Isa small apple morelikean apple or morelikea cherry?
A study with real and modified sized objects.
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Abstract

In a categorization experiment we assessed wheathaing
objects automatically activates information on haw
manipulate them. The experiment also aims at imyegitg
the role played in a categorization task by onlimisual
information (i.e., of information mediated by theorsal
system), and by information stored in memory (i.e.,
information mediated by the ventral system). Phgudicts
categorized photographs of objects manipulableseittith a
power or a precision grip into artifacts or natukahds.
Target-objects were preceded by primes consistifig o
photographs of hands in either grasping postunexigon or
power grip) or in a neutral posture (grip). Targbjects could
be presented either in their real size or in medifsize, so
that they activated a different kind of grip. Foample, a
strawberry was presented both in its real sizevétidthe size
of an apple, so that it activated a power grip.uResconfirm
that visual stimuli activate motor information. Mor
importantly, they suggest a crucial role of onlingsual
information even in a categorization task. Resudt®
discussed in the framework of theories on the oflenline
and offline memory features.

Introduction

In the last years many studies have highlighted the On

importance of action for knowledge. Recent evidehas
shown that manipulable objects directly activatetano
information. Neuroimaging studies have shown tipatceic

brain areas are activated for manipulable compsveubn

manipulable objects. Martin, Wiggs,
Haxby (1996) found
naming animals, differentially activated the leftidaie

activated by action generation tasks - and thepleftnotor
cortex, an area generally activated when parti¢cgpan
imagine themselves grasping objects with their ahami
hand. Grafton, Fadiga, Arbib and Rizzolatti (199@)nd

that retrieval of actions associated with tools doied
activation in the left premotor cortex. More redgnChao
& Martin (2000) carried out a fMRI study showirtgat the
left premotor cortex responds selectively to pboaphs of
tools but not to other objects such as animalsesfaand
houses. Consider that this different activatioriggatcannot
be due to the difference between artifacts andrabkinds,
but it is probably due to the fact that tools aranipulable
objects. This is confirmed by a PET study by Gérldaw

and Paulson, (2002) who showed in a categorizatisk
that the left ventral premotor cortex was activatgith both

artifact and natural manipulable objects — morecifigally,

it was activated during categorization of fruit/eégples and
clothing, relative to animals and non-manipulahtéfacts.

In line with these results, Kellenbach, Brett aratt@&son
(2003) found that the response of the left ventramotor
cortex and the left middle temporal gyrus was sissrfor

manipulable than for non-manipulable objects inicact
judgements, whereas no specific cortical region mase

activated by function relative to action judgements

the behavioral side, different studies
demonstrated the close relationships between preralegnd
motor information. Behavioral studies with compditiyp
paradigms, i.e. paradigms
correspondence between stimuli and responses atedilcat

Ungerleider,dan the vision of objects elicits motor information —ora
that naming tools, compared tospecifically, information related to reaching andsping

movements Ellis and Tucker (2001) asked patrticipants to

temporal gyrus — an area nearly identical to theaar categorize objects graspable either with a pretisirowith a

have

implying some kind of



power grip into artifacts or natural kinds by piegsa
device. Participants responded faster to objecspziale
with a power grip by mimicking a power grip, anddigjects
graspable with a precision grip by mimicking a js&n
grip. Thus they found a compatibility effect betwethe
object size and the grip used to respond, evehneifobject
size was not relevant to the task. Borghi, BondigliLugli,
Ricciardelli, Rubichi and Nicoletti (2006) askedpapants
to categorize photographs of objects graspable avitbwer
or a precision grip into artifacts or natural kindsarget
objects were preceded by a prime consisting ofq@raphs
of hands in either grasping posture (precisionawer grip)
or in a neutral posture (open hand). Participantrew
required to decide, by pressing a different keyethbr the
target objects were artefacts or natural kinds.gBoet al.
(2006) found a compatibility effect between the dhan
posture (power, precision) and the kind of gripuieed by
the object, provided that the experiment was preddd; a
motor training phase in which participants repeated
postures they saw in the photographs. This studyvst
that visual hand stimuli activate a motor
phenomenon and that seeing objects evokes a spewfor
program also in absence of a motor response rdl¢wvdahe
task. Namely, participants simply had to press fiemint
key in order to categorize objects.

The reported studies on prehension clearly sugtest
visual stimuli activate motor information, both whé¢he
object size is not relevant to the task (Ellis &cKer, 2000
and Borghi et al. 2006) and when the motor resp@set
relevant to the task. Moreover, the study by Borghil.
(2006) suggests that seeing hand postures and tising
body to reproduce the seen postures might inducmtar
resonance behavior, mediated by the mirror neuystem
(Di Pellegrino et al., 1992). This motor resonaegplains
the prime-target compatibility effect.

However, these studies providing evidence
compatibility effects leave a question open. Namélys
unclear whether the compatibility effect are due the
processing of online, visual information, or if yhare due
to the influence of conceptual information storedlong
term memory. In order to explain the relationsHipsween
vision and action, an influential model (Milner &@Gdale,
1995) proposes that visual information is procesgethe
brain in two different streams: the ventral and twesal
route. Whereas the main role of the ventral streantains
object recognition, the dorsal stream has prima@ly
pragmatic role. Accordingly, there would be twof@iént
routes to action: one mediated by object recogmifi@ntral
stream), the other one implying a direct visiontct

Aim of our study was to assess whether the comipgtib
effect found are due to online information or téoimation
related to past visuomotor experiences stored imong.
We used a paradigm similar to the one used by Beigal.
(2006), with some slight variations and a more inguut
variation. We presented three hand primes, two girgite
postures (precision, power) and a catch-trial )(fist
Compared to the study by Borghi et al. (2006), vsedu
more dynamical primes, so that they could morectlye
elicit motor information even without a motor pregi@on
phase. As in the previous study, the hand primesewe
followed by target-objects, half artefacts and hadtural
kinds. All objects were manipulable, half were gasle
with a power grip (e.g., apple), and half with a&gsion
grip (e.g., strawberry). The most important vadatiwe
introduced consisted of the fact that the targetsidcc
represent objects either in their real size or imadified
size. Thus, the objects typically affording a psemi grip
were zoomed out (for example a nut was enlargednto
orange size) and the object usually affording agograsp

resonancevere zoomed in (for example an apple was resized to

became as small as a cherry). In this way we wkle @
disentangle the contribution played by online, aisu
information, and the contribution of off-line infoation
stored in memory, in explaining the effects.

The main predictions of our work are the followirkirst,
we predict to replicate with different stimuli thesults
found by Borghi et al (2006). Thus, we predict agessing
advantage of natural kind objects over artefacsha first
activate only action and the latter both action anttional
information. In addition, if seeing an object aati# motor
information, we predict an advantage of objectsgable
with a power grip in their real size (e.g., of agphnd tins
over strawberries and rubbers, independent of weneth
apples and tins were presented in their real orifiedd

fordimensions) over objects graspable with a precigiop.

This should happen because, in real life, the payvigr is
less complex than the precision grip. The cruciablition,
however, concerns the role played by online andineff
information. If the role of online visual informati
overcomes that the information stored in memorgntive
should find an interaction between the object dizal,
modified) and the grip the object typically elic{fsower,
precision). More specifically, if online informatids more
important than information stored in memory, théere
should be a different response pattern when thecolsjze
is the same as the typical one (for example, wineapple is
presented in its standard size) as well as whismitodified
(for example, when an apple is presented with #meessize

mapping (dorsal stream) (Rumiati & Humphreys, 1998)as a cherry). Namely, with modified size objectgipgants

However, recent evidence suggests that the digtmct
implied by this model between an “acting” and adking”
brain might be too sharp (see for a first commealigSe,
Craighero, Fadiga & Fogassi, 1999) and that diffekends
of action-related
different neural pathways (Gentilucci, 2003).

should respond on the basis of what they SEE ¢@rethe
basis of the modified object size) rather than batthey
KNOW (i.e. of the real object size). On the conyraif
memory information plays a more important role than

information might be subserved byonline visual information, then we should find teame

effect with real and modified size objects.



Finally, if the compatibility effects found in pneus was presented two times with the objects in the#l size
studies (Ellis & Tucker, 2001; Borghi et al., 20@8pend and two times with the objects in their modifiedesi
on online information, then we should find a conigbty
effect between the prime and the target preseintets Procedure
modified dimension. Otherwise, if long term visudoro Participant sat in front of a computer monitor. Eddal
memories are responsible of the effect, then fastgonses began with a fixation point (+) displayed on themnitor for
should be expected in case of compatibility betwd#en 500 ms. When the fixation cross disappeared, onthef
postures of the hand primes and the real dimensiche three hand photographs was displayed. In half efttials,

objects. the hand on the screen was a right hand and inofidlie
trials, it was a left hand. The prime was followetdter 250

Method ms by the target consisting of the picture of ajeaiye.g., a

tin, an orange) closed to the 50cent coin. The execpl is

Participants showed in fig. 3. All stimuli were displayed ceriltyaon the

monitor ad randomised. When the prime was a hand

mimicking a precision or a power grip, half of the

participants were required to make a right-hand jmss

response if the target object was natural andtanbeid key

press response if it was an artefact. Half weraloarly

assigned to the opposite hand-to-category arrangieme

When the prime was a fist (catch trial), particifgahad to

. . refrain from responding to the target and had td foa the

Materialsand design next trial. The target object was displayed ongbeen for

The stimulus set was made of coloured digital phaiba 2000 ms or until the participant responded. Alltiggrants

human hand displaying one of three different p@stur were informed that their response times would wended

(precision, power, or fist) (see fig. 1) and by Rgiétures and invited to respond as quickly as possible whkiié

showing a common object closed to a 50cent coia fige  maintaining accuracy.

2, as example). Then a new set of photos was cresiag

the previous set of 24 pictures and manipulatirggnttwith

Acrobat Photoshop program in order to modify thgcts’

size. The objects normally affording a precisioip grere 51
e

Twenty students (12 women and 8 men) of the Departm
of Communication Sciences of Bologna's Universibpk
part in the experiment. All were right handed, ttadlyhad
normal or corrected to normal vision and they doeteive
any payment or credits for the time spent doings thi
experiment.

zoomed out, between 7 and 10 cm height (for exarthy@e
nut was enlarged to the orange size) and the obpdally
affording a power grasp were zoomed in, approxiipa2e
cm height (for example the apple was resized taainec
small as a cherry). The 50cent coin size was tineesia =
each picture. The presence of the coin allowedterstand B
whether the objects was presented in its real odified w a2
size. A special care was taken in selecting everyatad

common objects.

. W

Figure 2: An example of the stimuli: an artefdit)(
graspable with a power grip in its real and modifseze and
\ a natural object (strawberry) graspable with aipiec grip
in its real and modified size.
— \z

Figure 1. The three hand primes. The first twones
display a precision and a power grip. The thirdng;i that
worked as a catch-trial, displays a fist. Both &ftl right

hand primes were presented.

Twelve of the objects were natural (fruit, vegetshl
flowers or animals) and the other twelve were mauen FEEDBACK
(tools or utensils). Within each category half lbé tobjects
required a precision grip and half a power gripctEalide

Figure 3: The experimental sequence.



Results

3,5% of the trials were removed as errors. Readiioes
(RTs) more or less than 2 standard deviations feaoh
participant's mean, as well as RTs for incorrespoases,
were excluded from this analysis. This trimming hoet
lead to remove 2% of the datéhe mean RTs for correct
response for each participant were submitted tepaated
measures 2x2x2x2 ANOVA with the within subjectstéas
of Object Kind (artefact, natural object), Grip €pision,
power), Hand Prime (precision, power), and Objeide S
(real, modified). Two participants were eliminatasl they
made more than 14% of errors. Given that the aisalys
errors (excluding time-outs and errors with thecledtials)
revealed that there was no evidence of a speedeaagcu
trade-off, we focused on the RT analysis.

Among the main effects, the Grip was significant da
the fact that, as predicted, objects graspable wifiower
grip (e.g., orange, tin) were processed faster thigjects
graspable with a precision grip (e.g., strawbemgtch),F
(1,17) = 4.7 MSe = 1208.22p <.045. Also the difference
between artefacts and natural
significant,F (1,17) = 4.25MSe = 2130,26 p <.055, due to
the advantage of natural kinds over artefacts, ghyb
caused by the activation of functional informatieith the
latter.

The most important result was the interaction betwand
Object Size and Grig; (1,17) = 22.36MSe = 823.49,p <

.001. Newman-Keuls post-hoc analyses showed that th

was due to the fact that, whereas real size obggetspable

with a power grip were processed faster than rézd s

objects graspable with a precision grip (e.g., epphere
processed faster than nuts), this was not the foasjects
presented in their modified size. Namely, with nfiedi size
objects the pattern was reversed, as the objepisatly

graspable with a precision grip but presented witlarged
dimensions (e.g., a nut as large as an apple) preaessed
faster than objects graspable with a power grisemed
with reduced size (e.g., an apple as large as)akioivever,
the last difference did not reach significance Sieg 4).

600

590 A

580

W power orip
O precision grip

570 A

960

Reaction Times (ms)

540 A

modified real

Size

Figure 4: Interaction between Object Size and Grip

kinds was marginall

The result suggests an important role played bynenl
visual information, and thus of the dorsal systergn in a
task, a categorization one, in which the ventratey is
necessary involved. As it can be in the figure (Sge5), the
pattern we found is much more similar to the pattbat
could be elicited by the activation of online infuation
(dorsal system) than to the pattern that couldlibitezl by
the activation of offline memory features (ventsgstem).
Namely, if results depended only on online inforiomt
then objects larger in size should be processeaérfdsan
small objects, independently from their originatesi For
example, the results should be the same for large
strawberries as well as for standard apples.

If only offline processes were active, then

we should find something like this...
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If only online processes were active, then
we should find something like this...
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Figure 5: Possible results.

On the contrary, if results depended only on infation in
memory, then we should find that responses to tdjec
their real and modified dimension do not vary (Fegab).

We also found a significant interaction between Bnene,
the Kind of Object and the Object sife(1,17) = 4.34MSe
=468.03p <.053, (see Fig 6).

Newman-Keuls post-hoc analyses showed that this was
due to the fact that for real size objects artsfaceceded by
a power grip were slower than natural kinds predeblg
both power and precision grip (593 vs. 565 and S)1m
This interaction suggests that visual hand primagehan
influence on real size but not on modified sizeeolg. The
faster RTs obtained with the precision compared lie
power prime, confirm that artefacts evoke functiona



information, as the precision posture is typicaftyore
linked to fine prehension, and thus to function.
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Figure 6: Interaction between Object Size and Grip

Discussion
Our results clearly confirm previous studies shawthat
visual stimuli activate motor information. More ionpantly,
this study suggests an
information also in a categorization task.
The advantage of objects typically graspable witioaer

grip over objects graspable with a precision griggests

that visual stimuli automatically activate motofarmation
and lead to internally “simulate” a grasping actidlamely,

the longer RTs with the precision grip is due te thct that,

in real life, grasping an object with a precisiaipgs more

However, we also found that information stored ienmory
(off-line information) influences the recognitiorrogess.
Namely, the 3-way interaction we found between Brim
Object Kind and Grip showed that the prime wasatiffe
only with objects presented in their real dimenséo not
with objects presented in their modified dimensidine
absence of a congruency effect between the prirdettas
target can be due to the fact that, as in Experimiehy
Borghi et al. (2006), no motor training phase pdeckthe
experiment. Even though the prime stimuli were more
dynamical than in the previous experiment, no motor
resonance effect was triggered by the prime, thas n
compatibility effect was found. However, the 3-way
interaction revealed that participants were serssitd the
prime influence.

Overall, our results are in line with various recstudies
that suggest that the distinction between the tansd the
ventral stream as proposed by Milner and Good&8}Lis
probably too rigid and dichotomic (Gallese et. ;all999;
Derbishire, Ellis & Tucker, 2006). For examplehés been
proposed that the dorsal route can be distinguishieda
pure dorsal-dorsal route and a ventral-dorsal ane, that
some kind of object representation is encoded éndibrsal
route as well (Gentilucci, 2003). In addition, retstudies
with language suggest that motor and pragmatiarimddion
is crucial for conceptual information (Barsalouagt 2003;
Glenberg, 1997; Buxbaum et al, 2003). In order éttey
disentangle the role played by the two systemsthéur
experiments are planned. Namely, we aim at inargabe

important role of the onlindnfluence of prime on the categorization task amderify

whether we find a compatibility effect between {hwéme
and the stimuli presented in their real or in thewdified
size.
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