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Abstract
The present study assesses the effect of repetition and feedback on time reproduction in a participant with Korsakoff’s syndrome. The procedure consisted of three
subsequent trials for each of five time intervals (5, 10, 20, 30, and 40 seconds). In each trial, the participant was asked to fix a cross that was displayed in the center
of a screen for 5, 10, 20, 30, or 40 seconds; afterward, he was asked to reproduce the duration of the display. At the end of each trial, the participant was provided
with 1) feedback on the difference between his reproduced interval and the reference interval and 2) an invitation to comply, as far as possible, with the reference
interval in the next trial. The results showed under-reproduction of the five time intervals in all three trials. Interestingly, the participant demonstrated a reduction in
the difference between his reproduced time and the real one (i.e., an improvement in time reproduction) across the three trials for the 5, 10, and 20 second intervals,
but not for the 30 or 40 second intervals. These findings demonstrate not only time distortions in a patient with Korsakoff’s syndrome, but also the beneficial effect
of repetition and feedback for the reproduction of short intervals.

Introduction
Korsakoff’s syndrome is a form of alcohol-related brain damage,
which results from a combination of heavy alcohol consumption
and thiamine deficiency [1,2]. On a neurological level, the syndrome
is characterized by widespread brain shrinkage affecting the anterior
nucleus of the thalamus, the mammillary bodies, the corpus callosum,
and the frontocerebellar loops [3-7]. On a cognitive level, the
most essential characteristic of Korsakoff’s syndrome is profound
anterograde amnesia, affecting the ability to learn new information
[1,2]. The syndrome is also associated with retrograde amnesia,
affecting the ability to retrieve remote memories [1,2]. Another
cognitive characteristic of the syndrome is confabulations [8], which are
fictitious memories without intent to deceive [9]. Besides compromised
memory, the syndrome is associated with executive dysfunction [10]
impacting the patients’ ability to plan, organize information and think
flexibly.
Another cognitive feature of Korsakoff’s syndrome is compromised
time perception. Korsakoff [11] himself noted that memory of
temporal information is often more severely affected than memory
of events. Similarly, Sacks (1998) described how an individual with
Korsakoff’s syndrome was unaware of the passing of decades. These
clinical reports fit with a body of research demonstrating deviations
in time perception in the syndrome. For instance, Shaw and Aggleton
[12] evaluated the time reproduction of intervals between three and
96 seconds in participants with Korsakoff’s syndrome. The authors
demonstrated an interval of time by saying “start” and “stop”, and the
participants had to reproduce that interval by also saying “start” and
“stop”; in another task, the participants were given the time in seconds
and asked to produce this interval. Their results showed a bias toward
underestimating longer intervals in these participants. These findings
were observed in another study in which participants with Korsakoff’s
syndrome had to read numbers aloud and estimate how many
seconds the reading had taken [13]. Besides this time estimation task,
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participants had to reproduce time intervals by indicating when they
thought a predetermined time interval was over. These findings showed
underestimation and under-reproduction of durations as the intervals
grew longer. Similar observations were reported by Kinsbourne and
Hicks [14] who instructed participants with Korsakoff’s syndrome
to read single digits and estimate the reading time in order to explore
their ability to estimate intervals beyond 30 seconds. Compromised
time perception in Korsakoff’s syndrome was also observed by Brand
and colleagues [15,16] who asked participants with this syndrome
to estimate the duration of specific activities (e.g. ‘How long is the
duration of a morning shower?’); once again, participants showed
deficits in their time estimation of these activities.
Considering the compromised time perception in Korsakoff’s
syndrome, the present work investigated whether the reproduction
of time intervals would be enhanced by instructing a patient with
Korsakoff’s syndrome to reproduce the same time interval in
subsequent trials. It also aimed to enhance time reproduction by
providing the patient at the end of each trial with 1) feedback on the
difference between his reproduced interval and the reference interval
and 2) an invitation to comply, as far as possible, with the reference
interval in the next trial. By providing the patient with such feedback,
we were inspired by biofeedback therapy, which consists in offering
information about physiological reactions so that individuals can
adjust their reactions accordingly [17].
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Method
Participant
The present study involved Mr. L, a right-handed 61-year-old
male with sixteen years of formal education. Mr. L is a French native
and lives in his own home with his wife. He has a 12-year history of
worsening alcohol use. Prior to diagnosis, he was working as a health
worker. Sixteen months ago, Mr. L was found unconscious at work in
an alcoholic coma. During his hospitalization, he presented with severe
amnesia, delirium, spatiotemporal disorientation, hallucinations,
gait ataxia and nystagmus. Following admission, a formal
neuropsychological assessment demonstrated retrograde amnesia.
Memory impairment was indicated in both verbal and visual recall.
Executive functioning deficits were also apparent. He was diagnosed
with an alcohol-induced amnestic disorder (Korsakoff’s syndrome) by
an experienced psychiatrist, taking into account thiamine deficiency
and confirming the DSM-IV-TR criteria for alcohol-induced persisting
amnestic disorder. The patient reported no history of strokes, seizures,
or head injury (confirmed by his wife) and the acute phase was
characterized by confabulations and anterograde amnesia.

Cognitive and clinical assessment
To screen his cognitive functioning at the time of study, Mr. L
was assessed using a battery measuring general cognitive functioning,
episodic memory, working memory, and depression.
General cognitive functioning was assessed with the Mini Mental
State Examination (MMSE) [18]; Mr. L obtained 28 out of 30 points.
Episodic memory was evaluated with a French version of the
selective reminding task of Grober and Buschke (1987) [19]. In this
task, Mr. L had to retain 16 words, each of which describes an item that
belongs to a different semantic category. Immediate cued recall was
succeeded by a distraction phase, during which the participant had to
count backwards from 374 in 20 s. This distraction phase was followed
by two minutes of free recall and the score from this phase provided
a measure of episodic recall (16 points maximum). Mr. L correctly
remembered five words (according to the French norms of the Grober
and Buschke task, his percentile was below 5%).
For working memory evaluation, the participant had to repeat a
string of single digits in the same order (i.e., forward span) or in the
reverse order (i.e., backward span); his forward and backward spans
were five and four, respectively.
Depression was assessed with the self-report Hospital Anxiety
and Depression Scale [20], which consists of seven items scored on
a four-point Likert scale ranging from zero (not present) to three
(considerable); with a score of 10 points, the participant’s score was
below the threshold of depression (i.e., 11 points).

Time perception
A laptop computer with a 17-inch LCD display was used for testing.
The software package Psychopy [21] controlled stimuli presentation
and response recording. Evaluation consisted of the reproduction of
intervals of 5, 10, 20, 30, and 40 seconds. Each time interval was assessed
in three subsequent trials. It is worth noting that the assessment took
place on two occasions separated by one week; on the first occasion,
intervals of 5, 10, and 20 seconds were assessed whereas on the second
occasion, intervals of 30 and 40 seconds were assessed. Each time
interval was separated by a break of approximately one minute.
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At the beginning of each trial, the participant was informed that
a cross would be displayed on the screen and that he had to retain the
duration of the display. The participant was also instructed to reproduce
the duration once the cross had disappeared. When the participant was
ready, a black-colored fixation cross was displayed in the center of a
gray screen for a duration of 5, 10, 20, 30, or 40 seconds. Following
the display phase, the participant had to reproduce the duration of
the previously viewed stimulus by pressing the space bar for the same
duration as the stimulus was on the screen. A question mark appeared
in the center of the screen as long as the participant pressed the space
bar. These procedures were repeated two more times (three subsequent
trials for each time interval). At the end of each trial, the participant
was provided with the difference between his estimated time and the
real one. He was also encouraged to reduce, as far as possible, this
difference in the subsequent trial.

Results
Descriptive data about Mr. L’s reproduced time in each trial for the
five time intervals are presented in Figure 1. Generally speaking, Mr.
L under-reproduced the five time intervals in all the three trials. More
specifically, he demonstrated a reduction in the difference between his
reproduced time and the real one across the three trials for the 5, 10,
and 20 second intervals, but not for the 30 or 40 second intervals.

Discussion
This is a case study assessing the rehabilitation of time perception
in a participant with Korsakoff’s syndrome. The procedure consisted
of asking the participant to reproduce different time intervals in three
subsequent trials. At the end of each trial, the participant was provided
with feedback about the difference between his estimated time and
the real one. He was also encouraged to reduce, as far as possible,
this difference in the subsequent trial. The participant demonstrated
under-reproduction of the five time intervals in all three trials. He also
demonstrated a reduction in the difference between his reproduced
time and the real one (i.e., an improvement in time reproduction)
across the three trials for the 5, 10, and 20 second intervals, but not for
the 30 or 40 second intervals.
One consistent finding in our participant was his underreproduction of the five time intervals across the three trials. This finding
fits with research showing an underestimation of time in patients with
Korsakoff’s syndrome [12-14]. The feeling that time passes quickly has
been widely observed in normal populations. For instance, Friedman
and Janssen (2010) asked a large cohort (n = 1865) of younger and
older adults to report their subjective experience of elapsed time
(e.g., how fast did the previous week pass for you?). Most participants
reported experiencing time as passing quickly (for similar findings, see
[22]). The impression that time passes quickly has been attributed to
compromised memory [23,24], an assumption that was supported by a
study showing the relationship between underestimating time intervals
and difficulties in subjective reliving of past events in Alzheimer’s
disease [25,26]. According to the latter study, difficulty in retrieving
many events from a certain interval of time leads to the impression
that this interval is shorter than actual time; in other words, by leaving
fewer events to be remembered, episodic memory decline induces
the feeling of an “empty” time interval, and thus the underestimation
of elapsed time. The relationship between timing deviations and
memory distortions can also be attributed to the involvement of the
hippocampus in both cognitive declines. The classic case of H.M., who
underwent a bilateral medial temporal lobe resection, demonstrates
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Figure 1. Reproduced time in the three trials for each of the five time intervals (i.e., 5, 10, 20, 30, and 40 seconds).

the underestimation of time [27]. In a similar vein, time distortions
are also observed in amnesic patients with left medial temporal lobe
lesions [28]. Another research work highlights “time cells” in the
hippocampus that support time stamping and binding of sequential
events in the memory [29,30]. Interestingly, bilateral volume deficits
in the hippocampus can be observed in patients with Korsakoff’s
syndrome [31], which may explain time distortions in our participant.
Overall, underestimation of time has been attributed to compromised
memory, which is an interesting assumption as it may explain why all
the five time intervals were under-reproduced across all trials in our
amnesic participant.
Differences between reproduced and real time in our participant
were reduced across the three trials for the 5, 10, and 20 second
intervals, but not for the 30 or 40 second intervals. This finding is of
interest as it demonstrates that time deviations can be alleviated in a
patient with Korsakoff’s syndrome for short intervals. The advantage
of our procedures for short intervals, and not for longer ones, may be
attributed to several factors. During the display, the participant was
instructed to retain the delay but due to memory deficits, he probably
forgot to retain the duration of the long intervals. Other factors, such
as executive dysfunction, might also influence the reproduction of
the long intervals, preventing any benefits. The executive account is
of interest as time reproduction in our procedures required not only
retaining the previous display time, but also waiting for the moment
when the appropriate response should be provided. In other words,
our participant had to hold the spacebar during the entire production
interval, releasing the button at the (estimated) appropriate time, which
requires significant executive resources.
Our findings demonstrate a beneficial effect of repetition and
feedback on the reproduction of short intervals. These can be
incorporated into research showing the beneficial effect of feedback
on clinical functioning in non-demented alcohol-dependent subjects
[17,32-34]. They can also be incorporated into research showing some
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beneficial effects of cognitive rehabilitation in Korsakoff’s syndrome.
There is a body of clinical research providing evidence that patients
with Korsakoff’s syndrome may learn procedural tasks and even
reach normal levels of task performance (for a review, see [7]). It is
also known that cognitive rehabilitation accelerates the improvement
in cognitive functioning in the syndrome, greatly contributing to
the acquisition of new abilities and the success of treatment [35,36].
Regardless of time perception, the effects of repetition have been also
a primary focus of research on cognitive rehabilitation. One of the
enduring findings in this literature is that repetition results in better
retention of information and, consequently, in better learning [37].
Feedback also produces great gains in long-term retention. The effect
of feedback can be attributed to the fact that it provides correction for
incorrect responses, and reinforces low-confidence correct responses [38].
One may argue that a case study approach limits the generalization
of results. Although this is a clear limitation, case studies provide
insight into a subject prior to more complete research. Moreover, case
studies address challenges associated with the analysis of a multitude of
factors that are difficult to grasp with quantitative data; in the present
paper, many conditions (i.e., three trials for five time intervals) were
tested in an exploratory fashion and in an amnesic patient. It was hence
important to test the effect of these procedures in a case study fashion
prior to suggesting them for wider research. It is worth noting that
several studies have adopted a case study design to reveal the beneficial
effects of cognitive training on memory in Korsakoff’s syndrome
[39,40].
One suggestion for future research would be to replicate our
procedures on non-alcoholics and non-Korsakoff alcoholics. In
non-alcoholics, studies have demonstrated that time perception is
affected by alcohol intake [41-43]. For instance, Ogden, et al. [41]
have demonstrated that a high dose of alcohol increased the speed of
temporal processing, leading to over-estimations of time intervals. In
a similar vein, Terry, et al. [42] have demonstrated that a high dose of
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alcohol affected time perception and production. As for non-Korsakoff
alcoholics, research suggests compromise of time perception in these
subjects, a compromise that has been associated with impulsivity [44].
Another suggestion is to test our procedures for five or more trials
rather than for four. Future research can also consider longer or shorter
time intervals between repetitions, or even other modalities of feedback
(e.g., written feedback, feedback with rewards).
Overall, the present study suggests a beneficial effect of both
repetition and feedback on time perception in an individual with
Korsakoff’s syndrome. These findings shed light not only on time
distortions in amnesia but also on the rehabilitation of these distortions.
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