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Abstract

Representational momentum (RM) refers to the teryleof participants to
"remember” the stopping point of an event as bdangher along in the direction of
movement than it was in reality (Freyd & Finke, 4880ur aim was twofold: (1) test for the
impact of domain-specific expertise (here, autoneodriving) on RM, using films of road
scenes, and (2) find out whether the improved guation ability that comes with greater
expertise is transferred to scenes from domairtsatteafar-removed from the person's domain
of expertise. Two experiments were conducted inctwvhexperienced and inexperienced
automobile drivers performed a movement-anticipatisk on realistic road scenes
(Experiment 1), with stimuli that were very diffatefrom those found in their domain of
expertise (Experiment 2). These studies pointed sauhe properties of representational
momentum, and showed that RM is dependent upon lkedge acquired by participants in
specific domains. Our research also showed thatrégp in automobile driving can modulate
RM in road-scene perception (i.e, the cognitiverabieristics of the observer can modulate
the magnitude of the RM effect) but that experitrsautomobile driving is not transferred to

dissimilar domains.
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Introduction

Representational momentum refers to the tenden@auicipants to "remember"” the
stopping point of an event as being farther alonthe direction of movement than it was in
reality (Freyd & Finke, 1984). For about 30 yeawmwvn this effect has been demonstrated
using a wide variety of materials, with both dynamtimuli (e.g. a moving dot, a rotating
rectangle, the continuous motion of a set of dimisa detailed review, see Hubbard, 2005)
and static stimuli (drawings, still photographs aaftions; Freyd, 1983; Freyd, Pantzer, &
Cheng, 1988). One of the conclusions drawn infalhese studies is that "frozen" actions are
usually be perceived in terms of their dynamic disien. This effect is robust. For example,
if during the experimental phase, feedback abogparse accuracy is given to participants,
this does not reduce RM (Ruppel, Fleming, & HubbafD9). Courtney and Hubbard (2008)
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even showed that the participants' knowing that Rive effect exists, or their wanting to
counteract it, reduces the RM effect but does fhatimate it. Since the original work by
Freyd and Finke (1984), a large number of studresepresentational momentum (RM) have
shown that when the cognitive system is procesairttynamic event, it has the ability to
extrapolate the probable evolution of the curre@ng. Most of this research deals with the
role played by the properties of a moving objedthi& RM effect, and to a lesser extent, how
this effect is modulated by the perceiver's knogkdf the object. Some studies have shown
that RM is modulated by the moving target's physsbaracteristics, such as its shape (Kelly
& Freyd, 1987; Nagai & Yagi, 2001), direction (Hatp & Kelly, 1993; Hubbard, 1990;
Munger, Solberg, Horrocks, & Preston, 1999), spdeeyd & Finke, 1985), acceleration
(Finke, Freyd, & Shyi, 1986), and also whethesitrioving away from or coming toward the
participants (Hayes, Sacher, Thornton, Serenorestdr1996; Hubbard ,1996), all of which
can act as cues to where the object is likely tiobated in the future.

Other studies have addressed RM by examining tfextefof the observer's prior
implicit knowledge, including the principles of pgs such as gravity (Hubbard, 1995;
Hubbard, & Bharucha, 1988) and friction (Bertamit®93; Hubbard, 1998). The effect of
declarative knowledge has also been studied. FankkeShyi (1988) showed that the attempt
to anticipate motion in an RM task does not malkeRIM effect any stronger. Kozhevnikov
and Hegarty (2001) showed that experts in the lafyghysics (e.g., the law of gravity) are
not better at determining an object's spatial iocain an RM task. Their studies showed that
declarative knowledge does not modulate RM. YesWimand Reed (2002) (see also Reed &
Vinson, 1996) showed that when inducing the upwaodement of an object, if the object is
said to be a rocket, the RM effect is stronger tvaen the object is said to be a building. In
one case (the rocket), the object is associatell avieature that allows it to move upwards
whereas in the other case (building), the objeatas associated with such a feature. The
authors thus showed that declarative knowledgerdarence the processes underlying RM.

The study reported here falls in line with thise@gh trend, insofar as it looks at the
impact of the participant's level of expertise rehen automobile driving - on RM. Although
most studies on the RM effect have used relatisghple dynamic stimuli (a small number of
items that are not action-related), a study by fitwr and Hayes (2004) (see also DelLucia &
Maldia, 2006; Munger, Owens, & Conway, 2005) extghthis effect to dynamic complex
situations (videos depicting a synthesized image @fad as seen from inside a car driving at
55, 65, or 72 km/hr). In their experiment, partanips viewed films of road scenes temporarily
interrupted by a black screen lasting 250 ms. Afterinterruption, the film continued and the

participants had to judge whether the scene resumhezkactly the same point as it had
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stopped (normal-resumption condition) or at sonteiopoint. When the scene resumed at a
different point, it could either be a shift forwafals if the car had quickly accelerated during
the cut) or a shift backward (as if the car hadkbdoup during the cut). The results obtained
showed that forward shifts were more difficult &gject than backward shifts, and that the
point deemed to be the most acceptable resumptiont was shifted by about one meter in

the car's direction of movement. This study thuswsdd that RM can also be found in the

case of dynamic scenes.

The present study extends Thornton and Hayes's4)2B&search. Our aim was
twofold: (1) test for the impact of domain-speciégpertise (here, automobile driving) on
RM, using films of road scenes, and (2) find ouetier the improved anticipation ability that
comes with greater expertise is transferred toexé&mom domains that are far-removed from
the individual's domain of expertise.

In Experiment 1, experienced automobile drivers amexperienced automobile
drivers performed a movement-anticipation task ealistic road scenes (i.e., automobile
driving filmed by an on-board camera). Many studiesexpertise have shown that experts
making judgments in their domain of expertise apéte more than novices do, due to the
large amount of domain-specific knowledge they hastered in long-term memory
(Didierjean & Marméche, 2005; Doane, Sohn, & Jodlkiw2004; Ericsson & Kintsch, 1995;
Ferrari, Didierjean, & Marméche, 2006; for a revjesee Didierjean & Gobet, 2008). Our
idea was to use an RM task similar to Thornton Biages's (2004) in order to find out
whether an expertise effect occurs as early agpéneeptual encoding phase. The fact of
observing or not observing an expertise effecthem RM task should tell us whether or not
some of the mechanisms responsible for this effieight be generic (i.e., general or not
domain specific).

In Experiment 2, experienced drivers and inexpeeendrivers performed two RM
tasks with stimuli not involved in driving. One kashowed a black square moving from left
to right across the screen; the other showed adfla person running. Our goal was to find
out if the knowledge mobilized in RM tasks is patdsk-specific. Most studies on cognitive
expertise have shown that expert knowledge isnaosterred to material that is not from the
expert's domain (e.g., Chase & Simon, 1973; Eritsd®85; Hatano & Osawa, 1983;
Unterrainer, Kaller, Halsband, & Rahm, 2006; sesvén@r Gauthier, Williams, Tarr, &
Tanaka, 1998; Tanaka, Curran, & Sheinberg, 2008¢. results of Experiment 2 should tell
us whether the anticipatory processes implemenyeg@adoticipants in RM tasks are solely

domain-specific or whether they are transferablether domains.
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Experiment 1

The purpose of this experiment was to study the rol experienced drivers'
knowledge of automobile driving in their ability #nticipate motion in road scenes. The
participants were divided into two groups (expecehdrivers and inexperienced drivers) on
the basis of their driving experience. They viewead scenes filmed by an on-board camera.
The scenes were interrupted by the display of ekldareen lasting 250 ms, and then resumed
in one of three conditions: a shift forward (wigtspect to the car's direction of movement), a
shift backward (in the direction opposite to the'ssanovement), or no shift (at exactly the
same point as before the interruption (normal-rggion condition). In the shift conditions,
the size of the forward and backward shifts wasipdated (xt3 m, £6 m, £9 m, and 12 m).
The task was a same/different comparison taskichRemts had to compare the last scene
viewed before the cut, to the first scene viewadrahe cut, and decide whether or not the
two scenes were the same (i.e., whether the velasan the same location in both scenes).

If more RM effect is observed in experienced disvigran inexperienced ones, then in
the normal-resumption condition, experienced dev&rould make significantly more errors
than inexperienced ones. In the forward-shift aadklward-shift conditions, if participants
anticipate, they should have more trouble decidimdorward shifts (than on backward shifts)
whether or not the first image seen after the sutifferent from the last image seen before
the cut. Accordingly, if experienced drivers argatie more than inexperienced ones, then we
can expect the asymmetry between forward and backsfafts (on "same” responses) to be

greater for experienced drivers than for inexpeehones.

Method

Participants
Seventy participants took part in the experimetieyl were divided into two groups

on the basis of their driving experience. The "pexenced” group was made up of 35 young
adults who did not have their driver's licence (meme: 21 years 5 months, standard
deviation: 1 year 3 months). The "experienced" groeontained 35 drivers (mean age: 36
years 5 months, standard deviation: 10 years 3mspmtho had been driving regularly (for at

least 2 hours a day) for an average of 18 yeaamdard deviation: 10 years 6 months). To
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make sure the participants in the experienced-dgveup were "good" drivers, only drivers

who had never caused a road accident and had geiten a moving violation were selected

for the studyl
All participants had normal or corrected-to-normagion and were naive to the
purpose of the study until the experiments werg.ove

Materials
The monitor was located approximately 60 cm from dlvserver, and was presented

in normal room illumination. All driving scenes weefilmed with a digital camera. The
montage of the videos was done using Pinnacle &tedlis Version 10 software. The
experiment was run on a Dell Latitude 120L portabtemputer. Fifteen basic videos,
corresponding to 15 different places, were made. ddr was always moving at a speed of 60
km/hr. In each video, a black screen lasting 25@interstimulus interval or ISI) was inserted
after 3 seconds of the video. Following this intetion, the video resumed in one of nine
conditions. In the normal-resumption condition, the@eo resumed exactly where it had been
cut, i.e., the first image after the cut was ideadtiio the last image before the cut (hereafter
called the "standard frame"). In the forward-sludinditions, the video resumed at a point
corresponding to +3 m, +6 m, +9 m, or +12 m pastltitation where the car was last seen
(+3 m was the location closest to the standard déjanm the backward-shift conditions, the
video resumed -3 m, -6 m, -9 m, or -12 m behinditherruption point. Figure 1 gives an

illustration of a standard frame, a 12-m shift fard;, and a 12-m shift backward.

Procedure
The experiment was run in two phases: a task-fanaation phase, followed by the

experimental phase. Before the familiarization ghalse experimenter gave the participants
the following instructions: "You are going to sesre automobile-driving videos filmed from

the driver's point of view. After a few seconds thdeo will be interrupted for a short while.

1 In France, a driver's license owner is assignedt ipe@ints that are taken away every time a
violation is committed. Only individuals who hadvee lost a point were included in the

study.
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After the interruption, the video will resume eitta exactly the same point as right before
the cut, or at a different point. Your task will be judge whether the video resumes at the
same point or at a different point, and respongtagsing the green key to answsairhe’or

the red key to answedifferent’ ". Once they had heard the instructions, the ppéids
performed three practice trials on three differdning scenes: one with normal resumption,
one with a forward shift of 12 m, and one with akwaard shift of 12 m. Next they performed
135 experimental trials (15 locations x 9 resumptionditions). All videos were presented in
a different random order for each participant. Aastiration of the procedure is given in
Figure 2.

Results

Three analyses were conducted. The first is arysisabf RM magnitude using PSES;
the second pertained to the percentage of "samgjonses in the normal-resumption
condition; the third looked at the percentage @his" responses in the shifted-resumption
conditions.

Figure 3 plots the percentage of "same" respoiisegroup and shift distance.

Analysis of RM magnitude
The point of subjective equality (PSE) (see Jarrayaorim, & Bardy, 2005) is a

psychophysics measure that estimates the sizeeddhiift a participant sees as being equal to
a standard (here, the standard frame). PSE isnglotddy averaging the upper differential
threshold (UDT) and the lower differential thresh@LDT). For forward shifts, UDT is equal
to the shift size for which participants respondb0same” and 50% “different” (i.e., it
corresponds to the highest degree of uncertaitifewise for LDT, which pertains to

backward shifts. A positive PSE reflects an anéitign bias.
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The experienced drivers' mean PSE was 1.82m ($@23). The inexperienced
drivers had a mean of 1.10 m (SD = 1.25). Eachhes¢ means was significantly different
from zero f (34) = 7.51, p <.001), and(34) = 5.19, p <.001), respectively]. The diffezen
between them was statistically significant [F (3,68!.99, Mse = 1.81, p < .05]

Analysis of the normal-resumption condition
An ANOVA was conducted on the percentage of "samesponses in the normal-

resumption condition, as a function of the paraoifs' level of expertise. The results indicated
a significant effect of expertise [F (1,42) = 4.98se = 232.81, p <.05]. The percentage of
"same" responses was significantly higher for iredgmced drivers than for experienced ones
(85% vs. 74.67%).

Analysis of forward/backward shift asymmetry
A second ANOVA was conducted on the percentage saimé" responses, with

expertise level (inexperienced vs. experiencededsivas a between-participant factor, and
shift direction (forward vs. backward) and shifstdince (3 m, 6 m, 9 m, 12 m) as within-
participant factors. The results did not indicatenain effect of expertise [F (1, 68) = 1.15,

Mse = 1164.9]. The shift-direction effect was sfgaint [F (1, 68) = 79.95, Mse = 334.4,

p < .01]: there were more "same" responses (i.erenerrors) for forward shifts than for

backward shifts, which corresponds to a forwardéberd asymmetry. The results also
indicated a significant effect of shift distance(B; 204) = 220.72, Mse = 158.6, p < .01]. The
greater the shift distance, the smaller the nunabésame" responses. Interaction between
shift-direction and shift distance was significfiat(3, 204) = 3.06; Mse = 136.88; p < 0.05.
The greater the shift distance, the smaller forweckward asymmetry.

The three-way interaction between expertise, ghiriection, and shift distance was
significant [F (3, 204) = 3.16, Mse = 136.88, [05]. The planned comparisons showed that
experienced drivers exhibited a stronger asymntatag inexperienced drivers on 3-m shifts
[F (1, 68) =7.97, Mse = 188.59, p <.01]. The empwed drivers exhibited a significant
forward/backward asymmetry for 12-m shifts [F (8) 6 15.04, Mse = 195.62, p < .001], but
the inexperienced drivers did not [F (1, 68) = 1.88e = 195.62, p = .17]. Figure 4 presents
the forward-shift/backward-shift comparison for leabift distance.
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Discussion

The results of this experiment indicated that alftigipants of both driving-expertise
levels exhibited an RM effect. The PSEs are diffefeom zero for both group and responses
for the forward and backward shifts given by botbups of participants were asymmetrical,
i.e., the error rate was significantly higher fornward shifts than for backward ones. This
finding obtained with real videos corroborates thabtained with synthesized images by
Thornton and Hayes (2004).

Concerning the main goal of this study, i.e., tplere the effect of domain-specific
knowledge on motion anticipation, the results shibweat the experienced drivers did indeed
anticipate more than the inexperienced ones$ dithe following findings confirmed this
result. Firstly, the experienced drivers' PSE wighdr than that of the inexperienced ones
(with the larger group size). Secondly, when thaewi resumed at exactly the same place as
before the cut (normal-resumption condition), elgared drivers made more errors than did
inexperienced ones. Thirdly, the asymmetry obtaimethe 3-m shift condition was greater
for experienced drivers than for inexperienced oResirthly, while for experienced drivers
the asymmetry persisted for 12-m shifts, for inepeed drivers the forward/backward
asymmetry no longer existed at this shift distance.

In short, the findings of this first experiment icate that knowledge acquired from
years of driving modulates the effect of repredgmal momentum on driving-scene
judgments. Experiment 2 was aimed at determiningtidr this expertise effect is due to the
existence of a general anticipation ability acogiirgith driving expertise, or whether the

knowledge developed by experienced drivers is dorspecific.

2 Note that in the present experiment (as in manglies on expertise), the age of the
participants covaried with expertise. However, winkarly every study on age-related effects
on cognition has found a decline or at least dtgbwith aging, our older participants
anticipated more than the younger ones. The aatioip advantage acquired with the
development of expertise may compensate for thetel@us effects of age generally

observed (e.g., Rozencwajg, Lemoine, Rolland-&d&pmpard, 2005).
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Experiment 2

The purpose of this experiment was to find out Wwhaethe expertise effect observed
in Experiment 1 can be generalized to other dynanigronments that are far-removed from
the one in which the expert knowledge was acquikedticipants assigned to two groups on
the basis of their driving experience conductedRdM task on dynamic scenes that did not
pertain to automobile driving. The hypothesis téstwas that anticipation processes
developed in a given domain are not transferredther domains. With this hypothesis, we
can expect no differences between experienced aegpeérienced drivers in terms of

movement anticipation.

Method

Participants
Forty-four participants of Experiment 1 took alsartpin Experiment 2, namely, 20

young adults who did not have their driver's licmagad 24 experienced drivers.

Materials
The monitor was located approximately 60 cm from dlvserver, and was presented

in normal room illumination. The material consist@dwo types of videos, ones presenting a
natural scene and ones presenting an artificizles¢gee Figure 5).

In the natural-scene videos - "natural” in the sethst they showed a human action

filmed by a stationary camera - a person was seening from left to righ? across the
screen. The person was moving at a constant sfeBts) in a relatively homogeneous
environment (a quarry with light-colored soil). Tweconds after the beginning of the video,
a black screen was displayed for 250 ms. Afterinberruption, the video resumed in one of
the same nine conditions as in Experiment 1 (nomesumption condition, forward-shift

3 Given that we did not set forth any hypotheses atsmupotential effect of the direction of
motion, we chose the direction that seemed the hkety to produce an RM effect. Halpern
and Kelly (1993) reported that left-to-right motigave rise to a greater shift. Note, however,
that Hubbard (1990, 1995), Hubbard and Bharuch88)Jl@&nd Cooper and Munger (1993)

did not find such differences.
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conditions, and backward-shift conditions). In bathift conditions, there were four shift
distances (meters travelled by the person in theo)i 0.25m, 0.5 m, 0.75m, 1 m.

The artificial scene showed an animated (24fpsgkbkgquare moving from left to
right (5.5°/s) across the screen against a plahi-tolored background. As above, after two
seconds of animation, a black screen appeared5®@mis before the rest of the video was
shown, in one of the nine resumption conditiongnmad-resumption condition, forward-shift
conditions, and backward-shift conditions, the tasi of which had four shift distances each
(expressed in number of images): 4 images, 8 imddgesnages, and 16 images. This made

nine videos per type of scene.

Procedure
Forty-four participants who had taken part in Expent 1 went directly on to this

experiment after a short break of a few minute® pitocedure was the same as in
Experiment 1. All participants performed two bloakdrials in succession: one showing
natural scenes and one showing artificial scemestésting order for the two blocks was
counterbalanced across participants). Within edmtkbthe items were presented in random
order. Items in the natural-scene block were reguksix times; those in the artificial-scene
block were repeated four times. This made for al twit54 natural scenes and 36 artificial

scenes. The participant's task was the same agerighent 1.

Results

Artificial scenes (moving square)
Figure 6 presents all results obtained for thdiael scenes.



RM and expertise 13

Analysis of RM magnitud&he mean PSE of the experienced drivers was &égas
(i,e, 15.2 ms) (SD=2.93); it was 2.63 images, (i19.95 ms) (SD =2.35) for the
inexperienced drivers. Each of these values isifiegntly different from zerot[(23) = 6.11,
p <.001, and (19) =4.99, p <.001, respectively]. The differerzetween these two means
was nonsignificant [F (1, 42) = 1.58, Mse = 7.2Z, j21].

Analysis of normal-resumption conditiohhe ANOVA on "same" responses in the
normal-resumption condition did not yield a sigeceint effect [F (1, 42) = .94, Mse = 877.7,
p =.33]. The percentage of "same" responses diyezxperienced drivers (59.49%) was not
statistically different from that of inexperiencédvers (66.25%).

Analysis of forward/backward shift asymmeffine ANOVA on the artificial scenes,
with expertise as a between-group factor and shitiction and distance as within-group
factors, did not yield an expertise effect [F (2) 4 .0001, Mse = 952.9, p =.99]. The shift-
direction factor had a significant effect [F (1,)4290.3, Mse = 1265.89, p < .01], and so did
the shift-distance factor [F (3, 126) = 79.47, M4s&78.98, p < .01]. There were no significant

interactions.

Natural scenes (person running)
Figure 7 presents all results obtained for thenaatcenes.

Analysis of RM magnitudd’he mean PSE of the experienced drivers was 0.33 m
(SD =0.14); it was 0.38 m (SD = 0.15) for the iperenced drivers. Both of these values are
significantly different from zerot[(23)=11.73, p <.001, and (19) =10.95, p <.001,

respectively]. The difference between these twonseeas nonsignificant [F (1, 42) < 1].

Analysis of normal-resumption conditiomhe ANOVA conducted on "same"
responses for natural scenes in the normal-resamptindition did not indicate a significant
effect [F (1, 42) = 1.23, Mse = 489.01, p = .2MeTpercentage of "same" responses given by
experienced drivers (64.23%) did not differ sigrafitly from that of inexperienced drivers
(71.66%).

Analysis of forward/backward shift asymmetijne ANOVA on the percentage of

"same" responses for natural scenes, with expesass@& between-group factor and shift
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direction and distance as within-group factors,eed@d a main effect of expertise [F (1,
42) = 5.13, Mse = 603.98, p < 0.05]. On averagexperienced drivers responded "same" a
little more often than experienced drivers did. Bhét-direction effect was significant [F (1,
42) =270.31, Mse =708.08 p <.01], as was thdt-diatance effect [F (1, 126) =62.3,
Mse = 328.63, p <.01]. The interaction betweerit ghrection and shift distance was also
significant [F (3, 126) = 12.11, Mse = 244.91, ©%]. The three-way interaction between
expertise, shift direction, and shift distance waensignificant [F (3, 126) = .38,
Mse = 244.91, p =.76].

Discussion

The results of Experiment 2 showed that for botturah scenes and artificial scenes,
all participants exhibited an RM effect. As a whdlee participants made judgment errors in
the normal-resumption condition, their PSE valueseasignificantly greater than zero, and
their forward-shift and backward-shift responsesenvasymmetrical (i.e., there were more
mistakes on forward shifts than on backward on&sese results thus provide further
evidence of an RM effect in dynamic situations. ikeExperiment 1, however, there was no
anticipation difference between the two groups atipipants (experienced or inexperienced
drivers).

Note that an unexpected result was obtained instiidy for natural scenes: expertise
had a main effect. No matter where the video resiyrtiee inexperienced drivers answered
"same" slightly more often than the experiencedrats did, although the shape of the
response distributions was similar for the two guSuch an effect was not found in
Experiment 1, nor was it observed for the artifigeenes in Experiment 2. This finding (for
which we have no explanation) is probably not lohke the processes underlying the RM
effect - which was the focus of the present studyp 4t will not receive further comments
here. Ruppel, el (2009) found similar results and discuss how thigtit of the distribution
does not reflect representational momentum, butasyemmetry of the distribution does
reflect representational momentum.

The main finding of Experiment 2 is that knowledagguired in a specific domain
(here, automobile driving), which led to RM modigatwith experience, was not transferred
to dissimilar domains. Note that an anticipatiofiedence could have been obtained because
of the age difference between the two groups (naggn20 for the inexperienced drivers vs.
38 for the experienced drivers). DelLucia and Mat{@&06) showed that age tended to slow
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down the extrapolation of motion. However, in th&tindy, the older participants (mean age
58) were much older than the experienced driversun study. Furthermore, age-linked

cognitive declines have mainly been demonstratethdividuals age 50 or older (Kausler,

1991, Salthouse, 1982).

Correlations between Experiments 1 and 2

Correlations were calculated in order to relateghsicipants' performance of the 44
participants which took part in both experimentglondriving scenes in Experiment 1 and on
of the two types of scenes in Experiment 2. Coti@ia between natural-scene performance
and artificial-scene performance in Experiment 2revalso computed. This gave us Six
correlations (three for the inexperienced group #dmde for the experienced group). The
correlations were calculated on the PSE values.

For the novices, nonsignificant correlations welbéamed between the driving-scene
data and the natural-scene data (r =.08, p > l@&)veen the driving-scene data and the
artificial-scene data (r = -.25, p > .05), and kedw the natural-scene data and the artificial-
scene data (r = .09, p > .05). For the experiedceers, nonsignificant correlations were also
obtained between the driving scenes and the nasemles (r =-.12, p >.05), between the
driving scenes and the artificial scenes (r = -#,.05), and between the natural scenes and
the artificial scenes (r = .18, p > .05). The fd&t no correlations were found between these
different types of scenes, for either group of ipgrants, argues in favor of the presence of

RM components specific to the scenes presented.

General discussion

This research had two objectives: find out if thd Bffect is sensitive to expertise in
the specific domain of automobile driving, and deti@e whether knowledge acquired with
expertise is transferable to other types of scéim@isare not from the observer's domain of
expertise.

Our results showed, first of all, that for the matudynamic scenes we used, all
participants exhibited an RM effect. They extendoriton and Hayes's (2004) findings
(obtained using synthesized automobile-driving ssgrto real scenes that were actually
filmed. They also add to the range of situationgvinich the RM effect can be observed. The

RM effect is found not only in situations wheretgapants are watching a scene containing a



C. Blattler, V. Ferrari, A. Didierjean, P. Van Etside, & E. Marmeche 16

moving object or objects, but also in situationsevehthe participant is an integral part of the
movement (Munger, Owens, & Conway, 2005; DelLucidMéldia, 2006). This study placed
the observer in the driver's position in a car mgvat a constant speed, so the observer saw
an ever-changing visual scene. In such situat@m&M effect is always observed.

Experiment 1 comparing experienced drivers and gosrsvho had never driven
showed that some RM components can be modulateskjpgrtise. Firstly, the experienced
drivers had a higher PSE. Secondly, the experiedagedrs made more errors when the video
resumed at exactly the same point as before thé birtly, unlike the inexperienced drivers,
the experienced ones exhibited more asymmetry rf@ller shifts, and an asymmetry that
persisted up to 12 m. Accordingly, in the road ssensed, the more experienced the drivers
were, the greater the amplitude of the represematimomentum. Thus, expert knowledge of
some kind had an impact on anticipation processegnamic-scene processing, provided the
scenes are from the observer's domain of expefitisese results extend earlier findings from
the few studies demonstrating RM modulation by dbseerver's domain-specific conceptual
knowledge of the moving object (Vinson & Reed, 200hey also show, as noted in certain
models of expert memory (for a review, see Gobane, Croker, Cheng, Oliver, & Pine,
2001), that expert perception of scenes differmftbat of novices right from the perceptual
encoding phase.

The results of Experiment 2 showed that RM modaotatas a function of observer
expertise in a specific domain (automobile driviags not generalized to other domains. For
the visual scenes studied, i.e., a moving squai @ain background and a person running in
a natural environment, the experienced driversletdd the same RM effect as the other
participants, so there was no transfer of experfAisguestion that arises here concerning the
wide variety of situations in which an RM effectabserved (for a review, see Hubbard,
2005) is whether these effects are rooted in alesirggneral skill or in multiple, specific
skills. Our results indicate that at least partegperts' knowledge is domain-specific. The
absence of correlations between each group's psmafaze on the three different types of
scenes used here suggests that certain procestady/ing RM are task-specific.

The two studies reported here point out some ptiggerof representational
momentum. Although the fact of having found an Rié& in a wide variety of situations
suggests that at least one of the components ofiR§kneric, the present results seem to
show that RM might be composed of a set of botlegdrand domain-specific processes. Our
research showed that expertise in automobile dyivvan modulate RM in road-scene
perception: the cognitive characteristics of theeser can change the magnitude of the RM

effect. The next question to be answered concehet wpecific anticipation processes are
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implemented to analyze these scenes as a fundtithreio characteristics, including whether
the observer is moving along with the scene, andtidr he/she is making decisions about
what action to take next. In this vein, the reseammnducted by Jordan and Hunsinger (2008)
demonstrated that action control can have an impagierception. These authors compared
the estimated vanishing points given by participdrdined in advance to control the motion
of a stimulus moving horizontally on a screen (gdwo knobs for increasing or decreasing
the speed of the stimulus) to those of participamt® had never had the opportunity to
control the motion of the stimulus, and showed thattrained participants exhibited a greater
forward displacement (FD). The hypothesis testeds waat experience acquired by
"observers-actors" about the action-effect couplowy distal events has an impact on
perception, even in situations where the movemdnthe stimulus can no longer be
controlled. The theoretical framework for interfpmgt this effect was the Theory of Event
Coding or TEC (Hommel, Mussler, Aschersleben, &Pri2001). Neurophysiological data
support this interpretation. Decety (2002), forrapée, showed that the brain areas activated
when a person is planning an action are also detivavhen the person is watching that
action. In this context, the learning of actioneeff anticipation patterns is thought to
influence FD magnitude, in such a way that the pessible fit between the actions and the
dynamic environment presented is achieved.

Jordan and Hunsinger (2008) themselves drew arogyéletween the experimental
situation they used and that of automobile drivein® are acting as simple passengers. They
hypothesized that driving or riding in an automehmodifies the observer's perception of
driving situations they have experienced. Thisxacly what we observed by comparing
experienced drivers and inexperienced drivers. hdrefore seemed relevant to try to
operationalize the TEC in situations of road-sgeeeeption. Relevant, but not trivial insofar
as the road scenes processed by our participante meich more complex than the
experimental situations used by Jordan and Hunsi(2@08); and they were all different.
Thus, the actions to be carried out always hadeamodulated by environment-specific
characteristics, and participants with expertisa specific domain would be more sensitive
to the relevant environment-specific charactemssincthat domain. Moreover, action schemas
take months or years to be acquired, not a fewrdtzas. Attempting to operationalize TEC
in this context nevertheless seems to us to be@mipmg avenue for identifying the more or
less specific patterns of action-effect anticipatioat are acquired with experience.

Even in this framework, it would be worthwhile taig deeper insight into the
relationships between attention and RM. (see, H&/Ereyd, 2002; Kerzel, 2003; Munger &
Owens, 2004). Pearson and Schaefer (2005) shomadparticipants' involvement in a
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change-blindness task on photographs of road seeodsied their performance. Participants
in the so-called cognitive-engagement conditioneatetd that the results of the study might
be of diagnostic value in identifying people in desf remedial driver training. This sole
piece of information gave rise to significant difaces between the performance of simple
observers and observers who were more involvedhenaitomobile-driving situation. Not
only the changes occurring in the main areas @raést in the scene, but also changes that
were in marginally interesting areas but were nogeless relevant to automobile driving, were
detected better by the more-involved participatitsg solely to the instructions they had been
given. These findings are consistent with viewsatiention that allow for increases in
attentional resources and a flexible distributibatbention (Kahneman, 1973). The results we
obtained here by comparing observers who were téxpatomobile drivers and others who
were "novices" can be interpreted in this framew@&mpared to novices, experts may feel
more involved in the action and so may allocatar thdention differently (see Reingold,
Charness, Pomplun, & Stampe, 2001 and Reingoldin€ks, Schultetus, & Stampe,, 2001
for examples on chess experts). On this point,reatyais of drivers' eye movements could
provide some interesting information. Whatever ¢hse may be, a key topic that remains to
be studied concerns the relative contributions>afgenous and endogenous factors in the
mechanisms of attention allocation and decisioningalabout what actions will lead to the
most optimal fit to the dynamic situations encouede
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Figure Captions

12 meters backward Standard frame 12 meters forward
Figure 1. Example of the material used in ExperinieriThe standard frame (in the middle)
was the last image seen before the cut. The vielmamed after a backward shift of 12 m or a
forward shift of 12 m.

Response

Figure 2. lllustration of the procedure. Each videss viewed for 3 seconds before the 250-
ms cut. The scene resumed at the point where thewasimade, after a forward shift, or after
a backward shift. Top: example of a 12-m shift farek
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Figure 3. Percentage of "same" responses, by és@égtel, shift direction, and shift distance
(error bars are standard error).
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Figure 4. Differences between the percentage ohé&Saesponses on forward and backward
shifts, by shift distance and participant grougexiperienced and experienced). Error bars are
standard error.

Figure 5. Examples of the material used in Expemnin2e Left: the image is a screen print of a
video showing a person running from left to rigRight: the image is a screen print of an
animated square moving from left to right.
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Figure 6. Percentage of "same" responses foraalifscenes, by driving experience, shift

direction, and shift distance (error bars are stash@rror).
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