E-mail May Not Reflect The Social Network
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Abstract. This paperaimsto demonstratehat ties obtainedby mining e-mails archivesdo not
necessarilyprovide a completeand realistic approximationof interactionsby other communication
media.The resultsof our projectindicatethat factorssuchas co-location andthe nature of working
relationships influencethe preferencdor face-to-facenteractionsandchat.Peerswho areco-located
and who are working on the sameprojectare morelikely to usesynchronousnediaratherthane-
mail. By adoptinga social network approachwe comparedthe completenetworksimplied by four
differentmedia(e-mail, face-to-facechatand phone),measuringnetworkpropertiedike betweeness
centrality, density, and core/peripherystructure,in order to identify at what extentthe network
implied by e-mail differs from the network based on other communication media.
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1. Introduction

Previous studies demonstratedhat e-mail interaction can be a good indicator of knowledge flows within
organizationdi] [e]. The main strengthof this technologyis the plenty of dataeasily accessiblgo researchers
regardingpersonalcommunication.E-mail parsingtools allow researcherdo gatherdatafor Social Network
Analysis (SNA) by using email archives[d] [k]. Although this datagatheringmethodis fasterand easierthan
traditional surveytools, it might provide a view of the networkthat is different thantraditionaltools. Adopting a
methodologythat minimizesthe possiblebiasesof surveytechniquewe will try to find out how to improve the
effectivenesof e-mail parsingthrougha comparisonof networksimplied by other communicationchannelsThis
studyis notinterestedn deepeningechnicalproblemsrelatedto e-mail parsingmethod:differentdataformatsto be
managedwithin the SNA tool, privacy issue,difficulty to obtain e-mailboxesfrom different organizationsOur
researchinterestis morefocusedon finding biasesof e-mailin representinghe overall communicatiorties within a
community of co-workers.

The main goal of this studyis to understandvhetheremail parsingprovidesthe sameview of the network that
traditional SNA surveysdo. We identified the main differencesbetweennetworkimplied by e-mail and networks
basedon other media,so to understandhe potentialbiasesof email and seeif they canbe correctedso to take
advantageof the speedand easeof email parsingand still achievean accurateview of networks.Firstly, we
measuredthe overall communicationpatternsof a community of studentsand researchersvith referenceto
traditional and electronicmedia. Then we usedsome networks(propertieslike density, betweennessentrality
[Freeman1979] andcore/periphenstructure[Borgatti, Everett,1999] asfurtherindicatorof possiblemisalignments
between e-mail and the complete knowledge flow.

2. Research Site Description

Our researctsite hasbeenthe e-BusinesdManagemensSchool,a graduateschoolof e-businessnanagementhat
both educatestudentsand undertakesesearctprojects.lts organizationabktructureis characterizedby an emphasis
on flexibility, informal contactsand communicationsupportedby a variety of traditional and electronicmedia.
Deadlinesare associatedvith softwaredemonstrationcoursespresentationand project submissiongo external



committees The researchactivities are project-orientedand membersworked by objectives(projectdeliverables,
softwaredevelopment)We monitoredthe communicationpatternsof 25 memberg(50% of the entire population)
who workedin two on-campusuildings.In the student building (64% of sample)studentsaandprogrammersvorked
in four different laboratoriesdivided in projectteamsand assignedo junior faculty in chargeof implementing
projectactivities. In the techie building (20%) a staff of techniciansworked assistingstudentsand researchern
implementinghardwareand softwaresolutions.Studentssharedtwo adjacentoffices andworkedfull time in team
attendingthe sameresearcHaboratoriesand classesdifferently from techniciansandjunior faculty, who werethe
mostmobile membersand worked moreindividually. Economicand engineeringexpertisewas equally represented
in the sample (48% and 52%).

3. Hypotheses

In a setting characterizedy co-locatedteam members,mappingonly the exchangeof e-mails might be not a
sufficient indicator of social ties. The following hypotheses are defined:

Hypothesis 1:The communication pattern of e-mail differs significantly from patterns of other media.

Hypothesis2: Network implied by e-mail and network implied by face-to-face, chat and phone together are different
in terms of density, betweeness centrality and core/periphery structure.

We examinethesehypothese®y exploringthe main similaritiesanddifferencesamongnetworks,by taking aspoint
of referencehe complete network, definedasthe networkimplied by four mediatakentogether:e-mail, chat,phone,
face-to-face interactions (both scheduled and unscheduled).

4. Data Collection Methods

This study hasbeenconductedhrougha combinationof different sourcesof evidenceweb surveysand mining e-
mailboxesarchives,in orderto obtain structureddataon the numberof times peerscommunicatedvith eachother
usingdifferentmedia.To parseemailswe adoptedTeCFlow,a softwaresuitethat analyzesunstructurednformation
andautomaticallygeneratesnteractivemoviesof communicatiorflows [d]. Surveyresultsweretabulatedusingan
application written by an eBMS programmer. Data was parsed and imported into MySQL databases.

In the web surveyrespondenttiavebeenprovidedwith a rosterof all the peopleworking in the organization.They
wereaskedto reporton a web page(linked to a databasePthenumberof timesthey communicatedy phone by in-

personinteractions andby chat,the sameday they receivedthe questionnaire(@nly with referenceto work-related
issues.In orderto increasethe reliability of datacollected,we avoid to usethe Name Generatorgechnique,as
literatureon free recall havefound that respondentsorget betweenl% and 90% of the peoplethey are askedto list

[h]. Surveywasadministereconceperweekfor 7 weekson a daily basis,and e-mail archiveswerereferredto the
entiresurveyperiod (Septembe8™ -November™ 2005).Asking peopleto recallonly interactionsoccurredthe same
day of the surveyis an approactthat sensiblyreduceshe risk of hugeerrorsin reportingcommunicatiorties [a].

Indeed,forgottennetwork ties would makerecallednetwork dataincompleteand possibly distort measuremenof

various structuralcharacteristicof social networks.Questionnairehave beensentin different week days, so to

avoid an over-representation of days with a regular high interaction (i.e. Friday meetings).

The weaknessof surveyregardingOpoorlyconstructedquestions@Yin, 1994] has beenmanagedby reporting
completeinstructionsandexplanationswithin the personalizea-mailsof invitation, aswell ason the surveyOsome
pageand during informal discussionsFurthermore becauseof the presenceof internationalstudentswithin the

community,the first two questionnairetavebeenprovidedin a twofold linguistic versionsoto avoid any linguistic

misunderstanding.

Finally we involved threeresearchersselectedor their role as ProjectManagersand EducationManagersand for

their tenure(morethan4 yearsin the School),in focusedstructurednterviewsandface-to-facediscussionsn order
to adda subjectivedimensionto the definition of the eBMSGocial capital. The openone-to-onediscussiortook as
startingpoint their responseso a brief questionnairesentby email, wherethey hadto asses®achactorlisted in

rosteraccordingto therelativelevel of trustworthiness within the team,prestige amongpeersandcontribution to the

teamperformanceusinga Likert scale(1=verylow, to 5=veryhigh). In this studywe consideredasglobal index of

perceived contribution the mean value obtained by each actor in all the three above mentioned sub-indices.



5. Data Analysis

Survey data was normalizedaccordingto members@esponserates (7,6,5 times): the number of time people
communicatedoy eachmode was multiplied by 1, 1.4 or 1.16, so to obtain comparabledataon the basisof 5
working days.The approximationof daily interactionwasbasedon two different normalizationmethodsfor e-mail
andsurveydata.The averagedaily interactionhasbeencalculatedon 45 working days(9 weeksperiod)for e-mail
andon 7 daysfor the surveydata.Structureddataaboutactors@nteractioncollectedfrom surveyandemail archives
wasmanagedhroughvaluedadjacencymatrices whereeachcell containedvaluesof communicatiorties assumed
asnon-directional Sincewe wereinterestedn any connectionbetweenmembersthe directionsof ties areignored,
so eithera out-tie or anin-tie constitutesa tie betweentwo actors.The TeCFlowtool wasusedto exportadjacency
matricesandto automaticallycalculatenetwork properties.The strengthof the relationwasmeasuredy the number
of interactionsbetweenactorsby eachmedium,so that the more interactionbetweenactors,the closerthe nodes
representing vertices will be placed in the graph [d].

6. Findings
6.1 Overall Communication Patterns

Preliminary evidencesndicate a strongpredominanceof face-to-faceand chat communicationties, as well as a

scarceuse of e-mail. Of the 190 communications/dapetweenthe 25 membersof community,about96% were

representedy in personinteractions,chatand phone.E-mail representednly 4% of the daily communication
pattern,althoughthe ability to parseemail by computerleadsto an Oamplificationof the e-mail signalOas we

observed22% of communicatiorties by e-mail over the completeinteractiong(table 1). By consideringthe average
daily interactions,we found that 77% of the total daily ties was explainedby face-to-faceties, 16% by chat
messages3% by phonecalls. Theseresultsindicatehow co-workersgreatly usesynchronousnedia,strongly prefer
voice basedmedialike face-to-facethat havea high presenceandthenusea synchronoustext-basedand more

Otrackablefediumlike chat.This preferencdor supportsresultsof previousstudies]i] [g] on mediause:in person
interaction,more than e-mail, allows to conveymeta-informatiorandto avoid any equivocality,leadingto a more

effective promotion of cooperation.

Communication ties observed (# and 9 Daily communication ties ( # and %)
E-mail | Other media | Complete E-mail Other media| Complete
Total communication ties 352| 22 %| 1272| 78 % 1624 8| 4%| 182 96 % 190
- Inside groups 210| 15%| 1170| 85% 1380 5| 3%| 167 97% 172
- Between groups 142| 58 % 102| 42 % 244 3[17% 15| 83 % 18

Table 1. Communication ties inside and between groups

We consideredhe Olocatiorof co-workers@s a factor influencing their communicatiorpatternsn our study 64%
of memberswvaslocatedin the student building, 20%in the Techie building and16% workedoff-site partof thetime.
We found that peersworking in open-spacdaboratoriedocatedat different floors tendto be internally connected
morethrougha digital technologylike chatthanby e-mail (2.7 chat/dayand only 0.3 e-mail/day).We adoptedthe
index O/E (ties by othermediadivided by e-mail exchangedpsa preliminaryindication of the comparativerate of
occurrenceof e-mail in the completenetwork: the highestthis index, the more incidentwill be other mediaover
email. The communicatiorpatternof the completenetworkis characterizedy a prevalenceof othermedia,used22
times more than e-mail.

The O/E index indicatesthat e-mail was usedon averagel,5 times more than other mediafor communication
betweengroupsandlessfor interactionswithin the sameco-locatedgroup. Most of the e-mail exchangedveryday
wassentandreceivedby peopleworking abroadpart of the time or by technicalstaff who usuallymovedfrom one
building to the other. Then, of the overall 2016 face-to-facecommunicatiorobserved 60% were reportedby people
with economicbackgroundand40% by memberswith an engineeringpackgroundwho were alsoconnectednore
by e-mail (59%) thanby in-personinteraction(41%). This resultconfirmswhat literatureon communicatiorbetween
functionalgroups[Moenaert, Souderl990] haspointedout: R&D teamsappreciatenritten communicatiorbecause
of its higher credibility, whereas marketing prefers face-to-face communication due to its higher comprehensibility.

1In table 1, Ocommunication observedO are values normadizading to the responsate and refer t8 weeks period. ODaily communicati@®normalizedccording to 45

days (for e-mail) and 7 days (for survey).



Theinvolvementon a specificprojectis a further factor which canhelpto identify the reasorbehindthe greatuseof
in personinteractions.Part of our sample(35%) worked on two projectsthat were in their initial phase,and
characterizedby a scarcelystructuredknowledgebase.Membersof theseprojects strongly used face-to-face
communicationmore than e-mail, while chatand phonewere usedsimilarly to e-mail. Then, 65% of samplewas
allocatedon two matureprojectscharacterizedy a well codified and sharedknowledgebase.Evenin this casewe
calculatedthe ratio Oothemediaover e-mail((O/E), which wasequalto 8.5 andto 12 for initial projectteamsandto
1.6 and 2.3 for matureprojectteams,suggestinghat in the planningphaseof a project, membersinteractmore
frequently using informal channels,in order to generatea sharedknowledgefor future activities [Souder &
Moenaert,1992]. The knowledgethey exchangedn this critical stagewas mostly facit and not codified in any
support,sothesocialization procesgNonaka, Takeuchil994] wasfacilitated by synchronousnedia,supportingthe
conversiorof fluid knowledgeandreducingany form of ambiguityandequivocality[i]. Onthe contrary,the peculiar
activities of a mature project team suggestto adopt media enablinga formal diffusion of the resultsand an
exploitationof knowledgegeneratedvithin the group. Thus,formal medialike e-mail might be the mostappropriate
to allow the externalization of discrete and codified knowledge.

The predominanceof synchronousnediais also explainedby the type of task co-locatedworkerswere askedto
accomplish:prepareclassroonpresentationsgjesigncoursewareor developingsoftware.All thesetasksrequireda
high degreeof interactionanda quick responsdrom colleaguesThe needto overcomeinguistic misunderstanding,
given the variety of languagesspokenin the laboratoriesmay representan additional reasonfor our results,as
synchronous media represent an important vehicle of trust.

6.2 Networks Comparison through Density, Betweenness Centrality and Core/Periphery structure

The first way to comparenetworks has beento look at their density, intendedas the number of peerswho
communicatedy e-mail andby othermediaover the maximumnumberof 300 pairs Orespondents-correspondentsO.
Our resultsindicatehow every mediumprovidedan essentiatontributionto getan overall definition of how formal
andinformal knowledgeflows within the group.In orderto understandow eachmediumhelpedto defineproperties
of the whole network, we consideredhe densityfor eachmediumand measurechow connectionsamongpairs
increasedrom onenetworkto the otheraspercentag®f the whole network.We found that e-mail participatedwith
72% of connectiongo definethe densityof the completenetwork,followed by in personcontact962%),chat(38%),
andphone(24%). Thenwe combinedoneby onevariousnetworksandconsideredhe sequentialmprovemenin the
approximationof the whole network. The total edgesof the networkimplied by merginge-mail and chat explained
85% of the overall network density. It meansthat by combining the two electronic media we get a better
approximationof the completeinformation flows. E-mail network alone had the highestvalue of group density,
mostly explainedby the presencef a coregroupof techieactorsdominatingthe communicationandit wasthe most
indicative mediumof the overall communicatiorties (72%), while phoneis the leastindicative (23%). Finally, the
complete networkOs density was entirely described by the density of networksbagead face-to-face together.

# of # of Grou)p Betweenness |Group Density  |Core/Periphery % Density [over the

Type of network |nodes  |ledges [centrality Fitness Values complete one]
e-mail 25 149 0,117 €,248 0,2323 71,9 %

f2f 25 130 0,113 C,216 / 62,6 %

chat 25 78 0,175 0,13 / 37,7 %
Phone 13 28 0,38¢. 0,082 0,2452 23,8 %

chat + f2f + phone|25 138 0,08€i6 €,23 0,2046 66,7 %

chat + e-mail 25 175 0,04¢€i 0,292 0,2410 84,6 %

f2f + e-mail 25 207 0,0275 €,345 0,2125 100 %
Phone + e-mail 25 157 0,08€2 C,262 0,2711 75,9 %

f2f + chat 25 137 0,0947 €,228 / 66,2 %
Complete 25 207 0,0275 €,345 0,2125

Table 2. Properties of networks and their combination.

Table 2 showshow completenetwork was characterizedy a lower level of group betweennessentrality with
respectto e-mail network. This decentralizeccommunicationpatternallowed memberso finish complextasksin
lesstime thangroupswith centralizedcommunicatiometworks[c]. Thus,a moreegalitariancommunicatiorpattern



seemgo be possiblewhenknowledgeflows acrossmultiple channelsA similar resultemergedrom core/periphery
structure whoseFitnessValuesindicatehow well the observeddataapproximatecan ideal core/peripherystructure
[d] andallow to identify the presenceof densecoreand sparseperiphery.The highestfithessvaluefor e-mail based
network, togetherwith the absenceof sucha structurefor chat and face-to-faceones,might be associatedo a
situationof teamsengagedn non-routine,complextasks,where core-peripherystructuresmight impedeteamsO
effectivenessby marginalizinginformationcomingfrom peripheralmembersSo, networksimplied by face-to-face
or chat indicate that people with diverse expertise were freely interacting for solving a given problem [c].

The graphof e-mail network takenalone [graph 1.a] had a centralized, densestructure,with a core occupiedby
programmerstechniciansandjunior faculty, who supportedperipheralstudentdocatedat the periphery(lessthan1
year of seniority and an economicbackground) Differently, completenetwork [graph 1.b] showsa decentralized
structure,with two sub-groupscomposedby memberswith engineeringexpertise(left side), and peoplewith
economicsskills (right side).Four of the mostcentralpeople,two for the businessandtwo for the engineeringside-
actedas gatekeeperdetweendifferent skilled peers.The completemap allowed to visualize edgesbetweenco-
located peripheral actors involved on the same projects, which were missing in the e-mail graph.

@ Business

@ Engineering ® Engineering —_——

1.a - Network built on ¢-mail exchange 1.b - Complete Network 1.c b Complete Network without e-mail
Graph 1. Graphs of different networks implied by different media

Completenetwork without e-mail [graph 1.c] revealsa separatiorbetweenco-skilled peopleasin the complete
network. It alsopointsout the presencef a structuralhole betweenthesegroups,bridgedby a masterstudentwith

an engineeringrackgroundwvho is the mostcentralactorin both face-to-faceand chatnetworks,andwho workedin

the schoolfar beforeher mastercolleaguesSheactedasgatekeepeconnectingstudentsaandjunior faculty locatedin

differentbuildings,andshereceiveda high scorein termsof assessedontribution(perceived contribution=4.2).Her

ObridgingroleOcould have not beenrecognizedby simply looking at her betweenesgentrality value in e-mail

network (9" position).

6.3 Local Betweenness centrality

By comparingactors®etweennessentralityin variousnetworks,we aimedat find out which actorswere prominent
and particularly visible to the otheractorsin the completenetworkandwhich in the e-mail one. We assumedhat
peoplewho werecentralin almostall the networkshad morepositionaladvantagever otherswho werecentralonly
in few networks.The focus on betweennesmore thandegreecentralityis dueto our interestin identifying actors
who play an Ointermediaryfle acrossall the media,who may havea low degreecentrality,but alsothe mostaccess
overinformationflows [b]. By consideringhe top 15 mostcentralactorsandthe 10 mostperipheralin the complete
network,we found that networkbasedon face-to-facehadthe highestlevel of similarity with completenetworkboth
in termsof centralpeople(11 of thetop 15 werethe same)and peripheralones(6 of the last 10 werethe samemost
peripheral actors). Thus, face-to-face approximated complete network more than other media.

Moreover, peoplewith engineeringskills were mainly centralin the e-mail network (60% of the top 15 were
engineers)while businessandtechnicalexpertisewas equally representedh the completenetworkOsop 15 central
(50%). Networkimplied by e-mail overratesot only actorswith technicalexpertise put alsothe centralityof people
who got a low scoreof perceived contribution, andunderestimatéhe centrality of peopleplaying an Oinformation
brokerOrole in the completenetwork. By looking at few examples,a first misalignmentin terms of actorsO
betweenessentrality within e-mail and completenetworkis providedby a PhD studentwho is the most central
within the completenetwork, but ranked18" in e-mail network.A secondevidenceis given by a studentscarcely
involved in the schoolactivity, ranked10" in e-mail network, 21% in the completeone, and 25" accordingto the



perceived contribution index. The oppositecasein which an actormight be consideredsery centralaccordingto e-
mail network, althoughperipheralin the whole network, is representedy a ProjectManager,ranked6™ in the
completenetworkbut only 22" in e-mail one. Theseevidenceof misalignmentn actors@entrality suggesthat by
simply mappinginformationexchangeby e-mail might leadmanagerso assumea wrong centralityfor actors,whose
role in the network depends also on informal relationships with peers.

7. Conclusions

This study haveidentified somebiasesof e-mail mining method,suchas: a) the overestimatiorof communication
betweenpeerswith technologicalexpertiseand their centralrole within the network, b) a lack in representindies
betweenperipheralco-locatedteammembersgc) an underestimatiorof individuals playing a gatekeeperole, d) the
risk to interpretthe communicationpatternas dominatedby a core group, althoughthe democraticexchanges
describedby the completenetwork may leadto the oppositeconclusion.An integratednetwork basedeitheron e-
mail and chat or e-mail and face-to-face within the samesoftware packagemay help decisionmakersto make
different and broadermanageriaimplicationsfrom social network maps,by capturingboth the codified and tacit
knowledge.They might discoverhow peoplecreatea trust environmenthroughface-to-faceor chat; recognizethe
importanceof informationbrokersandinformal leaders, increasehe effectivenes®f the follow up phaseof SNA in
figuring out the real dynamics of group communication.

The OdailyelicitationOapproachto web-surveywe have followed in this study should be able to increasethe
correlationbetweenself-reportand real behaviourand might representa good way to integratee-mail mining
methodswith traditional surveytechnique.The first point in our future researchagendawill be to investigatethe
biases of e-mail with reference to geographically dispersed groups.
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