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Abstract. Awareness is a concept familiar specialistswithin the field of
ComputerSupportedCooperative Work (CSCW)It is superiorfor analysng

and describing some of tlal hoc work activities that unfold in cooperation.
Such informal activities are outside the scope of engineers’ formal models,
which are created to tackle challenges concerning human activities and their
social interactionsvith regards to safety coarns in operation. This paper
drawson fieldwork conducted in a marireetting of offshore operations. It
presents an attempt to viswalithe importance of cooperative work activities
that shape computer systems. The aim, thus, is to portray cooperativiaaork
way that can be valuable for engineienplementingmarine technology. We do

so by way of presenting teansfering technique (Z) using insights from the
CSCW field and Actor Network Theory (ANT).

Keyword CSCW -Awareness ANT - Offshore operations

1 Background

Cooperative system design is descriptivased[1], meaning that “ethnography
provides a pictre of the social reality of work and interaction, one whitdy reveal

a great deal not covered by more formal analytics proced@ies Cooperative
systens designaims at promoting better use of technol¢g8lyin givenenvironmeng

by focusing ontechnology, humasand socialaspects ofvork practices. Bgineers
however,find it difficult to transfersuch (desgn) knowledge and implement ih
engireering processe]. This increasesafety challergesfor offshore operations
such as ship bridge, subsea, and remotely operated underwater vehicle rogf&iatio
For exampleas we will show in this articlemarine operators want to have safety
operations strengthened by using marine technology to monitor operptiscesses
to be continually aware of egoing group activitiesYet, marine technology may not
address such concerns since the primary focus of engiseaexhanical computing,
with an emphasis offunctioralities rather thanon social aspects, such as e.g.,
cooperationWe believe that etomaton of marine technologys ther goal CSCW
designers are concerned abotoperative workand how itis supported by



technology; however few studies and the existimgscriptive approachés marine
contextare hard understoodby engineerd4]. Also, the voices of operators ime
processesf systemslesignare omitted somehoy8].

This motivates us to explore a way of integratiragh marine operatorandsocial
and materiainteractions into systems design for marine enginefansareness is a
way that can furtheour unaerstandingof how operatordntegrate their activities and
abilities in a particular environmenf7]. With this, CSCW designersocus on how
awareness is continually establishedhiteractiors andactivitiesan effortto complete
work [8]. In response tdhts concern, we have createdransfering technique(2T)
based on the utilisation of awarenessamactor retwork [9] to help both CSCON
designers and engineers understand each.dMhes a techniquaiming at helping
CSCWdesigners visuae actors and their enacted act@twork. Further, it should
as well helpCSCW designers offer a readable map to engineers enabling them to
understad how to recognise and implement cooperative wankn programing for
cooperative systems.

2 Challenges of Awarenessand ANT in Design

2.1 Awarenessin Design

“Awareness isongoingly’ achievel in collaboration with othefsin the immediate
environmeng8]. Individuals monitor and perceive informatidhat isavailable from
their colleagues androm ther surroundingenvironment[10]. We advocate for
pursung such understanding, rather thasing theoriginal one fromthe ergonomics
community in which a mental modelks usedfor acquiringinformation[11]. That is,

awarenessn CSCW focuses on howas the case of the present studperators
acquire relatedctivities andnake sense of them, with the result tthegty are able to
coherentheir activities in relatiorto the activities of othersThis haseen identified
and described irstudieson theunderground controf12] and inair traffic control

[13].

Awareness is about observing and listerjilg Operators display actiomisat may
be of relevance to their colleagueih two signals 1) | am aware of a special work
that | am doing 2) This is my activity,will you please customise yoawn effort
accordinglyto facilitate our joint work? Recentlyresearcherhiave expaned these
two categorise$o I-awareness and \Wawarenesstherebysupportingthe awareness
of underlying processes afharedintention expressedhrough activity which is
critical for cooperation in a groufl4]. This definition extend our understandingf
the need talesign supprtive human interactions marine technology.

We proposethat awareness in marine technolodgy about processing known
evidence Marine operators know how to align thedtigities with colleagus and the
artefactson thevessel.They knowhow to ‘perceivée their awareness and make their
activities public in a material environmdiy] to ensure cooperatioAs Schmidt[7]
statesthe challenge of awarendsss in designing cooperative systenislow do the



actos deermine what is relevant tineir own effors? Howdo the actos manage to
sort out and pick up what is relevant? Hdaactoss, in modulatingtheir activities so
as to make relevant aspects thereof accessibleoteagues determine whais
relevant for he other8

Even though CSCW designers are able to inform designmustexpand tese
guestios to the activities ofpractical desigrfor engineersWe believe thatthere
should no boundary betwe€@8CWdesign and engineering in the early phasthef
product life cycle If we aim tocreatea bettermarine technologyit mustinclude the
experienceof operators[16]. It means thatno matter whether we are CSCW
designes or engineersijt is centralto outline any pre-given information processing
activity in a material environment wheoperatorsactivities arerelevant tatheir own
efforts. We ask lbbw such activitiescan be visualisedand made apparento the
operatorghrough the usef awareness? To our knowledge, awareness in designing
cooperativesystems mostlinvolves assumptioraboutacquiringinformation such as
designing situatiosml awareness in advanced systefhg]. Even though it is about
advanced systems, cooperation between and among operators, systemeand
applicable materialsare not the main topicef suchresearch Awarenessas we
address jtis cooperating a@ns and interadbns in a given and meaningful
environmen{7].

2.2 ANT in Design

ANT advances a rational materiality, the material extension of semiatickh
presupposes that all entities achieve significance in relation to offfars, ANT
highlights actorsand their networksAgainst thisunderstanding, seval areas of
research(such ase.g., healthinformaticsin surgery[18], the hospital environment
[19], a general discussioaf ANT andinformation system$2Q]) reporton design of
cooperawve work environmentsin a descriptive way These researels have
contributel deploying ANT theoreticallyvithin CSCW.

The CSCWcommunity haseenconsideing how to visualiseactors Researchers
have experimentd with an industrial innovatiomimed athelping manufacturers in
France to develop the electric car marj&]. In that study, researchers highligtt
specific actors in order to visualise the breakd®wnthe netwok, and howthe
network functions undetthose conditiors of breakdown for exampledrivers who
have toget thér car toa charging terminalvhen theg haveleft the carwith no power
in an areathat isfar away fromany charging termina[21]. Schoffelen et al[22]
suggestthat there are three aspedis readabilityfor designersvhen visualisingan
actornetwork engagemensense making, and reflection to inform desigp.means
of visualising thingq422], actors who engage anetworkcanutilise their knowledge
to make sense of their activities ameénadjust their reactiongroperlyto reflectthe
benefis of the visualisationn order tomake the desigmore readable

Thesetwo casegoint tavardshow to desigractornetworls [23] or the interactive
relations between and among actior&n actor network Still, it is a challengg23].
Making actors visibl¢21] is possibleif researcherareable to draw map5] to give
voice tothe collective annotationf23] of the actors who arectively engaged in the



work process ofdrawing things cooperativély22]. Storni[23] argues thatit is
difficult to know if mapping the design process more explicitly an#tingait more
public via maps would have helped the stakehsltteconfront their perspéives and
better inform desigh We agree yet we acknowledje that mapping the design
procesamight be difficult. Mapping the work procedummaybeless of a challenge in
terms of mapping actors and their activitigs possible approacltould be to
customisea typeof map that representle actors ina netwvork ard their activities
which canthen be usedas a tool to inform design. Moreover, thimuld be an
approacho be used whedesigninga cooperative systeifior marine technologylt is
a way todepictthe differencebetween design and engineering in mateshnology;
furthermore, itwould lightenthe approactto the relationkips betweerthe operators,
the machine, andhe systems from a sociotechnicsfandpointin orderto ensure
safety operations.

2.3 Awarenessin Actor Network

In this article we arenot usingthe conceptof ANT asinformation infratructure to
understand desigilso, wearenot aiming apinpointinghow ANT theoreticdly can
help CSCWdesigners ANT is more thansimple conceptualizatios of actors and
networks. However, ANT canassistdrawing relations in/of network§24], who
participats, and what type ofupportthatis neededThis isthe fundamentabasisfor
engineers to communicate witGSCW designersHence, ve aim at utilising
awareness$n an actor network(of marine operationsp create a common language
that can serve both design work and marine enginéersconclude this brief
overview of awareness and ANih design we present the shared challenge of
awaraess and ANTiIn order tovisualiseactorsfunctioning in anactor networkfor
designers and engineers, we need a cortbapthel us to elaboraten what isthe
basison which wevisualise somehing [21]. What is theimportant thing[21] in
neworks and their relationships, includinthe actors in their networkbased
activities?We believe hat by answeringhe questionswe conceptually contribut
providing a medite support betweeSCW design work and engineering by
borrowing the understanding of ANT to infornthe designof cooperative systems
throughthe visualisation oéctors and their associated actor network

3 A Marine Example

Empirical fieldwork on offshore operations at seabased oilfield has been
conducted Eachtrip on searanged from 7o 14 daysin the yearof 2015 The first
author stayed on board observing and interviewing marine operatorss$lensfor
fieldwork was obtained from the natidneesearch authorityln addition informal
consent forra were signedduring field studiesAmong severalmarine examples, we
choose dynamicpositioning (DP) operation since such marine technology is
extensivelyused on alloffshore vessels. @/ believe itis centralfor future marine
researclon designing for new marirend petroleum simulators.



A DP operationis usedduring pre-operationsto enablean offshore vessel to
position itself in a proper location at seBhe DP systemconsiss of artefacts,
including theDP systema DP checklistanda telescopdsee Figl). Two operators
on theoffshore vesse(chief and first officer) interact witkthe displays andperate
levers that are integratedith two operational chairs ithe marine operational area.
The marine operational arefan offshore vessés differentwhenundernavigation.
The marine operational area issijned for offshore opdians at sea.

Figl: Marine operational area on an offshore vessel.

The first officer follows the plameceivedfrom the oil company to preparte
position the vessel under platform AaateanNorskehavetOn thevessel he fills in
the checklist(See Fig 2)for DP preparation by readinfpe compass to record the
vessek current position anthetime. He then wiis to a computefsee Fig 3)which
is not a part ofhe marine operational area to chettle weather, sea wave and wind
direction from Meteorologisk, which the Norwegiarweather forecast providere
checks the plan from the oil compaagainsthis maine journal log, and writedown
necessary notes in order to remember what type of services are neededdion #atf
He thencompleteghe checklist It is important to notice that the checklist is paper
basedMoreover it toois not a part othe marine operational area.

The first officer does not immediately sit down to start his work. Idstea picks
up a communication device and dials a number to call the engine room. Haesks t
engine room about the engine status because he needs to be aware whetissethe v
is in the proper condition for his operation.



Fig 2: Checklistfor DP preparation

The engineroom repeatshis questions and double confgnthe operational
conditiors, including theweather conditions with bottie first and chief offier. The
engine room is also aware dlie safety operatiorrequirementsbhecause the DP
operationmustbe doneaccording tcstrict requiremerstfor sea wave and windhen
the first officer marksthe engine statsiin the margin of the checklist and starts to
position the vessel.

Fig 3: Computer area otneoffshore vessel

The first officer moves the vessslowly and stop again.He passethe operation
to the chief officerpicks a telescopand says:Could you please help me kwld my
operatior? | neel to check where the rigs. | cannot see it because the rooftio¢
ship's bridgeis blockingmy line of visiori. The chiefofficer stops his work checking
the service plan fronthe oil company ancholds the DP operatiofhe frst officer
walks to the wadow ofthe ships bridge inthe marine operational area and usies
telescope to look for the platform’s rigee Fig 4 He puts down the telescope and
guidesthe chiefofficer orally to move the vessegradually Simultaneouslyhe talks
with platform A to ensure his guidance is correlelatform A needs to confirnthat



the vessel is in an apbsition for working on the offshore operati@ng, for loading
cargo fromthe platform to the vessel

Fig 4: The first officer looks for the rig and guidée positioning of the vessel.

4 Transferring Technique (2T)

From the marineexample and within the optic of ANTwe can sedhat thefirst
officer, the computer,the checklist,the chief officer, the engine roomplatform A,
and theDP systemare connetedas actos networkedto ensure theafetyof the DP
operation We add the concept cdwarenessn the actor networkto visualisethese
activities — ‘the actors and theirelationships—in a specific DP operation at sea.
The first phenomenas the self-awarenes$14]: the first officer fills inthe checklist
but he does not need to chettle engine statun relation tothe processnanualfor
DP operationsHowever, he is aware tfie engine and that may obstruct his work
if it suddenly stops or wés incorrectly, raising the possibility ofunsafe events
Therefore he calls the engine room and nmike statusin the margin ofthe
checklist. Welluminateit: | am an actor in the network and | cateoutinformation
that is important to my work. le®d such information to inform myself that my work
is taking place under conditions séfety.

Thus if we visualise an activity and its relationship with other activities,must
account for setawareness ahe actor doing the network. Selfvarenesss the local
interest of an actor who carries it out on his own and through this genargtal for
the whole actor network here a network of safety. Hence, the current DP systems
should consist ofhree componentss apart of the function of the marine operational
area: the checklist, the engine status, and the weather conditions. Howeusy, add
these functions is not about simply adding them to the currentyBfm. For the
purpose of visualisation, we need to consider how such reshaped rigneio
associated with other activities in actor network.



Sincethefirst officer camot check the engine status directly, he callth®engine
room for help.The angine roomanswershis inquiry. Additionally, he doublechecks
the weather conditions with betofficers. It seemsthat theweather condition is
common information for both side-the operational areand theengine roomThis
can be understood as Vdwareness[14]. The engine roomdoublechecks the
weather because it is also concerned aboutysafbeé exgine room needs to confirm
with the officers that their operationare within thoseallowed under theweather
conditions.Hence, the DP system chasgdevelopng from one visualised actor to
the relationshipdetweenactors who share the same interests in an actor network.
Figures 5and 6 visualisesuch dynamic charactstics by using casetudies[26] to
detailthenecessary visualisations.

1

First officer and his actor netowkring

Fig 5: Firstofficer, selfawareness andafactor networlof activities

After the first officer hasprocesed the information he workscooperatively with
the engine roomhe thenneeds to hand over hjsb to the chief officer in order to
find the rigto assist the vessatito its proper positio. In the meanwhile, platform A
also engage& the network by communicating witthe chief officer. As this is
happeningn the actometwork, each actor’s interesh safety and his activities are
associated with several areasvad-awareness. For exaneplthe first officer cares
whetherhe can succefidly find the rig and help to guide the chief officer in
positioningthe vessel correctlyThe chiefofficer is awarehat his ability to position
the vessebepends orthe oral guidanceeceivedfrom the first officer. Platform A
need to beaware that both officerare involved impositioring the vessel at the right
point under the rig sthe continuous communication between platform A #meffirst
officer doesnot end until the vessel is in the righape. The common interest behind
all theseactivitiesis safety which is allied to thewe- awarenessccurringfrom time
to time duringthe DP operation betweethe first officer and platform Athe first
officer andthe chief officer,the chief officer and platform A. Hence, we define allied
we-awareness as group awareness



First officer and his actor netowkring
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Engine and its actor networking

Fig 6: We-awareness, first officer, engine and their combined actor network

If we expand our understanding of such dynawrt@ngesof alliance inwe-
awareness, it is not difficulbtdescribethe relationkip betweenthe DP system and
the other systems on vesseRegarding the relationship between different types of
awareness, wassert thasystem functions based on group awareness ghepetor
networks. By subscribing 23] to and from different netwoskof actors the functions
of marine technologwre reshapedelative tothe current marine system3hrough
this approach, we believe actors and their interactions in aetwvorks can be
visualised based othe systematisation of differertypes ofawarenessFigure 7
demonstratethe visualisingof interactive relations foa cooperative systenetroski
[26] states that “design is to explore everyday artefacts and sophisticateatksetw
about the way engineers think about problent$énce, we believe thatwith 2T
marine engineers could follow their regufaacice individing system problems into
their constituenpieces[27] and further exercisethe use okoftware modelg28]. 2T
helps to include the operators and their interactive relationships with marine
technologyto creak an engineeringpproach teystem development

5 2T-Supported Marine Technology

2T-supported marine technology makes a twofold contributioBS€W design for
marine technology.2T supports the design community in offering a readable
visualisation [22] of actor network. With a particular emphasis on Latour’s
observation about making things pulR9], it improves readability22] and allows

both designers and engineers to sit at the same table in understanding s@operat
systems through a visualisation platforactor network We claim that each side of
the table could make sense of the perspective made available rggardat
cooperative work means. If there is no detailed explanation, the enginders w
probably understand the network in terms of system requirementseasak of the
system’s functionalities. Hence, it is easy for them to asleerabh pieces of



functionalty as cooperative systems. Therg assumehatthere is a tendency, from

the engineering side, to believe that every piece of the cooperative system has a
hierarchical structure. Therefore, the operators, their interactive reldperend the
sensemaking that evolves from their combinations are readily dismiE2&®0].

Fig 7: Actors,groupawareness and combined actor network



On the contrary, cooperative systems conflict with such ideagpraviding
structure for thefunctions of the marine technolog@®perators can tell rich stories
about the operations itheir living and working envonmentvia their language,
behaviour, and their reflections on their daily wo@SCW researchergngage in
situated envionments to learn from operatoRrthermoresuchunderstanding from
designeranust be delivered to engineers. govides CSCWiesgnerspossibilities
to do so byintegratingsocial activitiesthat outside the functionalities ofmarine
technology Additionally, 2T enlightensengineersa wayto re-engineering functions
of marine systemso support cooperative warkSuch way contributein helping
engineers to understand that the work procedures of the operators ad ahdp
reshaped based on a given material environmére marine operational area.
Moreover, such way contributes to highlight actors in actor netwattk specific
supprted functions for different offshore operations In this way, engineersould
understandperators regulate their activities by combining both material and places
with regard to their common interestactor network—the safety operatiothrough
the exising diagrammingtechniquesi.e., UML To some extent, such activities
enforce the safety attributes of tbéshoreoperations, and of course challenging the
structure of current DP systems. For cooperative systems, to comsd=ynplexity
of the sys¢m from a single perspectivanly is not enoughNoticeably, the non
functionality of cooperative systems, such as human operators anéhtlueince on
the work in a particular setting, may result in a great impact on the systutture.

Sgrgaard[31] suggests that cooperative work is #udararchical; that is,
cooperation “is to work or act together for a shared purpose. The work is dane in
informal, normally flat organisation”. We acknowledge thégerenceand reflect on
thevisualisation of actors. From time to time, actors engagetior network with an
awareness of theown role in shapingnd reshapingvork procedures and therefore
the ability to cause dynamichanges in thenetwork. Network happens in dlat
organisation. It is not only abotite systems’ ability to helphe operatorgo complete
their marine tasksbut it also identifieswho is in the network, doing what, with
whom, using which part ofhe systemand towhat purpose. In this casie operator
is aware ohis own work andconducts hisctivity publically[8]. Awareness imctor
netwok frames the relationships between and amitreghetwork as self, we- and
group awareness. This phenomenenablesus to understand cooperative systems
from the designers’ perspectiyeand what the system development may need to
improve. It is not a wayf moving simply from requirement to programming and
engineering design. Instea@T is a techniqueby which designerscan validate
requirementsby logically following the visualised actors and their associated
network Hence the functionalities in coopettive systems are organised to asiet
visualised network rather thasstandalonsto realisethe basic functions.

2T allows designers to communicate with engineers via a visualisagtimod.2T
permits designers to explain and visualise network to engineers. In marine
technology, safety is an important factor in every kind of productuaade{16]. 2T
is developed based on awareniesactor network All types ofawareness are geared
towards safety as the goal. We beli@fe could serve as a technique for enhancing
marine technology by engaging design knowledge in the engineering figddi [38]



suggestshat visualising the network could provide a method for design that allows
the actors themselves todicate their concerns. For marine engineers, the actors’
concerns are represented as system requirements. Thus, a common ndidgrsta

between the desigreeand engineers is essential.

Also, it should be notedhat 2T does not denynechanical computing with an
emphasis on functionalitie2T could serve as an alternatitieat takes into accounts
operators’ actual work situation. In its present fomechaical computinghas little
potential for take care of the human factf8g], including an inability to understand
the influence of coperative work and its supporting systems in real 2feoffers an
opportunity to bridge the distance between design and engineering winglidesign
knowledge to support engineers in realising the functions of coomesystems. By
following the adtor networkprovided byCSCW designers, engineers can detail and
realise functions that will support each of the actors and their étiteraelationships.
We believe this could provide the operator with a better experience when lsing t
marine operational area afekling safe in their daily activities.

6 Concluding Remarks

Safety concerngn offshore operationsire essential We have use@dwarenesand
ANT to visualse an actor networkon an offshore vessein an effort to capture
activities and their social interactions aimaterial environmentinvolving humans,
marine technologies, and material employed by hum@nkglp dealing withsuch
safety concerns system developmenBy doing so,we illuminate2T for engineers
designing marine technology by visualising the importance of cooperativk w
activities that shape computer systems on an offshore vissadur aimthat2T can
assist in enhancingrechanical computingy including socie and material activities,
rather than leaving them out formal models.In this way, we aim at supporting
engineers to implement cooperative system to scope operators’ actaviietheir
social interactions
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