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PROCESS. REPRESENTATION AND TASKWORLD

sunctional system can comprise of multipte individuals, working in a complex
cavironment, and using artefacts in performance of a task. A DC analysis
sxamines both the work and the division of fabour required to co-ordinate the
activities of the individual agents within a single framework. This allows the
artefacts of work to be examined as resources for co-ordinating the coltaborative

aspects of work (Robinson, 1993: Brown & Duguid, 1994), as well as the means

of performing work.

In DC, information is studied threugh the representation that it occurs within
_the media or ariefact that symbolises the information. This is a more
manageable unit of examination than the more stippery ferm ‘information’. The
context that work is situated within sets the problem and specifies the resources
{and constraints) that are available to the functional system: it determines the
raskworld within which activity can occuf. The activity that transforms the
representations within the representational media occurs through the processes
of work. either as structured, organisationally determined procedures, or social
ng work systems i these terms allows the apalyst a more
criteria for examining and organising situations of activity
than using those of “activity’, “information’ and “context’, non¢ of which can be
easily categorised of defined. Through the DC analysis, the representational
media, the processes transforming the representations, and struciure in the world
of their activities are made explicit, giving an
reanisation of the elements of work (the

practices. Describi
easily specified set of

that the agents use to make sense
insight into both the work. and the o
division of labour).

RICH ENOUGH DESCRIPTIONS OF ACTION

Within social groups, DC can be applied to show how interpersonal processes
are used to co-ordinate activity, where cognition is said to be “socialty
distributed’. The distributed cognitive approach is used to identify information
a particular task-system through its inputs and outputs.
processes and representations. 1n practice, this nformation can be gathered
these types of social and organisational systems through field studies that
examine the task, goals, participants, artefacts, the various resources and
constraints. transformational aciivities and co-ordination mechanisms that are

processing activity

used in the performance of work.

The framework of distributed cognition gives an analysis of a task phrased in
terms of the peopte, artefacts, context and their organisation with respect to one
another - the representations, processes and taskworld. However, only the
resources and activities that compose of the information processing component
of the task are featured in the analysis. Whilst it is recognised that such
descriptions cannot caplure the full complexity of the situation, concentrating on
these relatively simple elements of work and their inferactions can provide a
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qualtitatively useful analysis of work. It is an interpretative form of analys:
because the described systems are descriptions from the viewpoint of the analyst;
they are necessarily subjective and limited to the range of experience that the
analyst has access to. This is a significant feature of the approach, and is one
where distributed cognition diverges from cognitive psychology. which tends
towards describing a system’s information processes as the method by which the

cognitive system operates. rather than one of many possible means of

description.

PUSHING THE BOUNDARIES OF INFORMATION PROCESSING
THEORY

The information processing (IP) approach to human cognition assumes the
representational theory of mind, as prompted by cognitive theorists such a¢
Pylushyn (1984) and Simon & Newell (1972), and where information is encoded
symbolically in representational states within some physical medium. Changes 1o
these states are moderated by various processes that act on them. and successive
stale changes to the representation result in problem solving. This approach is,
however, not exclusive to a description of “mind’, but allows the analyst of any
such information processing system to deseribe the activities involved in goal
directed behaviour. In this sense. the |P appraach to problem solving is hardware
independent.

In situations where more than one person is invelved in problem solving
activity. or where the problem solving process is externalised onto physical
artefacts, the IP metaphor can be used as a means of exammning what aspects of
problem sofving behaviour occur in particular activities and physical locations.
In these situations, the representations being passed berween individuals through
the IP system are visible to the aralyst, in the artefacts that are created, modified
and combined. This means that the analyst is able (o “step inside’ the cognitive
system (Hutchins, 1993a) in a way that is not possible to do in psychological
studies of mental activiry (Perry. 1998). In the framework of distributed
cognition, cognition is not simply used as a metaphor relating to comparisons
with the human mind, with which Lo describe collaborative systems (Larssen &
Christensen, 1993}, Rather, it is used as a means of describing the functional
architecture of a problem solving unit.

Cognitive systems can be, at feast tunctionally, described as consisting of
four elements. These consist of a sensor, and an action generator, which enable
the system to take in inputs and to produce outputs. They alse have an
information processing system which can transform the representations either
sensed, or stored within the fourth part of the system, the ‘memory’. 1t s
tmportant to emphasise that this is a functional description of 2 system - the
framework does not attempt to describe how these elements are physicaliy
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i + that system can be usefully be
smbodied in the cognitive system. simply that the system d(.a"ﬂ iﬁo cfully be
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e i 1 e 3PS ; OURY:
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{it neatly nto indivi : :
fUnL‘t;(m;g fz%ft_? l:]:dmdﬁal units - agents can perform several, if not all of ti'l
s of the system. For ex ) ; '
N ysiem. example. an enginee , e
performing calculati g . gineer may be invo
kn{)\"itdnf (Ca!ttaldtzons {information processing}, they may act as a z’epf"t
viedge (syste v1. they IBe ), ey may act as a reposits
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FS18 - o] P . A & 5
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system, and 1hémw)' In other cases. several individuals may interact in N
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E erefore differ. It ft i
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The functional description provided withi is fi
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s of 210?;{1:;]?%“? \ivztl? any size of cognitive unit, beca:;z '
oot ot 2 i € C;ﬂ%rdl 1‘0(;115 of enquiry, although they may make i
it fourr}Lco:. i-,lS useful to deécz'ibe the activity of 1%15 cogﬂé:t
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REPRESENTATIONS AND PROCESSES IN WORK

The distribute i
ed approach to informati i .
ormation processing i
powerful tool wi o N & provides researchers with,
power Wor‘dl “111(1 which to explain how co-operative activities are co-o d\‘mh;
withi - f'cttmgs. Analysts require a means of describin«; th onen,
L ot world seftin fysts an: g the components
N indgvgéua;? tlo e:\pldi.n‘zhe mechanisms that co-ordinate Droupi}of co-
g . In cognitive science, these i p : -.
cperating indivic : 2 . these properties are described in’
| ’ ’ : S i
s of anp ;zeritfitf{)les and processes of individual thought. This cognili\.j;
ramework e in.xf&r;deé te examine larger units, to include énc%i‘:iduaif;:
inte o external representations, and i i :
peractne il nal repres 5, and the interactions of multiple
{;9953)‘ y 0;1 work settmg. This cognitive process, as propesed by H ‘flil_i‘i.‘f.
Jak mvoly i ‘ N entat .
(1593, | es computations ‘through the propagation of re . onal
state across a variety of media’ (p.xvi) ) representatons!
The develo " distribuled c
pment of dis it
bOP - el i lﬂbmed'cognmaﬂ has drawn inspiration from the
o el stribute grm?essmg (Rumelhart & McCleliand, 1986), or
connect ih&; ;Vh p!proach to individual. neuronally based cowni%i(;n .In PE)QEJ}
system: ’Com.li{ivz i p?ttert? of agent activation is the mea;1ingi’ufunit‘ o.f analysis
gnitive system is multiply conne e * Factors
: : onnected and
e e coentt st : conirolled. Important {2 '
n af o ;mg (;l information by the PDP system are the conztraf t fd?zm
N e rma VS d straits of the
ok s e g,e‘m,t ?; of the processor: there is no distinction between {E:Z
e S\its cess%e.d dnd the information processing structures {Norman
ystems of individuals {as in DC) are not as easily %pcciﬁed‘ :
sily spe or
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nomogenous as PDP systems, the PDP approach does show that self organising
systems of information processors can work together 1o produce apparently
mtelligent and cognitively functioning systems. The distributed processing
approach of both NC and PDP entails a major rethinking of cognition. in which
the intimate relationship between the psychological and social phenomena s a
major feature (Norman, 19861, As with the PDP sysiems, investigation of the
(social) protocols that maintain and co-ordinate individual processors is
important in the specification of cognitive siructure for a DC analysis.

Cognitive systems must be composed of information processing units, n
social systems, these agents are invariably people - but peopie work as
individuals - individually functioning, independent agents {Satomon, 1994).
However, through co-operation, individuals bring unique skiits and resources 1o
problems that they can use in conjunction with one another to solve their shared
problems. The co-ordination of these rescurees is crucial fo the co-operative
activity that they are undertaking. Fach agent brings resources 10 the problem
and must engage in communicating their ideas 10 the other participants using
feedback to modify their behaviour in the light of the other agents’ activities.
Fajlure to co-ordinate these mechanisms will resuit in the failure to produce a

good solution. or a solution at all.

TRCHNOLOGY AND THE DIVISION OF LABOUR

Ome of the problems in performing collaborative work s organising the task into
component parts that can be performed by individuals. This must be managed 0
that the pars can be physically integrated back together again after the
component parts of the task have been processed. Attendant to this process is an
issue of co-ordingtion 10 CnSUE that the individually assigned parts arc
performed correctly, and in a form that can be re-integrated with the whole.
Hutchins (1995a) describes this as the “division of jabour’ and demonstrates how
it is mediated through social, culturat and organisationally determined protocols
in a navigational context. Difficulties in the process of distributing work can
arise through individuals not performing their set roles, but also because the
individuais fail to co-ordinate their behaviout to perform the task. Improving the
co-ordination of work can be effected either through organisational change or
the adoption of new technology, neither of which can be considered in isolation
(Grudin, 1993).

Individuals can be aided by developments in technology that enhance their
productivity through aiding their creativity, memory, information processing
capabilities and other human ‘inadequacies’. However, integrating  the
individual’s performance with that of others is crucial to the performance of the
group. and this invoives co-ordination. New and more powerful communication
facilities by themselves will not of themseives necessarily result in better co-
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ordinated work; howe _
work mﬂemei;}ffowc\f_er, \_,vﬁeﬂ used appropriately, they can allow indiv
it s also fmp(}ma;r: ;ﬁecg\fely_ Fo support functional systems with tecly
e o understand their informati ) ch
that technology can be i r information processing requires
resources ;Uéé can be implemented without disrupting act%vi{: b‘»qm]rem
Whon dwa(c‘ i co-ordination (Brown & Duguid, 1994 Halver mo
Ay }p]ng new Sygteﬂgs t§ et . i L2 2 JRFSON
Co 3Ys 1t involve the transf ) : _
maintaining the reconress ; > transtormation of work. pf
o m? the rf,soiurus used in co-ordination may be as crit ‘Ork pf‘éc
proposing augmentative technologies 5 critical as:

FIELD STUDY - DESIGN IN CIVIL ENGINEERING

To demonstrate how -

R {wd& hfow the distributed coenitive analysis c¢an be cond
’ ¢ from a fie Cis ai N S ¢ conduct
enginbering o i%ici study is given below. This example s an a ;E &
wop 12? esign in the construction industry. The compl-ui ‘t ‘(} e
resent in 115 entirety | it < cte study is rogila
: Y here - i IS not an i : an

demonstrates how an inf . an in depth examination of des :
strates how an information processing approach can be lpp]_(;dgﬁgn bu
an be applied.

Background - goals and resources
The backer 3
ground of study s an 1 .
e char prwide;i&e study is an importance component of the anai.
pecau § the context that problem solving takes pl; thin, The
ground to the activity is used to identif Honal spstems sea o5
e o the aci Y 15 used to identify the functional svstem's voals a
opress. The Or:y ces include t%.ac people involved, the artefacts avzilai;§
prem. and ¢ ,u_dms‘czlmnal relaticnships between them. These & ava ¢
;;ymg structure of the functional system s make up e
e field study described involved 4
covens el mvfji-, descflbitd involved a road building project E-'-'ie]d-w. '
oty 'e,m-em of three spatially distant teams u:'orkz'n? fi . G!
nstruci mpany {pseudonymously called ConsCoj. S Tl ot
erganmisations also took part in the C()ti‘éf;i i oo thone o
oarions also par struction process, and these were al;
o beund_a;m Oifj::]x ;1;>t in such depth. Note how the work activin del‘c: 'e fﬂ_S
Joundar t}m \ ¢ tunctional system, and not the commercial cr}t.vi.tias o
¢ “permanent works' tar
o desion o buid " went .‘T&orks - OF permanent road structures, ConsCo had
oo a2 Pporting structures known as “temporary W(}r};s‘ The:
Y § comprised of non i 2 scaffoiding
‘ -permanent items, i i i :
concrete moulds at — P ems, Including scaffoldi
e ot ._;aﬂd supply roads. These temporary works ori;m'ﬂj,(i O'gd]?hé
RRF-ARD 2Tane : . ! e
(ot s doms ;)W‘Tt?nfnt'vtori\s. t'nz't had to take into account ;ie conditio {3
puch o (moﬂ.q cather, soil condition, and existing structures) and avajl ;z;f’.
esoure oney, time, materials, equipment and labo X  for
it dosreny ur) not accounted for in
A number :
of people were | i .
: mvelved in this desi
constramn ek OF peop T 1S design process, includine ¢
(e ruction te ur.ar:;adc up o'f & team leader, seven engineers {one senior Ifhb *d
graduate engineers), two foremen {supervisors), five ﬂ;mf-i
sors), five gangers
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general labour (varying around forty). The team
the main site office and were supported by a design
_ordinator worked closely with a design engineer to
nts into a temporary works design solution, Several

I to ConsCo were also closely involved,
was built o

(junior supervisors), and
anerated on-site, away from
co-ordinator. The desigh co
develop the team’s requireme
ather individuals and groups exterta
‘resident engineer’, who checked that the road

including a
a raibway operator and an environmentat agency, each

contractual standards.
with their own responsibilities.

So, the goal of the design system was 10 construct a road, following the
ermanent works designs and contractual details. with commercial constraints
Way O causing environmental damage. The
construction team, the design co-
the railway operator

8
{cost) without disrupting the rail
functional system therefore included the
ordinator, the design engineer, the resident engineer,

organisation, and the environmental agency.

Inputs and outputs

from the identification of the goal. the initial inputs to be processed
must be identified. Also, the outputs of the system also have to be made clear.
The identification of the inputs and oufputs helps o identify the steps required to
moderate transformations between them. The basic inputs and outputs to the
example design system are described below:

The inputs included the permanent works drawings, the contractual details
for construction. conditions prevailing on the site, paper documentation about
the design process (handbooks and manuals), and knowledge about the design
and construction process in the heads of the agents involved.

The outputs of the design process Were the finished temporary works
designs, approved by the feam, the resident engineer, the railway operating
organisation, and the environmental agency,

Whilst these inputs and outputs are at best sketchy. they delimit the structure
of the problem that the design system must selve, Once the inputs and outpuls
have been identified, the processes and representations that are used by the

functional system can then be gxamined.

Folowing

Representations and processes

A huge number of representations operating in the design system were
identified. These were held within the minds of individuals {but not directly
observable), and in artefacts, which formed the tangible media representing
design information (observable). These media included drawings, paper and
pencil sketches, letters, post-it™ notes, schedules, letters, method statements,
risk analyses, works records (a diary of site instructions. records and requests Tor
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informati ; ot b { .
o i;of}){ and oifle-r paper based forms that had to be completed in the cou
o .t} 1@ ;lir;efacts carried representations that could be commufgn .'
stween the collaborating actors inv i .
A ; olved, alowing them ¢ ! i
we : . 2 o perform the
mdl;;dt];ii igsks, as well as the collaborative design goal " l
e desig AGEET WEre parts Do i ‘
chat de{em}i;‘:ndpr(?f{:%sus}vfercb partiatly preseribed in the handbooks and manifs
at de ed refationships between agents, and i isatio
; ‘ 5 s, and in the organisat '
they inhabited. Thes ifi . o ek oo
3 . Fhese specified where the responsibiiiti
] esponsibilities for tasks lay.:
determined the roles th indivi | o e ol
s that the individual agents 1. Whi o
term: nts had to fulfil. Whilk
often followed. particularly f " ‘ oy ey
. rly the safety related ; :
. A 3 E rules, thev were used as ral
organis y o . P sed as general
od }1si__r;g principles, followed when appropriate, but worked around wh: h
methods were more appropriate. et

Th 1 . .
- .tc a;‘idac,ts also provided a resource for structuring information processi
activity. In some cases, the artefacts i

3 528, acts helped to determine ;
-t nsor ‘ ine how they were 1o
used, by limiting the funct P
. by g unctions that could be perfi i !
3 ) riormed through the 3]
structure, This structure mq i ivities P
. s made certain activities h { fac
. s hard to perform he arteft
and others easier. For e ¢ | } ot ik Tt
s ) xample, paper forms had boxes to (1] i t imit
d ott L oxes to fill m or tick iify;
the actions that could be performed on them el fimiin
Structures | > i ite
e mctlzcs in the environment at the site and office also helped to determin
€58 e ic |
dewrs{l occ ;s; ippfl_la,d tg par;cular probfems or representations. Thess
e configurations of representations ¢ e
¢ g ns and processes applie :
design problem. For ex: i s e o losations
. example, on the site, large dis .
. . istances made the locati
people difficult, and communicati di b ot
. wmnications were disrupted by thi Tic
people. ‘ \ srupted by this. In the offic
o I, bécause agents were co-located, they had a broader range -of
L c el At i " e
mamm“S {Z;auom media at their disposal, The organisation of the construction
caim's office was central fo interacti / : !
ons between the team. because i
access to problem solving res infi A
resources. When inf i ' i '
| g ormalion was re d by :
member. it ¢ 2 aecmscad o i [ eare Ty @ team
momber t;;}illdhbctidcc?s?d. either by asking other people in the office. or by
¢ through the filing archive. Proj i i : .
_ g . Project information was held in fi
scattered around the offic ivi o o e s
ice. Individuals also maintai i
scatter A s aintained their own files
activities which could provide infi : ‘ oy swere ok
wide information to oth
‘ er people w hey were
physically present in the office. PR e they were not
Spoker ication fi ,
. bepr i"} C{)rf}mummtzon from the desks, allowed all of the people in the room
C(}mri%;z:grte ?}f deyelopmen}ts {similar in pature to Heath and Luff, 1991) (;r
! 0 the 551 he 2 Goni i . ot
comil Gmdmmlt dx§cu331()n}, When the senior or site engineers wanted 1o speak
g ate engineers, they could stand 1 ¥
apied JE h p and tall over the top of the des
partitions, providing a visual i o the room
; sual and auditory focus of attention i Thi
P! ! ‘ y focus of a ention in the room. This,
developmiict}flxi toddk‘gp aware of ongoing conversations, and abreast of
nts. In addition fo these ‘open’ cc i .
feve ‘ : wnversations, telephone calls
carried out cyise thi ) phone calls ware
parried o C(}ln]{;o:df‘v'o;us‘ this was partly because the level of ambicnt noise in
uld be fairly high, but also be i
- ‘ . so because it allowed the others | >
to overhear part of the conversation. e omhers n the room
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The distributed nature of the site made contacting distant individuals
difficult. When people were not present. various media could be used to
communicate. through the radio. by placing written notes, sketches. method
statements or risk assessments on people’s desks, or jotting notes onto a
whiteboard. Messages could also be left with other people in the office 1o pass
on when the person returned. When information was required from a person who
was not present, paper-based information on people’s desks (*desk fitter™) could
provide information to their location or the task that they were currently engaged
in by reference to the drawings and other representations on their desktops.
Other physical artefacts also provided information on the people’'s whereabouts:
if a person’s Wellington boots and hard-hat were not present, they were probabiy
et. muddy boots under their desk, it meant that
could be asked about it. Even the window was
f this was the case, then

on sife: if someone had a pair of w
they had recently been on site and
used to see whether people’s cars were in the car park: i
that person was likely to be available.

Contact between the dispersed team members with the site (distant from the
office) was made possibte through the use of a portable hand-held radio Hink,
allowing the engineers, gangers and foremen to call gach other. The radios were
kept on all of the time 50 that contact calls could be made. Interestingly, the
background noise of the radios was also used as a means of indirectly
monitoring general activity on the site because distant conversations could be
attended to. This was possible because of one of the qualities of the radio as a
medium of communication: the radios were set to an open channel, and ail
commaunication ook piace on a common wavelength, This meant that both sides
of a communication could be overheard by non-participants with access 10 @
radio. As in an open pian office, which allows overhearing, or ‘surreptitious
monitoring” of conversations, the radios provided a similar function between

different individuals.
Transformational activity

The transformational activity perforined by the functional system involved
taking the inputs, transform ing them into representations that could be applied in
the design process, and re-representing them until they matched the desired goal
as an output. The ransformational activity involved co-ordination of the
representations, matching them o an appropriate process. A description from the
field study about how these transformations were performed is given below. In
this example, information was gathered from the field about the conditions on

the site relating 1o a problem with the bridge.
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the relationships between the two data sets. The sketch shows that the measured
slope had a gradient that did not match the gradient on the drawing. The form of
this representation clearly demonstrated this discrepancy, through the difference
that was exaggerated on the differential scales of the axes.

The reason for this problem was that a sub-contractor had driven the piles to
incorrect tolerances. This  discovery of had important consgquences on
cubsequent design activities hecause it limited the loading that coutd be placed
on them. The finding resulted in a change to the construction process and
temporary works design in surrounding areas.

APPLICABILITY OF THE APPROACH

The example demonstrates how 10 perform a distributed cognitive analysis. It
shows how a cognitive approach can provide a means of exploring situated
activities without the analyst experiencing the ‘blooming buzzing confusion’
{James. 1890) of the complex observed setting. The approach aliows the analyst
o break down the observational work into a manageable collection of
interrelated features that are relevant 0 the problem solving activity. By using
methods from cognitive science we can give system descriptions in terms of the
functional attributes of a cogniive processor. By disregarding the specifics of
implementation, and jooking to the higher level terms of what the system does
rather than is (i.e., a functional description), we have shown how the most basic
constituents of a distributed cognitive sysiem can be said 1o consist of a sensory
system, d System memory, a processor and a means of acting on that processed
information.

The external symbol system derived in the analysis will be incompletely
specified and is not intended to be a formal computational structure. In practice,
such a method would be too costly to examine for afl iransformational actions in
the functional system, In addition, the interpretative nature the ethnographic
approach does not lend itself to this approach. The method of data collection and
its analytic framework suggested here do however provide a means of examining
aspects of information processing by a group. 1t cannot be treated as a total
description of work, but more as a means of getting a deeper understanding
about the activity in s conlext.

Whilst DC has a number of highly useful features in representing the
{computational) naiure of cotlaborative work, w¢ recopnise that, as with any
description of activity, potentiaily valuable information about work can be lost.
This can have benefits, when information not relevant to the problem is filtered
out. but it also means that important information about the setting can be lost.
One example of this is in motivation - DC analyses cannot provide a means of
including the motivational factors that operate in work relevant to the
performance of the task. The problem solving systems described in DC are
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propertics of work systems by demonstrating how representations are used, both
as a means of organising and wnderiaking collaborative tasks.

Analyses of activity using distributed cognition as an organising structure
allows the instigators of organisational change to make better informed decisions
about the systems they are involved in transforming. it aliows systems designers
10 visualise where problems exist tor collaborative problem solving so that the
functional systems can be augmented with appropriate technological support. It
also allows managers o manipuiate the configurations of people and existing
functional systems to make better use of the resources available. As importantly
as suggesting how changes can be made. such descriptions can provide
information about where systems shouid not be changed (Halverson. 1994).
cither because the co-ordinating properties of the representational media cannot
be reproduced casily in computerised artefacts, or because change to the
£ work conld result in the loss of valuabie, task reiated information.

PrOCENses O
examine

Cognitive science provides d useful frame of reference (o
intelligence, problem solving and other areas that are censidered to form the
basis of human intellect through examining the processes that organise human
behaviour (Newell and Simon. 1972; Gardner, 1985: Fluschins, 19935k} Tts does
so through examining how information s represented within the cognitive
system. and how these representations are transformed. combined and
propagated through the sysiem (Simon. 1981). The added benefit of examining
cognition within systems larger than the brain is that many of the representations
are directly visible and do not require the indirect methods of examination that
experimental psychology has to use. In essence. the analyst can physically enter
the cognitive system (Huichins, 1995a) 1o see first-hand the representational
activity within that system. However, some representations are invisible to
examination. because they are located within the mental domain, In the case of
distributed cognition. the level of granularity in the analysis is only concerned
with the inputs and outputs to agents, and not their internal representations. This
allows us to examine the co-ordination of work between agents.

As a final note of interest, one point that is not considered in the analytic
framework is how representations come o actually represent information - DC
does nol attempt to enter into this area, simply considering the use of the
representations. However the question is not trivial, as the cognitive system must
somehow recognise arlefacts as symbol bearing representations. The social
consiruction of a representation is necessarily a social process that takes place as
various aclors come o infersubjectively recognise the meanings within the
structure of the representational artefacts. This is, however, not critical to the
description of [P activity, and is effectively ignored for the sake of simplicity
here, However. it is an area that we believe merits further investigation.
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