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Accidentology: An Example of Problem Solving by Multiple
Agents with Multiple Representations

Laurence Alpay. Alim Giboin' and Rose Dieng

1 Introduction

“When we interact with one another”, Normun (1993: pp. 81- 82) writes. “we have to
transform our thoughts [let’s say also our ‘mental representations’] into surface repre-
sentations [e.g. words, gesturcs, objects] so that others can have access to :E..:.
Norman illustrates this idea by giving a virtual example of & person Henri
who had a car accident, and who relates it to his friends like this:

“+Here,” Henri might say, putting a pencil on the tubletop, ‘this is my
car comingz up to a traffic light. The light is green, so 1 go through the
intersection. Suddenly, out of nowhere, this dog comes running
across the street.” With this statement, Henri places a paper clip
on the table in front of the car to represent the dog. ‘I jum on my
brukes, which makes me skid into this other car coming from the
other direction. We don’t hit hard, but we both sit there stunned.’
[--J" (Norman, 1993: pp. 47 48.)

In Henri's relation, the tabletop, pencils and puper clip (among others) are arte-
fucts used to represent real objects such as the street, the cars und the dog. ._._.E...é
surfuce represcntations, we will say, allow onc to make onesell :.En_.w“_oon. that is,
they are “‘representations for sell -understanding™. The sume representations, Normun
adds, arc also ““a ool for social communication: Several different people can share the
tubletop and the story at the sume time, perhaps suggesting alternative courses of
action™. For exumple:

“*Look,” Maric might say, picking up one of the pencils, ‘when you
saw the dog, you should have gone like this.” ‘Ah, but I couldn’t,’
Henri might respond, *because there was another car there,’ and he
puts yet another pencil on the tabletop.”” (Norman, 1993: p. 48.)

In this collective relation, the tabletop becomes “u shured workspuce with m__..:.mn
representations of the event.” In this situation, the surfuce _.nv_dmo..:u:o:m, we s._.__
say, are “representations for mutual understanding”, i.c. representations providing “a
shared and explicit ground for communication” (Ostwald, 1996).
1The theoretical framework presented in this chapler was proposed wnd developed by the second author
Alain Giboin, i.c. the application of Ostwald’s model ol “representations for mutual undertandine™ led-
ing to the nouion of “representations for mutual apreement”
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Although hypothetical and simple, Noiman's situations of an accident report pive
an idea of multiple representations (internal and external) used in groups. Our aim in
this chapter is (o explore further multiple representations in groups, by considering
real and complex situations of accident reports. The situations considered here are
those where car accident specialists, or accadentologists, analyse nccidents coopera-
tively to explain them, and to produce an accident report (or accident folder). Our
analysis of the multiple representations used by the acaidentologist’s teams is based
on the model of “representations for mutual understanding™ proposed by Ostwald
(1996) and which accounts for software designers’ activity. To some extent, the icci-
dentologists' activity cun be cansidered as o design activily, a “retrodesign™ activity,
i.c. reconstruction of the accident. This activity can in turn be considered s a kind of
problem solving. That is, accidentologists hive 10 reconstruct some cvent which
occurred in the past. We aim in this chapter to assess the validity of Ostwald®s
model for the accidentology situations, and consequently to establish a basis for a
future model of collective representation manapement in accidentology.

We first present the domain of accidentology. the method and theoretical frame-
work used to study the representations and their management in the accidentology
teams. We then deseribe a number of dimensions and attnbutes of the multiple
representations used in the accidentologist's teams that emerged from our analyses.
Furthermore, we will look at some aspects of multiple representation management in
the accidentoloyy teums, including cooperation and collaboration among accidentol-
ogists. To conclude, we discuss some of the consequences of our results on several
1ssues of multiple representations evoked in this volume,

2 Domain, Method and Theoretical Framework
2.1 The Domain of Accidentology

The accidentologist’s teams that we studied belong to the Department of Accident
Mechanism Analysis of INRETS (the French National Institute for Transport and
Safety Research). These teums are multi-disciplinary, and they associate rescarchers
and investigators from different specialitics covering the componcents of the driver

vehicle-infrastructure (DVI) system, i.c. infrastructure enpineers, vehicle engincers,
paychologists (who could be called “driver engincers™). The DVI system helps the
accidentologists in their analysis and understanding of the accidents (see section 3.1).

The tasks of the accidentologist’s teams are:

to analyse the malfunctioning mechanisms that occur in the DVI system, and
which penerate road accidents;

. from those analyses, to claborate diagnoses as a mean for improving trunsport
safely;

from those diagnoses, to help in designing infrastructure and vehicles, o train
infrastructure and vchicle designers, road planners and users.

9
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Teams of investigators perform the lirst sk, The investigators operate at the site
of the accident along with the emergency and police units. Usually, when there is an
accident, INRETS is called immediately, having been informed by the firc crew. In
general, o teum of two investigators is formed: one is responsible for interviewing the
drivers involved in an accident, while the other is responsible for gathering informa-
tion on the accident itsell (c.g. photos of the cars records of the tracks left by the
vehicles). They then exchange their lirst impressions of what huppened and their first
hy potheses. They determine what information is missing which will lead to an addi-
vional bricf. The investigators then write a synthesis report. Based on these data, a
kinematics analysis is performed (Lechner et al., 1986; Lechner & Ferrandes. 1990).
This phase nims at identilying the movements of the vehicles involved in the accident.
c.g. their positions, speed and acceleration. The linal bricl includes the synthesis of the
accident, ending the pre-analysis (Ferrandes et al.. 1995).

The sccond and third tasks are performed by vescarchers. Reseurchers use the
bricfs cluborated by the investigators to perform these wsks. The sccond task is
also called thematic analysis (Van Elslande, 1992), An exumple of thematic analysis
is that of drivers of small fust cars of the GTI type (Girard & Michel, 1991, b).

Investigators have Lo cooperate lo interpret specific roud accidents and produce the
velated nccident folders. Reseurchers have to cooperate with mvestigilors so that
investigators can produce relevant accident folders and so that rescarchers can exploit
these accident folders for their thematic analyses.

2.2 Method

2.2.1 Data Collection

Accidentology data were collected from three kinds of source constituted initinlly for
a study aiming at designing a computer system (o support the accident analysis tash
(sce Alpay et al.. 1996; Alpay, 1996; Dieng ot al.. 1996). The sources are:

(1) INRETS reports. pitpers und books, c.g. on models of accidents (Fleury. 1990:
Fleury, Fline & Peytavin, 1991).

(b) Intervicws with a limited number of accidentologists, The purpose of the inter-
views was (o get 1 description of how accidentologists view their tasks.

(c) Transcriptions of experimental accident case analyses performed by pairs and
\rios of nccidentologists from the selected set. The purpose of the cuse analyses
was to get an account of how accidentologists actually perform their tusks. espe-
cially how they produce the scenario of i specific accident, and how they identify
the factors that determined this specitic accident.

The accidentologists who were interviewed and observed were mainly researchers,
and more precisely: two psychologists (E-psyl and E-psy2), two vehicle engincers ( E-
vehi and E-veh2), and three infrastructure engineers (E-infral, E-infru2 and E-
infra3). Note that the majority of these rescarchers had been investigators in the
pust. Both psychologists had conducted interviews of the drivers involved in an
accident, just after the accident, und analysis of such interviews through discussions
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with the vehicle engincers or the infrastructure engineers who had recorded the vehicle
tracks and taken photos of the infrastructure. The schicle engincer E-vebl had
focused on the record and the analysis of the tracks left by the vehicles on the
pavement. The two infrastructure engineers, E-infra2 and E-infra3, had been inves-
tigators. but enly E-infra3 was stll practising. E-infra! had never worked at the scene
of the accidemt.

In this chapter, we will make frequent references to one of the accident case
nalyses we observed. This unalysis involved E-psyl, E-veh2 and E-infra3 who stu-
died the following accident case:

Case 003 (see Figure 1), The accident happencd on a national roud, with three lanes;
the central kane being non-allocated, i.e. cars coming Irom both directions can use the
central lanc. The accident oceurred at night between three cars: i Toyota Sunny,
Renault 21 and a Nissan Micra. The driver of the Sunny was driving on the right lane.
He urgently needed to get gasoline. When he saw a petrol station on the left side of
the road. he crossed the three lanes o get o the station. The driver of the Renault 21,
who wis at that moment overtaking a car and thus was on the central lane, crashed
into the Sunny. The driver of the Micra, who was coming from the oppoesite side of
the roud. also crashed into the Sunny.

2.2.2 Dala Analysis

The analysis of the collected duta consisted of identifying the multiple representations
and the processes of multiple representations management. using the theoretical fra-
menork deseribed in the next section.

2.3 Theoretical Framework

Our analysis of multiple representations in the accidentology domain is based on the
work of Ostwald (1995, 1996) on supporting collaborutive system design with repre-
sentiations for mutual understanding. According to Ostwald. in collaborative design. a
shared understanding between designers is necessary to coordinate work ciforts. A
special case of collaboration occurs when designers and users design together. In this
case. the necessary shared understanding must be created in spite of greal commu-
nication difficulties.

To address the problem of shared understanding between designers and users,
Ostwald proposed an approach that emphasises the construction of representations
to facilitale communication among purtners, or representations for mutual under-
stunding. Representations for mutual understanding are artefucts for constructing
m-a:.:_.:._ and shared understandings. That is, they are external representations,
i.c. some “cxplicit expression (c.g. verbal utterance. diagram. computer code) of
some idca”.

_a this model. representations are suid to have meaning “only in the sense that they
are interpreted by somcone, or something (such as a computer)”. Agents interpret



156 Laurence Alpay, Alan Gibvin & Rose Dieng

Gas Station

_ _M Nissan Micra

Toyola Sunny

Sunny's intonbon

QO =tumtoleft 1)) g

_ _ M Renault 21

interprelaton of Sunny s intent:on
O =overtake @

=wmtolett @

+ speed (0 high
lor slopping

Figurc 1: Accident case

representations “within a social context and ugainst their individual background™.
Between members of o common culture, representations are produced (by the so-
called “speakers’™) und understood (by the so-called “listeners™) ..ﬁ_ni:.ﬁ u rich buack-
ground of shured experiences and circumstances™. When speakers and listeners have o
different culture. they have little shared context, or they huve a dilTerent contest (see
Figure 2u). Such non-shared context is fargely tacit and cannot be completely
described or cxpressed. This leads to communication breakdowns. On the contriary.
when the speaker and the listener share (i.c. intersection) more conlext (see _...mm:_.n
2b), they lessen the risk of mismatch between the speaker's meaning and assigned
meaning by the listener.
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According to Ostwald, external design vepresentations can help to establish such a
shured contest for communicution. These representations provide referential anchor-
ing (Clark & Brennan 1991 sec also Bromme & Niickles, chapter 10) as an object that
can be pointed to and named, helping partners to make suve they are talking about
the same thing. Grounding communication with cxternal representittions helps o
identify breakdowns ind serves as a resource for repairing them,

Finally, representations for mutual understanding support three processes. (1)
They support the activation of tacit and distributed knowledge by providing an object
that may be reacled to. For example, descriptions of current work practice can
activate domitin knowledge when developers and users make the descriptions the
focus of discussion. (2) They provide a shared und explicit ground for comnumication.
As representations are created and discussed this common ground accumulaltes. (3)
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They support envisioning of future work practices by communicating developer’s
ideas in a form that cun be experienced by users, rathes than merely imagined.

As we will sce in the remainder of this chapter, Ostwald’s model needs o be
complemented or modified to uccount for the multiple representations used by the
accidentologist tcams. Thus, we used other existing theoretical clements. in particular:

(a) the Common Ground model of Clark (1992), which is referred o by Ostwald
through Clark and Brennan (1991), and on which is based the chapter by
Bromme and Niickles (chapter 10):

(b) the Compurational Model of Multiple Represemotions (CaMeRu) of Tabachnech.
Leonardo and Simon (1997), on which is based the chapter by Tabachneck(-
Schij) and Simon (chapter 1)

(c) Sumner’s (1995) description of Alultiple Design Representations. Sumner. a col-

league of Ostwald. observed that a major part of a designer’s job is to create and
cvolve external representitions of the design being constructed, to Lacilitate com-
municution and collaboration with cach partner. Sumner called these representa-
tions. “multiple design representations™. She noticed that these representitions
are tailored to the special needs of each of the major partners of the design team,

3 Types of Multiple Representations Used in Accidentology Teams

In the context of cooperative software design, Ostwald (1996) proposed a spectrum of
{external) representations for mutual understanding, including text and graphics.
scenarios (describing what a system should be, ¢.g. what tasks it should support
and whit steps are necessary to accomplish a task), simulation games und prototypes
(determining how the system tasks can be performed). This spectrum can help to
account for accidentology representations (e.g. accidentologists use text and graphics.
scenarios and so on). However. it is not cnough, and a more refined typology is
necessary. Al present, we have only some possible dimensions and features of such

1ypology.

3.1 Dimensions of Multiple Representations

Several dimensions can be clicited from our analyses to describe the muitiple repre-
sentations used in the situations of aceidentology we studied. Actual representations
combine these dimensions. Some examples of such dimensions are piven below.

3.1.1 Internal External

A first dimension is the distinction between cxternal and internal representations. or
“between information in the environment and information in the brain™ (Tabuchnek et
al., 1997), or between “Knowledge in the head what we can remember. what we know
how to do™ und “Knowledge in theworld  representations we create Lo help visualise,
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understand and remember things™ (Norman, 1993). Accidentology situations involve
both external and internal representations of information, ¢.g. the “DVisystem™ (which
can be used both as an external and internal representation of information).

DVI system (Figure 3): The DVI system has three interacting components: (1) D: the
driver, (2) V: his her vehicle, and (3) 1: the infrastructure (the road and its surround-
ings) within which D and V circulate. In some accidents more than one driver and
more than one vehicle may be involved, and are thus included in the DVI system. The
dilferent components are interreluted in their actions. For instance, the driver tukes
information from the dynamic cnvironment, or the driver behaves in a certain way
alTecting the vehicle dircctly and indirectly. Furthermore different vehicles may
respond in diflerent ways (o the conditions of the road. in & normal situation, the
three components of the DVI system, the driver, the vehicle and the infrastructure
interict in accordunce. However, an accident which occurs is the result of the mal-
Tunctioning between these elements ol the DVI system. Aspeets such as the driver’s
vn_z_:o:q. the state of the car and the setting of the mfrastructure have to be taken
into account,

3.1.2 Abstract Concrete

In the domain of software design, Sumner (1995) showed that desipn purtners use
representations at various levels ol abstructions, The abstract concrete dimension
refers Lo the distinction between conerete and abstract representations. In accidentol-

Infrastructure

Clash effacts
{security bett)

Vehicle

Manosuvre
fbralang, steenng)

ure 3;: The DVI system
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ogy, concrete representations ure, for example, photos of crashed vehicles, photos of
car crash tests (see Figure 4), photos of car tracks, textual transcriptions of drivers’
interviews. Abstract representations are, for example, the DVI mode! (sce Figure 3)
and the functional mode! of the driver (see Figure 6).

Linked to this dimension is the notion of forming ubstractions. In accidentology.
experts in their problem-solving task have to hundie various forms of information, be
it “raw” data, c.g. night (the accident happened at night), or “*subjective™ information
such as the views of the imvestigator on the accident. As in many other problem-
solving domains (e.p. medical problem solving), in accidentology, the experts have to
transform problem data supplicd in the accident folder into a set of factors which
explain the accident. Furthermore, owing to the interdisciplinury naturc of the acci-
dentlology domain, the experts have to combine knowledge about various aspects of
the accident (c.g. the car, the infrastructure and the driver). The expert’s speciality will
of course determine which aspect is more developed.

3.1.3 Permancat Temporary

Permanent representations are not tied up with a specific accident case and they are
reused for processing several uccident cases. They ure already part of the specialist’s
expertise. Examples of such representations are: the DVI system, generic scenarios
constructed from past analyses and the modcl of decomposing the accident into
phascs.

Figure 4: Photo of a car crash test
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The miodel of decomposing the accident into phases (see Figure 5) includes different
situations such as: (i) the dnving situation before the accident; (i) the accident situa-
tion, usually created by an uncxpected clement. (iii) the emergency situation which
occurs just seconds before the crash point, und can only be solved by avoidunce
manocuvres, and (iv) the actual crash point and its consequences. Some experts
personalise this model by introducing an approach situation and a pre-uccident situa-
lion.

In contrast, temporary represeutations are representations which are built dynami-
cally in the task of analysing a specific accident. In this situation, the expert progres-
sively constructs the course of the uccident using the clues which are salient. and so
on. Amony such representitions, some may be instantialions of a permanent repre-
sentation. Others may be built specifically for the case at hand. Table 1 gives an
example ol the content of such temporary representations.

3.1.4 Shared Non-shitred

The sharcd non-shared dimension is the most crucial dimension (o uccount for multi-
ple representations in groups. Shared representations are representations that;

(i) arc used by several agents:
(1i) seem to characterise accidentology independently of any discipline aspect and
any given accidenl;
(iti) overlap across the agents” specialities;
(iv) are similar cnough to be considered as variants of the same representation;
(v) atre more or less agreed among the agents. Sonmic domain modcls are instances ol
shured representations. For example:

The fimctional model of the driver (see Figure 6). This mode! is aimed at describing,
from the point of view of the driver, the mechanisms that probubly caused the
accident and at explaining the possible driver's muifunctionings. The model decom-
poses the functioning of the driver into four main activity phases: information acqui-
sition. information processing, decision of action and action.

1t 1s worth noting that even with common shared representations. communication
between experts is not automatically smooth and spotless. For example. the experts
have different terminology viewpoints on the notions of scenario and factor (sce
section 4.2).

The opposite of shared representations, some domain models are specific 10 a
disciphine and can be viewed as non-shared representations. For example:

Driving Accident In_ _|m3mao=a< ﬁ Crash

Situation Situation _ Situation |“ Situation

Figure 5: The permanent modet of decomposing the accident into phases
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Figure 6: The shared functional model of the driver

Only the vehicle engincers made explicit a model of vehicle's mechanical defaults
and a model of kincmatics sequences.

Car tracks are mainly exploited by the infrustructure engincers and by the chicle
engincers. )
The cognitive models of the driver are typical Lo the psychologists and o most of
the infrastructure cngincers (e.g. regarding the influence of the infrastructure on
the road user's behaviour). Within a given discipline, we can also take nto account
the specific models acquired by an expert thanks to his thematic research. For
exumple, E-psy! has & model of drivers’ malfunctioning (sce Figure 7) and )
model of help to driving while the other psychologist. E-psy2. has & model of
the cross-road driver and of the GTI vehicle driver.

The detailed models of infrastructure are specific to the infrastructure engineers.
Incidentally, onc of the psychologists, E-psy2, has an cxpertise duc to his -:.n__z.:n
analyses on the drivers in cross-ronds. and this expertise appears through his deep

Real World Data

Delectad or not

-Person’s slate 1
-Serial effecl... ~ Taken or not taken into account
A Processing: -understood
- -Understanding -not undersiood
Characlerislics o C: [~ ] -Anticipating -misunderstood
-Experience -Pradicting

Figure 7: The non-shared functional mode! of the driver of E-psy !
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knowledge of cross-roads. The models buift by E-psy2 arc specilic in that they
describe the infrastructure (cross-roads) as it is used by drivers.

. Models of reasoning strategics (including strategies for scurching an hypothesis,
for fillering un hypothesis. for testing an hypothesis) were elicited from threc
cxperts (two psychologists. E-psyl and E-psy2. and one infrastructure engineer,
E-infra3) (Alpay. 1996). Each model of how Uhe rcasoning strategies were
applicd. reflected the specificity of the individual expert. For example. for E-
psy2 und E-infral. the hypothests generation was found o be a two-step process:
an explication of mechanisms and an cxplication of luctors. However, E-psyl did
not focus on the fuclor generation, as for him & mechunism concerned hypoth-
eses (on the malfunctioning) and the factors which led to them. In spite of certain
differences, preliminary results also show that all the experts applicd the set of
given strategics.

3.2 Features of Collective Multiple Representations

As previously stated. the shured non-shared dimension is crucial to account for multi-
ple representations within groups. 1t characterises the “collectiveness™ of representa-
tions. Thus. a key issue is (o determine more specifically what features make a
representation collective. One way of determining this is to expluin the reason for
sharing representations

According to Ostwald (1996). the function of multiple representations is to achicve
nnunal undeestanding. For designers and users. Ostwald argues that to collaborate in
design means to come (o a mutuad understanding of a design solution. Our analysis off
accidentology situittions showed us that the function of multiple representations is to
achicse both mutual understanding and mutnal agreement. Partaers in accidentology
have not only to understand why an aceident happened. but also to agree on i mutual
nterpretation of the accident; they have not only to explain understand interpreta-
tions of accidents, but also o justify accept these interpretations. in other words, to
be siid 1o be “collective™, multiple representations have 1o ““possess™” understandabil-
ity features {c.g. clarity, perspicuity, accuracy) and acceplability features (c.p. sound-
ness. plausibility. consistency. relevance) (see Giboin, 1995).

4 Multiple Representations Management in Accidentology Teams

Describing multiple representations management is answering questions such as:
Which goals do agents want to achicve in this management? Which operations do
they perform. with which tools? Which factors determinc management? Answers
provided by Ostwald (1996) in the context ol cooperalive software design can help
uccount for accidentology “‘retrodesign™, i.c reconstruction. However, these answers
must be adapled or complemented to take into account the specificitics ol the acci-
dentology domain.
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4.1 Goals of Multiple Representation Management

At a higher level, the management of multiple representations is aimed at supporting
cooperation and collaboration among accidentologists. At a lower ley el. as previously
stated. representation management is aimed at coming to a mutual understanding and
to 1 mutual agreement on the interpretition of a specific accident (and sometimes on
a thematic analysis of several accidents).

Casc 003 iltustrates that accidentologists also manage representitions to come Lo
an agreement on the interpretation of an accident. Accidentologists wunt lo convinee
their partners of the soundness of their interpretation, or they want to be convinced.
For instance, arguments are exchanged (o decide which factors to include in the
synthesis of the accident case. Table | presents the contents of the individual and
collective representations of Case 003 factors mentioned by the accidentologists.
Columns “E-psyl™ and “E-infra3" refer to the individual representations ol experts
E-psy 1| and E-infra3 at the beginning of the task of cluboruting a common list of
accident factors (the individua! representation of E-veh2 is not included because this
representation was provided by E-veh2). Column “Trio™ refers (o the collective
(shared temporary) representation resulting from the discussion between the three
experts E-psy 1. E-veh2 and E-infra3, at the cnd of the sume task. 1t can be noticed
that this final shared temporary representation is very close o the initial non-shared
representation of E-psyl.

4.2 Operations and Tools of Represemtation Management

To achicve mutunt understanding and mutual agreement, agents perform various
operations of representation management with different tools. In the context of soft-
ware design teams, Ostwald indicates that designers and users perform operalions
such as creation. accmmlation. structuration and discnssion of representations. As
components of the three knowledire construction processes. Ostwald focuses on acti-
vation of existing knowledge (for making explicit some tacit knowledge). communi-
cation (for accumuliting and updaling common ground) and envisioning (lor
deciding what ought to be).

In her study of a voice dialogue design team, Sumner (1995) reports on more
specific operations, for eximple maintaining consistency across (or managing the
co-cvolution of) the various design Teprescntations. This operation is importunt
beenuse: (n) there are complex relationships between the representutions; (b) this
interdependency cvolves as the design progresses; and (c) many design crrors. as
shown by empirical studics (c.g. Guindon, Kramer & Curtis. 1987). result [rom
designers” cognitive limitations when managing the dependencies icross represcti-
lions.

With regards 1o the tools used by agents to perform the operations mentioned
above, Sumner reports that designers assemble a collection of software tools, referred
10 as the “toolbeit™, und use them (o create different design representations. c.g.
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Tablc {: Individual (E-psy | and E-infra3) and colicctive (Trio) representutions of case
003 accident fuctors

Factors Representation Content Elements Representations of

E-psyl E-infra3  Trio

Infrastencture Nissan Sunny and R21
Three-lane road without direction of X \
allocation for the middle lane —> conllict
between overtaking and turning left (use
ol the central fine).
Blurred procedure of use for left (urn, X
Three lanes — casy layout — straight lines X

+ high speeds possible.
R21
Rectilinear infrastructure
drive fast.
Cut in zone
overtaking.
Nissan Sniny
Focus of the aclivity is to reach the gas \ it
station — strong constraint: possible
breakdown.
Focus of attention on the traftic across the X
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Problem of evaluating tlie speed of the R21
as it gets closer (speed differential)
combined with slowing-down speed of the
R21 (speed regulation).
Little knowledge of the itinerary — no X
knowledpe of the next possible exit for a
gas station (a few gas stations further
away).
R
Errors of interpretation of the intention of X
the Nissan.
When sees the indicator, thinks that the X X
person witnts to overtake —» influence on
the regulation of the speed.
Thinks that he will let the car overtake.
Knowledge of the cul in zone —= the X X
overtaking goal temporurily takes priority
over the securily poal
Nissan Suiny
Under-inflated tyres. X
R21
Brake disks completely bare. X

s prompts Lo A X
» prompls (0o close X

Driver

Pehicle
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word processor Lo creale text documents, a flowcharting ool to create flowcharts, o
dutabasc to creute lables.

As we will sce, the operations and tools described by Ostwald and Sumner can be
applicd to the accidentology tcams o a certain extent. and thus some adaptation and
completion are necessary. With regards to the tools. we observe that different soft-
ware tools arc also used by accidentologists, for example to create. modily and
exchange external representations, c.g. CorelDraw for creating plans of the accident
site, AS IWord (o0 create texts and tables, Paradox for creating databases. Anae2D for
claborating simulated trajectories of vehicles, before, during and afler the crash
(Anae2D also ullows adjustments of various vehicle parameters, und visualisation
of the velucle movements) (sec Lechner e al.. 1986; Lechner & Ferrandez, 1990).

As for the operations. it can be said that accidentologists, for cxample, create,
accumulate. structure and discuss representations. More specifically. maintaining
consisiency between representations is a mujor characteristic of accidentologists’
activily. For instance, vehicle engineers explicitly search for coherence of accident
scenarios when performing kinematics reconstruction, Coherence of cach “individual
scenitrio™ (a scenario for cach vehicle involved in the accident) and coherence ol the
~global scenario™ (u scenario including all the vehicles involved in the accident).
Howcver, Ostwald's frumework must be adupted and complemented to account for
the operations performed by the accidentologists: some operations need to be speci-
ficd. while others need to be added. Some directions to adapt and complement the
description of operations arce suggested below,

Direction 1. To refer o operations described clsewhere, ¢.g. to the knowledge con-
struction operations proposed by Normin (1982) in his cognitive model of learning:
acerefion 1o acquire new information, restructuring 1o integrate the acquired
information into ugents’ existing knowledge structure, and runing Lo assure i
“smooth operation™ of the knowledge structure, since any increase in knowledge is
a change that has rippling cflects through the knowledge structure (sce also
Rumelhart & Norman. 1981). Note that these operations only concern internal repre-
sentations but they can be extended Lo external representations. In uccidentology,
tuning can take the form of “popularisation™, i.c. rendering a specialised representa-
tion intclligible Lo non-specialist agents, and consequently making the representition
shared.

Direction 2. To specily what, in the representations, is the object of operations. For
example, if representations are said to be composed of data (Tabachneck et al.. 1997),
operations can be data acquisition (to infer internal representations of the others),
and data exchange (lo make internal representations cxplicit). For instance, some
accidentologists could make their view explicit on the terminology of other experts
(in particular. on the notions of scenario und of factor). In the collective analysis of
Case 003, we have an example of the psychologist explicitly requesting from the
infrastructure engincer information or explanations on the meaning of some infri-
structure terms

‘!‘T.
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Direction 3. To distinguish operation descriptions in terms of the representation type
they handle. In particular, a distinction could be made between ropic representations
(or representations) and control representations (or meta-representations). Topic repre-
sentations are those representations that are under discussion, c.g. the scenario of the
accident currently analysed. Control representations arc those represcatations that
guidc operations on topic representations, c.g. the DVI system model. the functional
modecl and the modecl of decomposition into phascs to help construct the accident
seenario. Thus. the maintenance of the notion of consistency across represcnlations
could be split into muintaining consistency ol topic representitions and maintaining
the consistency ol control representations. An example of the fatter is the mainte-
nance of the notional consistency. We will illustrate this by some uses of the notions
of “*scenano™ and “factor™,

o Scenario. E-psy! mukes a distinction between the spatio-temporal scenurio of the
accident and the typical scenario of the accident. E-psy2 distinguishes between the
scenario and the process of the accident. E-veh! distinguishes the typical scenurio
and the typical sccident, and mukes relerences to the complete kinematics scenario.
E-veh?2 refers (0 the generic scenario and the global scenario. Both yvehicle engi-
ncers use the notions of first scenario and individual scenario. E-infral distin-
guishes the typical scenario (defined as a class of accidents), the permanent
scenario and the ad hoc scenario. E-infirad makes a difference between the family
seenario and the history scenario.

o Fuctor. E-psy! clussifics Tuctors as potential, terminal, aggravaling and triggering.
To the more classic notion of causal fiactor, he prefers the notion of initiator or
explanatory clement. E-psy2 emphasises the distinction between the factor (i.c. o
stutie notion) concerning the componcents of the DVI system. and the failure (i.c. a
dynamic notion) which takes into account the interiaclions between at least two of
the components. Finally, E-infral makes a distinction between the factor and the
mechunism of the accident.

Dircction 4. To specify the operations in terms of the characteristics of the represen-
Lations that are operitted. and cspecially in terms of the important characteristics, 1.e.
those which are nceessary to achicve the representations management gouls.
Maintuning consistency is sn example of such a specification. Another exumple is
maintaining the accuracy of representations. Sometimes the data collected by tritinees
or non-caperienced investigators are not accurate cnough for the experts to use them
in their thematic studics. Thus, there is a need to train investigators (o fill in the
cheeklists better and more cfliciently. That would help. not only the investigators
themselves, but also the experts. Furthermore, it also mecans that & better commu-
nication between investigators iand reseurchers would result in a greater closencss off
representations among these two groups.

Another example is maintaining the plausibility of representitions. For example in
the first phasc of onc accident case study, one accidentologist had an hypothesis upon
which he had built his reasoning. In phase two, discussions with the other iccidentol-
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ogist took place, and this other accidentologist used the kinematics reconstitution to
demonstrate that this hy pothesis was in fuact wrong.

4.3 Factors Detevinining Multiple Representation Management

To account for the management of multiple representations 1 accidentology situu-
tions, we also nced Lo identily the factors which determine it.

4.3.1 Agents' Goals

A first factor has been alreudy mentioned. It is the goals pursued by the agents, in
particular the understanding and agreement goals. These gouls can be considered as
meta-representations. Since the gouls are multi-levelled und distributed nmong agents,
a difficulty in multiple agent problem-solving situntions is that of the matching of the
agents’ goals.

When constructing specific accident folders, investigators or rescarchers s inves-
tigators had dilferent gouls in mind. For example, in Cuse 003, the common goal of
the researchers was to muke a synthesis of the given accident. They had a goal of
integration, that is. to find common clements to make this synthesis. Rescarchers also
had individua! goals such us to hold on one’s own point of view, or o tuke minutes of
the session and so on.

Other goals Lo be considered are problem-solving and learning goals. When an
expert analyses an accident (cither collectively or individually), he is usually in o
problem-sohving mode. In the duta collected in accidentology, we cannot talk about
learning poals us such. Learning had mainly been incidental, or by doing (George
1983), resulting in new permanent represcntations. By doing, i.e. by performing some
accident unalysis action, and by evaluating the consequences of the uction. the experts
pot feedbuck that led them to learn incidentally about the accident analysis tusk.
Learning occurred when, for example, experts Irom different specialities hase to
analyse a case together, e.g. when the expert E-psy2 learns about the coding system
of the infrastructure file. In another example, the infrustructure engineer E-infra who
often works in real life with the psychologist E-psy2 was infiuenced by this psychol-
opist and made for instance references to cognilive models of the drver. models
adapted for his own use,

The issuc of the agents’ gouls as & determinant of representation munagement
could be also studied through Clark’s"(1992) grounding criterion, which stutes that
speukers, (o estublish common ground, produce a representation allowing the purt-
ners to understand what is meant “to a criterion suflicient for current purposes™.

4.3,2 Agents’ Background Knowledge

In scction 2, we have seen that agents produce and interpret representations *“within a
socil context and against their individual background” (Ostwald, 1996). Background
refers 10 the knowledge of the ugents, cspecially their speciality knowledge. The
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agents’ background may determine the type of representations that can be produced
and understood. For example:

« Psychologist E-psy{ has been working on a typology of the drivers’ errors and s
analysis ol traffic accidents was based upon it. E-psy2 has performed themalic
studies on specific types of drivers such as old people and drivers on cross-
vouds. In addition, he was very interested in vehicle mechanics. Both psychologists
have been living in the region for years and know the characteristics of the region
infrastructure very well.

« Vchicle cngineer E-veh2 has a more theoretica!l background and developed

lnac2D, the soltware tool for kinematics reconstitution. E-veh! uses Anac2D.
Both engineers also know the features of the rouds in the region very well.

« E-infra! has a very deep theoretical background and has worked on a theoretical
model of accidents. As he lives in another French region (Eurc-ct-Loire), he does
not know the features of the region infrastructure as well as the other accidentol-
ogists who have been living in the region for years. E-infra2 and E-infra3 are both
very interested in mechanics and vehicles. One of them. E-infrad is also interested
in the psychological analysis of the drivers, cven though it is not his discipline.

« In addition 10 the expertise of their own specinhity. the uccidentologists huve gained
a tremendous know-how from their past experiences related to: (a) their active
participation as investigators, in the past or even currently (for the psycholopists,
for some of the vehicle engineers and some of the infrustructure engineers). (b)
their past thematic analyses as mentioned above.

4.3.3 Agents’ Status

Besides the individual buckpround is the social context. The social context refers, for
example, to the agents’ srarus. Sratus can be defined as the permanent or circumstan-
tial situation of an agent within the group. Here are some examples of the apents’
stans as determinants of representittions management:

« Psychologists have the permanent status of driver specialists. Thus, the driver-
related representations they use cun be considered as the most relevant oncs (o
explun drivers’ behaviour.

« Vehicle engineers have the strong permanent status of “pillars™ of accident ana-
lysis: the kinematic reconstruction they perform, and the Anac2D tool they use
(which helps them reconstruct the kinematics of the accident. thus providing scicn-
tifie data), are the “guarantors™ of the pluusibility of the uccident interpretation.

o Circumstantial status cun sometimes prevail on the permanent status. For example,
in the Casc 003 situation, we found that the result of the integration of representit-
tions of the list of lactors was predominantly guided by a “leading"™ member of the
group, nimely by the psychologist E-psyl (sce Table 1).

« A speciul case of the role of the agents’ stutus is worth mentioning here: it is the
status of the drivers as partners of accidentoloyists in uccident analysis. We can
distinguish partners fice-to-fiuce and in real time (in the case of the drivers with the
investigators interviewing them). and distant partners and at a liter point in time



170  Laurcnce tlpay, Alain Giboin & Rose Dicng

(in the case of drivers whose interviews arc analysed by the researchers later on
after the accident has occurred). Drivers provide their representations of the acei-
dent: e.g. they verbally report their view of the uccident. Accidentologists, espe-
cially psychologists, often question the reliability of the drivers’ reports, because
they have ofien to face drivers who lic. or at leust transform the reality (about their
drnving speed for example), to minimise their responsibility, Psychologists then feel
the need for u kinematics reconstitution (o test the reliability of the drivers® state-
menls

4.3.4 Agents” Styles and Perspectives

Perspectives have been defined by Bromme (1997) as the **cpistemic styles typical for a
disciplinc or a domain of rescarch activities™. As indicated ubove, some researchers
usc abstract, formalised represcntations, while others use more concerele and down-to-
carth representations. This results in having, at one end of the spectrum, very for-
malised representations and. at the other end, more concrete und down-to-carth
representations. For example, in the Cuse 003 situation, the psychologist E-psy!
used a formalised functional model of the driver. In the transcript of this particular
session, the theoretical thinking process of E-psy! was clearly displayed.

4.3.5 Agents’ Preferences

Agents’ nterests can determine representation management. This interest can be
triggered by the use of some representation by some other agent. For example, in a
casc study where the psychologist E-psy2 worked colluboratively with an infrastruc-
turc engincer who used photos intensively to analyse the accident, we observed that E-
psy2 came 1o use more pholos Lo oblain cues expluining the uccident. although he
previously sciarched for these cues in the checklists.

4.3.6 Agents’ Terminoloyies

Within the context of the multiple representations. the experts use various yocabul-
arics and terminologics. Indeed, cach speciality has itls own terminology (sce the
examples given in scction 4.2). Experts might share terms with other experts (from
another speciality or from the sume one) specifically at the ubstract level. However,
their terminologics become more specific and speciuliscd at the detailed levels. With
respeet lo the different types of terminology divergences studied (Gaines & Shaw
1989; Shaw & Gaines 1989), we only found cxamples of ““terminology conflict™. i.c.
several experts giving different meanings for the sume term.

4.3.7 Cooperation

In our studics in the accidentology domain, we can distinguish different types of
cooperilion.
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« “lmmediacy ™ of the agents’ cooperition which incorporates direct colluborution
and indirect colluboration proposed by Ostwald (1996).

«» Indircet collaboration occurs when knowledge or products are shared through
some persistent medium, such us a dalabase or other repository. Indirect colla-
boration is required when dircct (face-to-face) colluboration is not possible or
impractical. Long-term colluboration tukes place over arbitrary time frames, and
also requires some persistent medium in which knowledge or products can be
stored.

In accidentology. the case of indircet colluboration between investigators and
rescarchers is worth considering. For their thematic analysis. the rescarchers analyse
the bricl cluborated by the investigitors. Ofien the brief docs not describe everything
explicitly. so that researchers luck some information important for their work, e.g.
information about some specific contextual element of the accident, or information
whout the investigators' reasoning for claborating the conclusions of the bricl, When
the investigators who claborated the brief are still present in the Department of
Accident Mechunisms, they can be consulted by the rescarchers. The problem arises
when the investigators have lelt the department and are no longer avalable; the
information is then lost. To prevent such information loss, rescarchers are currently
looking for meuns of having the investigators collect information that might be
needed in the future.

Another case of indirect cooperition is what can be called “understanding a third
party”. For example, the cognitive models of the driver cxplicitly used by the psy-
chologists and by the infrastructure engincers could serve as a frumework for inter-
preting the analyses carried out by the other uccidentologists ubout the component
and its interactions with the other components, even though these other accidentol-
ogists do not explicitly evake these models.

The issue ol indirect cooperation can also be studied in terms of agents’ respon-
sibility. as defined by Clark (1992) in the context of conversalions:

Principle of responsibility. In a conversation, each of the persons involved is respon-
sible for keeping track of what is said. and for enabling the other persons of keeping
track of whalt is said.

When writers or speakers are distant from their addressees in place. time or both,
they are assumed to adhere to the principle of distunt reponsibility:

Principle of distant responsibility. The speaker or writer tries to make sure, rouphly by
the mitiation of cuch new contribution, that the addressees should be able (o under-
stand his meaning. in the last utterance o a criterion sufficient for current purposcs.

We could say, for example, that to make their indirect cooperation with rescarch-
ers successlul. investigators must adhere (o the principle of distant responsibility.

« Intra- and inter-cooperation: another way to look at cooperition in accidentoloyy
tcums is in terms of a cooperation intra-rolc — belween investigators or between
cxperts; and a cooperation inter-role  between experts and investigators.
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Cooperation between investigators. Investigators work at the site of the accident, and
do work in a cooperative manner. For cxample, (i) they share the tasks. i.e. one
curries out the interviews, und the other one collects information ubout the yvchicles
and the infrastructure; and (i) they exchange information and points of view. The
result of their coopcration is in a way implicitly recorded in the accident brief they
have to prepare.

Cooperation between the researchers, During the analysis of the accident, all the
experts share a common locus, i.c. to understand how the acadent happened and
to identify the accident-related factors. However, cuch expert has a responsibility o
analyse the causes of a given uccident in his own speciality, and thus will have speafic
sub-tasks (corresponding to his speciality) in order to bring his contribution to the
common goal. Furthermore. experts will have different goals when they examine
accident cases from thematic perspectives,

The cooperation in the accidentology team can be chiracterised as “they need cach
other™. Typically. an expert rescarcher will work individuully on u given accident. and
will exchange information with his colleagues (from the same speciality or from
unother onc) when he needs some data. For instunce. the expert psychologist will
usk the vehicle engineer ubout the speed of the car at the time of the accident in order
to confirm or disconfirm an hypothesis. Although the expert psychologist may
already have guessed at the speed. the vehicle engineer will provide accurate data.

Cooperation between the researchers and the Investigators. A cooperation between
experts and investigators can happen when for example an expert seeks additional
imformation about a given accident. To do so. he has to contact the persons who
wrolc the report.

5 Conclusion

In this chapter. we have explored multiple representations in groups which can be
found in real and complex situations of accident reports involving accidentologists
from INRETS. As a theoretical framework we chose Ostwald's model of “represen-
tations for mutual understanding™. Ostwald proposes an approuach o cooperative
software design that emphasises the construction of representations to facilitate com-
munication among pariners, or artefacts for constructing shured understandings.

From our anulyses. & number of dual dimensions of multiple represcntations
emerged such as representutions which are internal external, abstract concrete, per-
manent temporary and shared non-shared. This latter dimension seems o be the
most crucial onc to account for multiple representations in groups. Furthermore, it
was also found that representations used in the uccidentology teams are not only for
mutual understunding, but also for mutual agreement. “Speakers™ use representa-
tions to explain (some iccident) or to convince (about some accident interpretation).
while “uddressecs™ usce them to understand or 1o be convinced.

B
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Given these various types of multiple representations used in accidentology teams,
we deseribed the management ol multiple representations which aims at supporting
colluboration and cooperation among accidentologists. To achieve mutual under-
stunding and mutual agreement, agents perform various operalions of representations
management with different tools. Once of the major operations we found is that of
maintaining consistency between representations. To account for the management of
multiple representations, we hinve also identified a number of factors such as the
agents” goals, background. status, styles and perspectives. terminologies and prefer-
enees.

Our results from the study of multiple representations in accidentology have con-
sequences on severil issucs of multiple representitions evoked in this volume. To
close this chapter. we will briefly present two of these consequences.

5.1 Dissimilarity of Representations

The notion of multiple (or distributed) representations has been defined by Boshuisen
and Tabachneek-Schijl’ (chapter 8) as “the circumstance where multiple human or
artilicial agents have dissimfar representations about one object, person, interiaction
or situation.” Boshuizen and Tabachneck-Schijf notice that this dissimilarity (defined
in terms of representations data, formats. or operators) “can be the source ol many
misunderstandings.” Our results also suggest thut we can deseribe the effects of
representation dissimilarity in terms ol “disagreements™  unless the term “misun-
derstanding™ is used fargo sensu. as veferring also 10 “the act of disagrecing™ (on-line
Webster's Dictionary).

5.2 Representations and Common Ground

The notion of “common ground™ (Clark, 1992; Clark & Brennan, 1991). used for
example by Bromme and Niickles (chapter 10) 1o account for multiple represeatations
in multiple agents’ communication, deals with understanding aspects, not with agree-
ment aspects of multiple agents’ communication  unless the term “understanding™
is used largo sensu, as relerring also to “a mutual agreement not formally enicred into
but in some degree binding on cuch side” (on-linc 1l ¢hster's Dictionary). Our results
suggest that the notion of common ground could deal with agreement aspects as well.
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