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Visual working memory capacity in Korsakoff’s amnesia
Erik Oudman a,b, Martijn J. Schuta, Antonia F. Ten Brink a,c, Albert Postmaa,b and Stefan Van der Stigchel a

aExperimental Psychology, Helmholtz Institute, Utrecht University, Utrecht, The Netherlands; bKorsakoff Center Slingedael, Lelie Care Group,
Rotterdam, The Netherlands; cDepartment of Psychology, University of Bath, Bath, UK

ABSTRACT
Introduction: Despite the interest in memory functioning in Korsakoff’s syndrome (KS), visual
working memory capacity in KS is still poorly understood. Results from the last decades on working
memory limitations in KS appear to be mixed, clearly calling for further investigations.
Method: We investigated visual working memory storage capacity of patients diagnosed with KS
using a change detection paradigm. Nine patients diagnosed with KS and thirty age- and educa-
tion- matched healthy controls were presented twice with 2, 3, 4, or 6 bars with different orienta-
tions and had to detect whether the orientation of the target bar had changed.
Results: As a group, KS patients performed significantly worse than controls on all set sizes, with an
average capacity of 1.13 items, compared to 1.75 items in the control participants. In case study
analysis, 4 out of 9 patients performed significantly worse than control participants, while 5 had
relatively intact visual working memory capacity. In patients, deficits in visual working memory
could not be explained by other cognitive deficits.
Conclusion: Based on these results, we conclude that visual working memory deficits are a
prominent characteristic in some, but not all KS patients. Training visual working memory capacity
could possibly optimize other cognitive difficulties in this population.
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1. Introduction

Korsakoff’s syndrome (KS) is a chronic neuropsychia-
tric disorder caused by severe alcoholism and concomi-
tant thiamine deficiency. KS is characterized by severe
anterograde, and to a lesser extent, retrograde declara-
tive amnesia due to atrophy of the thalamus, mammil-
lary bodies, and periventricular gray matter (Kopelman,
Thomson, Guerrini, & Marshall, 2009). This selective
atrophy is caused by vulnerability of the neurons in the
thalamic area to metabolic deficiencies, such as thiamine
deficiency (Sechi & Serra, 2007).

The underlying nature of the declarative amnesia in KS
has been debated extensively in the literature. Initially, it
was suggested that the amnesia would stem either from a
deficit in memory retrieval (Warrington & Weiskrantz,
1978) or memory encoding (Cermak & Butters, 1972).
Later studies found evidence for the idea that deficits in
encoding contextual information, such as the moment and
place that an event occurred, is the primary cause of the
amnesia in KS (Mayes, Meudell, & MacDonald, 1991).
This became known as the context-deficits hypothesis,
and was supported by findings of reduced performance
in different domains, such as the encoding of temporal
order information (Postma, Van Asselen, Keuper, Wester,

& Kessels, 2006), spatial information (Kessels, Postma,
Wester, & de Haan, 2000), object perception (Kasse,
Oudman, Olivier, Wijnia, & Postma, 2019), and object-
to-location binding (Van Asselen, Kessels, Wester, &
Postma, 2005). An alternative hypothesis framed the
amnesia in KS as the result of deficits in conscious recol-
lection abilities, supported by the results of remember/
know/guess memory paradigms (d’Ydewalle & Van
Damme, 2007).

In contrast to severe deficits in declarative memory, KS
patients have long been assumed to perform normally on
tasks involving the various aspects of working memory
(Kessels & Kopelman, 2012). For example, performance
on the Brown-Peterson paradigm, in which participants
have to count backwards during maintenance of a stimu-
lus, is preserved (Kessler, Markowitsch, & Bast-Kessler,
1987). Also, performance on the forward and backward
conditions of the digit span or Corsi Block Tapping tests is
comparable to that of healthy subjects (Pollux, Wester, &
de Haan, 1995; see also Kopelman &Kessels, & Kopelman,
2012 for an overview).

The idea that working memory is not impaired in KS
has recently been challenged by studies using more
complex paradigms. For example, performance on the
Box Task, a paradigm in which participants have to find
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hidden objects in boxes, was found to be compromised
(Oudman, Van der Stigchel, Wester, Kessels, & Postma,
2011; Van Asselen et al., 2005, see Kessels & Postma,
2018 for a description of the task). Furthermore, Pitel et
al. (2008) evaluated the different slave systems of work-
ing memory by asking patients to memorize strings of
letters (verbal span), locations (spatial span), and letters
placed in an array (multimodal span) that increased in
length, and to recall them afterward. KS patients and
chronic alcoholics remembered less strings on all three
tasks compared to healthy subjects, reflecting slave sys-
tem working memory problems. These findings were
reminiscent of an earlier study by Brand et al. (2005)
who found evidence for passive storage problems in KS,
as reflected by digit and block span tasks.

Although research on visual working memory in KS
patients is limited, several processes underlying visual
working memory have been thoroughly investigated in
patients with temporal lobe amnesia and hippocampal
damage. Based on patient data, Warren, Duff, Cohen,
and Tranel (2015) suggested that specifically the brief
maintenance of objects in visual working memory is
diminished in patients with bilateral hippocampal
damage. Also, Yonelinas (2013) and Ryan and Cohen
(2004) showed that the representation of visual stimuli
is altered in patients with damage to the hippocampus,
possibly leading to diminished functioning of visual
working memory. Yonelinas (2013) found that patients
with damage to the hippocampus showed diminished
working memory capacity on tasks that required com-
plex high-resolution binding. In contrast, others have
suggested that not hippocampal damage, but perirhinal
damage results in a diminished ability to discriminate
objects (Barense et al., 2005). Moreover, Manns and
Squire (2001) suggested that implicit visual memory
formation was intact in hippocampal patients, but
diminished in patients with more extensive damage to
the medial temporal lobe

In the present study, we focused exclusively on visual
working memory capacity in KS. While working mem-
ory research has largely focused on the verbal domain,
the last two decades have seen a tremendous upsurge in
visual working memory research due to the increasing
insight that visual working memory plays a central role
in functioning of other cognitive domains such as atten-
tion, action, and consciousness. Luck and Vogel (1997)
proposed that the capacity of the visuospatial sketchpad
is limited to the number of objects, rather than the
number of features that must be remembered. Here,
features are defined as a single aspect of an object (e.g.
a line or rectangle), and objects as a conjunction of
features. In their now famous task where participants
have to remember orientations of bars, the storage

capacity of visual working memory in healthy subjects
was established for simple, suprathreshold features,
demonstrating that it is possible to retain information
about only four orientations at once. One particular
advantage of their change detection paradigm over ear-
lier attempts to index visual working memory is the
limited output interference. Output interference occurs
when recalling information interferes with the retrieval
of the original information. In the Luck and Vogel
paradigm, the information is limited to the original
scene. The maximum number of slots that can be
remembered, conceptualized as Cowan’s K (Kmax), is 3
to 4 items in healthy individuals (Cowan, 2001; Luck &
Vogel, 1997). Since measures of pure visual working
memory capacity without the involvement of executive
control and read out processes are lacking, the aim of
the present study was to investigate whether visual
working memory capacity in KS is reduced using the
Luck and Vogel paradigm.

2. Methods

2.1. Participants

Nine patients diagnosed with KS and thirty healthy
controls participated in this study (see Table 1).
Patients and controls were comparable in age [t
(37) = 1.00, p = .323, d = .45]. Education level was
assessed using seven categories of a Dutch classification
system, according to Verhage (1964), 1 being the lowest
(less than primary school) and 7 being the highest (aca-
demic degree). KS patients and healthy controls had
intermediate vocational education on average (Table
1), and were comparable in their level of education [t
(37) = 1.61, p = .116, d = .59]. All patients fulfilled the
DSM-V criteria for alcohol induced major neurocogni-
tive disorder (American Psychiatric Association, 2013)
and had an extensive history of alcoholism, verified
through medical charts. All patients had severe thiamine
deficiency (Wernicke encephalopathy) before onset of
KS. All patients had been abstinent (average = 7.1 years,
SD = 5 years) and diagnosed with KS at least one year
prior to testing (average = 6.8 years, SD = 5 years). None
of the patients was in the Wernicke’s Encephalopathy
phase at the moment of testing, and all were treated
according to available guidelines. As a part of our neu-
ropsychological routine, all patients were able to per-
form correctly on the Snellen chart for visual acuity, and
none of the patients had color blindness according to
self report. None of the participants had a form of
progressive dementia. None of the participants did
show additional neurological disorders (severe TBI, epi-
lepsy, etc.) or acute psychiatric conditions (psychosis,
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major depression, etc.) interfering with the interviewing
procedure. All participants were able to read and speak
Dutch. Participants did not receive financial compensa-
tion for their participation. Informed consent was
obtained for all participants. Ethical approval was
obtained by the University Utrecht social sciences
faculty ethical committee.

2.2. Materials and procedure

The paradigmwas a simplified version of the 1c paradigm
in the Luck and Vogel (1997) paper. White arrays of
0.03° × 1.15° rectangles, each of which was constructed
by combining one of four orientations (30°, 60°, 120°,
150°), were presented on a black screen for 2000 ms,

followed by white noise for 500 ms. After this, the rec-
tangles were presented again, one surrounded with a red
square (i.e. the target). Participants were asked to indicate
whether the orientation of the rectangle surrounded with
the red square was the same as the originally presented
item, by pressing a red (“no”) or green (“yes”) button.
There was a 50% chance of change for the target rectan-
gle. The orientation of the non-target rectangles did not
change. See Figure 1 for an example of a no-change dis-
play. A practice trial of set size 1 was presented three
times prior to the actual experiment to test general under-
standing of the task. After practice, four to six blocks of
twenty trials were presented with 2, 3, 4, and 6 rectangles
per screen. Thus, per block we showed 5 trials per set size,
resulting in 20 to 40 trials per set size in total. After four

Table 1. Demographic and Korskoff characteristics, individual scores and means (95% confidence intervals) per group.
ID Sex Age (years) Level of educationa MMSEb IQc RVLTd TMT-Ae

1 Male 55 7 22 118 T = 28 T = 50
2 Male 51 5 25 N.A. T = 29 T = 54
3 Female 43 5 20 92 T = 41 T = 41
4 Female 55 5 22 115 T = 34 T = 33
5 Female 54 3 28 104 T = 34 T = 64
6 Male 51 4 25 94 T = 39 T = 61
7 Male 57 4 16 N.A. T = 32 T = 26
8 Male 55 4 23 82 T = 19 T = 17
9 Female 52 4 23 92 T = 26 T = 60
Patients (N = 9) 55.6% male 52.6 (49.4–55.7) 4.6 (3.7–5.4)
Controls (N = 30) 53.3% male 56.0 (52.3–59.8) 5.2 (4.8–5.6)

Values of patients who had a significantly lower Kmax compared to the healthy control group are depicted in bold.
aEducation level was assessed using seven categories of a Dutch classification system, according to Verhage (1964), 1 being the lowest (less than primary
school) and 7 being the highest (academic degree).

bMini Mental State Examination, developed to screen for dementia in a psychiatric setting as a cognitive screening tool (Folstein, Folstein, & McHugh, 1975).
Raw scores.

cIQ scores were estimated with the Dutch version of the National Adult Reading Test (Schmand, Bakker, Saan, & Louman, 1991).
dRey Verbal Learning Test, for measurement of verbal memory encoding, T-value on the first five learning trials (Van Der Elst, Van Boxtel, Van Breukelen, &
Jolles, 2005).

eTrail Making Test -A, for measurement of visual attention, T-value (Tombaugh, 2004).

Figure 1. Example of a no-change display in the visual working memory task.
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blocks participants were asked if they wanted to improve
their task performance in a fifth and sixth block. We
chose to make the fifth and sixth block optional to allow
participants to end the experiment in case of fatigue or a
lack of motivation.

2.3. Analysis

Per set size (2, 3, 4, and 6 items), we computed the
accuracy in percentages and Kmax. We performed a
4 × 2 repeated measures ANOVA with “set size” (2, 3,
4, and 6 items) as within-factor and “group” (patients
and control participants) as between-factor with accu-
racy and Kmax as dependent variables. Kmax = (hit rate +
correct rejection rate − 1) × N (N = memory set size)
(Magen, Emmanouil, McMains, Kastner, & Treisman,
2009). Kmax was calculated per participant, and com-
pared with an independent t-test between patients and
control participants. We computed Cohen’s d and
Partial Eta squared (η2) as measures of effect size. A
Cohen’s d of .2 was considered small, .5 moderate, and
.8 large. Eta squared of .01 was considered small, .06
medium, and >.14 large (Cohen, 1988).

To determine whether individual patients showed a
deficit or not, individual Kmax scores were compared
with the average Kmax score of the control group by
using Bayesian Crawford statistics (Crawford &
Garthwaite, 2007). We reported the point estimate of
the percentage of the control population that would
exhibit a lower score than the patient. We also pro-
vided an interval estimate of this quantity (i.e. the

credible limit), which indicates with 95% confidence
that the percentage of people who have a lower score
than the patient is between the lower and upper limits.
A point estimate of 5% or less (i.e. 5% or less of the
control population would obtain a score lower or
higher than the patient) was used as an indication for
a deficit.

3. Results

Patients (96.3% correct, 95%CI: 87.8%-104.8%) and
controls (84.5% correct, 95%CI: 76.0%-93.0%) were
both able to perform the three practice trials of 1 item
correctly, and showed comparable scores [t(37) = 0.15,
p = .143, d = .66].

In line with the original findings of Luck and Vogel
(1997), a significant main effect for set size was found [F
(3, 111) = 14.5, p < .001, η2 = .28], indicating that
accuracy was lower for larger set sizes compare to smal-
ler set sizes. Results are displayed in Figure 2.
Importantly, a group effect [F(1, 37) = 5.49, p = .025,
η2 = .13] was found, explained by the finding that
patients had lower accuracy rates than controls.
Moreover, the group × set size interaction was not
significant [F(3, 111) = 1.38, p = .252, η2 = .04], which
shows that the set size effect in KS patients was not
different from that in the control group.

Kmax was 1.13 items (SD = 1.15) in patients and 1.75
items (SD = 0.70) in controls. Regarding the Kmax per set
size, we did not see a main effect for set size [F(3,
111) = 0.93, p = .431, η2 = .02] (see Figure 3). We saw a

Figure 2.Mean accuracy (%) on set size 2, 3, 4, and 6 of the visual working memory task for Korsakoff’s syndrome (KS) patients (N = 9)
and the age- and education- matched control group (N = 30). Individual tests scores are displayed as lines. Error bars indicate 1
standard error of the mean.
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lower Kmax for the patient group [F(1, 37) = 3.99, p = .027,
η2 = .10, onesided]. There was no interaction effect
between group x set size [F(3, 111) = 0.04, p = .842,
η2 = .02]. Together, these results indicate that, although
the set size effect is not different in KS patients compared
to healthy controls, their visual workingmemory capacity
is compromised.

The individual accuracy per set size and average Kmax

scores are depicted in Table 2. Four patients had a
significantly lower Kmax compared to our healthy con-
trol sample, for one patient this was nearly significant.

3.1. Correlational analysis

To investigate possible relations between visual working
memory and clinical characteristics we computed

correlations between the average Kmax score and the
neuropsychological and demographic data. Correlation
coefficients should be interpreted with caution, since the
number of participants was rather small. In controls, the
level of education had a positive trend relation with Kmax

(Rs = .316, p = .089). In patients, this correlation was not
significant (Rs = .098, p = .803). In patients, there was no
significant correlation between the average Kmax and IQ
(R = .187, p = .688). There was no significant correlation
between task performance and general cognitive func-
tioning as indexed by the MMSE (R = .129, p = .742), or
visual attention as indexed by the TMT-A (R = .375,
p = .320), or verbal long term memory (R = .384,
p = .308). The correlations suggest that only in control
subjects the level of education was related to the ability to
perform correctly on the visual working memory task.

Figure 3.Mean Kmax on set size 2, 3, 4, and 6 of the visual working memory task for Korsakoff’s syndrome (KS) patients (N = 9) and the
age- and education- matched control group (N= 30). Individual tests scores are displayed as lines. Error bars indicate 1 standard error
of the mean.

Table 2. Demographic characteristics and performances on the spatial working memory task, individual scores and means (95%
confidence intervals) per group.

Accuracy (%)/KMax per set size

ID 2 3 4 6 Average KMax Point estimate Credible limit

1 100%/2.00 96%/2.70 82%/2.67 85%/4.29 2.91 94.29% 86.29% to 98.62%
2 41%/−0.36 65%/0.92 52%/0.04 50%/0.27 0.22 2.00%* 0.22% to 6.49%
3 91%/2.00 81%/1.67 62%/1.33 57%/1.38 1.60 41.71% 28.24% to 55.97%
4 56%/0 64%/0.74 55%/0.53 33%/−2.00 −0.18 0.55%* 0.02% to 2.47%
5 100%/2.00 81%/1.73 74%/1.88 50%/−0.20 1.36 29.41% 17.40% to 43.34%
6 100%/2.00 89%/2.63 91%/3.67 76%/3.27 2.89 94.01% 85.83% to 98.50%
7 57%/0 52%/0.17 60%/0.80 65%/1.80 0.69 7.37% 2.10% to 16.34%
8 41%/−0.36 68%/1.25 50%/0 57%/1.15 0.51 4.61%* 0.95% to 11.77%
9 58%/0.23 55%/0.03 52%/0.22 50%/0.13 0.15 1.61%* 0.15% to 5.54%
Patients (N = 9) 72%/0.83 72%/1.31 64%/1.24 58%/1.12 1.13 (0.24–2.01)
Controls (N = 30) 87%/1.62 77%/1.60 75%/1.88 68%/1.90 1.75 (1.49–2.01)

*The KMax significantly differs from the average KMax of the healthy control group, using Bayesian Crawford statistics. Their values on other measures are
depicted in bold.
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None of the available patient characteristics could explain
the lower task performance.

4. Discussion

The aim of this study was to investigate whether visual
workingmemory in KS is reduced. The results of this study
demonstrate that, as a group, KS patients have compro-
mised visual working memory capacity. A reduced capa-
city of the items that can be stored in visual working
memory (Kmax) was present for all set sizes other than
the practice trial compared to performance of control
subjects, while there was no additional reduction for higher
set sizes. In post-hoc case study analysis, four out of nine
patients scored significantly lower than healthy controls,
while five patients did not have significantly lower scores,
reflecting relative preservation of visual working memory
in some KS patients.

The average visual working memory capacity in KS
patients (1.13 items on average) was about half an item
lower compared to the age- and education-matched
controls (1.75 items on average) in this study. This
finding cannot be explained by an inability to under-
stand the task, as performance in the one item practice
condition was nearly optimal in both controls and
patients. The finding of reduced Kmax has also been
reported in Parkinson’s disease and schizophrenia
(Gold, Wilk, McMahon, Buchanan, & Luck, 2003; Lee
et al., 2010). The implications of this reduced capacity in
KS are likely to be extensive, as research in schizophre-
nia indicated that a reduced Kmax could account for at
least 40% of the other cognitive disorders present in
schizophrenia (Gold et al., 2003). These findings high-
light the importance of indexing visual working mem-
ory functioning in all neurological and neuropsychiatric
patients.

Previous studies already highlighted that the central
executive component of visual working memory is likely
to be deficient in KS patients (Pitel et al., 2008; Van
Geldorp, Bergmann, Robertson, Wester, & Kessels,
2012). The present study shows that not only the central
executive component is compromised, but that the
visual working memory capacity is also impaired in
some KS patients. Since visual working memory func-
tioning is strongly related to independent functioning,
visual working memory limitations could reflect the
functional dependence of the KS population. Our results
are also in line with the recent finding that visual per-
ception is not optimal in KS patients (Kasse et al., 2019).
Importantly, recent findings suggest that visual working
memory functioning can be trained in healthy indivi-
duals (Adam & Vogel, 2018), and a recent report in KS
patients suggested that optimization of working

memory performance could be managed through
chunking of new information (El Haj, Kessels, Urso, &
Nandrino, 2018). It would therefore be of particular
interest to study the training effects of chunking visual
working memory information for rehabilitation in KS.

Using post-hoc Bayesian Crawford analysis, we
found that four out of nine patients were compromised
regarding their visual working memory performance,
showing that some of the patients had visual working
memory impairments while others had better preserved
visual working memory functioning. Of importance,
there was no clear relation between this lower perfor-
mance and neuropsychological test scores for general
cognitive functioning, attention, verbal memory encod-
ing or intelligence when eye balling at individual scores
(see Table 1). Exploratory correlational analysis also did
not show relations between visual working memory and
any of the aforementioned cognitive domains. It should
be noted, however, that no strong conclusions can be
drawn based upon this due to the small sample size. In
contrast, all patients had the core etiology of KS, namely
a history of thiamine deficiency, a Wernicke’s
Encephalopathy, and the residual cognitive damage fol-
lowing this disease course. Based on our findings it is
therefore of relevance to test for residual visual working
memory deficits in neuropsychological examinations
for KS. Of importance, all patients were able to score a
near to maximum score on the practice trials, indicating
their ability to understand the visual working memory
task correctly.

The average capacities of visual working memory
were reduced in both KS patients and controls com-
pared to the original findings of Luck and Vogel (1997).
The original report showed that well-educated, healthy
students had a Kmax of 4 items, while in our results Kmax

was more than 2 items lower. Earlier studies already
indicated the detrimental effects of age on visual work-
ing memory capacity (Ko et al., 2015). Moreover, intel-
ligence and level of education have been shown to
underlie functionally good visual working memory
functioning (Vogel, McCollough, & Machizawa, 2005).

A limitation in the current study concerns the rela-
tively low sample size. Although many studies published
in KS research have a small sample size, the small
number of participants enrolled in the present study
could have biased the correlation section of the paper.
As all patients had severe cognitive disorders, as a result
of KS, this could have possibly negatively influenced
visual working memory performance. Previous publica-
tions showed that many patients diagnosed with KS
score within the dementia range on the MMSE (Arts,
Walvoort, & Kessels, 2017; Oudman et al., 2014). In the
current study, however, not all patients with MMSE
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scores within the normal range showed intact visual
working memory performance, suggesting that
impaired visual working memory performance in KS
can, at least, not always be explained by dementia.

In conclusion, the present study found evidence that
visual working memory capacity is compromised in
some KS patients compared to healthy controls. Since
visual working memory capacity has been thought to
underlie a multitude of cognitive processes, it would be
relevant to rehabilitate this particular function in KS to
increase their independence by training chunking of
visual working memory information.
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