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a b s t r a c t

Numerosity and duration processing have been shown to be underlain by a single representational

mechanism, namely an accumulator, and to rely on a common cerebral network located principally in

areas around the right intraparietal sulcus. However, recent neuropsychological findings reveal a

dissociation between numerosity and duration processing, which suggests the existence of partially

distinct mechanisms. In this study, we tested the idea of partially common and distinct mechanisms by

investigating, for the first time, both numerical and temporal processing abilities in non-demented

Parkinson’s disease (PD) patients known to suffer from duration impairment and in healthy elderly

adults known to have impaired performance in duration tasks. The aim was to assess whether this

impaired duration processing would extend to numerosity processing. The participants had to compare

either the numerosity of flashed dot sequences or the duration of single dot displays. The results

demonstrate an effect of aging on duration comparison, healthy elderly participants making signifi-

cantly more errors than healthy young participants. Importantly, the performance of PD patients on the

duration task was worse than that of the healthy young and elderly groups, whereas no difference was

found for numerosity comparison. This dissociation supports the idea that partly independent systems

underlie the processing of numerosity and duration.

& 2012 Elsevier Ltd. All rights reserved.
1. Introduction

It has been suggested that numerical and temporal estimations
rely on a similar representational mechanism, taking the form of
an accumulator (Meck & Church, 1983). This hypothesis has
recently been integrated within a neuro-functional theory of
generalized magnitude processing (ATOM) in which number, time
and space are processed and represented within a common
magnitude processing system possibly located in the parietal
cortex (Bueti & Walsh, 2009; Walsh, 2003). Over the past decade,
several behavioral and neuroanatomical studies have shown a
close link between numbers and time. Both numerosity and time
estimation obey Weber’s law (i.e., the precision of magnitude
estimation decreases logarithmically as the size of the magnitude
to be estimated increases) as reflected by distance and size effects
(Buckley & Gillman, 1974; Cohen Kadosh, Lammertyn, & Izard,
ll rights reserved.

.006

�eme et Cognition, Institut de

atholique de Louvain, Place

gium. Tel.: þ32 10 47 88 22;

. Dormal),
2008; Dormal, Seron, & Pesenti, 2006; Meck & Church, 1983;
Moyer & Landauer, 1967), and by strong interactions between
numerical and temporal factors observed in behavioral interfer-
ence paradigms (for a review, see Dormal & Pesenti, 2012b).
Moreover, the investigation of the cerebral substrates of these
processes has revealed a common right fronto-parietal network
(Dormal, Dormal, Joassin, & Pesenti, 2011).

However, recent lesional data from neuropsychological and
transcranial magnetic stimulation (TMS) studies revealed some
dissimilarities. A double dissociation between numerosity and
duration processing was observed in two neuropsychological
studies (Cappelletti, Freeman, & Cipolotti, 2009, 2011): a patient
with a left parietal lesion was selectively impaired in processing
numerical magnitudes as indicated by poor performance in
arithmetical and numerosity estimation tasks, whereas a patient
with a right temporo-parietal lesion had difficulty in estimating
and comparing duration intervals, but no problems with numer-
osity processing. Similarly, in a TMS experiment on healthy
adults, stimulating the left intraparietal sulcus (IPS) impaired
performance in a numerosity comparison task, but duration
comparison was not affected (Dormal, Andres, & Pesenti, 2008).

This double dissociation suggests the existence of a specific
and partially independent mechanism dedicated to duration
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processing, but needs further empirical support. In order to test
this hypothesis, numerosity and duration discrimination tasks
were compared in patients suffering from Parkinson’s disease
(PD) and in healthy elderly participants, two populations for
which temporal difficulties have been found in previous studies.

PD is a degenerative disorder of the central nervous system
whose major symptoms are impairments of motor, autonomic
and neuropsychiatric (including mood, cognition, behavior, sen-
sory or sleep) functions appearing as a result of the death of
dopamine-generating cells in the substantia nigra and the dis-
turbance of the fronto-striatal circuits (Ibarretxe-Bilbao, Junque,
Marti, & Tolosa, 2011). Among the cognitive deficits, several
neuropsychological group studies have reported impairments of
temporal estimation (Malapani, Deweer, & Gibbon, 2002), but
many contradictory results have been observed. The presence of
such a deficit in PD patients seems to be dependent on the range
of durations used in the studies: some PD patients were able to
estimate intervals in the millisecond range (Ivry & Keele, 1989;
Koch et al., 2008; Spencer & Ivry, 2005; but for alternative results
see Rammsayer & Classen, 1997; Riesen & Schnider, 2001; Smith,
Harper, Gittings, & Abernethy, 2007). Severe impairments were
sometimes observed when patients processed temporal informa-
tion in the range of 1 to several seconds (e.g., Koch et al., 2008;
Malapani et al., 1998; Pastor, Artieda, Jahanshahi, & Obeso, 1992;
Smith et al., 2007). Various patterns of performance were
reported, with an overestimation of short durations (78 s;
Harrington & Haaland, 1999; Malapani et al., 1998) and an
underestimation of long durations (715 s; Koch et al., 2008;
Malapani et al., 1998; Pastor et al., 1992). This can be interpreted
as a dysfunctional representation of memory for time (Malapani
et al., 1998).

The nature of the task may also affect the severity of temporal
deficits in these patients. For example, a greater impairment was
observed when temporal estimation was closely linked to motor
processes (e.g., finger tapping or time production task; Elsinger
et al., 2003; Jones, Malone, Dirnberger, Edwards, & Jahanshahi,
2008; Torta et al., 2010), whereas tasks based more on memory
(e.g., reproduction task) than on the speed of the internal clock
(e.g., perception task) were better preserved (Perbal et al., 2005).
The substantial PD heterogeneity present in the samples of
previous studies (e.g., rates of clinical progression, age of onset,
medication dosage or cognitive performance on neuropsycholo-
gical tests) could be the main source of all these discrepancies
(Merchant, Luciana, Hooper, Majestic, & Tuite, 2008). To date, only
a few studies have explored numerical abilities in PD patients,
focusing mainly on arithmetical performance to reveal difficulties
in complex mental calculation (Goebel, Mehdorn, & Leplow, 2010;
Tamura, Kikuchi, Otsuki, Kitagawa, & Tashiro, 2003; Zamarian et al.,
2006). To the best of our knowledge, non-symbolic numerical
estimation has never been explored with this population.

As PD corresponds to a neurodegenerative disease with a mean
onset age of over 60 (Hindle, 2010), the mean age of all the
patients and of control samples in these studies is relatively high.
Importantly, aging seems to be a factor influencing performance
in both numerical and temporal estimation. Numerous studies
have reported declining timing performance with age, especially
when durations had to be produced (e.g., Baudouin, Vanneste,
Isingrini, & Pouthas, 2006; Craik & Hay, 1999; Espinosa-
Fernandez, Miro, Cano, & Buela-Casal, 2003; Gooch, Stern &
Rakitin, 2009; Lustig & Meck, 2011; Wild-Wall, Willemssen,
Falkenstein, & Beste, 2008). As underlined by a meta-analytic
review (Block, Zakay, & Hancock, 1998), different dysfunctions
emerged in elderly participants as a function of the experimental
protocols or the range of the duration intervals to be timed
(e.g., global under- or over-estimations, increasing variability,
slower response latencies). Consequently, several explanatory
hypotheses have been proposed. Age-related differences in the
accuracy and variability of temporal estimates have been attrib-
uted either to changes in processing speed (Craik & Hay, 1999),
attention (Block et al., 1998; Lustig & Meck, 2011; Vanneste &
Pouthas, 1999) or memory (Baudouin et al., 2006; Perbal, Droit-
Volet, Isingrini, & Pouthas, 2002; Rakitin, Stern, & Malapani,
2005). Investigation of numerical processing in an aging popula-
tion highlighted different patterns of performance, suggesting
that numerical cognition is one of the cognitive domains where
aging has mixed effects (Duverne & Lemaire, 2005). Even when
elderly adults have no difficulty with visual enumeration (e.g., Li
et al., 2010; Trick, Enns, & Brodeur, 1996; Watson, Maylor, &
Bruce, 2005) or approximate quantification tasks (Gandini,
Lemaire, & Michel, 2009; Lemaire & Lecacheur, 2007), their
subitizing and counting speed decreases slightly with aging
(Geary & Lin, 1998; Li et al., 2010; Sliwinski, 1997; Trick et al.,
1996; Watson, Maylor, & Manson, 2002). Moreover, elderly adults
use multiple strategies when solving arithmetical problems and
are influenced by problem difficulty (Arnaud, Lemaire, Allen, &
Michel, 2008; Gandini, Lemaire, & Dufau, 2008; see Duverne &
Lemaire, 2005 for a review). However, to our knowledge, the
effect of aging on non-symbolic sequential numerical comparison
capacities has never been investigated.

The aim of the present study was to test the idea of common
and distinct mechanisms for numerosity and duration processing
by assessing whether these deficits associate or dissociate in two
relevant groups of participants. Firstly, using carefully controlled
(i.e., with no potential confound) sequential material and simple
visual tasks, we tested for the first time whether the duration
processing impairment previously reported in PD patients (e.g.,
Malapani et al., 1998) is also associated with numerosity proces-
sing in this population. Secondly, the performance of healthy
elderly adults during duration and numerosity comparison tasks
was compared for the first time to that of healthy young controls
in order to assess whether aging exerts a similar effect on
numerosity and duration processing. We thus tested three groups
of participants (PD patients, healthy elderly adults and healthy
young adults). They were asked to compare either the numerosity
of flashed dot sequences or the duration of single dot displays.
Based on the results of previous studies in PD patients (e.g.,
Malapani et al., 1998) and in elderly participants (e.g., Gooch
et al., 2009), we predicted that these two groups would have more
difficulty in processing durations than young adults and, more-
over, that the performance of PD patients would be worse than
that of healthy elderly adults. A similar impairment in the
numerosity task in both elderly adults and PD groups would
support the assumption that numerosity and duration share
critical mechanisms and/or representations, possibly sustained
by common frontal region; a dissociation between numerosity
and duration either in elderly adults or in PD patients would
support the idea that a particular and independent duration
mechanism and/or representation, serviced by specific cerebral
areas, would be responsible for temporal difficulties in these
populations.
2. Materials and methods

2.1. Participants

A total of 54 volunteers, including 18 individuals with idiopathic PD (11 males,

mean age: 64.279.3 years), 18 healthy elderly controls (HE) closely matched for

sex and age (11 males, mean age: 63.879.8 years; t(34)¼�0.140, ns), and 18

healthy young adults (HY; 6 males, mean age: 21.172.4 years) participated in the

study. All participants had normal or corrected-to-normal vision and were right-

handed except for two in the HE group. The clinical diagnosis of idiopathic PD was

established by a neurologist. All PD participants were prescribed dopaminergic



Table 1
Socio-demographic and clinical background variables.

PD patients HE participants HY participants

Socio-demographic variables Mean age7SD 64.279.3 63.879.8 21.172.4

Gender 11M/7F 11M/7F 6M/12F

Laterality 18R 16R/2L 18R

Mean years of education7SD 12.273.12 11.472.9 a

Clinical background variables Duration since diagnostic7SD 3.672.3 years

Hoehn & Yahr stage7SD 1.870.4

MMSE7SD 28.670.5

Note: SD: standard deviation; MMSE: Mini Mental State Examination; PD: Parkinson disease; HE: Healthy Elderly; HY: Healthy Young; M: Male; F: Female; R: Right-

handed; L: Left-handed.
a All the HY participants were students at the Université catholique de Louvain.

1 To avoid mere pattern identification in the numerosity task, the 10

presentations corresponded to non-periodical items with same numerical proper-

ties but with different temporal characteristics.
2 A separate analysis with the order of tasks (duration/numerosity vs.

numerosity/duration) as a supplementary between-subject variable revealed no

main effect and no interaction involving order. Therefore, this variable was not

included in the main analysis.
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replacement medication for Parkinsonian symptoms and were tested in their ‘‘on’’

state. Mean time after diagnosis was 3.6 years (range 1–9 years).

Exclusion criteria for PD participants were (i) a Hoehn and Yahr (1967)

score42.5; (ii) dementia based on a MMSE score below 26 (Folstein, Folstein, &

McHugh, 1975) and defined as significant impairment on at least two cognitive

domains (executive functions and attention, verbal learning and memory, or

visuo-spatial abilities) in association with functional impairment due to cognitive

impairment (defined as an inability to self-administer medication independently

or to undertake any basic or instrumental activity of daily living, due to cognitive

loss; Dubois et al., 2007); and (iii) severe functional impairment of the autonomic

nervous system. PD patients and control participants had no history of substance

abuse and no concomitant major neurological, psychiatric or medical disease. The

experimental protocol was approved by the Biomedical Ethical Committee of the

Université catholique de Louvain and written informed consent was given by each

participant prior to the experiment. The clinical and socio-demographic charac-

teristics of the PD and healthy participants are reported in Table 1.

2.2. Tasks and stimuli

The participants had to perform two tasks: (1) a numerosity comparison of

two successive series of flashing dots and (2) a duration comparison of two

successive single dots. Stimuli in the numerosity task were composed of a black

dot (diameter: 3.5 cm) flashed rapidly at the centre of the screen. The series were

constructed using non-periodic signals so that temporal ratios did not constitute a

potential confounding variable, and rhythm biases and pattern recognition were

avoided (Breukelaar & Dalrymple-Alford, 1998; Dormal et al., 2006). The total

duration of the series (i.e., the duration of the dots plus the inter-dot intervals)

was constant (1500 ms), whereas the duration of each dot presentation and the

duration of the inter-dot intervals varied randomly from 50 to 270 ms. In the

duration task, the stimuli were composed of pairs of single black dots (diameter:

3.5 cm) presented sequentially at the center of the screen. To avoid as far as

possible potential explicit or implicit counting strategies, non-subitizable numer-

osities (from 5 to 9 dots, excluding 7) and short durations (from 500 to 900 ms)

that have been shown to make a counting strategy little efficient (Grondin,

Meilleur-Wells, & Lachance, 1999) were used. Pairs of series or dots were chosen

to constitute two distances: a large distance (3 dots for numerosity: pairs 5–8, and

6–9; 300 ms for duration: pairs 500–800, and 600–900) and a small distance (1

dot for numerosity: pairs 5–6, and 8–9; 100 ms for duration: pairs 500–600, and

800–900). The order of presentation of the two series/dots within the pairs was

also manipulated: half of the pairs began with the smaller/shorter series or dot (S–

L), and the other half with the larger/longer one (L–S).

2.3. Experimental procedure

Stimulus presentation and data collection were controlled by a Dell laptop

using a customized E-prime program (Schneider, Eschman, & Zuccolotto, 2002).

The viewing distance was approximately 50 cm. At the beginning of each trial, a

white fixation cross was presented in the centre of the screen on a black

background. After 1000 ms, the first series of flashing dots or a single dot was

displayed in the centre of a white rectangle (9.5 cm�16 cm) for a given duration,

after which the rectangle disappeared and was replaced by a black screen for

750 ms. Then the second series or dot was presented, and was followed by a

yellow centered question mark on a black screen, during which presentation the

participants were supposed to answer (Fig. 1). As soon as the answer was given,

the next trial started.

In the numerosity comparison task, the participants had to decide which series

contained more dots by pressing one of two 13 cm-distant keys on a keyboard

with the left index finger for the first array, and the right index finger for the

second series. In the duration comparison, they had to decide which dot was
displayed for longer, using the same key presses. Each task was composed of

2 blocks of 40 randomized items, corresponding to 10 presentations of each item1;

a practice block of 10 items was administered first but not included in the

analyses. The order of the tasks was counterbalanced across participants. The

whole experiment lasted about 40 min.
3. Results

An analysis of variance (ANOVA) was performed on error rates
with Group (HY, HE vs. PD) as the between-subject variable and
Task (Numerosity vs. Duration) and Distance (Small vs. Large) as
within-subject variables.2 Significant main effects were observed
for Task (F(1,51)¼26.714, po0.001, Z2

¼0.344) and Distance
(F(1,51)¼15393.548, po0.001, Z2

¼0.838). Overall, there were
more errors in the duration than in the numerosity task (mean
percentage of errors for duration: 27.8712.8; for numerosity:
20.078.9), and more errors for items with a small than with a
large distance (mean percentage of errors for small: 32.377.9;
for large: 15.5711.6).

By exploring the individual profiles of the distance effect (i.e.,
the mean error rates for small distances minus the mean error
rates for large distances), it is worth noting that 29 participants
showed a larger distance effect for the duration task (10/18 of the
HY group, 10/18 of the HO and 9/18 of the PD group), 21 had a
larger effect for the numerosity task (6/18 of the HY group, 8/18 of
the HO and 7/18 of the PD group), while 4 showed similar effect in
both tasks (2/18 of the HY group, and 2/18 of the PD group). A w2

analysis revealed that this distribution of participants in each
group could easily have arisen by chance (all p-values40.6).

A significant effect of Group was also present (F(2,51)¼3.875,
po0.03, Z2

¼0.132). Overall, HY participants made fewer errors
than HE and PD participants (mean percentage of errors for HY:
19.676.7; for HE: 24.677.6; for PD: 27.5711.1; HY–HE:
t(34)¼–2.092, po0.05; HY–PD: t(34)¼�2.608, po0.02). No
significant difference was observed between HE and PD groups
(HE–PD: t(34)¼�0.935, ns). Importantly, these main effects were
qualified by a Task by Group interaction (F(2,51)¼6.886,
po0.003, Z2

¼0.213; see Fig. 2). The three groups did not differ
significantly on the numerosity task (mean % of errors for
numerosity in HY: 18.677.7; in HE: 21.578.4; in PD:
19.8710.5; all p-values40.2), whereas in the duration task, the
HY group differed significantly from the HE and PD groups which



Fig. 1. Schematic representation of the temporal structure of the (A) numerosity and (B) duration comparison tasks. Note: Each trial was composed of a fixation cross,

followed by a first stimulus (i.e., (A) a series of flashing dots or (B) a single dot), after which a black screen appeared for 750 ms. Then a second series or single dot was

flashed. Finally, a black response screen with a central question mark was presented, remaining on the screen until the participant responded.

Fig. 2. Mean percentage of errors (7SE) as functions of task (numerosity or

duration) and group. Note: HY: Healthy Young adults; HE: Healthy Elderly adults;

PD: Parkinson Disease patients.
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in turn differed marginally from each other (mean % of errors for
duration in HY: 20.676.5; in HE: 27.679.6; in PD: 35.2716.1;
HY–HE: t(34)¼�2.598, po0.02, HY–PD: t(34)¼�3.574,
po0.002; HE–PD: t(34)¼�1.714, po0.09). Moreover, there
was no difference between the numerosity and duration tasks
in the HY group (t(17)¼1.673, ns), while there were differences
between the two tasks in the HE (t(17)¼2.703, po0.015) and in
the PD group (t(17)¼4.096, po0.002). There were no other
significant interactions (all p-values40.3).

A close inspection of individual performances revealed that 42
out of 54 participants made more errors in the duration task than
in the numerosity task (HY: 11/18, HE: 14/18, PD: 17/18). While
no significant difference was observed in the HY group
(w2
¼0.889, p¼), participants in the HE and PD groups made

significantly more errors in the duration task than in the numer-
osity task (HE: w2

¼5.556, po0.02; PD: w2
¼14.22, po0.001).

In order to test a potential effect of task difficulty, an additional
analysis was carried out on error rates contrasting the easiest
condition of the duration task (i.e., the large distance) and the
hardest condition in the numerosity task (i.e., the small distance).
A similar interaction between Task and Group was revealed
(F(2,51)¼6.061, po0.005, Z2

¼0.192), reflecting an absence of
significant differences between the three groups only in the numer-
osity comparison task (all p-values40.5). In the duration task, the
HY group differed significantly from the HE and PD groups that did
not differ from each other (mean % of errors HY: 9.476.2; in HE:
20.0714.5; in PD: 27.1722.8; HY–HE: t(34)¼�2.838, po0.009;
HY–PD: t(34)¼�3.168, po0.004; HE–PD: t(34)¼�1.116, ns).

A similar ANOVA was performed for response latencies (RLs). This
revealed only a significant main effect of distance (F(1,51)¼39.174,
po0.001, Z2

¼0.434): the participants were faster for the large than
for the small distance (mean RLs for small distance: 6257184 ms;
for large distance: 5577158 ms). There were no other significant
main effects or interactions (all p-values40.1).
4. Discussion

In this study, we have investigated numerosity and duration
comparison in healthy young (HY) and healthy elderly (HE) adults
and in Parkinson’s disease (PD) patients to establish whether
distinct processes or representation are involved in the processing
of these two magnitudes. To this end, we assessed the impact of
PD, on the one hand, and the possible effect of aging, on the other
hand, on both numerosity and duration processing.

Our results showed that HE adults have difficulty performing a
duration comparison task correctly. Indeed, they made signifi-
cantly more errors on this task than did HY participants. This
finding fits with the results of previous studies (e.g., Gooch et al.,
2009; Wild-Wall et al., 2008), supporting the idea of an onset of
duration impairment between the ages of 51 and 60 (Espinosa-
Fernandez et al., 2003). Moreover, the performance of PD parti-
cipants was slightly worse than that of HE participants, suggest-
ing a greater duration deficit in this pathological population.
Previous studies exploring duration processing abilities in a PD
population reported contradictory results, sometimes revealing
difficulties (Riesen & Schnider, 2001), and sometimes no impair-
ment for short durations (Koch et al., 2008; Spencer & Ivry, 2005).
Additionally, a recent study reported differences between the
control group and HE and PD participants, whereas the latter two
groups did not differ during interval-reproduction tasks of similar
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duration to ours (i.e., over 1 s; Wild-Wall et al., 2008). Here, by
using a simple comparison task (i.e., requiring two durations to be
encoded and compared, but involving no production or reproduc-
tion) with a duration range of just under one second, we
demonstrated a strong deficit in non-demented PD patients. It is
worth noting that this impairment was present although the
patients were tested during a period of on-medication.

Our results have demonstrated for the first time the absence of
difference between the three groups of participants on the
numerosity comparison task. Thus, aging and PD do not seem to
affect numerosity processing. Importantly, as no difference was
found between the two tasks in the HY group (i.e., the response
latencies and error rates were similar), the differences between
the tasks observed in the HE and PD groups are not related to
differences in attentional or difficulty demands across the tasks.
The unaffected performance in numerosity comparison, coupled
with impairment in temporal processing in both HE and PD
participants, suggested the involvement of distinct mechanisms
and/or representations for numerosity and duration processing.
Interestingly, the reverse dissociation was induced by TMS over
the left IPS, leading to a temporary disruption of numerosity
processing, whereas there was no effect on temporal judgment
(Dormal et al., 2008).

Our results are also in line with two recent lesional studies
(Cappelletti et al., 2009, 2011) that reported a double dissociation
between numerosity and duration processing: one patient with a
right parietal lesion showed impaired duration judgment and
preserved numerical abilities, whereas the reverse pattern of
deficits was present in another patient with a left hemispheric
lesion. All these data converge on the idea that numerosity and
duration do not share a single totally common system of magni-
tude processing, but that, in addition to the functional and
anatomical similarities already established (e.g., Dormal et al.,
2012; Droit-Volet, 2010), there also exist distinct mechanisms
and, hence, anatomical substrates. The fronto-striatal circuits, the
dopaminergic system and the basal ganglia, known to play a
crucial role in timing processes (Buhusi & Meck, 2005; Mattell &
Meck, 2004), may correspond to the impaired regions and lead to
difficulties in the duration comparison task. Indeed, the function-
ing of these neural systems is known to be worse in HE (e.g.,
Bäckman, Nyberg, Lindenberger, Li, & Farde, 2006; Ota et al.,
2006) and in PD patients (e.g., Bondi, Kaszniak, Bayles, & Vance,
1993; Nieoullon, 2002) than in HY individuals.

More precisely, for HE adults, the temporal deficit may be the
consequence of dysfunctional fronto-striatal circuits (Buckner,
2004), while the degeneration of the nigrostriatal pathway and
the dysfunction of the dopaminergic system in PD may be
responsible for the duration impairment observed in this popula-
tion (Lustig & Meck, 2005). As a difference was observed between
the performance of HE adults and PD patients in our study
(corresponding to an amplification of the deficit in duration
processing), these cerebral systems may be affected to different
degrees by aging and PD. It is worth noting that although the
basal ganglia sustain arithmetical fact retrieval (Delazer et al.,
2004) and complex calculation (Zamarian et al., 2006), they do
not seem to be crucially involved in non-symbolic numerosity
comparison. Given that little is known concerning the exact
lesional aspects of the disease in the PD group, this proposal
remains partly speculative, and further studies are required to
clarify it.

Finally, although we controlled the stimuli parameters (e.g.,
non-periodic signals, non-subitizable numerosities, short dura-
tions, etc.) carefully and gave explicit instructions to discourage
the use of counting strategies, we did not explicitly assess the
repertoire of strategies used by our participants. Therefore, we
cannot exclude the possibility that the different groups used
different strategies that could be equally efficient on one task
but perform differently on another task. As demonstrated in
approximate quantification (Gandini et al., 2008, 2009) or in a
simple subtraction solving task (Arnaud et al., 2008), some age-
related differences might be observed in strategy use and/or in
strategy execution in our categorization tasks leading to differ-
ences in performance across groups. Future studies controlling
this aspect would help to clarify this issue.
5. Conclusions

Impairments in duration processing were observed both in HE
adults and in PD patients, although both groups performed well
on numerosity comparisons. Such a dissociation supports the
existence of common and partially independent, rather than fully
shared, magnitude systems (Cappelletti et al., 2011; Dormal &
Pesenti, 2012a). At a clinical level, the present results suggest that
a duration comparison task might be a useful and rapid screening
tool to confirm the suspected presence of dysfunction of the
fronto-striatal circuit and dopaminergic system in HE adults and
in patients with suspected PD.
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