employees (Lawson et  

al . ,  2009;  Liu,  2011;  Vaara,  2012).  Al ice Snel l  (2006),  a pract it ioner vice president  

of  t he research division of  a t alent  management  solut ion company,  writ es:  

[A]n ef fect ive onboarding process enables new t eam members t o gain 
access t o informat ion,  t ools and mat erials needed t o perform t heir  
funct ion more quickly.  Product ivit y generat ed by successful ly 
onboarding a new hire sooner wil l  have a direct ,  posit ive ef fect  on 
t he overal l  product ivit y of  t he company (p.  32).  

Firms t hat  are more successful  at  rapid onboarding (i.e.  bringing newly 

hired st af f  t o t he t eam) t end t o use a relat ional  approach,  helping newcomers t o 

rapidly est abl ish a broad net work of  relat ionships wit h co-workers t hat  t hey can 

t ap t o obt ain t he informat ion t hey need t o become product ive (Rol lag et  al . ,  

2005).  Onboarding can be described as t he direct  bridge bet ween t he promise of  

new employee t alent  and t he at t ainment  of  act ual  product ivit y (Snel l ,  2006).  The 

early st ages of  onboarding are crucial  t o est abl ishing a last ing bond bet ween 

employees and t he company (Snel l ,  2006).  From t his,  one concludes t hat  t he speed 

of  new st rong t ie format ion would be an import ant  aspect  of  SNA, yet  most  prior  

SNA research has been st at ic,  merely conf irming t he presence or absences of  t ies.  

Lit t le work has been done t o examine t he speed at  which t hose t ies are formed,  

most ly due t o t he st at ic nat ure of  survey met hodology.   
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2.23 Research Context  

Several  recent  works f rame t his research.  In 2004,  Burakova-Lorgnier,  

Bouzdine-Chameeva and MacGilChrist  proposed a vision of  a net work st ruct ure 

f rom t he point  of  view of  knowledge t ransfer capacit y.  They found t hat  a st ruct ure 

based on st rong t ies,  and t hus a dense net work wit h a high level  of  t rust ,  is 

required t o facil it at e t he t ransfer of  t acit  knowledge.  De Pablos’  2006 art icle 

focused on how int ragroup knowledge f low works amongst  t ransnat ionals (groups 

wit h of f ices in more t han one count ry).  De Pablos focused on subsidiar ies and 

parent  unit s of  t he same group;  however,  t hese unit s had independent  governance 

models and t herefore t hey may be more akin t o independent ly governed groups in 

an al l iance t han t o int ragroup unit s.  De Pablos found t hat  t acit ness,  cul t ural  

dist ance,  social  complexit y and causal  ambiguit y al l  have a negat ive impact  on 

int ernal  knowledge t ransfer.  De Pablos’  research provides a useful  model t o inform 

t his research.  However,  de Pablos does not  account  for a number of  net work-

cent ric charact erist ics (e.g.  t rust ,  number of  t ies,  Tie St rengt h,  et c. ) which may 

l imit  t he long t erm impact  of  her research f indings.   

In 2007,  Wu,  Hsu and Yeh publ ished a paper on t he det erminant s of  

knowledge t ransfer t hrough a t eam level  analysis.  Focusing on sales t eams f rom 

t he t ravel  indust ry as t he t arget  of  t heir empirical  sample,  t heir  paper reveals 

resul t s support ing t he argument  t hat  social  capit al  facil it at es knowledge t ransfer.  

In 2008,  C.T.  But t s publ ished ‘ Social  Net work Analysis wit h SNA’  in t he Journal  of  

St at ist ical  Sof t ware.  This seminal  art icle is a good j umping-on point  for t he use of  

sof t ware for SNA. Fr it sch and Kauf feld-Monz (2009) invest igat e knowledge t ransfer 

in a sample of  16 innovat ion net works wit h approximat ely 300 groups wit hin t hem.  

That  art icle support s t his research by providing SNA measures and SNA 

met hodology.  Frit sch and Kauf feld-Monz (2009) f irst  provide sol id descript ions of  

various mit igat ing var iables on knowledge f low and t hen a met hod t o explore such 

bot h t hrough social  net work analysis and t hrough survey.  Fr it sch and Kauf feld-

Monz (2009) found:  

• St rong t ies are more benef icial  for t acit  knowledge t ransfer.   

• Frequency of  int eract ion leads t o more knowledge f low.   
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• Spat ial  proximit y is not  import ant .   

• The presence of  net work t ies wit hin spat ial  proximit y is posit ively 

correlat ed t o knowledge f low.   

• Net work Cohesion is posit ively correlat ed t o knowledge f low.   

This research at t empt s t o port  t hese measures and met hods t o explore 

int ragroup knowledge t ransfers amongst  a group’ s int ernal  net work (as opposed t o 

Frit sch and Kauf feld-Monz’ s invest igat ion focusing on int er-group net works).   

Wu,  Lin et  al .  (2009) cont inue t he conversat ion on social  net works,  

performance and knowledge t ransfer.  These aut hors make t he fol lowing 

st at ement s which inform t his work:  

A large body of  l it erat ure on social  net works in organizat ions 
demonst rat es t hat  cert ain t ypes of  net work t opology are opt imal. 
However,  l it t le research leverages t he ample dat a creat ed by 
people’ s elect ronic communicat ions t o ref ine and veri fy [ t hese]  
t heories.  This gap is problemat ic,  because t he l it erat ure on 
organizat ional  net works suf fers f rom t he same def icit s as much of  t he 
social  net work l it erat ure:  bot h t end t o be focused on smal l ,  st at ic 
net works (p.  1).  

Of  key import ance is (1) t he reference t o ‘ st at ic net works’ ;  and (2) t heir  

cal l  for furt her research t o leverage t he dat a creat ed by people’ s elect ronic 

communicat ions t o ref ine and ver i f y t heor ies.  Wu, Lin et  al .  (2009) f ind t hat  not  

only does group level  social  net work t opology correlat e wit h group performance,  

but  t he aut hors at t ribut e such t o t he nodes in a social  net work.  These aut hors f ind 

t hat  an invert ed U-shape correlat es several  SNA measures and performance.  This 

research at t empt s t o operat ional ize some of  Lin et  al . ’ s (2009) measures and 

met hods t o furt her explore int ragroup knowledge t ransfers amongst  a group’ s 

int ernal  net work (as opposed t o Fr it sch and Kauf feld-Monz’ s invest igat ion focusing 

on int er-group net works) t hrough examinat ion of  elect ronic communicat ions.   

This research was designed t o repl icat e t he obj ect  of  Lechner,  

Frankenburger and Floyd’ s (2010) st udy (which was an explorat ion of  social  capit al  

performance) using act ual  longit udinal  communicat ions rat her t han sel f -report ed 
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st at ic opinions about  communicat ion.  Speci f ical ly,  t hose aut hors’  use of  st ruct ural  

net work occurrences as an explanat ory var iable for t he performance of  st rat egic 

init iat ives f rames t his research’ s approach.  Lechner,  Frankenburger and Floyd 

(2010) f ind t hat  an inverse curvil inear relat ionship ref lect s t he relat ional  and 

st ruct ural  dimensions of  net works and t heir ef fect  on performance.  Lechner,  

Frankenburger and Floyd (2010) dubs t his t he Dark Side of  t he Social  Capit al  

Theory.  Similarly,  t heir research f inds t hat  cognit ive dimensions have a posit ive 

relat ionship wit h group performance.  Since Lechner,  Frankenburger and Floyd’ s 

(2010) publ icat ion,  several  aut hors have at t empt ed t o cont inue t he conversat ion in 

t he l it erat ure,  most  not ably t he 2011 work by Maurer,  Bart sch and Ebers.  

Vil lena,  Revil la and Choi (2011) cont inue exploring social  capit al ’ s impact  

on performance and,  l ike Lechner,  Frankenburger and Floyd (2010),  f ind t hat  bot h 

t oo l it t le social  capit al  and t oo much social  capit al  can undermine performance 

(e.g.  t he Dark Side of  t he Social  Capit al  Theory).  Simon and Tel l ier (2011) explore 

t he longit udinal  evolut ion of  net works,  while Maurer,  Bart sch and Ebers,  in t heir  

2011 paper,  ‘ The value of  int ra-organizat ional  social  capit al :  how it  fost ers 

knowledge t ransfer,  innovat ion performance,  and growt h’ ,  f ind t hat  knowledge 

t ransfer mediat es bet ween organizat ion members’  int ra-organizat ional  social  

capit al  and organizat ional  performance out comes.   

In doing so,  Maurer,  Bart sch and Ebers (2011) pick up f rom Lechner,  

Frankenburger and Floyd (2010) by examining 218 proj ect s in t he German 

engineering indust ry.  Maurer,  Bart sch and Ebers’  f indings show t hat  knowledge 

t ransfer (concept ual ized as t he mobil izat ion,  assimilat ion,  and use of  knowledge 

resources) mediat es bet ween organizat ion members’  int ra-organizat ional  social  

capit al  and organizat ional  performance out comes of  growt h and innovat ion 

performance.  Their f indings emphasize t he role of  knowledge t ransfer as bot h a 

key benef it  of  social  capit al  and an import ant  driver of  t he not ed organizat ional  

performance out comes (p.  173).  Wit h regard t o t he relat ional  dimension of  social  

capit al ,  Maurer,  Bart sch and Ebers f ind a posit ive associat ion for t ie st rengt h 

not ing t hat :    
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All  research should be sensit ive t o t he possibil it y t hat  dif ferent  t ypes 
of  organizat ional  set t ings may display unique relat ions among 
dimensions of  social  capit al ,  knowledge t ransfer,  and performance 
out comes (p.  177).   

Maurer,  Bart sch and Ebers also suggest  t hat  it  would be a f rui t f ul  avenue 

for fut ure research t o examine t o what  ext ent  t heir f indings hold t rue in ot her 

t ypes of  int ra-organizat ional  set t ings.  The research at  t he heart  of  t his work is 

focused on pursuing t his f rui t f ul  avenue.   

This research cont ribut es t o t he social  net work conversat ion by augment ing 

and adding t o t he knowledge generat ed by recent  works,  part icularly t hat  of  

Lechner,  Frankenberger and Floyd’ s 2010 st udy and Maurer,  Bart sch and Ebers’  

2011 st udy,  bot h of  which found an inverse curvil inear relat ionship connect ing 

int ragroup social  net work t opology wit h group performance.  Unl ike Lechner,  

Frankenberger and Floyd’ s 2010 st udy which focused on st rat egic init iat ives (which 

of t en only exist  for f init e periods of  t ime and have specif ic expl icit  goals) as t he 

unit  of  analysis,  t his research focuses on Business as Usual  inside more t han 187 

groups at  a nat ional  t ravel  agency.   Similarly,  as compared t o Maurer,  Bart sch and 

Ebers’  2011 st udy which examined 218 proj ect s in t he German engineering 

indust ry as t he unit  of  analysis,  t his research focuses on Business as Usual  inside 

more t han 187 groups at  a nat ional  t ravel  agency.   Thus,  t his research cont ribut es 

by showing t he f indings t o be val id for durable (non-t emporary) groups not  j ust  

st rat egic init iat ives or proj ect s.   

At  t he same t ime as Maurer,  Bart sch and Ebers (2011),  anot her t r io of  

researchers,  Yang,  Brashear and Boles,  examined Social  Capit al  in a sel l ing cent re 

environment  (2011),  f inding t hat  a group’ s social  capit al  inf luences sel l ing cent re 

performance t hrough facil it at ing knowledge t ransfer and absorpt ion wit hin and 

across t he sel l ing cent re.  Sel l ing cent res in Maurer,  Bart sch and Ebers’  research al l  

had t he same t ask cont ingency (i .e.  al l  agent s in t he sel l ing cent re t ry t o sel l  as 

much as t hey can at  t he best  margins t hey possible).  This is similar t o t he case at  

t he heart  of  t his research whereby HF’ s of f ices at t empt  to maximize sales.  Yang,  

Brashear and Boles def ine t heir work as explorat ory,  suggest ing t hat  t he 

proposit ions t hey found,  need next  t o be empirical ly t est ed.  This cal l  for f urt her 
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empirical  t est ing highl ight s anot her possible cont ribut ion for t his research.  Yang,  

Brashear and Boles (2011) st at e:  

There are many obst acles t o conduct  empirical  research in t his area.  
It  requires t ime-consuming procedures such as snowbal l  int erview 
and net work analysis,  and is dependent  on a high degree of  
cooperat ion f rom sel l ing groups.  However,  most  const ruct s in our 
f ramework have been operat ional ized by previous st udies.  Fut ure 
research can use t hese measurement s t o t est  t he proposed 
concept ual  f ramework (p.  158).  

2.24 Models,  paradigms, frameworks 

In Chapt er 4,  t he researcher reviews relevant  mat erial  models f rom recent  

prior art .  From t hese t he researcher developed t he fol lowing model for t his 

research:   

 

 

Figure 7:  A model for Social Network’s impact on Performance 

For t his research,  t he level  of  explorat ion (i. e.  t he t ask cont ingency level) is 

held const ant  for each group since each HF group is undert aking t he same t ask:  

i .e.  sel l  t he most  t ravel  services at  t he best  margin.  By holding t he level  of  t ask 

cont ingency const ant ,  t he researcher int ends t o derive an equat ion showing t he 

relat ive impact  of  each dimension of  a social  net work on group performance.  Then 

t he researcher wil l  t est  t he f it  of  such equat ion against  t he observat ions recorded.  

In doing so t he researcher int ends t o (1) empirical ly prove t he inverse curvil inear 

Strucutral Dimension 

(structural holes, 
centrality) 

Relational Dimension 

(tie strength)  
Performance 

Cognitive Dimension 

(homophily, shared 
context) 

t ask 

cont ingency 
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relat ionship bet ween performance and social  net work t opology measures;  and 

(2) show t hat  wit h such measures one can predict  performance.  Through such 

analysis,  t he researcher hopes t o be able t o comment  on a wide variet y of  

int erest ing quest ions,  such as:  Which SNA measure best  predict s performance? 

What  role does cent ral it y have? Should HF Of f ices have many or few st ruct ural  

holes t o maximize performance? 

2.25 The Research Questions revisited 

From Chapt er 1,  t he research obj ect ive was det ermined t o be a t heory 

t est ing dissert at ion,  empirical ly conf irming t he relat ionship bet ween an 

organizat ion’ s Social  Net work Topology and organizat ional  Performance.  This is 

more general ly st at ed as:  

Do the Cognit ive,  Relational and Structural Dimensions of an 

organization’s Social Network have an inverse curvilinear 

correlation with organizational Performance as predicted?  

This wil l  form t he basis for t he Research Quest ions,  more t horoughly discussed in 

Chapt er 4.   

There is also t he fol lowing research quest ion regarding onboarding:  

What,  if any,  is the correlation between an individual’s speed of 

onboarding and individual’s performance? 

2.26 Knowledge Flow and Performance; a Crit ical Review of Existing Literature 

While t he t heorized correlat ion bet ween group performance and knowledge 

f low is wel l  document ed in management  l it erat ure,  t here is st i l l  a need t o 

underst and t he causal  relat ionships t hat  lead f rom successful  knowledge exchange 

t o performance.  There is considerable overlap and disagreement  in t he l it erat ure 

on t his t opic.  The aim of  t his research is bot h to dispel  some of  t hose 

disagreement s and t o develop furt her insight s int o t he fact ors which al low for 

knowledge processes t o inf luence group performance.  
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Wit hin t he management  l it erat ure t he import ance of  knowledge processes 

on group performance is wel l  est abl ished (Kogut  and Zander,  1992;  Lyles and Salk,  

1996;   Tsai ,  2001;  Zaheer and Bel l ,  2005),  and regardless of  t he cont radict ions as 

t o t he mechanisms by which performance is af fect ed (Schreyogg and Kl iesch-eberl ,  

2007;  Zaheer and Bel l ,  2005),  it  is widely accept ed t hat  t here is a posit ive 

correlat ion bet ween int ernal  knowledge processes and group performance.  The 

int ernal  knowledge processes which ul t imat ely af fect  group performance are 

based on t he t ransfer of  knowledge it sel f ,  leading t o new knowledge creat ion 

t hrough dynamical ly developing t heir abil i t y t o pursue economic opport unit ies 

consist ent ly (Eisenhardt ,  2002;  Nonaka,  1994;  Walt er and Lechner,  2007;  Zack,  

1999).  

Where t his Research Sit s 

According t o Borgat t i and Fost er’ s (2003) t axonomy,  t his research fal ls 

wit hin t he st ruct ural ist  social  capit al  paradigm.  

Table 7:  Typology of  research on consequences of  net work fact ors (f rom 

Borgat t i and Fost er 2003) 

 Social  Capit al  

(performance) 

Dif fusion 

(social  homogeneit y) 

St ruct ural ist  

(t opology) 
St ruct ural  capit al  Environment al  Shaping 

Connect ionist  

(f low) 

Social  Access t o 

Resources 
Cont agion 

 

This research at t empt s t o j oin t hree on-going conversat ions in academia,  including 

t he on-going explorat ion of  t he net work form of  organizat ion;  t he debat e 

cont rast ing social  capit al  paradigms in t he girders vs.  pipes analysis;  and t he 

invest igat ion of  how organizat ional  net work t opology correlat es wit h 

organizat ional  performance.  Each wil l  be discussed independent ly.   
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Net work form Conversat ion:  

The varying organizat ional  forms wit h which direct  human asset s are forced 

t o cont end,  and t he specif icit y of  t hose human asset s,  should serve t o reduce 

t ransact ion cost s and improve ef f iciency (Fl igst ein,  1995;  Milgrom, 1990;  

Put t erman and Krsozner,  1996).  Asset  specif icit y is cul t ivat ed as individual  human 

asset s t acit ly develop knowledge and skil ls t hrough t heir individual  experiences 

(Teece 2009).  In managing highly specif ied human asset s,  t ransact ional  cost s are 

signi f icant ly height ened as speci f icit y requires high cost s for t he search and 

ret ent ion of  highly speci f ied part ners (Rossignol i,  2009).  These cost s can be 

direct ly mit igat ed t hrough t he use of  net works where t he cost s of  developing and 

managing specif ic asset s are mit igat ed and ef f iciency is bolst ered (Rossignol i,  

2009).  Over t he last  decade,  organizat ional  st ruct ures focused around net works 

have emerged,  which have shaken t he t radit ional  not ions of  formal organizat ional  

cont ext  (Cast el ls,  2011;  Reed et  al . ,  2006;  Whit ford,  2005).   

Pipes vs.  Girders Conversat ion:   

In 2003,  Borgat t i and Fost er dist inguished bet ween t wo broad cat egories of  

social  net work t heory:  Topology and Flow (Farral l ,  2004).  This debat e is of t en 

label led t he Girders vs.  Pipes debat e.  St ruct ional ist s (girders) bel ieve t hat  an 

act or’ s posit ion det ermines performance out comes.  Const ruct ionist s (pipes) 

bel ieve t hat  it  is t he t ransmission (f low) of  resources  along pre-exist ing social  t ies 

which det ermines performance out comes.  The girders perspect ive focuses on 

social  capit al  while t he pipes perspect ive addresses t he f low of  social  asset s (e.g.  

knowledge).  Topology (girders) St ruct ional ist s discount  t he act ual  cont ent  of  t ies 

while focusing on overal l  pat t erns of  associat ion (Farral l ,  2004).  Social  t heories 

describing t he net work st ruct ure of  social  capit al  f it  on t he girders side.  

Al t ernat ively,  f low mechanisms consider net work t ies as expl icit  conduit s for t he 

f low of  social  goods.   

This research is guided by a t heory t hat  it  is neit her girders nor pipes t hat  

provide t he opt imal t heory,  but  in fact  it  is bot h.  Much l ike t he Wave-Part icle 

Dual it y t heory of  Light  (Greiner,  2001) where l ight  shares at t ribut es of  bot h wave 

and part icle,  perhaps a social  net work can act  as a girder or as a pipe depending 
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on how t he phenomenon is viewed.  This is part  of  t he concept  of  

complement arit y,  which says t hat  a phenomenon can be viewed in one way or in 

anot her,  but  not  bot h simult aneously (Chen and Klahr,  1999).  

Topology and Performance Conversat ion:  

As recent ly as 2010 (Lechner,  Frankenberger and Floyd) researchers have 

cal led for an explorat ion of  how int ragroup t opology impact s overal l  group 

performance.  These researchers have generat ed a qual it at ive induct ive survey-

based work which has led t o speculat ions t hat  balance is required along each of  

t he net work dimensions.  Lechner,  Frankenberger and Floyd (2010) f ind t hat ,  when 

comparing groups inside an organizat ion,  t he relat ional  and st ruct ural  dimensions 

had an invert ed U relat ionship wit h group performance (not e:  t hey found t he 

cognit ive dimension t o be simply posit ively correlat ed,  but  if  more dat a point s 

were available t o t hem,  perhaps t hen t he cognit ive dimension may have also 

displayed as curvil inear).  A year lat er,  Maurer,  Bart sch and Ebers (2011) found 

similar relat ions.  

This research compares a group’ s int ragroup social  net work dimensions wit h 

t eam performance t hrough deduct ive empirical  dat a.  In doing so,  t his paper 

at t empt s t o answer t he cal l  posit ed in recent  l it erat ure for more empir ical  

examinat ions of  t he relat ionship bet ween a group’ s net work dimensions and 

overal l  group performance.   

2.27 The Research Gaps 

In summary,  t he gaps t his research at t empt s t o address are:  

1) Holding t ask cont ingency const ant  across groups,  does group social  t opology 

(i.e.  SNA measures at  a group level) have a curvil inear relat ionship wit h 

group performance as predicat ed? 

2) Can sof t ware replace survey as a val id met hod for det ermining a group’ s 

social  net work,  a group’ s SNA measures? 

3) Does t he speed of  t ie format ion impact  t he performance of  a new 

employee? 
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By exploring t he mat t ers above,  t he aut hor hopes t o i l lust rat e how int ragroup 

net work st ruct ure predict s overal l  group performance t hrough t he t ransfer of  t acit  

knowledge.  

Summary of Chapter 2  

Chapt er 2 reviewed t he background l it erat ure t hat  forms t he development  

of  t he hypot heses.  The chapt er f i rst  examined t he evolut ion of  t he view of  t he 

group (t owards Net work).  It  t hen reviewed organizat ional  knowledge and t he 

knowledge t ransfer process,  examining knowledge t ransfer under facil it at ing 

mechanisms and barriers t o t ransfer,  and performance out comes.  Final ly,  t he 

chapt er gave an overview of  recent  research which serves t o f rame t he gap in t he 

conversat ion t hat  t his research at t empt s t o f i l l .  This research at t empt s t o ext end 

exist ing views on t he correlat ion bet ween group performance and group social  

net work t opology.  This research wil l  also at t empt  t o develop and dist inguish 

bet ween t he concept s of  social  net works and social  capit al .   

The t hird chapt er is divided int o t hree main sect ions.  First ,  t he aut hor 

explores t he l ink bet ween knowledge f low and performance.  This is fol lowed by a 

discussion of  how performance can be measured and how t his research int ends t o 

explore t he moderat ors of  performance.  Final ly,  a concept ual  model is present ed 

and hypot hesises are st at ed.    
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Chapter 3 – Methodologies and Methods 

In chapt er t wo,  t he researcher provided a l it erat ure review and out l ined 

possible cont ribut ions t o t he f ield.  This t hi rd chapt er out l ines t he met hodology 

and is divided int o several  key sect ions.  First ,  t he aut hor reviews his int ernal  

epist emological  and ont ological  st ances,  discussing t he leading paradigms 

cont ained wit hin.  Next ,  a discussion fol lows on how performance can be measured 

and how t his research int ends t o explore t he moderat ors of  performance.  Final ly,  

t he aut hor present s a concept ual  model and st at es his hypot heses.   

Methodology: Epistemological and Ontological Dimensions 

The researcher is conduct ing empirical  deduct ive research,  t he purpose of  

which is t o t est  t he early f indings t hat  t he correlat ive relat ionship bet ween 

net work dimensions (relat ional ,  st ruct ural ,  cognit ive) and group performance is 

inversely curvil inear,  or ‘ U’  shaped.   

This chapt er wil l  f irst  explore t he various research paradigms available and 

t hen j ust i fy t he select ion of  t he post posit ivist / crit ical  real ism paradigm. Based on 

such,  t he aut hor wil l  provide j ust if icat ion for t he select ion of  quant it at ive analysis 

t echniques of  social  net work analysis as wel l  as reasoning for t he pursuit  of  

deduct ive mode research.  

3.1 Introduction to Research Paradigms 

According t o Guba (1990,  p.  17),  a paradigm is a ‘ basic set  of  bel iefs t hat  

guide act ion’ .  A research paradigm 

is t hus seen t o be t he bel ief s t hat  

guide t he research process.  In his 

inf luent ial  work,  'The st ruct ure of  

scient if ic revolut ions’ ,  Kuhn (1962) 

st at es t hat  a paradigm guides t he 

research ef fort s and direct ions of  

scient if ic communit ies,  providing a 

f ramework int o which quest ions,  

fact s and ideas can be organized Figure 8: Cascade of Research Paradigms (from Squire 2005) 
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and evaluat ed (Kuhn,  1996).  According t o Kuhn,  a research paradigm consist s of  

t hree int er-relat ed concept s:  ont ology,  epist emology and met hodology.   

Ont ology refers t o t he nat ure of  real it y,  Epist emology def ines t he nat ure 

(scope,  l imit s,  et c. ) of  knowledge,  and Met hodology is t he processes by which t he 

researcher searches for knowledge.  When one combines t hese t hree dimensions of  

discovery int o a paradigm and lays common met hodologies upon it ,  one generat es 

a model such as t he one in Figure 9 below,  derived f rom Saunders,  Thornhil l  and 

Lewis’  t ext  ‘ Research met hods for business st udent s’  (2006).  

 

 

Figure 9: Research process Onion, from (Saunders,  Thornhill and Lewis (2006) 

Kuhn (1962) cal ls t he social  sciences ‘ pre-paradigmat ic’ ,  meaning t hat  

unl ike t he physical  sciences (chemist ry,  physics,  et c. ) where most  researchers 

share or accept  commonly held paradigms (e.g.  gravit y,  viscosit y),  t he social  

sciences (including Management ) are not  as unif ied in t heir research approaches t o 

ont ology,  epist emology and met hodology.  This has led t o a wide variet y of  

research paradigms.  The t able below summarizes some of  t he more prevalent  

paradigms in management  research t oday.  It  is beyond t he scope of  t his research 

t o explore t hese ful ly,  but  it  wil l  be helpful  t o t ouch brief ly on each of  t he key 

paradigms.   
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3.2 Exploring Leading Paradigms 

Posit ivist  Approach 

Posit ivism searches for causal  explanat ions and fundament al  laws.  The 

bel ief  t hat  t he nat ural  sciences and t he social  sciences share common logical and 

met hodological  principles is at  t he heart  of  posit ivism (Hughes and Sharrock,  

1997).  If  you bel ieve t hat  t he world around us can be obj ect ively observed and 

analysed,  you may be a Posit ivist .  Posit ivist s seek t o measure real it y t hrough 

obj ect ive,  repeat able met hods.  Posit ivist s t end t o f i rst  formulat e a hypot hesis and 

t hen craf t  a research design t hat  focuses on measuring phenomena t hrough 

obj ect ive,  arm’ s lengt h met hods which engage t he researcher as an independent  

observer.  Posit ivist  met hods t end t o be quant it at ive (Neuman,  2000) and are 

largely orient at ed t owards manipulat ing and predict ing t he social  world rat her  

t han underst anding it  (Delant y and St rydom, 2003).  Posit ivist  st udies aim t o 

uncover causal  relat ionships bet ween t he obj ect s of  int erest ,  so t hat  knowledge 

can be appl ied t o cont rol  or regulat e t he behaviour of  t he obj ect s wit hin societ y 

(Bent on and Craib,  2001).  

Post -posit ivism 

Sl ight ly less dogmat ic t han t he absolut e nat ure of  posit ivist  researchers,  t he 

post -posit ivist  researchers’  f undament al  t enet  is t hat  t he world around us is 

knowable,  but  t hrough t he process of  knowing it  (exploring it ,  researching it ,  and 

describing it ) an observer’ s bias wil l  t emper t he f indings,  meaning t hat  pure 

obj ect ive t rut h or t rut h exist s but  is subj ect  t o t he int erpret at ion of  t he f inder of  

such t rut h.  

Post -posit ivist  researchers consider human knowledge t o be based not  on 

unchal lengeable,  rock-sol id foundat ions,  but  inst ead rely upon human conj ect ures.  

The paradigm of  post -posit ivism rej ect s t he absolut e unrelent ing nat ure of  

Posit ivist  dogma t hat  t here is one obj ect ive real it y,  and inst ead post -posit ivist s 

suggest  t hat ,  while det ermining obj ect ive t rut h is st i l l  t he end goal ,  a researcher 

must  consider t heir own observer bias,  part icipat ion and impact  in det ermining 

t hat  t rut h.  
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Post -posit ivist s also recognize t he fal l ibil i t y of  depending on a single 

met hod.  Thus,  post -posit ivist s support  use of  crit ical  mult ipl ism,   a mixed met hod 

research t hat  is an ext ended version of  t r iangulat ion (Guba and Lincoln,  1994).  

Triangulat ion is a t echnique whereby met hods are select ed on t he basis of  t heir  

apparent  appropriat eness t o t he research quest ion and wil l  of t en be combined in 

an at t empt  t o overcome t he bias inherent  in single met hod designs.  

One of  t he most  common forms of  post -posit ivism is a philosophy cal led 

crit ical  real ism. As t he research cont inues t o move along t he spect rum of  

epist emology,  t he researcher st art s t o 

t ake t he observer and part icipant s 

more int o account .  Unl ike posit ivism,  

in crit ical  real ism meaning is not  

considered t o exist  apart  f rom any 

consciousness,  but  is const ruct ed 

t hrough our int eract ions wit h real it y.  

Crit ical  real ism refers t o any posit ion 

t hat  maint ains t hat  t here exist s an 

obj ect ively knowable,  mind-

independent  real it y,  whilst  

acknowledging t he roles of  percept ion 

and cognit ion (Bhaskar,  1978).   

Crit ical  real ism t heory st at es t hat  t he t heory of  knowledge (epist emology) is 

dif ferent  f rom a t heory of  being (ont ology).  Crit ical  real ism is grounded in t he 

not ion t hat  t here is a real it y which exist s independent  of  it s human percept ion.  

Crit ical  real ist s bel ieve t hat  t here are unobservable event s which cause t he 

observable ones;  as such,  t he social  world can be underst ood only if  people 

underst and t he st ruct ures t hat  generat e such unobservable event s.  This is 

import ant  in t he experiment al  cont ext  because it  al lows t he scient ist  t o 

dist inguish bet ween t he event  and what  causes it .  According t o t his t heory,  an 

individual  conduct ing an experiment  creat es t he condit ions necessary for t he 

experiment  (observable event ),  but  t he resul t s are caused by t he underlying laws 

and mechanisms (unobservable event s).  The real ism side of  t he t heory focuses on 

t he exist ence of  real  mechanisms which shape event s.  ‘ A cent ral  idea of  crit ical  

Figure 10: From Mingers and Willcocks (2004) 
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real ism is t hat  nat ural  and social  real it y should be underst ood as an open st rat i f ied 

syst em of  obj ect s wit h causal  powers’ .  (Mort on,  2006,  p.2).  According t o t his 

t heory,  t here are t hree st rat a,  domains of  empirical ,  act ual ,  and real .  The domain 

of  empirical  includes observable experiences.  The domain of  t he act ual  includes 

act ual  event s which have been generat ed by mechanisms.  Final ly,  t he domain of  

real  includes t he mechanisms t hat  have generat ed t he act ual  event s.   

Social  Const ruct ivism 

So far,  t he paradigms discussed above have focused on obj ect ive t rut hs t hat  

exist  independent  of  t he observer.  However,  many researchers bel ieve t hat  since 

al l  t rut h is seen t hrough a personal  lens,  t rut h cannot  be obj ect ive.  Many 

researchers bel ieve t hat  t he observer is part  of  what  is being observed (Fendt  and 

Kaminska-Labbe,  2011).  Under t he const ruct ionist  paradigm, percept ion alone is 

not  real it y (Gergen,  2003).  Const ruct ivist s bel ieve t hat  real it y is a blend of  

subj ect ive int ernal  percept ions and ext ernal  real it y.  Const ruct ivism is focused not  

j ust  on t he f indings of  research but  on t he value underneat h such f indings,  of t en 

using induct ive logic t o facil it at e t his (Denzin,  1978).  Where posit ivist s focus on 

st at ist ical  probabil it ies t o det ermine t rut h (Jacking,  1984),  social  const ruct ionist s 

rely upon t heoret ical  abst ract ion (Jacobs,  2000).   

Int erpret ivism 

Int erpret ivism is derived f rom a subj ect ive epist emology t hat  holds t hat  

meaning does not  exist  apart  f rom human consciousness (Crot t y,  1998).  Rat her,  

meaning is forcibly imposed on t he obj ect  by t he subj ect  (Walsham, 1995;  

Heshusius,  1996).  If  one recount s t he Zen quest ion,  ‘ If  a t ree fal ls in t he forest ,  

and t here is no one around t o hear it ,  wil l  i t  make a sound?’  (Abbot t ,  2008).  One 

can more easily dist inguish bet ween t he paradigms.  According t o Posit ivist s,  t he 

t ree makes t he same sound regardless of  t he lack of  observat ion.  According t o 

Int erpret ivist s (not ably,  George Berkeley,  1685-1742),  t here would be no sound,  

since sound is only creat ed by t he vibrat ions of  t he fal l ing obj ect  col l iding wit h t he 

ear of  an observer.  
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Table 8:  Research Paradigms (f rom Squire,  2005) 

Paradigm Posit ivism Post -post ivism Crit ical Theory et  al Interpret ivism 

Ont ology Naïve Realism:  Social 

world is ext ernal t o 

individual cognit ion 

and consist s of  

t angible and relat ively 

immut able st ruct ure 

and relat ionships. 

Crit ical Realism:  

Social world is 

ext ernal t o 

individual cognit ion,  

but  i t  can never be 

ful ly underst ood or 

comprehended 

Hist orical real ism:  

Reali ty is shaped by 

social,  pol i t ical,  

cultural,  et hnic and 

gender values. 

Relat ivism:  Reali t ies 

are local and relat ive 

t o t he individual or a 

part icular t ime or 

culture 

Epist omology Obj ect ivism:  Meaning exist s apart  from the 

operat ion of  any consciousness.  It  implies t he 

separat ion of  t he subj ect  and obj ect  of  

knowledge so t hat  t he observer is uninvolved 

during t he research process. 

Const ruct ionism:  

Meaning comes int o 

existence t hrough 

our interact ion with 

t he real it ies of  t he 

world.  There can be 

no meaning wit hout  

t he mind. 

Subj ect ivism:  Meaning 

is imposed on t he 

obj ect  by t he subj ect .  

Knowledge is 

generat ed from the 

mind without  

reference t o real i ty. 

Methodology Experiment  

Simulat ion 

Survey 

St at ist ics 

Experiment  

Survey 

Case st udy 

Act ion Research 

Feminist  St udies 

Crit ical Studies 

Case Study 

Et hnography 

Phenomenological 

Research 

Case Study 

Grounded Theory 

Heurist ic Inquiry 

 

3.3 Choosing a Paradigm 

Based on sel f -awareness and t he def init ions above,  t his researcher is 

neit her a pure posit ivist  nor a pure int erpret ivist .  Neit her paradigm f it s wit h t he 

researcher’ s view of  t he social ly const ruct ed world.  The int ent  of  t his research is 

t o show t hat  int ragroup social  net work t opology is predict ive of  overal l  group 

performance and as such behaves in a det erminist ic manner.  As t he researcher 

int ends t o undert ake a deduct ive approach,  it  is import ant  t hat  t he expect ed 

f indings can and wil l  be repeat able.  Furt her,  recent  research (Lechner,  

Frankenberger and Floyd (2010) and Maurer,  Bart sch and Ebers 2011) has provided 

not  only t he t heory but  init ial  evidence support ing t hat  t heory.  This researcher 



73 

 

now int ends t o expand t hose earl ier works by empirical ly examining t he impact  of  

net work t opology on group performance.  

Of  t he many paradigms ident if ied above,  t his t hesis is most  consist ent  wit h 

post -posit ivism.  Three fact ors mot ivat e t his choice.  First ,  t he t hesis is broadly 

deduct ive;  t he researcher ident i f ied a series of  hypot heses t hat  were derived f rom 

exist ing t heory and associat ed l it erat ure.  The researcher now wishes t o t est  t hese 

hypot heses.  Second,  post -posit ivism appears consist ent  wit h prevail ing paradigms 

wit hin t he f ield of  knowledge t ransfers (e.g.  Schraw's (2006) review of  knowledge 

processes wit h regards t o posit ivism and post  posit ivism).  Third,  t he researcher 

recognizes t hat  al l  research met hods are fal l ible and hopes t hat  t he val idit y of  

f indings is st rengt hened t hrough a process of  t riangulat ion.  

In t his research,  t he researcher seeks t o explore t he causal  relat ionship 

bet ween net work-cent ric fact ors and performance.  Since a l ist  of  such fact ors can 

be compiled found in earl ier research (see t able 5),  t he focus of  t his research is 

not  on qual it at ively exploring possible relat ionships but  on quant it at ively and 

empirical ly t est ing t he st rengt h and impact  of  t hese fact ors on performance in 

order t o det ermine t heir relat ive correlat ions.  

This research builds on many early works (Squire,  2005;  Szulanski ,  1996).  

While t hose researchers’  works were more explorat ory t han t his current  research,  

t he aut hors seem t o share a crit ical  real ism st ance when it  comes t o ont ology and 

epist emology.   

Final ly,  long held bel iefs and a foundat ional  educat ion in engineering has 

led t his researcher t o f ind t hat  while knowledge is indeed knowable,  t rut h is not  

absolut ely obj ect ive,  but  inst ead rel ies upon human conj ect ures.  Thus,  t he post -

posit ivist / cr it ical  real ism paradigm suit s t his researcher and t his research best ,  not  

only f rom an ont ological  and epist emological  st ance,  but  also as it  allows for t he 

appl icat ion of  t riangulat ion and mixed met hods.   
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The Impact  of  Crit ical  Real ism 

Crit ical  real ism refers t o any posit ion t hat  maint ains t hat  an obj ect ively 

knowable,  mind-independent  real it y exist s whilst  acknowledging t he roles of  

percept ion and cognit ion (Bhaskar,  1978).  Crit ical  real ism st at es t hat  t here is a 

real it y which exist s independent  of  any human percept ion t hereof .  Crit ical  real ist s 

bel ieve t hat  t here are unobservable event s which cause t he observable ones,  and 

t herefore t he social  world can be underst ood only if  people underst and t he 

st ruct ures t hat  generat e such unobservable event s.  

The goal  of  f irst  exploring one’ s ont ology and epist emology is t o ensure a 

foundat ion for knowing so t hat  one can det ermine individual ly t he nat ure of  real it y 

and l imit s on knowing.  Based on t he sect ion above,  t he researcher has det ermined 

his own personal  ont ology/ epist emology t o be t hat  of  crit ical  real ism.  

Applying t he crit ical  real ism (post -posit ivism) view informs t he researcher:  

• That  al l  dat a col lect ed is biased by t he observer;  

• That  al l  dat a col lect ed may be fal l ible;  

• That  in acquiring new knowledge,  t he best  one can do is t o explore t he 

causal  relat ionships as seen in t he experiment  t hrough t he researcher’ s 

own lens;  and 

• That  whilst  empiricism and posit ivism locat e causal  relat ionships at  t he 

level  of  event s,  Crit ical  Real ism locat es t hem at  t he level  of  t he 

generat ive mechanism.  

While t he researcher agrees wit h t he above,  t he dat a at  t he heart  of  t his 

work is being col lect ed by sof t ware,  not  t hrough observat ion,  and t hus may not  be 

subj ect  t o condit ion 1 above (i.e.  sof t ware is not  biased).  However,  t he view t hat  

sof t ware is unbiased is naïve at  it s base.  Sof t ware of  course is writ t en by 

individuals,  and t hose individuals wil l  build it  according t o t heir experiences,  goals 

and biases.  Bruno Lat our’ s (1986,  1987) expansive work on t he biases of  scient i f ic 

inst rument at ion and experiment at ion reminds us t hat  biases are buil t  int o 
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inst rument at ion and laborat ory processes (he fol lows Kuhn).  Also see Timot hy 

Lenoir ’ s ‘ Inscribing science, ’  which f inds t hat  inst rument s are never neut ral  

because t hey are born out  of  epist emological  biases t hat  t end t o deny or conceal  

t heir bias,  part icularly in empirical  research (Lenoir,  1998).  

This research builds on t he met hodology used by Lechner,  Frankenberger 

and Floyd (2010).  Lechner,  Frankenberger and Floyd (2010) adopt  a real ist  

approach by asking t he net work members t o ident i fy t he boundaries of  t he 

net work in order t o formulat e t he domain of  t he empir ical .  As wit h Lechner,  

Frankenberger and Floyd (2010),  t he domain of  real  here includes t he 

unobservable mechanisms generat ing t he performance resul t s.  

3.4 Choosing the Research Methodology  

Research Considerat ions 

From Punch (1998),  t he researcher derives t he fol lowing t opics t o explore 

when cont emplat ing t he adopt ion of  a part icular met hod:  

1.  Research Questions.  What  exact ly are you t rying t o f ind out ? Focus on 

t he ‘ exact ly’ ,  as t his can lead you in eit her a qual it at ive or quant it at ive 

direct ion.   

2.  Viewpoint .  Are you int erest ed in making st andardized and syst emat ic 

comparisons,  or do you real ly want  t o st udy t his phenomenon or 

sit uat ion in det ail?  

3.  The Literature.  How have ot her researchers deal t  wit h t his t opic? To 

what  ext ent  do you wish t o al ign your own research wit h st andard 

approaches t o t he t opic? 

4.  Practical Considerations.  Issues of  t ime,  money,  availabil it y of  samples 

and dat a,  famil iarit y wit h t he subj ect  under st udy,  access t o sit uat ions,  

gaining cooperat ion.  

5.  Knowledge pay-off.  Wil l  you learn more about  t his t opic using 

quant it at ive or qual it at ive forms of  research? Which approach wil l  

produce more useful  knowledge? Which wil l  do more good? 
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6.  Style.  Some people prefer one approach over anot her.  This may involve 

paradigm and philosophical  issues or di f f erent  images about  what  a good 

piece of  research looks l ike.  

For t his research,  leveraging Punch (1998):   

1.  As t he aut hor is t rying t o t est  how net work dimensions impact  group 

performance,  a quant it at ive approach seems most  appl icable.   

2.  The researcher is int erest ed in making st andardized and syst emat ic 

comparisons.   

3.  Ot her researchers have deal t  wit h t his t opic in a concept ual  manner.  

These researchers ‘ discovered’  t he sources of  knowledge f r ict ion and 

t his research now wishes t o ‘ explore’  t hem furt her,  focusing on t he 

relat ionship bet ween t hose f rict ion sources and performance.  

4.  Focusing on how t o improve performance by addressing t he most  

signi f icant  f act ors regarding knowledge f low is a t opic t hat  should el icit  

suf f icient  responses t o al low for val id dat a gat hering and st at ist ical  

relevance.  

5.  As not ed,  t he qual it at ive work has already been done t o some ext ent .  

Prior research cal ls now for more empir ical  quant it at ive work.  

6.  As not ed above,  t he researcher’ s undergraduat e t raining in Engineering 

has t i l t ed his perspect ive t owards t he posit ivist  side of  t he 

epist emological  spect rum. 

Punch’ s key quest ions conf irm t hat  t he researcher and research are most  

suit ed t o a Post -Posit ivist  approach.  

3.5 Research Mode 

There are t wo main modes of  research:  induct ive and deduct ive (Buckley,  

1976).  A deduct ive mode involves t est ing t heory.  An induct ive mode aims t o 

generat e t heory based on fact -f inding act ivit ies.  In deduct ive mode,  t he 

researcher creat es a hypot hesis,  a pr ior i ,  and his research t hen goes on t o prove 
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or disprove t hat  hypot hesis.  The goal  of  deduct ive research is t o move f rom 

specif ic fact s t o general izable phenomena;  consequent ly deduct ive researchers 

of t en gravit at e t owards t he posit ivist  paradigm. The goal  of  induct ive research is 

t o generat e t heory based on specif ic fact s.  Prior t o t he dat a gat hering no 

subst ant ive hypot heses are creat ed a pr ior i .  The met aphor of  explorers vs.  

exploit ers may be helpful .  Explorers know not  what  t hey seek,  but  seek it  anyway,  

sail ing t o faraway lands t o gat her fact s.  Exploit ers already know t he land exist s 

but  seek t o bet t er underst and t he land,  t o map it  bet t er and underst and how 

t hose fact s int errelat e.  In t his met aphor,  explores are induct ive while exploit ers 

are deduct ive.   

For t his research,  prior aut hors have undert aken t he explorat ion at  an 

int ragroup level ,  and now t he aut hor seeks t o bet t er underst and how net work 

t opology impact s group performance.  Based on t his,  t he deduct ive mode is 

appropriat e for t heory t est ing t he prior suggest ed correlat ions bet ween t he 

dimensions of  social  capit al  and performance.   

3.6 Research Design and Methods 

According t o Churchil l  (1979),  research design provides an overal l  guide for 

t he col lect ion and analysis of  dat a of  a st udy.  The import ance of  research design 

st ems f rom it s role as a crit ical  l ink bet ween t he t heory and argument  t hat  

informed t he research and t he empir ical  dat a col lect ed (Nachmias and Nachmias,  

1981).   

A choice of  research design ‘ ref lect s decisions about  t he prior it y being given 

t o a range of  dimensions of  t he research process’  (Bryman and Bel l ,  2007,  p.  40).  

This wil l  have considerable inf luence on lower-level  met hodological  procedures 

such as sampl ing and st at ist ical  packages.  Research Design is t herefore a blueprint  

t hat  enables researchers t o f ind answers t o t he quest ions being st udied for any 

research proj ect .  Along wit h t he clear research plan it  provides,  const raint s and 

et hical  issues t hat  a st udy wil l  inevit ably encount er must  also be t aken int o 

account  (Saunders,  Thornhil l ,  and Lewis,  2006).  

As t he researcher wishes t o explore group performance,  dat a gained 

t hrough observat ional  research t echniques (based on t he researcher’ s 
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observat ions) wil l  be needed on t he group.  One must  be careful  when ut il izing t his 

met hod and work t o minimize and mit igat e any issues t hat  might  arise f rom 

observer bias.  The researcher must  also be aware and ensure t hat  t he observat ions 

are bot h rel iable and general izable.  Since t he values recorded t hrough observat ion 

wil l  be obj ect ive and st able,  t he impact  of  issues of  bias,  rel iabil it y and 

general izat ion wil l  be minimal.   

3.7 Measuring Social Networks  

As discussed in Chapt er 2’ s l it erat ure review,  f irm st ruct ure and form are 

evolving.  Where once a f irm’ s 

st ruct ure was dict at ed by it s 

organizat ional  chart ,  in t oday’ s 

world f i rms are more accurat ely 

visual ized as a non-hierarchical  

net work of  resources (people,  

t echnology,  knowledge) and 

relat ionships.  Social  Net work 

Analysis (SNA) is a research met hod 

used t o highl ight  t he relat ionships 

bet ween people (Mead,  2001).  SNA is of t en used t o descr ibe t he relat ionship,  

examine informat ion f lows,  and analyse pat t erns t hat  develop bet ween individuals 

and organizat ions (Wasserman and Faust ,  1994).  The resul t  is a visual  

represent at ion similar t o t he one present ed in Figure 11.   

SNA can be used t o map knowledge f lows and measure relat ionships 

bet ween act ors in a net work (Liebowit z,  2004).  SNA provides a perspect ive not  

only on how embedded are act ors in a net work,  but  also on how a st ruct ure 

emerges f rom t he int eract ions of  act ors in t he net work.  One t ype of  SNA approach 

advocat es col lect ing informat ion about  each act or's t ies wit h al l  ot her act ors in a 

net work (Hanneman,  2001),  whereas anot her met hod uses a snowbal l  t echnique by 

ident ifying key act ors,  gat hering informat ion on t heir relat ionships and t hen about  

t he subsequent  relat ionships wit h an expanding set  of  act ors.  A t hird met hod 

would be t o use ''egocent r ic'' met hods (Liebowit z,  2004),  wit h t he select ion of  

cert ain individuals as focal  nodes,  and analysing t heir immediat e relat ionships. 

Figure 11:  Network vs.  Hierarchy 
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As il lust rat ed,  t radit ional  organizat ional  chart s t end t o focus on command 

and cont rol ,  whereas SNA shows t he group based on def ined relat ionships and 

pract ical  deployment .  SNA can help i l lust rat e t he t rue informal net works behind a 

group’ s success.  According t o Huberman and Hogg (1995),  t hese informal net works 

coexist  wit hin t he formal st ruct ure of  t he organizat ion and can be used t o solve 

problems more ef f icient ly.  

In general ,  t here are t wo main approaches t o SNA. The f irst  explores t he 

f irm as a whole,  and is apt ly named t he Whole Net work approach.  The ot her is 

cal led t he Ego Net work approach.  The Whole Net work approach looks at  

relat ionships bet ween individuals wit hin t he group as a gest al t ,  while t he ego 

net work approach focuses on a part icular individual  and his or her relat ions.  Since 

t he researcher is focused on t he f irm performance,  it  is more product ive t o pursue 

a whole net work approach.  The t ypical  barrier t o whole net works analysis for 

surveys is t hat  whole net works require almost  100% survey part icipat ion in order t o 

be val id,  which can be ext remely dif f icul t  t o achieve.   

3.8 Measuring Firm Performance 

To underst and what  const it ut es successful  f i rm performance,  it  is import ant  

t o underl ine t he Smit hian t enet  of  maximizing available group resources in 

economic exchange.  Not wit hst anding,  a discussion of  group performance must  not  

be l imit ed t o st at ic performance (e.g.  Share price on January 1);  rat her,  it  must  

be ext ended t o sust ainable,  comparable and obj ect ive met r ics (t o di f ferent iat e 

t hese f rom short  t erm f inancial  gains/ losses caused by anomal ies) when describing 

group performance for any pract ical  value t o be gained f rom it .  

For t he case at  hand,  HF Senior Management  regularly col lect s and monit ors t wo 

key performance measures:  

• Tot al  Sales Volume  t he t ot al  annual  t ravel  services sold by al l 

members of  t hat  group.  

• Gross Margin Average  t he average of  t he individual  gross margins on 

t ravel  services sold by al l  members of  t hat  group.  
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The researcher acknowledges t here is a large number of  performance 

measures l ist ed in prior research (t able 5).  Not wit hst anding,  t he researcher sees 

no reason t o deviat e f rom t he Performance measures used by HF Senior 

Management .  From t his,  t he proposed model would be:  

 

 

 

3.9 Measuring Network Topology 

Social  net work dat a can be viewed as a social  relat ional  syst em 

charact er ized by a set  of  act ors and t heir social  t ies (Wasserman and Faust ,  1994,  

p.  89).  Social  net work analysis seeks t o underst and t he net work st ruct ure by 

descript ion,  visual izat ion,  and (st at ist ical) model l ing.  Social  net work dat a consist  

of  various element s.   

A social  net work is a very simple concept ;  it  is a set  of  act ors (or point s,  or 

nodes,  or agent s) who may have relat ionships wit h one anot her.  Net works can 

have few or many act ors and may support  various kinds of  relat ions bet ween pairs 

of  act ors.  Net work analysis is a fundament al  approach t o t he st udy of  social  

st ruct ure (Wel lman,  1983).  It  is t ypical ly undert aken t hrough eit her St at ist ical  

Model l ing or Visual  Analysis.   

Social 
Network 
Topology 

Gross 
Margin 
Average 

Total Sales Volume 

Knowledge 
Flow 

Figure 12: The Research Model 



81 

 

3.10 Multi Variant Analysis  

A subst ant ial  amount  of  informat ion is needed t o describe even smal l  social  

net works.  According t o Hanneman (2005),  managing t his dat a t o reveal  pat t erns of  

social  st ruct ure can be t edious and compl icat ed.  Al l  of  t he t asks of  social  net work 

met hods are made easier by using t ools f rom mat hemat ics.  For t he manipulat ion 

of  net work dat a and t he calculat ion of  indices describing net works,  it  is most  

useful  t o record informat ion t hrough mat hemat ics (Hanneman,  2005).   

The most  direct  way t o research a social  st ruct ure is t o analyse t he pat t erns 

of  t ies which l ink it s members (Wel lman,  1983).  In doing so,  t he researcher hopes 

t o concent rat e on st udying how t he pat t ern of  t ies in a net work provides 

signi f icant  opport unit ies and const raint s,  because it  af fect s t he access of  people 

and inst it ut ions t o such resources as informat ion,  weal t h,  and power.  (Wel lman,  

1983).  

For st at ist ical  model l ing,  t he researcher wil l  f irst  use sof t ware t o generat e 

measures for Social  Net work Topology (based on email  records provide by HF).  

This generat es t he social  graph for each of f ice along wit h each of f ice’ s SNA 

measures (e.g.  cent ral it y) t hen t he researcher wil l  explore t he possible 

correlat ions bet ween t hose SNA measures and Performance.  This wil l  be done 

t hrough t he st andard,  wel l -accept ed st at ist ical  t echnique of  mult iple regression 

analysis.  In t his t echnique a number of  possible independent  variables,  e.g.  t he 

SNA measures of  Net work Topology,  are t est ed for possible correlat ions wit h 

suit able measures of  performance as t he dependent  variable.  

In a t ypical  example,  t he correlat ion of  act ivit y across mult iple possible 

independent  variables wit h 180+ observat ions may be checked by mult iple 

regression analysis.  This may f ind t hat  Performance correlat es wit h some 

combinat ion of  t hese SNA variables.  The st at ist ical  informat ion which is usual ly 

provided in report ing such a correlat ion consist s of  n,  t he number of  observat ions,  

r,  t he mult iple correlat ion coef f icient ,  r2,  which is a measure of  t he explained 

variance,  and s,  t he st andard deviat ion.  The st at ist ical  signi f icance of  t he 

correlat ion equat ion and of  each independent  variable is also given in t he form of  
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a p value or as an F st at ist ic f rom which a p value can be readily det ermined.  

Mult iple Regression is a wel l -accept ed form of  st at ist ical  model l ing (Topl iss,  1972).  

3.11 Visual Analysis  

From t he early days of  SNA, images of  net works have been used bot h t o 

develop st ruct ural  insight s and t o communicat e t hose insight s t o ot hers (Freeman,  

2000).  Social  net works are inherent ly visual  in nat ure.  Visual  analyt ic t ools and 

t echniques have been used in social  net work analysis (Shen,  2008).  

The use of  visual  images is common in many branches of  science,  and such 

images are import ant  for progress in var ious f ields (Arnheim,  1970;  Freeman,  2000;  

Klovdahl ,  1981;  Koest ler,  1964;  Taylor,  1971;  Tuf t e,  1983;  Tukey,  1972).  Hist orian 

Al f red Crosby has gone much furt her,  proposing t hat  visual izat ion is one of  only 

t wo fact ors t hat  are responsible for t he explosive development  of  al l  of  modern 

science,  t he ot her being measurement  (Freeman,  2000).  

Visual izat ions of  social  net works have been used t o aid SNA f rom t he 

beginning (Freeman,  2000).  The visual izat ion of  net works is import ant  because it  is 

a nat ural  way t o communicat e connect ivit y,  al lowing for fast  pat t ern recognit ion 

by humans.  However,  t here are great  chal lenges when visual izing net works by 

hand (Di Bat t ist a,  1999);  t hus t he rise of  SNA sof t ware.  Two dist inct  display forms 

have been used t o visual ly const ruct  net work images,  one based on point s and 

l ines and t he ot her on mat rices.  In most  point  and l ine displays t he point s (nodes) 

represent  social  act ors and t he l ines (vert ices) represent  connect ions among t he 

act ors.  In mat rix displays t he rows and columns bot h represent  social  act ors,  and 

numbers or symbols in t he cel ls show t he social  connect ions l inking t hose act ors.  

The overwhelming maj orit y of  net work images have involved t he use of  point s and 

l ines (Freeman,  2000).  

3.12 Social Network Software 

SNA sof t ware t ools are not  j ust  for scient ist s anymore.  Moderat ors,  

administ rat ors and ot her communit y expert s also have a st ake in learning more 

about  t he st ruct ural  dynamics of  t heir int eract ions.  The emergent  chal lenge for 

designers and educat ors is t o build easy-t o-learn int erfaces t hat  enable t hese SNA 
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users t o discover communit y pat t erns and individual  roles t hey might  not  

ot herwise see (Bonsignore,  2009).  

Social  net work analysis has emerged as a powerful  met hod for 

underst anding t he import ance of  relat ionships in net works.  However,  int eract ive 

explorat ion of  net works is current ly chal lenging because (1) it  is dif f icul t  t o f ind 

pat t erns and comprehend t he st ruct ure of  net works wit h many nodes and l inks;  

and (2) current  syst ems of t en consist  of  a medley of  st at ist ical  met hods and 

produce overwhelming visual  out put ,  which leaves many analyst s uncert ain about  

how t o explore in an orderly manner (Perer and Shneiderman,  2006).  

The earl iest  use of  comput at ional  procedures in producing point  and l ine 

diagrams focused on t he problem of  det ermining locat ions for t he act ors (point s).  

Bock and Husain (1952) and Proct or (1953) were t he f irst  t o report  using 

comput at ional  procedures t o aid in placing point s.  They bot h used fact or analysis 

but  produced very di f ferent  kinds of  images (Freeman,  2000).  

In t he 1970s,  Alba (1972) worked wit h Gut mann and Kadushin t o develop an 

early program (SOCK) t hat ,  along wit h a St romberg-Dat agraphics 4060 plot t er,  

could produce point  and l ine graphics aut omat ical ly.  The program was int ended t o 

serve as a general-purpose net work analysis and image-producing device 

(Freeman,  2000).  Over t he fol lowing decades more t han t wo dozen sof t ware 

packages have been developed for SNA.  

The advent  of  t he World Wide Web in t he mid-1990s revolut ionized 

opport unit ies for net work imaging (Freeman,  2000).  In pract ice,  a net work 

visual izat ion of  a domain can be messy,  part icularly when t he net work is large.  

Visual izat ions are useful  t o leverage t he powerful  percept ual  abil it ies of  humans,  

but  overlapping l inks and il legible labels of  nodes of t en undermine t his approach 

(Perer and Shneiderman,  2006).  Exist ing SNA sof t ware t ools of t en involve 

ext ensive pre-processing or int ensive programming skil ls t hat  can chal lenge 

pract it ioners and st udent s al ike.  

At  present  t here are more t han t wo dozen sof t ware appl icat ions t hat  can 

visual ize SNA. A t horough review t hereof  is beyond t he scope of  t his work,  but  t he 
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aut hor recommends Mark Huisman’ s aut hori t at ive art icle on t he t opic,  ‘ Sof t ware 

for social  net work analysis’  (2005).  In t he last  decade analyt ical  t ools have 

improved great ly and many SNA sof t ware appl icat ions have come t o market .  

NodeXL® is one such sof t ware appl icat ion.  

NodeXL® is an open-source t emplat e for Microsof t  Excel  t hat  int egrat es a 

l ibrary of  common net work met rics and graph layout  algorit hms wit hin t he famil iar 

spreadsheet  format ,  of fer ing a low-barrier-t o-ent ry f ramework for t eaching and 

learning SNA (Bonsignore,  2009).  NodeXL® was chosen as t he sof t ware package for 

t his research for a mult it ude of  reasons,  including but  not  l imit ed t o t he fol lowing 

fact s:  NodeXL® is f ree and open-sourced;  NodeXL® is relat ively easy t o use;  

NodeXL® scales for large dat a set s;  NodeXL® facil it at es t he visual izat ion of  SNA 

t hrough email  usage;  and t his researcher has direct  access t o t he developers of  t he 

NodeXL® proj ect .   

3.13 Email for SNA 

As corporat ions grow,  knowledge becomes dispersed and communicat ion 

and coordinat ion become increasingly chal lenging (Ackerman,  Pipek and Wulf ,  

2003).  While face t o face communicat ion is not  always possible,  social  comput ing 

(e.g.  email ,  blogs,  t wit t er) t ools are highly accessible,  uniquely posit ioning t hem 

t o provide col laborat ive ent erpr ise-solut ions (St echer et  al . ,  2009).  Over t he last  

decade SNA has received a maj or boost  f rom t he abil it y t o use email  dat a mining 

and sof t ware t o generat e t he net work image.  Prior t o t hese development s,  t he 

pract ice of  SNA was manual and it erat ive (i .e.  you had t o ask each person about  

his or her relat ionships).  Through t he pract ice of  email  dat a mining,  SNA has 

become much less expensive and t ime consuming.  

Email  requires an inherent  social  net work and t his can be leveraged t o 

visual ize connect ions (Nardi et  al . ,  2002).  According t o Tyler,  Wilkinson and 

Huberman (2005) email  is a st rong t ool  for discovering t he communit y st ruct ure of  

organizat ions as email  has become t he predominant  means of  communicat ion in 

our informat ion societ y.  Email  pervades business,  social  and t echnical  exchanges,  

and as such it  has been est abl ished as an indicat or of  col laborat ion and knowledge 

exchange (Wel lman,  2002;  Whit t aker and Sidner,  1996).  Bulkley and Van Alst yne 
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also agree wit h t his proposit ion but  go a st ep furt her in t heir 2008 paper.  They 

suggest  t hat  email  may act ual ly be a bet t er t ool  t han net work surveys when 

conduct ing SNA; st at ing:   

[N]et work surveys can provide reasonable measures of  general  
communicat ion t endencies,  st udies of  informant  inaccuracy have 
demonst rat ed t hat  sel f -report ing (as done wit h net work surveys) 
become increasingly unrel iable for capt uring det ails of  int eract ions.  
(Bulkley and Van Alst yne,  2008,  p.  5).   

Bulkley and Van Alst yne (2008) report  t hat  t he most  prol if ic communicat ors 

over email  were t he most  prol if ic communicat ors across al l  media.  In fact ,  

measured email  act ivit y was found t o be direct ly correlat ed wit h sel f -report ed 

est imat es (rel iable here,  because of  t he smal l  numbers of  nodes) (p < 0.01).   

An addit ional  argument  support ing t he use email  vs.  survey comes f rom t he 

snapshot  vs.  dynamic view of  net works.  Surveys,  used in many SNA papers,  gat her 

informat ion at  a single point  in t ime.  But  social  net works form over t ime,  growing 

st ronger or weaker as t he levels of  int eract ion impact  t ie st rengt h.  Wat t s (2001) 

discusses t he process of  net work format ion t hrough a dynamic paradigm, where 

sel f -int erest ed individuals can form and sever l inks.  Jackson (wit h Wat t s,  2002) 

delved deeper int o dynamic net work format ion in t heir st udy,  f inding:  

The payof f  t o an individual  f rom an economic or social act ivit y 
depends on t he net work of  connect ions among individuals.  Over t ime 
individuals form and sever l inks connect ing t hemselves t o ot her 
individuals based on t he improvement  t hat  t he resul t ing net work 
of fers t hem relat ive t o t he current  net work (p.  265).  

This view was original ly est abl ished by Skyrms and Pemant le (2001),  who,  

publ ishing in t he same j ournal  and issue as Wat t s (2001),  writ e,  ’ model l ing 

net work st ruct ure as dynamic increases t he real ism (of  t he resul t ) wit hout  

rendering t he problem analysis int ract able’ .  

When an email  is sent ,  more t han j ust  t he t ext  is sent .  Email  archit ect ure 

also cont ains speci f ic t ime and dat e dat a which is added at  t he t ime when email  is 

sent .  This al lows researchers t o monit or or review t ie st rengt h longit udinal ly,  

somet hing not  available t o researchers using t radit ional  survey met hods.  By t his 

logic,  email  af fords researchers a shield against  t he recency bias.  In t his research,  
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t he researcher is concerned wit h t he social  net works at  HF during t he period of  

Jan 1,  2011,  t hrough December 31,  2011.  A survey administ ered on or around 

December 31st  would indicat e t he relat ionships in t he net work only at  t hat  

moment  in t ime.  A t ravel  agent  who lef t  t he group on December 1st  would not  be 

included in t he surveyed sample,  and t hus may not  show up in t he net work.  Unl ike 

surveys,  SNA uses obj ect ive longit udinal  dat a and,  in t his example,  would include 

t he depart ing t ravel  agent ,  t hereby providing a ful ler underst anding of  t he 

net work.  

As part  of  t his research,  t he researcher accessed t he email  communicat ion 

logs of  t he groups under review.  HF provided t he research wit h an email  dat abase 

of  7 mil l ion.  This represent s al l  incoming and out going email  f rom t he HF servers,  

f rom which a subset  was generat ed t hat  represent ed only int ragroup 

communicat ion.  From t his subset  an edge l ist  (i .e.  who speaks t o whom) was 

generat ed.  From t he edge l ist  SNA dat a was gleaned (e.g.  cent ral it y,  densit y,  

et c. ).  NodeXL® t hen leveraged t he edge l ist  t o draw a social  graph represent ing 

t he social  net work t opology of  t hat  group.  This process was t hen repeat ed for each 

of  t he HF Of f ices.  

While t he researcher agrees wit h t he aut hors’  claims (Tyler,  Wilkinson and 

Huberman (2005);  Wel lman,  2002;  Whit t aker and Sidner,  1996) above t hat  email  is 

an appropriat e t ool  t o examine group st ruct ure,  t he researcher does acknowledge 

t hat  a recent  st udy by MIT may provide a val id count erpoint .  In t heir recent  

art icle,  ‘ E-mail  may not  ref lect  t he social  net work’  (2006),  aut hors Grippa,  Zil l i ,  

Laubacher and Gloor suggest  t hat  one must  be caut ious before adopt ing holus 

bolus t he use of  email  t o det ermine how work t ruly get s done.  The aut hors remind 

readers t hat  face t o face int eract ions are st i l l  t he most  ef f icient  way t o t ransfer 

t acit  knowledge.  They suggest  t hat ,  in groups where co-locat ion of  personnel  

predominat es,  t hose act ors may opt  for more synchronous forms of  communicat ion 

(phone,  inst ant  message and face t o face).  Not wit hst anding even t hose cases 

where face t o face communicat ion is available,  email  may be used t o arrange for 

such,  t hus furt her ing t he concept  t hat  email  records are a proxy for relat ionships.  

This is import ant  for t his research,  since HF int raof f ice groups are al l  col locat ed.   
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The researcher also agrees t hat  t he proport ion of  communicat ion t hat  is 

email ,  as compared t o ot her forms (phone,  onl ine chat ,  f ace t o face),  wil l  fal l  as 

t he percent age of  co-locat ed act ors rises.  Not wit hst anding,  email  cont inues t o be 

an appropriat e t ool  for measuring relat ionships and knowledge f low.  According t o 

Bulkley and Van Alst yne in t heir 2006 Sunbelt  Conference paper,  ‘ Our analyses 

provided signi f icant  evidence support ing t he int erpenet rat ion of  email  measures as 

proxies for more general  communicat ion pat t erns even t hough email  use in any 

organizat ion is cont ext  specif ic’ .  (Bulkley and Van Alst yne,  2004;  Rice and 

St einfeld,  1994).  This view is also support ed by several  papers f rom leading 

aut hors,  including Wel lman (2002) and Whit t aker and Sidner (1996),  who f ind t hat  

email  is a st rong indicat or for levels of  col laborat ion and knowledge exchange,  

even i f  email  is not  t he t ool  being used direct ly for such col laborat ion and 

knowledge exchange.   

3.14 Analysis 

This research uses a mult i-met hod approach t o analysis,  cross-correlat ing 

t he resul t s obt ained t hrough di f f erent  analysis t echniques.  Tr iangulat ion is def ined 

as ‘ t he combinat ion of  met hodologies in t he st udy of  t he same phenomenon’  

(Denzin,  1978;  p.  291).  The ef fect iveness of  t riangulat ion rel ies on t he premise 

t hat  t he weaknesses of  any single met hod wil l  be compensat ed by t he balancing 

st rengt hs of  t he ot her met hod (Jick,  1979).  This assumes t hat  t he weaknesses of  

individual  met hods are discret e rat her t han overlapping and t hat  t he st rengt hs of  

t wo or more met hods are complement ary,  t o t he ext ent  t hat  weaknesses are 

of fset .  However,  f rom t he discussion above,  it  is apparent  t hat  any research 

met hod chosen wil l  have inherent  f laws,  and t he choice of  t hat  met hod wil l  l imit  

t he conclusions t hat  can be drawn.  It  is t herefore ‘ essent ial  t o obt ain 

corroborat ing evidence f rom a variet y of  met hods’  (Scandura and Wil l iams,  2000,  

p.  1249).  

Given t hat  t his research is formulat ed wit hin t he post -posit ivist ic paradigm,  

met hodological  t riangulat ion is appropriat e.  Post -posit ivist  researchers general ly 

recognize t hat  any single met hod may be fal l ible,  and t herefore t riangulat ion 

of fers t he opport unit y t o compensat e for specif ic l imit at ions.  Using mult iple 
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met hods helps f i l l  t he gaps lef t  by any given met hod and provides an import ant  

cross-check of  individual  analyses (Connidis,  1983).  

It  should be not ed t hat  t rue met hodological  t riangulat ion is not  being 

of fered herein.  To do so,  dat a would need t o be drawn f rom mult iple sources and 

by mult iple met hods.  This is not  t he case for t his research.  This research uses t he 

same dat a but  undert akes t wo dif ferent  t ypes of  analysis (GLM and Visual).  While 

t he research acknowledges t his is not  a t rue t riangulat ion of  met hods,  it  should 

provide addit ional  insight .  In summary,  once t he dat a was gat hered,  mat hemat ical  

and visual  analysis was undert aken.  

3.15 Ethical Considerations 

Et hical  approval  was grant ed by t he Universit y of  Glasgow (where t he 

researcher st udies) and Ryerson Universit y (where t he researcher lect ures).  

Approval  was sought  and grant ed for t he use of  t he above described SNA email  

mining t echnique.  No primary dat a was removed or copied f rom t he server.  The 

SNA sof t ware parsed t he large volume of  emails on t he server,  mapped out  t he 

SNA for t he group and generat ed t he SNA measures necessary for t his research;  

any impact  on t he part icipant s was deemed t o be minimal.  Furt her,  t he researcher 

has no role wit h HF,  l imit ing t he possibil it y of  negat ive ramif icat ions for HF 

employees.   

Summary of Chapter 3  

This chapt er present ed an overview of  research paradigms,  locat ing t his 

current  proj ect  wit hin post -posit ivist  research met hods.  Of  t he many paradigms 

ident if ied,  t his research fal ls wit hin t he paramet ers of  post -posit ivism and is 

informed by a cr it ical  real ism view of  epist emology,  which is consist ent  wit h t he 

prevail ing paradigms wit hin t he f ield of  knowledge t ransfer.  The research is based 

on mult iple met hods;  t hus,  t he researcher seeks t o st rengt hen t he val idit y of  t he 

f indings t hrough a process of  t riangulat ion.  The fol lowing chapt er wil l  det ail  t he 

processes by which t he met hods wil l  be operat ional ized,  and t he models upon 

which t his research is based are discussed furt her.  
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Chapter 4 – Operationalizat ion 

This chapt er is divided int o f ive main sect ions.  First ,  t he researcher 

explores t he l ink bet ween knowledge f low and performance,  and how performance 

can be measured.  Next ,  t he aut hor explores t he moderat ors of  performance.  Next ,  

t he researcher present s a concept ual  model and t he hypot heses t o which such a 

model might  lead.  Then,  t he researcher set s out  t he met hod for moving f rom t he 

t heory behind t he phenomenon t o operat ional izing t he research.  Final ly,  general  

def init ions for Performance and for measuring social  net work t opology are 

explored.   

Overview of method  

The sample populat ion examined in t his research is comprised of  t he sales 

associat es of  a nat ionwide t ravel  agency.  This organizat ion,  which wil l  be cal led 

‘ HF, ’  employs over 1800 individuals in Canada and more t han 20,000 worldwide.  

More t han 90% of  HF Canadian personnel  are engaged in sel l ing t ravel  product s 

(f l ight s,  hot els,  car rent als,  t ours,  et c. ).  These employees are grouped by Of f ice,  

each of  which is st af fed by 5 t o 15 t ravel  agent s.  About  10% of  t he of f ices are 

designat ed as Corporat e (sel l ing most ly t o pre-est abl ished business cl ient s via 

phone and email ),  while 170+ of f ices are cat egorised as Ret ail  (sel l ing most ly t o 

walk-in cust omers).  Corporat e t eams are assembled in t hree colocat ion of f ices 

across Canada.  Ret ail  t eams are locat ed in individual  group based st reet  level  

st oref ront s.  There are also t wo of f ices t hat  focus on wholesal ing cruise t ravel ,  

primarily serving t he ot her of f ices rat her t han t he cl ient s;  because of  t his 

dif ference in business model,  t he t wo cruise of f ices were removed f rom t he 

sample.   

Each member of  an Of f ice at t empt s t o maximize sales while maint aining a 

st rong margin.  HF management  j udges Of f ice performance based only on Tot al 

Sales Volume.  It  is management ’ s goal  t o maximize t he performance of  every 

Of f ice.  HF produced a dat abase cont aining al l  HF emails for 2011.  More t han 7 

mil l ion records (To,  From, Dat e,  Time) were reviewed,  grouped and organized.  

Only int ragroup emails (e.g.  email  amongst  members of  t he same Off ice) were 

examined;  al l  ot hers were excluded.  
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Using an ext ension t o t he NodeXL® sof t ware package creat ed for t his 

research by t he Social  Media Foundat ion and Microsof t ,  t he researcher t ook an ‘ x-

ray snapshot ’  of  each group’ s social  net work.  This was done by f irst  creat ing an 

edge l ist  (showing who spoke t o whom, when,  how of t en,  et c. ) based on 

int ragroup email  communicat ions f rom January 1,  2011 t o December 31,  2011.  This 

snapshot  is based on underlying dat a represent ing a series of  social  net work 

t opology measures,  including Tie St rengt h,  St ruct ural  Holes and Cent ral it y.   

To represent  t he cognit ive dimension of  Social  Net works,  homophily was 

measured as an indicat or of  cognit ive dist ance and shared vision.  To represent  t he 

relat ional  dimension of  Social  Net works,  Tie St rengt h was measured as an indicat or 

of  t he overal l  Tie St rengt h in t he group.  To represent  t he st ruct ural  dimensions of  

Social  Net works,  Cent ral it y and Densit y (t he inverse of  st ruct ural  holes) was 

measured.  At  HF’s request ,  email  cont ent  was not  reviewed.  This ef fect ively 

undermined any at t empt  t o measure homophily;  as a resul t ,  t he cognit ive 

dimension could not  be explored.   

Tie St rengt h,  Densit y,  and Cent ral it y were t hen correlat ed wit h group 

performance (Normal ized Sales Volume) in order t o det ermine if  high-performing 

groups share similar net work measures.  Mult iple Variant  Regression t echniques 

were t hen used t o analyse t he f indings and t o det ermine if  an equat ion opt imizing 

t he social  net work measures could be generat ed,  fol lowed by a visual  analysis.   

4.0 The Research Questions 

According t o Sarant akos (1998),  t he research met hods wil l  depend not  only 

on t he met hodology of  t he researcher but  also on t he research quest ions.  From 

Chapt er 1,  t he fol lowing research obj ect ive was det ermined t o be a t heory t est ing,  

and empirical ly conf irming t he relat ionship bet ween an organizat ion’ s Social  

Net work Topology and organizat ional  Performance.  This can be more general ly 

st at ed as:  
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Do the Cognit ive,  Relational and Structural Dimensions of an 

organization’s Social Network have an inverse curvilinear 

correlation with organizational Performance as predicted?  

From t his t he fol lowing research quest ions can now be ext ended based on Chapt er 

3:  

• Does a group’s level of Tie Strength have an inverse curvilinear 

correlation with the Group’s Performance?  

• Does a group’s level of Structural Holes have an inverse 

curvilinear correlation with the Group’s Performance?  

• Does a group’s degree of Centrality have an inverse curvilinear 

correlation with the Group’s Performance?  

And 

• What,  if any,  is the relationship between the number of days a 

strong tie is place and an individual’s performance? 

4.1 Key Concepts that underlie this work.  

From an organizat ional  perspect ive,  new economic opport unit ies are always 

emerging,  and exist ing opport unit ies may fade away.  To perceive and pursue t hese 

opport unit ies,  groups need t o creat e new knowledge consist ent ly and disseminat e 

it  widely t hroughout  t heir organizat ion (Kusunoki ,  Nonaka and Nagat a,  1998).  

Given t hat  t he creat ion of  new knowledge st ems f rom t he combinat ion of  exist ing 

knowledge f rom a variet y of  sources,  t he abil it y t o t ransfer knowledge is vit al ly 

import ant .  This research sit s at  t he crux of  t hree overlapping areas of  st udy:   

• Social  Capit al ;   

• Knowledge Transfer;  and  

• Performance.   
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Li and Zhu (2009),  in t heir work on t he Inf luence Mechanism of  Social  

Capit al  t o Informal Knowledge Transfer,  propose a t heoret ical  model which l inks 

social  capit al ,  knowledge t ransfer and performance.  They suggest  t hat  t o improve 

ef fect ive informal knowledge t ransfer,  one must  improve across one or more of  

t he t hree dimensions of  social  capit al .  

 

Figure 13: Model of Social Capital’s impact to Knowledge Transfer (from Li and Zhu, 2009) 

A large body of  academic l it erat ure has argued t hat  knowledge t ransfer 

direct ly impact s t he performance of  t he group;  while performance can be 

det ermined direct ly,  however,  knowledge f low is more dif f icul t  t o measure.  

Knowledge f low is det ermined by several  fact ors,  including t he t ype of  knowledge 

(e.g.  t acit  or expl icit ),  t he absorpt ive capacit y of  t he receiver,  and t he net work 

over which t hat  knowledge f lows (Lin et  al . ,  2011).   

 

Figure 14: Knowledge Flow model (from Lin et al. ,  2011) 
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As much has already been writ t en on bot h t he impact  of  knowledge t ype 

and t he value of  knowledge f low (Kamhawi,  2010;  Mu,  2008;  St urdy,  2009) t his 

research examines t he relat ively less explored concept  of  how t he Net work 

Dimensions (e.g.  t opology) impact  Performance.   

4.2 Unit of Analysis 

In social  net work analysis,  one 

has many possible unit s t o analyse.  In 

al l  cases t he vert ex (edge) represent s 

t he relat ionship and t he nodes are t he 

part ies privy t o t hat  relat ionship.  

Nodes can be groups (Schweit zer,  

2009),  st rat egic unit s (Lechner,  

Frankenberger and Floyd (2010),  

depart ment s (Marin and Wel lman,  

2011) or individuals (Borgat t i,  2005).  Looking at  t he adj acent  f igure,  it  is 

empirical ly irrelevant  whet her Nodes 1,2,3,4,5,6 are of f ices,  f i rms,  groups,  t eams,  

or individuals.  Yet  it  is cont ext ual ly import ant  t o be mindful  of  t he out comes 

based on t he level  of  analysis.   

This research examines independent  unit s of  product ion,  which are referred 

t o int ernal ly as Of f ices but  herein cont ain 5-15 individuals,  each sel l ing t ravel  

services.  Each Group is ranked based on annual  gross sales generat ed.  While each 

Group is not  a legal  ent it y (e.g.  subsidiary),  each group act s (f rom a cost  and 

revenue perspect ive) as an independent  uni t .  Even t hough Groups share common 

inf rast ruct ure (e.g.  bil l ing,  HR, IT),  a case can be made t hat  each Group can be 

t reat ed as an independent  unit  for analysis for t he purpose of  t his research.   

4.3 Prior Models 

There are a number of  useful  models in t he exist ing l it erat ure.  From de 

Pablos (2006),  t he researcher acquires t he fol lowing model:   

Figure 15: A typical Social Graph 
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From Oh,  Labianca,  and Chung’ s (2006) paper on Mult i level  Model of  Group Social  

Capit al ,  t he researcher appl ies t he fol lowing model of  Social  Capit al :  

 

 

Figure 17: Multilevel Model of Group Social Capital (from Oh, Labianca and Chung, 2006) 

Figure 16: Model of Social Capital's impact on Performance (from de Pablos,  2006) 
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From Mu (2008) t he researcher learns t hat  social  capit al ,  especial ly t hat  which is 

rich in t rust -based t ies:   

1.  develops bet ween nodes t hrough an int eract ion process;   
2.  accelerat es knowledge f low;  and  
3.  act s as an informal governance mechanism bet ween nodes.   

Weak t ies help groups t o build init ial  relat ionships,  and st rong t ies help groups t o 

acquire higher-qual it y and f ine-grained knowledge.   

 

Figure 18: Model of Social Capital's impact (from Mu, 2008) 

Pearson,  Carr and Carr,  in t heir  2008 paper ,  ‘ Toward a t heory of  f amil iness:  

a social  capit al  perspect ive’ ,  amalgamat e early research (Leana and Van Buren,  

1999;  Nahapiet  and Ghoshal ,  1998;  Tsai and Ghoshal ,  1998) t o generat e a model  

l inking t he dimensions of  social  capit al  (and social  net works) t o capabil it ies:  

 

Figure 19: Model for Group Social Capital (from Pearson, Carr,  and Carr,  2008) 
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Li and Zhu (2009) proposed t he fol lowing model;   in doing so,  t hose aut hors 

err in cat egorizing Tie St rengt h under t he St ruct ural  dimension,  whereas t he 

maj orit y of  research classi f ies Tie St rengt h as an indicat or of  t he Relat ional  

Dimension of  t he social  net work (e.g.  Lechner,  Frankenberger and Floyd (2010):  

 

 

Figure 20: Model of Social Capital’s impact to Knowledge Transfer (from  Li and Zhu, 2009) 

More recent  f indings have found t hat  knowledge t ransfer mediat es bet ween 

organizat ion members’  int ra-organizat ional  social  capit al and organizat ional  

performance out comes of  growt h and innovat ion performance (Maurer,  Bart sch 

and Ebers,  2011).  

 

Figure 21: Knowledge Flow model (from Maurer,  Bartsch and Ebers,  2011) 
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While t hese pr ior models of fer insight ,  t he next  st ep is t o aggregat e t he 

concept ual  model,  previously int roduced above,  int o a manner which relat es t he 

st ruct ure of  t he group’ s social  net work t o organizat ional  performance.   

4.4 The Model for this Research  

The aforement ioned models provide a valuable int roduct ion int o our 

part icular logic,  yet  t hey focus heavily on t he knowledge processes ext ernal  t o t he 

group.  As t his research concent rat es pr imaril y on t he int ernal  knowledge processes 

which impact  t he group’ s abil it y t o t ransfer knowledge (int ernal ly) and perform as 

ref lect ed by t he net work st ruct ure of  t he group,  t he model adopt ed by t his 

research looks direct ly at  t he ef fect s of  net work t opography on group 

performance.  The concept ual  model which forms t he logical  f ramework for how 

net work t opology impact s organizat ional  performance is given below.  This model 

out l ines t he causal  relat ionships bet ween t he dif ferent  fact ors,  ident i f ied in 

management  l it erat ure,  which are known t o impact  t he t ransformat ion of  

knowledge int o performance.   

 

 

Since t he t ask (and t ask cont ingency) was held const ant  across groups (e.g.  

sel l  t he most  t ravel  and t he best  margin),  t he researcher need not  cont rol  for 

indust ry or count ry.  Inst ead,  t he cont rol  var iables were:  

Knowledge Flow 

Figure 22: The Proposed Research Model 
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• Is t he group Corporat e? Yes = 1,  No = 0  

• As not  al l  groups have t he same number of  t ravel  agent s,  t he number of  

ful l  t ime st af f .   

It  is clear f rom t his model t hat  any knowledge-speci f ic variables have been 

omit t ed.  However,  t his is warrant ed,  as one of  t he underlying assumpt ions of  t his 

research is t he not ion t hat  a similar nat ure of  knowledge exist s in similar groups.  

That  is t o say t hose groups in a given indust ry (i .e.  Travel  sales) would have 

comparable t act i l i t y and complexit y of  knowledge being t ransferred across t heir  

organizat ions and t hus can be omit t ed.   

4.5 Measuring Performance 

In it s broadest  def init ion,  performance ref lect s t he degree t o which an 

out come has met  expect at ions.  In t he cont ext  of  a modern corporat ion,  t he 

degree t o which t he group performs ref lect s t he degree t o which management ’ s 

execut ion has met  t he expect at ions set  by t he shareholders.  As such,  t he 

shareholders’  expect at ions are dependent  on t he group’ s resources and it s 

pot ent ial  t o exploit  t hose resources t o economic ends.  Given t hat  expect at ions 

and group performance are highly cont ext ual  and dependent  on t he group’ s 

specif ic resources,  it  somet imes proves dif f icul t  t o compare groups t hat  possess 

dif ferent  resources.  Similarly,  t he nat ure of  t he group’ s business and t he sect or in 

which it  operat es def ine t he group’ s expect at ions.  In t he case of  HF,  al l  groups 

being measured have similar cont ext ,  t ask cont ingency and resources.   

Performance is t he dependent  variable in t his research.  To measure 

performance,  t he researcher f irst  col lected t he Tot al  Sales per Person and 

individual  Gross Margin dat a f rom t he HF Senior Management .  Then t he researcher 

aggregat ed t o t he dat a t o generat e Tot al  Sales Volume and Average Gross Margin 

for each Of f ice.  Using Tot al  Sales Volume,  al l  groups were ranked 1 t hrough 180.  

Final ly,  using st andard t echniques,  a Normal ized Revenue Per Group was 

generat ed as Nrev.  Gross Margin is a percent age and t hus is not  required t o be 

normal ized.  Inst ead,  Gross Margin was averaged for each group;  t his was dubbed 

Gross Margin Avg.   
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4.6 Measuring Network Topology 

Social  Net work Topology is t he st udy of  qual it at ive propert ies of  Social  

Net works.  To dat e,  t he l it erat ure has focused on t hree key dimensions:  Cognit ive,  

Relat ional  and St ruct ural  (Hayt hornt hwait e,  1996;  Lechner,  Frankenberger and 

Floyd,  2010;  Maurer,  Bart sch and Ebers,  2010;  Uzzi,  1997).  Hist orical ly,  t hese 

dimensions have been convert ed t o measures t hat  empirical ly explore t he social  

net work t opology using social  net work measures,  including Cent ral it y,  Densit y,  

St ruct ural  Holes,  and Tie St rengt h.  These measures and t heir appl icat ion t o t his 

research are present ed in t he fol lowing sect ions.   

4.7 Centrality (a measure of the structural dimension) 

Cent ral it y is t he concept  of  being ‘ in t he t hick of  t hings’ .  Cent ral it y has 

been used in social  net work analysis t o det ermine t he degree t o which a given 

act or is ‘ import ant ’  wit hin a net work.  Several  measures have been derived f rom 

t his def init ion of  cent ral it y,  degree of  cent ral it y,  closeness cent ral it y,  

bet weenness cent ral it y,  eigenvect or cent ral it y,  informat ion cent ral it y (Ni,  

Sugimot o and Jiang,  2010).  These met rics have been used in recent  st udies as a 

means of  quant i fying t he f low across a net work (Borgat t i,  2005).  The dif ferent  

measures of  cent ral it y ref lect  sl ight ly dif f erent  net work phenomena;  however,  

each measure of  cent ral it y al lows us t o perceive how ‘ cent ral ’  given act ors may be 

wit hin a net work.  Three cent ral it ies are of  int erest :   

• Eigenvector Centrality is t he measure of  t he inf luence of  a node on t he 

net work.  Thus it  is t he inf luence t hat  any one group member (Travel  

Agent ) can have on t he group (Of f ice).  A node wit h high eigenvect or 

cent ral it y wil l  be able t o st rongly inf luence ot her members of  t hat  

group.   

• Closeness Centrality det ermines t he dist ance bet ween t he nodes.  In 

mapping social  graphs t here is a nat ural  dist ance bet ween pairs of  

nodes.  This dist ance (farness) is def ined by t he lengt h of  t he short est  

pat h t o connect  t hem. The dist ance of  a node is calculat ed as t he sum of  

al l  t he short est  pat hs.  Closeness Cent ral it y is t he inverse of  Farness.  It  is 

of t en regarded as a measure of  how long it  would t ake t o spread 
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informat ion along t he short est  pat hs.  Since t his research focuses on t he 

performance benef it s resul t ing f rom t he spread of  t acit  knowledge (e.g.  

best  pract ices),  Closeness Cent ral it y is an insight ful  dimension in t his 

research.   

• Betweenness Centrality refers t o t he ext ent  t o which a node 

(represent ing an act or) l ies bet ween ot her nodes in t he net work.  This 

measure t akes int o account  t he connect ivit y of  t he node's neighbours,  

giving a higher value for nodes which br idge clust ers.  Bet weenness 

cent ral it y may be t he most  appropriat e value t o measure in t his 

research,  as it  ref lect s t he number of  people wit h whom a person is 

connect ing indirect ly t hrough t heir  direct  l inks.  

Al l  t hree measures of  cent ral it y t end t o be def ined as an individual  measure 

and not  as a group measure.  Most  cent ral it y met rics are calculat ed on ego 

net works (not  whole net works,  as wit h t his research) t o generat e t he cent ral it y of  

t he individual .  At  t he t urn of  t he cent ury,  a t riad of  aut hors creat ed algorit hms 

and met hods t o calculat e group-wide cent ral it y based on individual  cent ral it y.  

They did t his by looking at  a subset  of  Whole Net works cal led Weight ed Net works.  

A weight ed net work is a whole net work in which t ies are not  j ust  eit her present  or 

absent ,  but  have some form of  weight  at t ached t o t hem. The weight  represent s 

t he t ie st rengt h (relat ionship) bet ween t he act ors connect ed by it .  Opsahl ,  

Agneessens and Skvoret z's (2010) approach makes it  possible t o gauge Group level  

Cent ral it y t hrough a hybrid met hodology which combines t he various met rics used 

in t he current  research.  Thus,  Group Cent ral it y was calculat ed by f irst  aggregat ing 

each Group’ s individual  cent ral it y measures and t hen dividing by t he number of  

individuals in t he group.  This yields t he fol lowing measures:  

• Avg.  Eigenvect or Cent r.  

• Avg.  Closeness Cent r.   

• Avg.  Bet weenness Cent r.  
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A group wit h higher Avg.  Cent ral it y wil l  be seen as less decent ral ized (Hui,  

2008).  Decent ral izat ion facil it at es innovat ion bet t er t han exploit at ion (Sahay,  

2011).  HF Groups are most ly focused on exploit at ion,  get t ing t he most  f rom t he 

asset s on hand.  Based on t his,  one would predict  t hat  groups wit h higher average 

cent ral it y would have an easier t ime facil it at ing knowledge f low and would be  in 

t urn bet t er able t o drive higher performance.  

4.8 Structural Holes (a measure of the structural dimension) 

Net work cohesion is a st ruct ural  measure of  a social  net work which ref lect s 

t he degree of  redundancy occurring wit hin a group.  That  is t o say,  t he number of  

redundant  t ies (pat hs bet ween act ors) wi t hin a net work represent s net work 

cohesion (Burt ,  1992).  If  a net work is cohesive,  t hen it  can bet t er t olerat e act or 

defect ion.  Net work cohesion (somet imes cal led net work redundancy) has t he 

pot ent ial  t o af fect  t he knowledge processes of  a group (Frit sch and Kauf feld-Monz,  

2009) and,  as such,  it  is of  int erest  t o knowledge t ransfer.   

Net work cohesion is a met ric ref lect ive of  t he ent i re net work and t hus must  

be calculat ed on a group-wide level .  This has been done in past  st udies t hrough 

empirical  survey-based social  net work analysis (Burt ,  1992).  The measurement  of  

net work cohesion also al lows one t o account  for st ruct ural  holes occurring in t he 

net work.  Thus,  t hrough t he use of  t his met ric,  it  wil l  be possible t o ident ify t he 

presence and f requency of  st ruct ural  holes wit hin a group.  St ruct ural  holes are 

disconnect ions bet ween nodes in a social  net work (Ahuj a,  2000).  The t heory of  

net work cohesion is of t en operat ional ized as eit her Densit y or St ruct ural  Holes.   

Densit y is t he inverse of  St ruct ural  Holes (Zaheer and Soda,  2009) meaning a 

group wit h 100% densit y wil l  have no st ruct ural  holes.  To generat e a measure of  

St ruct ural  Holes,  t he researcher calculat ed:  1/ Densit y.  St ruct ural  holes can lead t o 

t he arrival  of  non-redundant  knowledge t o t he net work (Rodan,  2010);  however,  

wit h t oo many st ruct ural  holes,  it  wil l  be dif f icul t  t o dif fuse innovat ions (e.g.  best  

pract ices) t hroughout  t he group.  The researcher predict s t hat  t op performing 

groups wil l  have fewer holes t han low performing groups.  Thus,  t he inverse is 

t rue—t op performing groups should have higher Densit y t han lower performing 

groups.   
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4.9 Tie Strength (a measure of the relational dimension) 

A social  net work is made up of  act ors.  These act ors have relat ionships.  

These relat ionships are descr ibed as ‘ t ies’ .  Ties are of t en nat ural ly associat ed wit h 

a st rengt h t hat  dif ferent iat es t hem f rom each ot her.  Tie strength has been 

operat ional ized as weight .  In a social  net work,  t he weight  of  a t ie is general ly a 

funct ion of  durat ion,  emot ional  int ensit y,  int imacy,  and exchange of  services 

(Granovet t er,  1973).  Barrat ,  Bart helemy and Past or-Sat orras (2004) general ize 

degree cent ral it y t o weight ed net works by t aking t he sum of  weight s inst ead of  

t he number of  t ies,  while Brandes (2001) and Newman (2001) ut i l ize Dij kst ra’ s 

(1959) algorit hm of  short est  pat hs for general izing closeness cent ral it y and 

bet weenness cent ral it y t o weight ed net works,  respect ively.  

While t here are met hods t o quant ify t he number of  connect ions in a 

net work,  it  is also import ant  t o consider t he st rengt h wit h which t hose connect ions 

int eract .  The degree t o which t wo t ies have a ‘ st rong’  or ‘ weak’  bond cannot  be 

whol ly at t ribut ed t o t he f requency wit h which t hey int eract .  Frequency of  cont act  

may have some correlat ion wit h t ie st rengt h,  but  it  cannot  serve as an al l -

encompassing subst it ut e for t ie st rengt h.  One can easily imagine a relat ion where 

t here is great  f requency of  cont act  but  l it t le t ie st rengt h;  for example,  t he 

relat ionship bet ween t he researcher and t he cof fee barist a who works at  St arbucks 

and provides t he researcher wit h his daily dose of  caf feine.  They int eract  daily and 

f requent ly,  but  t here is no emot ional  int ensi t y,  int imacy or durat ion,  so despit e it s 

f requency,  t he t ie st rengt h bet ween t he barist a and t he researcher would l ikely be 

weak.  Not wit hst anding t his mat t er,  recent  l it erat ure has accept ed t his l imit at ion 

and forged ahead using f requency (i.e.  edge weight ) as a proxy for Tie St rengt h 

(Pepe,  2011).  The reasoning l ies in t he fol lowing correlat ion:  If  A and B have a 

st rong relat ionship,  one where t acit  knowledge t ransfers t hrough face t o face 

int eract ions,  some coordinat ion is st i l l  required (i.e.  t o set  up t he face t o face 

meet ing).  Based on t his,  it  seems reasonable t o conclude t hat  if  A and B have a 

high f requency of  email ,  t hey may have a st rong relat ionship;  based on t he 

inverse,  if  A and B have a weak t ie relat ionship,  t hey would be unl ikely t o have a 

high f requency of  int eract ion.   
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Tie St rengt h indeed ref lect s an est abl ished,  working relat ionship,  it  t hus 

would seem logical  t o imply t hat  t rust  exist s wit hin t hat  relat ionship (i. e.  how 

could t wo people have a st rong relat ionship wit hout  t rust ?).  This research focuses 

on int ragroup t ies and smal l  groups,  t o generat e a measure of  Tie St rengt h,  

researchers f i rst  calculat ed t he pot ent ial  number of  t ies (relat ionships) amongst  

each group.  This was based on t he wel l  accept ed formula (Yuan,  2010):  

Max t ies possible = n(n-1) 
                              2 

Thus,  a group wit h 5 FTEs has t he pot ent ial  for 10 relat ionships,  some of  

which may be STRONG and ot hers WEAK.  

Cont ext ual ly,  each Of f ice is made up of  6-16 geographical ly proximat e 

t ravel  agent s.  Typical ly an Of f ice is less t han 300 square feet .  Thus,  al l  members 

of  t hat  Of f ice are in close proximit y.  One would expect  t hat  such close 

proximat ely facil it at es low-cost  face t o face communicat ion.  In fact ,  one can 

assume t hat  face t o face communicat ion would be t he dominant  form of  

communicat ion in t he Of f ice,  wit h email  being used most ly t o arrange meet ings 

asynchronously or t o share expl icit  informat ion (e.g.  a new incent ive plan).  Thus,  

in t his speci f ic cont ext ,  t he researcher expect s email  t o be deployed only weakly 

for communicat ion;  t his pat t ern is consist ent  for al l  Of f ices at  HF,  which al lows for 

val id comparisons.  For t his reason a low f requency (10 emails per year) was set  as 

t he t hreshold for st rong t ies.  From t his logic,  a weak t ie was def ined as having less 

t han 10 edges (i .e.  inst ances of  communicat ion) over one year.  As for set t ing t he 

bar at  10 edges,  one must  remember t hat  t his number does not  ref lect  t he 

quant it y of  email  sent ,  only t he quant it y of  int ra-organizat ional  (e.g.  bet ween 

of f ice mat es) mail  sent .  To det ermine where t o set  t he bar,  t he researcher 

examined t he f requency of  email  dist ribut ion,  looking t o set  t hat  bar at  a level  

t hat  would ideal ly encompass a meaningful  set  of  relat ionships.  The NodeXl® 

sof t ware package facil it at ed t his visual ly and t he t ent h email  was select ed at  t he 

point  when a t ie went  f rom weak t o st rong.   
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A st rong t ie is t hus def ined herein as any t ie wit h an edge weight  of  10 or 

great er and a t ie wit h higher edge weight  is deemed st ronger t han t he t ie based 

on less f requent  cont act .  The f inal  st ep was calculat ing a measure of  Tie St rengt h 

derived by dividing t he number of  act ual  St rong Ties by t he Number of  Pot ent ial  

St rong Ties.   

Group level  Tie St rengt h   =  (# of  St rong Ties)  

(# max pot ent ial  st rong t ies) 

Examining t he concept  in pract ice:   

• Ct  Cent ral  has 6 FTEs during 2011.  

• The maximum number of  pot ent ial  st rong t ies is calculat ed t o be 15.  

• The act ual  number of  st rong t ies (t hose wit h edge weight s great er t han 

10) det ect ed was 13.  

• The Tie St rengt h measure for HF Cent ral  =  13/ 15 = 0.87 

St rong t ies are required for t acit  knowledge t o f low (Hansen,  1999;  Levin 

and Cross,  2004;  Li and Zhu,  2009;  Nie,  2010).  Therefore,  HF Of f ices wit h more 

st rong t ies wil l  be bet t er able t o share best  pract ices.  The researcher predict s t hat  

groups lacking st rong t ies (over which t hat  can f low) wil l  not  be able t o gain 

ef f iciencies f rom best  pract ices since t hese pract ices wil l  be harder t o 

disseminat e.  Since HF’ s t ask cont ingency is most ly exploit ive in nat ure,  one 

predict s t op groups wil l  be dominat ed by a maj orit y of  st rong t ies.   

4.10 Homophily (a measure of cognitive dimension) 

Shared vision and mut ual  values facil it at e a common underst anding (Tsai  

and Ghoshal ,  1998).  Shared vision and syst ems promot e mut ual  underst anding 

amongst  act ors and may provide a crucial  bonding mechanism t hat  helps act ors 

int egrat e knowledge (Tsai and Ghoshal ,  1998).  It  is import ant  t hat  net work act ors 

have a shared vision;  ot herwise a ‘ lack of  shared vision’  may arise as a barrier t o 

t he t ransfer of  knowledge.  Shared vision refers t o t he clarit y and coherence wit h 
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which al l  net work act ors underst and and embrace t heir organizat ional  goals.  A 

disparit y in vision bet ween net work act ors can impede t he exchange of  knowledge 

and ul t imat ely impede performance (Inkpen and Tsang,  2005).  This dimension aims 

t o assess t he degree t o which al l  net work act ors underst and what  t heir  

organizat ional  (high level) goals are in an expl icit  sense.  As such,  t his barrier 

ref lect s t he cohesion of  vision and goals at  t he most  basic level .  In order t o 

measure shared vision,  a survey would need t o be deployed,  but  would be count er 

t o t he goals of  t his research.  Shared vision looks for consist ency and congruency on 

group level  goals and st rat egies.  Cul t ural  dist ance looks for consist ency and 

congruency bet ween act ors in a group.  This is t he fundament al  concept  of  

Homophily.   

The not ion of  homophily is wel l -known in net work analysis.  Homophily 

assumes t hat  similar nodes are more l ikely t o be l inked t oget her.  It  is based on 

Social  Ident it y Theory (Prat t ,  2001),  which acknowledges t hat  it  is in our nat ure t o 

be drawn t o t hose who are l ike ourselves (Brass,  1995).  As a resul t ,  l ike seeks l ike,  

and l ike works more ef f icient ly wit h l ike.  For inst ance,  t wo engineers in Sil icon 

Val ley who graduat ed f rom t he same school  in Bangalore may have relat ively short  

cul t ural  dist ance,  and as resul t  t hey would have a great er abil it y t o t ransfer 

knowledge.  As cul t ural  dist ance grows (say bet ween an engineer and a graphic 

designer) t he f low of  knowledge may become more dif f icul t .  Cul t ural  dist ance 

increases t he cost  of  ent ry and hampers a group’ s abil it y t o t ransfer core 

compet ences (Pal ich and Gomez-Mej ia,  1999).   

In some papers (e.g.  Cil lo,  2005;  Noot eboom, Vanhaverbeke,  Duyst ers,  

Gilsing and Van Den Oord,  2006) cul t ural  dist ance is referred t o as ‘ Cognit ive 

Dist ance, ’  which is t hen is def ined as t he discrepancy in t he f rames of  reference 

bet ween t wo or more people involved in t he exchange of  knowledge manifest ed in 

t he dif ferent  cognit ive focuses,  such as perspect ives,  norms of  conduct  and more 

t echnical  capabil it ies).  In bot h cases t hese (Cognit ive Dist ance and Cult ural  

Dist ance) measure t he cognit ive dimensions of  net work t opology.  

Homophily refers t o t he t endency for people t o int eract  more wit h t heir  

own kind,  whet her by preference or induced by opport unit y const raint s 

(McPherson,  Smit h-Lovin and Cook,  1987),  as def ined by such individual  
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charact er ist ics as race,  gender,  educat ional  class,  organizat ional  unit  and so on.  

More recent ly,  organizat ional  research on homophily has focused on it s ef fect s on 

group and individual  performance out comes (e.g.  Reagans and Zuckerman,  2001).   

On t he posit ive side,  int eract ing exclusively wit h similar part ies is t hought  

t o be ef f icient  t o t he ext ent  t hat  similarit y:  

(a) facil it at es t ransmission of  t acit  knowledge (Cross,  Borgat t i and Parker,  

2001,  p.  229);  

(b) simpl if ies coordinat ion (Ancona and Caldwel l ,  1992;  O’ Reil ly,  Caldwel l  

and Barnet t ,  1989);  and  

(c) avoids pot ent ial  conf l ict s (Pel led,  Eisenhardt  and Xin,  1999;  Pfef fer,  

1983).  

On t he negat ive side,  l imit ing communicat ion among similar part ies 

prevent s a group f rom reaping t he benef it s of  diversit y and promot es us-vs. -t hem 

t hinking (Krackhardt  and St ern,  1988).  

Cross,  Borgat t i and Parker (2001) lay t he groundwork wit h t heir f inding t hat  

homophily facil it at es t ransmission of  t acit  knowledge.  At  HF,  l i t t le explorat ion is 

required.  Inside agent s at t empt  t o maximize and exploit  opport unit ies t o boost  

performance.  In t he case of  HF,  t he t ransfer of  best  pract ices (e.g.  t acit  

knowledge f low) is at  t he heart  of  such exchanges.  The ease t ransfer should be 

enhanced when Of f ices are homogenous.  Therefore one would expect  HF Of f ices 

wit h high homophily t o be high performers.  Tacit  knowledge f low requires shared 

ment al  const ruct s and less cognit ive dist ance (Clark,  2011).  So t he research 

expect s t hat  Of f ices wit h higher Homophily wil l  be able t o t ransfer best  pract ices 

(e.g.  t acit  knowledge) more easily.  

To calculat e homophily,  one may examine t he homogeneit y of  

communicat ions.  If  wider ment al  const ruct s and more variable language are 

deemed t o be present ,  t he net work wil l  be said t o be low in homophily and high in 

cognit ive dist ance.  By using DICTION sof t ware (ht t p: / / www.dict ionsof t ware.com/ ) 

it  is possible t o ascert ain t he degree t o which individuals communicat e and 

http://www.dictionsoftware.com/
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int eract  using t he same language.  This is possible because individuals exhibit ing 

great er homophily wil l  t end t o communicat e in similar ways.  As a resul t ,  t he 

dif ference in language (used in email ) bet ween various individuals in t he net work 

should indicat e t o what  degree t hey exhibi t  shared vision.  Not wit hst anding t he 

value of  t he above,  t he senior management  of  HF request ed t hat  t he researcher 

not  access t he cont ent  of  t he 7 mil l ion emails sent  in 2011.  Al t ernat ive met hods of  

measuring a group’ s level  of  homophily would require access t o relevant  human 

resource informat ion (e.g.  age,  sex,  academic background,  cul t ure,  count ry of  

origin,  et c. ).   

Unfort unat ely,  HF did not  wish t o provide t he researcher wit h t his dat a.  

Hence,  t he researcher was not  able t o measure Cult ural  Dist ance nor Homophily,  

t wo widely accept ed measures of  t he Cognit ive Dimension of  Social  Net works.  

Because neit her of  t he accept ed measures of  t he Cognit ive Dimension of  Social  

Net works was available t o t he researcher,  t he Cognit ive Dimension was excluded 

f rom t his research.   

4.11 Onboarding Speed 

Firms t hat  are more successful  at  rapid onboarding t end t o use a relat ional  

approach,  helping newcomers t o rapidly est abl ish a broad net work of  relat ionships 

wit h co-workers t hat  t hey can t ap t o obt ain t he informat ion t hey need t o become 

product ive (Rol lag et  al . ,  2005).  Researchers have art iculat ed t hat  social  t ies have 

t he pot ent ial  t o facil it at e t he f low of  al l  kinds of  resources wit hin t eams,  which 

correspondingly det ermines t he success of  t hose t eams (Balkundi and Harrison,  

2006).  In addit ion t o exploring t he relat ionship bet ween performance and social  

net work t opology,  t his research addit ional ly examines t he concept  of  dynamic t ie 

format ion.  Knowledge sharing and appl icat ion are widely recognized as t he key 

det erminant s of  t eam performance (Choi et  al . ,  2010;  Janhonen and Johanson,  

2011).   

Tacit  knowledge t ravels over st rong t ies (Hansen,  1999;  Levin and Cross,  

2004;  Li and Zhu,  2009;  Nie,  2010).  Tacit  knowledge enhances performance (e.g.  

as best  pract ices are shared,  individual  performance grows).  The researcher 

suggest s t hat  t hose Of f ices who are able t o form st rong t ies fast er wil l  be able t o 

http://www.sciencedirect.com.ezproxy.lib.ryerson.ca/science/article/pii/S0268401211001265#bib0035
http://www.sciencedirect.com.ezproxy.lib.ryerson.ca/science/article/pii/S0268401211001265#bib0035
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benef it  f rom t he abil it y t o t ransfer t acit  knowledge earl ier.  This is part icularly 

informat ive wit h regard t o onboarding.  During Onboarding,  new nodes (FTEs) are 

added t o t he net work.  Those nodes form t ies wit h t he ot her members of  t he 

Of f ice.  The quicker t hose t ies become st rong,  t he quicker t acit  knowledge can 

f low.   

Earl ier,  it  was decided t hat  a t ie is deemed st rong upon t he t ent h 

int eract ion (i .e.  email ) bet ween t he nodes on t he vert ex.  The primary dat a (i.e.  

edge l ist ) provided by HF includes al l  dat ed communicat ions over t he 365-day 

period f rom January 1,  2011,  t o December 31,  2011.  To measure onboarding,  t he 

fol lowing st eps were undert aken:  

• All  emails sent  by and sent  t o t he new employee are aggregat ed.  

• These emails are sort ed by dat e sent .  

• The dat e of  t he t ent h int ra-Of f ice int eract ion is not ed.  

• That  dat a is convert ed t o a number (e.g.  Jan 1st  is #1,  Jan 2nd is #2,  Dec 

31st  is #365).  

• That  number is subt ract ed f rom 365.  

• This yields t he number of  days t hat  such st rong t ies exist ed during 2011.   

• This value was deemed t he measure of  Tie Format ion.   

This approach was leveraged f rom t he earl ier work of  Kenis and Knoke 

(2002) in ‘ How organizat ional  f ield net works shape int er-organizat ional  t ie-

format ion rat es’ .  
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4.12 Control Variables 

Size  

Many st udies have included size as an organizat ional  fact or t hat  may impact  

knowledge f low.  Most  st udies which use size as a cont rol  variable f ind a posit ive 

relat ionship bet ween size and knowledge f low (Gupt a and Govindaraj an,  2000;  

Laursen and Sal t er,  2005).  It  should be not ed t hat  ot her st udies have not  found 

size t o have a posit ive impact  on knowledge f low.  Tsang (2002) f inds size and 

knowledge f low t o have no correlat ion,  while Makino and Del ios (1996) f ind size t o 

have a negat ive impact  on knowledge f low.  To calculat e size,  t he researcher wil l  

count  t he number of  Sales Agent s (FTEs) in each of f ice.   

Corporat e St at us 

While al l  Of f ices undert ake t he same sales goals,  t he Of f ices do not  al l  

share t he same cl ient  approach.  Approximat ely 15% of  HF Of f ices are Corporat e,  

which means t hat  FTEs book commercial  t ravel  for pre-exist ing B2B cust omers.  

The remaining of f ices are Ret ail ;  at  t hese of f ices,  FTEs book ret ail  t ravel  for t hose 

who walk int o t he ret ail  st oref ront .  Wit h t his in mind,  t he researcher expect s t hat  

Corporat e Of f ices wil l  have larger gross sales and larger margins.  Some of  t he 

reasons for t his are as fol lows:  

• HF Corporat e have a great er Elast icit y of  Demand and are t hus not  as 

price sensit ive,  al lowing Agent s t o increase t he margins.  

• HF Corporat e are not  paying t heir t ravel  wi t h personal  f unds.  This may 

make t hem even less Price Sensit ive.  

• HF Corporat e of f ices have fewer cl ient s,  but  more repeat  business.  

Ret ail  cl ient s t end t o book less f requent ly t han corporat e cl ient s.  This 

makes it  harder for Agent s t o know t he cl ient ’ s sensit ivit y t o margin.   

Based on t he above,  t he researcher predict s t hat ,  based on RANK, more 

Corporat e of f ices wil l  be in t he Top 10 t han Ret ail  of f ices.  Similarly,  t he research 
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predict s t hat  based on RANK, more ret ail  of f ices wil l  appear among t he 10 lowest  

performing groups.   

Degree of  Explorat ion (a cont rol  var iable) 

Degree of  Explorat ion is a measure t hat  represent s t he level  of  explorat ion 

involved in t he proper execut ion of  a t ask.  Every t ask has bot h explorat ive 

element s and exploit ive element s.  For example,  designing a new form of  brake 

pads is very explorat ive (i.e.  innovat ive t asks t hat  require novel t y),  while paint ing 

a house might  be seen as pr imarily exploit ive (i. e.  rout ine t asks t hat  involve 

scale).  One can argue t hat  al l  professions (e.g.  house paint er,  lawyer,  t ravel  

agent ) are made up of  explorat ive and exploit ive t asks,  which when normal ized 

(over a large sample) become const ant  (e.g.  each house paint er needs 10% 

creat ivit y and 90% ef f iciency t o be a high performer).  Similarly,  t wo pop st ars 

t rying t o break int o t he music business would have similar t ask cont ingency.  For 

pop st ars performance is measured in overal l  record sales,  which is dependent  

upon having success wit h bot h explorat ive t asks (e.g.  writ ing songs) and exploit ive 

t asks (e.g.  t ouring and singing t he same songs).  

At  HF,  al l  t he Of f ices (are f i l led wit h sales agent s who are pursuing t he 

same performance goals (i .e.  Tot al  Sales Volume,  Average Gross Margin) and t he 

same t ask cont ingency;  meaning t hat  a member of  Of f ice 1 has t he exact  same j ob 

as a member of  Of f ice 99.  In al l  cases,  sel l ing t ravel  requires t he same 

explorat ive/ explorat ive balance of  t asks.   

For t his reason,  t he researcher is conf ident  t hat  al l  groups have t he same 

t ask cont ingency.   

4.13 Summary of variables considered 

The range of  variables considered in t his research and t heir academic 

foundat ion is out l ined in t he fol lowing f igure.  Performance measures are t he 

dependent  variables.  St ruct ural  and Relat ional  dimensions are t he independent  

at t ribut e variables.  Number of  Employees,  Task Cont ingency,  et c.  are cont rol  

variables.  
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Table 9:  Variable Summary 

 Definition and Source Measure Corr.  With KT Authors 

P
e

rfo
rm

a
n

c
e

 

maximizing available 

group resources in 

economic exchange 

Gross Sales 

Volume 
+ 

Raymond Van Wij k,  Just in 

J.  P.  Jansen,  Marj orie A.  

Lyles, 2008 

 Gross Margin + 

Raymond Van Wij k,  Just in 

J.  P.  Jansen,  Marj orie A.  

Lyles, 2008 

O
rg

a
n

iz
a

tio
n

a
l C

o
n

tro
ls 

cont ext ual  fact ors 

relat ing t he group it sel f  

Size + Dhanaraj  et  al . ,  2004 

 
 

Gupt a and Govindaraj an,  

2000 

  Laursen and Sal t er,  2006 

 
no 

effect Tsang,  2002 

 - Makino and Del ios,  1996 

Decentralization + 
Gupt a and Govindaraj an,  

2000 
N

e
tw

o
rk

 C
h

a
ra

c
te

ristic
s 

structural dimension:  

place in network 

# of relations /  

ties 
+ 

Gupt a and Govindaraj an,  

2000 

centrality + Tsai,  2001;  Ahuj a, 2000 

Network 

Cohesion 
+ 

Frit sch and Kauf feld-Monz, 

2009 

relational dimension:  

nature of relations 
tie strength + 

Argot e,  Reagans and 

McEvily,  2003 

cognitive dimension:  

shared understanding 

shared vision/  

system 
+ Inkpen and Tsang,  2005 

  Lane et  al . ,  2001 
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4.14 Variables used 

Based on t he above,  t he fol lowing variables wil l  be col lect ed:  

Table 10:  Variables Used 

Name Independent/ Dependent Acronym 

Normal ized Revenue Dependent  nrev 

St ruct ural  Holes Independent  holes 

Tie St rengt h Independent  t ies 

Average Eigenvect or ct r  Independent  eig 

Average Closeness ct r  Independent  clos 

Average Bet weenness ct r  Independent  Bet w 

Ful l  t ime equivalent s Cont rol  Ft e 

Of f ice Type Cont rol  

(0=corp,  1=ret ail ) 

t ype 

4.15 Population/ sampling 

For t his research t he populat ion and sample are t he same. Over 7 mil l ion 

edges were col lect ed based on al l  incoming and out going HF mail  during 2011.  The 

researcher t hus had al l  int ragroup emails for al l  Of f ices at  HF (including Cent ral).  

As our sample equals our populat ion,  t he sampl ing error would be 0.  

4.16 Analysis  

Dat a handl ing wil l  be described in Chapt er 5.  The pr imary dat a for t his 

research is derived f rom t he edge l ist  provided.  This l ist ,  which includes each 

piece of  mail  sent  t hrough t he HF servers over 2011,  records t he sender and 

receiver for each email .  Each inst ance of  sender and receiver is an ‘ edge’  and 

dupl icat es are count ed as ‘ edge weight ’ .  



113 

 

For example:  If  Mr.  A emailed Mrs.  B 100 t imes over 2011,  t he dat a would 

show 100 inst ances of  A  B,  represent ed as A  B wit h an edge weight  of  100.   

Dat a Analysis wil l  be handled in t wo dist inct  rounds.  Round 1 wil l  see t he 

weight ed edge l ist  for each Of f ice (group) ent ered int o NodeXL as a st andalone 

net work.  This wil l  generat e SNA met rics for t hat  Of f ice.  This wil l  be repeat ed 188 

t imes (once per Of f ice) and generat e SNA met rics (Densit y,  Cent ral it y,  Tie 

St rengt h,  et c.  for al l  Of f ices.  Round 2 of  Dat a Analysis wil l  leverage t he dat a sheet  

out put  f rom Round 1.  St andard quant it at ive analysis wil l  t hen be deployed.  

Al t ernat ive analysis (e.g.  st ruct ural  equat ion model l ing,  visual  analysis) wil l  also 

be deployed.  These met hods wil l  be explained in Chapt er 5.   

4.17 Pilot Study 

The researcher conduct ed a ful l  pilot  st udy wit h a manufact ur ing company 

prior t o launching t his st udy.  The company used in t he pilot  st udy manufact ures 

various t ypes of  ribbon and f inishing for high performance out erwear.  Employees 

work in Toront o,  Canada,  or Buf falo,  USA. In t ot al  t he researcher col lect ed email  

f rom t he group’ s email  servers dat ing January 1,  2011,  t o December 31,  2011.  In 

t ot al ,  101 email  account s were t apped and more t han 1.1 mil l ion emails were 

reviewed.   

The resul t ,  shown in t he f igure below,  reveals four cl iques around which 

most  st af f  were st rongly associat ed.  The social  graph also ident i f ied several  

prominent  st ruct ural  holes.  The researcher t hen discussed t hese f indings wit h 

management .  During t he post  hoc int erview,  t he fol lowing int erest ing 

conf irmat ory fact s were found.  

• Most  employees work in one of  four general  areas:  Manufact ur ing,  

Admin,  Sales or R&D.  These groups mat ched t he four cl iques ident i f ied 

visual ly.   

• The t ight est  (largest  average cent ral it y) group is t he manufact uring 

t eam. Management  suggest ed t his was because each member of  t hat  

t eam was hired t hrough int ernal  recruit ment  (e.g.  on direct  employee 

recommendat ion).  During t he visit ,  it  was int erest ing t o not e t hat  t he 
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ent ire manufact ur ing t eam comes f rom t he same et hnic background,  

l ives in t he same sub-communit y,  and al l  display large homophily as a 

resul t .   

• St ruct ural  holes ident if ied visual ly were conf i rmed.  Management  

conf irmed t hat  t here were holes in t heir net work;  for example,  sales 

reps had l it t le cont act  wit h R&D st af f .   

Based on t hese resul t s,  no changes were implement ed post  pilot .   

 

 

 

 

Figure 24: Social Network of Pilot group 

Figure 23: Social Graph of Pilot group 
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4.18 Limits to testing/ analysis 

These research resul t s cannot  be general ized beyond t he part icular cont ext  

in which t hey were generat ed.  As wit h Inkpen and Tsang (2005),  it  is l ikely t hat  

dif ferent  t ypes of  organizat ional  set t ings may display unique relat ions among t he 

various dimensions of  social  capit al ,  knowledge t ransfer,  and performance 

out comes.  

Summary of Chapter 4 

This chapt er explored t he l ink bet ween knowledge f low and performance.  

The researcher discussed a variet y of  social  net work measures and how t he aut hor 

int ends t o explore t he moderat ors of  performance.  Final ly,  t he chapt er present ed 

a concept ual  model and RQs which can be derived f rom t he model.  In t his chapt er,  

t he principles int roduced in t he l it erat ure were cont ext ual ized wit hin t his research 

and t he groundwork for t he met hodology was laid;  however,  Chapt er 5 wil l  furt her 

art iculat e t he speci f ic met hodology adopt ed by t his l it erat ure review.  The 

fol lowing chapt er explores t he issues,  choices and background behind t his st udy’ s 

met hodology;  addit ional ly,  it  set s t he def init ions for t he measures used and 

out l ines how t hose measures wil l  be col lect ed.  
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Chapter 5 – Data  

Introduction 

Now t hat  t he phenomenon of  int erest  (i .e.  how social  capit al  predict s group 

performance) has been convert ed t o research quest ions and t he research measures 

operat ional ized,  it  is t ime for dat a col lect ion.  In t his chapt er,  t he researcher wil l  

describe t he speci f ic met hodology adopt ed for t his research.  The issues,  choices 

and background behind t his st udy’ s met hodology wil l  be j ust if ied and measures 

wil l  be def ined and explained as t hey are operat ional ized.   

5.1 Measures 

The fol lowing var iables were used in t his research:   

Table 11:  Variables Used - Measures 

Name Independent/ Dependent Acronym 

Normal ized Revenue Dependent  nrev 

St ruct ural  Holes Independent  holes 

Tie St rengt h Independent  t ies 

Average Eigenvect or ct r  Independent  eig 

Average Closeness ct r  Independent  clos 

Average Bet weenness ct r  Independent  Bet w 

Ful l  t ime equivalent s Cont rol  Ft e 

Of f ice Type Cont rol  

(0=corp,  1=ret ail ) 

t ype 
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5.2 Data Collection Process 

The dat a were processed in four st eps:  

1.  Organizing t he dat a 

a.  Received dat a f rom IT provider.  

b.  250MB of  edge l ist s represent ing 7 mil l ion emails.  

2.  Fil t ering t he dat a 

a.  First  f i l t ered t o exclude al l  mail  which does not  have an HF URL 

email  address in bot h t he SENDER and RECEIVER columns of  t he edge 

l ist .  This lef t  only t he int ernal  mail  of  HF which is mail  sent  f rom an 

HF FTE t o anot her HF FTE.  

b.  Dupl icat es were rol led up int o a Weight ed Edge List .  

3.  Obt aining t he SNA met rics.  

a.  A NodeXL workbook was creat ed for each Of f ice (group).  Placed in 

each were Edges where bot h t he SENDER and RECIEVER were f rom 

t he same Off ice.   

b.  This creat ed subgraphs for each Of f ice and generat ed SNA met rics for 

t hat  Of f ice.  

4.  Aggregat ing t he resul t s 

a.  Several  of f ices were removed f rom t he Dat a sheet .  These of f ices sold 

only cruise t ravel ,  and most ly sold such on behal f  of  ot her of f ices.  

The researcher concluded t hat  t his t ask was not  ident ical  t o t he t ask 

being carr ied out  by ot her HF Of f ices t hat  sel l  ret ail  t ravel  t hrough 

st oref ront s t o walk-in cl ient s,  or by ot her HF Of f ices t hat  sel l  

corporat e t ravel  t o pre-est abl ished business cl ient s.   

b.  SNA met rics for 188 Of f icers were creat ed and aggregat ed int o a dat a 

summary sheet .   
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Using Research Assist ant s and Elance.com  

Three research assist ant s (‘ RAs’ ) were hired t o assist  t he researcher wit h 

t he coding,  f i l t ering and amalgamat ion of  t he raw dat a.  Each was given a zipped 

f i le wit h t he raw dat a and writ t en inst ruct ions regarding how t o assemble,  clean 

and organize t he dat a.  To address t he issues concerning int eroperat e viabil it y,  t he 

researcher compared t wo KPIs f rom t he RAs’  out put ,  specif ical ly Number of  FTEs 

and Number of  Of f ices Found.  Their  resul t s were highly congruent  wit h t wo of  t he 

t hree assist ant s generat ing ident ical  out put s.  Research assist ant s B and C t hen 

went  on t o assist  wit h assembl ing t he edges and vert ices int o st andalone 

workbooks (one per of f ice).  The researcher loaded t he edges int o NodeXL and 

calculat ed group met rics.  Using Research Assist ant s t o code large amount s of  dat a 

is not  unusual ;  what  was unusual  was t he met hod of  recruit ment  of  research 

assist ant s.  The researcher used www.elance.com t o hire assist ant s,  as t he service 

of fers af fordable support .  These assist ant s were t asked wit h t he mechanical  

rout ines (e.g.  count ing vert ices).  RAs were also leveraged during t he Analysis 

port ion of  t his research for similar purposes.   

5.3 SNA Data and Graphs 

The raw dat a provided by t he IT providers of  HF,  included:  

• 7 mil l ion emails 

• Individual  Annual  Gross Revenue  

• Individual  Average Gross Margin 

An edge l ist  was creat ed based on t he emails provided.  These edges were 

col lect ed by Of f ice and subgraphs (one for each group) were generat ed.  For each 

subgraph (Of f ice) NodeXL generat ed:  

http://www.elance.com/
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• Density  The densit y of  a graph G = (V,E) measures how many edges 

are in set  E compared t o t he maximum possible number of  edges 

bet ween vert ices in set  V.  If  a group has complet e densit y (i.e.  1) t here 

are no st ruct ural  holes.  

• Eigenvector Centrality  The measure of  inf luence a Vert ex (node) has 

on t he net work.  This measure of  Cent ral it y t akes int o account  not  j ust  

t he number of  connect ions,  but  t he number of  import ant  connect ions.   

• Closeness Centrality  This measure of  Cent ral it y represent s how fast  

informat ion spreads amongst  t he net work sequent ial ly.  Closeness is 

calculat ed as t he inverse of  Farness.  The farness of  a node is def ined as 

t he sum of  it s dist ances t o al l  ot her nodes and it s closeness is def ined as 

t he inverse of  t he farness (Sabidussi,  1966).  

• Betweenness Centrality  The measure of  t he cont rol  of  a human on 

t he communicat ion bet ween ot her humans in a social  net work (Freeman 

and Lint on,  1977).  

• Average Geodesic Distance  Geodesic Dist ance is t he short est  

dist ance bet ween t wo vert ices in a graph.  The measure calculat es t he 

number of  edges in t he short est  pat h connect ing t hem as def ined by 

Bout t ier,  Di Francesco and Guit t er (2003).  This measure is t he average 

for t he ent ire Of f ice.  

The researcher also obt ained a visual  subgraph for each HF Of f ice,  similar 

t o t hose shown below.  The spheres are vert ices which each represent s an FTE. The 

relat ive size of  t he sphere visual izes cent ral it y (e.g.  big spheres have more 

inf luence in t he group t han smal l  spheres).  By comparing t he size of  spheres 

relat ively,  one can see how t he cent ral it y is balanced across t he net works.  The 

t hickness of  t he edges (l ines connect ing Vert ices) represent s t he edge weight  

(number of  emails sent ).  The number on t he edge represent s it s weight .  Only 

edges of  t en or more are displayed.  Tot al  St rong Edges is calculat ed as t he sum of  

t he numbers on t he edges in t he subgraph.   

http://en.wikipedia.org/wiki/Shortest_path_problem
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Figure 25: Subgraph for HF Central Office 

For a ful l  cat alogue of  of f ice Subgraphs please see Appendices B and C.  

5.4 Creating Secondary Measures from Primary Data 

Leveraging t he l it erat ure and t he primary dat a,  t he dat a were t ransformed 

in t he fol lowing ways:  

• Total Strong Edges (a st rong edge was one wit h an edge weight  of  10 or 

more),  any vert ices connect ed by ≤10 emails,  were dropped and deemed 

‘ non-st rong t ies’ .  This was necessary since,  at  Edge Weight  of  > 1,  al l  

edges would be deemed st rong (i.e.  t he researcher had t o set  t he bar at  

10 or more t o see any dif ference).  Thus Tot al  St rong Edges is t he 

aggregat e of  t he st rong edge weight s of  t he group.  

• The researcher aggregat ed Individual  Annual  Gross Revenue t o t he Of f ice 

level   Total Sales Vol.  

• The researcher count ed t he number of  FTEs cont ribut ing t o Tot al  Sales 

Vol   # FTEs.  

• The researcher normal ized t he Tot al  Sales Volume  Normalized Sales 

Vol.  

• The researcher aggregat ed Individual  Average Gross Margin t o t he Of f ice 

level  and divided by #FTEs  Avg Gross Margin.  



121 

 

• The researcher divided 1 by Densit y t o generat e  St ruct ural  Holes (t he 

inverse of  Densit y).  

• The researcher t ook (#FTEs-1)*#FTEs  Potential Edges.  
      2 

• For Ties  Tot al  St rong Ties /  Pot ent ial  Edges.  

• Avg group centralit ies  calculat ed based on aggregat ing each group 

members individual  cent ral it y and dividing by t he number of  FTEs.   

5.5 Aggregate Data 

All  primary and secondary dat a was aggregat ed t o a large dat a mat rix which 

can be found in Appendix A:  Dat a Sheet .  The f i rst  25 rows of  such are included 

below for i l lust rat ive purposes.   

Table 12:  Sample 25 Rows f rom Dat a Sheet  
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E-Commerce 14 1 $19,668,280.01 $4.85 $1,404,877.14 6.94% 0.128 7.800 0.645 0.091 0.000 0.114 29 91 0.32 

CT Pemberton 6 2 $14,069,885.00 $3.47 $2,344,980.83 14.93% 0.933 1.071 0.833 0.167 0.000 0.200 32 15 2.13 

CT Central 6 3 $11,647,103.92 $2.87 $1,941,183.99 14.18% 0.600 1.667 1.040 0.200 0.600 0.197 13 15 0.87 

CT Coal 

Harbour 10 4 $11,129,319.04 $2.74 $1,112,931.90 16.35% 0.768 1.302 1.031 0.125 0.625 0.124 50 45 1.11 

CT Dundas 9 5 $10,786,718.20 $2.66 $1,198,524.24 13.81% 0.690 1.448 0.811 0.143 0.000 0.171 33 36 0.92 

CT Bay St 8 6 $10,509,500.08 $2.59 $1,313,687.51 10.52% 0.767 1.304 0.000 0.167 0.333 0.179 26 28 0.93 

CT Mission 6 7 $9,955,509.58 $2.45 $1,659,251.60 14.42% 0.650 1.538 1.040 0.200 0.600 0.199 16 15 1.07 

Upper Canada 

Mall 6 8 $9,755,775.97 $2.40 $1,625,962.66 11.39% 0.357 2.800 1.081 0.143 0.714 0.133 16 15 1.07 

CT Kensington 5 9 $9,632,926.33 $2.37 $1,926,585.27 12.81% 0.800 1.250 1.000 0.167 0.500 0.170 28 10 2.80 

CT Marine 8 10 $9,563,512.72 $2.36 $1,195,439.09 13.52% 0.733 1.364 1.056 0.167 0.667 0.163 26 28 0.93 

CT King 6 11 $9,539,009.55 $2.35 $1,589,834.93 18.03% 0.700 1.429 0.889 0.167 0.167 0.189 21 15 1.40 

CT Burrard 7 12 $8,617,291.45 $2.12 $1,231,041.64 14.73% 0.667 1.500 0.800 0.200 0.000 0.250 23 21 1.10 

Coquitlam 9 13 $7,629,396.94 $1.88 $847,710.77 10.89% 0.267 3.750 1.231 0.167 1.000 0.137 10 36 0.28 

CT City Hall 8 14 $7,319,635.60 $1.80 $914,954.45 18.12% 1.000 1.000 0.800 0.200 0.000 0.250 22 28 0.79 

 

Similar informat ion at  t he individual  level  was obt ained f rom t he raw dat a 

for t he 8 new hires which j oined HF prior t o t he st art  of  2011.  A t ie was deemed 
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st rong once t he f requency of  10 was reached and t he dat e of  t his benchmark was 

recorded,  and t he remaining days calculat ed (def ined as Days St rong Ties 

Available,  DSTA).  Theoret ical ly,  t he earl ier t his happened,  t he longer each agent  

had t he abil it y t o access t o t acit  knowledge.   

Since t acit  knowledge includes best  pract ices for sel l ing t ravel ,  one 

hypot hesis would be:  

Hob Larger DSTA (i .e.  more days wit h st rong t ies in place) t he larger 

Performance.   

For t he onboarding dat a,  t he fol lowing was found:  

Table 13:  Onboarding Dat a 

Agent  2011 SV 2011 AGM of f ice 
t ie 
st r  

# of  
edges 

in 
degree 

out  
degree 

t ent h t ie 
dat e 

day 
# 

DST
A 

MA $1,281,126.71 19.30% ct central strong 15 14 14 07/03/2011 66 299 

GH $1,383,797.97 17.57% ct central strong 19 18 21 01/03/2011 60 305 

SP $1,341,491.13 12.30% ct dundas strong 61 27 31 06/03/2011 65 300 

KC $932,329.64 13.39% ct city hall very 

strong 

491 34 39 12/05/2011 132 233 

MC $1,048,394.62 15.93% ct city hall very 

strong 

216 26 18 19/04/2011 110 255 

NP $1,016,079.91 18.47% ct king weak 6 12 13 n/a 0 0 

HF $1,249,760.30 23.00% ct king weak 5 24 24 n/a 0 0 

DW  $755,218.96 19.98% ct king strong 10 21 31 27/05/2011 147 61 

5.5 Analysis 

From t his dat a,  mult iple variant  regressions wil l  be carried out  alongside a 

visual  analysis.  While such f indings wil l  not  be suf f icient  t o generat e an int er-

measure val idit y,  it  st i l l  may prove helpful  t o analyse t he dat a using t hree 

separat e and independent  analyses and t o compare and cont rast  t he resul t s of  

t hese.  

Summary of Chapter 5  

This chapt er operat ional ized t he speci f ic met hodology adopt ed for t his 

research.  The researcher explored t he issues,  choices and background behind t his 

st udy’ s met hodology as wel l as set  t he def init ions for t he measures t o be used 

alongside an out l ine of  how t hose measures wil l  be col lect ed.   
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Chapter 6 – Analysis 

Introduction 

At  t he conclusion of  Chapt er 5,  a sample dat a sheet  was present ed.  This 

research focuses on exploring t he relat ionship bet ween Performance (measured as 

Normal ized revenue,  Gross Margin,  Rank,  et c. ) and mult iple social  net work 

dimensions (e.g.  Cent ral it y,  Tie St rengt h,  et c. ).  Given t hat  performance and most  

of  t he social  net work measures are cont inuous variables,  and given t hat  t he 

researcher’ s epist emology,  ont ology and methodology guide t he researcher down a 

posit ivist / cr it ical  real ist  pat h of  quant it at ive deduct ion,  a quant it at ive analysis is 

deemed most  appropriat e.   

Prior l it erat ure informs t he researcher t hat  performance should be inversely 

curvil inear wit h relat ional  and st ruct ural  measure of  social  capit al  (Lechner,  

Frankenberger and Floyd (2010).  Mult ivariat e regression analysis wil l  be pursued t o 

est abl ish t he relat ionship bet ween independent ,  cont inuous and dependant  

variables.  The unif ied approach provided by General  Linear Model l ing (GLMs) is t he 

st art ing point  for t he analysis.  

Why GLM Regression? The researcher,  being a crit ical  real ist ,  f irst  want ed t o 

st art  t he analysis wit h a general  approach.  Tradit ional  st at ist ics approaches are 

based on t eaching a number of  disparat e t est s,  for example,  t -t est s,  ANOVA,  

MANOVA, MANCOVA,  Mann-Whit ney,  Kruskal -Wal l is,  Fr iedman,  et c.  This form of  

st at ist ical  educat ion is not  ideal  for a number of  reasons:  

1.  It  does not  give a t heoret ical ly-unif ied met hod for dat a analysis;  

2.  It  does not  al low appropriat e t est s t o be easi ly ident if ied;  

3.  It  assumes experiment al  designs and random select ion;   

4.  One cannot  easily add ext ra var iables t o t he st at ist ical  t est s;  and  

5.  It  does not  provide a simple pat h.  

The General ized Linear Model (GLM) refers t o a family of  st at ist ical  models 

t hat  ext end t he l inear paramet ric met hods (e.g.  OLS),  regression and analysis of  

variance,  t o dat a t ypes where t he response variable is discret e,  skewed and/ or  
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nonl inearly relat ed t o t he explanat ory variables (Hut cheson and Sofroniou,  2006).  

GLMs are univariat e models which predict  t he behaviour of  one part icular var iable 

(Hut cheson and Mout inho 2012),  in t his case,  Performance.  GLMs (proposed by 

Nelder and Wedderburn (1972)) represent  a family of  st at ist ical  t echniques t hat  

can be used t o analyse a wide variet y of  research problems.  They are suf f icient ly 

general  t o be appl icable t o much social  science dat a and provide a comprehensive 

set  of  analyt ical  t ools (Hut cheson and Mout inho,  2011).  GLMs enable building of  

descript ive and predict ive models t hat  are suf f icient ly general  t o be appl icable t o 

much social  science dat a.  GLMs can be used t o model dat a col lect ed f rom survey 

and experiment al  st udies and can replace many of  t he more t radit ional  hypot hesis 

t est s t hat  are st i l l  in use (Hut cheson,  Mout inho,  2012).   

Of  part icular import ance is t he unif ied t heoret ical  f ramework t hat  GLMs 

of fer,  as t his enables cert ain ‘ economies of  scale’  t o be real ised t hat  al low a 

whole range of  dat a t o be analysed using similar t echniques (Hut cheson,  Mout inho,  

2012).  The use of  t he t echniques wil l  be described using a model l ing procedure 

whereby a part icular var iable can be model led (or predict ed) using informat ion 

about  ot her var iables.  As t heory suggest s,  t he relat ionship being examined herein 

is curvil inear (not  l inear);  as a resul t  some t ransformat ion may be required prior t o 

undert aking t he GLM regression approach of  ordinary least  squares.  A cont inuous 

response variable (one t hat  can legit imat ely be described using t he mean) can be 

model led using ordinary least -squares (OLS) regression (Hut cheson and Mout inho 

(2012).  Ot her advant ages of  using GLM t echniques include:  

• Adj ust ment  for correlat ions bet ween rat ing fact ors - t radit ional  ‘ one-

way’  analysis is biased by such correlat ions.   

• Mult ivariat e met hods al low for invest igat ions int o int eract ion ef fect s.   

• Produces st at ist ics t o al low t est ing of  signif icance of  rat ing fact ors,  

paramet er est imat es and model goodness of  f it .   

• Does not  rely on subj ect ively select ing LDFs (and hence,  possibly 

insert ing bias int o t he resul t s).  

But  analysis t hrough GLM is not  wit hout  it s disadvant ages which may include:  



125 

 

• In t heory,  any dist ribut ion funct ion could be used as an assumpt ion.  In 

pract ice,  t he number of  error dist ribut ion assumpt ions available is 

somewhat  rest rict ed.  

• To t he ext ent  t hat  dist ribut ion assumpt ions are inaccurat e,  t he GLM wil l  

produce biased est imat es.  In t hese cases,  t he measuring st at ist ics wil l  be 

biased as wel l  (if  t he bias is great ,  it  wil l  be obvious).  

• Mat hemat ics behind GLM are dif f icul t  t o explain t o most .  

6.1 Performance may be predicted by measures of Social Network Topology.  

To run a GLM, one only needs t o ident ify t he variable t o model and t he dat a 

t hat  is going t o be used t o model it .  If  t he variable being predict ed is numeric,  t he 

GLM model is OLS (Hut cheson,  Mout inho,  2012).  For more on t he advant ages and 

disadvant ages of  using GLMs,  please see Hut cheson,  Mout inho (2012).   

The researcher fol lowed t hese st eps t o perform t he GLM analysis: 1 

1.  Ident ify t he independent  and dependant  variables.  

2.  Input  t he dat a int o st at ist ics sof t ware.  

3.  Derive t he regression equat ion/ model.   

4.  Calculat e and int erpret  t he coef f icient  of  det erminat ion.  

5.  Test  t he signi f icance of  t he regression model .  

6.  Test  t he signi f icance of  t he regression coef f icient s.  

7.  Test  t he independent  var iables for col l inearit y.  

8.  Plot  t he residuals against  t he value of  y generat ed by t he regression 
equat ion (i .e.  t est  t he observed dat a vs.  t he out put s of  t he regression 
model/ equat ion).   

9.  Test  t he residuals for randomness.   

                                         
1 Derived f rom t hree sources:  Int roduct ion t o business research,  Vol 3.  S. 5/ 25,  Edinburgh Business 
School (2010);  Hutcheson and Mout inho,  The SAGE dict ionary of  quant it at ive management  research 
(2011,  p.  132);  Hutcheson and Sof roniou,  The mult ivariat e social scient ist  (2006).   
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10.  Revise t he regression model by adding or delet ing variables.  

11.  Repeat  t he analysis wit h revised model unt il  best  f i t  model derived.   

12.  Writ e up resul t s.  

Fol lowing GLM, visual  analysis was explored in order t o give colour and 

cont ext  t o t he f indings.  From t he early days of  SNA, images of  net works have been 

used bot h t o develop st ruct ural  insight s and t o communicat e t hose insight s t o 

ot hers (Freeman,  2000).  Social  net works are inherent ly visual  in nat ure.  Visual  

analyt ic t ools and t echniques have been used in social  net work analysis (Shen,  

2008).  The use of  visual  images is common in many branches of  science,  and such 

images are import ant  for progress in t he var ious f ields (Arnheim,  1970;  Bel iën and 

Leenders,  1996;  Freeman,  2000;  Koest ler,  1964;  Klovdahl ,  1981;  Taylor,  1971;  

Tuf t e,  1983;  Tukey,  1972).  Hist orian Al f red Crosby (1997) has gone much furt her.  

Crosby has proposed t hat  visual izat ion is one of  only t wo fact ors t hat  are 

responsible for t he explosive development  of  al l  of  modern science;  t he ot her 

fact or is measurement  (Freeman,  2000).   

Two dist inct  display forms have been used in t he l it erat ure t o const ruct  

net work images,  one based on point s and l ines and t he ot her based on mat rices.  In 

most  point  and l ine displays t he point s (nodes) represent  social  act ors and t he 

l ines (vert ices) represent  connect ions among t he act ors.  In mat r ix displays t he 

rows and columns bot h represent  social  act ors and numbers or symbols in t he cel ls 

show t he social  connect ions l inking t hose act ors.  The overwhelming maj orit y of  

net work images have involved t he use of  point s and l ines and are adopt ed for t his 

research (Freeman,  2000).  Visual izat ions of  social  net works have been used t o aid 

SNA f rom t he beginning (Freeman,  2000).  The visual izat ion of  net works is 

import ant  because it  is a nat ural  way t o communicat e connect ivit y and al lows for 

fast  pat t ern recognit ion by humans.  However,  t here are great  chal lenges when 

visual izing net works by hand (Di Bat t ist a,  1999).  

Fol lowing GLM and Visual  analysis of  t he general  SNA dat a mat rix,  t he 

researcher wil l  deploy simple regression t o explore t he onboarding dat a t o answer  

t he fol lowing research quest ions (see Chapt er 4 for how t hese were formulat ed):  
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What is the relationship between a group’s Social Network Topology and 

that group’s Performance? 

• What  is t he relat ionship bet ween Tie Strength and Performance? 

• What  is t he relat ionship bet ween Centrality and Performance? 

• What  is t he relat ionship bet ween Structural Holes and Performance? 

What is the correlation between onboarding speed and individual 

performance? 

Transformed t o Hypot hesis,  t he research quest ions would appear as:   

• H1: In t he case of  HF,  t he relat ionship bet ween Tie Strength and 

Performance is inversely curvil inear.  

E.g.  as t ie st rengt h grows,  performance improves,  but  af t er an opt imal 

point  is passed,  addit ional  t ie st rengt h undermines performance (perhaps because 

maint aining such st rong t ies can be exhaust ing).   

• H2: In t he case of  HF,  t he relat ionship bet ween Centrality and 

Performance is inversely curvil inear.  

E.g.  as t he level  of  average cent ral it y grows,  performance improves,  but  

af t er an opt imal point  is passed,  addit ional  cent ral it y undermines performance 

(perhaps because al l  part ies are deemed cent ral ,  knowledge search may t ake 

longer).   

• H3: In t he case of  HF,  t he relat ionship bet ween Structural Holes and 

Performance is inversely curvil inear.  

E.g.  as t he number of  st ruct ural  holes grows,  performance improves,  but  

af t er an opt imal point  is passed,  addit ional  st ruct ural  holes undermine 

performance (t hese holes add non-redundant  t ies,  but  need t o be bridged for 

knowledge t o f low bet ween act ors on eit her side of  t he hole).   
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• H4: There is a posit ive correlat ion bet ween onboarding speed and 

individual  performance.   

E.g.  The fast er t he onboarding speed (i.e.  short er t ime t o form a st rong t ie 

bond t o be formed),  t he bet t er t he performance.   

These hypot heses can be expressed as fol lows:  

1) What variable(s) best represent performance? 

2) How is performance impacted by social network?  

3) What structural measures were significantly associated with 

performance?  

a.  What is the relationship between performance and centrality? 

b.  What is the relationship between performance and structural 

holes? 

4) What relational measures were significantly associated with 

performance? 

a.  What is the relationship between performance and strength of 

t ies?   

Based on prior research,  t he researcher predict s t hat  high-performing t eams wil l  

not  only share similar social  net work t opologies,  but  because of  t he t ask 

cont ingency (mainly exploit ive) involved,  one would expect  high-performing HF 

Of f ices t o:  

• Have a maj orit y of  st rong t ie relat ionships,  t o facil it at e t acit  knowledge 

t o f low.   

• Include Groups where Cent ral it y is shared equal ly amongst  members 

(l it t le hierarchy).   

• Have few st ruct ural  holes.   
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6.2 Data Variables 

The researcher is exploring t he signif icant  SNA fact ors which impact  

performance.  In t his case our independent  variable IV is Normal ized Performance.   

Table 14:  Dat a Variables – IV Normal ized Performance 

Name Independent/ Dependent Acronym 

Normal ized Revenue Dependent  nrev 

St ruct ural  Holes Independent  holes 

Tie St rengt h Independent  t ies 

Average Eigenvect or ct r Independent  eig 

Average Closeness ct r Independent  clos 

Average Bet weenness ct r Independent  Bet w 

Ful l  t ime equivalents Cont rol Ft e 

Of f ice Type Cont rol  (0=corp,  1=ret ail ) t ype 

6.3 Data Manipulation 

Imput at ion 

Before get t ing t o t he model l ing st age,  many dat a manipulat ions need t o be 

done.  One signi f icant  it em t o address is missing dat a.  Densit y and st ruct ural  holes 

had over 40 missing point s out  of  187 observat ions and needed t o be imput ed.  The 

researcher chose imput at ion over simply omit t ing t he of f ices wit h missing dat a 

f rom t he analysis.  Ot herwise,  t he researcher would have lost  20% of  t he group 

dat a set s.   

There were also f ive missing point s wit hin each of  t he fol lowing SNA 

measures:  

• average eigenvect or cent ral it y,   

• average bet weenness cent ral it y,   

• average closeness cent ral it y,  and  
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• t ot al  st rong edges.   

Using t he original  dat a mat rix wit h missing variables,  t he researcher used 

t he R package Amel ia t o imput e t he missing values.  The advant age of  Amel ia is 

t hat  it  combines t he comparat ive speed and ease-of -use of  our algorit hm wit h t he 

power of  mult iple imput at ion (King,  2001).  The researcher chose imput at ion over 

simply leaving Of f ices wit h missing dat a out  of  t he analysis in order t o maximize 

t he value of  t he dat a.  The al t ernat ive,  dropping Of f ices wit hout  complet e dat a, 

would have led t o a loss of  more t han 20% of  t he dat a set s,  and t hat  was deemed 

unaccept able.   

There were only a few missing point s wit hin densit y,  average geo dist ance,  

average eigenvect or cent ral4it y,  average bet weenness cent ral it y,  average 

closeness cent ral it y,  and t ot al  st rong edges.  To address t his,  simple imput at ion 

was appl ied on t hese variables by using t he mean value for t he missing point s.  

There were 30 missing point s wit hin st ruct ural  holes,  and mult iple imput at ion 

met hod (by using mult iple imput at ion model l ing) was employed.  

Out l iers 

An examinat ion of  out l iers was undert aken by t he researcher.  To t his t he 

researcher generat ing t he fol lowing boxplot s (Figure 26 on t he fol lowing page),  

which clearly indicat es t hat  t he eCommerce Group is a pot ent ial  out l ier.   

Af t er much del iberat ion,  t he researcher decided t o leave t he out l ier in t he 

dat a,  as it  was j udged appropriat e when one examined t he dat a in cont ext .  The 

eCommerce of f ice is made up of  15 FTEs,  as opposed t o t he t ypical  six t o eight .  

This most  l ikely cont ribut es largely t o t he Group’ s ext raordinary performance and 

in t urn may have led t o it s out l ier st at us.   

However,  t his is expect ed as eCommerce Group is a hybrid group sel l ing 

ret ail  services,  but  only t hrough t he int ernet .  This makes eCommerce Group’ s 

cl ient s similar t o t hose serviced by ret ail  of f ices but  gives eCommerce Group t he 

ef f iciencies associat ed wit h corporat e of f ices which receive most  of  t heir request s 

elect ronical ly.   
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Not wit hst anding t he foregoing,  leaving eCommerce Group in t he dat a t o be 

analysed may have t he most  impact  on t ie st rengt h,  since t hat  is based on t he 

number of  pot ent ial  edges (relat ionships) act ivat ed,  which in t urn is based on FTE.  

E.g.  a Group of  six FTEs has 15 pot ent ial  edges,  while a Group of  15 has 105.  Thus,  

by leaving in t he eCommerce dat a,  one would expect  large variance in Tie 

St rengt h,  pot ent ial  number of  t ies and number of  St rong Edges.   

Figure 26: Checking for Data Outliers using Box Plots 
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6.4 Measuring Performance 

For Performance HF provided had many measures (e.g.  Rank,  Gross Margin,  

Nrev).  TSV and normal ized Rev (Nrev) are t he same (TSV divided by Nrev was a 

const ant ).  Nrev is highly correlat ed wit h TSV/ FTE (correlat ion coef f icient  0.78) 

and not  correlat ed wit h Gross Margin Avg.  (correlat ion coef f icient  0.04).  

Therefore,  Nrev and Margin Avg.  could be chosen t o represent  performance,  wit h 

FTE included as a covariat e in t he mult iple regression analysis.  In such cases,  

where you have t wo possible dependant  variables it  may be insight ful  t o creat e a 

scale f rom t hese measures,  ef fect ively amalgamat ing t hem. For t his research,  t his 

is not  only insight ful ,  but  also necessary as GLM:OLS only al lows for one dependant  

variable t o be analysed at  a t ime (Hut cheson and Mout inho,  2012).  This raises t he 

issue of  what  is t he best  measure of  Performance,  Nrev,  GMA or a scale dubbed 

‘ performance’ .   

Table 15:  Performance,  Nrev,  GMA 

 Nrev Gross Margin 

Avg 

Performance 

Nrev 

Pearson Correlat ion 1 .199** .999** 

Sig.  (2-t ai led)  .006 .000 

N 187 187 187 

Gross Margin Avg 

Pearson Correlat ion .199** 1 .231** 

Sig.  (2-t ai led) .006  .002 

N 187 187 187 

Performance 

Pearson Correlat ion .999** .231** 1 

Sig.  (2-t ai led) .000 .002  

N 187 187 187 

 

From t his t he researcher learns t hat  t he Performance scale (made up of  

Nrev + Gross Margin Avg) is 99.9% correlat ed Nrev.  This suggest s t hat  simply using 

Nrev as t he measure of  Performance may be suf f icient .  This makes sense as a 

t ravel  agent ’ s gross revenue is based on bot h t he quant it y of  t ravel  booked and 

t he qual it y of  t he margin/ prof it  buil t  int o each such booking (i. e.  GMA).  An agent  

wit h bet t er margins (i.e.  higher GMA) who sel ls t he same number of  t rips wil l  have 

a higher Nrev.  To conf i rm t his,  Fact or Analysis was conduct ed.   
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Fact or Analysis is a form of  st at ist ical  int erpret at ion which provides insight  

int o t he relat ion amongst  similar variables.  Fact or Analysis can be used t o reduce a 

large number of  variables t o a smal ler number of  variables while minimizing t he 

negat ive impact  of  doing so (Hut cheson and Mout inho,  2011).  Fact or Analysis was 

deployed at  t he conclusion of  model development  t o conf irm t hat  only Nrev 

needed t o be included in t he regression model used t o predict  performance at  HF.   

A few additional notes about the Measures 

By reviewing t he dat a provided by t he research wit h a crit ical  lens,  t he 

researcher found:  

Normal ized Sales Volume (Nrev) was calculat ed by dividing each Group’ s 

t ot al  sales volume (TSV) by t he mean,  a wel l -accept ed approach.  TSV and 

normal ized Rev (Nrev) are t he same (TSV divided by Nrev was a const ant ).  Because 

t he focus of  t his research is on t he Group level  of  analysis,  t he researcher chose 

not  t o focus on performance measures of  t he individual  (e.g.  Nrev/ FTE).  The 

researcher has concerns about  cent ral it y.  Wit h t he average Group size being six t o 

eight  FTEs,  t he researcher speculat es t hat  cent ral it y may have less impact  on 

performance at  HF t han in ot her inst ances,  t he considerat ion being t he relat ive 

lack of  deviat ion (e.g.  spread) available.  This makes sense t o t he researcher since 

a smal l  group l imit s t he number of  pot ent ial  edges t hat  can be formed (six people 

can only have f ive edges).   

Densit y and st ruct ural  holes are inverse t o each ot her.  Af t er imput at ion,  

only one could be used in t he mult ivariat e regression model,  and t hat  was 

det ermined t o be densit y,  because densit y had a bet t er dist ribut ion.  However,  

most  prior l it erat ure focus on st ruct ural  holes.  So t his wil l  need t o be revisit ed in 

t he f inal  analysis.  It  is also wort h while not ing t hat  bot h Densit y and St ruct ural  

Holes have upper l imit s.  Densit y is based on number of  connect ions divided by 

number of  possible connect ions.  St ruct ural  holes are l imit ed by t he number of  

nodes in t he graph (i.e.  if  you have t hree unconnect ed nodes,  t he most  holes 

would be n-1).  Therefore t he upper l imit  of  Densit y would be 100% and t he upward 

l imit  of  st ruct ural  holes would be n – 1,  where n is t he number of  FTEs/ nodes.   
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Tot al  st rong edges divided by pot ent ial  edges equals t ies.  The researcher 

not es,  t hat  because st rengt h of  t ies was equivalent  t o st rong edges /  pot ent ial  

t ies,  it  is highly correlat ed wit h bot h st rong edges and pot ent ial  t ies.  Therefore,  it  

should not  be included as an independent  variable in t he mult ivar iat e regression 

along wit h st rong edges and pot ent ial  t ies.  Most  of  t he dependent  variables and 

independent  variables are not  normal ly dist ribut ed;  t herefore,  t hey need some 

form of  t ransformat ion.   

A not e about  dropping of f ices:  

The researcher choose t o drop t he Cruise Of f ices f rom t he dat a as t hese 

Of f ices do not  sel l  t ravel  in t he same manner as Retail or Corporate offices.  

Cruise Of f ice sales are mainly resales t o ot her Of f ices.  The researcher also 

considered dropping HFBT of f ices (as t hese are hybrid of f ices which sel l  corporat e 

t ravel  t o smal l  business t hrough ret ail  out let s) but ,  in t he end,  decided t o ret ain 

t hem because t hey are hybrids and may of fer insight .   

A not e about  Coding:  

While most  of  t he variables herein are cont inuous,  Of f ice Type is not .  Of f ice 

Type (type) is an unordered cat egorical  scale measurement  wit h only t wo discret e 

values:   Corporat e (B2B sales) and Ret ail  (B2C sales).  An unordered cat egorical  

scale of  measurement  is achieved when t he dat a are recorded as cat egories which 

have no meaningful  order.  In order t o include t ype int o t he analysis,  it  must  f irst  

be dummy coded.  To achieve t his a value of  0 is assigned t o corporat e groups and 

a value of  1 is assigned t o ret ail  of f ices (B2C).  
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6.5 Descriptive statistics after data imputation 

 

Figure 27: Descriptive statist ics after data imputation 

The researcher reviewed t he descript ive st at ist ics (above) t o ident ify any 

out l iers or any ot her abnormal dat a issues t hat  need t o be addressed.  This chart  

f lagged St ruct ural  Holes,  Tot al  St rong Edges and Pot ent ial  Ties as having high 

variance.  As suspect ed,  t he presence of  t he eCommerce Group dat a displays as a 

large variance in t he number of  pot ent ial  t ies (see above for more).  

Not wit hst anding t his fact or,  t he general  st at ist ics (number,  mean,  st andard 

deviat ion,  variance) showed t hat  t he dat a set  was complet e and wit hout  issue.   

6.6 Analysis with General Linear Modelling 

General ized Linear Models (GLMs) enable descript ive and predict ive models 

t o be buil t  t hat  are suf f icient ly general  t o be appl icable t o much social  science 

dat a.  GLMs can be used t o model dat a collect ed f rom survey and experiment al  

st udies and can replace many of  t he more t radit ional  hypot hesis t est s t hat  are st i l l  

in common use (Hut cheson and Mout inho,  2012).   

Of  part icular import ance is t he unif ied t heoret ical  f ramework t hat  GLMs 

of fer,  as t his enables cert ain ’ economies of  scale’  t o be real ised t hat  al low a 

whole range of  dat a t o be analysed using similar t echniques (Hut cheson and 

Mout inho,  2012). 2 The use of  t he t echniques wil l  be described using a model l ing 

                                         
2 Not e:  A more det ailed account  of  model diagnost ics across t he wide range of  models available 
wit hin the GLM f ramework can be found in McCullagh and Nelder (1989),  in which t he aut hors give 
a det ailed discussion of  t he t echniques available and i l lust rat e t he advant ages of  moving beyond 
t he t radit ional paramet ric model wit h Normal errors (Hut cheson and Mout inho (2012)).   
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procedure whereby a part icular variable can be model led (or predict ed) using 

informat ion about  ot her variables.  A cont inuous response variable (a var iable t hat  

can be described using t he mean) can be model led using ordinary least -squares 

(OLS) regression (Hut cheson and Mout inho,  2012) and writ t en as fol lows:    

Performance may be predict ed by measures of  Social  Net work Topology.  𝑌 = 𝐹𝑛(𝑥) 
Whereas:  

• Y is Nrev,  and t he DV is cont inuous;  it  represent s Performance.  

• X represent s Social  Net work Measures (e.g.  Tie St rengt h,  Cent ral it y,  

et c. ) and Cont rols (e.g.  FTE,  Type).  

• Since Y is cont inuous,  t he researcher uses GLM:OLS t hrough R and R 

cmdr.   

• Theory suggest s a curvil inear relat ionship bet ween Performance and 

each of  t he Social  Net work measures.   

Checking GLM Assumpt ions 

For a regression model t o be val id:   

1.  The sample needs t o be represent at ive of  t he populat ion for t he 

inference predict ion.   

2.  The error is a random variable wit h a mean of  zero condit ional  on t he 

explanat ory variables.   

3.  The independent  var iables are measured wit h no error.   

4.  The predict ors are l inearly independent  (i .e.  it  is not  possible t o express 

any predict or as a l inear combinat ion of  t he ot hers).   

5.  The errors are uncorrelat ed,  t hat  is,  t he variance–covariance mat rix of  

t he errors is diagonal  and each non-zero element  is t he variance of  t he 

error.   

In t his dat a,  t he variance of  t he error is const ant  across observat ions and  

t here are suf f icient  condit ions for t he least -squares est imat or t o possess desirable 
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propert ies;  in part icular,  t hese assumpt ions imply t hat  t he paramet er est imat es 

wil l  be unbiased,  consist ent ,  and ef f icient  in t he class of  l inear unbiased 

est imat ors (Gauss,  1809).  There are f ive dif f erent  fact ors on which t he ef f icacy of  

a regression model is det ermined.   

Those fact ors are Normal it y,  Linearit y,  Homoscedast icit y,  Independence and 

Model specif icat ion.  If  t hese f ive condit ions are not  met ,  t ransformat ion may be 

required.  Transformat ions can help evolve dat a int o a form t hat  meet s t hese key 

t est s.  An assessment  of  t he normal it y of  dat a is a prerequisit e for many st at ist ical  

t est s,  as normal dat a is an underlying assumpt ion.  In order t o leverage GLM 

t hrough Ordinary Least  Squares (OLS) t he dat a must  met  t his assumpt ions.  To t est  

for normal it y,  t he researcher leverages t wo approaches:  a Tests of Normality 

t able and t he Normal Q-Q Plots.  If  dat a proves t o be abnormal,  t hen some 

t ransformat ions may need t o be deployed before mult i-variant  regression can be 

carried out .   

For t he numerical  Test s of  Normal it y,  t he researcher chose Kolmogorov-

Smirnov and Shapiro-Wilk as key t est s f rom prior l it erat ure (Bel l ieni,  2009;  

Unt erseher,  2011).   

Table 16:  Test s of  Normal it y 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

FTE .122 187 .000 .972 187 .001 

Performance .151 187 .000 .811 187 .000 

Strong Edges .185 187 .000 .827 187 .000 

potential edges .185 187 .000 .867 187 .000 

Str of Ties .232 187 .000 .648 187 .000 

Avg Geo Dist .101 187 .000 .956 187 .000 

Avg Eigen Centr .255 187 .000 .677 187 .000 

Avg B/w Centr .283 187 .000 .712 187 .000 

Avg Close Centr .160 187 .000 .881 187 .000 

Str Holes .243 187 .000 .759 187 .000 

Density .195 187 .000 .904 187 .000 

Gross Margin Avg .091 187 .001 .942 187 .000 

Nrev .147 187 .000 .812 187 .000 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
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The Kolmogorov–Smirnov st at ist ic quant if ies a dist ance bet ween t he 

empirical  dist ribut ion funct ion of  t he sample and t he cumulat ive dist ribut ion 

funct ion of  t he reference dist ribut ion,  or,  al t ernat ively,  bet ween t he empir ical  

dist ribut ion funct ions of  t wo samples.  The nul l  dist ribut ion of  t his st at ist ic is 

calculat ed under t he nul l  hypot hesis t hat  t he samples are drawn f rom t he same 

dist ribut ion (in t he t wo-sample case) or t hat  t he sample is drawn f rom t he 

reference dist r ibut ion (in t he one-sample case).  In each case,  t he dist r ibut ions 

considered under t he nul l  hypot hesis are cont inuous dist ribut ions but  are 

ot herwise unrest rict ed.  In t he special  case of  t est ing for t he normal it y of  t he 

dist ribut ion,  samples are st andardized and compared wit h a st andard normal  

dist ribut ion.  This is equivalent  t o set t ing t he mean and var iance of  t he reference 

dist ribut ion equal  t o t he sample est imat es,  and it  is known t hat  using t hese t o 

def ine t he specif ic reference dist ribut ion changes t he nul l  dist ribut ion of  t he t est  

st at ist ic.   

Since t he probabil it y associat ed wit h t he t est  of  normal it y of  < 0.001 is less 

t han or equal  t o t he level  of  signif icance (0.01),  t he researcher rej ect s t he nul l  

hypot hesis and concludes t hat  al l  but  Gross Margin Average appear t o be not  

normal ly dist ribut ed.  The researcher conduct ed log t ransformat ions which were 

necessary t o t ransform t his dat a int o a form t hat  would t est  posit ive for normal it y.  

Yet  various st udies have found t hat ,  even in t his correct ed form, t he 

Kolmogorov–Smirnov st at ist ic is less powerful  for t est ing normal it y t han t he 

Shapiro–Wilk t est .  In part icular,  R.B.  D’ Agost ino makes a very st rong st at ement  in 

Goodness-of -f i t  t echniques (1986):  ‘ The Kolmogorov-Smirnov t est  is only a 

hist orical  curiosit y.  It  should never be used’ .  For t hat  reason t he researcher 

pursued a second t est  for normal it y,  t he Shapiro-Wilk Test .  

If  t he Signif icance value of  t he Shapiro-Wilk Test  is great er t han 0.05,  t hen 

t he dat a is normal.  If  it  is below 0.05,  t hen t he dat a signif icant ly deviat e f rom a 

normal dist ribut ion.  Based on t he Shapiro-Wilk Test ,  NONE of  t he variables seem 

t o fol low t he normal dist ribut ion.   

http://en.wikipedia.org/wiki/Shapiro%E2%80%93Wilk_test
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Next ,  t he researcher appl ied t he graphical  approach t o t est  for normal it y and 

generat ed Normal Q-Q Plots.  In order t o det ermine normal it y graphical ly t he 

researcher uses t he out put  of  a normal Q-Q Plot .  If  t he dat a are normal ly 

dist ribut ed,  t hen t he dat a point s wil l  be close t o t he diagonal  l ine.  

 

 

Figure 28: Normal Q-Q Plot of Performance 
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Figure 28.2: Normal Q-Q Plots 

In Normal Q-Q plot s a diagonal  l ine is drawn represent ing t he expect ed 

values for normal dist ribut ion.  If  t he act ual  dist ribut ion (t he dot s) fol lows t hat  

diagonal  l ine,  t hen normal it y can be concluded.  Based on t he above plot s,  

however,  t he researcher concludes few,  i f  any,  IV are normal ly dist ribut ed.  This is 

ent irely consist ent  wit h t he resul t s of  t he Shapiro-Wilk Test  (which found no 

variables fol low t he normal dist r ibut ion) and t he Kolmogorov–Smirnov t est .  When 

t he normal dist ribut ion is not  readily seen,  one may perform t ransformat ions wit h 

t he hope t hat  undert aking such wil l  t ransform t he dat a int o normal ly dist ribut ed 

values.  However,  t here are some l imit at ions on t ransformat ion (see below).   
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6.7 Transformation 

From earl ier analysis,  most  of  t he variables are not  normal ly dist ribut ed;  

t herefore t hey need some form of  t ransformat ion.  However,  t here are some 

l imit at ions on t ransformat ion (see below).  For t ransformat ion,  t he researcher 

undert ook Box-Cox power t ransformat ion (Sakia,  1992) t o det ermine t he 

t ransformat ion.  Transforming dat a means performing t he same mat hemat ical  

operat ion on each piece of  original  dat a.  Some t ransformat ion examples f rom daily 

l ife are currency exchange rat es and convert ing Celsius values int o Fahrenheit .   

The Box-Cox Transformat ion searches for a value of  lambda such t hat  t he 

t ransformat ion may correct  for non-normal i t y.  In order t o f ind t he opt imal and 

closely compet ing lambda values,  t he Box-Cox Transformat ion modif ies t he 

original  dat a using t he equat ion below for Wi (a st andardized t ransformed 

variable).  It  t hen calculat es t he st andard deviat ion of  t he variable W. The goal  is 

t o f ind t he value of  lambda t hat  minimizes t he st andard deviat ion of  W. 

 

 

The lambda value (λ) for t he t ransformat ion of  t he dependent  variable was 

det ermined t o be:  λ = 0.5.  This was deduced f rom t he fol lowing graph for t he log-

l ikel ihood of  t he t ransformat ion.   
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Figure 29: Estimating λ for the Box Cox Procedure 

Revisit ing The Test s for Normal it y and remembering i f  t he skewness and 

kurt osis st at ist ics fal l  bet ween -2 and +2,  it 's general ly considered accept able t o 

assume t hat  t he dat a is normal ly dist ribut ed.  One can see t hat  t he log of  t he 

various measures does push skewness int o t he -2 t o +2 range,  t hus driving t he dat a 

t o normal it y.   

Table 17:  Test s of  Normal it y 

 Kolmogorov-Smirnova Shapiro-Wilk 

St at ist ic df  Sig.  St at ist ic df  Sig.  

log of  Avg Eigen cent r .187 187 .000 .917 187 .000 

log of  Tot al St rong Edges .062 187 .074 .988 187 .128 

log of  Potent ial Edges .150 187 .000 .923 187 .000 

a.  Li l l iefors Signif icance Correct ion 

 

Thus,  by t ransforming Avg Eigenvect or Cent ral it y,  Tot al  St rong Edges and 

Pot ent ial  Edges t he researcher are able t o f ind a dat a set  t hat  is normal ly 

dist ribut ed.  When logs generat ed negat ive values,  t he values must  f irst  undergo 

Ref lect ion.  Ref lect ion is comput ed by subt ract ing al l  of  t he values for a variable 

f rom one plus t he absolut e value of  maximum value for t he variable.  The absolut e 

value of  maximum of  Average Eigenvect or Cent ral it y is 1,  so t he Ref lect ive value 

wil l  be (1+1) – Eigen.  This yields al l  posit ive numbers bet ween 1 and 2.   
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Det ails of  dat a t ransformat ion:   

1.  Dist ribut ions of  dependent  variables (Nrev and gross margin avg. ) look 

OK, no need t o t ransform; dist r ibut ions of  independent  variables do not  

look very OK. 

2.  For avg eigenvect or cent ral it y,  t ot al  st rong edges and pot ent ial  edges 

t hat  al l  had posit ive values;  t herefore one can run log t ransformat ion.   

3.  For densit y,  avg geo dist ance,  avg bet weenness cent ral it y and avg 

closeness cent ral it y t hat  had mult iple zero values,  it  is hard t o f ind a 

mechanism t o reasonably assign a di f f erent  non-zero value (e.g.  

0.00001) t o each of  t he zero values,  t herefore no log t ransformat ion can 

be made.  Not e:  Square root  t ransformat ion could be run,  but  t he 

variables wit h square root  t ransformat ion did not  have bet t er normal it y.  

Therefore t hese variables in t heir original  forms wil l  be used in t he 

regression.  

Ot her dat a handl ing 

Densit y and st ruct ural  holes are inverse wit h each ot her.  Af t er imput at ion,  

only one could be used in t he mult iple regression model,  and it  must  be densit y 

because densit y had fewer missing point s.  St rengt h of  t ies was equivalent  t o t he 

rat io of  st rong edges t o pot ent ial  t ies.  It  is highly correlat ed wit h bot h st rong 

edges and pot ent ial  t ies (wit h correlat ion coef f icient  of  0.62 and -0.56,  

respect ively).  Therefore,  t o avoid col l inearit y it  should not  be included as an 

independent  variable in t he mult iple regression along wit h st rong edges and 

pot ent ial  t ies.  It  should be included,  however,  in t he fact or analysis.  

6.8 LOWESS (Locally Weighted Scatterplot Smoothing)   

When t here is suspicion t hat  t he relat ionship is not  complet ely l inear,  

LOWESS (locally weight ed scat t erplot  smoot hing) is helpful  in suggest ing what  

form t o use for f it t ing t he polynomial  t erms of  t he regressors (such as squares or 

cubic t erms).  It  provides a smoot h f it  f rom t he dependent  t o t he independent  

variable.  By checking t he smoot hing plot  we can see what  form t he relat ionship 

may t ake,  and a paramet r ic model can t hen be chosen t o approximat e t his form.  
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The fol lowing LOWESS plot s showed some curvil inear pat t erns in most  of  t he social  

net work variables.  In t hese curvil inear pat t erns t he number of  ‘ t urns’  was 1 or 2,  

which corresponds t o t he quadrat ic t erm and t he cubic t erm,  respect ively.   

 

          

          

Figure 30: Locally Weighted Scatterplot Smoothing 
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Figure 31: Locally Weighted Scatterplot Smoothing 

The LOWESS curves above suggest  t hat  in t his dat a a pot ent ial  curvil inear 

relat ionship involved some quadrat ic t erm or cubic t erm.  Therefore,  t he square 

t erm and t he cubic t erm of  each social  net work variable were creat ed,  and t he set  

of  polynomial  t erms (l inear,  quadrat ic,  and cubic) in each social  net work var iable 

was t est ed against  performance.  

Polynomial  regression for each social  net work var iable 

In t hese polynomial  regressions,  none of  t he social  net work variables was 

correlat ed wit h gross margin avg (al l  t he p-values >0.05),  when cont rol l ing for FTE 

and Corporat e.  Therefore,  gross margin avg is not  a represent at ive of  performance 

in t erms of  t he relat ionship bet ween performance and social  net work.  The only 

represent at ive of  performance in t his regard is Nrev.  This conf irms t hat  only Nrev 

is necessary t o generat e a val id,  wel l -f it t ing predict ion model.  Not e:  None of  t he 

pot ent ial  edges t erms was correlat ed wit h Nrev since al l  t he p-values >0.05.   
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Table 18:  Social  Net work Variable Polynomial  Regression 

 

Social Net work Variable 

Nrev 

Paramet er Est .  p-value 

Densit y Sel f  0.54 0.001 

St ruct ural  holes Sel f  -0.02 0.017 

Geo Dist ance Sel f  0.41 <0.0001 

Eigenvect or Log 0.81 0.017 

Square of  log 0.53 <0.0001 

Bet weenness Sel f  0.34 0.002 

Closeness 

Sel f  2.23 0.008 

Square -7.85 0.001 

Cubic 5.74 0.001 

Tot al  st rong edges Log -0.25 0.140 

Square of  log 0.15 0.001 

Tie St rengt h  Sel f  0.97 <0.0001 

Square -0.23 <0.0001 

 

The resul t s of  t he polynomial  regressions show t hat :  
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• density,  structural holes,  distance,  and betweenness had a linear 

regression;  

• log eigenvector,  log total strong edges, and tie strength had a 

quadratic term involved; and 

• closeness had a cubic term involved.   

These wil l  be t aken int o account  when t he mult iple regression model is developed.  

In t he t able,  a posit ive sign of  a paramet er est imat e for a quadrat ic t erm 

corresponds t o t he U shape in t he LOWESS plot s,  whereas a negat ive sign of  a 

paramet er est imat e for a quadrat ic t erm corresponds t o t he inverse U shape in t he 

LOWESS plot s.   

From t his,  t he researcher conf irms Lechner,  Frankenberger and Floyd’ s 

(2010) f indings t hat  an inverse curvil inear (inverse U shape) relat ionship exist s 

bet ween Nrev (represent ing Performance) and bot h Cent ral it y (represent ing t he 

St ruct ural  dimension of  HF’ s social  net work);  and t he square of  Tie St rengt h 

(represent ing t he Relat ional  dimension of  HF’ s social  net work).  

Mult iple polynomial  regression for t he set  of  social  net work var iables 

1.  Model select ion 

A st epwise select ion process was run t o choose a best  f it  t o predict  Nrev.  

The crit erion p-value t o ent er was set  as 0.20,  and t he crit er ion p-value t o st ay 

was set  as 0.05.  The select ed var iables were log t ot al  st rong edges,  square of  log 

eigenvect or,  and square of  log t ot al  st rong edges,  cont rol l ing for FTE and Corp.   

2.  Final  mult iple polynomial  regression 

The select ed variables were put  int o a f inal  mult iple polynomial  regression 

model.  To minimize t he problem of  mult i-col l inearit y,  one resolut ion is t o 

‘ ort hogonal ize’  t he vect ors in t he regression t hrough t he met hod of  Gent leman-

Givens t ransformat ions:   
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Figure 32: Polynomial Regression Model for HF 

The p-values are 0.006 for log t ot al  st rong edges and 0.0003 for it s square 

t erm, and is 0.002 for square of  log eigenvect or,  indicat ing t hat  between log 

transformed total strong edges and Nrev,  both a linear relationship and a 

quadratic relationship existed (e.g.  t he f inal  regression equat ion wil l  have St rong 

Edges represent ed t wice).  For log transformed eigenvector,  when controlling for 

other covariates,  there was only a quadratic relationship.  Also wort h not ing:  

bot h FTE and Corp were signif icant  posit ive predict ors of  Nrev.  

The mult iple regression model can be writ t en as:  

Nrev = 0.365 + (0.046)*FTE + (1.006)*Corp – (0.508)*Log_St rong + (0.202)* 

(Log_Eigenvect or)(Log_Eigenvect or) + (0.149)*(Log_St rong)(Log_St rong) 

 Or cleaned up:   

Nrev = 0.365 + 0.046FTE + 1.006Corp – (0.508)Log_St rong 

+ 0.202Log_Eigenvect or2 + 0.149Log_St rong2 



149 

 

6.9 Model diagnostics 

A residual  is general ly a quant it y lef t  over at  t he end of  a process.  Residuals 

and st at ist ical  errors are not  t he same t hing.  The error  of  a sample is t he 

deviat ion of  t he sample f rom t he (unobservable) t rue funct ion value,  while t he 

residual  of  a sample is t he dif ference bet ween t he sample and t he est imat ed 

funct ion value.  In GLM, t he dif ference bet ween observed values and t he value 

generat ed by t he regression equat ion is known as t he residual .  If  a residual  is 

smal l ,  t he values generat ed by t he equat ion are very close t o t hose observed.  A 

large residual  indicat es t here is deviat ion bet ween observed and predict ed values.  

If  t he general  l inear model developed is appropriat e,  it  is reasonable t o expect  t he 

residuals t o exhibit  propert ies t hat  agree wit h t he st at ed assumpt ions (e.g.  

Normal it y,  Linearit y,  Homoscedast icit y,  et c. ).   

According t o a fort hcoming Quant it at ive Analysis t ext  by Hut cheson and Mout inho 

(2012):  

Regression models for cont inuous dat a (including ANOVA and 
ANCOVA) assume a number of  t hings about  t he dat a and t he 
relat ionships bet ween t he var iables.  These include t he assumpt ions 
of  l inearit y,  Normal it y (of  t he model residuals),  const ant  variance 
and t he absence of  inf luent ial  out l iers.  In OLS regression,  st at ist ical  
inference is weakened when dat a depart  f rom t hese assumpt ions.  
Even when used for solely descript ive purposes t he analysis is 
improved if  t he st at ist ical  assumpt ions are met ,  since a bet t er 
model-f it  is usual ly obt ained (p.  1).  

A comprehensive descript ion of  checking assumpt ions in regression models 

is provided in Hut cheson and Sof roniou (1999).  A minimal set  of  four diagnost ic 

graphs t aken f rom t his source wil l  be deployed enabl ing basic checks t o be made 

on t he assumpt ions of  l inearit y,  over and under dispersion,  normal ly-dist ribut ed 

residuals and out l iers (Hut cheson and Mout inho,  2012).   

First ,  a goodness of  f it  t est  is run t o t est  t he st rengt h of  t he model.  The 

signi f icance of  individual  and groups of  variables in a mult iple OLS regression 

model can be calculat ed by comparing t he deviance st at ist ics (RSS) for nest ed 

models (Hut cheson and Mout inho,  2012).  Doing so al lows one t o compare t wo 

models.  In t his research,  t he f irst  is a ful l  model (e.g.  wit h many independent  
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variables) cal led t he larger model,  t he second a model ‘ less ful l ’  (e.g.  wit h less 

independent  variables used) is cal led t he nest ed model:  

RSSdi_ = (RSSp) ฀ (RSSp+q) 

Where RSS is t he measure of  deviance,  p is t he smal ler,  nest ed model,  and 

p + q is t he larger model.  Consider t he fol lowing ANOVA t able:  

Table 19:  Analysis of  Deviance Table (Type II t est s) of  GLM model 1 

 Sum Sq Df  F value Pr(>F) 

FTE 0.0128 1 0.0802 0.77747 

Avg.Bet weenness.Cent r 0.1915 1 1.1978 0.27560 

Avg.Closeness.Cent r.  0.0076 1 0.0473 0.82810 

Avg.Eigenvect or.Cent r 0.0105    1 0.0656        0.79817 

Avg.Geo.Dist ance 0.0003   1   0.0019    0.96525     

Densit y 0.5960    1   3.7281    0.05547 

St ruct ual .Holes 0.0022   1   0.0138    0.90670     

St rengt h.of .Ties 0.0468    1 0.2926    0.58942     

Tot al .St rong.Edges 3.6636 1 22.9159 4.154e-06 *** 

Pot ent ial .edges 0.0920   1   0.5752    0.44944     

Of f ice.Type 9.9043    1 61.9517 7.712e-13 *** 

Residuals 23.0214 144   

Response:  Performance  

Sign i f  codes:   0 '***' 0.001 '**' 0.01 '*' 0.05 '‘ .  0.1 ' ' 1 

 

Next ,  graphics can be leveraged t o check for violat ions:  
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Table 20:  Violat ion checking 

Test ing For:  Use:  

l inearit y Scat t erplot  showing act ual  values of  Y values against  

f it t ed values (t hose predict ed f rom t he model).  

over/ under 

dispersion 

Scat t erplot  of  predict ed values against  residuals.  

normal it y Hist ogram of  residuals.  

out l iers Cook's dist ance against  observat ion number.  

 

 

Figure 33: Residuals 

First  using R cmdr,  t he researcher calculat ed and added t o t he dat a set  t he 

fol lowing:  

• Fit t ed values 

• Residuals 

• Cook's dist ances 
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Then graphs were drawn using t he graphical  funct ions of  Rcmdr.   

 

Figure 34: Residuals 
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Figure 35: Residuals 

When t he four key assumpt ions for t he model are met ,  t he graphs should 

have t he fol lowing propert ies:  

• The predict ed values of  t he response variable should show a l inear 

relat ionship when plot t ed against  t he observed values of  t he response 

variable.  

• The residuals should show no obvious pat t ern when plot t ed against  t he 

predict ed values.  

• The residuals should be roughly Normal ly dist ribut ed.  

• There should be no ext reme out l iers.  

As t he graphs above demonst rat e,  al l  assumpt ions are met  and based on such,  t he 

model f it  is found t o be accept able.   

6.10 GLM Findings 

Aft er using t he Box-Cox procedure t o t ransform t he dat a t o normal it y,  an 

ordinary least  squares met hod was fol lowed t hrough st epwise select ion.  The 

fol lowing model was det ermined t o be t he best  f it  for t he dat a at  hand.   
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Nrev = 0.365 + 0.046FTE + 1.006t ype – 0.508Log_st rong + 0.202Log_Eigen2 + 

0.149*Log_st rong2 

This mult ivariat e regression model shows t hat  when t he social  net work 

measures are considered t oget her,  only log t ransformed t ot al  st rong edges (l inear,  

quadrat ic) and log t ransformed eigenvect or (quadrat ic) signi f icant ly predict ed 

performance.   

Put  more general ly,  in t he case of  HF t eams,  Performance can be 

predicat ed using only t he number of  st rong t ie relat ionships amongst  t he group 

and by measuring how cent ral  t he average t ravel  agent  is in t he net work.  This 

could be int erpret ed as meaning:  

• Performance can be increased t o a great er ext ent  i f  an of f ice is able t o 

increase Tie St rengt h rat her t han average eigenvect or cent ral it y;  and/ or  

• Adding anot her FTE would not  have as signi f icant  an impact  as changing 

a ret ail  st ore t o a corporat e of f ice (al t hough it  would be signif icant ly 

easier).   

6.11 Interpretation of the GLM model 

Wit h t he p-value of  t he F-t est  <.0001,  t he regression model is st at ist ical ly 

signi f icant .  The R-Squared is 0.5839,  meaning 58.39% of  t he variat ion in Nrev can 

be explained by t he predict ors in t he model.  The R-Squared Adj ust ed is of t en used 

t o summarize t he f it ,  as it  t akes int o account  t he number of  predict or var iables in 

t he model.  In t his model,  t he adj ust ed R-Squared indicat es t hat  about  57.24% of  

t he variat ion in Nrev is account ed for by t he model.   

The coef f icient s for each of  t he predict ive variables indicat es t he amount  of  

change one could expect  in Nrev,  given a one-unit  change in t he value of  t hat  

variable,  and given t hat  al l  ot her variables in t he model are held const ant .  For 

example,  for every 1-point  increase in FTE,  we would expect  a 0.046 increase in 

Nrev,  assuming al l  ot her var iables in t he models are held const ant .  
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6.12 Visual Analysis  

Fol lowing GLM, a visual  inspect ion of  t he subgraphs was conduct ed.  The NodeXL 

sof t ware generat es subgraphs for each Of f ice.  Each subgraph has t he fol lowing 

element s:  

Vert ices:  

Circles/ spheres of  colour.  Each represent s a 

FTE.  The relat ive size of  t he vert ices 

represent s t heir Cent ral it y in t he group (i. e.  

f ive same-sized spheres would mean 

cent ral it y was shared equal ly amongst  al l  

members,  e.g.  al l  members are inf luent ial ;  

one large sphere and f ive smal l  spheres 

indicat es t hat  one member of  t he t eam is 

more inf luent ial  t han t he ot hers.  Of t en t his 

is t he t eam capt ain. )  

Edges:   

These represent  relat ionship connect ions.  

The t hickness of  t he edge and t he number 

label  indicat e t he relat ive st rengt h of  t he 

relat ionship (i. e.  if  t he edge bet ween A and 

B was t hick and label led 32,  but  t he edge 

bet ween A and C was t hinner and label led 

2,  t hen t his would mean t he relat ionship 

bet ween A: B is 16x st ronger t han bet ween 

A: C).   

Social  graphs for t he t op performing groups are l ist ed in Appendix B.  Social  

graphs for low performing groups are l ist ed in Appendix C.  Based on reviewing 

such,  t he researcher observes t he fol lowing:   

 
 

Figure 36: Subgraph of high 

performing office 

 

Figure 37: Subgraph of low 

performing office 
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Top 10 Groups (T10G): 

• Very Dense 

• Few St ruct ural  Holes 

• Cent ral it y spread out  over 50% of  t he vert ices 

• Have mult iple inf luencers 

• A maj orit y of  relat ionships are ‘ st rong t ies’  

Bottom 10 Groups (B10G): 

• Have a large number of  st ruct ural  holes 

• Are not  dense 

• Have many weakly connect ed members 

• Have isolat ed members  

• Have few or no ‘ st rong t ies’  

• Have l it t le cent ral it y or inf luence over each ot her 

6.13 Analysing the Onboarding Data 

Simple bivariat e analysis was conduct ed in t he fol lowing manner:  

1.  Descript ive st at ist ics and normal it y checking 

2.  Regression diagnost ics 

a.  Scat t er plot  

b.  Test  on normal it y of  residuals 

c.  Test  on homogeneit y of  var iance of  residuals 
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d.  Test  on randomness of  residuals 

1) Plot  of  t he residuals against  t he observat ion order 

2) Runs t est  (Wald-Wolfowit z t est ) for randomness 

e.  Test  for out l iers:  Cook’ s dist ance 

3.  Regression 

a.  Equat ion of  regression 

b.  Coef f icient  of  det erminat ion (R-square) 

c.  Residual  calculat ion 

d.  Signif icance of  t he regression model (F-t est ) 

4.  Part ial  correlat ion bet ween performance and days wit h st rong t ies 

5.  Findings of  t he onboarding GLM model 

Onboarding Variables 

• The IV in t he onboarding dat a is Onboarding Speed,  being t he number of  

days t hat  st rong t ies were available (DSTA).   

• The DV in t he onboarding dat a is individual  Performance (PERFORMA).   

Employee Gross Revenue D.S.T.A. 

MA 1,281,126.71 299 

GH 1,383,797.97 305 

SP 1,341,491.13 300 

KC 932,329.64 233 

MC 1,048,394.62 255 

NP 1,016,079.91 0 

HF 1,249,760.30 0 

DW 755,218.96 61 

Figure 38: Onboarding Data Matrix 

A t wo-sided probabil it y value of  <0.05 was considered st at ist ical ly 

signi f icant .  Al l  st at ist ical  analyses were performed using t he SAS sof t ware.  
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1.  Descriptive statistics and normality checking for Onboarding 

In t he onboarding st udy,  t he dependent  variable is performance,  and t he 

independent  variable is days wit h st rong t ies.  Wit h regards t o Performance:  

 

Figure 39: Onboarding – Performance Variable 

Based on t he above t est s for normal it y,  t he var iable of  performance is normal ly 

dist ribut ed.  Mean ± STD is 1126025 ± 222123.  
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Wit h regards t o Days wit h st rong t ies:  

 

Figure 40: Onboarding - Days with Strong Ties variable 

Based on t he above t est s for normal it y,  t he var iable of  days wit h st rong t ies 

available (DSTA) is normal ly dist ribut ed.  Mean ± STD is 181.6 ± 137.1.   
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2.  Regression diagnostics  

a.  Scat t er plot  

 

Figure 41: Scatter plot – Days with Strong Ties 

While t he scat t erplot  above does not  suggest  t he presence of  out l iers,  t he 

dat a displayed do seem t o demonst rat e a curvil inear relat ionship bet ween gross 

revenue and onboarding speed.  This makes sense because t he longer such t ies are 

in place,  t he longer t he agent  has access t o t acit  knowledge.  However,  t he 

relat ionship is not  simply posit ive,  as high performance can also be seen in agent s 

t hat  have never had access t o st rong t ies.  In order for OLS regression t o be val id 

t he dat a must  meet  t he assumpt ions of  normal it y,  l inearit y,  et c.  As a resul t ,  some 

t ransformat ion may be required.  The scat t er plot  above clearly indicat es a 

quadrat ic pat t ern.  Therefore,  it  is not  a l inear relat ionship,  and any derived 

regression model must  include a quadrat ic t erm.   

b.  Test  on normal it y of  residuals 

The plot  of  normal quart i les against  residuals based on t he specif ied 

regression model demonst rat ed t hat  t he residuals are close t o a normal 

dist ribut ion,  meaning t he normal it y assumpt ion is sat isf ied.   
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Figure 42: Normal Quartiles Against Residuals 

c.  Test  on homogeneit y of  var iance of  residuals 

If  t he model is wel l -f it t ed,  t here should be no pat t ern t o t he residuals 

plot t ed against  t he f it t ed values.  The plot s below showed t hat  t here is no obvious 

pat t ern,  and t he residuals seem t o have equal  variat ion around l ine 0,  indicat ing 

t he model is wel l -f it t ed and t he equal  variance assumpt ion seems accept able.  The 

Whit e t est ,  which t est s t he nul l  hypot hesis t hat  t he variance of  t he residuals is 

homogenous,  ret urned a p-value of  0.50,  re-conf i rming t he homogeneit y of  

residual  variance.  

 

Figure 43: Homogeneity of Variance of Residuals 
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d.  Test  on randomness of  residuals 

1) Plot  t he residuals against  t he observat ion order t o det ect  order 

t rend.  

 

Figure 44: Randomness of Residuals 

There is no obvious order in residual  plot  and so t he residuals do not  seem t o have 

correlat ions.  

2) The Runs t est  (Wald-Wolfowit z t est ) showed t hat  t he dat a are 

random (p=0.8368):  

 

Figure 45: Wald-Wolfowitz 
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e.  Test  for out l iers 

Cook’ s dist ance (e.g.  Cook’ s D) is a measure of  change in t he paramet er 

est imat es when t he observat ion is delet ed.  The higher t he value,  t he more 

inf luent ial  t he observat ion.  The crit ical  values are l ist ed in t he t able below.   

According t o t he t able,  t he appropriat e crit erion of  Cook’ s D for t his st udy 

is great er t han 2,  and t he Cook’ s D of  al l  t he observat ions are below 2,  so one is 

able t o conclude t hat  no observat ion is an out l ier.  

 

Figure 46: Cook's Distance 

 

 

Figure 47: Outliers 
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On t he ot her hand,  t he st udent ized residuals (seen above) can also be used 

t o det ect  possible out l iers;  any observat ions wit h absolut e values great er t han 2 

should be considered as out l iers.  Using t his crit er ion,  subj ect  HF can be 

considered as an out l ier.  However,  it  is not  an ext reme out l ier at  al l .  Considering 

t he smal l  sample size,  t his observat ion should not  be excluded f rom t he analysis.  

3.  Regression 

a.  Equat ion of  regression 

 

Figure 48: Regression 

PERFORMA = 1.12*106 – 6637.7 DSTA + 24.546 (DSTA)2 

Int erpret at ion t he regression equat ion:  DSTA has a quadrat ic relat ionship 

wit h PERFORMA. When DSTA=0,  PERFORMA equals 1.12*106.  The lowest  value of  

PERFORMA is 671260,  when DSTA = 135.21.   

b.  Coef f icient  of  det erminat ion (R-square) 

The coef f icient  of  Det erminat ion,  R2,  measures t he percent age of  t he 

variat ion in t he DV t hat  is explained by it s relat ionship wit h t he IV.  The coef f icient  

of  det erminat ion (R-square) of  t he model is 0.9017.  The adj ust ed R-square is 
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0.8624.  Bot h are high,  indicat ing approximat ely 90% of  t he variabil it y of  

PERFORMA is explained by DSTA.  

c.  Residual  calculat ion 

 

Figure 49: Regression - Residual 

d.  Signif icance of  t he regression model (F-t est ) 

 

Figure 50: Regression - F-test 

The p-value for t he F-t est  is 0.003,  indicat ing t he model is wel l  f it .  

4.  Partial correlation between performance and days with strong ties 

Part ial  correlat ion t est ing is checking t he correlat ion bet ween t wo variables 

while cont rol l ing for some covariat es.  In t he onboarding regression model,  when 

checking t he correlat ion bet ween PERFORMA and DSTA, (DSTA)2 wil l  be cont rol led 
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for.  When checking t he correlat ion bet ween PERFORMA and (DSTA)2,  DSTA wil l  be 

cont rol led for.  

 

 

Figure 51: Correlation Coefficients 

 

 

Figure 52: Correlation Coefficients 

In bot h cases,  t he correlat ion coef f icient s are very high,  wit h t he absolut e 

values >0.9,  indicat ing high correlat ions.   

5.  Findings of the onboarding GLM model  

DSTA has a quadrat ic relat ionship wit h PERFORMA. The l inear and quadrat ic 

t erms of  DSTA can explain 90% of  t he variabil it y of  PERFORMA.  
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6.14 Summary of Findings  

6.14.1 Findings on Performance and Social Network Topology: 

Aft er using t he Box-Cox procedure t o t ransform t he dat a t o normal it y,  an 

ordinary least  squares met hod was fol lowed using st epwise select ion.  The 

fol lowing model was det ermined t o be t he best  f it  for t he dat a at  hand.   

Nrev = 0.365 + 0.046FTE + 1.006type – 0.508Log_strong +  

0.202Log_eigen
2
 + 0.149*Log_strong

2
 

This mult ivariat e regression model shows t hat  when t he social  net work 

measures are considered t oget her,  only log t ransformed t ot al  st rong edges (l inear,  

quadrat ic) and log t ransformed eigenvect or (quadrat ic) signi f icant ly predict ed 

performance.  Put  more general ly,  in t he case of  HF t eams,  performance can be 

predicat ed using t he number of  st rong t ie relat ionships amongst  t he group and by 

measuring t he cent ral it y of  t he average t ravel  agent  in t he net work,  which could 

be int erpret ed as meaning:   

• performance can be increased t o a great er ext ent  i f  an of f ice is able t o 

increase Tie St rengt h rat her t han average eigenvect or cent ral it y.   

• adding anot her FTE wil l  not  have as signif icant  an impact  as changing a 

ret ail  st ore t o a corporat e of f ice (al t hough it  would be signif icant ly 

easier).   

6.14.2 Findings on Interpretation of the GLM model: 

Wit h t he p-value of  t he F-t est  <.0001,  t he regression model is st at ist ical ly 

signi f icant .  The R-Squared is 0.5839,  meaning 58.39% of  t he variat ion in Nrev can 

be explained by t he predict ors in t he model.  The R-Squared Adj ust ed is of t en used 

t o summarize t he f it ,  as it  t akes int o account  t he number of  predict or var iables in 

t he model.  In t his model,  t he adj ust ed R-Squared indicat es t hat  about  57.24% of  

t he variat ion in Nrev is account ed for by t he model.  The coef f icient s for each of  

t he predict ive variables indicat es t he amount  of  change one could expect  in Nrev,  

given a one-unit  change in t he value of  t hat  variable and given t hat  al l  ot her 
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variables in t he model are held const ant .  For example,  for every one increase in 

FTE,  we would expect  a 0.046 increase in Nrev,  assuming al l  ot her var iables in t he 

models are held const ant .  

6.14.3 Findings on Onboarding and Performance: 

Wit h l imit ed dat a,  it  is hard t o say wit h any degree of  cert aint y,  but  at  HF 

t here appears t o be a curvil inear relat ionship bet ween an individual ’ s performance 

and t he speed at  which t hey build t he st rong t ie relat ionships necessary for t acit  

knowledge t ransfer.  

PERFORMA = 1.12*106 – 6637.7 DSTA + 24.546 (DSTA)
2
 

 

DSTA has a quadrat ic relat ionship wit h PERFORMA. The l inear and quadrat ic 

t erms of  DSTA can explain 90% of  t he var iabi l it y of  PERFORMA. The fast er someone 

builds st rong t ies,  t he higher t heir  individual  performance,  at  least  based on a 

smal l  sample.    

Summary of Chapter 6 

In chapt er 6,  t he researcher analysed t he dat a t hrough a var iet y of  

met hods,  most  not ably GLM and visual  analysis.  In t he end,  a quadrat ic equat ion 

was generat ed indicat ing t hat  group normal ized revenue can be predict ed based 

on t he number of  employees,  t he number of  st rong relat ionships in t hat  group,  t he 

presence of  st ruct ural  holes and average closeness cent ral it y (being t he inverse of  

t he sum of  dist ances bet ween members in t he group).   
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Chapter 7 – Conclusions 

This t hesis aims t o enrich our underst anding of  t he role of  social  net works in 

f irm performance.  In t he int roduct ion it  was not ed t hat  recent  st udies (not ably 

Lechner,  Frankenberger and Floyd,  2010;  and Maurer,  Bart sch and Ebers,  2011) 

explore t he moderat ing role t hat  social  net works have on knowledge t ransfer 

wit hin organizat ions.  The l inks bet ween knowledge t ransfer and performance have 

been explored at  lengt h in prior research (Argot e,  Mcevily and Reagans,  2004;  

Maurer,  Bart sch and Ebers,  2011;  Zander and Kogut ,  1995).  Therefore,  t his t hesis 

seeks t o ext end t he f indings of  prior st udies (Bulkley and Van Alst yne,  2004;  Rice 

and St einfeld,  1994;  Wel lman,  2002;  and Whit t aker and Sidner,  1996) by 

considering how SNA variables (e.g.  Cent ral i t y and Tie St rengt h) are int errelat ed 

and whet her t here is a t emporal  dimension t o t heir relat ionship t o each ot her or 

t o f irm performance.  Hence,  in summary,  t he obj ect ive of  t his research is t o 

t heory t est  t he proposed relat ionship bet ween group’ s Social  Net work Topology 

and t hat  group’ s Performance.  

7.1 Research Questions Revisited 

Using dat a gat hered f rom organizat ional  uni t s wit hin a single organizat ion,  

performance was based on group normal ized annual  sales revenue (Nrev).  Each 

unit  of  analysis comprised a smal l  co-located t eam repeat edly execut ing highly 

similar t asks.  Social  Net work t opology was assessed by examining e-mail  t raf f ic 

bet ween members of  t hese t eams.  In t he ext ant  l it erat ure,  measurement  of  SNA 

occurs along t hree dimensions:  cognit ive,  relat ional ,  and st ruct ural .  In t his st udy,  

t he relat ional  dimension was operat ional ized as Tie St rengt h and t he st ruct ural  

dimension was operat ional ized as Cent ral it y and St ruct ural  Holes.  The cognit ive 

dimension was not  incorporat ed here since it  would have required access t o t he 

cont ent  of  e-mail  exchanges and t his was considered t oo chal lenging in t erms of  

t he et hical  approval  of  t he st udy.  Therefore,  it  was possible,  wit h t he dat a 

gat hered in t his st udy,  t o t est  t he fol lowing hypot heses:   

1.  What  is t he relat ionship bet ween Tie Strength and Performance? 

2.  What  is t he relat ionship bet ween Centrality and Performance? 
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3. What  is t he relat ionship bet ween Structural Holes and Performance? 

Addit ional  t he fol lowing quest ions were also explored,  speci f ical ly:  

4.  What  measures best  represent  Performance?  

5. What ,  if  any,  is t he relat ion bet ween onboarding speed and individual  

performance?  

The l it erat ure t o dat e has suggest ed t hat  performance is correlat ed t o t he 

dimensions of  social  capit al  t hrough an inverse curvil inear relat ionship (e.g.  

Lechner,  Frankenberger,  and Floyd;  2010);  t his research conf irmed t hose f indings.  

7.2 Contributions to Theory 

The analysis of  e-mail  t raf f ic wit hin t eams al lows t his research t o t ease out  

dif ferences bet ween t he t heoret ical  concept s of  social  capit al  and social  net work.  

The former const it ut es t he social  lubr icant  t hat  facil it at es knowledge t ransfer,  

while t he lat t er can be def ined as t he f ramework over which t he former f lows.  

This is an import ant  and of t  overlooked dif ference,  since social  net works are 

easier t o operat ional ize t han social  capit al  but  lead t o similar resul t s.  Thus,  social  

net work measures may be used as a proxy when t rying t o facil it at e performance 

driven by knowledge t ransfer.  This research cont ribut es t o an underst anding of  

how social  capit al  f lows over/ t hrough t he social  net work,  t hereby facil it at ing 

knowledge t ransfer,  which in t urn inf luences performance.  

Unl ike Grippa,  Zil l i ,  Laubacher and Gloor’ s 2006 paper,  ‘ E-mail  may not  

ref lect  t he social  net work’ ,  but  similar t o t he f indings by Tyler,  Wilkinson and 

Huberman (2005),  t his research f inds t hat  email  can be used as a rel iable proxy for 

communit y st ruct ure wit hin organizat ions.  The researcher agrees wit h prior 

aut hors’  claims (Tyler,  Wilkinson and Huberman,  2005;  Wel lman,  2002;  Whit t aker 

and Sidner,  1996) t hat  email  is an appropriat e t ool  t o examine group st ruct ure.  

This aut hor does acknowledge t hat  a recent  st udy by MIT may provide a val id 

count erpoint .  In t heir 2006 art icle,  ‘ E-mail  may not  ref lect  t he social  net work’ ,  

aut hors Grippa,  Zil l i ,  Laubacher and Gloor suggest  t hat  one must  be caut ious 

before adopt ing holus bolus t he use of  email  t o det ermine how work t ruly get s 
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done.  Those aut hors remind readers t hat  f ace t o face int eract ions were st i l l  t he 

most  ef f icient  way t o t ransfer t acit  knowledge.  They suggest  t hat  in groups where 

co-locat ion of  personnel  predominat es (e.g.  t he case of  HF),  t hose act ors may opt  

for more synchronous forms of  communicat ion (phone,  inst ant  message and face t o 

face).  Yet  even in t hose cases where face t o face communicat ion is available,  

email  may be used in t his fashion,  f urt her support ing t he concept  t hat  email  

records are a proxy for relat ionships.   

The researcher concedes t hat  t he proport ion of  communicat ion t hat  is 

email ,  as compared t o ot her forms (e.g.  phone,  onl ine chat ,  face t o face),  wil l  fal l  

as t he percent age of  co-locat ed act ors rises.  Similarly,  one expect s a drop in email 

use where act ors are in close proximit y (as in HF).  At  HF t he percent age of  act ors 

in close proximit y is 100%.  Not wit hst anding,  email  cont inues t o be an appropriat e 

t ool  for measuring relat ionships and knowledge f low inside of  HF.  For,  in t he case 

of  HF,  al l  net work act ors share of f ice space and are rarely more t han t wo met res 

apart .  Not wit hst anding t he l ikel ihood t hat  face t o face int eract ions dominat e 

social  int eract ions amongst  t he act ors and t hus are st i l l  vit al  t o organizat ional  

performance,  any group t hat  does not  exchange at  least  t en communicat ions via 

email  in a 365 day period is l ikely f i l led wit h st ruct ural  holes or weak t ies,  since 

even i f  key knowledge is shared face t o face email  would st i l l  be used for 

organizat ional  purposes is described above.  

The idea t hat  email  is appropriat e in such set t ings was f i rst  proposed by 

Bulkley and Van Alst yne in t heir 2006 Sunbelt  Conference paper.  In t hat  paper,  t he 

aut hors f ind signi f icant  evidence support ing t he int erpenet rat ion of  email  

measures as proxies for more general  communicat ion pat t erns even t hough email  

use in any organizat ion is cont ext -specif ic (Bulkley and Van Alst yne 2006;  Rice,  

1994).  This view is also widely support ed by several  papers f rom leading aut hors,  

including Wel lman (2002) and Whit t aker and Sidner (1996),  who f ind t hat  email  is 

a st rong indicat or for levels of  col laborat ion and knowledge exchange,  even if  

email  is not  t he act ual  t ool  for such col laborat ion and knowledge exchange.    

Maurer,  Bart sch and Ebers’  f indings (2011) showed t hat  knowledge t ransfer 

mediat es bet ween int ra-organizat ional  social  capit al  and proj ect  performance.  

Similarly,  t his research found a correlat ion bet ween t he relat ional  and st ruct ural  
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dimension and organizat ional  performance.  This research showed t hat ,  in t he case 

of  HF,  measures of  relat ional  dimensions (e.g.  t ie st rengt h) have a great er impact  

on performance t han do measures of  st ruct ural  dimensions (e.g.  cent ral it y).  

However,  t he aut hor recommends caut ion against  reading t oo much int o t his 

f inding,  as it  is possible t hat  cent ral it y’ s impact  is great ly mit igat ed by t he smal l  

number of  act ors in each Of f ice (i. e.  t ypical ly six or less).  Af t er al l ,  in such a smal l  

group,  part icularly working in close proximit y,  cent ral it y may be less import ant  

t han st rong t ies.  Whereas in larger proj ect s,  such as t hose examined by Lechner,  

Frankenberger,  and Floyd,  cent ral it y’ s role in predicat ing performance may be 

great er.   

This research cont ribut es t o t he social  net work conversat ion by augment ing 

and adding t o t he knowledge generat ed by recent  works,  part icularly t hat  of  

Lechner,  Frankenberger and Floyd’ s 2010 st udy and Maurer,  Bart sch and Ebers’  

2011 st udy,  bot h of  which found an inverse curvil inear relat ionship connect ing 

int ragroup social  net work t opology wit h group performance.  Unl ike Lechner,  

Frankenberger and Floyd’ s 2010 st udy which focused on st rat egic init iat ives (which 

of t en only exist  for f init e periods of  t ime and have specif ic expl icit  goals) as t he 

unit  of  analysis,  t his research focuses on Business as Usual  inside more t han 187 

groups at  a nat ional  t ravel  agency.   Similarly,  as compared t o Maurer,  Bart sch and 

Ebers’  2011 st udy which examined 218 proj ect s in t he German engineering 

indust ry as t he unit  of  analysis,  t his research focuses on Business as Usual  inside 

more t han 187 groups at  a nat ional  t ravel  agency.   Thus,  t his research cont ribut es 

by showing t he f indings t o be val id for durable (non-t emporary) groups not  j ust  

st rat egic init iat ives or proj ect s.   

Empirical  resul t s f rom prior research yielded conf l ict ing correlat ions,  

including posit ive (Florin,  Lubat kin,  and Schulze,  2003;  Subramaniam and Youndt ,  

2005),  insignif icant  (Bat j argal ,  2003;  Lee,  Lee and Pennings,  2001) and negat ive 

associat ions (Edelman,  Bresnen,  Newel l  et  al . ,  2004;  Gargiulo,  1993),  bet ween 

measures of  social  capit al  and dimensions of  organizat ional  performance.  Lechner,  

Frankenberger,  and Floyd’ s f indings (2010) bril l iant ly reconcile t hese apparent  

inconsist ences wit h t heir “ Dark Side of  Social  Capit al ”  Theory.  This research 

ext ends Lechner,  Frankenberger,  and Floyd’ s f indings (2010) of  t he inversely 

curvil inear correlat ion bet ween Performance and several  dimensions of  Social  
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Net works by ext ending t he level  of  analysis f rom st rat egic init iat ives t o groups (in 

t his case Of f ices,  each of  which act s as an independent  unit  of  product ion).  In so 

doing,  t his research suggest s t hat  it  is possible for SNA t o be f ramed in 

performance t erms and t o suggest  ‘ best  f it ’  t opologies.  

This research empirical ly cont ribut es t o t he concept  t hat  social  net work 

t opology can be a predict ive measurement  of  group performance.  Ext ant  non-

empirical  research has had l imit ed abil it y t o make such an associat ion due t o 

met hodological  const raint s;  however,  researchers have cal led for t he invest igat ion 

of  t he predict ive capacit y.   

This research also enriches t he underst anding t hat  social  net work t opologies 

may be leveraged t o enhance organizat ional  goals wit h cert ain social  net work 

t opologies being ident if ied as being more ef fect ive.  To dat e,  al t hough cal led for,  

few empir ical  st udies have pursued explor ing such a l ink.   

This research also demonst rat es t hat  SNA can be achieved in a cost -

ef fect ive and accurat e manner by adopt ing met hodology leveraging sof t ware t ools.  

To dat e,  most  SNA has been hampered by expensive,  t ime-int ensive surveys.  This 

prior survey-based research is bot h cost ly and non-dynamic.  This research 

il lust rat es t hat ,  t hrough sof t ware met hodology,  SNA has t he great  pot ent ial  t o 

del iver ‘ af fordable’  and ‘ dynamic’  SNA research out comes.   

This research leverages a SNA sof t ware-driven met hodology rat her t han a 

survey-driven procedure,  and in doing so af fords researchers access t o dynamic 

SNA measures as a proxy for social  capit al .  Prior research was l imit ed t o st at ic 

analysis (e.g.  conduct ed t hrough a survey at  t he end of  t he period as t o t he shape 

of  t he social  net work).  Unl ike earl ier research ef fort s,  t he t echnique used herein 

can det ect  WHEN st rong t ies were formed,  somet hing t he survey met hod cannot .  

By accessing dynamic longit udinal  dat a on t ie format ion,  t his research af fords a 

means of  invest igat ing t he impact  of  t opological  fact ors over t ime;  for example,  

t his research focused on t he correlat ion bet ween individual  performance and t he 

speed at  which t hat  individual  is able t o form st rong int ragroup t ies.  
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7.3 Answering the Research Questions 

A f irm’ s social  net work can only be opt imized by f i rst  examining t he level  of  

explorat ion vs.  exploit at ion t hat  t he f i rm undert akes.  Some f i rms (e.g.  an 

innovat ive food company or a Pharmaceut ical  f irm) focus on t he creat ion of  new 

knowledge (product s,  services);  t hese f i rms can be seen t o be primarily 

explorat ive.  Some f i rms (e.g.  a large scale manufact uring f i rm) focus on 

ef f iciencies for compet it ive advant age,  of t en by t aking an innovat ion and 

exploit ing it  for ef f iciency t hrough di f f usion.  These f irms can be seen t o be 

primarily exploit ive.  In real it y,  no f irm is st rict ly exploit ive or explorat ive;  al l  

f irms undert ake some t asks t hat  could be categorized as eit her.  Al l  f irms are a mix 

of  explorat ive vs.  exploit ive (e.g.  even a large scale manufact urer) have t o creat e 

new knowledge,  even innovat ive food companies must  f ind ef f iciencies).From prior 

research,  explorat ion moderat es relat ionships bet ween performance and al l  t hree 

dimensions of  int ergroup social  net works.  Negat ive consequences of  st rong t ies 

and cent ral it y are more pronounced in explorat ory init iat ives t han in ‘ exploit ive’  

init iat ives.  Taken t o t he nt h degree,  an explorat ive f i rm would seek t o have a 

large number of  st ruct ural  holes and a great er diversit y in t he act or’ s cognit ive 

background,  while an exploit ive f irm would seek t o be less cognit ively diverse,  

wit h st ronger and of t en redundant  t ies.   

Task Cont ingency dict at es which form opt imizes performance.  A f i rm whose 

t ask cont ingency is innovat ion cent r ic may be bet t er served by a social  net work 

cont aining st ruct ural  holes (t o access diverse informat ion),  more weak t ies and 

evenly spread cent ral it y,  while a f irm wit h an exploit ive focus,  might  benef it  f rom 

less t ies overal l ,  but  f rom st rong int ragroup t ies (t o facil it at e knowledge t ransfer).  

HF groups sel l  t ravel  repeat edly.  Lit t le new knowledge creat ion may be needed,  

but  in order t o exploit  best  pract ices,  t acit  knowledge must  f low.  Best  pract ices in 

t urn drive ef f iciency,  which in t urn dr ives performance.  Thus,  one predict s t op 

performing HF groups should have a maj or it y of  st rong t ies int ernal ly,  have a 

balanced cent ral it y,  and have few st ruct ural  holes.   
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Hypothesis 1: What  is t he relat ionship bet ween Tie Strength and 

Performance? 

As far back as Burt  (1992),  t here have been at t empt s t o explore t he impact  

of  t ie strength on overal l  performance.  This invest igat ion demonst rat ed t hat  a 

group’ s relat ional  dimension,  as represent ed by Tie Strength,  does correlat e wit h 

group Performance.  In fact ,  bot h were found share an inverse curvil inear 

relat ionship.  Similar resul t s were also found in prior research.   

Earl ier t heory (Lechner,  Frankenberger and Floyd,  2010) suggest s t hat  t he 

more explorat ory t he group (i.e.  a group wit h a great er need for innovat ion),  t he 

more t ie diversit y is needed for opt imal performance.  Firms wit h a high level  of  

explorat ion need fewer and less redundant  t ies t han groups whose focus is on 

innovat ion.  This can be explained by t he fact  t hat  explorat ory f irms require more 

t ies t o more diverse sources of  knowledge t o drive innovat ion,  while f irms focused 

on exploit at ion need t o dif f use innovat ion more t han t hey need t o facil it at e it s 

generat ion.   

HF groups are more exploit ive in nat ure t han explorat ive (e.g.  HF groups 

have l imit ed need t o innovat e,  but  inst ead drive performance t hrough t acit  

knowledge t ransfer).  From t his,  t he researcher predict ed t hat  high-performing HF 

groups would have most ly st rong t ies.  This was found t o be t he case.  In t his 

research,  t op performing f irms had many st rong and deep int ragroup t ies.  This can 

be explained by looking at  t he level  of  analysis.  Wit hin HF groups,  best  pract ices 

need (st rong t ies) t o be shared easily.  Taci t  knowledge t ransfer requires st rong 

int ragroup t ies.  However,  st rong t ies bet ween HF groups (i .e.  int ergroup t ies) 

would be burdensome t o maint ain.  Thus t he st rong t ies wit hin t he t op performing 

HF groups facil it at e t he sharing of  t acit  knowledge which in t urn drives t hose 

groups’  opt imal performance.   

Hypothesis 2: What  is t he relat ionship bet ween Centrality and 

Performance? 

There have been at t empt s t o explore t he impact  of  centrality on overal l  

performance (Burt ,  1992).  Centrality is t he concept  of  being ‘ in t he t hick of  

t hings’ .  Centrality has been used in social  net work analysis t o det ermine t he 
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degree t o which a given act or is ‘ import ant ’  wit hin a net work.  Several  measures 

(degree of  cent ral it y,  closeness cent ral it y,  bet weenness cent ral it y,  eigenvect or 

cent ral it y,  informat ion cent ral it y (Ni,  Sugimot o and Jiang,  2010)) used in prior  

st udies as t he means of  quant ifying t he f low across a net work (Borgat t i,  2005).   

Based on prior st udies,  one can conclude t hat  a group wit h higher Cent ral it y 

wil l  be seen as less decent ral ized (Hui,  2008).  Decent ral izat ion facil it at es 

innovat ion bet t er t han exploit at ion (Sahay,  2011).  For HF Groups,  most ly focused 

on exploit at ion,  get t ing t he most  f rom t he asset s on hand is key.  Based on t his,  

one would predict  t hat  groups wit h higher average cent ral it y would have an easier 

t ime facil it at ing knowledge f low and in t urn would be in t urn bet t er able t o drive 

higher performance.  This invest igat ion demonst rat ed t hat  a group’ s st ruct ural  

dimension,  as represent ed by Average Group Centrality,  does correlat e wit h group 

Performance.  In fact ,  bot h share an inverse curvil inear relat ionship.  

Only Eigenvect or Cent ral it y was found t o have an impact  on HF group 

performance.  Eigenvect or Cent ral it y ref lect s t he inf luence individual  act ors have 

on t he net work.  In high performing net works one might  expect  high Eigenvect or 

Cent ral it y.   

Hypothesis 3: What  is t he relat ionship bet ween Structural Holes and 

Performance? 

Net work cohesion is a st ruct ural  measure of  a social  net work;  it  ref lect s t he 

degree of  redundancy occurring wit hin a group.  That  is t o say,  t he number of  

redundant  t ies (pat hs bet ween act ors) wi t hin a net work represent s net work 

cohesion (Burt ,  1992).  If  a net work is cohesive,  t hen it  could bet t er t olerat e act or 

defect ion.  Net work cohesion (somet imes cal led net work redundancy) has t he 

pot ent ial  t o af fect  t he knowledge processes of  a group (Frit sch and Kauf feld-Monz,  

2009) and,  as such,  it  is of  int erest  t o knowledge t ransfer.   

Net work cohesion is a met ric ref lect ive of  t he ent i re net work and t hus must  

be calculat ed as a group-wide measure.  This has been done in past  st udies t hrough 

empirical  survey based social  net work analysis (Burt ,  1992).  The measurement  of  

net work cohesion also al lows us t o account  for structural holes occurring in t he 
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net work.  The Theory of  Net work Cohesion is of t en operat ional ized as eit her 

Densit y or Structural Holes.  Burt  (1992) and ot hers have explored t he impact  of  

posit ion (structural holes) on overal l  performance.  Structural holes can lead t o 

t he arrival  of  non-redundant  knowledge t o t he net work (Rodan,  2010);  however,  

wit h t oo many structural holes,  it  becomes dif f icul t  t o defuse innovat ions 

t hroughout  a group.  Thus,  t hrough t he use of  t his met ric,  it  was possible t o 

ident ify t he presence and f requency of  structural holes wit hin a group.  

The researcher predict ed t hat  t op performing groups would have fewer 

st ruct ural  holes as compared t o low performing groups.  This was found t o be t rue.  

Amongst  t he t op t en performing HF groups,  no more t han one st ruct ural  hole per 

group was found.  Similarly,  as expect ed t he bot t om t en performing HF groups,  

were found t o be riddled wit h structural holes.  This invest igat ion demonst rat ed 

t hat  a group’ s st ruct ural  dimension,  as represent ed by Structural Holes,  does 

correlat e wit h group Performance.  In fact ,  bot h share an inverse curvil inear 

relat ionship.  

Hypothesis 4: What  measures best  represent  Performance?  

Group performance is cont ingent  on t he group’ s abil it y t o perceive 

opport unit ies and capacit y t o pursue t hose opport unit ies (Van de Ven,  1986).  Von 

Hippel  (1988) expanded upon Van de Ven’ s concept  of  innovat ion by ident ifying 

t wo dif ferent  mechanisms by which innovat ions al low groups t o develop and 

sust ain compet it ive advant age:  1) developing superior ef f iciency compared t o 

t heir compet it ors;  and 2) providing superior value for cust omers.  This invest igat ion 

found t hat  normalized group revenue is suf f icient  t o represent  group 

Performance.  Rank,  Gross Margin,  Rev/ FTE are not  required t o make a val id 

predict ive model.  This can be reconciled based on t he fact  t hat  Rank,  Gross 

Margin,  and Rev/ FTE are al l  cont ribut ors t o over group revenue,  i .e.  t he higher 

t he group revenue,  t he higher t he Rank; bet t er Gross Margins lead t o bet t er 

group revenue;  and Rev/ FTE when aggregat ed and mult ipl ied by FTE yields a 

group revenue.   

This research found t hat  Performance (nrev) can be predict ed val idly wit h 

only:   
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a.  a measure of  t he st ruct ural  dimension (Eigenvect or Cent ral it y);   

b.  a measure of  t he relat ional  dimension (Tie St rengt h);   

c.  t he number of  employees in group and  

d.  t he t ype of  of f ice it  is (e.g.  corporat e vs.  ret ail ) 

Hypothesis 5: What ,  if  any,  is t he relat ion bet ween onboarding 

speed and individual  Performance?  

Researchers have art iculat ed t hat  social  t ies have t he pot ent ial  t o facil it at e 

t he f low of  al l  kinds of  resources wit hin t eams,  which correspondingly det ermines 

t he success of  t hose t eams (Balkundi and Harrison,  2006).  Firms,  t hat  are more 

successful  at  rapid onboarding,  t end t o use a relat ional  approach.  This helps 

newcomers t o rapidly est abl ish a broad net work of  relat ionships wit h co-workers 

t o obt ain t he informat ion t hey need t o become product ive (Rol lag et  al . ,  2005).  In 

addit ion t o exploring t he relat ionship bet ween performance and social  net work 

t opology,  t his research addit ional ly examines t he concept  of  dynamic t ie 

format ion.  Knowledge sharing and appl icat ion are widely recognized as t he key 

det erminant s of  t eam performance (Choi et  al . ,  2010;  Janhonen and Johanson,  

2011).   

To facil it at e knowledge sharing,  st rong t ies need t o be formed since t acit  

knowledge t ravels over st rong t ies (Hansen,  1999;  Levin,  2004;  Li and Zhu,  2009;  

Nie,  2010),  Tacit  knowledge enhances performance (e.g.  as best  pract ices are 

shared,  individual  performance grows).  This is part icularly informat ive wit h regard 

t o onboarding.  During Onboarding,  new nodes (FTEs) are added t o t he net work.  

Those nodes form t ies wit h t he ot her members of  t he Of f ice.  The quicker t hose 

t ies become st rong,  t he quicker t acit  knowledge can f low.  The researcher 

predict ed t hat  t hose newly hired agent s who are able t o form st rong t ies fast er,  

wil l  bet t er benef it  f rom abil it y t o t ransfer t acit  knowledge earl ier,  and t his in t urn 

wil l  drive t he performance of  t he agent s. .  Put  more succinct ly,  t he researcher 

predict ed a st rong posit ive correlat ion bet ween individual  performance and 

onboarding speed.  This invest igat ion indeed found a posit ive relat ionship bet ween 

http://www.sciencedirect.com.ezproxy.lib.ryerson.ca/science/article/pii/S0268401211001265#bib0035
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onboarding speed and individual  performance,  al t hough t his was found based on 

very l imit ed dat a.   

Ext rapolat ing f rom t he Research Quest ion f indings:   

• Only groups wit h t ie st rengt h signi f icant  enough t o facil it at e t acit  

knowledge t ransfer had high performance.   

• Top performing groups had st rong t ies t hroughout  out  t he net work,  

al t hough each had one or t wo visible st ruct ural  holes.  Low performing 

groups had low Densit y.  Low performing of f ices’  social  net works had 

many st ruct ural  holes t hroughout  t heir net work.  These may have 

pot ent ial ly undermined t he format ion of  st rong t ies,  which in t urn may 

have impeded t acit  knowledge t ransfer and performance.  

• Individual  agent s who quickly formed st rong t ies fast er performed 

bet t er,  sooner.   

Table 21:  Summary of  Research Quest ion Findings 

Result s Findings 

What  is t he relat ionship bet ween Cent ral it y and 
Performance? 

Inverse Curvil inear 

What  is t he relat ionship bet ween Cent ral it y and 
Performance? Inverse Curvil inear 

What  is t he relat ionship bet ween St ruct ural  Holes and 
Performance? 

Curvil inear 

What ,  if  any,  is t he relat ion bet ween onboarding 
speed and individual  performance? 

Posit ive 
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7.4 The Developed Model for Predicting Performance 

Predicting Group Performance from Social Network Topology 

Af t er using t he Box-Cox procedure t o t ransform t he dat a t o normal it y,  an 

ordinary least  squares met hod was fol lowed t hrough st epwise select ion.  The 

fol lowing model was det ermined t o be t he best  f it  for t he dat a at  hand:    

Nrev = 0.365 + 0.046FTE + 1.006type – 0.508Log_strong 

 + 0.202Log_eigen
2
 + 0.149*Log_strong

2 

Wit h t he p-value of  t he F-t est  <.0001,  t he regression model is st at ist ical ly 

signi f icant .  The R-Squared is 0.5839,  meaning 58.39% of  t he variat ion in Nrev can 

be explained by t he predict ors in t he model.  The R-Squared Adj ust ed is of t en used 

t o summarize t he model f it  as it  t akes int o account  t he number of  predict or 

variables in t he model.  In t his model,  t he adj ust ed R-Squared indicat es t hat  about  

57.24% of  t he var iat ion in Nrev is account ed for by t he variables in t he model.   

The coef f icient s for each of  t he predict ive variables indicat e t he amount  of  

change one could expect  in Nrev,  given a one-unit  change in t he value of  t hat  

variable,  and given t hat  al l  ot her variables in t he model are held const ant .  For 

example,  for every one increase in FTE,  we would expect  a 0.046 increase in Nrev,  

assuming al l  ot her variables in t he models are held const ant .  This mult ivariat e 

regression model shows t hat  when t he social  net work measures are considered 

t oget her,  only log t ransformed t ot al  st rong edges (l inear,  quadrat ic) and log 

t ransformed Eigenvect or Cent ral it y (quadrat ic) signi f icant ly predict ed 

performance.  Put  more general ly,  in t he case of  HF t eams,  once one knows t he 

Of f ice t ype (ie.  Ret ail  or Corporat e) and t he # of  FTEs,  t hen Performance can be 

predicat ed using only t he number of  st rong t ie relat ionships amongst  t he group 

and by measuring how cent ral  t he average t ravel  agent  in t he net work.   This could 

be int erpret ed as meaning:  

• Performance can be increased t o a great er ext ent  i f  an of f ice is able t o 

increase Tie St rengt h rat her t han average eigenvect or cent ral it y.   

• Adding anot her FTE wil l  not  have as much impact  as changing a ret ail  

st ore t o a corporat e of f ice (al t hough it  would be signi f icant ly easier).  
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St ructural  Dimension 

(St ructural  holes,  
Cent ral i t y) 

Relat ional Dimension 

(Tie St rength)  
Network Topology 

Performance 

(t otal  sales volume,  
gross margin average) 

Cognit ive Dimension 

(Homophi ly) 

Revisiting the Model 

In Chapt er 4,  t he researcher reviews relevant  mat erial  models f rom recent  

prior art .  From t hese t he researcher developed t he fol lowing model for t his 

research:   

 

 

Figure 53: The Research Model 

This research concent rat es primarily on t he int ernal  knowledge processes 

which impact  t he group’ s abil it y t o t ransfer knowledge (int ernal ly) and perform as 

ref lect ed by t he net work st ruct ure of  t he group,  t he model adopt ed by t his 

research looks direct ly at  t he ef fect s of  net work t opography on group 

performance.  The concept ual  model which forms t he logical  f ramework for how 

net work t opology impact s organizat ional  performance is given above.  This model 

out l ines t he causal  relat ionships bet ween t he dif ferent  fact ors,  ident i f ied in 

management  l it erat ure,  which are known t o impact  t he t ransformat ion of  

knowledge int o performance.  The model below summarizes t he f indings of  t his 

research visual ly.   

Knowledge Flow 
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St ructural  Dimension 

(Densit y,  Cent ral i t y) 

Relat ional Dimension 

(Tie St rength)  

Performance 

(normal ized sales vol) 

 

 

Figure 54: The Research Model showing the Inverse Curvilinear Relationship found  

 
Predicting Individual Performance from Onboarding Speed 

Wit h l imit ed dat a,  it  is hard t o say wit h any degree of  cert aint y,  but  at  HF 

t here appears t o be a curvil inear relat ionship bet ween an individual ’ s performance 

and t he speed at  which t hey build t he st rong t ie relat ionships necessary for t acit  

knowledge t ransfer.  

PERFORMA = 1.12*106 – 6637.7 DSTA + 24.546 (DSTA)
2  

DSTA has a quadrat ic relat ionship wit h PERFORMA. The l inear and quadrat ic 

t erms of  DSTA can explain 90% of  t he variabil it y of  PERFORMA. Thus t he dat a 

seems t o indicat e t hat  t he fast er someone buil t  st rong t ies t he higher t heir  

individual  performance,  at  least  on a smal l  sample.   

The t able below summarizes t he f indings across t he various set s of  

independent  analysis:  

 

 

- -

+ 
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Table 22:  Independent  Analysis Summary 

 Findings 

GLM Analysis  Performance is best  measured by Nrev alone.   

The st ruct ural  social  net work measures (densit y,  avg geo dist ance,  

avg.  bet weenness,  log eigenvect or,  and closeness) are al l  

signi f icant ly associat ed wit h performance.   

The relat ional  social  net work measures (log t ot al  st rong edges and 

Tie St rengt h) were highly correlat ed wit h performance.  

Performance had a U relat ion wit h log t ot al  st rong edges.   

Performance had an inverse U relat ion wit h Tie St rengt h.   

Visual 

Analysis  

High performing Of f ices had most ly st rong t ie relat ionships.   

High performing Of f ices had high average eigenvect or cent ral it y 

and cent ral it y was evenly dist ribut ed (al l  members had almost  

ident ical).   

High performing Of f ices had only a few st ruct ural  holes.   

Low performing Of f ices seem t o lack t he t ies necessary t o 

facil it at e t acit  knowledge t ransfer.  

Low performing Of f ices unevenly dist r ibut ed cent ral it y (t ypical ly 

one or t wo act ors wit h high eigenvect or cent ral it y,  and t he 

remaining act ors wil l  l i t t le cent ral it y).  

Low performing Of f ices have t oo many st ruct ural  holes.   

Onboarding 

Analysis 

A posit ive relat ionship bet ween onboarding speed and individual  

performance was found,  al t hough t his was found based on very 

l imit ed dat a.   

 

7.5 Implications for Practice 

Management  of  HF’ s primary goal  is t o increase shareholder value by 

opt imizing performance.  This research empirical  informs t hat  goal  by providing 

insight  int o t he opt imal HF of f ice size,  st ruct ure and social  t opology.  Top 

performing groups were seen as sharing social  net work t opology,  as were 

underperforming groups.  HF management  may now consider management  

int ervent ion t o address underperforming groups’  t opology.  
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Do more agents make more money? 

As Of f ices add more st af f ,  Performance is enhanced.  This is l ikely because 

more pot ent ial  t ies become available for knowledge f low.  There may be a cap t o 

t his,  af t er which t oo many st af f  becomes a problem  

Why was only eigenvector centrality found to be predicative? 

This research explored t hree measures of  cent ral it y.  Cent ral it y is t he 

concept  of  being ‘ in t he t hick of  t hings’ .  Cent ral it y has been used in social  

net work analysis t o det ermine t he degree t o which a given act or is ‘ import ant ’  

wit hin a net work.  Several  measures have been derived f rom t his def init ion of  

cent ral it y including:  degree of  cent ral it y,  closeness cent ral it y,  bet weenness 

cent ral it y,  eigenvect or cent ral it y and informat ion cent ral it y (Ni,  Sugimot o and 

Jiang,  2010).  The dif ferent  measures of  cent ral it y ref lect  sl ight ly dif ferent  

net work phenomena;  however,  each measure of  cent ral it y al lows us t o perceive 

how ‘ cent ral ’  given act ors may be wit hin a net work.  Three cent ral it ies were 

expl icit ly explored in t his int erest :   

• Eigenvector Centrality is t he measure of  t he inf luence of  a node on t he 

net work.  Thus,  it  is t he inf luence t hat  any one group member (Travel  

Agent ) can have on t he group (Of f ice).  A node wit h high eigenvect or 

cent ral it y wil l  be able t o st rongly inf luence ot her members of  t hat  

group.  A group wit h high average eigenvect or cent ral it y would see many 

nodes able t o inf luence t he net work.  

• Closeness Centrality det ermines t he dist ance bet ween t he nodes.  In 

mapping social  graphs t here is a nat ural  dist ance bet ween pairs of  

nodes.  This dist ance (farness) is def ined by t he lengt h of  t he short est  

pat h t o connect  t hem. The dist ance of  a node is calculat ed as t he sum of  

al l  t he short est  pat hs.  Closeness Cent ral it y is t he inverse of  Farness.  It  is 

of t en regarded as a measure of  how long it  would t ake t o spread 

informat ion along t he short est  pat hs.  This research focuses on t he 

performance benef it s resul t ing f rom t he spread of  t acit  knowledge (e.g.  
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best  pract ices).  The researcher predict s t hat  t his measure of  cent ral it y 

would be predict ive.  However,  t his was not  found t o be t he case.  

Closeness Cent ral it y played no role in t he f inal  model.  Perhaps t he smal l  

size of  t he groups (i. e.  six or less),  t he large number of  redundant  t ies 

and t he close proximit y of  act ors in t he net works lead t o t he lack of  

impact  f rom Closeness Cent ral it y.   

• Betweenness Centrality refers t o t he ext ent  t o which a node 

(represent ing an act or) l ies bet ween ot her nodes in t he net work.  This 

measure t akes int o account  t he connect ivit y of  t he node's neighbours,  

giving a higher value for nodes which br idge clust ers.  Bet weenness 

cent ral it y ref lect s t he number of  people wit h whom a person is 

connect ing indirect ly t hrough t heir  direct  l inks.  As t ie redundancy rises,  

t his measure may become less meaningful .   

In t his research only Eigenvect or Cent ral it y was proven a predict or of  group 

performance.  One possible explanat ion might  be t hat  eigenvect or cent ral it y deals 

wit h t he abil it y t o inf luence ot hers in t he net work.  An act or wit h high eigenvect or 

cent ral it y wil l  be able t o st rongly inf luence ot her members of  t hat  group.  High 

performing t eams had a high group average of  eigenvect or cent ral it y,  which when 

examined visual ly appears t o represent  a group in which most  members have high 

eigenvect or cent ral it y.  As for why neit her of  t he ot her forms of  cent ral it y were 

found t o be predict ive,  one possible explanat ion might  relat e t o t he size of  t he 

net work.  Most  groups have six or less act ors;  t his l imit s t he amount  of  al t ernat ive 

pat hs knowledge might  t ake and t hus may undermine t he impact  of  closeness 

cent ral it y.  Similarly,  bet weenness cent ral it y ref lect s t he number of  people wit h 

whom a person is connect ing indirect ly t hrough t heir di rect  l inks.  In most  t eams 

direct  l inks are suf f icient ,  indirect  pat hs are rarely needed due t o t he smal l  

net work size.   

Why were Strong Ties present in the final model? 

 There were several  possible measures for t he relat ional  dimension.  

Pot ent ial  t ies,  Number of  St rong Ties,  and t he rat io of  t he t wo (Tie St rengt h) were 

available t o t he predict ive model,  but  only t he act ual  number of  st rong t ies was 
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found t o have signi f icant  impact  on t he model.  Again,  t he issue of  smal l  net work 

size may be at  play but  t he researcher prefers an al t ernat ive view.  The number of  

pot ent ial  t ies is direct ly relat ed t o t he number of  FTEs in t he net work.  FTEs are 

included direct ly in t he regression model,  t hereby possibly undermining t he need 

t o include pot ent ial  t ies.   

The rat io of  pot ent ial  t ies t o st rong t ies was also not  found mat erial .  

Perhaps t his indicat es it  is less a feat ure of  how many st rong t ies are formed f rom 

t he pot ent ial  number t hat  could be formed and more a feat ure of  t he absolut e 

number of  st rong t ies over which t acit  knowledge t ravels.  

Why were Structural Holes not in the final model? 

St ruct ural  holes were not  found t o be predict ive of  group performance.  This 

seems odd as t he visual  analysis clearly demonst rat es t hat  t op performing of f ices 

have one or no holes and low performing of f ices are riddled wit h st ruct ural  holes.  

St ruct ural  holes t end t o confer a net work wit h access t o non-redundant  

informat ion.  This novel  informat ion is key t o forming new knowledge.  But  at  HF 

innovat ion (t he appl iance of  creat ivit y t o generat e new knowledge) seems t o have 

less impact  t han ensuring current  knowledge is ful ly exploit ed based on HF’ s t ask 

cont ingency.   

This is not  of  great  concern t o t he researcher,  as t he st ruct ural  dimension 

of  social  capit al  is measured by bot h st ruct ural  holes and cent ral it y,  and as shown 

above cent ral it y plays a large role in predict ing performance.   

Why does only Gross Revenue matter when it  comes to Performance? 

This invest igat ion found t hat  normal ized group revenue is suf f icient  t o 

predict  group Performance.  Rank,  Gross Margin and Rev/ FTE were not  required t o 

make a val id predict ive model.  A model was adopt ed f rom t heory t est ing and 

found t o be consist ent  wit h prior research (e.g.  t he inverse curvil inear relat ionship 

bet ween t he relat ional  and st ruct ural  dimensions of  social  capit al ).  This 

invest igat ion found a posit ive relat ionship bet ween onboarding speed and 

individual  performance,  al t hough t his was found based on very l imit ed dat a.   
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Is there an optimal HF Topology?  

 The t op performing of f ices were al l  found t o be st rong t ie net works wit h no 

more t han one st ruct ural  hole.  This makes sense as high-performing of f ices were 

found t o be closed dense int erpersonal  net works,  necessary for t acit  knowledge t o 

be facil it at ed and for commercial  norms t o develop.  St rong relat ional  capit al  was 

also found t o be high in t hese of f ices.  A simple visual  comparison bet ween t he t op 

t en performing t eams and t he bot t om t en performing t eams says it  al l .  High 

performing t eams were found t o be closed,  densely populat ed net works.  It  was 

also shown,  albeit  weakly,  t hat  a correlat ion may exist  bet ween t he abil it y t o form 

st rong t ies and individual  performance? 

7.6 Generalization of Findings 

This research is a t heory t est ing dissert at ion.  It  focused on providing 

empirical  evidence of  t he inverse relat ionship bet ween social  net work t opology 

and group performance.   This work conf irmed such.  While t here are suf f icient  dat a 

point s t o general ize t he impact  of  social  net work t opology on HF group 

performance,  t he use of  one f irm (HF) for analysis l imit s t he abil it y t o generat e 

more general ized f indings.  Not wit hst anding,  one can imagine similar resul t s 

occurring at  f irms wit h similar t ask cont ingency (e.g.  car rent al  agencies;  real  

est at e f irms).  Al l  groups in t his st udy worked in Canada for t he same mult inat ional  

corporat ion.  As a resul t ,  t hese f indings cannot  be widely general ized.   

Furt her,  t he t ask cont ingency of  HF is very exploit ive in nat ure (as opposed 

t o innovat ive) wit h FTEs repeat ing t he same t ask many hundreds of  t imes over a 

one-year period.  Based on t his,  t acit  knowledge (e.g.  best  pract ices) would l ikely 

need t o t ravel  ef f icient ly over a st rong t ie net work t o generat e increases in 

performance.  Thus one would expect  high performing f i rms t o have many (but  not  

al l ) st rong int ragroup t ie relat ionships.  Furt her,  high performing groups would 

need t o have high average eigenvect or cent ral it y (i .e.  no one act or is more 

import ant  t han anot her).   

One might  conclude t hat  ot her groups undert aking repet it ive homogenous 

j obs wit h highly exploit ive t ask cont ingencies (e.g.  car salesmen,  t ax audit ors,  real  
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est at e agent s,  et c. ) might  share similar social  net work t opologies t o t hat  of  HF 

groups.   

7.7 Limitations of Findings 

All  research involves t rade-of fs and compromises (Mackert ,  2009).  One 

of t en t rades accuracy for l imit at ions.  By t ight ly focusing one’ s research,  one may 

generat e a deeper underst anding of  phenomena but  l imit  t he general izabil it y of  

t hose resul t s.  In summary,  t he aut hor acknowledges t he fol lowing l imit at ions:  

• The research focused on only one group (HF),  one indust ry (Travel  

Services),  and one t ask (sel l ing t ravel).  This ext remely l imit s t he f indings 

t o t hat  expl icit  case.  One cannot  apply t he f indings t o al l  t ravel  agencies 

in Canada,  let  alone ot her count ries or indust ries.  Using only one 

corporat ion for dat a may l imit  broader general izat ions.  While 180+ 

of f ices were examined,  al l  work for t he same parent  corporat ion.  This 

t oo l imit s our abil it y t o draw broader general izat ions f rom t he work.   

• Relat ional  measures (e.g.  Tie St rengt h) were calculat ed using t he 

f requency of  email  communicat ions.  But  not  al l  conversat ions are 

conduct ed by email ;  hence some net work act ivit ies (i.e.  phone cal ls and 

face t o face conversat ions) cannot  be t raced t hrough t his met hodology.  

Furt her,  since t acit  knowledge t ransfer may be t he driving force,  t his 

issue is exacerbat ed.  Most  t acit  knowledge t ransfers best  t hrough face t o 

face conversat ions (Alexander,  2012;  Dinur,  2011;  Lin et  al . ,  2011;  Wu et  

al . ,  2008).  In t he case of  HF most  agent s are in ext remely close 

proximit y t o t heir t eammat es because most  of f ices have six t o eight  

agent s in a space smal ler t han 1000 square feet .  It  t hus seems l ikely t hat  

email  would be used less f requent ly.  Yet  email  st i l l  serves as a proxy for 

relat ionships (e.g.  agent  1 emails agent  2 a hundred t imes in a year;  it  is 

unl ikely t hat  no relat ionship exist s).   

• Lechner,  Frankenberger and Floyd (2010) and ot her researchers have 

used percept ion (i .e.  wit h whom do you speak?) not  act ual  (wit h whom 

did you speak?),  communicat ions as t his research does.  In doing so,  
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percept ion based st udies may suf fer f rom recency ef fect s as wel l  as 

incorrect  subj ect ive opinions as t o t he f requency.  While t his research 

avoids bot h such issues,  it  does so at  a cost .  Communicat ions count ed 

obj ect ively by t he sof t ware lack subj ect ive cont ext ,  and in doing so al l  

communicat ions are t reat ed as equal ,  which may impact  t he resul t s.   

• No cognit ive measures were al lowed by HF.  Original ly,  t he researcher 

want ed t o t est  al l  t hree dimensions of  social  capit al .  The Cognit ive 

dimension,  which is of t en operat ional ized as cognit ive similarit y,  shared 

norms and/ or homophily,  provides insight  int o t he ease wit h which 

knowledge can be t ransferred cognit ively.  Prior research has shown 

act ors who share norms and t erms of  reference are able t o more easily 

t ransfer t acit  knowledge.  While t hose ext remely diverse groups may 

have di f f icul t y doing so.  In t he case at  hand,  agent s act  under t he same 

t ask cont ingency (i.e.  undert aking t he sel l ing of  t ravel  for maximum 

prof it ).  This may suggest  t hat  a HF group wit h high homophily and 

shared norms would have an easier t ime t ransferring best  pract ices (and 

ot her forms of  t acit  knowledge).  It  is disappoint ing t hat  t his researcher 

was not  able t o explore such,  and it  l imit s t he researcher’ s abil it y t o 

conf irm t hat  t he inverse curvil inear relat ionship exist s across al l  t hree 

dimensions of  t he social  net work.   

• Anot her pot ent ial ly l imit ing issue is of f ice t ype.  Of  t he t op t en HF 

of f ices,  eight  of f ices are corporat e.  Of  t he bot t om t en,  nine of f ices are 

ret ail .  It  is also wort hy t o not e t hat  t he only pot ent ial  out l ier in t he dat a 

comes f rom a ret ail  e-commerce of f ice (b2c) t hat  act s l ike a corporat e 

of f ice (b2b).  It  might  be int erest ing,  in t he fut ure,  t o run t he dat a as 

t wo dist inct  set s:  corporat e and ret ail .  One argument  for not  doing 

separat e analysis is t hat  for t he of f ice t ype,  if  spl it ,  t he corp variable 

of f ices (e.g.  was t his a B2B or B2C of f ice) comprise less t han 10% of  t he 

t ot al  records.  This would be a smal l  sample,  and t he analysis ar ising 

f rom t hat  might  t herefore be of  l imit ed value.  
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7.8 Future extensions 

The research provides empirical  evidence of  t he inverse curvil inear 

relat ionship bet ween group performance and social  net work t opology.  As wit h 

Inkpen and Tsang (2005),  it  is l ikely t hat  di f ferent  t ypes of  organizat ional  set t ings 

may display unique relat ions among t he various dimensions of  social  capit al ,  

knowledge t ransfer,  and performance out come),  it  would be a f ruit ful  avenue for 

fut ure research t o examine t o what  ext ent  our f indings hold in ot her t ypes of  

int ra-organizat ional  set t ings.  For inst ance,  would t hese resul t s appear in ot her 

set t ings wit h similar t ask cont ingencies (e.g.  A Car Rent al  Franchise)? More 

research on t he int errelat ionship bet ween social  net work t opology and 

performance is warrant ed.  Specif ical ly,  it  would be int erest ing t o ext end t his 

research in any of  t he fol lowing manners:  

1.  Do t hese f indings apply t o HF groups out side of  Canada? 

2.  Do t hese f indings apply t o ot her t ravel  agencies? 

3.  Do t hese f indings hold t rue in ot her indust ries?  

4.  Each HF group is nest ed and has it s own social  relat ions wit h ‘ head 

of f ice’ ,  t he same head of f ice t hat  decides which resources go t o which 

t eam (e.g.  new agent s,  sales leads).  Int erf irm net work posit ion could 

t hus impact  group performance because of  t his resource al locat ion (e.g.  

t eams wel l  connect ed t o head of f ice may get  t he best  leads).  Furt her 

research t o explore what  role int erf i rm net work posit ion plays on group 

performance would be f ruit f ul .   

5.  More dat a relat ed t o onboarding speed and performance could be 

pursued t o furt her evidence and explore any pot ent ial  correlat ions.  e.g.  

Could onboarding speed ever lead t o negat ive resul t s? 

Summary of Chapter 7  

This t hesis examines t he ef fect s of  int ragroup social  net work relat ions on 

group performance.  Building on prior st udies,  social  net work t opology was viewed 

along st ruct ural ,  relat ional  and cognit ive dimensions.  Where previous research 

used a sel f -report ing quest ionnaire approach t o generat e SNA measures,  t his 
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research uses Social  Net work Analysis Sof t ware t o leverage e-mail  communicat ion 

logs t o produce SNA measurers.   

This st udy was conduct ed on a nat ional  t ravel  agency where t he social  

net works of  180+ of f ices were examined.  Each of f ice was t asked similarly and 

represent ed a unit  of  analysis.  An analysis of  more t han 7 mil l ion emails was used 

t o generat e social  net work measures for t he f irm wide net work.  Subgraphs,  

represent ing t he int raof f ice social  net works,  were generat ed for each of f ice.  

NodeXL® sof t ware was used t o generat e group measures represent ing t he 

dimensions of  each of f ice’ s net work t opology.  As in pr ior l it erat ure,  Cent ral it y,  

St ruct ural  Holes,  and Tie St rengt h were used t o measure and compare t he 

dimensions of  t he int ragroup net works.  This st udy conf irms empirical ly exist ing 

f indings of  an inverse curvil inear relat ionship correlat ing social  net work t opology 

and f irm performance (i .e.  The Dark Side of  Social  Capit al  Theory).  This st udy also 

ext ends prior research on new employee social izat ion (e.g.  onboarding) by 

dynamical ly examining t he t ie format ion amongst  recent ly hired employees,  

f inding a posit ive correlat ion bet ween an individual ’ s onboarding speed and t heir  

performance.  
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Appendix A: Data Sheet  
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14 retail 1 $19,668,280.01 $4.85 $1,404,877.14 6.94% 0.128 7.800 0.645 0.091 0.000 0.114 29 91 0.32 

6 corp 2 $14,069,885.00 $3.47 $2,344,980.83 14.93% 0.933 1.071 0.833 0.167 0.000 0.200 32 15 2.13 

6 corp 3 $11,647,103.92 $2.87 $1,941,183.99 14.18% 0.600 1.667 1.040 0.200 0.600 0.197 13 15 0.87 

10 corp 4 $11,129,319.04 $2.74 $1,112,931.90 16.35% 0.768 1.302 1.031 0.125 0.625 0.124 50 45 1.11 

9 corp 5 $10,786,718.20 $2.66 $1,198,524.24 13.81% 0.690 1.448 0.811 0.143 0.000 0.171 33 36 0.92 

8 corp 6 $10,509,500.08 $2.59 $1,313,687.51 10.52% 0.767 1.304 0.000 0.167 0.333 0.179 26 28 0.93 

6 corp 7 $9,955,509.58 $2.45 $1,659,251.60 14.42% 0.650 1.538 1.040 0.200 0.600 0.199 16 15 1.07 

6 retail 8 $9,755,775.97 $2.40 $1,625,962.66 11.39% 0.357 2.800 1.081 0.143 0.714 0.133 16 15 1.07 

5 corp 9 $9,632,926.33 $2.37 $1,926,585.27 12.81% 0.800 1.250 1.000 0.167 0.500 0.170 28 10 2.80 

8 corp 10 $9,563,512.72 $2.36 $1,195,439.09 13.52% 0.733 1.364 1.056 0.167 0.667 0.163 26 28 0.93 

6 corp 11 $9,539,009.55 $2.35 $1,589,834.93 18.03% 0.700 1.429 0.889 0.167 0.167 0.189 21 15 1.40 

7 corp 12 $8,617,291.45 $2.12 $1,231,041.64 14.73% 0.667 1.500 0.800 0.200 0.000 0.250 23 21 1.10 

9 retail 13 $7,629,396.94 $1.88 $847,710.77 10.89% 0.267 3.750 1.231 0.167 1.000 0.137 10 36 0.28 

8 corp 14 $7,319,635.60 $1.80 $914,954.45 18.12% 1.000 1.000 0.800 0.200 0.000 0.250 22 28 0.79 

13 retail 15 $7,173,466.15 $1.77 $551,805.09 8.23% 0.381 2.625 1.278 0.167 1.333 0.134 11 78 0.14 

9 retail 16 $7,076,703.52 $1.74 $786,300.39 7.97% 0.143 7.000 0.545 0.200 0.000 0.300 7 36 0.19 

5 corp 17 $6,737,288.69 $1.66 $1,347,457.74 13.62% 0.650 1.538 1.040 0.200 0.600 0.199 18 10 1.80 

9 retail 18 $6,712,903.00 $1.65 $745,878.11 8.14%               36 0.00 

4 corp 19 $6,702,369.52 $1.65 $1,675,592.38 14.40% 0.650 1.538 1.040 0.200 0.600 0.199 17 6 2.83 

8 retail 20 $5,974,770.24 $1.47 $746,846.28 8.86% 0.333 3.000 1.429 0.143 2.000 0.104 14 28 0.50 

14 retail 21 $5,958,367.34 $1.47 $425,597.67 10.97%     0.000 0.200 0.000 0.000 5 91 0.05 

6 corp 22 $5,926,266.63 $1.46 $987,711.11 17.46%               15 0.00 

10 corp 23 $5,852,168.02 $1.44 $585,216.80 10.41% 0.500 2.000 1.000 0.250 0.500 0.258 9 45 0.20 

8 retail 24 $5,773,395.95 $1.42 $721,674.49 8.82% 0.500 2.000 0.824 0.200 0.200 0.233 11 28 0.39 

12 retail 25 $5,764,728.49 $1.42 $480,394.04 10.46% 0.333 3.000 0.778 0.167 0.167 0.194 12 66 0.18 

9 retail 26 $5,758,192.79 $1.42 $639,799.20 11.21% 0.476 2.100 0.741 0.143 0.000 0.179 24 36 0.67 

12 retail 27 $5,753,412.76 $1.42 $479,451.06 8.81% 
  

0.000 0.250 0.000 0.000 4 66 0.06 

9 retail 28 $5,736,982.07 $1.41 $637,442.45 13.07% 0.905 1.105 0.939 0.143 0.286 0.154 37 36 1.03 

8 retail 29 $5,721,373.76 $1.41 $715,171.72 9.60% 0.200 5.000 0.727 0.200 0.200 0.233 6 28 0.21 

8 retail 30 $5,682,962.70 $1.40 $710,370.34 9.64% 0.333 3.000 0.750 0.100 0.000 0.120 31 28 1.11 

9 retail 31 $5,656,932.46 $1.39 $628,548.05 10.34% 0.286 3.500 1.037 0.143 0.571 0.132 15 36 0.42 

8 retail 32 $5,612,676.10 $1.38 $701,584.51 8.89% 0.800 1.250 1.000 0.167 0.500 0.171 21 28 0.75 

10 retail 33 $5,551,810.18 $1.37 $555,181.02 9.90% 0.143 7.000 1.250 0.250 1.000 0.208 4 45 0.09 

9 retail 34 $5,521,058.23 $1.36 $613,450.91 9.90% 0.619 1.615 0.944 0.167 0.333 0.179 20 36 0.56 

8 retail 35 $5,506,478.00 $1.36 $688,309.75 10.92% 0.267 3.750 0.941 0.200 0.400 0.207 6 28 0.21 

11 retail 36 $5,486,824.96 $1.35 $498,802.27 10.98% 0.238 4.200 0.778 0.167 0.167 0.194 12 55 0.22 

8 retail 37 $5,434,722.99 $1.34 $679,340.37 12.89% 0.333 3.000 1.243 0.143 1.143 0.116 13 28 0.46 

12 retail 38 $5,329,602.86 $1.31 $444,133.57 8.46% 0.286 3.500 0.857 0.125 0.250 0.133 20 66 0.30 

9 retail 39 $5,269,958.46 $1.30 $585,550.94 11.12% 
  

0.000 0.250 0.000 0.000 4 36 0.11 

11 retail 40 $5,236,915.72 $1.29 $476,083.25 8.65% 0.357 2.800 0.741 0.143 0.000 0.179 26 55 0.47 

9 retail 41 $5,234,543.74 $1.29 $581,615.97 7.67% 0.667 1.500 0.769 0.167 0.000 0.208 17 36 0.47 

4 corp 42 $5,210,135.59 $1.28 $1,302,533.90 14.00% 0.500 2.000 0.889 0.333 0.333 0.389 5 6 0.83 

10 retail 43 $5,176,875.96 $1.28 $517,687.60 12.55% 0.190 5.250 1.481 0.143 1.429 0.093 11 45 0.24 

11 retail 44 $5,152,714.73 $1.27 $468,428.61 8.31% 0.143 7.000 0.500 0.167 0.000 0.250 8 55 0.15 

8 retail 45 $5,088,188.07 $1.25 $636,023.51 8.60% 0.714 1.400 0.811 0.143 0.000 0.171 31 28 1.11 

15 retail 46 $5,022,524.57 $1.24 $334,834.97 9.94% 0.278 3.597 0.690 0.111 0.000 0.139 22 105 0.21 

12 retail 47 $4,988,919.66 $1.23 $415,743.31 10.39% 
  

0.000 0.250 0.000 0.000 4 66 0.06 
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11 retail 48 $4,982,582.45 $1.23 $452,962.04 9.81% 0.067 15.000 0.250 0.167 0.000 0.333 8 55 0.15 

10 retail 49 $4,930,875.44 $1.21 $493,087.54 12.28% 0.286 3.500 1.037 0.143 0.571 0.132 10 45 0.22 

12 retail 50 $4,918,626.68 $1.21 $409,885.56 11.93% 0.238 4.200 0.778 0.167 0.167 0.194 13 66 0.20 

5 retail 51 $4,883,739.48 $1.20 $976,747.90 11.65%     0.000 0.200 0.000 0.000 5 10 0.50 

13 retail 52 $4,748,638.84 $1.17 $365,279.91 11.07% 0.133 7.500 0.667 0.167 0.167 0.194 9 78 0.12 

9 retail 53 $4,742,942.69 $1.17 $526,993.63 8.74% 0.100 10.000 0.500 0.500 0.000 1.000 2 36 0.06 

7 retail 54 $4,662,483.06 $1.15 $666,069.01 10.70% 0.222 4.500 1.128 0.111 0.778 0.095 19 21 0.90 

12 retail 55 $4,607,527.74 $1.14 $383,960.65 9.53% 0.095 10.500 0.615 0.143 0.143 0.167 9 66 0.14 

9 retail 56 $4,604,505.99 $1.13 $511,611.78 10.12% 0.214 4.667 0.632 0.143 0.000 0.190 16 36 0.44 

7 retail 57 $4,586,621.16 $1.13 $655,231.59 9.70% 0.200 5.000 1.059 0.200 0.600 0.187 7 21 0.33 

6 retail 58 $4,539,890.45 $1.12 $756,648.41 12.43% 0.167 6.000 0.400 0.333 0.000 0.667 4 15 0.27 

9 retail 59 $4,535,434.42 $1.12 $503,937.16 9.55% 0.467 2.143 1.000 0.167 0.500 0.167 11 36 0.31 

10 retail 60 $4,328,858.81 $1.07 $432,885.88 10.32% 0.190 5.250 0.842 0.143 0.286 0.148 11 45 0.24 

8 retail 61 $4,285,405.01 $1.06 $535,675.63 8.92% 0.524 1.909 1.027 0.143 0.571 0.140 16 28 0.57 

9 retail 62 $4,274,362.57 $1.05 $474,929.17 8.64% 0.306 3.273 0.974 0.111 0.444 0.109 19 36 0.53 

7 retail 63 $4,272,333.49 $1.05 $610,333.36 10.89% 0.429 2.333 0.815 0.143 0.143 0.164 18 21 0.86 

9 retail 64 $4,231,049.45 $1.04 $470,116.61 8.83% 0.200 5.000 1.059 0.200 0.600 0.187 9 36 0.25 

9 retail 65 $4,152,833.85 $1.02 $461,425.98 10.00% 0.067 15.000 0.333 0.250 0.000 0.500 3 36 0.08 

10 retail 66 $4,134,058.43 $1.02 $413,405.84 9.82%     0.000 0.250 0.000 0.000 4 45 0.09 

6 retail 67 $4,120,627.64 $1.02 $686,771.27 8.77% 0.600 1.667 1.120 0.200 0.800 0.185 7 15 0.47 

5 retail 68 $4,056,035.58 $1.00 $811,207.12 9.10% 0.667 1.500 0.769 0.167 0.000 0.208 25 10 2.50 

12 retail 69 $4,027,403.80 $0.99 $335,616.98 11.59% 0.300 3.333 0.545 0.200 0.000 0.300 11 66 0.17 

6 retail 70 $4,023,437.80 $0.99 $670,572.97 9.57% 0.333 3.000 0.889 0.333 0.333 0.389 5 15 0.33 

9 retail 71 $3,936,349.85 $0.97 $437,372.21 11.34% 0.333 3.000 0.778 0.167 0.167 0.194 11 36 0.31 

6 retail 72 $3,906,716.10 $0.96 $651,119.35 11.35% 0.400 2.500 0.941 0.200 0.400 0.207 9 15 0.60 

10 retail 73 $3,879,132.39 $0.96 $387,913.24 10.87% 0.200 5.000 0.800 0.250 0.250 0.292 5 45 0.11 

8 retail 74 $3,877,460.34 $0.96 $484,682.54 13.02% 0.500 2.000 0.600 0.250 0.000 0.375 5 28 0.18 

18 retail 75 $3,841,280.79 $0.95 $213,404.49 9.23% 0.095 10.500 0.727 0.200 0.200 0.233 6 153 0.04 

9 retail 76 $3,786,382.17 $0.93 $420,709.13 11.62% 0.524 1.909 1.056 0.167 0.667 0.163 21 36 0.58 

5 retail 77 $3,781,267.75 $0.93 $756,253.55 9.23% 0.333 3.000 0.800 0.250 0.250 0.292 4 10 0.40 

7 retail 78 $3,773,265.39 $0.93 $539,037.91 10.04% 0.100 10.000 0.333 0.250 0.000 0.500 4 21 0.19 

7 retail 79 $3,769,034.86 $0.93 $538,433.55 15.60% 0.267 3.750 0.941 0.200 0.400 0.207 8 21 0.38 

9 retail 80 $3,752,193.36 $0.92 $416,910.37 10.63% 0.100 10.000 0.333 0.250 0.000 0.500 6 36 0.17 

10 retail 81 $3,712,728.83 $0.91 $371,272.88 9.98% 0.100 10.000 0.333 0.250 0.000 0.500 5 45 0.11 

14 retail 82 $3,698,201.85 $0.91 $264,157.28 12.31% 0.267 3.750 0.889 0.167 0.333 0.172 12 91 0.13 

10 retail 83 $3,680,446.91 $0.91 $368,044.69 8.57% 0.100 10.000 0.286 0.200 0.000 0.400 4 45 0.09 

7 retail 84 $3,678,313.12 $0.91 $525,473.30 13.01% 0.700 1.429 1.040 0.200 0.600 0.199 15 21 0.71 

3 retail 85 $3,660,711.36 $0.90 $1,220,237.12 15.26% 0.400 2.500 0.941 0.200 0.400 0.207 8 3 2.67 

11 retail 86 $3,645,826.70 $0.90 $331,438.79 9.37% 0.200 5.000 0.889 0.333 0.333 0.389 3 55 0.05 

9 retail 87 $3,638,291.62 $0.90 $404,254.62 10.04% 0.200 5.000 0.545 0.200 0.000 0.300 7 36 0.19 

11 retail 88 $3,630,013.36 $0.89 $330,001.21 8.90% 0.067 15.000 0.250 0.167 0.000 0.333 8 55 0.15 

8 retail 89 $3,628,340.81 $0.89 $453,542.60 12.78% 0.300 3.333 0.545 0.200 0.000 0.300 11 28 0.39 

8 retail 90 $3,591,090.36 $0.88 $448,886.30 9.24%               28 0.00 

6 retail 91 $3,549,754.96 $0.87 $591,625.83 11.81% 0.139 7.200 0.737 0.143 0.143 0.167 13 15 0.87 

10 retail 92 $3,547,704.17 $0.87 $354,770.42 9.50% 0.067 15.000 0.462 0.143 0.000 0.214 10 45 0.22 

5 retail 93 $3,526,773.01 $0.87 $705,354.60 9.20% 0.400 2.500 0.667 0.167 0.000 0.222 15 10 1.50 

9 retail 94 $3,511,410.52 $0.86 $390,156.72 9.38%     0.000 0.333 0.000 0.000 3 36 0.08 

9 retail 95 $3,509,600.60 $0.86 $389,955.62 11.98% 0.381 2.625 0.923 0.167 0.333 0.178 16 36 0.44 

7 retail 96 $3,462,252.16 $0.85 $494,607.45 10.17% 0.533 1.875 1.222 0.167 1.167 0.141 15 21 0.71 

8 retail 97 $3,451,760.02 $0.85 $431,470.00 9.84%     0.000 1.000 0.000 0.000 1 28 0.04 
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6 retail 98 $3,445,670.64 $0.85 $574,278.44 9.88% 0.167 6.000 0.333 0.250 0.000 0.500 4 15 0.27 

8 retail 99 $3,434,352.54 $0.85 $429,294.07 8.54% 0.357 2.800 0.714 0.125 0.000 0.156 22 28 0.79 

6 retail 100 $3,430,703.63 $0.85 $571,783.94 11.47% 0.600 1.667 1.120 0.200 0.800 0.185 10 15 0.67 

8 retail 101 $3,412,779.23 $0.84 $426,597.40 10.29% 0.036 28.000 0.250 0.167 0.000 0.333 8 28 0.29 

7 retail 102 $3,362,929.56 $0.83 $480,418.51 11.97% 0.500 2.000 0.600 0.250 0.000 0.375 9 21 0.43 

9 retail 103 $3,340,776.22 $0.82 $371,197.36 11.06% 0.267 3.750 0.889 0.167 0.333 0.172 10 36 0.28 

8 retail 104 $3,335,468.37 $0.82 $416,933.55 10.67% 0.067 15.000 0.250 0.167 0.000 0.333 7 28 0.25 

6 retail 105 $3,326,314.43 $0.82 $554,385.74 9.78%     0.000 0.200 0.000 0.000 5 15 0.33 

7 retail 106 $3,325,276.04 $0.82 $475,039.43 10.79% 0.067 15.000 0.400 0.333 0.000 0.667 5 21 0.24 

8 retail 107 $3,322,047.87 $0.82 $415,255.98 9.15% 0.400 2.500 1.000 0.250 0.500 0.258 6 28 0.21 

6 retail 108 $3,268,316.82 $0.81 $544,719.47 11.72% 0.200 5.000 0.545 0.200 0.000 0.300 11 15 0.73 

7 retail 109 $3,238,174.93 $0.80 $462,596.42 12.40% 0.300 3.333 0.545 0.200 0.000 0.300 8 21 0.38 

12 retail 110 $3,235,032.29 $0.80 $269,586.02 12.12% 0.095 10.500 0.615 0.143 0.143 0.167 8 66 0.12 

8 retail 111 $3,226,643.62 $0.79 $403,330.45 9.45% 0.500 2.000 0.600 0.250 0.000 0.375 8 28 0.29 

9 retail 112 $3,169,835.09 $0.78 $352,203.90 9.78% 0.200 5.000 0.800 0.250 0.250 0.292 4 36 0.11 

8 retail 113 $3,169,402.97 $0.78 $396,175.37 12.24% 0.400 2.500 0.941 0.200 0.400 0.207 11 28 0.39 

11 retail 114 $3,115,509.94 $0.77 $283,228.18 11.10% 0.048 21.000 0.250 0.167 0.000 0.333 7 55 0.13 

10 retail 115 $3,108,947.30 $0.77 $310,894.73 14.33%     0.000 0.333 0.000 0.000 3 45 0.07 

8 retail 116 $3,106,943.65 $0.77 $388,367.96 8.07%     0.000 0.333 0.000 0.000 3 28 0.11 

4 retail 117 $3,072,774.57 $0.76 $768,193.64 11.12% 1.000 1.000 0.667 0.333 0.333 0.500 9 6 1.50 

6 retail 118 $3,068,160.55 $0.76 $511,360.09 8.75% 0.100 10.000 0.400 0.333 0.000 0.667 4 15 0.27 

9 retail 119 $3,049,575.31 $0.75 $338,841.70 12.37% 0.400 2.500 0.941 0.200 0.400 0.207 10 36 0.28 

7 retail 120 $3,031,983.95 $0.75 $433,140.56 14.83% 0.143 7.000 0.545 0.200 0.000 0.300 7 21 0.33 

10 retail 121 $3,001,678.77 $0.74 $300,167.88 6.32% 0.133 7.500 0.727 0.200 0.200 0.233 6 45 0.13 

5 retail 122 $2,957,159.42 $0.73 $591,431.88 11.59% 0.500 2.000 0.824 0.200 0.200 0.233 11 10 1.10 

8 retail 123 $2,956,009.18 $0.73 $369,501.15 13.85% 0.600 1.667 0.706 0.200 0.000 0.267 12 28 0.43 

9 retail 124 $2,928,486.17 $0.72 $325,387.35 12.18% 0.048 21.000 0.286 0.200 0.000 0.400 5 36 0.14 

6 retail 125 $2,908,066.39 $0.72 $484,677.73 8.84% 0.300 3.333 0.545 0.200 0.000 0.300 7 15 0.47 

7 retail 126 $2,890,894.57 $0.71 $412,984.94 12.59% 0.333 3.000 0.800 0.250 0.250 0.292 7 21 0.33 

7 retail 127 $2,868,815.54 $0.71 $409,830.79 11.88% 0.167 6.000 0.400 0.333 0.000 0.667 4 21 0.19 

9 retail 128 $2,851,165.93 $0.70 $316,796.21 7.77%     0.000 0.250 0.000 0.000 4 36 0.11 

8 retail 129 $2,831,613.68 $0.70 $353,951.71 9.84%     0.000 0.500 0.000 0.000 2 28 0.07 

9 retail 130 $2,826,917.91 $0.70 $314,101.99 12.24% 0.300 3.333 0.600 0.250 0.000 0.375 6 36 0.17 

7 retail 131 $2,810,930.69 $0.69 $401,561.53 12.14% 0.167 6.000 0.333 0.250 0.000 0.500 4 21 0.19 

10 retail 132 $2,796,635.39 $0.69 $279,663.54 8.82% 0.200 5.000 1.059 0.200 0.600 0.187 8 45 0.18 

7 retail 133 $2,752,802.87 $0.68 $393,257.55 10.63% 0.167 6.000 0.400 0.333 0.000 0.667 3 21 0.14 

9 retail 134 $2,752,681.97 $0.68 $305,853.55 11.00% 0.200 5.000 0.545 0.200 0.000 0.300 9 36 0.25 

7 retail 135 $2,729,624.36 $0.67 $389,946.34 10.06% 0.400 2.500 1.077 0.167 0.667 0.154 10 21 0.48 

12 retail 136 $2,720,001.28 $0.67 $226,666.77 10.14% 0.467 2.143 1.000 0.167 0.500 0.165 15 66 0.23 

11 retail 137 $2,711,385.84 $0.67 $246,489.62 9.22% 0.100 10.000 0.333 0.250 0.000 0.500 4 55 0.07 

8 retail 138 $2,643,214.39 $0.65 $330,401.80 9.98% 0.200 5.000 0.727 0.200 0.200 0.233 7 28 0.25 

7 retail 139 $2,633,239.69 $0.65 $376,177.10 9.13% 0.200 5.000 0.727 0.200 0.200 0.233 7 21 0.33 

6 retail 140 $2,599,886.33 $0.64 $433,314.39 9.78% 0.067 15.000 0.250 0.167 0.000 0.333 6 15 0.40 

8 retail 141 $2,599,308.62 $0.64 $324,913.58 12.27% 0.200 5.000 0.727 0.200 0.200 0.233 7 28 0.25 

9 retail 142 $2,563,454.36 $0.63 $284,828.26 11.66%     0.000 0.250 0.000 0.000 4 36 0.11 

7 retail 143 $2,558,136.05 $0.63 $365,448.01 10.14% 0.300 3.333 0.545 0.200 0.000 0.300 6 21 0.29 

7 retail 144 $2,498,181.12 $0.62 $356,883.02 9.01% 0.524 1.909 1.027 0.143 0.571 0.140 22 21 1.05 

10 retail 145 $2,496,618.66 $0.62 $249,661.87 9.68%     0.000 0.250 0.000 0.000 4 45 0.09 

9 retail 146 $2,483,442.23 $0.61 $275,938.03 10.31% 0.143 7.000 0.500 0.167 0.000 0.250 7 36 0.19 

9 retail 147 $2,475,076.09 $0.61 $275,008.45 10.98% 0.167 6.000 0.333 0.250 0.000 0.500 5 36 0.14 
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10 retail 148 $2,432,081.05 $0.60 $243,208.11 11.80% 0.133 7.500 0.400 0.167 0.000 0.667 6 45 0.13 

8 retail 149 $2,404,091.40 $0.59 $300,511.43 10.72% 0.500 2.000 1.250 0.250 1.000 0.208 4 28 0.14 

10 retail 150 $2,385,149.27 $0.59 $238,514.93 10.56% 0.900 1.111 0.880 0.200 0.200 0.230 16 45 0.36 

4 retail 151 $2,377,127.22 $0.59 $594,281.81 10.70%     0.000 0.500 0.000 0.000 2 6 0.33 

5 retail 152 $2,363,445.71 $0.58 $472,689.14 14.76%     0.000 0.500 0.000 0.000 2 10 0.20 

7 retail 153 $2,354,026.74 $0.58 $336,289.53 10.51% 0.167 6.000 0.400 0.333 0.000 0.667 3 21 0.14 

7 retail 154 $2,309,726.63 $0.57 $329,960.95 8.90% 0.300 3.333 0.545 0.200 0.000 0.300 10 21 0.48 

8 retail 155 $2,303,415.36 $0.57 $287,926.92 10.01% 0.167 6.000 0.400 0.333 0.000 0.667 2 28 0.07 

9 retail 156 $2,285,001.17 $0.56 $253,889.02 10.34%     0.000 0.250 0.000 0.000 5 36 0.14 

6 retail 157 $2,269,490.57 $0.56 $378,248.43 10.13% 0.167 6.000 0.400 0.333 0.000 0.667 5 15 0.33 

8 retail 158 $2,258,015.23 $0.56 $282,251.90 12.23% 0.133 7.500 0.727 0.200 0.200 0.233 6 28 0.21 

5 retail 159 $2,254,737.51 $0.56 $450,947.50 14.14% 0.400 2.500 0.941 0.200 0.400 0.207 8 10 0.80 

11 retail 160 $2,149,153.41 $0.53 $195,377.58 10.74% 0.100 10.000 0.286 0.200 0.000 0.400 7 55 0.13 

11 retail 161 $2,112,552.40 $0.52 $192,050.22 9.83% 0.095 10.500 0.727 0.200 0.200 0.233 5 55 0.09 

11 retail 162 $2,040,225.39 $0.50 $185,475.04 11.60%     0.000 0.250 0.000 0.000 4 55 0.07 

6 retail 163 $2,020,877.77 $0.50 $336,812.96 11.24% 0.500 2.000 0.600 0.250 0.000 0.375 10 15 0.67 

4 retail 164 $1,972,646.53 $0.49 $493,161.63 11.15% 0.333 3.000 0.400 0.333 0.000 0.667 3 6 0.50 

6 retail 165 $1,971,070.79 $0.49 $328,511.80 10.75% 0.333 3.000 0.889 0.333 0.333 0.389 4 15 0.27 

7 retail 166 $1,961,712.40 $0.48 $280,244.63 9.57% 0.167 6.000 0.400 0.333 0.000 0.667 4 21 0.19 

7 retail 167 $1,905,531.75 $0.47 $272,218.82 10.23% 0.300 3.333 0.545 0.200 0.000 0.300 9 21 0.43 

5 retail 168 $1,901,356.03 $0.47 $380,271.21 9.13% 0.300 3.333 0.600 0.250 0.000 0.375 5 10 0.50 

9 retail 169 $1,888,431.48 $0.47 $209,825.72 11.41% 0.333 3.000 0.800 0.250 0.250 0.292 8 36 0.22 

6 retail 170 $1,874,465.41 $0.46 $312,410.90 12.64% 0.067 15.000 0.250 0.167 0.000 0.333 6 15 0.40 

14 retail 171 $1,870,401.01 $0.46 $133,600.07 10.99%               91 0.00 

8 retail 172 $1,858,426.07 $0.46 $232,303.26 10.04%     0.000 1.000 0.000 0.000 1 28 0.04 

6 retail 173 $1,819,481.08 $0.45 $303,246.85 9.43% 0.300 3.333 1.059 0.200 0.600 0.187 8 15 0.53 

3 retail 174 $1,801,652.72 $0.44 $600,550.91 13.80% 1.000 1.000 0.667 0.333 0.000 0.500 8 3 2.67 

5 retail 175 $1,797,551.77 $0.44 $359,510.35 8.66% 0.333 3.000 0.500 0.500 0.000 1.000 1 10 0.10 

6 retail 176 $1,730,295.71 $0.43 $288,382.62 9.41% 0.167 6.000 0.333 0.250 0.000 0.500 5 15 0.33 

6 retail 177 $1,711,937.22 $0.42 $285,322.87 9.82%     0.000 0.500 0.000 0.000 2 15 0.13 

5 retail 178 $1,279,867.83 $0.32 $255,973.57 9.13% 1.000 1.000 0.500 0.500 0.000 1.000 3 10 0.30 

6 retail 179 $1,278,706.09 $0.31 $213,117.68 13.38%     0.000 0.500 0.000 0.000 2 15 0.13 

2 retail 180 $1,176,990.52 $0.29 $588,495.26 9.85%               1 0.00 

9 retail 181 $1,175,116.31 $0.29 $130,568.48 9.20%     0.000 0.333 0.000 0.000 3 36 0.08 

6 retail 182 $1,121,558.68 $0.28 $186,926.45 12.09% 0.333 3.000 0.400 0.333 0.000 0.667 5 15 0.33 

4 corp 183 $709,960.07 $0.17 $177,490.02 11.63%     0.000 0.500 0.000 0.000 2 6 0.33 

8 retail 184 $402,632.02 $0.10 $50,329.00 10.92%     0.000 0.333 0.000 0.000 3 28 0.11 

2 retail 185 $283,486.72 $0.07 $141,743.36 12.99% 0.333 3.000 0.400 0.333 0.000 0.667 4 1 4.00 

5 retail 186 $172,104.43 $0.04 $34,420.89 9.71% 0.067 15.000 0.400 0.333 0.000 0.667 3 10 0.30 

3 retail 187 $5,378.87 $0.00 $1,792.96 9.71%     0.000 0.333 0.000 0.000 3 3 1.00 
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Appendix B: Subgraphs of High Performing Offices 
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Appendix C: Subgraphs of Low Performing Offices  
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