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Abstract

Objectives: Pantomiming the use of familiar tools is a central test in the assessment of apraxia. However, surprisingly,
the nature of the underlying cognitive mechanisms remains an unresolved issue. The aim of this study is to shed a new
light on this issue by exploring the role of functional, mechanical, and manipulation knowledge in patients with
Alzheimer’s disease and semantic dementia and apraxia of tool use. Methods: We performed multiple regression
analyses with the global performance and the nature of errors (i.e., production and conception) made during a pantomime
of tool use task in patients and control participants as dependent variables and tasks investigating functional, mechanical,
and manipulation knowledge as predictors. Results: We found that mechanical problem solving, assessing mechanical
knowledge, was a good predictor of the global performance of pantomime of tool use. We also found that occurrence of
conception errors was robustly predicted by the task assessing functional knowledge whereas that of production errors
was not explained by only one predictor. Conclusions: Our results suggest that both functional and mechanical
knowledge are important to pantomime the use of tools. To our knowledge, this is the first demonstration that mechanical
knowledge plays a role in pantomime of tool use. Although impairment in pantomime of tool use tasks (i.e., apraxia) is
widely explained by the disruption of manipulation knowledge, we propose that pantomime of tool use is a complex

problem-solving task. (JINS, 2017, 23, 128-138)

Keywords: Apraxia, Alzheimer’s disease, Semantic dementia,
Functional knowledge, Pantomime of tool use

INTRODUCTION

Pantomiming the use of familiar tools on visual presentation
is a central test in the assessment of apraxia (Goldenberg,
Hartmann, & Schlott, 2003; Vingerhoets, Vandekerckhove,
Honoré, Vandemaele, & Achten, 2011). In this test,
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participants are asked to show how they would use a tool
without holding it in hand. However, this task is thought to be
more difficult than single tool use (i.e., participants are asked to
grasp a tool and to demonstrate the movement involved in its
typical use) or real tool use (i.e., participants are asked to do
what is typically done with a tool and the associated object),
notably because the underlying cognitive mechanisms remain
unsolved (Bartolo & Cubelli, 2014) and are still under debate
(e.g., Osiurak, Jarry, & Le Gall, 2011).

Overall, three types of knowledge have been proposed
to account for performance in pantomime of tool use
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(PTU): functional knowledge (Goldenberg, 2013; Hodges,
Bozeat, Lambon Ralph, Patterson, & Spatt, 2000), manip-
ulation knowledge (Buxbaum, 2001; Rothi, Ochipa,
& Heilman, 1991) and mechanical knowledge (Goldenberg
& Hagmann, 1998; Jarry et al., 2013; Osiurak et al., 2009).
The aim of this study is to assess the ability of each of these
three kinds of knowledge to predict the global performance
and the nature of errors in the PTU task in Alzheimer’s
disease (AD) and semantic dementia (SD). Indeed, the study
of AD and SD is a good way to investigate the role of
manipulation, functional, and mechanical knowledge in the
PTU task.

In the field of apraxia, defects in pantomime production
can be observed in case of deficits in semantic knowledge
about tool function (i.e., functional knowledge; Ochipa,
Rothi, & Heilman, 1989). Functional knowledge contains
information about canonical relationships between tools and
objects. In that case, patients exhibit content errors (i.e., the
patient does not perform the expected gesture; Ochipa et al.,
1989) or perplexity (i.e., the patient does not produce any
gestures at the sight of a tool or gives unmistakable sign of
not knowing what to do with the tool; Poeck, 1983). These
errors occur when functional knowledge is lost, thereby
suggesting that functional knowledge is at least necessary to
pantomime the use of tools. To correctly perform panto-
mimes of tools, participants would have to activate object
representations from semantic memory before virtually using
these represented tool and object together (e.g., to pantomime
the use of a hammer, it is necessary to be able to imagine the
hammer in the hand but also a nail in a wooden board)
(Goldenberg et al., 2003). In sum, when pantomiming the use
of a tool, the occurrence of conception (content and
perplexity) errors suggests that semantic representations
about tool function could be impaired.

While functional knowledge has been proposed to be
involved in pantomiming the use of tool, activation of
manipulation knowledge has been proposed to be a pre-
requisite to perform pantomime actions (i.e., manipulation-
based approach; Rothi et al., 1991). This type of knowledge
informs individuals about how to manipulate tools
(e.g., knowing that the use of a hammer is associated with
oscillations of the elbow) but it is not contextualized so that
damage to manipulation knowledge leads to impairment in
both gesture production and gesture recognition. In a clinical
setting, an impairment of manipulation knowledge may lead
to different kinds of errors in the production of the gesture
like spatiotemporal errors (e.g., one or more incorrect
features of the gesture to produce), or “body-part as object”
errors (i.e., a part of the body is used as the target tool)
(Buxbaum, 2001).

In recent years, some authors have argued that the ability to
pantomime the use of a tool can be explained without invoking
activation of manipulation knowledge (Goldenberg, 2013).
Indeed, mechanical knowledge may be necessary to create a
representation of the action, as is the case for any situation
involving tool use (Osiurak et al., 2011). Moreover,
Goldenberg (2013) argued that pantomime of tool use cannot
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be reduced to the activation of motor programs' of real tool
use; and that manipulation knowledge can be actually replaced
by combining functional knowledge with mechanical
problem-solving skills. In this view, producing a pantomime is
a problem-solving task and pantomimes can be considered
as novel gestures because no motor program is available in
long-term memory (Bartolo & Cubelli, 2014). For instance,
when a participant is asked to demonstrate the use of a
hammer, the localization and orientation of the imagined nail
relative to the body may lead to different motor programs
across participants (e.g., hammering with a vertical vs. a
horizontal motion).

To sum up, at least three types of knowledge seem to be
involved in pantomime of tool use (i.e., manipulation
knowledge, functional knowledge, and mechanical knowl-
edge), but their exact role is still an open issue. In this study,
we explore the ability of functional, manipulation, and
mechanical knowledge to predict not only the global perfor-
mance but also the nature of errors in the PTU task in AD and
SD. It has been shown that manipulation, functional, and
mechanical knowledge are all impaired in AD (for a review,
see Lesourd et al., 2013a, 2013b). Concerning SD, mechan-
ical knowledge has been shown to be spared (Hodges et al.,
2000; Lesourd et al.,, 2016), while both functional and
manipulation knowledge have been found to be impaired
(Corbett, Jefferies, Burns, & Lambon Ralph, 2015; Negri,
Lunardelli, Reverberi, Gigli, & Rumiati, 2007).

For instance, both AD and SD patients meet difficulties to
recognize the good way to hold a tool in hand among several
possibilities (i.e., manipulation knowledge) and fail to match
pictures of objects that share the same function (i.e., functional
knowledge). However, only AD patients are impaired to solve
mechanical problems supposed to assess more specifically
mechanical knowledge (a target is stuck in a box and has to be
extracted using a particular tool). Thus, the global performance
in pantomime of tool use may be explained by an impairment
of manipulation, mechanical and functional knowledge in
AD and by an impairment of manipulation and functional
knowledge in SD.

More specifically, we shall examine the error profiles in
AD and SD. In AD, both production and conception errors
should be relatively frequent (Derouesné, Lagha-Pierucci,
Thibault, Baudouin-Madec, & Lacomblez, 2000). In SD,
given the semantic impairment, only conception errors
should be over-represented. Then, we shall try to find the best
predictors of conception and production errors in AD and SD
patients. We hypothesize that conception errors will be
explained by an impairment of functional knowledge,
whereas production errors will be explained by an impair-
ment of manipulation knowledge (Buxbaum, 2001; Rothi
etal., 1991).

! “Manipulation knowledge” and “motor program” refer to the same
concept, that is, a stored representation of the action associated with a par-
ticular tool (see also gesture engrams; Buxbaum, 2001). We chose to keep the
term “‘motor program” because it is used as is by some authors (Bartolo &
Cubelli, 2014; Niessen, Fink, & Weiss, 2014). For now, those terms will be
used interchangeably.
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METHODS

Participants

The study was conducted in accordance with the ethical
standards of the 1964 Declaration of Helsinki. Local health
authority ethics committees (CPP Ouest II Angers and
ANSM) approved this study and informed consent was
obtained for all participants. We recruited 30 patients with
AD and 13 patients with SD from neurology units in Angers,
Lyon, Rennes, and Grenoble in France. All cases were
diagnosed by an experienced neurologist with respect to the
standard, international consensus criteria. All AD patients
met the NINDS-ADRDA criteria for probable AD (McKhann
et al., 1984). All SD patients fulfilled previously proposed
criteria for SD: anomia, impairment in single-word compre-
hension, and impoverished semantic knowledge with relative
preservation of visuo-spatial abilities and day-to-day memory
(Hodges, Graham, & Patterson, 1995).

Participants with a history of stroke or other neurological
conditions were excluded from the study. As it is typical for
these etiologies, AD patients were older than SD patients (age in
years: AD = 76.6; SD = 67.4; p < .01; see Table 1). Moreover,
SD patients received more years of education (AD = 9.1; SD
=12.5; p<.05). Thus, level of education and chronological
age were both included in between group comparisons as
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Neuropsychological Assessment

In addition to follow-up consultations, neuropsychological
data were collected in all of the participants with three stan-
dard tests: (1) The Mini Mental State Examination (Folstein,
Folstein, & McHugh, 1975). (2) A French neuropsycho-
logical battery (the BEC 96 questionnaire, Signoret et al.,
1989), composed of eight subtests administered in the
following order: mental manipulation, orientation questions,
general verbal reasoning, verbal fluency, visual recognition,
verbal learning, naming of 12 black and white depicted
objects, and visuo-constructive skills. Maximum score per
subtest is 12 (total score = 96) with any score below 9 indi-
cating pathological performance according to French nor-
mative data. The maximum total score is 96. (3) A fast frontal
assessment battery (FAB; Dubois, Slachevsky, Litvan, &
Pillon, 2000) that includes word-categorization, letter flu-
ency, assessment of grasping, deferred imitation of move-
ment sequence, and two conflict go-no-go tasks. Each of
these six subtests is scored on a 3-point scale (total score =
18). Any score below 15 demonstrates executive dysfunction
according to French normative data.

Experimental Tasks

covariates. The 30 control participants were recruited in Lyon =~ The experimental tasks were administered in the
and Angers and were matched in age with AD patients. following order.
Table 1. Demographical data and neuropsychological assessment
Control AD SD AD versus SD
Test (n = 30) (n = 30) (n=13) p-Level
Gender (women/men) 20/10 20/10 6/7 ns
Handedness (left/right) 1/29 0/30 0/13 ns
Age (years) 75.2 (6.0) 76.6 (1.1) 67.4 (8.2) o
Education (years) 12.4 (4.8) 9.1 4.4) 125 2.9)° *
FAB (/18) — 12.8 (2.3)° 13.3 (2.3)° ns
MMSE (/30) 273 (1.7) 20.2 (2.8) 23.3 (4.6)" *
BEC 96 (/196)* 87.8 (5.3) 67.6 9.3) 63.7 (14.8)" ns
Verbal learning 10.7 (1.5) 6.8 2.7) 6.4 (2.8 ns
Visual recognition 10.8 (0.9) 54 2.2) 8.8 2.7)° HkE
Orientation 11.5 (1.0) 5.8 (3.9) 10.0 (2.7)° ok
Visuo-constructive skills 10.9 (1.5) 9.8 (2.8) 10.8 (2.2)° ns
General reasoning 9.1 (1.9) 8.2 (2.1) 6.4 (2.8)" *
Verbal fluency 11.6 (1.1) 9.8 (2.6) 5.4 (29" ok
Naming 11.5 (0.7) 10.4 (1.8) 4.8 2.9 *kk
Mental manipulation 11.7 (1.6) 11.5(2.2) 113 (2.6)° ns

Note. Between-groups comparisons were performed with Mann-Whitney U-tests, except for Gender and Handedness (Chi-2 analysis).
Values in bold reveal pathological scores for patients relative to control. Values in brackets are standard deviations. AD = Alzheimer's
disease; SD = semantic dementia; FAB = Frontal Assessment Battery at bedside; MMSE = Mini-Mental State Examination;
BEC = Batterie d'Evaluation Cognitive.

*Every item of the BEC 96 was rated on a 12-points scale.

Data not available for n =1 participant.

“Data not available for n = 2 participants.

*p<.05.

*p <.01.

**% p<.001.
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Pantomime of tool use (PTU)

Ten familiar tools (plus 1 corrected, practice item) were
presented one at a time on a vertical panel. Participants were
asked to demonstrate the typical use of the tools without
holding them in hand (i.e., pantomime on visual presentation
of the tool). The examiner did not name the tools. The time
limit was set to 20s per item. Performance was videotaped
and rated on a 3-point scale (maximum = 20): (2) the
expected gesture was clearly recognizable and performed
without hesitation; (1) the gesture was recognizable but
contained errors or hesitations (i.e., spatiotemporal errors), or
a part of the body was used as the tool (i.e., body-part as
object error); (0) unrecognizable (i.e., content errors) or
absence of any gesture (i.e., perplexity). Two independent
raters coded videos from 10 control participants, 10 patients
with Alzheimer’s disease, and 5 patients with semantic
dementia (approximately half of the whole data). Cohen’s
kappa coefficient indicated a very good inter-rater agreement
(K =.91).

Mechanical problem-solving task (MPS)

This test assessed the ability to solve mechanical problems
with novel tools (Lesourd et al., 2016). It consisted in three
different transparent boxes. A little red wooden cube or a
little red wooden bead (i.e., the targets) was stuck inside each
box. Participants were asked to extract the target out from the
box using a given rod. Each box called for different
mechanical actions (i.e., pushing, pulling, levering) and
could be solved in two stages but not by hand, lucky move-
ments, or trial-and-errors strategies. The time limit was 3 min
for each box. The performance was videotaped and the time
of achievement for each item was recorded. Performance was
rated on a 4-point scale (maximum score = 9): (3) the target
was extracted from the box within the time limit; (2) the
participant went beyond the first stage of the problem; (1) the
participant reached the target with the rod but did not fulfill
the first stage; (0) the participant did not reach the target with
the rod.

Functional Matching task (FM)

This test made of 10 items (plus 1 corrected, practice item)
assessed functional knowledge. Four images with different
objects were presented below the picture of a tool (i.e., target
stimulus). Participants were asked to select one out of the four
pictures that best matched the target stimulus. The matching
criterion was the function of the tool (e.g., jug/bottle). The foils
showed tools that shared perceptual (e.g., jug/bowling pin),
categorical (i.e., jug/fork), or no features (e.g., jug/scythe) with
the target stimulus. Each correct answer given within 20 s was
worth 1 point (maximum = 10).

Recognition of tool manipulation (RTM)

This task assessed manipulation knowledge by asking parti-
cipants to choose among four photographs the one that
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corresponded to the best way to hold a tool to use it with an
object (e.g., saw/piece of wood). Each photograph depicted a
one-handed manipulation of the tool; the hold differed across
photographs but the relative position of the tools and objects
did not vary. The foils showed the tool inappropriately held,
incorrectly oriented in the hand or dangerously held. There
were 10 items (plus one practice item), and 1 point was given
for a correct answer given within 20 s (maximum = 10).

Scoring System
Quantitative assessment

In tool use tasks, ceiling effects are often observed in
controls’ performance (e.g., Lesourd et al., 2013a). To avoid
this effect, we used an original methodology (see Lesourd
et al., 2016), and we applied it to the four tasks of the present
study. The principle was very similar to the one used in
the Wechsler Adult Intelligence Scale (see for example,
Wechsler, 1997).

The aim of our methodology was to create a composite
score that takes into account the time spent by the participants
to achieve the task. For each item of a given task, we com-
puted 4 centiles on the whole distribution of achievement
times of the control participants (i.e., Cs, C,5, C75, and Cos).
Then a score was attributed for each interval delimited by the
centiles. The faster the time of completion, the greater the
composite score. For all of the four tasks, if the time to carry
out the accurate action was less than Cs, 10 points were
accorded, if the completion time was comprised between Cs
and C,s, 8 points were accorded, if the completion time was
comprised between C,5 and C;5, 6 points were accorded and
if the completion time was comprised between C;5 and Cos,
4 points were accorded.

If the completion time was above Cogs, the score remains
unchanged. For instance, in the PTU task, if a participant
produces accurately a pantomime with a completion time
above Cys, only 2 points are accorded, in accordance with the
scoring system of the PTU task. Finally, the new scores
obtained for each condition for a participant were summed
and gave a global composite score of completion for the task.
After transformation of the data, the composite scores for the
four tasks were normally distributed. The global composite
scores of patients were computed relative to the centiles
obtained from the distribution of control participants, so that
the distributions of scores obtained in patient’s groups and in
the control group can be compared together. All the details of
the data transformation are supplied in Supplementary
Material.

Error analysis

First, the gestures produced by both participants and patients
during the PTU task were categorized as follows: correct or
incorrect gestures. Then, incorrect gestures were subdivided
into conception or production errors: (i) Conception errors
are of two kinds: (1) content errors, in which actions are
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performed skillfully but out of context; (2) perplexity, in
which no action is carried out with unmistakable sign of not
knowing what to do. (ii) Production errors are also of two
kinds: (1) spatiotemporal errors, the action performed is
appropriate but poorly executed in the spatial dimension
(e.g., incorrect plane of execution or mishandling of the tool
if it were in hand) or in the temporal dimension (e.g., poor
timing of execution); (2) body-part as object errors, the par-
ticipant uses a part of his body to simulate the presence of
the tool.

The proportion of each kind of gesture (i.e., content errors,
perplexity, spatiotemporal errors, body-part as object errors,
and correct gestures) was computed relatively to the total
number of gestures produced for each group (i.e., control
participants, AD and SD patients).

Statistical Analysis

Each patient and each participant obtained (1) a composite
score for each experimental task (i.e., PTU, FM, MPS, and
RTM) as it has been described in method section and (2) a
distribution of errors made during the PTU task.

Analyses of covariance (ANCOV As) with level of educa-
tion and chronological age as covariates and groups (three
levels: Control participants, AD patients, and SD patients) as
between-subject factor were conducted separately for each
experimental task (i.e., PTU, MPS, FM, and RTM).

Multiple regressions analyses were used, within each par-
ticipant group, to predict participants’ abilities to pantomime
tool use (i.e., PTU) and conception and production errors
(i.e., raw scores), with MPS, FM, and RTM composite scores
as predictors. The model with the highest adjusted R was
selected as the one that best accounted for participants’
performance.

Chi-square tests were used to compare the distribution of
errors in pantomime of tool use between participant groups.
Standard residuals were computed for correct gestures, con-
ception, and production errors. Errors with standard residuals
greater than +2 (Agresti, 2007) mean that these gestures are
more represented or less represented than would be expected
by chance.

All analyses were performed using R statistical software
(R Development Core Team, 2008).

RESULTS

Neuropsychological Assessment

AD and SD patients exhibited different patterns of impair-
ment across the sub-tests of BEC 96 (see Table 1). SD
patients were severely impaired in tasks requiring verbal
skills and semantic memory (i.e., verbal learning, verbal
fluency, and naming) and showed relatively spared perfor-
mance on tasks assessing non-verbal memory (i.e., orienta-
tion and visual recognition), whereas AD patients exhibited
impairment in all tasks assessing memory (i.e., orientation,
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verbal learning, and visual recognition). These data are con-
sistent with the diagnosis.

Group Comparisons for Composite Scores

Results of group comparisons are displayed in Figure 1
(see also Supplementary Material for detailed means and
standard deviations of composite scores). The results of the
ANCOV As revealed a significant effect of the variable Group
on PTU composite scores, F(2,68) = 22.57, MSE = 223.3,
p <.001, control participants (M = 51.1) performed better
than AD (M = 27.5; p<.001) and SD patients (M = 26;
p <.001), but there was no difference between AD and SD
patients (p = .95). Furthermore, the ANCOVAs revealed
significant effect of Group on MPS, F(2,68) = 19.78, MSE
=174, p<.001; on FM, F(2,68) = 19.23, MSE = 307.3,
p <.001; and on RTM composite scores, F(2,68) = 23.79,
MSE = 352.8, p <.001.

Predictors of Global Performance of Pantomime of
Tool Use and of Conception and Production Errors

Correlation matrix between predictors is displayed in
Table 2. Multiple backward regressions were carried out for
each group to assess the involvement of each experimental
task in PTU scores and in conception and production errors
(i.e., raw scores) (Table 3).

For control participants, with PTU as a dependent variable,
a trend toward significance was found for MPS (8 = .35;
p = .056) as a predictor and the model accounted for 9% of
the variance, F(1,28) = 3.97, p = .056, R? = .09. When
production errors were predicted, RTM (f = —.37; p <.05)
was a significant predictor and the model accounted for 11%
of the wvariance, F(1,28) =4.56, p = .042, R? = 11.

80 1
70 1
60

o o

0 - T T T 1
PTU MPS FM RTM

W Control AD SD

Fig. 1. Mean composite scores for pantomime of tool use,
mechanical problem solving, functional matching, and recognition
of tool manipulation as a function of group variable. PTU,
pantomime of tool use; MPS, mechanical problem solving; FM,
functional matching; RTM: recognition of tool manipulation. Bars
are standard deviations.
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Table 2. Correlation matrix between predictors (Pearson's product moment) in control group and AD and SD patients

Control (n = 30) AD (n = 30) SD (n = 13)
Tasks MPS FM RTM Tasks MPS FM RTM Tasks MPS FM RTM
MPS 11 38%* MPS O7F* STEE MPS .23 .06
FM 32 FM STEE FM 43
RTM RTM RTM

Note. MPS = mechanical problem-solving; FM = functional matching; RTM = recognition of tool manipulation; AD = Alzheimer's disease;

SD = semantic dementia
* p<.05.
** p<.001.

As control participants did not make any conception errors,
no regression was conducted with this variable.

For AD patients, when PTU was predicted, MPS (f = .41;
p<.05) and RTM (f = .43; p<.05) were significant
predictors and the model accounted for 52% of the variance,
F(2,27) = 16.45; p<.001; R’ = 52. When production
errors were predicted, no significant predictors were found.
When conception errors were predicted, a trend toward
significance was found for FM (f = -.36; p = .053) as
predictor and the model accounted for 10% of the variance,
F(1,28) = 4.09, p = .053, R* = .10. We did not find any
correlation between production and conception errors in AD
patients, r = —.03, p = 89.

For SD patients, when PTU was predicted, no significant
predictor was found. When production errors were predicted,
FM (B = .80; p<.01) was a significant predictor. MPS

Table 3. Multiple regressions with pantomime of tool use, concep-
tion errors, and production errors as dependent variables, and MPS,
FM, and RTM as predictors for control participants and AD and SD
patients

ﬂ t p Rzadj
Predictors of pantomime of tool use
Control MPS 35 2.0 * .09
AD MPS 41 2.6 * 52
RTM 43 2.7 *
SD — — — — —
Predictors of conception errors
Control — — — — —
AD FM -.36 -2.0 * .10
SD FM -.70 -32 ok 45
MPS 42 1.9 .
Predictors of production errors
Control RTM -.37 -2.1 * 11
AD — — — — —
SD FM .80 4.2 woE .58
MPS -.38 -2.0 *

Note. MPS = mechanical problem solving; RTM = recognition of tool
manipulation; FM = functional matching; AD = Alzheimer's disease;
SD = semantic dementia.

&p <.08.

*p <.05.

** p<.0lL.
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(P =-.38;, p=.07) was also selected and the model
accounted for 58% of the variance, F(2,10) = 9.41, p <.01,
R? = 58. When conception errors were predicted, FM
B =-.70; p<.01) was a significant predictor. MPS
(p = .42; p = .08) was also selected and the model accoun-
ted for 45% of the variance, F(2,10) = 5.88, p<.05,
R’ = 45, Moreover, we found a significant correlation
between production and conception errors in SD patients,
r=-.62,p =.02.

Comparison of Error Profiles between Groups

Chi-square tests revealed that the proportion of errors and
correct gestures differed significantly among AD, SD patients
and control participants, )(2 = 83.19, df =4, p< .0l. As it
can be seen in Figure 2, correct gestures were significantly
less represented in both AD (50%; p <.001) and SD (53.1%;
p = .02) patients than would be expected by chance. Both
conception (12%; p <.01) and production (38%; p <.001)
errors were significantly more represented in AD patients
than would be expected by chance while only conception
(22.3%; p<.001) errors were more represented in SD
patients than would be expected by chance. Of interest,
concerning production errors, the proportion of “body-part as
object” errors seemed to be comparable across the three
groups (i.e., Control, 3.3%; AD, 5.7%; SD, 4.6%) whereas it
was not the case for spatiotemporal errors (i.e., Control,
21.7%; AD, 32.3%; SD, 20.0%; Table 4).

DISCUSSION

The aim of the present study was twofold. First, as mechan-
ical, manipulation, and functional knowledge are supposed to
be required to pantomime the use of tools, we investigated the
role of each of these cognitive components in participants’
ability to perform pantomime of tool use. Second, we
explored the nature of errors (i.e., production and conception)
made by AD and SD patients, and we identified the cognitive
components that may explain these errors. Concerning the
prediction of pantomime of tool use performance, our
hypotheses are partially validated. In AD patients, recogni-
tion of tool manipulation and mechanical problem-solving
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Fig. 2. Proportion of correct and incorrect gestures (i.e., conception
and production errors) made by control participants and Alzheimer’s
disease (AD) and semantic dementia (SD) patients.

scores were selected as predictors whereas recognition of tool
manipulation, mechanical knowledge, and functional
knowledge are impaired in AD.

Concerning SD patients, no predictors were selected,
whereas functional and manipulation knowledge are
impaired in SD. In line with our hypotheses, production and
conception errors were significantly more represented than
would be expected by chance in AD, whereas only concep-
tion errors were significantly more represented than would be
expected by chance in SD. Of interest, no predictors were
selected in AD to explain production errors whereas manip-
ulation knowledge impairment is known to be involved in
those kinds of errors. In line with our predictions, functional
matching scores were good predictors of conception errors in
SD, validating the involvement of functional knowledge in
conception errors.

Furthermore, we found an important amount of production
errors in control participants, questioning the meaning and
the underlying cognitive components of this kind of error.
We will discuss, in turn, the link between mechanical and
manipulation knowledge, the nature of errors made during
the PTU task and notably the meaning of production errors.
Finally, we will address the multi-determined feature of the
PTU task.

Table 4. Contingency table of the nature of gestures produced
during pantomime of tool use task for the three groups

Production errors Conception errors

Correct Body-part

gestures  Spatiotemporal ~ object ~ Content Perplexity
Control  75.0% 21.7% 3.3% 0% 0%
AD 50.0% 32.3% 5.7% 6.7% 5.3%
SD 53.1% 20.0% 4.6% 11.5%  10.8%
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Manipulation Knowledge versus Mechanical
Knowledge

When global performance of pantomime of tool use was
predicted, we found that mechanical problem solving was a
good predictor in AD patients and control participants,
whereas recognition of tool manipulation was a significant
predictor only in AD patients. In the long-standing tradition
of study of apraxia, a prerequisite for pantomiming object use
is the activation of the motor schema (i.e., manipulation
knowledge; Niessen, Fink, & Weiss, 2014), so manipulation
knowledge should be activated since we need to pantomime
the use of a tool.

However, this is not the case in this study because
mechanical problem solving was found to be a more robust
predictor of pantomime of tool use. Obviously, we cannot
exclude that mechanical problem solving and pantomime of
tool use are both production tasks while recognition of tool
manipulation is an observational task. It could explain why
mechanical problem-solving task was found to be a good
predictor of the PTU use task while recognition of tool
manipulation was not. Thus, to rule out this hypothesis, fur-
ther studies have to develop mechanical knowledge tasks that
do not require gesture production. We will now examine
several hypotheses that can be raised to explain the link
between manipulation knowledge and mechanical
knowledge.

The inferior parietal lobe has been suggested to support
either mechanical knowledge (Goldenberg & Hagmann,
1998; Goldenberg & Spatt, 2009; Jarry et al., 2013; Osiurak
& Badets, 2016; Osiurak et al., 2009) or manipulation
knowledge (Buxbaum, Kyle, Grossman, & Coslett, 2007;
Buxbaum, Kyle, & Menon, 2005; Heilman, Rothi, &
Valenstein, 1982). So, given that both manipulation knowl-
edge and mechanical knowledge might share the same neural
substrate, a first possibility is that manipulation and
mechanical knowledge can coexist and be involved in dif-
ferent processes.

In line with this prediction, Vingerhoets and coworkers
(2011) found a striking similarity in brain activation when
participants were asked to pantomime the use of familiar and
unfamiliar tools. In the manipulation-based approach, famil-
iar tool use would be supported by manipulation knowledge
while unfamiliar tool use would be supported by mechanical
knowledge. However, in our study, pantomime of familiar
tools was better explained by mechanical problem solving,
which is not predicted by the manipulation-based approach.

A second possibility is that mechanical and manipulation
knowledge coexist and are complementary processes. For
instance, mechanical knowledge would be in charge of
forming a mental simulation of the mechanical action to be
made (i.e., interaction between a tool and an object) then
constraining the activation of appropriate manipulation
knowledge (i.e., interaction between the tool and the hand).
In line with this hypothesis, we found that, in AD patients,
both mechanical problem solving and recognition of tool
manipulation were significant predictors of pantomime of
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tool use. Moreover, we found significant correlations
between mechanical problem solving and recognition of tool
manipulation tasks in control participants and in AD patients,
suggesting a common process supporting manipulation and
mechanical knowledge.

Finally, a third possibility is that mechanical and manip-
ulation knowledge are complementary processes but are not
supported by the same neural substrate. A recent finding from
a neuroimaging meta-analysis (Reynaud, Lesourd, Navarro,
& Osiurak, 2016) showed that processing of tool-object
interaction (i.e., mechanical knowledge) was specifically
associated with inferior parietal lobe activation (PF area),
whereas processing of tool-hand interaction (i.e., manipula-
tion knowledge) was associated with several cortical activa-
tions including intra-parietal sulcus and posterior inferior
temporal cortex. This result is in line with a recent lesion map
study that showed that manipulation knowledge impairment
is associated with posterior temporal lesions (Kalénine,
Buxbaum & Coslett, 2010). In sum, further research is
needed to disentangle between these different possibilities.

Nature of Errors Made during Pantomime of
Tool Use

When looking at profile errors, we found that control parti-
cipants produced more correct gestures (75.0%) than AD
(50.0%) and SD (53.1%) patients. This observation corro-
borates previous evidence that pantomime of tool use is
impaired in AD (for a review, see Lesourd et al., 2013a,
2013b) and confirms that it is also the case in SD. More
particularly, we found that AD patients committed a sig-
nificant number of conception and production errors while
only conception errors were over-represented in SD patients.

Furthermore, functional matching was found to be a robust
predictor of conception errors for both AD and SD patients.
Indeed we found that functional matching composite scores
were linked by a negative regression coefficient to the
amount of conception errors in SD and to a lesser extent in
AD. Thus an increasing of conception errors is explained by a
decreasing in functional matching composite scores. In other
words, impairment of functional knowledge is involved in
conception errors in AD (Adlam, Bozeat, Arnold, Watson, &
Hodges, 2006) and SD patients (Hodges et al., 2000).

Concerning production errors, we observed different
results among the three groups: recognition of tool manip-
ulation was a good predictor of production errors in control
participants, functional matching and mechanical problem
solving were good predictors in SD patients, and there was no
significant predictor in AD patients. This result is quite sur-
prising; given that recognition of tool manipulation is sup-
posed to assess manipulation knowledge, production errors
should be a hallmark of impaired manipulation knowledge
(Rothi et al., 1991).

Thus several hypotheses could be proposed to explain this
result. First, one may assume that recognition of tool
manipulation task does not assess manipulation knowledge;
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s0, it would not be surprising that production errors are not
consistently explained by recognition of tool manipulation.
However, this task is basically linked to the study of manip-
ulation knowledge (Buxbaum & Saffran, 2002; Buxbaum,
2001; Buxbaum, Sirigu, Schwartz, & Klatzky, 2003; Rothi
et al., 1991). Second, manipulation knowledge is not man-
datory to produce pantomime of tool use, so production
errors could be explained by many other cognitive compo-
nents impairment (e.g., working memory; Bartolo, Cubelli,
Della Sala, & Drei, 2003) but we will discuss this point later.

We also need to discuss an interesting dissociation
between functional matching and mechanical problem-
solving regression coefficient signs that explain the amount
of conception and production errors in SD. More particularly,
we found positive regression coefficients for mechanical
problem solving and functional matching associated with
conception and production errors, respectively. Thus, it sug-
gests that an increase of the amount of errors is explained by a
knowledge improvement, which is questionable. Concerning
the negative functional matching regression coefficient, we
found a negative correlation between production and con-
ception errors in SD, suggesting that these two kinds of errors
are not independent in this disease. Indeed, according to our
scoring system, an error cannot be of two kinds. Thus, when
the amount of production errors increases the amount of
conception error may decrease. As we showed that concep-
tion errors increase when functional matching composite
scores decrease, it explains why production errors and func-
tional matching are positively linked in SD.

More particularly, the greater the conceptual impairment
of SD patients, the more they committed conception errors
and, as a result, the less they made production errors.
Concerning the positive mechanical problem-solving
regression coefficient, we had no a priori hypotheses about
its involvement in error production and more particularly in
conception errors. Some authors argued that only mechanical
and functional knowledge are needed when we use tools
(Goldenberg & Hagmann, 1998; Goldenberg, 2013); so,
these two kinds of knowledge should also be able to explain
the errors made when we use tools. In this approach, in case
of functional impairment, using tools should rely only
on mechanical knowledge, notably the ability to infer the
function of the tool from its structure’ (Goldenberg &
Hagmann, 1998; Vaina & Jaulent, 1991).

However, a good ability to infer the function of the tool
from its structure does not lead necessarily to a good con-
ventional use of the tool (i.e., the usage; Osiurak, Jarry, & Le
Gall, 2010), because it may exist a hidden link between
the tool and the object typically associated (Hartmann,
Goldenberg, Daumiiller, & Hermsdorfer, 2005). Then, it
could explain why ability to infer function from structure is

2 Here, we use the concept of inference of function from structure
(Goldenberg & Hagmann, 1998) and mechanical knowledge (Lesourd et al.,
2015; see also Osiurak et al., 2009 for technical reasoning) interchangeably,
although there are subtle differences between these concepts. However, these
differences are beyond the scope of the present study.
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positively associated with conception errors (i.e., the usage of
the tool). This latter hypothesis has to be taken with caution
and further studies have to explored the involvement of
mechanical knowledge in conception and production errors.
However, we have to acknowledge that the presence of
both positive beta coefficients (i.e., mechanical problem sol-
ving and functional matching) may lie on our scoring system
characteristics. Indeed, the commission of a conception error
rules out the possibility of committing a production error on
the same item; on the other hand the commission of a pro-
duction error on a given item limits the probability of
a conception error to occur on the same item. For instance, a
body-part as object error may prevent the production of a
conception error, while other kinds of production errors may
obscure subtle conception errors. The non-independence of
production and conception errors type could be the reason for
both observed positive Beta coefficients. Thus, it may
represent a limitation of the scoring system adopted here.

Are Pantomimes Communicative Gestures?

We would like to discuss a surprising result from our study.
Indeed, control participants made 25% of production errors
(i.e., 21.7% of spatiotemporal and 3.3% of body-part as
object errors), but it seems exaggerated to conclude about the
presence of apraxia in normal aging. One may assume that
our definition of production errors could have led to a sig-
nificant number of production errors in control participants.
In the literature on apraxia, there are as many studies as dif-
ferent scoring systems, notably in the PTU task, that lead to
an important variability among the results reported (e.g., in
AD patients, see Lesourd et al., 2013). However, in our study,
we used consistent definition of production errors (e.g.,
McDonald, Tate, & Rigby, 1994) and the inter-rater agree-
ment in our PTU task was high. Thus other scoring systems
would have probably found similar results from ours.

So, why have we observed such a proportion of production
errors in control participants? An answer may come from the
meaning of the spatiotemporal error itself. For instance, for
screwing an electric bulb, participants often produced the
correct rotational movement without, nevertheless, opening
the hand. Although kinematic recording of the hand aperture
differs from pantomime to real tool use (Laimgruber,
Goldenberg, & Hermsdorfer, 2005), here, a complete feature
of the action was missing (i.e., the aperture of the hand), and
the pantomime was scored as a production error, and not as a
conception error, as the pantomime was still recognizable.

However, this kind of error does not traduce necessarily
an impairment of any kind of knowledge. For instance,
“body-part as object” errors, which are also considered as
production errors, consist in simplifying a gesture by using a
part of the body to mimic the tool (e.g., the use of the index
finger as a toothbrush) and are commonly made by healthy
subjects and chosen as a correct response in recognition
of tool manipulation tasks (McDonald et al., 1994). So,
production errors (i.e., spatiotemporal and body-part as
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object errors) do not alter per se the processing of the gesture
(i.e., its meaning) by an external observer.

In healthy controls, they may either reflect attempts to
improve the recognition of the gesture by others (e.g., the
hand aperture is not a discriminant feature of gestures so it
is not considered to avoid adding some “noise”). Thus,
pantomime of tool use can also be viewed as communicative
gestures (Goldenberg, 2013) and production errors in control
participants may reflect an attempt to simplify a complex
gesture to better communicate the meaning of this gesture to
the examiner. In this view, participants may tend to focus on
features of gestures that evoke the content of the action, but
they may have low demands with regard to the production
itself, which could explain the high rate of production errors
in our PTU task. Further studies are needed to investigate the
link between communicative skills and the ability to produce
pantomimes of tool use.

Pantomime of Tool Use: A Multi-determined Task

In this study, we explored the cognitive bases of pantomime of
tool use by investigating the roles of functional knowledge,
manipulation knowledge and mechanical knowledge. To our
knowledge, it is the first demonstration of the involvement of
mechanical knowledge in pantomime of tool use. Actually, it
is quite logical; considering that this task is rarely experi-
mented in everyday life, it can be viewed as a non-routine
problem-solving task (i.e., the reconstruction hypothesis;
Osiurak et al., 2011; see also Osiurak et al., 2010). For a long
time, pantomime of tool use has been considered as a mean-
ingful, transitive movement which requires the activation of
motor schema or routines (e.g., Niessen et al., 2014).

However, the following definition of pantomime of
tool use seems to be more in line with our findings: “The
pantomimes [...] are recognizable but rarely experienced;
they are unusual [...] but meaningful gestures; at the same
time they are intransitive gestures because no object is actu-
ally used but they reproduce the way objects are held and
used. Given that pantomimes are not available in long-term
memory, they have to be constructed de novo” (Bartolo &
Cubelli, 2014, p. 297; see also Osiurak et al., 2011 for a
similar view).

For all that, only 10% of the performance in pantomime of
tool use was explained by mechanical knowledge in control
participants. This suggests that other components are
involved in pantomiming the use of tools and confirms the
complexity of this task (Bartolo & Cubelli, 2014). For
instance, previous works have pointed out that pantomimes
can rely on working memory (Bartolo et al., 2003). Indeed, to
pantomime the use of a tool on visual presentation, it is
necessary to imagine the tool in hand (e.g., a hammer), the
object (e.g., a nail), and the action (e.g., hammering), and
then to maintain this representation until the action has been
performed. Once the representation of the tool, the object,
and the action has been created, it is still necessary to main-
tain it to convert the shape, movement, and position of the
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hand into a pantomime. Further works may investigate the
roles of working memory and other cognitive components
using the methodology we followed in this study.

A Final Word

To conclude, pantomime of tool use will probably keep its
secret a little longer, but our study showed that pantomime of
tool use on visual presentation has more to do with problem
solving than with the automatic activation of tool-related motor
schemata. Finally, mechanical knowledge is added on the long
list of the cognitive components that are supposed to be
involved in pantomime (i.e., functional knowledge, manipula-
tion knowledge, communicative skills, working memory, etc.).
In all likelihood, the pantomime of tool use is a powerful
screening task, but its interest might be relatively limited when
time comes to infer impaired cognitive mechanisms.
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