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ABSTRACT

Thisarticledescribesaco-designprocessinthecontextofuserexperience(UX)andusabilitytesting
andanalysisofafirstproofofconceptofe-collaborationfeaturesbasedonunifiedcommunications,
co-designedwithinanorganizationaimingtooptimizeusers’communicationcognitiveload.Aninitial
digitalprototypewithadetailedgraphicalinterface,andsimulatedusernarrativeswasestablished
andthequalitativevalidationprocessisdescribedanddiscussed.TheimplementedR&Dprocessis
mainlysupportedonuser-centreddesign(UCD)methodology,namelyactionresearchwithservice
designthinkingmethodandco-designtechniques.Qualitativedatawasgatheredwithconcurrent
think-aloudactivities(CTA)stimulatedbyuserexperienceexpectationquestions,observationnotes,
withintegrationinaneyetrackingtechnologysystem.TheUCDprocessandresultsarediscussed,
substantiatingtheaddedvalueduetotheindividualcontributionsandconsequentusefulnessofa
finalunifiedcommunicationservicefortheorganization.
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INTRoDUCTIoN

Thispaperdescribesaco-design,developmentandassessmentprocessofafirstconceptual,low
fidelityprototypewithaninnovativeUXandUsabilitytestanalysisfor“SmartEntercom”project.This
projectrunsincollaborationwithGoContact,acompanydedicatedtosolutionsforBusinesstoClient
(B2C)interaction.Theproject’sgoalistoco-createahuman-centricnovelUnifiedCommunications&
Collaboration(UC&C)serviceaimingtooptimisethecompany’shumaninterpersonalcommunication
and interaction, consequently, theperformanceof each individualwith theoptimizationof their
cognitiveload.Theproject’stransdisciplinaryresearchteamisdividedindifferentworkpackages,such
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as:contextawareness,softwaredefinednetworkscommunicationsystems,interactionandinterface
design,andproductdevelopment.TheworkherebyreportedwascoordinatedbytheInteractionand
InterfaceDesignteam.

Forthefirstco-designedproofofconcept,researchwasbasedoniterativeServiceDesignThinking
methods(Stickdorn&Schneider,2011) inferredonthedirectcontactwithstakeholders, in their
workingenvironment,forconceptandinteractionnarrativevalidation.Thepresentpaperalsoadds
aninnovativefeaturetoaUXandusabilityevaluationtechnique,withaneyetrackingsetup,which
determinednarrativeandinterfacechangesforthefinalversionofaconceptualprototype.Sincea
self-reported,explicitopinionmaynotmatchwiththecorrespondingimplicitattitude(considering
thesocialdesirabilityinfluence),andbecause‘verbalizationsaremanifestationsofthoughtsandnot
necessarilythoughtsthemselves’(Elling,Lentz,&DeJong,2012,p.212),thereportedinterface
improvementwasnotonlybasedontheexplicitdataprovidedverballybytheparticipantsduring
UXtestsessions,butalsosustainedbytheimplicitdataregisteredwithaneyetrackerandcomputer
systemthathostedtheUXtests.

BACKGRoUND

The current technological market displays a progressively increasing number of communication
solutionsintheformoftoolsandservices(Riemer&Wulf,2010).Althougheverysolutionmay
improveorsolveonecommunicationproblem,itsproliferationisalsocreatinganewproblem:how
toidentifyandselecttheidealserviceforeachcommunicationsetting.AccordingtoFuze(2017),
communicationtoolsshouldempowerproductivity,thoughitincreasestheneedfororganizations
toanalyseeachsolution,rejectingredundantappsandtools.Asdepicted,‘ITleadersarebattlinga
productivitythreatintheformofapplicationsprawl:workersnavigatingbetweentoolsanddevices
toshare,connect,andcommunicate’(Fuze,2017,p.11),whichcanleadtofailedcommunications
attempts,losttime,disruptiveworkinterruptionsandfrictionsinteamcollaboration(Riemer&Wulf,
2010).Furthermore,havingtojugglebetweendiversemodesofcommunicationhasbeenassociated
tointeractionoverload(whenthelevelofinteractionanindividualneedstoengageinexceedshis
communicativeandcooperativecapacity)andcommunicationdeficiency(whenacommunicationis
establishedthroughanundesiredmodeofcommunication)(Ljungberg&Sørensen,1998).Summing
up,whilearecipientwishestobeconstantlyaccessible,thewayinwhichacommunicationiscarried
outmightnotbedesirable.

Alsorelevantinthiscontextofresearchisthecognitiveloadtheory(CLT).Thistheoryisbased
onthenotionofalimitedworkingmemorycapacityrelatedtoanamountofinformationexpectedto
beprocessed.SomeresearchhasbeendoneinordertorelateCLTtoHuman-ComputerInteraction
(HCI),mostlyconcernedwiththedevelopmentofeducationalinterfaces(Chalmers,2003;Hollender,
Hofmann,Deneke,&Schmitz,2010;Oviatt,2006).Asausabilitygoalandtosucceedinthecreation
ofan intuitiveandusable interface, aiming to reducememory loadanddecrease irrelevant load
(extraneous)(Hollenderetal.,2010;Oviatt,2006),freesupmentalresourcesthatallowtoperform
maintasksbetterwhilstremainingattunedtothesurroundingcontext(Oviatt,2006).

LITeRATURe ReVIew

UnifiedCommunications

One future challenge in areas such as mobile, ubiquitous, and multimodal-multisensor interfaces is 
for human-centered design to adequately model human communication and activity patterns more 
broadly, as well as usage contexts. (Oviatt, 2006, p. 872)
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KleinerPerkins’2018InternetTrends(Meeker,2018,p.272)reportsthatenterprisemessaging
threads areusednot only for direct communication, but also toorganise information and teams,
providingrichcontextandinteractionhistory.Animprovement,butstillnottheidealsolution.Asstated:
“GartnerdefinesUnifiedCommunications(UC)products(equipment,softwareandservices)asthose
thatfacilitatetheuseofmultipleenterprisecommunicationsmethodstoobtainthatproductivitygoal.”
(Elliot,Fernandez,&Blood,2016).Elliotetal.(2016)distinguishsixbroadproductareasforaunified
communicationsservice:i)telephony;ii)conferencing(audioand/orvideo);iii)messaging(emailand
voicemail);iv)presenceandinstantmessaging;v)consistentinterfaceandinteractionnarrativesthrough
differentdevicesandbrowsers;andvi)integrationcapabilitiestoconnectexternalappswithinternal
services.Inshort,unifiedcommunicationsforcollaboration(UC&C)arecommittedtocreateintegrated
andconsistentinfrastructuresforinfo-communicationandcollaboration,thoughremainingconditioned
byemployees’acceptanceandproficiencyofuse(Bolton,Murray,&Fluker,2017).

Venkatesh,Morris,Davis,andDavis’(2003)UnifiedTheoryofAcceptanceandUseofTechnology
(UTAUT)modelproposesfourcoredeterminantsofintentionandusage,thathelpunderstanduser’s
acceptanceandusageofanewtechnology:PerformanceExpectancy(whenauserperceivesthat
byusingasystemhisproductivityandperformancewillbeenhanced),EffortExpectancy(effort
necessarytouseasystem),SocialInfluence(extenttowhichanindividualperceivesthatothersthink
heshouldusethesystem)andFacilitatingConditions(availabilityofresourcestosupportthesystem).
UTAUTwaslateradaptedtoconveycollaborationtechnologies(Brown,Dennis,&Venkatesh,2010)
andmulti-culturalcollaborationaspectsforadoption(Silic,Back,&Sammer,2014).

As a solution against application sprawl and interaction overload, UC&C solutions aim to
improveuserproductivity,enhancingcollaborativeoperationsintheprocess.Notjustcommunication
functionalities,buttheoveralluserexperienceandacceptance,‘isaboutcreatingaholisticanddynamic
approachtoanorganizationalcommunicationstrategythatspanspeople,processes,andtechnology’
(Boltonetal.,2017,p.5470),establishingandmaintainingtherelationofhumancommunication
instancesandcontextwithbusinessprocesses.

Usersand their context shoulddetermine system functionalities.As seen inOrlikowskiand
Hofman(1997,p.14),changeneedstoberecognizedasan‘ongoingprocessmadeupofopportunities
andchallengeswhicharenotnecessarilypredictableatthestart’,thusanUCservice’seffectsand
benefitscannotbededucedfromitsannouncedfeatures,thereshouldbeanongoingevaluationasusers
appropriateandembedthesystemintotheirdailypracticesastheybecomepartoftheorganizational
processes(Riemer,Froessler,&Klein,2007;Riemer&Wulf,2010).

Conclusively,unifiedcommunicationtechnologiesshouldallowthatallemployeesandcollaborators
- apart from theirphysical location,virtually interactwitheachother througha richandeffective
collaborationexperience(Cisco,2008),incrementingteamproductivityandcuttingtimeandresources
inconstantworktravels.SeveralpapershavereportedstudiesthatanalysedUCandUC&Cservices
(Boltonetal.,2017;Palonka&Porębska-Miąc,2014;Riemeretal.,2007;Shin&Bae,2012;Wahl&
Kitchel,2016).However,beyondtheintegrationofservicesandfunctionalities,UCandUC&Cservices
lacktheadjustmentonusernaturalprocessesandstillrequireuserstofindtherightcommunication
channelforeachinstance,enablingfailedcommunications,communicationdeficiencyandincreasing
user’scognitiveload.Inthissetting,usersadapttheUCtechnologytotheircontext,wheninfactthe
technologyshouldpredictandadapttotheusers’contextandcommunicationneeds.Tothisextent,
thereisalackofavailabilityofanUC&Csolutionthattrulyenableseffectivecommunicationsand
thus,collaboration.Thecurrenttrends,whichpointtowardsincreasinglyhigherlevelsofremotework
(Felstead&Henseke,2017),furtherexacerbatetheneedforeffectiveUC&Ctechnologies.

Co-Design Techniques for Service Design

A UC&C framework must place “people” central to its goals. It is therefore essential that human 
considerations be taken into account when evaluating system needs and assessing end state success. 
(Bolton et al., 2017, p. 5478)
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Havinganinterdisciplinaryandalwaysevolvingapproach,servicedesignincorporatesmethodsand
toolsfrominnovativetechnologicalprocesseswithuser-centredapproaches,inordertoattainthe
successoftheserviceasaproduct,enhancingitsoveralluserexperience-notjustfortheend-consumer
butforallinvolvedstakeholdersaswell(Stickdorn&Schneider,2011).Tothisextent,aserviceshould
bedesignedbyaninterdisciplinaryteam,composedbyspecialisedtechnicians,userswithstrong
communicationandcollaborationexperiencefrommultipleareasofexpertise,consumers,andany
entityinvolvedinitsdevelopment,implementation,operationandsupport.Researchliteraturealso
mentionsthatuserandstakeholderengagementinservicedesignanddevelopmentleadstoabetter
acceptanceandconsequently,theuseofthefinalserviceproduct(Lindeblad,Voytenko,Mont,&
Arnfalk,2016;Pirinen,2016;Webb,2013).Havingaccesstoamultidisciplinaryteamandcompany
collaborators’personalinsight,usingco-designtechniquesinthisprojectbecomesanevidentapproach
withinactionresearchandservicedesign.

eye-Tracking for Implicit Measurement
Researchbasedonthedirectcontactwithcollaborators,whereparticipants’opinionsandexperiences
areself-statedandrecordedinordertoinferdesignchoices,cansometimesleadtoasubjective
analysis.ThoughthesetechniquesarecommonlyappliedinUX/Usabilitydesignresearch,inthis
studyacomplementaryimplicitdatasourcewasalsoused:theparticipants’eyegazebehaviour.
Implicitcognitivedatadepictstheprocessesthatoccurwithoutonebeingactivelyawareofthem.
Acknowledgingthatparticipants’explicitopinioncouldeitherbebiasedbysocialdesirabilityor
alackofabilityintranslatingtheiractionsintoverbalizations;consideringacompany’sstructure,
with its culture that drives from patterns of assumptions and common experiences, invisible
barriers may also exist, even to identify alternative views; the eye tracker recordings and the
implicitdataitprovided,servedasalitmustest,providingpragmaticinformationwhichvalidated
self-reportedexperiences.Thus,datarecordedbytheeyetracker,playedsimultaneouslywiththe
audiorecordingsofuserexpectations,allowedtodiscoverusabilityandinteractionproblems.These
problemswereidentifiedandclassifiedbasedonEhmkeandWilson’s(2007)research,wherethey
summarisecorrelationsbetweencommonusabilityproblemsandeyetrackingpatterns.Another
noteworthyreferenceforthisclassificationistheworkofElling,Lentz,andDeJong(2012),where
beyondverbalisations,silencesineyetrackingwithConcurrentThink-Aloud(CTA)sessionsare
alsoanalysed.Asstated,silencescanprovideimportantinformationaboutusers’processesand
experiencedproblems,astheyoftenoccurwhenparticipantshaveno‘cognitiveenergy’leftto
translatetheirmentalprocesses(Ellingetal.,2012,p.217).

THe PRoToTyPe

Thispaperreportsontheproject’sfirstproofofconcept,aprototypeofCollaborativeandUnified
EditingofDocuments(CUED).Beyondallowingindividualstocollaborateinteams,working
onthesamedocumentorfile,fromseveralterminals,devicesand/orlocationstocreateafinal
version;itisalsonecessarytocomplementthesoftwarewiththeUC&Clayerasacontextual
innovativecontribution.

Thus,forthefirstproofofconceptbasedonsharingandeditingcollaborativedocuments,an
interfacebasedontheapproachoflayeredinteractionswasidealized.Twomainlayersareconsidered,
relatedtoeditingthedocument,andthecommunicationwithotherindividualscollaboratingonthe
samedocument.Theinteractionpremiseintendsto,atanytimeofdigitalediting,enablethecall
orrecallofacommunicationslayer,possibletosetoffacontactfromanystimuluspresentedinthe
workinginterface.Asafirstexample,andinordertobetterunderstandthisconcept,therepresentation
ofasimpletextdocumentwaschosen,ascanbeseeninFigure1.Byselectingtextsegmentsis
possibletoaccessanarrayofinterpersonalcommunicationpossibilities,andchoosethemedium(text
orvoicecomment,e-mailorvoice/videocall)thatbestsuitstheneedtoestablishaninterpersonal
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communicationrelatedtothedocumenteditingsituation.ThisinterpersonalUClayer,linkedtoall
documenteditinganddiscussionsituations,representsadetailedchronologicregistrationofcontext,
withinformationonallhumaninteractionsandcommunicationsituationsthatwereestablishedduring
editing,tillitsfinalization.

Oneofthebasicinteractionsinthisproofofconceptprototypeistotag/associatetextsegments
toanestablishedcontact/interpersonalcommunication,indoingso,CUEDdepictsinitsinterface
theexistinglinksbetweenhumaninterpersonalcommunicationsandspecificdocumentcontents.
Documentcontentscanbetaggednotonlywithtextannotations,butalsowithrichinteractionsthat
considervoicereplies,voicecalls,emailandprivateinstantmessages(IM).Inaddition,itisalso
possibletoreplytoanyoftheseinteractionsusingasimilarsetofmethods(textorvoice),initiating
athreadthatcaninthefuturebemarkedasfinished/resolvedbyitsowner.Thishappenswithoutthe
lossofunifiedcommunicationandusagecontexts.Consideringthateveryinteractionisallocated
tothedocument/file,whilereviewingit,onecanhaveaperceptionoftheareaswhereinteractions
occurredandchoosetovieworignorethem,enrichingtheexperienceandinformationdeliveredtoits
readerwiththerecallofthediversecommunicationsituationsthattookplaceduringediting.Having
communicationsshortcutsappearwhenneeded(andonlytheonesthatcanactuallybeestablishedat
themoment),CUEDaimstooptimizeusers’cognitivecapacity,eliminatingtheextrataskofsearching
fortherightcommunicationmediumineveryinstanceofcollaborativework.

Table1systematizesCUED’sfeaturesincomparisontoothercollaborativeeditingproducts.
Distinctively,CUED’smaindifferencereliesoncommunications’contextualizationandavailability
ofseveralcontactmediums.

MeTHoD

Prototype Validation, explicit and Implicit Data Sources
Tovalidateourproofofconceptartefact,8UXsessionssupportedbyaneyetrackingsystemwere
carriedoutwithprojectstakeholders(onesessionperuser).ThesesessionsusedCTAtechnique

Figure 1. Example of a document content relation with a layer of interpersonal communication (v1)
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contextualisedbyuserexperienceandexpectationquestions,recordedinaudioandobservationnotes.
Anadditional16UXsessionswiththesamesetupwerecarriedoutatanopensciencefair,with
arandomsetofparticipants,togathermoredatafromabroader,andpotentiallylessconditioned,
audience.Due to thenoisyenvironment,noaudiowasrecorded(participantswerestimulated to
providefeedbackandreporttheirexperiencewhilenotesweretaken).Allparticipantsvolunteered
intheirownfree-willtoperformtheUXevaluationoftheprototypeandsignedaninformedconsent
beforeengaginginthetestprocedures.

Implicitmeasurementsofeyemovementsandfixationtimeswererecordedwiththeeyetracking
technology.Eyetrackingmetricsallowresearcherstoanalysethevisualmodalityduringthehuman-
computerinteraction,enablingtheidentificationofpossibleinteractionandusabilityerrors.However,
noqualitativeorsubjectivedatacanbedepictedfromthissource.Thusthink-aloudtechniqueswere
employedduringtheUXsessions.Withthisintegratedandsynchronisedapproach,itwaspossible
tocompareexpectationsandexperienceofeachparticipantinteractingwiththeprototype,exploring
itsfunctionalitiesandunderstandingtheaffordanceachievedbytheinterface.

Thecombinationoftechniquesfosteredtherecognitionofthefirstsetoferrorsintheinteraction
narrativeandinthegraphicallayoutoftheinitialinterfaces.Withtheseresults,newmockupswere
created inorder tobettermatchuserexpectations, anddoingso startedanew iterationbetween
prototypecreationandreflection,asproposedbyStickdornandSchneider(2011),improvingCUED
conceptoneveryiteration.

Procedure
InVisionwebappwasusedtoassembletheprototype,creatinghyperlinksbetweengraphicalinterfaces
andanimatedinteractions(hoversandclicks).TobiiProX3-120eyetrackerandTobiiStudio(version
3.4.5)softwarewasusedtorecordandanalyseparticipants’eyemovements.Audiowasrecorded
withanexternaldevice.Aftercalibration,eachparticipantwasrequestedtoexploretheprototype
interfacesandverbalisetheactionsanddecisionstakenaccordingtotheintendedtasks.

Table 1. Comparison table between CUED and other collaborative editing software products features

Concurrent 
Document 

Edition

Document 
Version History

Track 
Contextualized 

Communications

Communication 
Mediums

Communication 
Trigger

Google Drive
(Google,
2012)

Yes Yes Yes–onlyfor
comments •Textcomments •selectingtext

segments

Dropbox 
Paper
(Dropbox,
2015)

Yes Yes Yes–onlyfor
comments •Textcomments •selectingtextor

imagesegments

Microsoft 
365
(Microsoft,
2011)

Yes Yes,ifstoredin
OneDrive

Yes–onlyfor
comments •Textcomments •selectingtext

segments

CUED 
Prototype Yes Yes

Yes–forall
mediums,every
interactionis
registeredand
attachedtoits
prompt

•Textandaudio
comments
•Privatechat
(IM)
•Voiceandvideo
calls
•E-mail

•selectingtext
segments
•hovering
colleague’sname
•replying
messages



International Journal of e-Collaboration
Volume 14 • Issue 2 • April-June 2018

7

Thefirstgroupof8participantsweremembersoftheprojectteam,fromadifferentworkpackage
(IntentionalSample),andhadpreviousknowledgeoftheproduct’sconcept.However,theyhadnever
seenorused theprototype.Considering thedistinct scenarios and tasksbeingperformed in the
transdisciplinaryteam,thesesessionsmarkedanessentialmomentforco-designwithintheteam:
todemonstrateandvalidateimplementedco-designproceduresandcontributewiththeirpersonal
feedbackontheoverallsolution.Followingthetaskbriefing,asetofindependentvariableswere
added(gender,useofglassesandproject/companyrole)andtheaudiorecordingwouldstart.After
asuccessfulcalibration,testsbeganbyopeningtheinVisionprototypeinthebrowser.Duringthe
session participants were invited to verbalise: expectations concerning the interfaces; decisions
takenaccordingtointendedtasks;encounteredinteractionerrors(subjectivetoeachparticipant);
possibleimprovementsandgivetheiroverallopinionontheinteractionexperience.Inanyinstance,
theparticipantswerefree toaskforassistancefromtheassignedresearcher.Afterexploring the
prototype,theycouldrevisitanyspecificinterfaceandcommentit,endingthetestsessionafterwards.
Thecasualsampleof16sciencefairparticipantsranasimilarprocedure,excludingtheaudiorecord.

Identifying UX/Usability Problems
Aqualitativeanalysissupportedby the implicitdatapresented in theTobiiStudioSoftwarewas
carriedout.Foreachtestperformed, itsscreenrecordingoverlaidwith theparticipantgazepath
andattentionpointswasobservedwhilesimultaneouslylisteningtotheaudioofuserexpectations.
Analysingwhattheuserwasdoingversuswhathesaid/expectedwithhisactions,allowedtoidentify
alistofUXandusabilityproblems.

ReSULTS

Theformermentionedlistofcommentsandproblemswassynthesisedbyidentifyingandselecting
uniqueinputsandmergingrelatedsituations.Dependingonhoweachissuewasidentifieditwas
classified as either: observed, verbalised, assistance required or as a suggestion (not a problem,
butsomethingthatcouldbeimproved).Intotal18interactionsituationsweresortedout.Table2
illustrates inwhichsession(participant1-24)each issuewas identifiedandallows topromptly
recognisefrequentproblems.

InteractionSituationsarelistedasfollowsandillustratedinFigures2through4:

• S1:Emailsubjectfieldnotidentifiedasaninputbox;
• S2:Generallistofcontactsidentifiedasalistofcollaboratorsthathaveaccessandpermission

toeditthedocument;
• S3:Interactionhoversdisplayconfusinginformation(iconography);
• S4:Commentsandregisteredinteractionsarrangementchangesconstantly,confusingtheuser;
• S5:Usercannotdistinguishpublicdocumentcommentsfromprivatetalks;
• S6:Howtoaddnewrecipientstoanemail;
• S7:Usercannotidentifythemeaningofcolouredcirclesonsoundplayer;
• S8:Replybuttonisnotidentifiedassuch,resemblinganundoaction;
• S9:Documentpreviousinteractionsmarkeriswronglyperceivedasacontactstarter(writeor

phoneacolleague);
• S10:Tryingtoclickonacolouredtextsectiondoesnotopenitscorrespondinginteraction(the

userexpectsso);
• S11:Checkbox‘anexar ficheiro’-toattachthecurrentlyopenedfile,isunderstoodasabutton

tobrowseandselectfiles;
• S12:Lackofoptionstogobackon/revertanaction(forexample,toclosetheviewofacomment

andgobacktothepreviousactivity).Beinganoverallissue,itwasnotrepresentedinthefigure;
• S13:Sendemailfeatureinterpretedasanotificationdeliverysystem;



International Journal of e-Collaboration
Volume 14 • Issue 2 • April-June 2018

8

• S14:Microphoneiconographyassociatedasatext-to-speechfeature,signalizingparagraphsthat
havebeenwroteusingthisfeature;

• S15:Textmarkercolourassociatedtocorrespondinginteractionitsymbolises;
• S16:‘+1’inaudioplayerassociatedtoa‘thumbsup’interactioninsteadofnumberofreplies;
• S17:Contactpresenceisnotwellrepresented-tobecontextualitneedsmorethantwostates.

From the list of issues above, a total of three interaction situationswere selected to further
detailthispaper.ThesecasesrepresentinnovativeUXevaluationexamplesonhowtheeyetracker
data can be used as an implicit validation instrument of the explicit attitudes expressed by the
participantsduringaUXevaluationoftheprototypeandasacomplementaryUXqualitativedata
capturetechnique.Thechoiceofthesethreeusernarratives/featureswasbasedontherelevanceof
theimpliciteyetrackingdatawhenrelatedwiththeexplicitissuesreportedbytheusers.Excellent
examplestorepresentthecontributionofimplicitandexplicitdatarelationintegratedinoneonly
studyframework,theeyetracker.

Table 2. UX and usability problems identified, where S(i) = Interaction situation and P(i) = Participant test

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17

P1 O V V A V A

P2 VO V VA A V

P3 V V V

P4 OV OA V

P5 V V O V VO V V V

P6 V O S ? VA O V V

P7 V O VA OA O V

P8 SV OV V

P9 V V

P10 V V

P11 V V

P12 V V V

P13 V V V V

P14 V

P15 V

P16 V

P17 V V V V V A

P18 Discardedtest

P19 V

P20

P21

P22 V

P23 V O

P24

Legend: O - Observed | V - Verbalised | A - Assistance Required | S - Understood, improvement needed
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Figure 2. Problems S4, S5, S10, S15 and S17, with chat section opened

Figure 3. Problems S2, S3, S7, S9, S14 and S16 with an audio comment selected

Figure 4. Problems S4, S5 and S8 (left) and problems S1, S6, S11 and S13 in send e-mail section (right)
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S2 - Interaction Situation
Listofcontactsidentifiedasalistofcollaboratorsthathaveaccessandpermissiontoeditthedocument.

InteractionsituationS2refers to the topareaon thecommunicationssectionwherea listof
personalcontactsintendedtobeuniversal(notdirectlyrelatedwiththedocumenteditingtaskat
hands)isdisplayed(representedinFigure5).InthefirstroundofUXtests, itwasapparentthat
itsinterfaceobjectivewasambiguous,asmostoftheparticipantsinferred,itseemedlikealistof
colleaguesworkingonthedocument.

Implicitdatarevealedthatthemostcommongazepatternobservedshowsfixationsthroughout
collaboratorsthumbnailswithscanpathsinaquickbackandforthmotion,withsomelargesaccades
thatleadbacktothemaindocumentordownthecommunicationslist,usuallyfollowedbyanother
listscan.Thisdemonstratesthatparticipants,facedbythisambiguoussection,attempttofindlogical
relationsbetweenthelistandtheremaininginformationavailableontheinterface.Insomecases,
fixationsalternatebetweencollaborators’thumbnailsandthesectiontitle‘Colaboradores’,possiblyin
attempttofindacorrelationbetweenthoseelements.Sincethiscontactlistisdisplayedwhereverthe
communicationssectionisvisible,insomecasesfixationsmovefromthefirstcolleague’sthumbnail
on the top list, followedbya fixationon its correspondingpicturedownon thecommunication
presented,asillustratedinFigure6.

There is an inconsistency with what the user expects. The terminology ‘colaboradores’
(collaborators)usedasthesectiontitlecouldbethereasonbehindthisconfusion.Asseenin
EhmkeandWilson’s(2007,125)findings,somefixationsontargetfollowedbyfurtherfixations

Figure 5. List of contacts in first version (v1)

Figure 6. Gaze path on prototyped chat (v1) represented with red lines and circles
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across thepagewith regressionsback to theunclearelement, is recognizedasapattern that
representsunclearterminology.Moreover,informedbytheparticipantsverbalizations,having
this list always present in the communications section can incorrectly resemble as a list of
contactsavailablefortheactionintended.Asasolution,anevidentandunambiguousseparation
ofcontactsanddocumentactionsisrequired.

Inthefollowingversionoftheprototypethecontactslistwashiddenbuteasilyaccessiblethrough
adrop-downavailableintheheader(exemplifiedinFigure7).Ithasasearchfieldtoeasilyfindany
contactandthreesortingoptions:‘suggested’,‘recent’and‘alphabeticalorder’.Allcontactsdisplay
theiravailabilityandcurrentcontext(i.e.workingremotely,onvacations,etc.;alsosolvingsituation
S17)withthepossibilitytostartcommunicationsthroughchat(IM),voiceorvideocall.

S5 - Interaction Situation
Usercannotdistinguishpublicandprivateconversations.

For the chat/messaging interface, as represented in its original proposal (Figure 8), it was
decidedtoconvertthiswholesectionintoaprivatechat,tomaintaintheconsistencywithestablished
interactionproceduresinsidethis“communicationssection”.Thesechangesdidnotaffectthefeedback
ofinteractionhistorywithaselectedcolleague.Asitwasverified,thiswasleadingtointeraction
confusionandwasdisruptingafocusonthetaskathandsbesidestheconversationcurrentlytaking
place,clearlyaffectinganoptimalcognitiveloadforthistask.Assuch,eventhoughitwasprototyped
aspublic(commenting)andasprivate(IM)communications,someparticipantsdidnotidentifywhen
theinteractionswereoccurringinprivate,whichmayhavebeencausedbytheatypicalinteraction
designwithinthischatsectionanditsresemblancetothe(public)commentingaction.Thoughthis
finding is not completely surprising, it was expected that by applying the same communication
interactionprocedureforthechatitwouldpreserveinteractionconsistencythroughouttheprototype.

Figure 7. Contact list as a drop-down menu in the improved version
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ForEhmkeandWilson(2007,125),havingfixationsscatteredondifferentareasofthepage,
without fixations on the unclear area could indicate an unclear grouping of information which
conflicted with the user’s mental model. Analysing the exported eye-tracking heatmap of the
userswhomdidnotidentifythechatpageasaprivateinteraction(representedinFigure9), it is
noticeablethatfixationsaredispersedaroundthepage,withanevidentfocusonthetopareaofthe
communicationssection(colleagueslist,inputtextboxandfirstmessageonthelist),withfewor
nousersscrollingdown.Forthepageredesignitisevidentthatamorecommonlayoutisfavoured,
whichwillsustaininteractionconsistencywiththeestablishedchatsinsocialnetworkinguniverse.

Asa result, thechatwasre-designed to resembleamorecommon‘chatwindow’ layout,as
exemplifiedinFigure10.Havingthechatwindowasatoplayer,allowsformultitasking,oratleast
toretainattentionontheworkartefactwhilecontactingacolleague.Newfunctionalitieshavealso
beenadded,itisnowpossibletoaddparticipants(groupchat),sendfiles,contentsearchandstarta
voicecall.Asintheinitialversion,allinteractionssharedbetweenbothparticipantsarelistedand
byclickingononetheuserisreferredtotheoriginalcommunicationcontext.

Figure 8. Private chat section
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Figure 9. Heat map on chat page, representing most looked areas in red/darker

Figure 10. Chat in the improved version
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S12 - Interaction Situation
Lackofanoptionto‘goback’/revertanaction(forexample,toclosetheviewofacommentandgo
backtothepreviousactivity).

Thiswasexpressedbythemajorityofparticipantsandsomeeventriedtopressthe‘esc’key
inattempttoreturntoapreviouspage.Asfor theimplicitmeasures,somequickbackandforth
activitywasrecordedofsmallfixationsinterpolatedbyalargeramplitudeofsaccades,coveringthe
areabetweentheelementthatexpectstobeclosedandtheremainingpage(asexemplifiedinFigure
11),alsoincorporatingsomeexperimentalclicksinspecificareas.Thispatternoccurredwhenthe
participantsstatedthattheycouldnotreversetheperformedactionorsimplygobackastep.The
fixationsarescatteredaround thepage, revealingpossible locations forabutton/option to revert
actions.Inthespecificcaseofclosingthecommunicationsection,thesepossiblelocationsincludethe
toparea(bothcorners),butalsothetopleftcorneroftheheader(whichalreadyhadsomenavigation
informationasplaceholders).

Asasolutionfortheresultsobtained,a‘goback’optionwasaddedtothetopleftcornerofthe
communicationssectionthatredirectstheusertothepreviousactivityperformed.

CoNCLUSIoN

UC&Careapromisingconceptforenterprisecollaboration,improvingindividualperformanceby
removing redundancy from ordinary work processes. The disclosed research represents the first
iterationforinterfaceandinteractiondesignontheSmartEntercomproject.Theproposedinterface
featuresanduser-narrativesrepresentthefirstco-designed,enrichedwithsubjectiveparticipation,
proof-of-conceptoncommunicationsforcollaborativeproductionandeditingofdocuments,denoting
theproject’shuman-centredconcerns.Thedesignapproachofthisprojectusestheoptimalcognitive
loadasareference,leadingtoUC&Cfunctionalitiesthatrelatediverseinformationandtechnological
instrumentstopreservecommunicationandcollaborationinstancesandcontextsatalltimes.The
prototype’smainfunctionsreportedinthispaperare:effortlesslytaggingdocumentcontentswith
richinteractionsthatgobeyondtextmessages,asvoicereplies,butalsoinitiatingvoicecalls,email
and/orIM;thereplytoanyoftheseinteractionswithtextorvoice;andthethreadingofinteractions

Figure 11. Amplitude of gaze saccades across the page represented with red lines and circles
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that compose its context and enrich the information delivered. The re-contextualization of any
communicationorcollaborationsituationismoreefficientwiththisapproachduetotheiterative
processsupportedbytheexpectations,cognitiveneedsandoptimizationtunedwithallparticipants
representativesofkeyusers,projectstakeholdersandanonymousindividuals.Oneveryiteration,
interfaceswereimprovedbasedonparticipant’scomments,substantiatedbyimplicitdatagathered
bytheeyetrackerrecordings.Theoptionaluseofaneyetrackerdidproveaddedvalue,providing
a great source of user input when used as a complementary innovative qualitative data capture
techniquefortraditionalUXresearchmethods,enablingtoidentifyinconsistenciesandissuesthat
noteventheparticipantswereawareof.Thisprocessimplicitlyconsideredasatheoreticalreference
thecoredeterminantsofintentionandusageoftheUTAUTmodel(Venkateshetal.,2003),evenso,
avalidationoftheuseandbenefitsofafinalcontextualUC&Cproductshouldbeconsidered,inthe
future,basedontheBrownetal.(2010)revisitedUTAUTmodel.
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