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Background: While procedures acquired before the development of amnesia are likely to be
preserved in alcoholic patients with Korsakoff’s syndrome, the ability of Korsakoff patients (KS)
to learn new cognitive procedures is called in question. According to the Adaptive Control of
Thoughts model, learning a new cognitive procedure requires highly controlled processes in the
initial cognitive phase, which may be difficult for KS with episodic and working memory deficits.
The goals of the present study were to examine the learning dynamics of KS compared with
uncomplicated alcoholic patients (AL) and control subjects (CS) and to determine the contribution
of episodic and working memory abilities in cognitive procedural learning performance.

Methods: Fourteen KS, 15 AL, and 15 CS were submitted to 40 trials (4 daily learning sessions) of
the Tower of Toronto task (disk-transfer task similar to the tower of Hanoi task) as well as episodic
and working memory tasks.

Results: The 10 KS who were able to perform the cognitive procedural learning task obtained
lower results than both CS and AL. The cognitive phase was longer in the Korsakoff’s syndrome
group than in the other 2 groups but did not differ between the 3 groups any more when episodic
memory abilities were controlled.

Conclusions: Our results indicate that KS have impaired cognitive procedural learning abilities com-
pared with both AL and CS. Episodic memory deficits observed in KS result in a delayed transition
from the cognitive learning phase to more advanced learning phases and, as a consequence, in an
absence of automation of the procedure within 40 trials.

Key Words: Procedural Memory, Cognitive Skill, Korsakoff’s Syndrome, Episodic Memory,
Working Memory.

IN ITS MORE frequent form, Korsakoff’s syndrome
(Korsakoff, 1889) represents the chronic phase of the so-

called Wernicke–Korsakoff syndrome, which results from
the combination of heavy alcohol consumption and thiamine
deficiency. Korsakoff’s syndrome is characterized by wide-
spread brain shrinkage (Pitel et al., 2009) affecting more par-
ticularly the Papez’s circuit and the frontocerebellar loops
(Pitel et al., 2012). Korsakoff ’s syndrome is classically
described as a disproportionate impairment of episodic
memory (Kopelman, 1995, 2002) associated notably with
working memory and executive deficits (Brokate et al., 2003;
Jacobson et al., 1990; Joyce and Robbins, 1991; Oscar-Ber-
man et al., 2004; Pitel et al., 2008). Whether other memory

systems, such as procedural memory, are preserved in Kor-
sakoff’s syndrome is still a matter of debate. While proce-
dures acquired before the development of amnesia are likely
to be preserved, the ability of Korsakoff patients (KS) to
learn new procedures is called into question.

Procedural memory is defined by Cohen and Squire
(1980) as the memory system in charge of encoding, storing,
and retrieving the procedures that underlie motor, verbal,
and cognitive skills. Procedural learning abilities are thus
assessed by means of learning tasks involving motor, verbal,
or cognitive procedures. Only a few studies examined proce-
dural learning in KS, some of them showing preserved
learning abilities (Beaunieux et al., 1998; Cermak et al.,
1973;. Charness et al., 1988; Kessels et al., 2007; Swinnen
et al., 2005) while others reported impaired ones (Butters
et al., 1985; Nissen et al., 1989; Schmidtke et al., 1996; Xu
and Corkin, 2001). When focusing on cognitive procedural
learning, previous studies reported deficits of new learning
abilities (Butters et al., 1985; Xu and Corkin, 2001) and
ascribed them to executive functions (Butters et al., 1985)
and episodic memory (Xu and Corkin, 2001) deficits fre-
quently observed in KS. And yet, an investigation of the
relationships between nonprocedural cognitive functions
and cognitive procedural performance in a group of 20
amnesic patients including 7 with Korsakoff’s syndrome did
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not reveal any direct evidence of a role of episodic memory
impairment in cognitive procedural learning deficits in
amnesia (Schmidtke et al., 1996). In this study, executive
functions were involved notably at the initial stage of the
learning process when rule-directed behavior, planning, and
problem-solving are required. These data suggest that pro-
longed dependence on intellectual abilities in the amnesic
group may indicate a delayed transition to more advanced
stages of the skill acquisition. However, the small number of
trials (3 learning sessions of 2 trials each) hampered the
experimenters to really study the contribution of episodic
memory and executive functions to the different learning
stages, which reflect the dynamics of the cognitive proce-
dural learning.

Impairments of episodic memory, working memory, and
executive functions observed in KS may affect cognitive pro-
cedural acquisition. In effect, according to the Adaptive Con-
trol of Thoughts model (Anderson, 1992), cognitive
procedural learning occurs in 3 qualitatively different phases
(cognitive, then associative, and finally autonomous), involv-
ing different types of processing (Ackerman and Cianciolo,
2000; Beaunieux et al., 2006). According to this model,
learning a new cognitive procedure requires highly controlled
processes in the initial cognitive phase and more automatic
ones in the final autonomous phase. The associative phase is
the transition phase between the cognitive and autonomous
phases. The role of episodic memory, working memory, and
executive functions in the cognitive phase has been suggested
by neuropsychological studies (Baddeley and Wilson, 1994;
Butters et al., 1985; Winter et al., 2001; Xu and Corkin,
2001) and confirmed by cognitive (Beaunieux et al., 2006,
2009, 2012) and neuroimaging investigations (Hubert et al.,
2007, 2009). The cognitive phase of the cognitive procedural
learning requires the involvement of the executive functions
and working memory (Saint-Cyr et al., 1988; Welsh et al.,
1999; Woltz, 1988) to plan the resolution of the Tower of
Toronto (TT) task. Episodic memory, which is assumed to
be in charge of error elimination (Baddeley and Wilson,
1994), is also required. Thus, we can hypothesize that epi-
sodic memory, working memory, and executive deficits
would affect the dynamics of cognitive procedural learning
in KS by delaying the transition from the cognitive phase to
the associative phase. Furthermore, given that KS differ
from uncomplicated alcoholic patients (AL) on episodic
memory performances but not on working memory and
executive function performances (Pitel et al., 2008), we can
hypothesize that the cognitive phase of KS will be longer
than that of AL because of more frequent error persevera-
tions in the Korsakoff ’s syndrome group.

The objectives of the present study were therefore (i) to
examine cognitive procedural learning abilities in KS com-
pared with AL and control subjects (CS) using a large num-
ber of trials (40 resolutions) of the TT task (disk-transfer
task similar to the tower of Hanoi task), (ii) to specify the
learning dynamics by comparing the length of the different
learning phases in the 3 groups, and (iii) to determine the

contribution of episodic and working memory abilities in
cognitive procedural learning performance.

MATERIALS ANDMETHODS

Subjects

Fourteen KS, 15 AL, and 15 healthy CS matched for age and
education were included in the present study. KS, some AL, and CS
were included in previous studies (Pitel et al., 2007a,b, 2008, 2009).
None of the participants were taking psychotropic medication, pre-
sented psychiatric problems, had any additional medical history
(head injury, coma, epilepsy, depression, etc.), or history of other
forms of substance abuse (except tobacco) which might have
affected their cognitive functions. All of them gave their informed
consent prior to their inclusion in the study, which was approved by
the local ethics committee. Demographic information and other
characteristics of the research participants are provided in Table 1.

Alcoholics with Korsakoff’s Syndrome. Korsakoff’s syndrome
was diagnosed with reference to the “Alcohol-Induced Persisting
Amnestic Disorder” DSM-IV criteria (American Psychiatric Asso-
ciation, 1994). For each patient, the selection was made in accor-
dance with a codified procedure in French officially registered
centers by senior neurologists. Each patient’s case was examined
by a multidisciplinary team made up of specialists in cognitive
neuropsychology and behavioral neurology. Background informa-
tion was provided by family members and by medical records. All
KS had a history of very heavy drinking, even though it was diffi-
cult to gain an accurate picture of their drinking history. They
were unable to recall day-to-day events, and their memory impair-
ments had social repercussions. On the French version of the free
and cued selective reminding test (Grober and Buschke, 1987;
Grober et al., 1988), all KS were significantly impaired compared
with both CS and AL. The vocabulary and the matrix subtests of
the Wechsler Adult Intelligence Scale (WAIS III; Weschler, 2001),
which evaluate verbal and nonverbal intelligence, respectively,
showed that intelligence abilities were impaired to the same extent
in KS and AL compared with CS (Brand et al., 2005; Joyce and
Robbins, 1991; Oscar-Berman et al., 2004). KS had therefore a
profile of disproportionately severe episodic memory disorders
compared with a relative preservation of intelligence abilities. A
full description of episodic memory, working memory, and execu-
tive deficits of these patients is available in Pitel and colleagues
(2008).

Clinical and neuroimaging investigations ruled out other possible
causes of memory impairment (particularly focal brain damage).
The consequences of their cognitive impairments were such that
none of the KS were able to go back to their previous jobs, and all
of them lived in sheltered accommodation or were inpatients wait-
ing for a place in an institution. According to the criteria of Caine
and colleagues (1997), 11 KS had presented Wernicke’s encephalop-
athy prior to their amnesic syndrome. In 2 KS, there was no history
of Wernicke’s encephalopathy at all, but amnesia had occurred in
<8 weeks, indicating that these patients did not present alcohol
dementia (Cutting, 1978). The time of onset of amnesia could not
accurately be traced in the remaining 2. Most of the KS who were in
the early stages of the disease still presented confabulation and false
recognition, whereas in other patients with longstanding Korsak-
off ’s syndrome, these symptoms had disappeared.

Non-Korsakoff Alcoholics. Uncomplicated alcoholic patients
were recruited by clinicians while they were receiving alcohol with-
drawal treatment as inpatients at Caen University Hospital. All of
them met the criteria for alcohol dependence according to the
DSM-IV (American Psychiatric Association, 1994). We only
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selected patients who had already been physically weaned of alco-
hol, established by means of the Cushman Score (Cushman et al.,
1985), to decrease the likelihood of acute alcohol withdrawal effects.
They were early in abstinence (7.73 � 4.71 days of sobriety before
inclusion) because it is now clear that episodic memory and working
memory recover and may even normalize with abstinence (Fein
et al., 2006; Pitel et al., 2009; Rourke and Grant, 1999). AL were
interviewed to specify the age at which they had had their first alco-
holic drink (16.62 � 2.80), their age at the onset of alcoholism
(25.23 � 7.97), the length of time they had drunk in excess
(24.57 � 9.31 years), and their usual daily alcohol consumption
(16.73 � 8.85 standard drinks per day, a standard drink corre-
sponding to any drink that contains about 10 g of pure alcohol).

Control Subjects. CS were interviewed to check that their alco-
hol consumption did not exceed the recommendations of the World
Health Organization (no more than 21 or 14 weekly standard
drinks for men or women, respectively, and 4 at the same time).

Neuropsychological Description

Cognitive Procedural Learning. The learning of the TT task was
carried out on 4 consecutive days, 1 learning session per day. Sub-
jects were asked to perform 10 trials in each learning session. The
TT task consisted of a rectangular base and 3 pegs. Four different-
colored disks were used: 1 black, 1 red, 1 yellow, and 1 white. The
disks were initially stacked on the leftmost peg, with the darkest one
at the bottom and the lightest one on top. The task consisted in
rebuilding this configuration on the rightmost peg, obeying the fol-
lowing 2 rules: only 1 disk may be moved at a time, and a darker
disk may never be placed on top of a lighter one. The rules were read
out to the subjects, and they were then required to solve the puzzle.
The subjects’ performance on the TT task was assessed in terms of
completion time, number of moves needed to complete it (minimum
15), and number of errors (breaking rules, e.g., a darker disk placed
on top of a lighter one) per trial. For each variable, learning scores
corresponded to the sum of the 10 trials in each session.

Episodic Memory. The Spondee test (“Spon” for spontaneous
and “dee” for deep; Pitel et al., 2007b) is a verbal learning test com-
prising 2 lists of 16 words belonging to 16 different categories. It is
derived from the Double Memory Test (Grober and Kawas, 1997).
In the first list, words were encoded spontaneously according to the
strategies subjects were able to implement on their own. In this con-
dition, subjects had to point to words as they were read out by the
experimenter. In the second list, words were deeply encoded, that is,

in a semantic mode: subjects had to point to words in response to
their semantic category. For each list, a free recall test, a semantic
cued recall test, and a recognition task were then carried out. To
reduce the number of later correlations, the 6 raw scores were
converted into standard units (Z-scores) in reference of the CS data
and averaged into 1 compositeZ-score.

Working Memory and Executive Functions. The slave systems of
working memory were assessed by means of 3 computerized passive
storage tasks. The phonological loop and the visuospatial sketchpad
were evaluated by verbal span and spatial span tasks, respectively.
The episodic buffer was assessed by means of a multimodal span
task (Quinette et al., 2006): patients were asked to memorize
increasingly long strings of letters (verbal span), locations (spatial
span), and letters placed in an array (multimodal span) and had to
recall them immediately afterward. The final score corresponded to
the number of correctly reported sequences. Executive functions
were assessed using the verbal fluency tasks (Cardebat et al., 1990)
and the Stroop test (Stroop, 1935) to evaluate the ability to self-
generate strategies and inhibition capacity, respectively. These
tasks are fully described in Pitel and colleagues (2007a,b). Raw
scores were converted into standard units (Z-scores) in reference of
the CS data and averaged into a working memory composite Z-
score and 1 executive composite Z-score (see Table 2 for details of
compositeZ-scores).

Statistical Analysis

Comparison of the Cognitive Procedural Learning Results in the 3
Groups. Data were aggregated by block of 10 trials (1 per session)
to allow a more stable estimate of performance. Multivariate analy-
ses of variance (MANOVA) were carried out, with performance on
the 4 sessions (in terms of completion time, moves, and number of
errors as the repeated measure and group as a between-subjects fac-
tor). We then used post hoc tests (HSD Tukey) to compare KS, AL,
and CS on each learning session.

Comparison of the Learning Dynamics in the 3 Groups. The 3
learning phases (cognitive, associative, and autonomous phases)
were delimited using a 3-stage analysis (Hubert et al., 2007) con-
ducted for each individual subject using the number of moves per
trial. The subject remained in the cognitive phase until she or he had
found the optimum solution (i.e., 15 movements). The length of the
cognitive phase therefore corresponded to the number of trials dur-
ing which the subject failed to find the optimum solution. The
autonomous phase started when the subject was able to provide the
optimum solution to the TT task 5 times in a row. However, we

Table 1. Main Features of the Participants

Control subjects
(N = 15)

Non-Korsakoff
alcoholics (N = 15)

Alcoholics with
KS (N = 14) Statistic p-Value Group comparisons

Age 54.19 � 4.52 50.74 � 3.69 54.35 � 6.82 F(2, 41) = 2.31 0.11 –
Years of schooling 11.73 � 2.49 10.26 � 3.28 11.71 � 3.96 F(2, 41) = 0.97 0.38 –
Vocabulary subtest (WAIS III) 10.26 � 1.79 6.6 � 3.04 5.21 � 2.75 F(2, 41) = 15.00 <0.001* CS > (AL = KS)
Matrix subtest (WAIS III) 11.93 � 1.57 7.93 � 2.52 7.64 � 2.67 F(2, 41) = 16.06 <0.001* CS > (AL = KS)
Free and cued selective reminding test
Immediate recall 15.8 � 0.56 15.2 � 1.14 12 � 4.03 F(2, 41) = 10.44 <0.001* (CS = AL) > KS
Sum of the 3 free recalls 29.66 � 6.28 25.8 � 5.61 7.00 � 3.94 F(2, 41) = 72.35 <0.001* (CS = AL) > KS
Sum of the 3 total recalls 45.93 � 2.31 42.46 � 5.02 25.92 � 10.91 F(2, 41) = 33.96 <0.001* (CS = AL) > KS
Recognition 15.86 � 0.35 15.4 � 1.12 12.00 � 4.03 F(2, 41) = 11.31 <0.001* (CS = AL) > KS
Delayed total recall 15.33 � 0.97 15.2 � 0.77 2.07 � 1.32 F(2, 41) = 762.92 <0.001* (CS = AL) > KS

*Significant effect of group.
KS, alcoholics with Korsakoff’s syndrome; AL, non-Korsakoff alcoholics; CS, control subjects; WAIS, Wechsler Adult Intelligence Scale.
Mean � standard deviation.
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deemed that the subject was allowed to make 1 error during the
autonomous phase, that is, 1 extra move among 75 consecutive
moves (=5 trials of 15 moves). The associative phase was defined by
default as the transition phase between cognitive and autonomous
phase. We carried out 1-way ANOVAs to compare the length of the
3 phases in the 3 groups.

Comparison of Episodic Memory, Working Memory, and Execu-
tive Functions in the 3 Groups. We carried out 1-way ANOVA and
post hoc tests (HSD Tukey) to compare episodic memory, working
memory, and executive functions in the 3 groups.

Contribution of Episodic Memory, Working Memory, and Execu-
tive Results to the Cognitive Procedural Learning Dynamics. Pear-
son’s correlations coefficients and linear regression analyses were
conducted between the length of each learning phase and episodic
and working memory performance using the variability of the 3
groups pooled together. An ANCOVA was then conducted using
the predictor(s) highlighted in the previous analysis as covariates to
determine whether the 3 groups would still differ on the length of
the learning phases when controlled for episodic memory and/or
working memory abilities.

RESULTS

Comparison of the Cognitive Procedural Learning Results in
the 3 Groups

These analyses were conducted in 10KS because 4KSwere
unable to fully understand the instructions of the TT task and
were therefore unable to perform it. With regard to comple-
tion time, the repeated-measures ANOVA showed a signifi-
cant effect of group, F(1, 37) = 12.61, p < 0.001, session
repetition, F(3, 111) = 71.17, p < 0.001, and interaction, F(3,
111) = 6.14, p < 0.001. Post hoc analyses showed that both
ALandKSwere significantly slower thanCS in session 1 (KS:
p < 0.001; AL: p < 0.001). KS also differed from AL
(p < 0.05). In the 3 last sessions, KSwere slower than bothCS
(sessions 2 and 3: p < 0.001; session 4: p < 0.01) and AL (ses-
sion 2: p < 0.001; session 3: p < 0.01; session 4: p < 0.05). AL
did not differ fromCS in the 3 last learning sessions (Fig. 1A).

With regard to thenumberofmoves, the repeated-measures
ANOVA showed a significant effect of group,F(1, 37) = 7.68,
p < 0.01, and session repetition, F(3, 111) = 26.91, p < 0.001,
but no significant interaction, F(3, 111) = 1.49, p = 0.18. Post
hoc analyses showed that KS needed more moves to solve the
TT task than CS in all learning sessions (session 1: p < 0.05;
session 2: p < 0.001; session 3: p < 0.01; session 4: p < 0.05).
KS only differed fromAL in session 2 (p < 0.01). AL differed
fromCSonly in session 2 (p > 0.05; Fig. 1B).

With regard to the number of errors, the repeated-mea-
sures ANOVA showed a significant effect of group, F(1,
37) = 7.84, p < 0.01, session repetition, F(3, 111) = 19.04,
p < 0.001, and interaction, F(3, 111) = 3.09, p < 0.01. Post
hoc analyses showed that KS differed significantly from CS
in the 3 first sessions (sessions 1 and 2: p < 0.001; session 3:
p < 0.05) and from AL in the 2 first sessions (sessions 1 and
2: p < 0.01). AL differed from CS only in session 1 (p < 0.05;
Fig. 1C).

Comparison of the Learning Dynamics in the 3 Groups

Comparison of the length of the cognitive phase in the 3
groups showed a significant group effect, F(2, 37) = 6.87,
p < 0.01. The cognitive phase was significantly longer in the
Korsakoff ’s syndrome group (19.90 � 16.42; trials 1 to 20)
than in the AL (10.13 � 6.35; trials 1 to 10; p = 0.02) and
CS (5.66 � 4.74; trials 1 to 5; p < 0.001) groups, who did
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Fig. 1. Cognitive procedural learning in terms of completion time in sec-
onds (A), number of moves (B), and errors (C). *Significant difference
compared with control subjects (p < 0.05). §Significant difference com-
pared with AL (p < 0.05). Data were aggregated by block of 10 trials (1 per
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patients.
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not differ from each other (p = 0.2; Fig. 2). The length of the
associative phase did not differ among the 3 groups (KS:
17.50 � 14.56; trials 21 to 38; AL: 23.8 � 10.91; trials 11 to
34; CS: 15.2 � 8.31; trials 6 to 21; F(2, 37) = 2.37,
p = 0.11). The length of the autonomous phase was signifi-
cantly shorter in AL (6.06 � 10.01; trials 35 to 40) than in
CS (19.13 � 7.61; trials 22 to 40; F(1, 28) = 16.93,
p < 0.0001; Fig. 2). According to our criteria, KS did not
reach the autonomous phase even after 40 learning trials.

Comparison of Episodic Memory, Working Memory, and
Executive Function in the 3 Groups

There was a group effect on episodic memory results, F(2,
41) = 35.5, p < 0.001, with AL having significantly lower
performance than CS (p < 0.01) and KS presenting even
worse results than AL (p < 0.001; Table 2). Regarding work-
ing memory, there was a group effect on the composite
Z-scores (slave systems Z-score: F(2, 41) = 7.3, p < 0.01).
Concerning executive functions, 1 KS was unable to perform
the inhibition test. There was a group effect on the executive

composite Z-score, F(2, 41) = 10.5, p < 0.001. Compared
with CS, AL and KS were impaired to the same extent for
working memory and executive functions (Table 2). When
the 4 KS who could not perform the TT task were excluded
the results remained the same. These patients differed from
KS who could perform the TT task only on the executive
composite Z-score, t(12) = 3.09, p = 0.009. Taken together,
these findings indicate that episodic memory was more
severely impaired in KS than in AL, but working memory
was altered to the same extent in the 2 patient groups.

Contribution of Episodic Memory, Working Memory, and
Executive Results to the Cognitive Procedural Learning
Dynamics

When the 3 groups were pooled together, the length of the
cognitive phase significantly and negatively correlated with
performance on the tasks evaluating episodic memory
(r = �0.50; p < 0.001), executive functions (r = �0.38;
p = 0.016), and working memory (r = �0.44; p = 0.004;
Fig. 3A). Regression analysis identified episodic memory
performance as the only predictor of the length of the cogni-
tive phase (23% of the variance, p < 0.01; Fig. 3B). When
episodic memory was entered as a covariate, the 3 groups did
not differ from each other anymore on the length of the cog-
nitive phase (p = 0.37). Episodic memory, working memory,
and executive functions results did not correlate with the
length of the associative phase. Finally, the length of the
autonomous phase significantly and positively correlated
with episodic memory (r = 0.66; p < 0.001), working mem-
ory (r = 0.60; p < 0.001), and executive performances
(r = 0.65; p < 0.001; Fig. 3A). Regression analysis identified
episodic memory performance as the only predictor of the

0 5 10 15 20 25 30 35 40

NC

AL

KS

Lenght of the procedural learning phases (in trials)
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associaƟve

autonomous

Fig. 2. Length of the 3 procedural learning phases. NC, normal con-
trols; AL, alcoholic patients; KS, Korsakoff patients.

Table 2. Episodic Memory, Working Memory, and Executive Functions Performances of Alcoholic Patients with Korsakoff’s Syndrome (KS), Non-
Korsakoff Alcoholics (AL), and Control Subjects (CS)

Control subjects
(N = 15)

Non-Korsakoff
alcoholics
(N = 15)

Alcoholics with
KS (N = 14) Statistic p-Value

Group
comparisons

Episodic memory
Free recall after spontaneous encoding (%) 47.5 � 18.86 34.58 � 16.51 19.19 � 7.1 F(2, 41) = 12.57 <0.001* CS > AL > KS
Cued recall after spontaneous encoding (%) 59.58 � 20.02 37.08 � 20.24 19.18 � 15.59 F(2, 41) = 16.81 <0.001* CS > AL > KS
Recognition after spontaneous encoding (%) 85.83 � 12.60 73.75 � 13.40 37.94 � 16.52 F(2, 41) = 43.03 <0.001* CS > AL > KS
Free recall after deep encoding (%) 43.33 � 23.79 35.83 � 15.92 16.07 � 7.23 F(2, 41) = 9.60 <0.001* (CS = AL) > KS
Cued recall after deep encoding (%) 79.58 � 17.90 75.00 � 24.71 37.5 � 15.69 F(2, 41) = 12.74 <0.001* (CS = AL) > KS
Recognition after deep encoding (%) 90.41 � 9.98 82.91 � 24.43 52.23 � 17.78 F(2, 41) = 10.88 <0.001* (CS = AL) > KS
Composite Z-score 0 � 0.5 �1.2 � 1 �2.9 � 1 F(2, 41) = 35.56 <0.001* (CS = AL) > KS

Working memory
Phonological loop 5.66 � 1.54 4.33 � 0.81 4.42 � 1.45 F(2, 41) = 4.81 <0.05* CS > (AL = KS)
Visuospatial sketchpad 5.2 � 0.77 3.86 � 0.83 3.64 � 1.08 F(2, 41) = 12.85 <0.001* CS > (AL = KS)
Episodic buffer 4.2 � 1.14 3.80 � 1.01 3.57 � 1.09 F(2, 41) = 1.25 0.29 CS = AL = KS
Composite Z-score 0 � 0.70 �1 � 0.60 �1.1 � 1 F(2, 41) = 7.28 <0.01* CS > (AL = KS)

Executive functions
Organization 48.40 � 9.68 37.60 � 10.98 29.14 � 10.31 F(2, 41) = 12.6 <0.001* CS > AL > KS
Inhibition 43.00 � 12.25 30.40 � 14.36 29.50 � 16.76 F(2, 41) = 3.99 <0.05* CS > (AL = KS)
Composite Z-score 0 � 0.7 �1.1 � 1 �1.5 � 1.10 F(2, 41) = 10.48 <0.001* CS > (AL = KS)

*Significant effect of group.
Mean � standard deviation.
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length of the autonomous phase (43% of the variance,
p < 0.001; Fig. 3C).

DISCUSSION

The results of the present study confirm previous neuro-
psychological investigations showing impaired learning of a
new cognitive procedure in KS (Beatty et al., 1987; Butters
et al., 1985; Wilson et al., 1989; Winter et al., 2001; Xu and
Corkin, 2001) and challenge the traditional description of
preserved procedural learning in Korsakoff ’s syndrome. In
addition, our findings enable us to deepen our understanding
of cognitive procedural learning in Korsakoff ’s syndrome
thanks to the comparison of learning abilities in KS and AL,
the analysis of the dynamics of learning in each group, and
the study of the relationships between episodic memory,
working memory, executive abilities, and cognitive proce-
dural learning performance.

Whatever the learning variable considered (solving time,
moves, or errors), KS exhibited lower procedural learning
performance than both AL and CS. In accordance with our
hypothesis, KS made more errors than AL throughout the
cognitive procedural learning process. The differences
observed between the 2 patient groups on the learning task
can be interpreted taking the results of the neuropsychologi-
cal examination into account. Given that AL and KS had

similar working memory deficits but episodic memory was
more severely impaired in KS than in AL, cognitive learning
disabilities observed in KS are likely to be related to the
severity of amnesia. AL presented a slowdown in the cogni-
tive procedural learning but managed to reach a normal level
of performance at the end of the learning process. In another
study, we showed that compared with CS, AL implemented
less efficient and more cognitively costly learning strategies
based on residual working and episodic memory (Pitel et al.,
2007a). Because of their severe episodic memory deficits, KS
may have been unable to implement such compensatory
strategies and remained lower than both controls and AL
until the end of the learning sessions. Their severe episodic
memory deficits may also hamper them to efficiently correct
errors (Baddeley and Wilson, 1994) during the procedural
learning.

The observation that episodic memory may have a major
contribution to cognitive procedural learning performance
was confirmed by the analysis of the learning dynamics,
which indicated that contrary to AL and according to our
criteria (Hubert et al., 2007), KS were not in the autonomous
phase of the learning at the end of the protocol. This absence
of automation within the 40 trials of our protocol suggests a
selective impairment of the ability to encode a new cognitive
procedure into procedural memory in KS. This slowdown in
the dynamics of the cognitive procedural learning results
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from a delayed transition from the cognitive phase to the
autonomous phase. In effect, the length of the cognitive
phase was longer in KS than in the 2 other groups. Episodic
memory was the main predictor of the length of the cognitive
phase, and the 3 groups did not differ from each other any-
more on the length of the cognitive phase when controlling
for episodic memory results. Taken together, these findings
enable us to specify that the severe impairments of episodic
memory observed in KS may have hampered them to be effi-
cient during the cognitive phase of the cognitive procedural
learning (Fig. 4), resulting in a delayed transition to
advanced stage of learning. Such effects of episodic memory
decline on the cognitive procedural dynamics have also been
showed in normal aging (Beaunieux et al., 2009) and Alzhei-
mer’s disease (Beaunieux et al., 2012). Interestingly, Swinnen
and colleagues (2005) showed that motor procedural learn-
ing performance can be improved in KS by providing epi-
sodic feedback during learning sessions. Kessels and
colleagues (2007) also revealed that KS with better episodic
memory exhibited better spatial procedural learning results.
These 2 studies suggest a contribution of episodic memory
not only to the acquisition of a new cognitive procedure but
to procedural learning in general.

It is worthwhile noting that the present conclusions are
drawn from a limited number of patients with Korsakoff ’s
syndrome. Even though it is particularly difficult to assemble
a larger group of carefully chosen alcoholics with Korsak-
off ’s syndrome, the results have to be interpreted with cau-
tion. In effect, there is a considerable variability in learning
performance among KS, some of them exhibiting preserved

cognitive procedural learning abilities (Beaunieux et al.,
1998) while others are not able to perform the task. In the
present study, 4 KS did not manage to perform the cognitive
procedural task. Executive functions were more severely
impaired in those KS than in patients being able to perform
the procedural task (data not shown), suggesting a key role
of executive functions in the nature and extent of the residual
cognitive procedural learning abilities in KS (Butters et al.,
1985). Cognitive procedural disabilities in KS may also be
explained by the visual-related deficits that are frequently
reported in alcoholics (Fama et al., 2004; Sullivan et al.,
2000). However, given that AL and KS have similar visuo-
spatial deficits (Fama et al., 2006), the differences observed
between the 2 patients groups in the cognitive procedural
learning results cannot be explained by their visual-related
deficits.

To conclude, cognitive procedural acquisition was
impaired in KS compared with both CS and AL. The sever-
ity of episodic memory deficits in KS may explain the
delayed transition from the cognitive phase to the associative
phase, which resulted in a slowdown in the dynamics of
learning and an absence of automation of the cognitive pro-
cedure within the 40 trials of the task. Nonetheless, cognitive
procedural learning was not completely eliminated in KS.
Residual learning abilities observed in KS are unlikely to be
based on explicit memory processes but may rather involve,
by default, implicit processes like it was suggested for new
semantic learning (Pitel et al., 2009). Further investigations
are required to determine whether even more practice would
enable KS to automate the cognitive procedure or whether
rehabilitation methods (Beaunieux et al., 1998; Cohen et al.,
1985) such as errorless learning (Baddeley and Wilson, 1994)
are required to bypass the first learning phase which requires
relatively efficient episodic memory.

ACKNOWLEDGMENTS

We thank the subjects for their willingness to participate
in this research. This work was supported by the Institut de
la Sant�e et de la RechercheM�edicale (Inserm) [RBM 03-14].

REFERENCES

Ackerman PL, Cianciolo AT (2000) Cognitive, perceptual-speed, and psy-

chomotor determinants of individual differences during skill acquisition. J

Exp Psychol Appl 6:259–290.
American Psychiatric Association (1994) Diagnostic and Statistical Manual

ofMental Disorders. American Psychiatric Association,Washington.

Anderson JR (1992) Automaticity and the ACT* theory. Am J Psychol

105:165–180.
Baddeley A, Wilson BA (1994) When implicit learning fails: amnesia and the

problem of error elimination. Neuropsychologia 32:53–68.
Beatty WW, Salmon DP, Bernstein N, Martone M, Lyon L, Butters N

(1987) Procedural learning in a patient with amnesia due to hypoxia. Brain

Cogn 6:386–402.
Beaunieux H, Desgranges B, Lalevee C, de la Sayette V, Lechevalier B, Eus-

tache F (1998) Preservation of cognitive procedural memory in a case of

KORSAKOFF’S SYNDROME ALCOHOLISM WITHOUT 
NEUROLOGICAL COMPLICATION

Episodic
memory ---

Working memory 
ExecuƟve funcƟons -

Episodic
memory -

Residual learning abiliƟes Compensatory strategies

Preserved cogniƟve phase

AutomaƟon of the cogniƟve 
procedure within 40 trials

No automaƟon of the cogniƟve 
procedure within 40 trials

Impaired final level of 
performance

Preserved final level of 
performance

Longer cogniƟve phase

Working memory 
ExecuƟve funcƟons -

Fig. 4. Summary of the cognitive procedural results in alcoholics with-
out neurological complication (left panel) and in patients with Korsakoff’s
syndrome (right panel). Alcoholics without neurological complication, who
have only mild-to-moderate episodic memory and working memory defi-
cits, seem to implement compensatory strategies (Pitel et al., 2007b),
which enable them to exhibit preserved cognitive phase and final level of
performance. Uncomplicated alcoholics are therefore able to automate the
cognitive procedure within 40 trials. Even though patients with Korsakoff’s
syndrome have similar working memory deficits, their episodic memory is
severely impaired, which seem to hamper them to implement compensa-
tory strategies. Based on residual learning abilities, patients with Korsak-
off ’s syndrome exhibit a longer cognitive phase and impaired final level of
performance. Alcoholics with amnesia are therefore unable to automate
the cognitive procedure within 40 trials.

DYNAMICSOF THE COGNITIVE PROCEDURAL LEARNING 1031



Korsakoff’s syndrome: methodological and theoretical insights. Percept

Mot Skills 86:1267–1287.
Beaunieux H, Eustache F, Busson P, de la Sayette V, Viader F, Desgranges

B (2012) Cognitive procedural learning in early Alzheimer’s disease:

impaired processes and compensatory mechanisms. J Neuropsychol 6:

31–42.
Beaunieux H, Hubert V, Pitel AL, Desgranges B, Eustache F (2009) Episodic

memory deficits slow down the dynamics of cognitive procedural learning

in normal aging. Memory 17:197–207.
Beaunieux H, Hubert V, Witkowski T, Pitel AL, Rossi S, Danion JM, Desg-

ranges B, Eustache F (2006) Which processes are implicated in cognitive

procedural learning? Memory 14:521–539.
Brand M, Fujiwara E, Borsutzky S, Kalbe E, Kessler J, Markowitsch HJ

(2005) Decision-making deficits of Korsakoff patients in a new gambling

task with explicit rules: associations with executive functions. Neuropsy-

chology 19:267–277.
Brokate B, Hildebrandt H, Eling P, Fichtner H, Runge K, Timm C (2003)

Frontal lobe dysfunctions in Korsakoff’s syndrome and chronic alcohol-

ism: continuity or discontinuity? Neuropsychology 17:420–428.
Butters N, Wolfe J, Martone M, Granholm E, Cermak LS (1985) Memory

disorders associated with Huntington’s disease: verbal recall, verbal recog-

nition and procedural memory. Neuropsychologia 23:729–743.
Caine D, Halliday GM, Kril JJ, Harper CG (1997) Operational criteria for

the classification of chronic alcoholics: identification ofWernicke’s enceph-

alopathy. J Neurol Neurosurg Psychiatry 62:51–60.
Cardebat D, Doyon B, Puel M, Goulet P, Joanette Y (1990) Formal and

semantic lexical evocation in normal subjects. Performance and dynamics

of production as a function of sex, age and educational level. Acta Neurol

Belg 90:207–217.
Cermak LS, Lewis R, Butters N, Goodglass H (1973) Role of verbal media-

tion in performance of motor task in Korsakoff patients. Percept Mot

Skills 37:259–262.
Charness N, Milberg W, Alexander MP (1988) Teaching an amnesic a com-

plex cognitive skill. Brain Cogn 8:253–272.
Cohen NJ, Eichenbaum H, Deacedo BS, Corkin S (1985) Different memory

systems underlying acquisition of procedural and declarative knowledge.

AnnNYAcad Sci 444:54–71.
Cohen NJ, Squire LR (1980) Preserved learning and retention of pattern-

analyzing skill in amnesia: dissociation of knowing how and knowing that.

Science 1210:207–210.
Cushman P, Forbes R, Lerner W, Stewart M (1985) Alcohol withdrawal

syndromes: clinical management with lofexidine. Alcohol Clin Exp Res

9:103–108.
Cutting J (1978) The relationship between Korsakoff’s syndrome and ‘alco-

holic dementia.’ Br J Psychiatry 132:240–251.
FamaR, PfefferbaumA, Sullivan EV (2004) Perceptual learning in detoxified

alcoholic men: contributions from explicit memory, executive function,

and age. Alcohol Clin Exp Res 28:1657–1665.
Fama R, Pfefferbaum A, Sullivan EV (2006) Visuoperceptual learning in

alcoholic Korsakoff syndrome. Alcohol Clin Exp Res 30:680–687.
Fein G, Torres J, Price LJ, Di Sclafani V (2006) Cognitive performance

in long-term abstinent alcoholic individuals. Alcohol Clin Exp Res

30:1538–1544.
Grober E, Buschke H (1987) Genuine memory deficits in dementia. Dev

Neuropsychol 3:13–36.
Grober E, Buschke H, Crystal H, Bang S, Dresner R (1988) Screening for

dementia by memory testing. Neurology 38:900–903.
Grober E, Kawas C (1997) Learning and retention in preclinical and early

Alzheimer’s disease. Psychol Aging 12:183–188.
Hubert V, Beaunieux H, Ch�etelat G, Platel H, Landeau B, Danion JM,

Viader F, Desgranges B, Eustache F (2007) The dynamic network subserv-

ing the three phases of cognitive procedural learning. Hum Brain Mapp

28:1415–1429.
Hubert V, Beaunieux H, Ch�etelat G, Platel H, Landeau B, Viader F,

Desgranges B, Eustache F (2009) Age-related changes in the cerebral

substrates of cognitive procedural learning. Hum Brain Mapp 30:1374–
1386.

Jacobson RR, Acker CF, Lishman W (1990) Patterns of neuropsychological

deficit in alcoholic Korsakoff’s syndrome. Psychol Med 20:321–334.
Joyce EM, Robbins TW (1991) Frontal lobe function in Korsakoff and non-

Korsakoff alcoholics: planning and spatial working memory. Neuropsych-

ologia 29:709–723.
Kessels RP, van Loon E, Wester AJ (2007) Route learning in amnesia: a

comparison of trial-and-error and errorless learning in patients with the

Korsakoff syndrome. Clin Rehabil 21:905–911.
KopelmanMD(1995)TheKorsakoff syndrome.Br JPsychiatry 166:154–173.
KopelmanMD (2002) Disorders of memory. Brain 125:2152–2190.
Korsakoff SS (1889) Etude m�edico-psychologique sur une forme des mala-

dies de la m�emoire. Rev Philos France Let 14:401–530.
NissenMJ,WillinghamD,HartmanM (1989) Explicit and implicit remember-

ing: when is learning preserved in amnesia. Neuropsychologia 27:341–352.
Oscar-BermanM, Kirkley SM, Gansler DA, Couture A (2004) Comparisons

of Korsakoff and non-Korsakoff alcoholics on neuropsychological tests of

prefrontal brain functioning. Alcohol Clin Exp Res 28:667–675.
Pitel AL, Beaunieux H, Guillery-Girard B, Witkowski T, de la Sayette V,

Viader F, Desgranges B, Eustache F (2009) How do Korsakoff patients

learn new concepts? Neuropsychologia 47:879–886.
Pitel AL, Beaunieux H, Witkowski T, Vabret F, de la Sayette V, Viader F,

Desgranges B, Eustache F (2008) Episodic and working memory deficits in

alcoholic Korsakoff patients: the continuity theory revisited. Alcohol Clin

Exp Res 32:1229–1241.
Pitel AL, Beaunieux H, Witkowski T, Vabret F, Guillery-Girard B, Quinette

P, Desgranges B, Eustache F (2007a) Genuine episodic memory deficits

and executive dysfunctions in alcoholic subjects early in abstinence. Alco-

hol Clin Exp Res 31:1169–1178.
Pitel AL, Ch�etelat G, Le Berre AP, Desgranges B, Eustache F, Beaunieux H

(2012) Macrostructural abnormalities in Korsakoff syndrome compared

with uncomplicated alcoholism. Neurology 78:1330–1333.
Pitel AL, Witkowski T, Vabret F, Guillery-Girard B, Desgranges B, Eus-

tache F, Beaunieux H (2007b) Effect of episodic and working memory

impairments on semantic and cognitive procedural learning at alcohol

treatment entry. Alcohol Clin Exp Res 31:238–248.
Quinette P, Guillery-Girard B, Noel A, de la Sayette V, Viader F, Desgrang-

es B, Eustache F (2006) The relationship between working memory and

episodic memory disorders in transient global amnesia. Neuropsychologia

11:1640–1658.
Rourke SB, Grant I (1999) The interactive effects of age and length of absti-

nence on the recovery of neuropsychological functioning in chronic male

alcoholics: a 2-year follow-up study. J Int Neuropsychol Soc 5:234–246.
Saint-Cyr JA, Taylor AE, Lang AE (1988) Procedural learning and neostria-

tal dysfunction in man. Brain 111:941–959.
Schmidtke K, Handschu R, Vollmer H (1996) Cognitive procedural learning

in amnesia. Brain Cogn 32:441–467.
Stroop J (1935) Studies of interference in serial verbal reactions. J Exp Psy-

chol 18:643–662.
Sullivan EV, RosenbloomMJ, PfefferbaumA (2000) Pattern of motor and cog-

nitive deficits in detoxified alcoholicmen.Alcohol ClinExpRes 24:611–621.
Swinnen SP, Puttemans V, Lamote S (2005) Procedural memory in Korsak-

off’s disease under different movement feedback conditions. Behav Brain

Res 159:127–133.
Welsh MC, Satterlee-Cartmell T, Stine M (1999) Towers of Hanoi and Lon-

don: contribution of working memory and inhibition to performance.

Brain Cogn 41:231–242.
Weschler D (2001)Weschler Adult Intelligence Scale. EAP, Paris.

Wilson BA, Baddeley AD, Cockburn JM (1989) How do old dogs learn new

tricks: teaching a technological skill to brain injured people. Cortex 25:115

–119.
Winter WE, Broman M, Rose AL, Reber AS (2001) The assessment of cog-

nitive procedural learning in amnesia: why the tower of Hanoi has fallen

down. Brain Cogn 45:79–96.
Woltz DJ (1988) An investigation of the role of working memory in proce-

dural skill acquisition. J Exp Psychol Gen 117:319–331.
Xu Y, Corkin S (2001) H.M. revisits the Tower of Hanoi Puzzle. Neuropsy-

chology 15:69–79.

1032 BEAUNIEUX ET AL.


