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In the present study, we investigate possible temporal impairment in patients with
mild cognitive impairment (MCI) and the amount of temporal distortions caused by
the presentation of emotional facial expressions (anger, shame, and neutral) in MCI
patients and controls. Twelve older adults with MCI and 14 healthy older adults were
enrolled in the present study. All participants underwent a complete neuropsychological
evaluation. We used three timing tasks to tap temporal abilities, namely time bisection
(standard intervals lasting 400 and 1600 ms), finger-tapping (free and 1 s), and simple
reaction-time tasks. The stimuli used in the time bisection task were facial emotional
stimuli expressing anger or shame to investigate a possible contribution of emotional
information as previously observed in healthy adults. MCI patients showed temporal
abilities comparable to controls. We observed an effect of facial emotional stimuli on
time perception when data were analyzed in terms of proportion of long responses, and
this result was mainly driven by the temporal overestimation when a facial expression
of anger was presented in controls. Results seem to suggest that the severity of
the cognitive dysfunction accounts more for subjective temporal impairment than a
compromised internal clock.

Keywords: mild cognitive impairment, time processing, time bisection, emotion, temporal dysfunction

INTRODUCTION

Many daily life activities rely on accurate temporal estimation, and indeed, time processing
represents a fundamental cognitive function. According to internal clock models of time processing
(Gibbon et al., 1984), the raw temporal material comes from the number of pulses emitted by a
pacemaker (internal clock) and stored in an accumulator during the event to be timed; duration
judgments are made by comparing the number of pulses counted for the observed interval with a
value previously stored in memory. Finally, a decision process compares the current duration values
with those in working and reference memory to decide on the adequate temporal response. An
extension of this model comes from the attentional gate model (Zakay and Block, 1996), developed
to explain the influence of a person’s attentional resource allocation on temporal judgments.
An attentional gate is positioned before the accumulator and regulates the flow of pulses from
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the pacemaker; when attentional resources are allocated to
timing, the gate is opened wider, allowing for more pulses
entering the accumulator, resulting in more accurate temporal
judgments (Zakay and Block, 1996).

Errors in temporal processing may depend on different
factors and occur at each stage of the internal clock model.
Variations in the rate of pulses’ emission by the pacemaker are
often reported to be an important cause of temporal errors.
These variations have several causes, like changes in body
temperature (Aschoff, 1998; Mioni et al., 2016a), experiencing
emotions (Gil and Droit-Volet, 2011), and using pharmacological
substances (Rammsayer, 2008; Coull et al., 2011). As mentioned,
according to the attentional gate model (Zakay and Block,
1996), the gate is the part of the model that is directly
associated with the mechanisms of attention. When the gate
is closed, the pulses that are emitted by the pacemaker are
accumulated in the counter. Indeed, it is the amount of
attention paid to time that determines the accumulation of
pulses in the counter. The demonstration of the role of
attention in temporal processing is often based on the dual-
task paradigm, in which attention has to be divided between
temporal and non-temporal tasks. Results showed that when
more attention is dedicated to time, more pulses are accumulated
in the counter, and fewer temporal errors are produced (Block
et al., 2010). When participants are asked to estimate time
while performing other cognitive tasks, the accuracy of time
estimation is reduced because time estimation shares attentional
resources with the non-temporal tasks and the amount of the
shared resources depends on the nature of the second task
(Brown, 1997).

Different brain areas have been identified to play a critical role
in temporal processing (Rubia and Smith, 2004; Merchant et al.,
2013; Muller and Nobre, 2014; Paton and Buonomano, 2018).
In particular, the integrity of the right dorsolateral prefrontal
cortex and right inferior parietal lobe has been shown to be
necessary for processing temporal intervals of several seconds
(Lewis and Miall, 2003; Mioni et al., 2014). The importance of the
cerebellum in timing processes is also well established. Patients
with cerebellar lesions showed poor performance on both motor
tapping and time estimation tasks, in the range of both hundreds
of milliseconds and a few seconds (Rubia and Smith, 2004; Gooch
et al., 2010). The role of the basal ganglia in time estimation and
motor timing functions is confirmed by studies with Parkinson’s
disease (PD) patients showing deficits in time perception that can
be improved with dopaminergic treatments (Meck et al., 2008;
Jones and Jahanshahi, 2014).

However, it should be noted that most of the brain areas
and networks involved in temporal processing are also critically
involved in other cognitive functions, such as attention, working
memory, or motor control (Matell et al., 2005; Üstün et al., 2017).

It is, therefore, important to ascertain whether the impairment
in temporal processing often displayed by patients with cognitive
dysfunctions truly reflects a deficit in one of the stages involved
in temporal processing (i.e., compromised internal clock) or
whether it is just a consequence of a general impairment in the
cognitive functions required to process time (i.e., attention or
working memory).

As an example, consider the patients with traumatic
brain injury (TBI) who exhibit sensorimotor, behavioral, and
cognitive sequelae, which may include deficits of attention,
speed of processing, memory, planning and problem solving,
and lack of self-awareness (Lezak, 2004). Mioni et al. (2014)
reviewed studies conducted to investigate temporal abilities
in TBI and reported temporal misperception and higher
variability for TBI patients than for controls. But, temporal
dysfunctions in TBI patients were mainly related to deficits
in cognitive functions involved in temporal processing (i.e.,
working memory, attention, and executive functions) rather than
to an impairment in time perception caused by a compromised
internal clock. In fact, temporal dysfunctions were observed
when the temporal intervals exceeded the working memory
span or when the tasks employed required high cognitive
functions to be performed. Moreover, higher temporal variability
observed in TBI patients is also a sign of impaired frontally
mediated cognitive functions that affect temporal representation
(Mioni et al., 2014).

The number of patients with cognitive complaints has been
rising as a consequence of the increasing aging of the population.
Clinicians have especially focused on patients diagnosed with
mild cognitive impairment (MCI) because they carry a high
risk of developing dementia in the ensuing few years. Previous
studies showed compromised time processing in patients with
Alzheimer’s disease (El Haj and Kapogiannis, 2016) and the
behavioral variant of frontotemporal dementia (Wiener and
Coslett, 2008), but very few studies have been conducted to
test temporal abilities in MCI patients. Rueda and Schmitter-
Edgecombe (2009) first examined temporal abilities in MCI
patients using a verbal estimation task with filled short (10
and 25 s) and long (45 and 60 s) intervals. Results showed
comparable performance between MCI patients and age-matched
controls at both short and long intervals. More recently, Coelho
et al. (2016) replicated these findings in verbal estimation
and time production tasks (7, 32, and 58 s). The authors
then concluded that an abnormal internal clock was not the
basis for these alterations in the perception of the subjective
passage of time, since the perception of the interval lengths
was not different in MCI patients compared to controls.
Summing up these results, it seems that there are no temporal
dysfunctions in MCI patients. However, a firm conclusion should
be driven by more than two studies, which calls for more
investigation in this field.

Interestingly, Mioni et al. (2016b) first tested PD patients
with or without MCI to investigate the role of cognitive
impairment in temporal dysfunction in PD patients. Results
showed that PD patients with MCI were more likely to
underestimate long and overestimate short temporal intervals
than PD patients without MCI and control participants
(migration effect; Malapani et al., 1998). The authors concluded
that temporal impairment observed in PD patients with MCI
was mainly caused by a memory dysfunction rather than
variation at the internal clock level (Mioni et al., 2016b).
Indeed, according to Malapani et al. (1998), changes in clock
speed would not cause any bias in temporal accuracy under
conditions in which participants were trained and tested
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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.

Here we decided to move a step forward in this investigation
by testing a group of patients with only MCI symptoms.
Specifically, we tested MCI patients during a time bisection
task to investigate temporal impairment in these patients. If the
results observed by Mioni et al. (2016b) with PD with MCI
were mainly driven by their cognitive impairment, we should
observe a leftward shift of the psychometric function (indicating
temporal overestimation) and higher temporal variability in
MCI patients compared to controls; however, this is not
what was observed in previous studies (Rueda and Schmitter-
Edgecombe, 2009; Coelho et al., 2016). Two finger-tapping tasks
(spontaneous rate and 1 s rate) were included considering that
spontaneous-tempo measure has been related to the pace of
the internal clock (Pouthas and Perbal, 2004; Perbal et al.,
2005; Jones and Jahanshahi, 2009). Moreover, a simple reaction-
time task was included to control for possible differences in
motor performance.

Here, we also investigate the possible contribution of
emotional stimuli (implicit elaboration of emotional stimuli) on
subjective perceived duration in MCI patients. It is known that
the rate of the internal clock, and consequently, the perceived
duration, can be influenced by the presentation of emotional
stimuli: an increased level of arousal increases the speed of
the pacemaker (Droit-Volet and Meck, 2007; Gil and Droit-
Volet, 2011). For a given duration, if the pacemaker runs
faster, more pulses reach the accumulator, producing temporal
overestimation (Droit-Volet et al., 2004; Effron et al., 2006).
This has been observed in particular in healthy participants,
with emotional pictures generating high arousal, such as facial
expressions of anger, fear, happiness, and sadness (Droit-Volet
et al., 2004; Droit-Volet and Gil, 2009; Gil and Droit-Volet, 2011;
Lee et al., 2011; Mioni et al., 2017).

Taking these together, we investigate if differences in temporal
judgments in MCI patients relative to healthy controls are
related to the level of cognitive function in MCI patients. It
is of great interest to assess cognitive functions as a possible
mediator of lower temporal abilities in MCI patients and compare
these new data with previous studies testing PD patients with
and without MCI to fully understand the cause of temporal
impairment in these clinical samples. To characterize the clinical
sample and to measure the cognitive level in MCI participants
and controls, a neuropsychological evaluation is included. The
second aim of the present study is to investigate the effect of
emotional facial expression on time perception. We included
anger and shame as emotional stimuli, given that they have
generated different effects on time perception (Gil and 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. Compared to healthy older adults,
MCI patients exhibit worse facial emotion recognition in the

detection of negative emotions. These deficits appear to occur
in the context of intact facial information processing (McCade
et al., 2011). Therefore, here we investigate, for the first time, if
the magnitude of temporal distortions caused by the presentation
of the facial emotional stimuli would be the same for MCI
patients and controls.

MATERIALS AND METHODS

Participants
Twelve MCI patients (6 males) and 14 healthy older adults (7
males) took part in the present study. Demographic and clinical
characteristics of MCI patients and controls are reported in
Table 1 and the Supplementary Materials. MCI participants
were recruited from a major hospital in Vicenza, Italy (San
Bortolo Hospital), and selected accordingly to the Alzheimer’s
Disease Diagnostic Guidelines of the National Institute on Aging
(Albert et al., 2011); specifically, one patient was “single-domain

TABLE 1 | Mean and standard deviation for descriptive statistics and
neuropsychological evaluation for control and MCI groups.

Control group, n = 14 MCI patients, n = 12

Measure M (SD) M (SD) t

Age 69.64(6.86) 67.00(5.67) 1.06

Year of
education

10.21(4.19) 10.17(4.02) 0.03

MMSE 29.21(0.97) 27.75(1.21) 3.41∗

MoCA 26.00(1.02) 22.00(2.04) 5.50∗

FAB 17.14(0.95) 15.83(1.53) 2.67∗

CPM 29.50(3.20) 28.10(3.96) 0.98

TMT

Part A 56.36(19.80) 46.33(12.32) 1.52

Part B 125.86(51.39) 143.08(64.67) 0.76

B−A 69.50(44.70) 96.75(59.19) 1.43

Semantic
fluency

41.07(9.60) 36.27(4.63) 1.52

MCST

Category 5.78(0.57) 3.90(1.81) 3.66∗

Perseverative
errors

1.00(1.71) 2.00(1.94) 1.33

ROCF

Copy 32.71(2.40) 29.50(5.76) 1.91

Delayed recall 18.39(4.65) 19.50(30.48) 0.13

Word list

Immediate
recall

38.71(8.67) 33.92(9.18) 1.37

Delayed recall 7.85(2.24) 5.58(3.23) 2.11∗

CDT 11.85(2.11) 13.42(1.56) 2.11∗

MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment;
FAB, Frontal Assessment Battery; CPM, Coloured Progressive Matrices; TMT, Trail
Making Test in parts A and B and difference in reaction time between parts B
and A (B−A); MCST, Modified Card Sorting Test; ROCF, Rey–Osterrieth complex
figure test in immediate recall and delayed recall conditions; word list, word-list
recall task in immediate recall and delayed recall conditions; CDT, clock drawing
test. ∗p < 0.05.
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non-amnestic MCI,” three patients “multiple-domain non-
amnestic MCI,” four patients “single-domain amnestic MCI,”
and four patients “multiple-domain amnestic MCI” (Petersen
and Negash, 2008; del Carmen Díaz-Mardomingo et al., 2017).
Patients were not hospitalized, but they came to the hospital for
screening and controls (see the section “Procedure”). Controls
were volunteers from the local community (Vicenza and Padova)
and patients’ relatives or friends and were matched to MCI
participants on the basis of age and years of education (±2 years
with respect to the MCI sample). The Mini-Mental State
Examination (MMSE; Folstein et al., 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; Santangelo et al.,
2015) was used to screen for mild cognitive dysfunction. The total
possible score is 30 points; a score of 15.5 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, and the
maximum score is 18.

Exclusion criteria for all participants included possible
dementia or severe cognitive impairment (as defined by
MMSE or MoCA scores below the cutoff), treatment
with anticholinergic medications, treatment with certain
dopaminergic or benzodiazepine medications known to interfere
with cognitive functioning, history of neurosurgery or other
neurological conditions, significant history or current psychiatric
disorders, and any condition (e.g., depression) that would
interfere with testing.

No differences in terms of age (p = 0.300) or level of education
(p = 0.977) were found between groups. MCI patients shower
lower scores on the MMSE (p = 0.002), MoCA (p < 0.001), and
FAB (p = 0.013) compared to controls (Table 1).

Procedure
Mild cognitive impairment patients were tested at San Bortolo
Hospital, Vicenza, Italy, whereas controls were tested in their
own homes in the areas of Vicenza and Padova (Italy). All
patients were not hospitalized, and they came to the hospital for
screening and controls. During the first visit, patients performed
the neuropsychological evaluation; if they met the criteria for a
possible evaluation of MCI, they were contacted again by the
experimenter and performed the temporal tasks. A maximum
of 2 weeks intervened between the first visit (neuropsychological
evaluation) and the temporal tasks. Controls were also tested in
two experimental sessions.

During the time bisection task, participants were seated at
a distance of approximately 60 cm in front of a 15-inch PC
monitor screen. E-Prime R©2.0 was used to program and run
the experiment. After the time bisection task, all participants
were asked to name the emotional facial expression presented,
and all identified the emotions correctly. Afterward, participants
performed the finger-tapping tasks (free and 1 s) and the simple
time reproduction task.

Informed consent was collected from all participants, and the
study was conducted in accordance with the Helsinki Declaration
(59th World Medical Association (WMA) General Assembly,
Seoul, Republic of Korea, October 2008).

Materials
Neuropsychological Assessment
Neuropsychological tests were included to investigate cognitive
abilities in MCI patients and controls.1 The neuropsychological
evaluation was conducted within 2 weeks before the timing
task and included the Coloured Progressive Matrices (CPM;
Italian normative data in Caffarra et al., 2003) to tap abstract
reasoning; the Trail Making Test (TMT, parts A and B; Italian
normative data in Giovagnoli et al., 1996) for attention and
working memory; the Semantic Fluency test (Italian normative
data in Novelli et al., 1986) and the Modified Card Sorting
Test (MCST; Italian normative data in Caffarra et al., 2004)
for executive functions; the Rey–Osterrieth Complex Figure Test
(ROCF copy and delayed recall; Italian normative data in Caffarra
et al., 2002) and the word-list recall task (Italian normative
data in Carlesimo et al., 1996) to test memory (immediate
and delayed recall); and finally, the Clock Drawing Test (CDT;
Italian normative data in Caffarra et al., 2011) to test visual–
spatial functions.

Time Bisection Task
The experimental session started with the training phase, in
which participants were asked to memorize two standard
durations: 400 (short standard) and 1600 ms (long standard),
each presented 10 times [see Mioni et al. (2016b) for the
same procedure]. During the training phase, the stimulus used
for marking time was a gray oval with a size similar to that
of the target stimuli. During the testing phase, participants
were instructed to judge new temporal intervals and press
with their index fingers the keys marked with the label “S”
(positioned over the “S” key of a QWERTY keyboard) or “L”
(positioned over the “K” key of a QWERTY keyboard) if the
new temporal interval was closer to the short standard or to the
long standard, respectively. Response keys were counterbalanced
between participants. Emotional stimuli were used during the
testing phase to mark the temporal intervals and represented
male and female faces expressing anger, shame, and neutral
emotion. The stimuli were selected from the Montreal Set of
Facial Displays of Emotion (Beaupré et al., 2000). Participants
were required to perform four blocks with pictures of female
facial expressions (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, and
1600 ms), for a total of 84 stimuli.

Finger-Tapping Task
In the finger-tapping task (Perbal et al., 2005), participants were
required to tap as regularly as possible at the pace they preferred
(spontaneous tempo) or at a 1 s pace (1 s tempo). Both the
beginning and the end of a session were marked by a cross at the
center of the computer screen. Participants were instructed to tap
when they saw the cross and continue until the cross disappeared.
All participants performed the spontaneous finger-tapping task
before the 1-s-paced finger-tapping task.

1A full description of each neuropsychological tasks can be found in Mioni et al.
(2016b) or by consulting the reference for each task.
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FIGURE 1 | (A) Bisection point (BP) and (B) Weber ratio (WR) of the time bisection task as a function of Group (MCI and control) and Emotion (anger, shame, and
neutral). Each dot represents a single participant.

Simple Reaction-Time Task
In the simple reaction-time task (Perbal et al., 2005), participants
were required to press a designed key as fast as possible in
response to a stimulus (gray circle) that appeared in the center
of the computer screen at a random inter-stimulus onset interval
(IOI) ranging from 2000 to 3000 ms (long IOI condition)
and from 1000 to 2000 ms (short IOI condition). All subjects
performed the long IOI condition before the short IOI condition,
each of which contained 35 trials.

Statistical Analyses
To explore the effect of emotional facial expression on perceived
duration in MCI patients and controls, we analyzed the
proportion of “long” responses for each stimulus duration, and
these were included in an ANOVA with Group (MCI and
controls) as a between-subjects factor and Emotion (anger, shame,
and neutral) and Temporal interval (400, 600, 800, 1000, 1200,
1400, and 1600 ms) as within-subjects factors.2

We also calculated two indices, one for the perceived duration
and one for sensitivity. For each participant, a seven-point
psychometric function was traced, plotting the seven comparison
intervals on the x-axis and the probability of responding long
on the y-axis. The cumulative normal function was fitted to the
resulting curves. More specifically, we used a non-linear least
squares analysis, with a Levenberg–Marquardt algorithm. The
first index calculated was the bisection point (BP) (i.e., proportion
of stimulus durations judged to be long = 0.50); an observed
shift of the BP for the different emotional facial expressions

2Preliminary 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 > 0.05).

presented can be interpreted as an indicator of differences in
these conditions, with smaller BP (left shift of the psychometric
function) values meaning longer perceived durations (Kopec and
Brody, 2010; Mioni et al., 2016b; Penney and Cheng, 2018). The
second dependent variable was the Weber ratio (WR), which
is based on difference limen (DL) divided by the BP. We used
a maximum-likelihood approach for fitting the psychometric
function (Oberfeld et al., 2014). Each fit provided an estimate
of the mean of the cumulative normal distribution function
(representing the BP), and an estimate of its SD, representing
the spread of the psychometric function. We defined the DL
as half the difference between the 75% and the 25% point
on the psychometric function, which for a cumulative normal
psychometric function is given by DL = 0.67449 ∗ SD. This is
a measure of temporal sensitivity: smaller values indicate more
sensitive and less variable timing. BP and WR data were included
in a repeated-measures ANOVA with Group (MCI and controls)
as a between-subjects factor and Emotion (anger, shame, and
neutral) as a within-subjects factor.

The significant analyses were followed by post hoc analyses
with Bonferroni’s correction to reduce the Type I error rate,
and the effect size was estimated with the partial eta-squared
index (η 2

p ).
Separate t-tests were conducted on performances of finger-

tapping, simple reaction-time, and neuropsychological tests in
MCI patients and controls (Table 1).

RESULTS

When data were analyzed in terms of proportion of long
responses, significant main effects for Emotion [F(2,48) = 6.23,
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p = 0.004, η2
p = 0.21] and Temporal interval [F(6,144) = 634.02,

p < 0.001, η2
p = 0.96] were found, indicating that participants

pressed long more times when anger and neutral were presented
compared to shame [anger–shame, t(31) = 2.50, p = 0.018;
neutral–shame, t(31) = 2.09, p = 0.045]; moreover, participants
pressed long more times as standard duration increased. No main
effect of Group was found (p = 0.439, η2

p = 0.02), nor other
significant interactions (all ps ≥ 0.056, η2

p ≤ 0.11).
When data were analyzed in terms of BP, the main effect of

Emotion was significant [F(2,48) = 3.40, p = 0.041, η2
p = 0.12];

moreover, Group interacted with Emotion [F(2,48) = 3.64,
p = 0.034, η2

p = 0.13]. Post hoc analyses showed no differences
between groups at each level of emotion [anger, t(24) = 1.56,
p = 0.131; shame, t(24) = 0.39, p = 0.701; and neutral,
t(24) = 0.915, p = 0.369]. A lower BP value was observed when
an emotional facial expression of anger was presented compared
to sham, indicating temporal overestimation, but this was evident
only in the control group (p = 0.007, η2

p = 0.35) (Figures 1A, 2).
No effect of emotions within the MCI group (p = 0.243, η2

p = 0.12)
was found [anger, MCI PSE = 859(89), control PSE = 806(81);
shame, MCI PSE = 852(94), control = 839(84); and neutral, MCI
PSE = 841(83), control = 812(77)].

When data were analyzed in terms of WR, no main effects of
Group (p = 0.163, η2

p = 0.08; MCI = 0.21, control = 0.15), Emotion
(p = 0.164, η2

p = 0.07), or interaction were found (p = 0.366,
η2

p = 0.04) (Figure 1B3).
No difference between groups was observed for the

spontaneous [t(24) = 1.50, p = 0.146; control = 853(190) ms,

3Inspection of Figure 1B might suggest the presence of an outlier in MCI (shame).
Repeated-measures ANOVA was conducted removing that subject to control the
results (control = 14, MCI = 11). Analyses of WR showed that no main effects
of Group (p = 0.366, η2

p = 0.04; MCI = 0.17, control = 0.15), Emotion (p = 0.173,
η2

p = 0.07), or interaction were found (p = 0.445, η2
p = 0.03).

MCI = 1148(706) ms] and 1 s [t(24) = 1.21, p = 0.234;
control = 1021(344) ms, MCI = 1278(647) ms] finger-
tapping tasks as well as for the simple reaction-time
task [t(24) = 0.90, p = 0.379; control = 331(57) ms,
MCI = 354(75) ms].

The MCI group had lower scores on the MCST category
(p < 0.001), word-list delayed recall (p = 0.046), and
CDT (p = 0.045) but performed like controls on the other
neuropsychological tests (all p ≥ 0.894) (Table 1).

DISCUSSION

Temporal processing is one of the fundamental cognitive
functions in daily life. Accurate temporal processing requires
the proper functioning of the internal clock as well as various
cognitive processes, such as attention and memory. Therefore,
it has been suggested that patients with reduced attentional
and memory abilities would also present temporal dysfunctions
(Pouthas and Perbal, 2004; Rubia and Smith, 2004; Allman and
Meck, 2011).

Increasing attention has been paid in recent years to
monitoring the cognitive spectrum spanning from normal aging
to Alzheimer’s disease (Petersen, 2004; Petersen et al., 2009).
There is likely a transitional period between normal aging and
the diagnosis of clinically probable very early Alzheimer’s disease,
and patients in this transitional zone have been described as MCI
patients. The most typical MCI patient is one who has memory
impairment beyond what is felt to be normal for that age but who
is relatively intact in other cognitive domains (Petersen, 2004;
Petersen et al., 2009). Despite the role of temporal processing
in everyday functioning, few studies have investigated time
estimation abilities in persons with MCI. The present study aims
to further investigate temporal ability in MCI patients as well as to

FIGURE 2 | Mean bisection point (BP) as a function of Group (MCI and control) and Emotion (anger, shame, and neutral). Error bars represent the standard error of
the mean. ∗ = significant difference p < 0.05.
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investigate the possible contribution of emotional stimuli to their
temporal judgments.

We did not observe temporal impairment in MCI patients,
a result consistent with previous studies (Rueda and Schmitter-
Edgecombe, 2009; Coelho et al., 2016), although surprising
considering that temporal impairment is often observed in
healthy older adults either when they are required to process
neutral stimuli (Block and Zakay, 1997; Block et al., 1998;
Turgeon et al., 2016; Lamotte and Droit-Volet, 2017) or when
temporal intervals are marked by emotional stimuli (Nicol et al.,
2013). Indeed, several studies have found age-related differences
in time estimation and have related them to either variation
at the level of the internal clock or age-related changes in the
cognitive processes involved in time estimation. The assumption
of the slowing of an internal timing mechanism with aging has
been proposed by several authors to account for the slower
information processing found in older adults on perceptual and
motor tasks (Wearden et al., 1997; Perbal et al., 2002; Pouthas
and Perbal, 2004). Furthermore, the slowing of information
processing in older adults is often associated with the subjective
feeling that time is passing at a faster pace than at younger
ages (Fraisse, 1984). However, it is important to consider that
variations in temporal processing in healthy older adults are
reported when they are compared to younger adults. Here, as
well as in the work of Coelho et al. (2016) and Rueda and
Schmitter-Edgecombe (2009), MCI patients were compared with
matched healthy older adults, and no differences were observed.
It is, therefore, possible that older adults, independently of their
cognitive abilities, present similar age-related changes at some
or all of the different levels of temporal processing (i.e., internal
clock). However, it should be noted that MCI patients present
reduced cognitive functions compared to healthy older adults. It
is possible that our MCI patients were at the first stage of their
cognitive decline, and this might explain the lack of temporal
differences between MCI patients and controls. Indeed, MCI
patients performed like controls in most of the tasks included in
the neuropsychological evaluation.

In line with the observation of similar age-related changes
at the level of the internal clock in MCI and healthy older
adults, we reported comparable performance at both finger-
tapping tasks between these two groups. Finger-tapping tasks
are often considered good measures of spontaneous tempo
and a measure of subjective experience of time (Cellini et al.,
2015; Mioni et al., 2016a). Previous studies reported temporal
dysfunction in PD patients when tested with finger-tapping tasks
(Artieda et al., 1992; Pastor et al., 1992; O’Boyle et al., 1996),
claiming an association between performance at a spontaneous
tapping task and pace of the internal clock (Rao et al., 1997,
2001). The lack of differences between MCI patients and controls
at a finger-tapping task does not exclude a dysfunction at
the level of the internal clock but only confirms a similar
pattern in both groups.

Mioni et al. (2016b) showed lower temporal performance in
PD-MCI patients compared to PD patients without MCI and
controls and concluded that temporal impairment was mainly
caused by cognitive dysfunctions. Combining our new results
with the findings of Mioni et al. (2016b), it seems possible
to conclude that more severe cognitive impairment accounts

for temporal dysfunction more than variation at the internal
clock level. Future studies should test how different gradients of
cognitive impairments modulate temporal performance.

Regarding the effect of emotion on time perception, healthy
controls showed a longer BP value for anger compared to
shame facial emotional expression, a finding that is consistent
with previous research indicating temporal overestimation when
highly arousing stimuli are presented (Droit-Volet et al., 2004;
Effron et al., 2006). No effect of emotional stimuli was observed
in MCI patients. McCade et al. (2011), in their 2011 review,
reported worse facial emotion recognition in MCI patients
compared to healthy older adults. Although no consistent
emotion-specific impairment was reported, there was some
evidence to suggest that the detection of negative emotions was
selectively affected. This may reflect the employment of mainly
negative emotions in the studies included in their review. Support
for emotional recognition impairment in MCI patients comes
from neuroimaging studies demonstrating atrophy in regions
implicated in emotion processing, including the amygdala
and fusiform gyrus (Whitwell et al., 2007), superior temporal
gyrus and insula (Karas et al., 2004), and anterior cingulate
(Chételat et al., 2002).

A limitation of the present study comes from the sample
size. We acknowledge that the two groups are quite small, but
we believe that our study can still provide interesting insights
into the understanding of temporal dysfunction in MCI patients
as well as on the effect of facial emotional recognition in MCI
patients and controls.

To conclude, the present study adds new insight into the
study of temporal processing in MCI patients as well as in
PD patients. The results showed comparable temporal ability
in MCI patients and controls, suggesting a similar pattern of
temporal dysfunction in both groups. Considering the present
results and those of Mioni et al. (2016b), it seems that the
severity of the cognitive dysfunction can account more for
subjective temporal impairment than a compromised internal
clock; however, this conclusion must be taken with caution, and
future studies should include control groups of different ages
(i.e., young adults and younger older adults) and with different
gradients of cognitive decline. This will help in understanding
the progression of cognitive decline and the subsequent impact
on temporal misperception.

DATA AVAILABILITY

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of and approved by the Department of
General Psychology, University of Padova (Italy), ethics
committee. Written and informed consent was collected from
all participants, and the study was conducted in accordance
with the Helsinki Declaration (59th WMA General Assembly,

Frontiers in Integrative Neuroscience | www.frontiersin.org 7 September 2019 | Volume 13 | Article 42

https://www.frontiersin.org/journals/integrative-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/integrative-neuroscience#articles


fnint-13-00042 September 10, 2019 Time: 18:10 # 8

Mioni et al. Time Perception in MCI

Seoul, Republic of Korea, October 2008). Patients with a diagnosis
of MCI were recruited from the San Bortolo Hospital, Vicenza,
Italy, whereas controls were tested in their own home in the areas
of Vicenza and Padova (Italy). Exclusionary criteria for controls
included possible dementia or severe cognitive impairment (as
defined by MMSE or MoCA scores below the cutoff), whereas
treatment with anticholinergic medications, treatment with
certain dopaminergic or benzodiazepine medications known to
interfere with cognitive functioning, history of neurosurgery
or other neurological conditions, significant history or current
psychiatric disorders, and any condition (e.g., depression)
that would interfere with testing were exclusion criteria for
all participants.

AUTHOR CONTRIBUTIONS

GM planned and conducted the study. FS and GM did the
analyses. FP, MM, and LM helped with neuropsychological

evaluation. All authors planned the study and helped in
writing the manuscript.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the staff of the Ospedale San
Bortolo, Vicenza, Italy, and the participants, their families, and
their friends who participated in this study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnint.
2019.00042/full#supplementary-material

TABLE S1 | Time performance.

TABLE S2 | Neuropsychological evaluation.

REFERENCES
Albert, M. S., DeKosky, S. T., Dickson, D., Dubois, B., Feldman, H. H., Fox,

N. C., et al. (2011). The diagnosis of mild cognitive impairment due to
Alzheimer’s disease: recommendations from the National Institute on Aging–
Alzheimer’s association workgroups on diagnostic guidelines for Alzheimer’s
disease. Alzheimers Dement. 7, 270–279. doi: 10.1016/j.jalz.2011.03.008

Allman, M. J., and Meck, W. H. (2011). Pathophysiological distortions in time
perception and timed performance. Brain 135, 656–677. doi: 10.1093/brain/
awr210

Appollonio, I., Leone, M., Isella, V., Piamarta, F., Consoli, T., Villa, M. L., et al.
(2005). The frontal assessment battery (FAB): normative values in an Italian
population sample. Neurol. Sci. 26, 108–116. doi: 10.1007/s10072-005-0443-4

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

Aschoff, J. (1998). Human perception of short and long time intervals: its
correlation with body temperature and the duration of wake time. J. Biol.
Rhythms 13, 437–442. doi: 10.1177/074873098129000264

Beaupré, M. G., Cheung, N., and Hess, U. (2000). The Montreal Set of Facial
Displays of Emotion. Quebec: Montreal.

Block, R. A., Hancock, P. A., and Zakay, D. (2010). How cognitive load affects
duration judgments: a meta-analytic review. Acta Psychol. 134, 330–343. doi:
10.1016/j.actpsy.2010.03.006

Block, R. A., and Zakay, D. (1997). Prospective and retrospective duration
judgments: a meta-analytic review. Psychon. Bull. Rev. 4, 184–197. doi: 10.3758/
BF03209393

Block, R. A., Zakay, D., and Hancock, P. A. (1998). Human aging and duration
judgments: a meta-analytic review. Psychol. Aging 13, 584–596. doi: 10.1037/
0882-7974.13.4.584

Brown, S. W. (1997). Attentional resources in timing: interference effects
in concurrent temporal and nontemporal working memory tasks. Percept.
Psychophys. 59, 1118–1140. doi: 10.3758/BF03205526

Caffarra, P., Gardini, S., Zonato, F., Concari, L., Dieci, F., Copelli, S., et al. (2011).
Italian norms for the freedman version of the clock drawing test. J. Clin. Exp.
Neuropsychol. 33, 982–988. doi: 10.1080/13803395.2011.589373

Caffarra, P., Vezzadini, G., Dieci, F., Zonato, F., and Venneri, A. (2002). Rey–
Osterrieth complex figure: normative values in an Italian population sample.
Neurol. Sci. 22, 443–447. doi: 10.1007/s100720200003

Caffarra, P., Vezzadini, G., Dieci, F., Zonato, F., and Venneri, A. (2004). Modified
Card Sorting Test: normative data. J. Clin. Exp. Neuropsychol. 26, 246–250.
doi: 10.1076/jcen.26.2.246.28087

Caffarra, P., Vezzadini, G., Zonato, F., Copelli, S., and Venneri, A. (2003). A
normative study of a shorter version of Raven’s progressive matrices 1938.
Neurol. Sci. 24, 336–339. doi: 10.1007/s10072-003-0185-0

Carlesimo, G. A., Caltagirone, C., Gainotti, G., Fadda, L., Gallassi, R., Lorusso,
S., et al. (1996). The mental deterioration battery: normative data, diagnostic
reliability and qualitative analyses of cognitive impairment. Eur. Neurol. 36,
378–384. doi: 10.1159/000117297

Cellini, N., Mioni, G., Levorato, I., Grondin, S., Stablum, F., and Sarlo, M. (2015).
Heart rate variability helps tracking time more accurately. Brain Cognit. 101,
57–63. doi: 10.1016/j.bandc.2015.10.003

Chételat, G., Desgranges, B., De La Sayette, V., Viader, F., Eustache, F., and Baron,
J. C. (2002). Mapping gray matter loss with voxel-based morphometry in mild
cognitive impairment. Neuroreport 13, 1939–1943. doi: 10.1097/00001756-
200210280-00022

Coelho, S., Guerreiro, M., Chester, C., Silva, D., Maroco, J., Coelho, M., et al.
(2016). Time perception in mild cognitive impairment: interval length and
subjective passage of time. J. Int. Neuropsychol. Soc. 22, 755–764. doi: 10.1017/
S1355617716000606

Coull, J. T., Cheng, R. K., and Meck, W. H. (2011). Neuroanatomical and
neurochemical substrates of timing. Neuropsychopharmacology 36, 3–25. doi:
10.1038/npp.2010.113

del Carmen Díaz-Mardomingo, M., García-Herranz, S., Rodríguez-Fernández, R.,
Venero, C., and Peraita, H. (2017). Problems in classifying mild cognitive
impairment (MCI): one or multiple syndromes? Brain Sci. 7, 111. doi: 10.3390/
brainsci7090111

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

Droit-Volet, S., and Gil, S. (2009). The time-emotion paradox. Philos.
Trans. R. Soc. Lond. B Biol. Sci. 364, 1943–1953. doi: 10.1098/rstb.20
09.001

Droit-Volet, S., and Meck, W. H. (2007). How emotions colour our
perception of time. Trends Cogn. Sci. 11, 504–513. doi: 10.1016/j.tics.2007.
09.008

Effron, D. A., Niedenthal, P. M., Gil, S., and Droit-Volet, S. (2006). Embodied
temporal perception of emotion. Emotion 6, 1–9. doi: 10.1037/1528-354
2.6.1.1

El Haj, M., and Kapogiannis, D. (2016). Time distortions in Alzheimer’s disease:
a systematic review and theoretical integration. Aging Mech. Dis. 2:16016. doi:
10.1038/npjamd.2016.16

Fraisse, P. (1984). Perception and estimation of time. Annu. Rev. Psychol. 35, 1–37.
doi: 10.1146/annurev.ps.35.020184.000245

Frontiers in Integrative Neuroscience | www.frontiersin.org 8 September 2019 | Volume 13 | Article 42

https://www.frontiersin.org/articles/10.3389/fnint.2019.00042/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnint.2019.00042/full#supplementary-material
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1093/brain/awr210
https://doi.org/10.1093/brain/awr210
https://doi.org/10.1007/s10072-005-0443-4
https://doi.org/10.1093/brain/115.1.199
https://doi.org/10.1093/brain/115.1.199
https://doi.org/10.1177/074873098129000264
https://doi.org/10.1016/j.actpsy.2010.03.006
https://doi.org/10.1016/j.actpsy.2010.03.006
https://doi.org/10.3758/BF03209393
https://doi.org/10.3758/BF03209393
https://doi.org/10.1037/0882-7974.13.4.584
https://doi.org/10.1037/0882-7974.13.4.584
https://doi.org/10.3758/BF03205526
https://doi.org/10.1080/13803395.2011.589373
https://doi.org/10.1007/s100720200003
https://doi.org/10.1076/jcen.26.2.246.28087
https://doi.org/10.1007/s10072-003-0185-0
https://doi.org/10.1159/000117297
https://doi.org/10.1016/j.bandc.2015.10.003
https://doi.org/10.1097/00001756-200210280-00022
https://doi.org/10.1097/00001756-200210280-00022
https://doi.org/10.1017/S1355617716000606
https://doi.org/10.1017/S1355617716000606
https://doi.org/10.1038/npp.2010.113
https://doi.org/10.1038/npp.2010.113
https://doi.org/10.3390/brainsci7090111
https://doi.org/10.3390/brainsci7090111
https://doi.org/10.1080/02699930341000194
https://doi.org/10.1080/02699930341000194
https://doi.org/10.1098/rstb.2009.001
https://doi.org/10.1098/rstb.2009.001
https://doi.org/10.1016/j.tics.2007.09.008
https://doi.org/10.1016/j.tics.2007.09.008
https://doi.org/10.1037/1528-3542.6.1.1
https://doi.org/10.1037/1528-3542.6.1.1
https://doi.org/10.1038/npjamd.2016.16
https://doi.org/10.1038/npjamd.2016.16
https://doi.org/10.1146/annurev.ps.35.020184.000245
https://www.frontiersin.org/journals/integrative-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/integrative-neuroscience#articles


fnint-13-00042 September 10, 2019 Time: 18:10 # 9

Mioni et al. Time Perception in MCI

Folstein, M. F., Folstein, S., and McHugh, P. (1975). “Mini-Mental State”: a
practical method for grading the cognitive state of patients for the clinician.
J. Psychiatr. Res. 12, 189–198. doi: 10.1016/0022-3956(75)90026-6

Gibbon, J., Church, R. M., and Meck, W. (1984). “Scalar timing in memory,” in
Annals of the New Academy of Sciences, Vol. 423, eds J. Gibbon, and L. Allan
(New York, NY: Academy of Sciences), 52–77).

Gil, S., and Droit-Volet, S. (2011). “How do emotional facial expressions influence
our perception of time?,” in Attention, Representation, and Human Performance:
Integration of Cognition, Emotion and Motivation, eds S. Masmoundi, D. Yan
Dai, and A. Naceur, (London: Psychology Press, Taylor & Francis), 61–74.

Giovagnoli, A. R., Del Pesce, M., Simoncelli, M., Laiacona, M., and Capitani, E.
(1996). Trail making test: normative values from 287 normal adult controls.
Ital. J. Neurol. Sci. 17, 305–309. doi: 10.1007/BF01997792

Gooch, C., Wiener, M., Wencil, E. B., and Coslett, H. B. (2010). Interval timing
disruptions in subjects with cerebellar lesions. Neuropsychologia 48, 1022–1031.
doi: 10.1016/j.neuropsychologia.2009.11.028

Jones, C. R. G., and Jahanshahi, M. (2009). The substantia nigra, the basal ganglia,
dopamine and temporal processing. J. Neural Transm. 73, 161–171. doi: 10.
1007/978-3-211-92660-4_13

Jones, C. R. G., and Jahanshahi, M. (2014). “Motor and perceptual timing
in Parkinson’s disease,” in Neurobiology of Interval timing. Advances in
Experimental Medicine and Biology, eds H. Merchant, and V. de Lafuente,
(New York, NY: Springer Verlag).

Karas, G. B., Scheltens, P., Rombouts, S. A., Visser, P. J., van Schijndel, R. A.,
and Fox, N. C. (2004). Global and local gray matter loss in mild cognitive
impairment and Alzheimer’s disease. Neuroimage 23, 708–716. doi: 10.1016/j.
neuroimage.2004.07.006

Kopec, C. D., and Brody, C. D. (2010). Human performance on the temporal
bisection task. Brain Cognit. 74, 262–272. doi: 10.1016/j.bandc.2010.08.006

Lamotte, M., and Droit-Volet, S. (2017). Aging and time perception for short
and long durations: a question of attention? Timing Time Percept. 5, 149–167.
doi: 10.1163/22134468-00002086

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

Lewis, P. A., and Miall, R. C. (2003). Distinct systems for automatic and
cognitively controlled time measurement: evidence from neuroimaging. Curr.
Opin. Neurobiol. 13, 250–255. doi: 10.1016/S0959-4388(03)00036-9

Lezak, M. D. (2004). Neuropsychological Assessment. New York, NY: Oxford
University Press.

Malapani, C., Rakitin, B., Levy, R., Meck, W., Deweer, B., Dubois, B., et al.
(1998). Coupled temporal memories in Parkinson’s disease: a dopamine-related
dysfunction. J. Cogn. Neurosci. 10, 316–331. doi: 10.1162/089892998562762

Matell, M. S., Meck, W. H., and Lustig, C. (2005). Not “just” a coincidence:
frontal–striatal interactions in working memory and interval timing. Memory
13, 441–448. doi: 10.1080/09658210344000404

McCade, D., Savage, G., and Naismith, S. L. (2011). Review of emotion recognition
in mild cognitive impairment. Dement. Geriatr. Cogn. Disord. 32, 257–266.
doi: 10.1159/000335009

Meck, W. H., Penney, T. B., and Pouthas, V. (2008). Cortico-striatal representation
of time in animals and humans. Curr. Opin. Neurobiol. 18, 145–152. doi: 10.
1016/j.conb.2008.08.002

Merchant, H., Harrington, D. L., and Meck, W. H. (2013). Neural basis of the
perception and estimation of time. Annu. Rev. Neurosci. 36, 313–336. doi:
10.1146/annurev-neuro-062012-170349

Mioni, G., Grondin, S., Meligrana, L., Perini, F., Bartolomei, L., and Stablum, F.
(2017). Effects of happy and sad facial expressions on the perception of time
in Parkinson’s disease patients with mild cognitive impairment. J. Clin. Exp.
Neuropsychol. 40, 123–138. doi: 10.1080/13803395.2017.1324021

Mioni, G., Grondin, S., and Stablum, F. (2014). Temporal dysfunction in traumatic
brain injury patients: primary or secondary impairment? Front. Hum. Neurosci.
8:269. doi: 10.3389/fnhum.2014.00269

Mioni, G., Labonté, K., Cellini, N., and Grondin, S. (2016a). Relationship
between daily fluctuations of body temperature and the processing of sub-
second intervals. Physiol. Behav. 164, 220–226. doi: 10.1016/j.physbeh.2016.
06.008

Mioni, G., Meligrana, L., Grondin, S., Perini, F., Bartolomei, L., and Stablum, F.
(2016b). Effects of emotional facial expression on time perception in patients

with Parkinson’s disease. J. Int. Neuropsychol. Soc. 22, 890–899. doi: 10.1017/
S1355617715000612

Muller, T., and Nobre, A. C. (2014). Perceiving the passage of time: neural
possibilities. Ann. N. Y. Acad. Sci. 1326, 60–71. doi: 10.1111/nyas.12545

Nicol, J. R., Tanner, J., and Clarke, K. (2013). Perceived duration of emotional
events: evidence for a positivity effect in older adults. Exp. Aging Res. 39,
565–578. doi: 10.1080/0361073X.2013.839307

Novelli, G., Papagno, C., Capitani, E., Laiacona, M., Cappa, S. F., and Vallar, G.
(1986). Tre test clinici di ricerca e produzione lessicale. taratura su soggetti
normali. Arch. Psicol. Neurol. Psichiatr. 47, 477–506.

Oberfeld, D., Stahn, P., and Kuta, M. (2014). Why do forward maskers affect
auditory intensity discrimination? Evidence from “molecular psychophysics.
PLoS One 9:e99745. doi: 10.1371/journal.pone.0099745

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

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

Paton, J. J., and Buonomano, D. V. (2018). The neural basis of timing: distributed
mechanisms for diverse functions. Neuron 98, 687–705. doi: 10.1016/j.neuron.
2018.03.045

Penney, T. B., and Cheng, X. (2018). “Duration bisection: a user’s guide,” in Timing
And time Perception: Procedures, Measures, and Applications, eds A. Vatakis, F.
Balci, M. Di Luca, and Á Correa, (Boston: Brill)), 98–127.

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

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

Petersen, R. C. (2004). Mild cognitive impairment as a diagnostic entity. J. Intern.
Med. 256, 183–194. doi: 10.1111/j.1365-2796.2004.01388.x

Petersen, R. C., and Negash, S. (2008). Mild cognitive impairment: an overview.
CNS Spectr. 13, 45–53. doi: 10.1017/s1092852900016151

Petersen, R. C., Roberts, R. O., Knopman, D. S., Boeve, B. F., Geda, Y. E., Ivnik,
R. J., et al. (2009). Mild cognitive impairment ten years later. Arch. Neurol. 66,
1447–1455. doi: 10.1001/archneurol.2009.266

Pouthas, V., and Perbal, S. (2004). Time perception depends on accurate clock
mechanisms as well as unimpaired attention and memory processes. Acta
Neurobiol. Exp. 64, 367–385.

Rammsayer, T. H. (2008). “Neuropharmacological approaches to human timing,”
in Psychology of Time, ed. S. Grondin, (Bingley: Emerald Group), 295–320.

Rao, S. M., Harrington, D. L., Haaland, K. Y., Bobholz, J. A., Cox, R. W., and Binder,
J. R. (1997). Distributed neural systems underlying the timing of movements.
J. Neurosci. 17, 5528–5535. doi: 10.1523/JNEUROSCI.17-14-05528

Rao, S. M., Mayer, A. R., and Harrington, D. L. (2001). The evolution of brain
activation during temporal processing. Nat. Neurosci. 4, 317–323. doi: 10.1038/
85191

Rubia, K., and Smith, A. (2004). The neural correlates of cognitive time
management: a review. Acta Neurobiol. Exp. 64, 329–340.

Rueda, A. D., and Schmitter-Edgecombe, M. (2009). Time estimation abilities
in mild cognitive impairment and Alzheimer’s disease. Neuropsychology 23,
178–188. doi: 10.1037/a0014289

Santangelo, G., Siciliano, M., Pedone, R., Vitale, C., Falco, F., Bisogno, R., et al.
(2015). Normative data for the montreal cognitive assessment in an Italian
population sample. Neurol. Sci. 36, 585–591. doi: 10.1007/s10072-014-1995-y

Turgeon, M., Lustig, C., and Meck, W. H. (2016). Cognitive aging and time
perception: roles of Bayesian optimization and degeneracy. Front. Aging
Neurosci. 8:102. doi: 10.3389/fnagi.2016.00102

Üstün, S., Kale, E. H., and Çiçek, M. (2017). Neural networks for time perception
and working memory. Front. Hum. Neurosci. 11:83. doi: 10.3389/fnhum.2017.
00083

Wearden, J. H., Wearden, A. J., and Rabbitt, P. M. A. (1997). Age and IQ effects
on stimulus and response timing. J. Exp. Psychol. Hum. Percept. Perform. 23,
962–979. doi: 10.1037/0096-1523.23.4.962

Frontiers in Integrative Neuroscience | www.frontiersin.org 9 September 2019 | Volume 13 | Article 42

https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1007/BF01997792
https://doi.org/10.1016/j.neuropsychologia.2009.11.028
https://doi.org/10.1007/978-3-211-92660-4_13
https://doi.org/10.1007/978-3-211-92660-4_13
https://doi.org/10.1016/j.neuroimage.2004.07.006
https://doi.org/10.1016/j.neuroimage.2004.07.006
https://doi.org/10.1016/j.bandc.2010.08.006
https://doi.org/10.1163/22134468-00002086
https://doi.org/10.1080/02699931.2010.544455
https://doi.org/10.1080/02699931.2010.544455
https://doi.org/10.1016/S0959-4388(03)00036-9
https://doi.org/10.1162/089892998562762
https://doi.org/10.1080/09658210344000404
https://doi.org/10.1159/000335009
https://doi.org/10.1016/j.conb.2008.08.002
https://doi.org/10.1016/j.conb.2008.08.002
https://doi.org/10.1146/annurev-neuro-062012-170349
https://doi.org/10.1146/annurev-neuro-062012-170349
https://doi.org/10.1080/13803395.2017.1324021
https://doi.org/10.3389/fnhum.2014.00269
https://doi.org/10.1016/j.physbeh.2016.06.008
https://doi.org/10.1016/j.physbeh.2016.06.008
https://doi.org/10.1017/S1355617715000612
https://doi.org/10.1017/S1355617715000612
https://doi.org/10.1111/nyas.12545
https://doi.org/10.1080/0361073X.2013.839307
https://doi.org/10.1371/journal.pone.0099745
https://doi.org/10.1093/brain/119.1.51
https://doi.org/10.1093/brain/115.3.875
https://doi.org/10.1093/brain/115.3.875
https://doi.org/10.1016/j.neuron.2018.03.045
https://doi.org/10.1016/j.neuron.2018.03.045
https://doi.org/10.1016/j.bandc.2005.02.003
https://doi.org/10.1076/anec.9.3.201.9609
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1017/s1092852900016151
https://doi.org/10.1001/archneurol.2009.266
https://doi.org/10.1523/JNEUROSCI.17-14-05528
https://doi.org/10.1038/85191
https://doi.org/10.1038/85191
https://doi.org/10.1037/a0014289
https://doi.org/10.1007/s10072-014-1995-y
https://doi.org/10.3389/fnagi.2016.00102
https://doi.org/10.3389/fnhum.2017.00083
https://doi.org/10.3389/fnhum.2017.00083
https://doi.org/10.1037/0096-1523.23.4.962
https://www.frontiersin.org/journals/integrative-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/integrative-neuroscience#articles


fnint-13-00042 September 10, 2019 Time: 18:10 # 10

Mioni et al. Time Perception in MCI

Whitwell, J. L., Przybelski, S. A., Weigand, S. D., Knopman, D. S., Bradley, D. S.,
Boeve, S. F., et al. (2007). 3D maps from multiple MRI illustrate changing
atrophy patterns as subjects progress from mild cognitive impairment to
Alzheimer’s disease. Brain 130, 1777–1786. doi: 10.1093/brain/awm112

Wiener, M., and Coslett, H. B. (2008). Disruption of temporal processing in a
subject with probable frontotemporal dementia. Neuropsychologia 46, 1927–
1939. doi: 10.1016/j.neuropsychologia.2008.01.021

Zakay, D., and Block, R. A. (1996). “The role of attention in time estimation
processes,” in Time, Internal Clocks and Movement, eds M. A. Pastor, and
J. Artieda, (Amsterdam: Elsevier), 143–164. doi: 10.1016/s0166-4115(96)80
057-4

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Mioni, Meligrana, Perini, Marcon and Stablum. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Integrative Neuroscience | www.frontiersin.org 10 September 2019 | Volume 13 | Article 42

https://doi.org/10.1093/brain/awm112
https://doi.org/10.1016/j.neuropsychologia.2008.01.021
https://doi.org/10.1016/s0166-4115(96)80057-4
https://doi.org/10.1016/s0166-4115(96)80057-4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/integrative-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/integrative-neuroscience#articles

	Lack of Temporal Impairment in Patients With Mild Cognitive Impairment
	Introduction
	Materials and Methods
	Participants
	Procedure
	Materials
	Neuropsychological Assessment
	Time Bisection Task
	Finger-Tapping Task
	Simple Reaction-Time Task

	Statistical Analyses

	Results
	Discussion
	Data Availability
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


