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The Technical Reasoning Model

ABSTRACT

It has been suggested that gesture engrams, caaté&pbwledge and/or the ability to infer
function from structure can support object use. pitesent paper proposes an alternative view
which is based upon the idea that object use resjusolely the ability to reason about
technical means provided by objects. Technical meag abstract principles which are not
linked with any object representation (e.g., cagttimvolves the opposition between dense and
permeable material). The technical reasoning mpdetlicts that the inability to perform
technical reasoning should impair performance ymsatuation requiring the use of objects (in
a conventional way or not). Twenty left brain-damaég(LBD) patients, 11 right brain-
damaged (RBD) patients and 41 healthy controls vet@mined on experimental tests
assessing the conventional use of objects (e.gewsty a screw with a screwdriver),
conceptual knowledge about object function, pantoenof object use and recognition of
object utilization gestures. We also designed thadual Use of Objects test, which demands
unusual applications of objects to achieve a pw@dos which the usually applied object is
not provided (e.g., screwing a screw with a knif€éhe key findings are that only LBD
patients have more difficulties on the Unusual W@$eObjects Test than controls or RBD
patients, and that the severity of their impairmentorrelated with that on conventional use
of objects. Correlations with tests assessing qune¢ knowledge as well as with tests of
pantomime of object use and recognition of objddization gestures were weaker. These
results support the technical reasoning model amstepn the role of conceptual knowledge
and gesture engrams in object use. Since the twathr@asoning model also predicts two
distinct technical disorders, the discussion fosuse the existence of these disorders in

regard to individual performance profiles obtaimethe Unusual Use of Objects test.

KEYWORDS: Action, Apraxia, Conceptual Knowledge, Gesture, [Tdse.
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The Technical Reasoning Model

1. INTRODUCTION

The fundamental psychological question of hominial ise and manufacture has received
little attention in neuropsychology (Goldenberg driki, 2007; Johnson-Frey, 2004; Le Gall,
1992). This epistemological situation can be exg@di by the fact that, since the early
twentieth century, a consensus has emerged thattdef use of objects would pertain to the
area of conceptual and/or of praxic disorders. dilesent paper discusses this perspective and
proposes an alternative account in which impairnoémbject use is foremost viewed as the
inability to reason about technical means providgabjects.

In a seminal work about apraxia, a disorder oflafliimovement, Liepmann (1920)
proposed that the difficulties which brain-damagedients encounter when trying to use
objects could be due to loss of movement memornidsrmula (hereafter called the “gesture
engram hypothesis”). The inclusion of object uspaimrment in the area of motor rather than
of conceptual disorders has been strongly questightorlaas, 1928), and it is now well-
established that damage to stored gesture repatienivould primarily result in impairment
in the production of pantomimes and/or the recagmiof object utilization gestures (Heilman
et al, 1982). Interestingly, recent studies have shohat tpatients with difficulties in
producing and recognizing pantomimes have dimimisk@owledge of skilled object
manipulation when they are assessed with motorenya@uxbaunet al, 2005a) or multiple
choice tasks (Buxbaum and Saffran, 2002; Buxbatia, 2003), suggesting that the deficit
is not limited to movement execution stages of grenince. These works highlight the
importance of motor imagery in pantomime of objase. Nevertheless, the existence of
gesture engrams remains an open question all the swsince no study has been able to
provide a clear-cut explanation of why the perfomgce of individuals with degraded

knowledge about object manipulation generally impsowhen they are permitted to contact
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The Technical Reasoning Model

and use objects directly (for discussion, see Guldey,et al, 2004; Hermsdorfeet al,
2006).

It has been suggested that some brain-damagedhtsadie® unable to use objects normally
due to loss of conceptual knowledge about objeattian (Heilmanet al, 1997; Ochipeet
al., 1989, 1992). Consistent with this view (hereaftatled the “conceptual knowledge
hypothesis”), Hodgest al. (2000) reported high correlation in patients wghmantic
dementia between the degree of impairment of cdoneegknowledge and the ability to
demonstrate the use of common objects in isolatioterestingly, their patients showed
object use that was impaired to an extent consom#httheir conceptual knowledge for the
same items. However, there were a small numbarstamces in which the patients appeared
to use an object more successfully than would leslipred by their knowledge about it.
Furthermore, in line with previous reports of setramlementia (Buxbaunet al, 1997,
Lauro-Grottoet al, 1997), a number of the patients included in tluelys by Hodgest al.
(2000) still engaged successfully in hobbies arattsprequiring object use. Thus, Hodgsts
al. (1999, 2000; see also Bozeatal, 2002) argued that several other factors, suabbpect
affordances or mechanical problem-solving, mightrifieiential. While emphasizing the key
role of conceptual knowledge in the use of objéttsolation, these findings corroborate the
assumption that intact conceptual knowledge isheeihecessary nor sufficient to ensure
good utilization in actions involving the use ofveeal objects (Buxbaunet al, 1997;
Hartmanret al, 2005).

In recent years, greater attention has been tum#é idea that object use might be based
on a comparison of the structural properties oéotgj with the requirements posed by actions,
that is, on a direct inference of function fromusture (hereafter called the “direct inference
hypothesis”). For assessing this ability, Goldegkerd Hagmann (1998) developed a test of

mechanical problem solving requiring the selectasrd application of novel tools. These
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authors found a strong association in left braimaged (LBD) patients between mechanical
problem-solving skills and the capacity to use teamiobjects. Mechanical problem-solving
skills can also be disrupted in patients with cotasal degeneration, who are known to be
impaired in everyday activities involving objecteugdodgeset al, 1999; Spatet al, 2002).
Nevertheless, its has also been documented that daanage can affect the use of familiar
objects and mechanical problem-solving skills irefegently from each other, suggesting that
object use would not be supported only by the tgthdi infer function from structure, but also
by other cognitive processes such as conceptuallkedge (Bartoloet al, 2007; Goldenberg
and Hagmann, 1998).

Another interpretation of these findings can be ead which the use of multiple objects
would depend solely on the ability to perform causasoning. The novel tool selection test
developed by Goldenberg and Hagmann (1998) requaesgnizing thetechnical means
suitable for performing the task (e.g., cuttingalwes the opposition between dense and
permeable material) from objectshysicalproperties. However, the identification of possibl
technical means might only be one of the componehtausal reasoning about object use.
Thus, it can be suggested that normal performandbetest of novel tool selection could not
assure that causal reasoning is wholly preservddamna consequence, could be reported in
patients who commit errors when using familiar otge

The theoretical framework developed by Gagnepa®®@) and Le Gall (1998) proposes
that the use of objects is guided by reasoningdedrupon two abstract technical principles
(hereafter called “technical reasoning hypothesighis perspective is based upon the
assumption that there is no overlapping betweenettienicalreality and thehysicalreality.
Indeed, the same physical matter (e.g., glasspoavide distinct technical means (resistant,
sharp, transparent, etc.) and, inversely, the stroenical mean (e.g., resistant) can be

provided by distinct physical matters (wood, mefahstic, etc.). Furthermore, the same
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physical matter does not always provide the te@dimuean suitable for an intended action
since, for instance, the lead of a pencil is fiealvhen applied to paper but not to leather. In
sum, technical means are abstract principles aadjuith experience and they are not linked
with any specific object representation.

The ability to “recognize”/“identify” technical mea from physical matter is the first of
the two principles of technical reasoning. Le G@AIB98) argued that patients who are
impaired in this aspect show the inability to selffom several objects the ones whose
physical properties are most suited to performrbended action. More precisely, objects are
no longer distinguishable on the basis of the tmahinmeans they provide and, as a
consequence, the actions undertaken by these tsati@m be unrecognizable. The description
made by Le Gall (1998) coincides with what is mooenmonly called “errors of content”,
“perplexity”, “object misuse errors” or “mislocaticerrors” (Buxbaunet al, 1997; De Renzi
and Lucchelli, 1988; Morlaas, 1928; Ochgtaal, 1989).

The originality of Gagnepain’s (1990) theoreticelrhework lies in the assumption that
technical reasoning is not only founded on theitgbib identify, but also on the ability to
combine technical means. Indeed, cutting does migtrequire the opposition between dense
and permeable material, but also, for instance,ofpy@sition of two solid materials, since
otherwise it would not be the task of cutting, kaft carving, cleaving or sculpting.
Importantly, the ability to combine might be at tbegins of technical progress. Thus, by
combining elongate material with materials havilguracteristics suitable for cutting, early
hominids might have designed knives, that is, drtaefirst technical devices consisting of a
handle and, as a result, using a lever-type a¢tieroi-Gourhan, 1971, 1973). Le Gall (1998)
reported that patients who are impaired in thiseesgan forget to carry out an action
necessary for completing the task or can perforiorag in an awkward and ineffectual way,

because the different technical means providedchbyobjects are no longer combined (e.g.,
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the patient holds and uses the blade of a knifecitting). These patients can also use an
object with a missing part as if the object is entLe Gall (1998) reported observations of
patients who continued to “drive” a screw with aesedriver even when the blade had been
removed (see also Osiurat al, 2007). These descriptions coincide with whatmisre
commonly called “omission” or “sequence errors” (Renzi and Lucchelli, 1988; Schwartz
et al, 1991, Truelleet al, 1995).

A key assumption of the technical reasoning mosléhat the reasoning, which determines
the technical means (e.qg., tracing) appropriatgpé&forming the desired activity (writing), is
abstract in that it is not based upon any objeptesentation. Thus, once the technical
analysis is completed (e.g., tracing in using feabersus “porous” material), the mental
product is only then reified into physical objecéwailable either in the immediate
environment or in non-immediate environments (Gagne 1990; Le Gall, 1998; Sabouraud,
2006; for discussion on this issue, see Osiwtlal, 2008b). In this frame, conceptual
knowledge would not support the use of objects,itowbuld play a primary role in enabling
individuals to reify the product of technical reasw outside of the immediate environment
(e.g., knowing that friable material can be foundide pencil cases). Likewise, this account
assumes that the “motion” carried out by the olsjelciring their use would be constrained by
the product of technical reasoning, thus dismissiregexistence of gesture engrams at this
level.

We think that the technical reasoning model camagperspectives to explain object use
impairment. The aim of the present paper was totiespredictions derived from this model
and confront them with the predictions made by iothgotheses accounting for impairment
of object use. For this purpose, we analyzed tltagioaship between retrieval of conceptual
knowledge about object function, pantomime of objeze, recognition of object utilization

gestures and conventional use of objects in LBeptd. We also developed the Unusual Use
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of Objects Test, which demands unusual applicatodrfamiliar objects to achieve a purpose
for which the usually applied object is not provdde.g., hammering a nail with pliers). The
design of this test was based on the assumptidrthtbause of familiar objects in an unusual
way probes the capability to infer function frommusture (Bozeaet al, 2002; Goldenberg
and Hagmann, 1998; Hodgesal, 2000) or technical reasoning (Le Gall, 1998).

First, the gesture engram hypothesis predicts $becation between pantomime of object
use, recognition of object utilization gesturesd aonventional use of objects (Liepmann,
1920). The second prediction derived from the cpthad knowledge hypothesis is that there
should be an association between conceptual kngeladd conventional use of objects (De
Renzi and Lucchelli, 1988; Ochipet al, 1989). Third, the direct inference hypothesis
predicts that both conceptual knowledge and unusis# of objects correlate with
conventional use of objects (Goldenberg and Hagm&®®8). The fourth prediction derived
from the technical reasoning hypothesis is thatveotional use of objects should be
correlated only with unusual use of objects (Lel G#98).

Besides, the Unusual Use of Objects Test was asguled to assess whether the two
technical disturbances postulated by the technieatoning model can be observed. All
objects of this test consisted of an instrumentat |fe.g., the blade of a hammer) and a
handle. As mentioned above, patients with the litghio identify technical means were
expected, in this test, to produce a large numbéaation errors” (i.e., the action performed
with the object is inappropriate/unrecognizabley. &ntrast, patients with the inability to
combine technical means were expected to prodiegea number of “object errors” (i.e., the
action is correct but carried out with the wrongtpaf the object). Performance of these
patients could be guided by partial combinatioteshnical means (see above). Nevertheless,
this kind of behaviour is unlikely to occur if thestrumental part of the object has to be used

with the recipiertt Indeed, it can be reasonably supposed that,eirptesence of technical
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disturbance, perceptual affordance can guide patiém grasp the handle and, as a
consequence, to use the instrumental part withietipient. For this reason, one third of the
actions to be performed in the Unusual Use of Qbj&est required to use the instrumental
part of the object with the recipient (“instrumdrpart” items; e.g., driving a screw into a
wooden board with the blade of a knife), a secdnd trequired to use the handle of the
object with the recipient (“handle” items; e.g.,upding a nail with the handle of a
screwdriver), and the last third were impossibleoas (“impossible” items; e.g., cutting a
metal wire with a corkscrew). We expected that texperimental manipulation would
increase the likelihood of obtaining object errasd, thereby, of observing possible
impairment in combining technical means.

There is evidence supporting the involvement oltrigemisphere in the application but
not in the selection of novel tools (Goldenberg &adymann, 1998; but for different results,
see Hartmanet al. 2005). To further explore this issue, right brdamaged (RBD) patients

were also examined.

2. METHOD
2.1. Participants

A consecutive series of 20 LBD patients, 11 RBDigmas and 41 healthy controls
participated in the study. All but 3 subjects (3itrols) were right-handed as determined by a
screening interview. All patients had suffered wstfiunilateral cerebral vascular accident
(CVA). All participants had no previous history akurological or psychiatric illnesses.
Informed consent was obtained from all subjectd, the study was conducted in accordance
with the Declaration of Helsinki.
2.2. Clinical assessment

Presence and severity of hemiparesis were ratethdytreating physiotherapists. The

presence of hemianopia was verified by perimetrglirpatients in whom history or clinical
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examination pointed to visual field defects. Thegance of hemi-neglect was rated for all
patients by combining observation of everyday behavwith results from tests of line-
bisection, cancellation and copying. Language assest was carried out with the MT{B6
Aphasia Battery (Nespouloes al, 1992). It consists of an evaluation of spontaisespeech
and of subtests (naming, oral and written comprsioen repetition, and writing). Thirteen
out of 20 LBD patients had aphasia which was diagssas global in 2, Wernicke in 7, and
Broca in 4. The Token Test was used for asseskmgéneral severity of aphasia (De Renzi
and Faglioni, 1978).

Table 1 shows demographic and clinical data. Thene no significant differences of age,
gender, type of CVA, time since CVA, severity ofnfiparesis and presence of hemianopia
between groups. Hemi-neglect was more frequenB8D Bhan in LBD patients. LBD patients

achieved more years of education than RBD paflents

2.3. Lesion analysis

Clinical MRI and/or CT scans were available for&?@1 patients (16 LBD and 10 RBD).
Lesion location was segmented and interpreted pgrganced neurologists (F.E.-B., I.R., and
I.B.) using the templates of Damasio and Damasd@9). The templates of the lesions of 16

LBD patients and 10 RBD patients are shown in Eignd Fig. 2.

2.4. Experimental tests
2.4.1. Conventional use of objects

Ten familiar objects (hammer, screwdriver, key,ssars, bottle opener, spoon, saw,
cigarette lighter, knife and spanner) and theiregponding recipients (nail, screw, padlock,

sheet of paper, bottle, yoghurt pot, piece of womhdle, slice of bread, and nut on bolt,
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respectively) were placed in front of the subj&gcipients were adapted as to enable a one-
handed performance. For example, the nail to hanupen was fixed in a piece of wood.
Subjects were asked to grasp the object and to lgnate how they use it. Performance was
rated on a 3-point scale (0, 1 and 2). Two poirngsewgiven if the subject demonstrated the
correct utilization of the object with the recipie@ne point was given if the correct use was
found after unsuccessful trials or if the perforeamnwvas clumsy (e.g., the subject first
attempts to turn the key to open the padlock wihige key is not sufficiently driven in). No
point was given if the action was not at all ack@\see De Renat al, 1968; Goldenberg

and Hagmann, 1998). Maximum score was 20 points.

2.4.2. Pantomime of object use

This test consisted of a series of 7 pantomimexbpect use (using a hammer, screwdriver,
saw, scissors, key, spoon, and knife) that the eamnperformed slowly in front of the
patient for her/him to reproduce immediately aft@rs. Each item was scored by the
examiner on a 3-point scale: 0 = unable/gross rbr= possible errors; 2 = correct (see

Kimura and Archibald, 1974; Sunderland and Slun2&0). Maximum score was 14 points.

2.4.3. Recognition of object utilization gestures

This test (Bergeget al, 1992) consisted of 20 sets of four photographmsdch set, one
photograph depicted the correct use of the objelcereas the remaining three photographs
showed the object incorrectly oriented, inapprdphaheld or used as another object. One

point was credited for each correct response litaga20 points.

2.4.4. Conceptual knowledge
2.4.4.1. Functional picture matching.

Subjects completed two subtests of the Visual GnBsitery (Agnieket al, 1992), each
consisting of 10 trials. Subjects were asked tamskmne of the three response alternatives as

the best match to the target. Each subtest wasgedcby two practice trials for which
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feedback on the correctness was given. In the eds@ccondition, the target (e.g., screw)
and the correct response (screwdriver) were funalip associated. In the categorical
condition, the target (e.g., belt) and the cormexgponse (pair of shoulder straps) were
functionally equivalent. A score of 1 point wasdited if the correct response was given in
30 seconds, totalling a maximum score of 10 pdoritgach condition.
2.4.4.2. Alternative object selection

Subjects also performed the Alternative Object Gele Test (Le Gallet al, 2000) in
which they were asked to select from a list of faards, via pointing, the name of the object
that could be used for carrying out the action spoky the examiner (“With which of these
objects can you comb your hair?”). The test coadistf 10 sets of four words. In each set,
one word corresponded to an object (e.g., fork)ispacritical physical features of the
familiar object (comb) used to perform the intendation (combing hair). The remaining
three foils were chosen to be either visually samib, from the same category as, or unrelated
with, the target (e.g., brush, toothpaste, watebpectively). Scoring of each item was binary

(0 or 1), and thus the maximum score was 10 points.

2.4.5. Unusual use of objects
2.4.5.1. Materials and procedure

Subjects were asked to execute 24 actions (hereafezred to as “items”), each involving
an object and a recipient. The different items summarized in Table 2. Recipients were
adapted as to enable a one-handed performance.dbgstt consisted of a handle and an
instrumental part (e.g., the blade of a knife). j[Bcis were informed that they would have to
use familiar objects in an unusual way and that theuld be required to show how the action
can be achieved by acting with the given objectélbeless, if the action was considered as
impossible, subjects were asked to point to a oaravhich “NO” was printed. Instructions

for the action to be performed (e.g., “divide theeat of paper in half’) were spoken aloud
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and printed on white paper. Two photographs demcthe given action (a whole sheet of
paper — two half sheets) were also presented tarenthat the instructions were fully
understood by aphasic patients. The test was pedceg four practice items for which
feedback on the correctness was given. If necessabjects were helped to achieve the

action.

There were three categories of items (see Fign8)tumental-part itemsorresponded to
items in which the instrumental part of the objeed to be brought in contact with the
recipient in order to achieve the action (e.g.vidg a screw with the blade of a knife).
Handle itemswvere items in which the handle of the object habl@dorought in contact with
the recipient in order to achieve the action (eegting yoghurt with the handle of a fork).
Impossible itemsorresponded to items in which neither the insemtal part, nor the handle
of the object was appropriate to achieve the acfeg., sawing a piece of wood with a
spoon). Each category consisted of 8 different st¢see Table 2). The series of 24 items was
presented a second time after a 5-min rest perioatder to prevent any effect due to the
orientation of objects. Each object was thus priesewith the handle alternately oriented to

left or right. In sum, each category consisted®ftéms giving a total of 48 items.

2.4.5.2. Data analysis

Three types of responses could be distinguishedpdteses were rated astrumental-
part responses the instrumental part of the object was brouightontact with the recipient
in order to achieve the action. The use of the leandith the recipient was rated handle

responseResponses were ratediapossible responseghen the card “NO” was pointed to.
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Effectiveness of responses was assessed separasally. recipient required a specific
action so that any other action was ratedc®n error(e.g., sawing the yoghurt pot with the
saw). Responses were rated adgect errorswhen the action performed with object was
appropriate, but carried out with the wrong partref object (e.g., pounding a nail with the
blade of the knife). Impossible responses madenstrumental-part and handle items were
rated asncorrect impossible responsdanally, correct responsewere recorded either if the
action was carried out with the expected part efdhject, or if the card “NO” was pointed to
in impossible items.
2.4.5.3. Normative study with healthy control satge
2.4.5.3.1. Item analysis

The aim of this analysis was to ascertain whethgeeeanent existed between the expected
responses and those made by healthy controls @ae Z). Healthy subjects produced more
than 90% of instrumental-part responses in eachhef instrumental-part items (mean
consistency of 95%) and more than 70% of handlporeses in each of the handle items
(mean consistency of 81%). The mean consistendmpbssible items was 82%. On the
whole, the responses made by controls agreed glogti the expected responses (general
mean consistency of 86%).
2.4.5.3.2. Effects of demographics

The effects of age, gender and education levehemtumber of instrumental-part, handle
and impossible responses, and on the number cdataesponses, object errors, action errors
and incorrect impossible responses were examinede Nf these variables had a statistically
significant effect.

2.5. Statistical analysis
Because of unequal group sizes and partly unecarédnces, non-parametric tests were

preferred. Between-group comparisons were performéd Kruskal-Wallis non-parametric
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one-way ANOVAs and with Mann-Whitney-tests. When Kruskal-Wallis ANOVAs were
significant, these were followed by post-hoc comgmars using Mann-WhitneyJ-tests.
Wilcoxon signed-rank tests were used for withinegracomparisons. Spearman rank order
correlations were used to study relationships betweariables. Because of the number of
comparisons computed, a stringent alpha lgvel (01) was selected to reduce the possibility
of type | error.

One purpose of this study was to examine whetHé&rdnt forms of technical disorders
could be detected in the Unusual Use of Objectd. TEserefore, for the distribution of
instrumental-part, handle and impossible respomeagsy comparisons were conducted using
“a case-study” model in which each patient’s indual data were compared to a control
mean (for a similar procedure, see Buxbaamal, 2003). The average (mean) control
distribution of instrumental-part, handle and imgibke responses was compared to the
distribution of each brain-damaged patient jy analysis. Moreover, effectiveness of
responses (correct responses, action errors, offjemts and incorrect impossible responses)
was analyzed separately for each brain-damagednpalihe cut off was established as the
worst score achieved by the controls participatmghe present study. Given our particular
interest in exploring the ratio of object and amtierrors in brain-damaged patients, the
Revised Standardized Difference Test (RSDT,; Craivfand Garthwaite, 2005) was
computed to detect dissociations in which a patreatie more object than action errors, or

vice versa.

3. RESULTS

All brain-damaged patients used their ipsilesidmatd in order to prevent any effect due
to motor or sensory impairment. Eighteen contrsksdutheir right hand and 23 their left hand.
Since no difference emerged in the use of eithed hidne scores of the two control subgroups

were pooled together. Four RBD patients showedqmoed difficulties in identifying line
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drawings and photographs of objects and, as atyesere not asked to complete the
Functional Picture-Matching Test and the Recognitwd Object Utilization Gestures Test.
Because of severe difficulties in understandingtteuni language, 3 LBD patients were not

asked to perform the Alternative Object SelectiestT

3.1. Comparisons between groups
3.1.1. Conceptual knowledge, pantomime of objeet wscognition of object utilization
gestures, and conventional use of objects

Table 3 gives an overview of results on the expenital tests. Kruskal-Wallis ANOVAs
with the between-subject factor group (LBD, RBD,n@ol) were carried out separately for
each test. They disclosed significant effects oligrfor each tes values between 9.75 and
25.59, allps < .002) with the exception of the associativedtoon of the Functional Picture-
Matching Test. Post hoc testing was performed wWimn-WhitneyU-tests. LBD patients
scored significantly lower than controls on alltsesRBD patients had significantly poorer
scores than controls on the Alternative Object Gele Test and on the Recognition of
Object Utilization Gestures Test. Differences betwd. BD and RBD patients were non-

significant.

3.1.2. Unusual use of objects

Table 3 shows the distribution of instrumental-p&@ndle and impossible responses.
Kruskal-Wallis ANOVAs with the between-subject facigroup (LBD, RBD, Control) were
run for each measure. An effect of group was olegkfer the number of instrumental-part
responsesH = 13.24,p = .001). Post hoc pairwise comparisons indicabed £BD patients
demonstrated a higher number of instrumental-pesponses than either RBD patients or

controls. The latter two groups did not differ sfgrantly from each other. Between-group
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differences were not found for the number of handieponses or for the number of

impossible responses.

The distribution of correct responses, action sgrobject errors and incorrect impossible
responses is shown in Table 3. Kruskal-Wallis ANGV#ith the between-subject factor
group (LBD, RBD, Control) disclosed no differendetween groups for the number of object
errors and for the number of incorrect impossilelgponsesH values of 8.64 and 0.29, both
ps > .03). There was an effect for the number ofexdresponsedd(= 20.99,p = .001). Post
hoc testing revealed that LBD patients had a lowenber of correct responses than either
RBD patients or controls. RBD patients and contdaknot differ. An effect was also found
for the number of action errordd(= 25.83,p = .001). Post hoc pairwise comparisons
indicated that LBD patients showed a higher nundfeaction errors than RBD patients and
controls. The difference between RBD and contralsdt reach significance.

3.2. Correlations between test results in LBD pdte

Because of the ceiling effects in controls and Rdients, correlations of test results
were analyzed only in LBD patients. The score otsty of aphasia assessed with the Token
Test was also included in correlational analysesviuate the possible influence of aphasia
on test performances. Table 4 gives an overviewcasfelations. Spearman rank order
correlations revealed a strong association betweewentional use of objects and unusual
use of objects. Pantomime of object use was caoecklavith none of the other variables. A
significant association was found between the reitimyp of object utilization gestures and
the conventional use of objects. It is noteworthgttcorrelations between tests assessing
conceptual knowledge (both conditions of the Fumal Picture-Matching test and
alternative object selection) and object use (cotiveal use of objects and unusual use of

objects) did not reach statistical significance. hAgia severity was associated with
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conventional use of objects, unusual use of objaci$ the categorical condition of the

Functional Picture-Matching Test.

To further explore the correlational structure efstt results in LBD patients, the
correlational matrix of all experimental tests vgabjected to multidimensional scaling using
SPSS procedure ALSCAL. Multidimensional scalingldsea graphical representation of the
correlational structure (Young, 1987; see Goldeglstral, 2003). Higher correlations are
represented by smaller distances between the taspdata points. The distances correspond
to the rank order of the correlations but not nsasly to their absolute values.

ALSCAL achieved a satisfactory two-dimensional esggmtation (Kruskal’s stress = 0.01,
rz2 = 0.99) which is displayed in Fig. 4. The spatitribution of the experimental tests can
be interpreted as being ordered along two dimessiOme, oriented horizontally, goes from
tests of object use (conventional use of objeatsuarusual use of objects) on the left side, via
the Recognition of Object Utilization Gesture Tetst,tests of conceptual knowledge and
pantomime of object use. The other one, orientaticedly, opposes aphasia severity to all

other measures.

3.3. Individual analysis of performance for the Woal Use of Objects Test

A detailed description of performance obtained laghe brain-damaged patient in the
Unusual Use of Objects Test is shown in Table $foRaance of the Conventional Use of
Objects Test is also reported. As can be seerpatikénts who encountered difficulties in
using familiar objects fell below the cut-off ofe&lUnusual Use of Objects Test (number of
correct responses), confirming the strong correfatound between the two variables. Note

that none of the RBD patients scored below theofiubn either test.
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3.3.1. Types of responses

For the distribution of instrumental-part, handl@daimpossible responses, many
comparisons were conducted using “a case-study’einiodwhich each patient’s individual
data were compared to the controls’ nfe@he mean values of controls are given in Table 3)
As can be seen in Table 5, there were 10 patiehtsevresponse distribution differed from
that of controls. Among them, 8 LBD patients (L2B6, LO7, LO8, L0O9, L10, L11 and L15)
differed because of a relatively low number of Hangsponses. All these patients but one
(L15) scored below the cut-off for the number ofreot responses. Patients L16 and RO1
showed a somewhat similar pattern in giving a ngét low number of impossible responses.
Their number of correct responses was normal.

Two other important results have to be mentionadstllf, despite some difficulties in
performing the Unusual Use of Objects Test, 4 LBalignts (LO1, LO2, LO3 and L04)
behaved in a comparable manner to controls fodisigibution of instrumental-part, handle
and impossible responses. Secondly, on the whobkEin-damaged patients produced a
significant number of impossible responses sindg #patients (L06, L10, L16 and R01) fell
below the cut-off for this variable. These resuttemonstrate that patients took the
opportunity it offered them to reject some itemenfaming that, on the one hand, task
instructions were understood and, on the other hawrrect “non-impossible” responses
made by patients were well guided by the will tondastrate how the given object could be
used with the recipient.

3.3.2. Effectiveness of responses

As shown in Table 5, almost all LBD patients whib below the cut-off for the number of

correct responses scored below the cut-off fontimaber of action errors. By contrast, only 4

LBD patients (LO4, LO6, L10 and L11) made an abredtyrhigh number of object errors. We
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used RSDT method (Crawford and Garthwaite, 2005ydtect dissociations in which a
patient made more object than action errors, ag versa. This analysis revealed that none of
the LBD or RBD patients made a significantly highember of object errors. By contrast, 5
LBD patients (LO7, LO8, L0O9, L10 and L11) producadelatively higher number of action
errors (allps < .01). These results are consistent with thedsst-group differences found for
action but not for object errors. This can largedyattributed to the greater number of object
than action errors committed by contrghs<(.001, Wilcoxon signed-rank Test; see also Table
3).

In sum, individual analysis enables the detectibbwo performance profiles, that is, the
Profile A, which corresponds to patients LO1, LAN3 and LO4 who, despite some
difficulties in performing the Unusual Use of Oligdest, behaved in a comparable manner
to controls for the distribution of instrumentalrpadandle and impossible responses, and the
Profile B, which corresponds to patients LO5, LD67, LO8, L09, L10 and L11 who, besides
poor performance in the Unusual Use of Objects, Tastduced a relatively low number of

handle responses.

4. DISCUSSION

The aim of the present paper was to test the greds derived from the technical
reasoning hypothesis and confront them with theliptens made by the gesture engram
hypothesis, the conceptual knowledge hypothesidlandirect inference hypothesis. The key
findings of our study are the dramatically highazsation between the ability to demonstrate
the conventional use of objects and the unusualofisgbjects. These results support the
technical reasoning model. Before discussing thiemkngs further, we will first turn our

attention to the other hypotheses examined in theenmt paper.
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4.1. The gesture engram hypothesis

In Liepmann’s conception of apraxia (Liepmann, 1Q2lifficulties with skilled object use
are attributable to damage to gesture engrams.r&@egebsequent investigators have
guestioned this proposal, suggesting rather thaltrtegrity of gesture engrams would bear
upon the integrity of gesture production and redogm (Buxbaum, 2001; Cubellet al,
2000; Rothiet al, 1991). Support for this view is provided by ewvide that knowledge of
object manipulation (i.e., gesture engrams) casadiate from knowledge of object function
(Buxbaumet al, 2000; Buxbaum and Saffran, 2002; Sirggual, 1991). Although this recent
literature led us to expect that difficulties inings familiar objects would not be strongly
related to gesture recognition, our results arecoasistent with this expectation, supporting
instead Liepmann’s hypothesis in that there is @@dnto postulate two separate components
of knowledge to explain object use. Nonetheless,hilgh correlation we found between the
ability to demonstrate the conventional use of disjand the unusual use of objects questions
the idea that difficulties stem from the inabilitystore or access gesture representations.

In accordance with the technical reasoning modelgf@pain, 1990; Le Gall, 1998), we
suggest that all situations in which objects havbd “used” (i.e., actual use of objects in a
conventional — or unusual — way, pantomime, gestecegnition) might share the common
ability to perform technical reasoning. This proglds not inconsistent with the idea that each
of these situations would require additional cagaitprocesses, such as, in the instance of
pantomime, the creation of a mental image (Goldenbe al, 2003; Roy and Hall, 1992).
Importantly it might be, precisely, the significgmrtion of patients having damage to these
specific and additional cognitive processes whiculd modulate the strength of association
between these different situations of object usg.régards the present study, this could
explain why, unlike previous works, we did not rapmny relationship between pantomime of

object use and recognition of object utilizatiorstyees or between pantomime of object use
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and conventional use of objet{or significant association between pantomime ahjkct
use, see Goldenberg and Hagmann, 1998; Osetrak, 2008a; for significant association
between gesture recognition and production, sed&uxet al, 2005b).

4.2. The conceptual knowledge hypothesis

Several patients have been described in the literatvho were unable to use objects
correctly despite having preserved knowledge altbose same objects (Buxbauen al,
1997; Moreaudet al, 1998; Negriet al, 2007; Rumiatiet al, 2001). In line with these
reports, we did not find any significant correlatioetween conceptual knowledge and object
use, thereby supporting the dissociation betweenvkig the purpose for which objects have
been made and knowing the way in which they shbaldsed to achieve that purpose.

These conclusions appear inconsistent with recenksvby Hodget al. (2000; see also
Bozeatet al, 2002) on semantic dementia, in which deficittha use of isolated objects in
line with the patients’ conceptual impairment waswn. However, while these studies have
provided strong evidence for the key role playedcbgiceptual knowledge in object use, it
has also been emphasized that this conclusion woaldly apply to the use of objects in
isolation. In particular, patients with semantierdtia show an advantage for object use with
the recipient present. Bozeattal (2002) hypothesized that the presence of a ewipnight
benefit the patients’ object use by providing eeleM context and, therefore, access to further
conceptual knowledge. Thus, even in the contextlegfraded conceptual knowledge, two
mildly impoverished representations (for the obgead its recipient) may still be sufficient to
constrain object use. Our findings, with regardthe correlations between conceptual
knowledge and actual use of objects, questionabilusion. Another possibility, which is
more consistent with our results, is that demotiatyahe use of an isolated object requires
specifying its usual purpose (in which contexsitused, with which kind of objects) to then

reason about the technical means it provides. Hewethe role played by conceptual
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knowledge would be considerably reduced as sodneasntire “mechanical device” is given,

such as in the context of the use of objects whigirtrecipients. In this case, technical
reasoning could be sufficient to support the uwtiian (for discussion on this issue, see
Osiuraket al, 2008Db).

4.3. The direct inference hypothesis

Given the growing literature reporting patientshwgbod object use in the face of degraded
conceptual knowledge, and vice versa, attentionblees turned to the idea that object use
might be based on a direct inference of functiamfrstructure. Consistent with this, we
observed that all patients who had difficulties destrating the use of familiar objects in a
conventional way were also unable to use objectanirunusual way. However, the direct
inference hypothesis also predicts that succesbjett use is related with level of conceptual
deficit, which is inconsistent with the presentules
4.4. The technical reasoning hypothesis

As mentioned in the Introduction, the technical ssmang model may open new
perspectives by suggesting that object use skélsedd solely on the ability to perform
reasoning about technical means. This model is mtgg by the dramatically high
association between the ability to demonstratetimentional use of objects and the unusual
use of objects as well as by the absence of amyfisignt correlation between unusual use of
objects and the other experimental variables.

Another key finding of the present study concerfms way in which patients with the
Profile B behaved in the Unusual Use of Objects.TRssides the difficulties in performing
this test, these patients grasped the object blgahdle and then brought the instrumental part
in contact with the recipient. It can reasonablyshggested that these patients maintained the
ability to detect the affordances provided by tlaadie. Many authors have considered that

object use could be supported by affordances (Rozteal, 2002; Buxbaunet al, 1997;
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Gibson, 1979; Hodgest al, 2000; Siriguet al, 1991; van Leeuweat al, 1994; Wagman
and Carello, 2001, 2003). With regard to the lownber of correct responses made by
patients with the Profile B in the Unusual Use dbj€ats Test, this hypothesis is not
confirmed here. We rather suggest that this perdoe profile provides evidence for two
distinct levels of action: Affordances, which areitical to detect user-environment
complementarities but not to use objects, and feahreasoning, which supports solely the
use of objects.

One purpose of the present study was to examingaisibility that defective use of
familiar objects might result from two differentrfos of technical disorders (identity versus
combination). For this aim, we designed the Unusuake of Objects Test and we
hypothesized two error profiles. On the one haratjepts with the inability to identify
technical means were expected to commit more at¢hian object errors and, on the other
hand, patients with the inability to combine tedahimeans were expected to commit more
object than action errors. We found five LBD patsewho produced more action than object
errors. Nevertheless, the unexpectedly high nurabebject errors made by controls did not
allow us to conclude on this point, besides sugggshat the ratio of object and action errors
is not a relevant criterion to differentiate betweabe two hypothetical forms of technical
disorders.

It is also important to note that the performant&BD patients with the Profile A is an
intriguing result that is not easy to interpretdéed, despite some difficulties in performing
the Unusual Use of Objects Test, these patientaveehin a comparable manner to controls
and RBD patients. Furthermore, all these patientohe (L02) performed within the normal
range of controls on the Conventional Use of Okjelst. It can be supposed that their
technical impairment was too mild to be detectedtiy Unusual Use of Objects Test.

Another possibility that must be considered is thatseverity of aphasia played an important
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role in the performance of the Unusual Use of Obsjéitest, which is consistent with the
results of correlational analyses. Thus, langudnjéias of these four LBD patients could be
better preserved than in those of the Profile Bgesting that task instructions may have not
been fully understood by some LBD patients. Theest&o lines of evidence demonstrating
that is unlikely to have been the case. First, whuaitensional scaling of the correlational
structure revealed that there was a clear separagbwveen aphasia severity placed on the
extremity of the representation and unusual usebgécts on the other. Second, our results
indicated that LBD patients used in a comparablemaato RBD patients or controls the
possibility to reject some items, confirming thask instructions were well understood. In
sum, we did not find any convincing explanation fiee unexpected performance profile of
these four patients. However, these intriguing Iteseemain an unresolved issue that
motivates our continuing research.

In summary, we think that the Unusual Use of Olgjdatst might be particularly sensitive
to marked technical disorders (Profile B) becauseequires individuals to behave *“in
contradiction” with what affordances provide. Itneteworthy that, thanks to this test, some
patients (LO5, LO8 and L09) showed a certain tecdirdisorder in attempting, for instance, to
hammer a nail with the blade of a knife, while thelatively “good” performance on the
Conventional Use of Objects Test (Table 5) couldehbed to conclude that they had no
severe difficulty in using objects.

4.5. Influence of right hemisphere damage

Although left hemisphere dominance has been cleaskablished for use of familiar
objects in the context of clinical assessment ehi®isome evidence that RBD patients can be
impaired when asked to use, but not select, noa$ {Goldenberg and Hagmann, 1998; but
for different results, see Hartmam al, 2005). One of our purposes was to clarify these

controversial findings. In the present study, RB&lignts did not encounter any difficulty
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either in selecting the correct part of objectsjrmousing it with recipients. Only one RBD

patient (RO1) had an “atypical” profile in the Unas Use of Objects Test, in making an
abnormally low number of impossible responses. H@nethis profile was also found in one
LBD patient (L16), suggesting that such behaviainot specifically attributable to right

hemispheric damage. Given that these two pati€&@4 @nd L16) had circumscribed lesions
in the medial prefrontal region, we hypothesize tha manner in which they behaved in the
Unusual Use of Objects Test could evidence theepias of frontal signs such as utilization

behaviour (Lhermitte, 1986; Shallie¢ al, 1989).

5. CONCLUSION

The technical reasoning model originally developmd Gagnepain (1990) importantly
reminds us that human beings are unique in that #ne able to perform reasoning about
technical means provided by objects. Although wehawledge that the present findings are
not sufficient to fully support this perspectivee whink that this theoretical framework can
open new perspectives in the understanding of blge impairment. This is not to say that
all the difficulties encountered by brain-damagatignts in activities requiring object use can
be attributed solely to an impaired technical reasp As Hodgeset al (2000) clearly
demonstrated, conceptual knowledge may play a &kywhen objects have to be used in
isolation (see also Bozeat al, 2002). Similarly, performing everyday activitiesay call
upon specific cognitive processes that would notitecal for good performance in clinical
tests of object use. Indeed, some activities sgcboffee making can be decomposed into a
set of separate technical actions (filtering, comtg, etc.) that must be combined. Technical
reasoning enabling this combination is supposduktabstract and, as a result, without time
constraints. Nevertheless, when executed, theigatives not always involve the presence of
the individual (e.g., waiting for the coffee to iweso that time can be employed to carry out

other activities (e.g., turning on the computet)ebility to organize time refers to planning
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skills that have been shown to be particularly imgzhin patients with prefrontal injuries
(Shallice, 1982; Shallice and Burgess, 1991). Ingmaly while, in these patients, serious
difficulties in performing two everyday activitiesimultaneously have been found, each
activity when executed in isolation is generallyllveehieved, confirming that difficulties do
not stem from the inability to perform technicahsening (see Goldenbeeg al, 2007). This
last example shows, once more, that the techreeaioning model may be particularly useful
in delineating the roles played by the differengmitive processes (technical reasoning,

conceptual knowledge, time management) during obse.
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Table 1.
Demographic and clinical data.
LBD RBD Control All LBDvs LBDvs RBDvs

(n=20) (n=11) (n=41) groups RBD Control  Control
Gender (no.): women/men 3/17 a/7 19/22 ns 0 ad a
Age (years) 58.2 (16.3) 66.1(15.6) 61.5(18.2) ns O O O
Education (years) 11.5(3.9) 8.4 (2.5) 105(3.4) * * ns ns
Type of CVA: ischemia/bleeding  8/12 a/7 — ns O ad g
Time since CVA (months) 3.2(3.9) 3.4 (1.7) — ns O O O
Hemiparesis (no.): 13/2/5 3/2/6 — ns 0
none/paresis/plegia
Hemi-neglect (no.):
present/gbsen(t : 0/20 9/2 o . O O O
Hemianopia (no.): present/absent 3/17 0/11 — ns O ad g
Token Test 20.6 (10.5) 32(3.1) 34.9 (1.5) *** o ik ns

Between-group comparisons were performed whhanalyses, except for “Age”, “Education” and “Tok&est”
(Kruskal-Wallis ANOVAs), and “Time since CVA” (MarWhitney U-test). When Kruskal-Wallis ANOVAs were
significant, these were followed by pairwise congamns using Mann-Whitney-tests.

# Range: 0-36; ns, non-significamt¥ .05); *p < .05;** p < .01; ** p < .001.

Values in parentheses are standard deviations.
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Table 2.
Consistency of the items of the Unusual Use of €tbj@est.
Types of responses (%) Effectiveness of responses (%)
Item . . Incorrect
category Item Instrum. Handle Imposs. Correct Object Action impossible
part response error  error response
Instrum. Bottle cap/screwdriver 94 0 6 94 0 0 6
part  Sheet of paper/knife 100 0 0 90 0 10 0
Milk brick/knife 100 0 0 100 0 0 0
Milk brick/pen 90 1 9 90 1 0 9
Milk brick/screwdriver 94 0 6 90 0 4 6
Nail/pliers 98 2 0 98 2 0 0
Screw/knife 95 0 5 95 0 0 5
Screw/scissors 20 1 9 90 0 1 9
Mean 95 1 4 94 0 2 4
Handle  Yoghurt/brush 13 79 8 79 13 0 8
Yoghurt/fork 24 76 0 76 24 0 0
Nail/knife 13 74 13 74 11 3 12
Nail/corkscrew 4 87 9 87 5 0 8
Nail/screwdriver 0 100 0 100 0 0 0
Nail/saw 17 79 4 79 17 0 4
Nail/scissors 2 83 15 83 2 0 15
Sheet of paper/fork 26 72 2 72 26 0 2
Mean 13 81 6 81 12 0 7
Impossible Yoghurt/saw 17 1 82 82 18 0 —
Hazelnut/pen 4 2 94 94 6 0 —
Hazelnut/fork 17 18 65 65 34 1 —
Metal wire/corkscrew 7 0 93 93 0 7 —
Metal wire/hammer 30 0 70 70 4 26 —
Piece of wood/spoon 7 0 93 93 7 0 —
Piece of wood/scissors 32 0 68 68 27 5 —
Sheet of paper/razor 9 2 89 89 9 2 —
Mean 15 3 82 82 13 5 —

Values in bold correspond to instrumental-part, d@rand impossible responses made in instrumeatal-p
handle and impossible items, respectively.
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Table 3.
Results of experimental tests.

LBD RBD Control All LBDvs LBDvs RBDvs

Max. (n =20) (n=11) (n=41) groups RBD  Control Control

Conceptual knowledge

Functional picture matchin
( Associativg) 9 10 9606 9904 9.9(0.2) ns O O O
Functional picture matchin
(Categoricaﬁ) 9 10 8812 8618 9.9(0.3) xx ns xx ns
Alternative object selection 10 7.6 (2%1) 8.6(1.3) 9.8 (0.5) ** ns * *
Pantomime of object use 14 11.9(2.0) 126 (1.4) .1138) * ns * ns
Recog. of object utiliz. gestures20  17.3 (2.6) 18.2 (1.9) 19.2(0.9) *x ns * *
Conventional use of objects 20 17.7 (3.8) 19.7)(0.519.9 (0.3) * ns * ns
Unusual use of objects
Response type
Instrumental part 48  23.8(7.6) 17.0 (3.4) 413.0) * * * ns
Handle 48  9.4(7.00 145(2.9) 13.4(20) ns O 0 O
Impossible 48 14.8(7.7) 16.5 (5.3) 15.2(3.4) ns O O O
Effectiveness of responses
Correct responses 48  30.7 (9.7) 41.1(2.3) 8@1) *x * *x ns
Action errors 48 7.1(4.7) 3.4 (3.0) 12(1.4) ns ad ad ad
Object errors 48 6.4 (5.6) 0.6 (0.7) 3929 * * > ns
Inc. impossible responses 48 3.8 (4.9) 28((2. 21(1.8) ns O 0 0

Between-group comparisons were performed with Kali$®allis ANOVAs. When KruskaWallis ANOVAs were
significant, these were followed by pairwise congams using Mann-Whitnely-tests.

31 =17 n = 7; ns, non-significanp(> .01); *p < .01; ** p < .001.
Values in parentheses are standard deviations.
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Table 4.

Correlations between test results in LBD patients.
Apha§|a Assoc. Categ. Alter. Panto. Recog. Conventional
severity use

Functional picture matching (Associative)  0.37

Functional picture matching (Categorical)  0.74** 3@.

Alternative object selectién 0.58 0.11 0.53

Pantomime of object use 0.47 0.09 040 0.12

Recognition of object utilization gestures 0.29 8.6 0.14 0.33 0.07

Conventional use of objects 0.61* 055 0.34 0.08160. 0.57*

Unusual use of objects (Correct responses) 0.64* 32 0. 0.39 0.26 0.10 0.47 0.76**

an=17,*p<.01; *p<.001.
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Table 5.
Individual performances of LBD and RBD patientdhe Unusual Use of Objects Test.
Unusual use of objects

Conven.

Group Subject use of Types of responses (no.) _ Effective.ness of r'esponses '(no.)
objects Instrum. Handle Imposs. a Signi.  Correct Action Object Inc. imp.
part (df=2) p<.01 resp. errors errors resp.

LBD LO1 20 23 12 13 11 32 7 8 1
LO2 16 22 10 16 1.2 26 8 9 5
LO3 19 26 13 9 4.7 33 5 10 0
LO4 20 26 12 10 4.1 32 3 13 0
LO5 17 19 0 29 26.0 * 22 6 6 14
LO6 11 37 6 5 26.8 * 24 7 17 0
LO7 14 24 3 21 114 * 25 11 4 8
LO8 20 26 0 22 18.7 * 24 9 6 9
LO9 17 21 0 27 22.7 * 17 15 3 13
L10 14 42 0 6 451 * 15 17 13 3
L11 6 39 0 9 35.6 * 12 20 14 2
L12 20 22 14 12 1.0 41 1 6 0
L13 20 15 12 21 34 42 1 0 5
L14 20 20 17 11 21 42 3 3 0
L15 20 12 7 29 18.5 * 35 0 0 13
L16 20 21 23 4 15.2 * 35 4 9 0
L17 19 21 17 10 2.9 36 3 9 0
L18 20 21 15 12 1.0 42 3 3 0
L19 20 20 16 12 1.2 42 2 4 0
L20 20 18 13 17 0.3 38 2 4 4

RBD RO1 20 22 21 5 11.5 * 37 2 9 0
RO2 19 12 12 24 8.1 40 0 0 8
RO3 19 18 14 16 0.2 44 0 3 1
RO4 20 17 13 18 0.8 42 1 2 3
R0O5 20 14 12 22 4.7 41 1 0 6
RO6 20 18 18 12 24 43 1 4 0
RO7 19 18 15 15 0.3 42 0 5 1
RO8 20 11 15 22 6.9 42 0 0 6
RO9 20 19 15 14 0.3 43 0 5 0
R10 20 21 11 16 0.6 37 1 7 3
R11 20 18 13 17 0.3 41 1 2 4

Control Range 19-20 13-27 8-18 7-24 34-47 05 0-11 0-8

Values in bold are below the range of controls lia exception of response type, for which valuglew or abov
the range of controls are in bold only when thdip@ant’'s response distribution is significantlijferent from mea
control distribution by analysis.
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FIGURE LEGENDS
Fig. 1. Lesions of 16 LBD patients onto templatesf the atlas of Damasio and Damasio

(1989). Case numbers refer to Table 5. Left anik age reversed.

Fig. 2. Lesions of 10 RBD patients onto templatesnfthe atlas of Damasio and Damasio

(1989). Case numbers refer to Table 5. Left anik age reversed.

Fig. 3. Iltem categories of the Unusual Use of Ogj@e@st. The top panel shows an example
of an instrumental-part item. The screw can beeatriby inserting the blade of the knife into
the slot. The corresponding instrumental-part respois represented. The middle panel
illustrates an example of a handle item since thadle is more appropriate than the
instrumental part of the fork to eat yoghurt. Thavdng shows the corresponding handle
response. The bottom panel represents an examp@e whpossible item. The corkscrew is
not appropriate to cut the metal wire. An instrutaépart response is represented, but an

impossible response is here expected.

Fig. 4. Multidimensional scaling of correlationsgWween tests in LBD patients.
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FIGURE 1
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FIGURE 2
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FIGURE 3
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FIGURE 4
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FOOTNOTE 1
We follow the suggestion (Bozeat al, 2002; Hartmanet al, 2005; Hodgest al, 2000) to
use the terms “object” for the implement which peris an action (e.g., a hammer) and

“recipient” for the recipient of the action (e.g.nail).

FOOTNOTE 2

In line with Gibson’s approach (Gibson, 1979), thehnical reasoning model assumes that
non-object-use actions, such as grasping or tratisgoobjects, can be carried out on the
basis of affordances, that is, the detection of mlementarities of the individual and the
environment. Affordances are relative to the phglsieature of the individual and, as a result,
serve to determine whether an object can be graspewt, which handgrip is the most
comfortable, etc. (see Goodaeal, 1994; Rosenbaust al, 1990). Importantly, Gagnepain
(1990) emphasized that object use is not guidedhbyability to detect complementarities
between the user and the environment, but solelyhbyability to reason about technical
relationships that can be detected within the emwrent. For instance, individuals do not
choose to grasp the free extremity of the handla bmmer because it provides the most
comfortable grip, but because it provides the best to amplify the strength of percussion
(i.e., lever-type action). However, an individuatiwimpaired technical reasoning might not
determine that the free extremity of the handle tnbbg@sgrasped to perform the action in the
best way, but would nevertheless choose to grasph#ndle of the hammer because it

provides a more comfortable grip than the head.

FOOTNOTE 3

Spearman rank order correlations were used to steldyionships between education level
and all the experimental variables. Since thesé¢ys@s, conducted separately for LBD and
RBD patients, did not yield any significant effedtsis variable was not further considered in

the statistical analyses.
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FOOTNOTE 4
Each control subject’s response distribution waso atompared to the mean control
distribution. Statistics using’ analyses revealed thgtvalues observed in controls were non-

significant at the .01 level. Maximug value was 6.64.

FOOTNOTE 5

It is noteworthy that association between pantomirinebject use and actual use of objects
has been reported when patients are requestedeimutexpantomime to sight of objects
(Goldenberg and Hagmann, 1998; Osiuedkal, 2008a). In contrast, by asking patients to
imitate pantomimes, we did not find such assoamtidhese divergent results raise the
guestion of whether, beyond the traditional accdiantselective modality deficits (e.qg.,

visual/gestural input versus visual/object inpuptiR et al, 1991), the same cognitive

processes are really involved when pantomimes jaicolise have to be imitated or produced

to sight of objects.
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