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Abstract

Objectives: Previous studies have demonstrated that emotional facial expressions alter temporal judgments. Moreover,
while some studies conducted with Parkinson's disease (PD) patients suggest dysfunction in the recognition of emotional
facial expression, others have shown a dysfunction in time perception. In the present study, we investigate the magnitude
of temporal distortions caused by the presentation of emotional facial expressions (anger, shame, and neutral) in
PD patients and controls. Methods: Twenty-five older adults with PD and 17 healthy older adults took part in the present
study. PD patients were divided into two sub-groups, with and without mild cognitive impairment (MCI), based on their
neuropsychological performance. Participants were tested with a time bisection task with standard intervals lasting 400 ms
and 1600 ms. Results: The effect of facial emotional stimuli on time perception was evident in all participants, yet the
effect was greater for PD-MCI patients. Furthermore, PD-MCI patients were more likely to underestimate long and
overestimate short temporal intervals than PD-non-MCI patients and controls. Conclusions: Temporal impairment in
PD-MCI patients seem to be mainly caused by a memory dysfunction. (JINS, 2016, 22, 890–899)
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INTRODUCTION

Adequate temporal abilities are essential to perform most of
our everyday activities. Temporal judgments are based on
three processing stages: clock, memory, and decision (Gibbon,
1977; Treisman, 1963). The clock stage is composed of a
pacemaker that emits pulses that are stored in an accumulator
(for a review, see Grondin, 2010). The memory stage is con-
ceptualized as the storing system that accumulates pulses in
working memory for comparison with content in reference
memory (i.e., the long-term memory representation of pulses
accumulated across prior temporal experience). The final stage
is the decision stage, in which the current duration is compared
with those stored in reference memory. Many studies on time
estimation have focused on properties of the pacemaker.
Variations in arousal level are known to affect the rate of the
pulses’ emission: an increased level of arousal increases
the speed of the pacemaker. For a given duration period, if the
pacemaker runs faster, more pulses reach the accumulator, and

this duration is judged to be longer (Droit-Volet, Brunot, &
Niedenthal, 2004; Effron, Niedenthal, Gil, & Droit-Volet,
2006).
Variations in an individual’s arousal level, and conse-

quently on the rate of the internal clock and perceived dura-
tion, can be influenced by the presentation of emotional
stimuli. Several studies, conducted on healthy participants,
showed that emotional pictures generating high arousal lead
to greater overestimation of time, compared to emotional
pictures generating less arousal (Angrilli, Cherubini, Pavese,
& Manfredini, 1997; Droit-Volet et al., 2004; Droit-Volet &
Gil, 2009; Gil & Droit-Volet, 2011; Lee, Seelam, & O’Brien,
2011; Noulhiane, Mella, Samson, Ragot, & Pouthas, 2007;
Tipples, 2008). In particular, facial expressions of anger, fear,
happiness, and sadness lead to an overestimation of time
(Droit-Volet et al., 2004; Effron et al., 2006; Gil & Droit-
Volet, 2011; Lee et al., 2011; Tipples, 2008), but facial
expressions of shame lead to an underestimation of time
(Droit-Volet & Meck, 2007; Droit-Volet & Gil, 2009). The
effect of disgust on time perception is more mixed. In some
cases, viewing facial expressions of disgust do not provoke
time distortions (Gil & Droit-Volet, 2011); however, viewing
a disgusting image (e.g., body mutilations) results in longer
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perceived duration (Angrilli et al., 1997; Grondin, Laflamme,
& Gontier, 2014) and viewing disgusting food pictures
results in shorter perceived duration (Gil, Rousset, &
Droit-Volet, 2009).
Parkinson’s disease (PD) is a movement disorder char-

acterized by bradykinesia, tremor, rigidity and postural
instability. Disease symptoms occur as a result of selective,
progressive, and chronic degeneration of the nigrostriatal and
mesocortico-limbic dopamine systems (Jankovic & Tolosa,
2007). It offers an opportunity to study the possible influence
of these dopaminergic pathways on emotional processing
(Gray & Tickle-Degnen, 2010; Péron, Dondaine, LeJeune,
Grandjean, & Vérin, 2012). In fact, it is generally assumed
that abnormalities in the recognition of facial emotions in PD
patients are caused by dysfunction of fronto-subcortical sys-
tems (including dopaminergic neurons) involved in facial
emotion recognition (Blonder & Slevin, 2011; Dujardin
et al., 2004; Gray & Tickle-Degnen, 2010; Lawrence, Goer-
endt, & Brooks, 2007; Péron et al., 2012; Sotgiu & Rusconi,
2013; Sprengelmeyer et al., 2003).
While studies conducted with PD patients generally show

dysfunction in emotional facial expression recognition
(Assogna, Pontieri, Caltagirone, & Spalletta, 2008; Clark,
Neargarder, & Cronin-Golomb, 2008; Dujardin et al., 2004;
Lawrence et al., 2007; Péron et al., 2010; Sprengelmeyer
et al., 2003), there is partial discordance about the type of
emotions affected by this dysfunction. Sprengelmeyer et al.
(2003) tested medicated and un-medicated PD patients.
Relative to controls, both PD patient groups showed impair-
ment in facial expression recognition, but un-medicated PD
patients were consistently worse in recognition of disgust
than medicated PD patients and controls. Similarly, previous
findings revealed significant impairment in recognition of
facial expression of fear (Kan, Kawamura, Hasegawa,
Mochizuki, & Nakamura, 2002), disgust (Dujardin et al.,
2004; Kan et al., 2002), anger (Dujardin et al., 2004), and
sadness (Dujardin et al., 2004) in PD patients. In addition,
results from work by Lawrence et al. (2007) indicated that
recognition of anger was impaired in PD patients who had
been temporarily removed from dopamine replacement
therapy.
Dysfunctions in dopamine transmission have also been

identified as the main cause of temporal impairment in PD
patients (Harrington, Zimbelman, Hinton, & Rao, 2010;
Harrington et al., 2011; Meck, 2005; Meck & Benson, 2002).
Evidence suggests that PD patients show dysfunctions in
time perception when using finger tapping tasks (Artieda,
Pastor, Lacruz, & Obeso, 1992; O’Boyle, Freeman, & Cody,
1996; Pastor, Jahanshahi, Artieda, & Obeso, 1992), as well as
tasks involving time reproduction, time production, and time
estimation (Lange, Tucha, Steup, Gsell, & Naumann, 1995;
Pastor, Artieda, Jahanshahi, & Obeso, 1992; Perbal et al.,
2005). For duration discrimination, one study (Harrington,
Haaland, & Knight, 1998) revealed lower discrimination
level in PD patients, while another study (Ivry & Keele,
1989) failed to find differences between PD patients and
controls when using the same task. Smith, Harper, Gittings,

and Abernethy (2007) found that PD patients were less
sensitive to duration differences than controls with a time
bisection task in conditions involving either auditory or
visual signals for marking time. It is possible that some of the
contradictory findings reported in the literature on timing and
time perception with PD patients might be explained by the
motor responses required in some timing tasks (Jones,
Malone, Dirnberger, Edwards, & Jahanshahi, 2008; see also
Mioni, Stablum, McClintock, & Grondin, 2014).
The current project plans to investigate if the same tem-

poral distortion produced by emotional stimuli observed in
healthy controls, is present in PD patients. This can have
important implications from an experimental and clinical
prospective. In fact, we can better understand temporal
and emotional processing in PD patients and further investi-
gate the effect of emotional stimuli on time perception.
Moreover, we can better plan rehabilitation programs on
those emotions that are scarcely recognized by PD patients.
If PD patients present a dysfunction in recognizing emotional
stimuli, we should not expect any distortion in time percep-
tion. On the other hand, if emotional stimuli are correctly
identified by PD patients, we should observe a variation in
temporal judgment similar to that observed in healthy
controls.

CURRENT INVESTIGATION

Taken together, previous studies showed that temporal
processes can be modulated by the presentation of stimuli
with emotional content (Gil & Droit-Volet, 2011). Moreover,
previous studies showed emotional recognition dysfunction
(Gray & Tickle-Degnen, 2010; Péron et al., 2012) as well as
temporal dysfunctions in PD patients (O’Boyle et al., 1996;
Harrington et al., 1998; Perbal et al., 2005). In the present
study, we investigate the effect of emotional stimuli on time
perception. This is the first study addressing this issue in PD
patients.
We have three main aims in the present study. The first aim

is to investigate time perception in PD patients. In particular,
we investigate if differences in temporal judgments in PD
patients relative to healthy controls are related to level of
cognitive function in PD patients. Previous studies conducted
with children (Zélanti & Droit-Volet, 2011), healthy adults
(Perbal, Droit-Volet, Isingrini, & Pouthas, 2002), and severe
traumatic brain injury patients (Mioni, Mattalia, & Stablum,
2013) have already pointed out the importance of adequate
high cognitive functions in time perception. Cognitive
impairments or dementia symptoms are often associated with
PD (Litvan et al., 2012). Consequently, it is of great interest
to assess cognitive functions as a possible mediator of lower
temporal abilities in PD patients. To this end, we divided PD
patients in two sub-groups according to criteria specified by
Litvan et al. (2012; see the Method section). We predict that
PD patients with a diagnosis of mild cognitive impairment
(MCI) would be less accurate and more variable in their
temporal judgments than PD without MCI and controls due
to their reduced cognitive abilities.
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The second aim of the present study is to investigate the
effect of emotional facial expression on time perception.
According to previous studies, facial emotional stimuli
influence time perception and the direction of temporal dis-
tortion depends on the type of emotional stimulus presented
(Gil & Droit-Volet, 2011, 2012; Lee et al., 2011; Mella,
Conty, & Pouthas, 2011; Tipples, 2008). We included anger
and shame as emotional stimuli, given that they have gener-
ated different effects on time perception (Gil & Droit-Volet,
2011). In particular, we predicted an overestimation of
temporal intervals when the stimulus marking time represents
anger and an underestimation of temporal intervals when the
stimulus represents shame.
Finally, the third aim of the present investigation is to

combine the previous two aims and further investigate if the
magnitude of temporal distortions caused by the presentation
of the facial expression of emotions would be the same for
PD patients (with or without MCI) and controls.

METHOD

Participants

Twenty-five older adults with PD (11 males, 14 females) and
17 healthy older adults (9 males, 8 females) took part in the
present study. PD participants were recruited from a major
hospital in Ospedale S. Bortolo, Vicenza, Italy. All PD
participants had been diagnosed with idiopathic PD by a
movement disorders neurologist, and evaluated with the
“Unified Parkinson’s disease Rating Scale” (UPDRS; Fahn
et al., 1987), which indicates the progression of PD. Controls
or non-PD participants were volunteers from the local
community (Vicenza and Bari of Italy; Table 1). Controls
were matched to PD participants on the basis of age and
education (±2 years respect to PD sample).
Exclusionary criteria included possible dementia or severe

cognitive impairment, treatment with anticholinergic medica-
tions, treatment with certain dopaminergic or benzodiazepine

medications known to interfere with cognitive functioning,
history of neurosurgery or other neurological conditions (aside
from PD for PD participants), significant history or current
psychiatric disorders, or any condition (e.g., depression) which
would interfere with testing.
Possible cognitive impairment was detected with the fol-

lowing tasks. The Mini-Mental State Examination (MMSE;
Folstein, Folstein, & McHugh, 1975) was used to evaluate
global cognitive functioning. The total possible score is 30
points; a score of 24 or above is considered within the normal
range. The Montreal Cognitive Assessment (MoCA, Nasred-
dine et al., 2005) was used to screen for mild cognitive and
executive dysfunctions. The total possible score is 30 points; a
score of 26 or above is considered within the normal range. The
Frontal Assessment Battery (FAB, Appollonio et al., 2005)was
administrated to evaluate frontal lobe functions; higher scores
indicate better performance, maximum score is 18. The Beck
Depression Inventory is a self-report questionnaire (BDI; Beck,
Ward, Mendelson, Mock, & Erbaugh, 1961) used to evaluate
the level of depression in PD patients and controls.
Importantly, we divided the PD groups in two sub-groups

based on the scores at neuropsychological tasks (see the
Neuropsychological assessment section for the details of the
tasks included). Litvan et al. (2012) defined five cognitive
domains (Attention and working memory; Executive func-
tions; Language; Memory, and Visuo-spatial function) and
proposed a list of tasks for each domain. According to
Litvan’s criteria, patients with a diagnosis of PD that failed
at least two tasks (below two standard deviations) in the same
domain or in different domains were defined as PD-MCI in
the current study. PD-non-MCI patients were PD patients that
did not meet criteria to be considered as a PD-MCI patient.
The three groups (PD-MCI, PD-non-MCI, and controls)

did not differ with respect to age, education, MMSE, and
BDI (all p’s> .05). PD-MCI patients had lower scores on
the FAB [F(2,42) = 4.20; p = .022; η2p = .177] and MOCA
[F(2,42) = 7.92; p = .001; η2p = .289], compared to
PD-non-MCI patients and controls. No differences were
observed between PD-non-MCI and controls on these tests
(Table 1).

Procedure

PD patients were tested at the hospital S. Bortolo, Vicenza,
Italy, whereas controls were tested in their own home. During
the tasks, participants were seated at a distance of approxi-
mately 60 cm in front of a 15-inch PC monitor screen.
E-Prime®2.0 was used to program and run the experiment.
PD patients were tested during one experimental session that
lasted approximately 50 min. Neuropsychological informa-
tion of PD patients were collected from clinical records,
whereas controls were tested in one experimental session
lasting approximately 90 min for completion of the time
bisection task and neuropsychological assessment. Informed
consent was collected from all participants and the study
was conducted in accordance with Helsinki Declaration
(59th WMA General Assembly, Seoul, 2008).

Table 1. Demographic and clinical characteristics of PD patients
and controls.

PD-MCI
n = 15

PD-non-MCI
n = 10

Control group
n = 17

M (SD) M (SD) M (SD)

Age 72.60 (5.3) 67.90 (7.1) 68.35 (7.5)
Education 7.80 (3.7) 10.50 (4.7) 9.00 (3.5)
UPDRS 15.25 (6.1) 9.78 (6.9) –

MMSE 28.33 (1.0) 28.70 (1.8) 28.53 (1.2)
MOCA 21.33 (3.3) 24.00 (2.6) 27.20 (3.4)
FAB 15.13 (1.8) 16.70 (1.6) 16.53 (1.3)
BDI 8.53 (7.2) 4.50 (3.5) 6.31 (5.3)

Note: UPDRS = Unified Parkinson’s disease Rating Scale; MMSE = Mini
Mental State Examination; MOCA = Montreal Cognitive Assessment;
FAB = Frontal Assessment Battery; BDI = Beck Depression Inventory.
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Time Bisection Task

The experimental session started with the learning phase in
which participants were required to memorize two standard
durations: 400 ms (short standard) and 1600 ms (long stan-
dard). Both standard durations were presented 10 times.
During the learning phase, the stimulus used for marking
time was a gray oval with a size similar to that of the target
stimuli. After the training phase, participants were required to
perform four blocks with pictures of female facial expres-
sions (Figure 1a) and four blocks with pictures of male facial
expressions (Figure 1b). Within each block, 12 pictures of
females or males were randomly presented for each of the
comparison durations (400, 600, 800, 1000, 1200, 1400,
1600 ms), for a total of 84 stimuli. Stimuli represented the
facial expression of anger or shame, or a neutral expression.
After the presentation of the comparison durations, partici-
pants were required to press the key labeled “B” (“B” refers
to the Italian word “Breve” = short) if the duration presented
was closer to the short standard, or to press the key labelled
with “L” (“L” refers to the Italian word “Lungo” = long) if
the duration presented was closer to the long standard. The
participants were asked to respond with their left and right
index fingers and response keys were counterbalanced
between participants. After the response, there was a
1000-ms inter-trial interval.

Neuropsychological Assessment

Neuropsychological tasks were included to investigate
cognitive abilities in PD patients and controls. Moreover,
performances on the following tasks were used to divide the
PD sample into two sub-groups (PD-MCI and PD-non-MCI),
according to criteria outlined by Litvan et al. (2012).

Attention and working memory

The Trial Making Test (TMT; Reitan, 1958; Italian normative
data in Giovagnoli, Del Pesce, Simoncelli, Laiacona &
Capitani, 1996) is composed of two parts (TMT Parts A and
B). In Part A, participants are required to connect a series
of 25 numbers in numerical order. In Part B, the subject
connects 25 encircled numbers and letters in numerical and
alphabetical order, alternating between numbers and letters.

Part A is generally presumed to be a test of visual search and
motor speed skills; whereas Part B is considered also to be a
test of higher level cognitive skills such as mental flexibility.
Performance is evaluated in time (seconds) to execute the
task. In the present study, we use the time to execute Part A
and Part B, as well as the difference (in seconds) between
Parts B and A.

Executive functions

The Semantic Fluency task (Novelli et al., 1986) requires
generating words belonging from a category: fruit, cities, color,
and animals. Each of the four trials lasts 60 s. The semantic
fluency test is a good indicator of cognitive flexibility; lower
performance might indicate cognitive impairment. The score is
the number of correct words produced. The Modified Card
Sorting Test (MCST, Nelson, 1976; Italian normative data in
Caffarra, Vezzadini, Dieci, Zonato, & Venneri, 2004) was used
to evaluate abstract reasoning, mental flexibility (ability to shift
set), and problem solving skills. Participants are required to sort
48 cards based on an unknown rule that changes during the test
through use of feedback from the examiner. Performance on the
MCST was scored by computing the number of categories
achieved by the participant, and the number of perseverative
errors.

Language

The Naming on Confrontation sub-test from Aachen Aphasia
Test (AAT; Luzzatti, Willmes, & De Bleser, 1991). The
task requires naming objects from different categories.
Performance is based on number of objects correctly named.

Memory

The Rey-Osterrieth Complex Figure Test (ROCF; Osterrieth,
1944; Italian normative data in Caffarra, Vezzadini, Dieci,
Zonato, &Venneri, 2002) was used to investigate visuo-spatial
constructional functions, visuo-graphic memory, and some
aspects of planning and executive function. Participants
were presented the ROCF stimulus card, showing a complex
black-and-white figure, and asked to copy the same figure.
Subsequently, they were instructed to draw what they
remembered about the same figure (immediate recall), without
the stimulus card present. After a delay of 30min, participants
were required to draw the same figure again (delayed recall).
TheWord-list recall task (Rey, 1958; Italian normative data in
Carlesimo et al., 1996) consists of five consecutive immediate
free-recall trials of a list of 15 words read aloud by the
examiner (immediate recall). After 15min, a delayed recall
trial is given (delayed recall).

Visuo-spatial functions

The Clock Drawing Test (CDT; Goodglass & Kaplan, 1972;
Italian normative data in Mondini, Mapelli, Vestri &
Bisiacchi, 2003) requires participants to draw a clock
with numbers (from 1 to 12) and both minute and hour hands.

Fig. 1. Example of the emotional facial expressions used for
female (a) and male (b).
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The CDT has been proposed as a useful neuropsychological
screening instrument for dementia and has demonstrated
good sensitivity to constructional, visuo-perceptual, and
conceptual deficits.

RESULTS

Time Bisection Task

In the time bisection task,1 we calculated the proportion of
“long” responses for each stimulus duration and these were
included in a mixed-design ANOVA with group (PD-MCI,
PD-non-MCI and controls) as a between-subject factor and
emotion (anger, shame, and neutral) and temporal interval
(400, 600, 800, 1000, 1200, 1400, and 1600 ms) as within-
subjects factors. All significant effects were followed by post
hoc analyses performed with a Bonferroni correction to
reduce the Type I error rate, and the effect size was estimated
with partial eta squared (η2p).
Significant main effects for emotion [F(2,78) = 4.10;

p = .020; η2p = .095] and temporal intervals [F(6,234) =
593.26; p = .001; η2p = .938] were found. No main effect of
group was found (p = .716; η2p = .017), but group sig-
nificantly interacted with temporal interval [F(12,234) = 3.52;
p = .001; η2p = .153]. Moreover, the interaction group×
emotion × temporal interval [F(24,468) =1.80; p = .012;
η2p = .085] was found (Figure 2). Post hoc analyses showed
that PD-MCI judged the long temporal intervals (1200, 1400,
and 1600 ms) as shorter, and the short temporal intervals
(400 and 600 ms) as longer, compared to PD-non-MCI and
controls. PD-non-MCI and controls equally judged the tem-
poral intervals in all emotions. Only in the case of PD-MCI,
at 400 ms, were significant differences observed between
emotional stimuli (anger and shame facial expressions) and
neutral stimuli. This finding indicates that PD-MCI patients
pressed more often “long” at 400 ms when the stimulus
has a neutral emotional valence than when anger or shame
is shown.
The temporal bisection point was also calculated for

investigating perceived duration; the index is defined as the
x value corresponding to the .50 probability of “long”
responses on the y-axis, serving as a measure of perceived
duration. The observed shift of the bisection point for the
different facial expression of emotions presented on groups
can be interpreted as an indicator of differences in these
conditions, with smaller bisection point values meaning
longer perceived durations (Grondin, 2008). Group
(PD-MCI, PD-non-MCI and controls) was the between-
subject factor and emotion (anger, shame, and neutral)
was the within-subject factor. A significant effect of group
was found [F(2,78) = 2.55; p = .045; η2p = .134]. Results
indicated that PD-MCI patients (M = 948) perceived

temporal intervals as shorter than PD-non-MCI patients
(M = 844) and controls (M = 844). No effect of emotion or
interactions was found (all ps> .05).
We also calculated an index (d scores) for each stimulus

duration (see Gil & Droit-Volet, 2011). The d corresponds
to the difference between the proportion of “long” responses
for the emotional and neutral faces, and was used as an
index of emotional distortion on time perception. A d value
greater than 0 reflects an overestimation of time for emotional
faces, compared to neutral faces, and a d value lower than
0 reflects an underestimation of time. Data were included in a
mixed-design ANOVA with group (PD-MCI, PD-non-MCI
and controls) as a between-subjects factor and emotion (anger,
shame) and temporal interval (400, 600, 800, 1000, 1200,
1400, and 1600ms) as within-subjects factors. A main effect
of emotion was found [F(1,39) = 6.06; p = .018; η2p =
.135], indicating that being exposed to facial expressions of
anger produces an overestimation of temporal intervals
(d = .013). The facial expression of shame produced an
underestimation of temporal intervals (d = − .010). No other
main effects or interactions were found (all ps> .05).
To further explore the effect of emotional valence on

time perception in the three groups we have also conducted
correlations between indices (d scores) for anger and shame
and the BDI score. A significant correlation was observed
only between the index of anger and the BDI score in
PD-MCI (r = − .576; p< .001).

Neuropsychological Tasks

Separate one-way ANOVAs were conducted on perfor-
mances at neuropsychological tasks in PD-MCI, PD-non-
MCI patients, and controls (Table 2). Significant differences
were observed between groups on CDT [F(2,42) =
8.87; p = .001; η2p = .313], ROCF immediate recall
[F(2,42) = 4.74; p = .014; η2p = .196], ROCF delayed
recall [F(2,42) = 10.67; p = .001; η2p = .354], semantic
fluency [F(2,42) = 3.52; p = .039; η2p = .153], word list
immediate recall [F(2,42) = 4.45; p = .018; η2p = .186],
word list delayed recall [F(2,42) = 6.54; p = .004; η2p =
.251], TMT part B [F(2,42) = 10.08; p = .001; η2p = .372],
and TMT B-A [F(2,42) = 8.06; p = .001; η2p = .328].
Specifically, except for CDT, PD-MCI were less accurate
than PD-non-MCI and controls, and PD-non-MCI performed
as accurately as controls. In the case of CDT, PD-MCI
patients were less accurate than PD-non-MCI and controls,
and PD-non-MCI performed more poorly than controls. No
differences between groups were observed on AAT, TMT
part A and MCST on both category and perseverative errors
(all ps> .05).

DISCUSSION

A large number of studies conducted with PD patients
have almost uniformly reported difficulties for judging the
duration of intervals in the millisecond and second range

1 Preliminary analyses were conducted to control for the effect of gender
of participants and stimuli. Neither main effect of gender of participants or
gender of stimuli nor interactions were found (p> .05). We have used a least-
square fitting procedure.
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(Lange et al., 1995; Malapani, Deweer, & Gibbon, 2002;
Malapani et al., 1998; Pastor, Artieda, et al., 1992; Perbal
et al., 2005). Temporal dysfunction in PD patients has been
attributed to disruption of central dopaminergic activity
(Meck, 1996; Rammsayer, 1999). Disruption of dopaminergic
neurons, resulting in dysfunction of fronto-subcortical systems,
may also be responsible for abnormalities in emotional facial

expression recognition in PD patients (Adolphs, 2002a,b;
Dujardin et al., 2004; Lawrence et al., 2007; Sprengelmeyer
et al., 2003). The aims of the present study were to investigate
the effect of emotional facial expression on time perception in
PD patients with and without MCI.
Results showed that PD-MCI patients were less accurate

than PD-non-MCI patients and controls, such that PD-MCI

Fig. 2. Psychometric function (pooled data) for each emotional condition and each group. The error bars indicate ±1 SE.

Table 2. Descriptive statistics for the neuropsychological tasks included in the study

PD-MCI n = 15 PD-non-MCI n = 10 Control group n = 17

M (SD) M (SD) M (SD)

TMT
Part A 113.87 (86.4) 76.00 (33.6) 70.06 (22.4)
Part B 197.91 (78.4) 110.78 (45.9) 113.59 (32.2)
B – A 115.36 (78.5) 45.00 (37.2) 43.53 (22.8)

Semantic Fluency 31.73 (9.0) 40.80 (10.8) 39.41 (9.7)
MCST
Category 4.47 (1.6) 4.30 (2.3) 5.50 (.9)
Perseverative errors 5.53 (5.9) 7.00 (12.7) 1.62 (2.1)

AAT (denomination) 18.00 (2.8) 19.30 (1.5) 19.56 (.9)
ROCF
Immediate recall 26.90 (7.6) 30.50 (5.4) 33.00 (3.1)
Delayed recall 10.03 (3.7) 16.60 (7.0) 18.20 (5.1)

Word list
Immediate recall 31.40 (6.7) 41.10 (10.4) 38.82 (9.4)
Delayed recall 5.93 (2.6) 9.70 (3.2) 8.35 (2.4)

CDT 7.20 (2.8) 9.55 (1.4) 9.79 (.5)

Note: CDT = Clock Drawing Test; ROCF = Rey-Osterrieth Complex Figure Test in immediate recall and delayed recall conditions; Word list = World-list
recall task in immediate recall and delayed recall conditions; AAT = Aachen Aphasia Test; TMT = Trial Making Test in part A and B and difference in reaction
time between parts B and A (B–A); MCST = Modified Card Sorting Test.
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patients perceived temporal intervals as shorter than the pre-
sented interval. Moreover, PD-MCI patients judged longer
temporal intervals (1400 ms and 1600 ms) as shorter and
short intervals (400 ms and 600 ms) as longer than the pre-
sented durations (migration effect, Buhusi & Meck, 2005;
Koch et al., 2008; Malapani et al., 1998, 2002; Smith et al.,
2007). This effect may be due to memory dysfunction rather
than a change in clock speed (Koch, Brusa, Olivieri,
Stanzione, & Caltagirone, 2005; Malapani et al., 1998,
2002). Malapani et al. (1998) tested PD patients “on” and
“off”medication with a time reproduction task (8 s and 21 s).
PD patients “off” medication overestimated the 8-s temporal
intervals and underestimated the 21-s temporal intervals
(Experiment 1). According to the authors, changes in clock
speed would not cause any bias in temporal accuracy under
conditions in which participants were trained and tested in
the same neurological state (“on” or “off” medication).
Conversely, memory dysfunction for a previous learned
interval (during the training phase, when two temporal
intervals are learned) would affect the estimation of the later
learned interval, leading to a migration of the two target
durations toward each other (Malapani et al., 1998). The
migration effect was consistently observed when PD patients
received feedback, leading to the conclusion that the migra-
tion effect is indeed caused by a memory storage/retrieval
problem rather than a clock problem (Koch et al., 2005;
Malapani et al., 1998, 2002; Perbal et al., 2005). Our results
confirm this interpretation. Consistent with previous studies
(Malapani et al., 1998, 2002), participants learned the two
standard intervals during the training phase. It is possible that
the PD-MCI patients created an inaccurate representation of
the two standard intervals leading to a subsequent over-
estimation of short temporal intervals and underestimation of
long temporal intervals. Additionally, in support with the
memory interpretation of the migration effect, only PD-MCI
patients with severe cognitive memory dysfunctions
presented the migration effect.
The second aim of the present study was to investigate the

effect of emotional facial expression on time perception. The
results showed an effect of emotional stimuli on time per-
ception. When stimuli showed facial expressions of anger,
temporal intervals were overestimated whereas when stimuli
showed facial expressions of shame, temporal intervals were
underestimated. These results are consistent with previous
findings revealing facial expression of anger were associated
with overestimations of time, among children and adults (Gil
& Droit-Volet, 2011; Gil, Niedenthal, & Droit-Volet, 2007).
According to the internal clock model (Gibbon, Church, &
Meck, 1984), temporal intervals are overestimated when the
pacemaker runs faster; indeed, when the pacemaker runs
faster, more pulses are stored into the accumulator and the
duration is considered to be longer. Anger is a particularly
arousing emotion (Calder, Keane, Lawrence, & Manes,
2004; Phelps & Ledoux, 2005), and increasing arousal level
has been demonstrated to increase the speed of the internal
clock (Angrilli et al., 1997; Gil & Droit-Volet, 2012; Mella
et al., 2011; Rammsayer, 1997; Wearden & Penton-Voak,

1995). Consequently, time is overestimated when facial
expressions of anger are presented.
Time distortions caused by the perception of angry facial

expressions may be adaptive, as they prepare the organism to
act for survival. This idea is consistent with studies showing
that threatening stimuli or stressful situations induce an
overestimation of time (Angrilli et al., 1997; Grondin, Laflamme,
& Gontier, 2014). On the other hand, facial expression of shame
leads to an underestimation of time. Shame is a secondary
emotion, which develops later with social interactions and the
internalization of social rules; shame does not have the same
adaptive meaning as anger (Lagattuta & Thompson, 2007;
Tangney & Dearing, 2002). Considering that shame has
been interpreted as self-conscious emotion involving a reflexive
attitude toward oneself (Haidt, 2003), some authors have
concluded that facial expressions of shame attract attentional
resources (Gil & Droit-Volet, 2011), resulting in an under-
estimation of time. According to the attentional gate model
(Zakay & Block, 1996), when attention is not fully allocated on
time, less temporal information is stored in the accumulator and
the temporal interval is judged to be shorter than the objective
duration.
The third aim was to investigate if stimuli of facial emotional

expressions influence temporal judgments in PD patients and
controls differently. Results showed significant differences
between emotional stimuli (anger and shame) and neutral stimuli
only at 400ms in PD-MCI patients. Greater temporal dysfunc-
tion with short temporal intervals is a consistent finding in the
literature with PD patients (Artieda et al., 1992; Harrington et al.,
2010; Malapani et al., 1998; Pastor, Artieda, et al., 1992; Riesen
& Schnider, 2001; Smith et al., 2007), reflecting a memory
or storage/retrieval problem rather than a clock problem (Koch
et al., 2005; Malapani et al., 1998, 2002; Perbal et al., 2005). We
interestingly found an effect of emotional stimuli at 400ms in
PD-MCI patients. It is possible that a less stable temporal
representation in PD-MCI patients is more prone to be distorted
by emotional stimuli.
The three groups included did not differ for the level of

depression, although PD-MCI patients showed a slightly
higher level of depression. The correlation analyses
conducted between the index (d score) of emotional
distortion on time perception and depression index indicated
that PD-MCI patients with higher levels of depression had a
reduced distortion on time perception when the facial
expression of anger was presented. One hypothesis for
explaining that result is that PD-MCI patients with higher
levels of depression were less prone to identify anger than
less depressed participants.
To conclude, our study showed temporal dysfunctions in

PD patients specifically related to level of cognitive impair-
ment. Specifically, PD-MCI patients were less accurate than
PD-non-MCI patients and controls, such that PD-MCI
patients perceived temporal intervals as shorter than the
presented interval. Moreover, PD-MCI patients judged
longer temporal intervals (1400 ms and 1600 ms) as shorter
and short intervals (400 ms and 600 ms) as longer than the
presented durations. The migration effect observed is
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attributed to a distortion in the memory representation of time
(Malapani et al., 2002). The current study also revealed
interesting results regarding the effect of emotional stimuli on
time perception in PD patients. When stimuli showed angry
facial expressions, temporal intervals were overestimated;
when stimuli showed shame facial expressions, temporal
intervals were underestimated. This effect was particularly
evident in PD-MCI patients when 400 ms was used.
The effect of emotional stimuli on time perception demon-

strates that PD patients adequately recognized and processed the
emotional stimuli of anger and shame. These results seem not to
be in linewith the literature on emotional facial recognition in PD
patients. Importantly, PD-non-MCI and controls showed similar
temporal abilities, and they present similar cognitive abilities as
indicated by the neuropsychological evaluation. It is possible that
they still have intact the networks involved in emotional facial
recognition. Alternatively, it is possible that in our study, PD
patients implicitly processed the emotional stimuli; in fact, par-
ticipants were not explicitly questioned about emotional facial
expressions during the time bisection task. It is possible that
emotional facial recognition is preserved at an implicit level and
that this has produced the effect observed. Future studies should
consider the effect of other facial emotional stimuli on temporal
processing in PD patients. Studies have shown that happiness
and sadness are differently recognized in PD patients relative to
controls (Clark et al., 2008; Yip, Lee, Ho, Tsang, & Li, 2003),
and that recognition of disgust is dysfunctional in PD patients
(Assogna et al., 2008; Sprengelmeyer et al., 2003; Suzuki,
Hoshino, Shigemasu, & Kawamura, 2006).

ACKNOWLEDGMENTS

The information in this manuscript and the manuscript itself has
never been published either electronically or in print. There are no
financial or other relationships that could be interpreted as a conflict
of interest affecting this manuscript. This research received no spe-
cific grant from any funding agency, commercial or not-for-profit
sectors. The authors gratefully acknowledge Laura Malesani and
Vincent Laflamme for their help in collecting and analyzing the data,
Pamela May and the “INS Research Editing and Consulting Pro-
gram” for assisting with editing, and Emi Hasuo and one anonymous
reviewer for their comments on an earlier version of this article. The
authors also gratefully acknowledge the staff of the Ospedale S.
Bortolo, Vicenza, Italy and the participants, their families, and
friends who participated in this study.

REFERENCES

Adolphs, R. (2002a). Recognizing emotion from facial expressions:
Psychological and neurological mechanisms. Behavioral and
Cognitive Neurosciences Review, 1(1), 21–62. doi:10.1177/
1534582302001001003

Adolphs, R. (2002b). Neural systems for recognizing emotion.
Current Opinion in Neurobiology, 12(2), 169–177. doi:10.1016/
S0959-4388(02)00301-X

Angrilli, A., Cherubini, P., Pavese, A., & Manfredini, S. (1997).
The influence of affective factors on time perception.
Perception & Psychophysics, 59(6), 972–982. doi:10.3758/
BF03205512

Appollonio, I., Leone, M., Isella, V., Piamarta, F., Consoli, T.,
Villa, M.L., … Nichelli, P. (2005). The Frontal Assessment
Battery (FAB): Normative values in an Italian population sample.
Neurological Sciences, 26(2), 108–116. doi:10.1007/s10072-
005-0443-4

Artieda, J., Pastor, M.A., Lacruz, A., & Obeso, J.A. (1992).
Temporal discrimination is abnormal in Parkinson’s disease.
Brain, 115(1), 199–210. doi:10.1093/brain/115.1.199

Assogna, F., Pontieri, F.E., Caltagirone, C., & Spalletta, G. (2008).
The recognition of facial emotion expressions in Parkinson’s
disease. European Neuropsychopharmacology, 18(11), 835–848.
doi:10.1016/j.euroneuro.2008.07.004

Beck, A.T., Ward, C.H., Mendelson, M., Mock, J., & Erbaugh, J.
(1961). An inventory for measuring depression. Archives
of General Psychiatry, 4(6), 561–571. doi:10.1001/archpsyc.
1961.01710120031004

Blonder, L.X., & Slevin, J.T. (2011). Emotional dysfunction in
Parkinson’s disease. Behavioral Neurology, 24(3), 201–217.
doi:10.3233/BEN-2011-0329

Buhusi, C.V., & Meck, W.H. (2005). What makes us tick?
Functional and neural mechanisms of interval timing. Nature
Reviews Neuroscience, 6(10), 755–765. doi:10.1038/nrn1764

Caffarra, P., Vezzadini, G., Dieci, F., Zonato, F., & Venneri, A.
(2002). Rey-Osterrieth complex figure: Normative values in
an Italian population sample. Neurological Sciences, 22(6),
443–447. doi:10.1007/s100720200003

Caffarra, P., Vezzadini, G., Dieci, F., Zonato, F., & Venneri, A.
(2004). Modified Card Sorting Test: Normative data. Journal of
Clinical and Experimental Neuropsychology, 26(2), 246–250.
doi:10.1076/jcen.26.2.246.28087

Calder, A.J., Keane, J., Lawrence, A.D., & Manes, F. (2004).
Impaired recognition of anger following damage to the ventral
striatum. Brain, 127(9), 1958–1969. doi:10.1093/brain/awh214

Carlesimo, G.A., Caltagirone, C., Gainotti, G., Fadda, L., Gallassi, R.,
Lorusso, S., … Parnetti, L. (1996). The Mental Deterioration
Battery: Normative data, diagnostic reliability and qualitative
analyses of cognitive impairment. European Neurology, 36(6),
378–384. doi:10.1159/000117297

Clark, U.S., Neargarder, S., & Cronin-Golomb, A. (2008). Specific
impairments in the recognition of emotional facial expressions in
Parkinson’s disease. Neuropsychologia, 46(9), 2300–2309.
doi:10.1016/j.neuropsychologia.2008.03.014

Droit-Volet, S., & Meck, W.H. (2007). How emotions colour
our perception of time. Trends in Cognitive Sciences, 11(12),
504–513. doi:10.1016/j.tics.2007.09.008

Droit-Volet, S., & Gil, S. (2009). The time-emotion paradox.
Philosophical Transactions of the Royal Society B: Biological
Sciences, 364(1525), 1943–1953. doi:10.1098/rstb.2009.0013

Droit-Volet, S., Brunot, S., & Niedenthal, P.M. (2004). Perception
of the duration of emotional events. Cognition & Emotion, 18(6),
849–858. doi:10.1080/02699930341000194

Dujardin, K., Blairy, S., Defebvre, L., Duhem, S., Noël, Y., Hess, U.,
& Desté, A. (2004). Deficits in decoding emotional facial
expressions in Parkinson’s disease. Neuropsychologia, 42(2),
239–250. doi:10.1016/S0028-3932(03)00154-4

Effron, D.A., Niedenthal, P.M., Gil, S., & Droit-Volet, S. (2006).
Embodied temporal perception of emotion. Emotion, 6(1), 1–9.
doi:10.1037/1528-3542.6.1.1

Fahn, S., Elton, R.L., & the members of the
UPDRS Development Committee (1987). The Unified
Parkinson’s disease rating scale. In S. Fahn, C.D. Marsden,
D.B. Calne, & M. Goldstein (Eds.), Recent developments in

Emotional facial expression on time perception 897

https://doi.org/10.1017/S1355617715000612 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617715000612


Parkinson’s disease (Vol. 2, pp. 153–163). Florham Park, NJ:
Macmillan Healthcare.

Folstein, M.F., Folstein, S., & McHugh, P. (1975). “Mini-Mental
State”: A practical method for grading the cognitive state of
patients for the clinician. Journal of Psychiatric Research, 12(3),
189–198. doi:10.1016/0022-3956(75)90026-6

Gibbon, J. (1977). Scalar expectancy theory and Weber’s law in
animal timing. Psychological Review, 84(3), 279–325.
doi:10.1037/0033-295X.84.3.279

Gibbon, J., Church, R.M., & Meck, W. (1984). Scalar timing in
memory. In J. Gibbon & L. Allan (Eds.), Annals of the New
Academy of Sciences, Vol. 423: Timing and time perception
(pp. 52–77). New York: New York Academy of Sciences.

Gil, S., & Droit-Volet, S. (2011). How do emotional facial
expression influence our perception of time? In S. Masmoundi,
D. Yan Dai, & A. Naceur (Eds.), Attention, representation, and
human performance: Integration of cognition, emotion and
motivation. London: Psychology Press, Taylor & Francis.

Gil, S., & Droit-Volet, S. (2012). Emotional time distortions:
The fundamental role of arousal, cognition and
emotion. Cognition and Emotion, 26(5), 847–862.
doi:10.1080/02699931.2011.625401

Gil, S., Niedenthal, P.M., & Droit-Volet, S. (2007). Anger and temporal
perception in children. Emotion, 7(1), 219–225. doi:10.1037/
1528-3542.7.1.219

Gil, S., Rousset, S., & Droit-Volet, S. (2009). How liked and
disliked food affect time perception. Emotion, 9(4), 457–463.
doi:10.1037/a0015751

Giovagnoli, A.R., Del Pesce, M., Simoncelli, M., Laiacona, M., &
Capitani, E. (1996). Trail making test: Normative values from 287
normal adult controls. The Italian Journal of Neurological
Sciences, 17(4), 305–309. doi:10.1007/BF01997792

Goodglass, H., & Kaplan, E. (1972). The assessment of aphasias
and related disorders. Philadelphia: Lea and Febiger.

Gray, H.M., & Tickle-Degnen, L. (2010). A meta-analysis of
performance on emotion recognition tasks in Parkinson’s disease.
Neuropsychology, 24(2), 176–191. doi:10.1037/a0018104

Grondin, S. (2008). Methods for studying psychological time. In
S. Grondin (Ed.), Psychology of time (pp. 51–74). Bingley, UK:
Emerald Group Publishing.

Grondin, S. (2010). Timing and time perception: A review of recent
behavioral and neuroscience findings and theoretical directions.
Attention, Perception & Psychophysics, 72(3), 561–582.
doi:10.3758/APP.72.3.561

Grondin, S., Laflamme, V., & Gontier, E. (2014). Effect on
perceived duration and sensitivity to time when observing
disgusted faces and disgusting mutilation pictures. Attention,
Perception & Psychophysics, 76(6), 1522–1534. doi:10.3758/
s13414-014-0682-7

Ivry, R.B., & Keele, S.W. (1989). Timing functions of the
cerebellum. Journal of Cognitive Neuroscience, 1(2), 136–152.
doi:10.1162/jocn.1989.1.2.136

Haidt, J. (2003). The moral emotions. In R.J. Davidson,
K.R. Scherer & H.H. Goldsmith (Eds.), Handbook of affective
sciences (pp. 852–870). Oxford: Oxford University Press.

Harrington, D.L., Haaland, K.Y., & Knight, R.T. (1998). Cortical
networks underlying mechanisms of time perception. The Journal
of Neuroscience, 18(3), 1085–1095.

Harrington, D.L., Zimbelman, J.L., Hinton, S.C., & Rao, S.M.
(2010). Neural modulation of temporal encoding, maintenance,
and decision processes. Cerebellar Cortex, 20(6), 1274–1285.
doi:10.1093/cercor/bhp194

Harrington, D.L., Castillo, G.N., Greenberg, P.A., Song, D.D., Lessig,
S., Lee, R.R., &Rao, S.M. (2011). Neurobehavioral mechanisms of
temporal processing deficits in Parkinson’s disease.PLoSOne, 6(2),
e17461. doi:10.1371/journal.pone.0017461

Jankovic, J., & Tolosa, E. (eds.) (2007). Parkinson's disease and
movement disorders. Philadelphia: Lippincott Williams &
Wilkins.

Jones, C.R.G., Malone, T.J.L., Dirnberger, G., Edwards, M., &
Jahanshahi, M. (2008). Basal ganglia, dopamine and temporal
processing: Performance on three timing tasks on and off
medication in Parkinson’s disease. Brain and Cognition, 68(1),
30–41. doi:10.1016/j.bandc.2008.02.121

Kan, Y., Kawamura, M., Hasegawa, Y., Mochizuki, S., &
Nakamura, K. (2002). Recognition of emotion from facial,
prosodic and written verbal stimuli in Parkinson’s disease. Cortex
38(4), 623–630. doi:10.1016/S0010-9452(08)70026-1

Koch, G., Brusa, L., Olivieri, M., Stanzione, P., & Caltagirone, C.
(2005). Memory for time intervals is impaired in left hemi-
Parkinson patients. Neuropsychologia, 43(8), 1163–1167.
doi:10.1016/j.neuropsychologia.2004.11.017

Koch, G., Costa, A., Brusa, L., Peppe, A., Gatto, I.,… Caltagirone, C.
(2008). Impaired reproduction of second but not millisecond
time intervals in Parkinson’s disease. Neuropsychologia, 46(5),
1305–1313. doi:10.1016/j.neuropsychologia.2007.12.005

Lagattuta, K.H., & Thompson, R.A. (2007). The development
of self-conscious emotions: Cognitive processes and social
influences. In J.L. Tracy, R.W. Robins, & J.P. Tangney (Eds.),
The self-conscious emotions: Theory and research (pp. 91–113).
New York: Guilford.

Lange, K.W., Tucha, O., Steup, A., Gsell, W., & Naumann, M. (1995).
Subjective time estimation in Parkinson’s disease. Journal of Neural
Transmission. Supplementum, 46, 433–438.

Lawrence, A.D., Goerendt, I.K., & Brooks, D.J. (2007). Impaired
recognition of facial expressions of anger in Parkinson's disease
patients acutely withdrawn from dopamine replacement therapy.
Neuropsychologia, 45(1), 65–74. doi:10.1016/j.
neuropsychologia.2006.04.016

Lee, K.L., Seelam, K., & O’Brien, T. (2011). The relativity of time
perception produced by facial emotion stimuli. Cognition &
Emotion, 25(8), 1471–1480. doi:10.1080/02699931.2010.544455

Litvan, I., Goldman, J.G., Tröster, A.I., Schmand, B.A., Weintraub,
D., Petersen, R.C., … Emre, M. (2012). Diagnostic criteria for
mild cognitive impairment in Parkinson's disease: Movement
disorder society task force guidelines. Movement Disorders,
27(3), 349–356. doi:10.1002/mds.24893

Luzzatti, C., Willmes, K., & De Bleser, R. (1991). AAT - Aachener
Aphasia test (AAT) - Versione Italiana. Firenze: OS–Organizzazioni
speciali.

Malapani, C., Deweer, B., & Gibbon, J. (2002). Separating
storage from retrieval dysfunction of temporal memory in
Parkinson’s disease. Journal of Cognitive Neuroscience, 14(2),
311–322. doi:10.1162/089892902317236920

Malapani, C., Rakitin, B., Levy, R., Meck, W., Deweer, B., Dubois, B.,
& Gibbon, J. (1998). Coupled temporal memories in Parkinson’s
disease: A dopamine-related dysfunction. Journal of Cognitive
Neuroscience, 10(3), 316–331. doi:10.1162/089892998562762

Meck, W.H. (1996). Neuropharmacology of timing and time
perception. Cognitive Brain Research, 3(3), 227–242.
doi:10.1016/0926-6410(96)00009-2

Meck, W.H. (2005). Neuropsychology of timing and time percep-
tion. Brain and Cognition, 58(1), 1–8. doi:10.1016/j.bandc.
2004.09.004

898 G. Mioni et al.

https://doi.org/10.1017/S1355617715000612 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617715000612


Meck,W.H., & Benson, A.M. (2002). Dissecting the brain’s internal
clock: How frontal–striatal circuitry keeps time and shifts
attention. Brain and Cognition, 48(1), 195–211. doi:10.1006/
brcg.2001.1313

Mella, N., Conty, L., & Pouthas, V. (2011). The role of
physiological arousal in time perception: Psychophysiological
evidence from an emotion regulation paradigm. Brain and
Cognition, 75(2), 182–187. doi:10.1016/j.bandc.2010.11.012

Mioni, G., Mattalia, G., & Stablum, F. (2013). Time perception in
severe traumatic brain injury patients: A study comparing
different methodologies. Brain and Cognition, 81(3), 305–312.
doi:10.1016/j.bandc.2012.12.005

Mioni, G., Stablum, F., McClintock, S.M., & Grondin, S. (2014).
Different methods for reproducing time, different results.
Attention, Perception and Psychophysics, 76(3), 675–681.
doi:10.3758/s13414-014-0625-3

Mondini, S., Mapelli, D., Vestri, A., & Bisiacchi, P.S. (2003).
Esame neuropsicologico breve. Una batteria di test per lo
screening neuropsicologico. Milano: Cortina Raffaello.

Nasreddine, Z.S., Phillips, N.A., Bedirian, V., Charbonneau, S.,
Whitehead, V., Collin, I., … Chertkow, H. (2005). The Montreal
Cognitive Assessment, MoCA: A brief screening tool for mild
cognitive impairment. Journal of the American Geriatrics
Society, 53(4), 695–699. doi:10.1111/j.1532-5415.2005.53221.x

Nelson, H.E. (1976). A modified card sorting test sensitive to frontal
lobe defects. Cortex, 12(4), 313–324. doi:10.1016/S0010-9452
(76)80035-4

Noulhiane, M., Mella, N., Samson, S., Ragot, R., & Pouthas, V.
(2007). How emotional auditory stimuli modulate time
perception. Emotion, 7(4), 697–704. doi:10.1037/1528-3542.
7.4.697

Novelli, G., Papagno, C., Capitani, E., Laiacona, M., Cappa, S.F., &
Vallar, G. (1986). Tre test clinici di ricerca e produzione lessicale.
Taratura su soggetti normali. Archivio di Psicologia Neurologia
Psichiatria, 47, 477–506.

O’Boyle, D.J., Freeman, J.S., & Cody, F.W. (1996). The accuracy
and precision of timing of self-paced, repetitive movements in
subjects with Parkinson’s disease. Brain, 119(1), 51–70.
doi:10.1093/brain/119.1.51

Osterrieth, P.A. (1944). Les tets de copie d’une figure complexe.
Archives de Psicologies, 30, 206–356.

Pastor, M.A., Jahanshahi, M., Artieda, J., & Obeso, J.A. (1992).
Performance of repetitive wrist movements in Parkinson’s
disease. Brain, 115(3), 875–891. doi:10.1093/brain/115.3.875

Pastor, M.A., Artieda, J., Jahanshahi, M., & Obeso, J.A. (1992).
Time estimation and reproduction is abnormal in Parkinson’s
disease. Brain, 115(1), 211–225. doi:10.1093/brain/115.1.211

Phelps, E.A., & Ledoux, J.E. (2005). Contributions of the amygdala
to emotion processing: From animal models to human behavior.
Neuron, 48(2), 175–187. doi:10.1016/j.neuron.2005.09.025

Perbal, S., Droit-Volet, S., Isingrini, M., & Pouthas, V. (2002).
Relationships between age-related changes in time estimation and
age-related changes in processing speed, attention, and memory.
Aging, Neuropsychology and Cognition, 9(3), 201–216.
doi:10.1076/anec.9.3.201.9609

Perbal, S., Deweer, B., Pillon, B., Vidailhet, M., Dubois, B., &
Pouthas, V. (2005). Effects of internal clock and memory
disorders on duration reproductions and duration productions in
patients with Parkinson’s disease. Brain and Cognition, 58(1),
35–48. doi:10.1016/j.bandc.2005.02.003

Péron, J., Dondaine, T., LeJeune, F., Grandjean, D., & Vérin, M.
(2012). Emotional processing in Parkinson’s disease:

A systematic review. Movement Disorders, 27(2), 186–199.
doi:10.1002/mds.24025

Péron, J., Biseul, I., Leray, E., Vicente, S., La Jeune, F., Drapier, S., …
Vérin, M. (2010). Subthalamic nucleus stimulation affects fear and
sadness recognition in Parkinson’s disease.Neuropsychology, 24(1),
1–8. doi:10.1037/a0017433

Rammsayer, T.H. (1997). The effects of body core temperature and
brain dopamine activity on timing processes in humans. Biological
Psychology, 46(2), 169–192. doi:10.1016/S0301-0511(97)05251-4

Rammsayer, T.H. (1999). Neuropharmacological evidence for
different timing mechanism in humans. The Quarterly Journal
of Experimental Psychology: Section B, 52(3), 273–286.
doi:10.1080/713932708

Reitan, R.M. (1958). Validity of the Trial Making Test as an
indicator of organic brain damage. Perceptual and Motor Skills,
8(3), 271–276. doi:10.2466/pms.1958.8.3.271

Rey, A. (1958). Mémorisation d’une série de 15 mots en 5
répétitions. In A. Rey (Ed.), L’examen Clinique en Psychologie.
Paris: Presses Universitaires de France.

Riesen, J.M., & Schnider, A. (2001). Time estimation in Parkinson's
disease: normal long duration estimation despite impaired short
duration discrimination. Journal of Neurology, 248(1), 27–35.
doi:10.1007/s004150170266

Smith, J.G., Harper, D.N., Gittings, D., & Abernethy, D. (2007).
The effect of Parkinson’s disease on time estimation as a function
of stimulus duration range and modality. Brain and Cognition,
64(2), 130–143. doi:10.1016/j.bandc.2007.01.005

Sotgiu, I., & Rusconi, M.L. (2013). Investigating emotions
in Parkinson’s disease: What we know and what we still
don’t know. Frontiers in Psychology, 4, 336. doi:10.3389/
fpsyg.2013.00336

Sprengelmeyer, R., Young, A.W., Mahn, K., Schroeder, U.,
Woitalla, D., Buttner, T., … Przuntek, H. (2003). Facial
expression recognition in people with medicated and
un-medicated Parkinson’s disease. Neuropsychologia, 41(8),
1047–1057. doi:10.1016/S0028-3932(02)00295-6

Suzuki, A., Hoshino, T., Shigemasu, K., & Kawamura, M. (2006).
Disgust-specific impairment of facial expression recognition in
Parkinson's disease. Brain, 129(3), 707–717. doi:10.1093/brain/
awl011

Tangney, J.P., & Dearing, R.L. (2002). Shame and guilt. New York:
Guilford Press.

Tipples, J. (2008). Negative emotionality influences the effects of
emotion on time perception. Emotion, 8(1), 127–131.
doi:10.1037/1528-3542.8.1.127

Treisman, M. (1963). Temporal discrimination and the indifference
interval: Implication for model of the “internal clock”. Psychological
Monographs General and Applied, 77(13), 1–31.

Wearden, J.H., & Penton-Voak, I.S. (1995). Feeling the heat:
Body temperature and the rate of subjective time revisited.
The Quarterly Journal of Experimental Psychology, 48(2),
129–141. doi:10.1080/14640749508401443

Yip, J.T., Lee, T., Ho, S.L., Tsang, K.L., & Li, L.S. (2003). Emotion
recognition in patients with idiopathic Parkinson’s disease. Move-
ment Disorder, 18(10), 1115–1122. doi:10.1002/mds.10497

Zakay, D., & Block, R.A. (1996). The role of attention in time
estimation processes. In M.A. Pastor & J. Artieda (Eds.), Time,
internal clocks and movement (pp. 143–164). Amsterdam: Elsevier.

Zélanti, P.S., & Droit-Volet, S. (2011). Cognitive abilities explain-
ing age-related changes in time perception of short and long
durations. Journal of Experimental Child Psychology, 109(2),
143–157. doi:10.1016/j.jecp.2011.01.003

Emotional facial expression on time perception 899

https://doi.org/10.1017/S1355617715000612 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617715000612

	Effects of Emotional Facial Expression on Time Perception in Patients with Parkinson&#x2019;s Disease
	INTRODUCTION
	CURRENT INVESTIGATION
	METHOD
	Participants
	Procedure

	Table 1Demographic and clinical characteristics of PD patients and controls.
	Time Bisection Task
	Neuropsychological Assessment
	Attention and working memory
	Executive functions
	Language
	Memory
	Visuo-spatial functions


	Fig. 1Example of the emotional facial expressions used for female (a) and male�(b)
	RESULTS
	Time Bisection Task
	Neuropsychological Tasks

	DISCUSSION
	Fig. 2Psychometric function (pooled data) for each emotional condition and each group. The error bars indicate &#x00B1;1�SE
	Table 2Descriptive statistics for the neuropsychological tasks included in the�study
	ACKNOWLEDGMENTS
	ACKNOWLEDGEMENTS
	REFERENCES


