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Korsakoff’s syndrome (KS) is characterized by explicit amnesia, but relatively spared

implicit memory. The aim of this study was to assess to what extent KS patients can

acquire spatial information while performing a spatial navigation task. Furthermore, we

examined whether residual spatial acquisition in KS was based on automatic or effortful

coding processes. Therefore, 20 KS patients and 20matched healthy controls performed

six tasks on spatial navigation after they navigated through a residential area. Ten

participants per group were instructed to pay close attention (intentional condition),

while 10 receivedmock instructions (incidental condition). KS patients showedhampered

performance on amajority of tasks, yet their performancewas superior to chance level on

a route time and distance estimation tasks, a map drawing task and a route walking task.

Performance was relatively spared on the route distance estimation task, but there were

large variations between participants. Acquisition in KS was automatic rather than

effortful, since no significant differences were obtained between the intentional and

incidental condition on any task, whereas for the healthy controls, the intention to learn

was beneficial for the map drawing task and the route walking task. The results of this

study suggest that KS patients are still able to acquire spatial information during navigation

on multiple domains despite the presence of the explicit amnesia. Residual acquisition is

most likely based on automatic coding processes.

Korsakoff’s syndrome (KS) is a chronic neuropsychiatric disorder caused by thiamine

deficiency typically following prolonged excessive alcohol abuse and self-neglect. KS is

characterized by severe anterograde amnesia affecting all domains of explicit memory

(Kopelman, 1995). There is, however, evidence that KS patients have even more

pronounced problems in remembering contextual information, such as spatial memory
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for coordinate (exact locations of objects in space) as well as categorical (relative) object

to location binding (Kessels, Postma,Wester, &deHaan, 2000). Also, forming associations

between temporal order information and spatial information is severely hampered

(Postma, Van Asselen, Keuper, Wester, & Kessels, 2006). Although the syndrome is
characterized by severe impairments in learning and remembering contextual informa-

tion explicitly, implicit learning of contextual information seems relatively preserved in

KS (Hayes, Fortier, Levine,Milberg,&McGlinchey, 2012). It has, for example, been shown

that patients with KS show intact ability to acquire contextual information after repeated

presentation, resulting in faster localization of a target in the environment (Oudman,

Van der Stichel,Wester, Kessels, & Postma, 2011). Moreover, Postma, Antonides,Wester,

and Kessels (2008) illustrated that KS patients demonstrated unconscious influence of

spatial configurations on a subsequent task in an object-location memory paradigm. Both
studies indicate that despite the severity of cognitive deterioration in KS, patients are still

able to retrieve some contextual information implicitly.

A daily activitywhich requires processing of temporal and spatial information is spatial

navigation. Although several studies have been performed on learning of computerized

spatial tasks in KS patients, surprisingly little research has been performed on actual

spatial navigation (see Kessels & Kopelman, 2012 for a review). Spatial navigation

concerns remembering where things are, and applying this information to get from one

location to another, for example, while walking or driving from one place to another
(Postma, van Oers, Back, & Plukaard, 2012). Automatic processing of spatial information

would be advantageous in such complex daily activities. Hasher and Zacks (1979) made

the distinction between automatic and effortful processing of spatial information. The

authors argued that because of its ecological significance, spatial memory operatesmainly

or even fully automatically, that is, without direct attention and intent. Several studies

have supported that at least some information is automatically encoded during spatial

navigation. For example, when not paying any attention to a new environment, we will

most likely still be able to remember, or at least recognize some familiar landmarks and
remember the temporal position of the landmarks along the route (Cornell, Heth, &

Alberts, 1994). Moreover, a global sense of direction does not necessary require effort

(Postma et al., 2008). Others, however, have found better performance on spatial

navigation when locations were encoded intentionally (Light & Zelinski, 1983). Recent

studies on spatial navigation emphasized different aspects of route learning in the light of

automaticity. Van Asselen, Fritschy, and Postma (2006) showed that without the

instruction to remember a route, participants performed equally compared to those who

were instructed to remember the route on tasks involving landmark information and route
knowledge, such as landmark recognition and landmark ordering. Survey knowledge,

such as drawing a map-like presentation and walking the route in reverse was hampered.

The results of this study suggest that some aspects of spatial navigation are automatically

coded, but some others are not.

Not only has the topic of route learning and navigation rarely been investigated in KS,

the issue of automatic acquisition is still largely unexplored. This is remarkable because

automatic navigation is relevant in everyday life for both healthy persons as patients with

KS. The finding that some aspects of spatial navigation are processed automatically is of
interest since this could suggest that despite the presence of amnesia in KS residual

acquisition of information relevant to spatial navigation might still be available. To our

knowledge, however, this has never been the topic of investigation. To date, there has

been only one study on repeated routewalking in KS (Kessels, van Loon, &Wester, 2007).

The primary goal of this study was to evaluate the effectiveness of the errorless learning
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teaching technique in KS, showing no beneficial effect compared to trial-and-error

learning with respect to taking the correct turns on the route. The study did not involve a

healthy control group. Moreover, a recent study suggested that errorless learning could in

fact be beneficial for skill learning in KS, dependent on the task at hand (Oudman et al.,
2013).

In light of the foregoing, the main objective of this study was to examine whether KS

patients still have some potential for acquisition of specific spatial information during

spatial navigation. This study, therefore, adopted six tasks targeting typical aspects of

spatial navigation that have previously been applied in studies in healthy subjects (Van

Asselen et al., 2006) and stroke patients (van der Ham et al., 2010). The tasks intended to

assess time and distance estimation, landmark recognition and ordering, map drawing,

and actual route memory in KS patients and healthy controls after they have navigated
through a residential area. In order to further examine whether KS patients had some

potential to acquire spatial information during spatial navigation chance, performance

was calculated for all six tests by asking a group of healthy controls to perform the tasks

without having experienced the original route. Additionally, we also wanted to elucidate

whether any residual acquisition in KS was explained by either automatic or effortful

processes. As KS is characterized by severe impairments in effortful contextual memory

(Kessels et al., 2000), it could be expected that acquisition of spatial information in KS is

based on automatic processes. Therefore, the participants were included in an incidental
(automatic processes) or intentional condition (automatic and effortful processes).When

effortful processes are required for acquisition during spatial navigation, performance

would improve under intentional learning conditions. In contrast, if automatic processes

would suffice, no difference between the two conditions would be found. On the basis of

the severity of the amnesia in KS, we expected residual acquisition in KS to be based on

automatic, rather than effortful processes.

Methods

Participants

Twenty-three patients with severe anterograde amnesia, diagnosed with KS participated

in this study. The patients were inpatients of a Korsakoff Center in The Netherlands. All

patients fulfilled the DSM-IV criteria for alcohol-induced persisting amnestic disorder

(American Psychiatric Association, 2000) and the criteria for KS described by Kopelman

(2002). The amnestic syndrome was confirmed by neuropsychological testing. All
patients were in the chronic, amnestic stage of the syndrome, and none were in the

confusional Wernicke psychosis at time of testing. Premorbid IQ was estimated with

the Dutch Adult Reading Test (Schmand, Lindeboom, & van Harskamp, 1992), which is

the Dutch version of the National Adult Reading Test (Christensen, Hazdi-Pavlovic, &

Jacomb, 1991). All included patients had an estimated IQ score above 80, to exclude

patients with low intellectual or cognitive functioning interfering with the testing

procedure, possibly caused by alcohol dementia (Oslin, Atkinson, Smith, & Hendrie,

1998). All patients had an extensive history of alcoholism and nutritional depletion,
notably thiamine deficiency, verified through medical charts. Selected patients did not

show neurological disorders (head injury, epilepsy, etc.) or acute psychiatric conditions

(psychosis, major depression, etc.) interfering with the testing procedure. All patients

were administered a Dutch version of the Rey Verbal Learning Test (Van Der Elst,

Van Boxtel, Van Breukelen, & Jolles, 2005), a task measuring verbal immediate and long-
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term memory and scored within the first to the fifth percentile on the total number of

words recalled in Trials 1–5. Table 2 shows a summary of demographic variables and

neuropsychological test results for all patients. Additionally, twenty age- and premorbid

IQ matched controls were included and performed the exact same tasks as the patients
with KS. Last, fifteen healthy participants were included in a control experiment (see

below). The study was conducted in accordance to the standards of the declaration of

Helsinki. All participants gave informed consent prior to their inclusion in the study.

General procedure

The 23 patients and 20 control participantswere randomly assigned to the intentional and

incidental group. Participants in the intentional group were told that the aim of the
experimentwas to study route-learning behaviour during a freshwalk outside. Theywere

asked to pay attention to the route they were going to walk, as they would be tested on

their knowledge of this route. Participants in the incidental group were told that they

needed to accompany the experimenter during a walk outside, to test the effects of fresh

air on attention. Both groups walked the same route outside the Korsakoff Center in a

neighbouring residential area. At the end of the experiment, participants were asked to

indicate whether they had been in the specific residential area before. None of the

participants indicated that they had been in this specific residential area before. The route
was 400 m. In both groups, conversationwas limited to responding shortly but politely to

any questions thatwere asked or comments thatweremade by the participants. To secure

that the walking speed was comparable for all participants, the experimenter explicitly

tried to maintain a standard walking gait. This standard walking gait was practiced by the

experimenter before the experiment. As we did not want to give any cue to the

participants in the incidental condition about the true aim of the study, we chose not to

measure time or walking speed. When participants arrived in the test room, they were

engaged in distraction tasks for about 25 min. These tasks involved the Location Learning
Test (Bucks&Willison, 1997;Kessels,Nys, Brands, van denBerg,&VanZandvoort, 2006),

the Corsi Block-Tapping Test (Kessels, Van Den Berg, Ruis, & Brands, 2008), and the

Dutch Adult Reading Test (Schmand et al., 1992). The tests were intended to avoid active

rehearsal of the spatial information by the participants (see Table 1 for test results). Next,

participants in the incidental group were informed about the true aim of the study.

Subsequently, all participants performed six tasks that tested selective aspects of their

spatial knowledge. After the final task was performed (Route Walking Task), participants

were asked whether they were familiar with the route. None of the patients or control
participants mentioned familiarity with the residential area. In the control experiment,

healthy participants in the chance condition were instructed to perform the aforemen-

tioned six tasks that tested selective aspects of their spatial knowledge by guessing that is,

without having seen the original route.

Tasks

Six tasks were included in the current experiment:
(1) Landmark Recognition Task: Sixteen photographs were presented, all of them

including a landmark that characterizes either a path (e.g., a red garbage can) or a

decision point (e.g., a bicycle rack). Nine photographs were taken along the route

(targets) and seven photos were taken in the same area, but not along the route

(distractors). Participants had to indicate whether they recognized the landmarks
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from the route or not and they had to guess if they did not know the answer. The

target landmarks are represented in Figure 1. The proportion of correct responses

was calculated (Range: 0–100%).
(2) Landmark Ordering Task: Participants were shown six photographs of landmarks

taken along the route and were asked to place the photos in the right order, from

first-seen landmark to last-seen landmark. If the participants did not know the right

order, they had to guess. Participants received two points for a picture on its correct

location, one for a picture in a position adjacent to its correct position and zero

points for all others (Range: 0–12 points).

(3) Map Drawing Task: Participants were shown a map of the area in which they had

walked a route and were given the instruction to draw the route on the map (see

Figure 1). The starting point was given by the researcher. One point was given for
each correct decision point that was included and another one when the right

direction was chosen at a decision point. Moreover, one point was subtracted for

each passed decision point that was not along the route. (Range: 0–29 points).

(4) Time Estimation Task: Participants were asked to estimate the time it took to walk

the route (~circa 6 min). The correct answer was subtracted from the estimated

answer to calculate the size of the error. There were no minimum or maximum

scores on this task.

(5) Route Length Estimation Task: Participants were asked to estimate the distance of
the route (400 m). The correct answerwas subtracted from the estimated answer in

order to calculate the size of the error. Therewere nominimum ormaximum scores

on this task.

Figure 1. A map of the residential area showing the route that participants walked during the learning

phase, and the positions of landmarks along the route.
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(6) Route Walking Task: Participants had to navigate the route from beginning to the

end. The researcher walked along with the participants and corrected them if they

made a wrong turn. The number of correct turns was counted (Range: 0–15 correct
turns).

Analysis

In line with a previous report on route acquisition (Van Asselen et al., 2006) a MANOVA

was used with a within-subject variable Task (landmark recognition, landmark ordering,

route time estimation, route distance estimation, map drawing task, route walking task)

and the between-subject variables Group (patient and controls) and Condition (inten-

tional and incidental). Both results of the MANOVA and subsequent ANOVAs are
presented. In the control experiment, the performance of KS patients per subtest was

compared to performance of the healthy control chance group by means ANOVAs

(chance group and KS patients). A p-value of less than .05 was considered statistically

significant.

Results

Demographic variables and neuropsychological results

Three patients were excluded from analysis, because they were unable to complete the

experimentwithout physical assistance of a transport wheelchair pushed by amember of

the nursing staff. The remaining 20 patients and 20 healthy controls were included in the

analysis. In the control experiment, 15 additional healthy participants were enrolled.

They were mainly adult visitors of an open day of the institute and were about evenly

divided betweenmen andwoman. Table 1 gives a summary of demographic variables and
neuropsychological test results for thepatient groups and thehealthy control groups, split

on condition (intentional vs. incidental). Table 2 shows a summary of demographic

variables and neuropsychological test results for all patients.

Results for the route learning tasks

Multivariate GLM showed a significant overall group effect, F(6, 31) = 5.0, p < .01,

gp
2 = .490, suggesting that healthy controls performed better than KS patients. Scores

per task are displayed in Table 3.

Between-subject effects for the different tasks separately showed that the healthy

controls performed better than the KS patients on the landmark recognition task, F(1,

36) = 4.9, p = .033, gp
2 = .120, the route time estimation task, F(1, 36) = 8.6, p = .006,

gp
2 = .193, the map drawing task, F(1, 36) = 5.9, p = .021, gp

2 = .140, and the route

waking task, F(1, 36) = 22.9, p < .001, gp
2 = .389, suggesting that performance of KS

patients was hampered on a majority of route learning tasks. Both groups performed

comparably on the route distance estimation task, F(1, 36) = 3.1, p = .089, gp
2 = .078,

suggesting that specific aspects of route learning are relatively preserved in KS.

Performance on the landmark ordering task was comparable in both groups,

F(1, 36) = 0.1, p = .787, gp
2 = .002, but performance was very low in both groups.

Performancewas equal for both learning conditions on all subtasks (ps > .14;gp
2 < .06).

Moreover, the intention to learn did not modulate the performance on the landmark

recognition task, F(1, 36) = 0.95, p = .336, gp
2 = .026, the landmark ordering task,
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F(1, 36) = 0.30, p = .589, gp
2 = .008, the route time estimation task, F(1, 36) = 1.1,

p = .299, gp
2 = .030, or distance estimation task, F(1, 36) = 0.74, p = .396, gp

2 = .020.
Importantly, however, therewas a significant Group 9 Condition interaction on themap

drawing task, F(1, 36) = 5.5, p = .025, gp
2 = .133, and the route walking task, F(1,

36) = 6.1, p = .018, gp
2 = .145, showing that the intention to learn modulated the

performance on both tasks discrepantly in the patient and control group. Post-hoc

ANOVAs did not reveal an effect of gender (ps > .37; gp
2 < .03). Moreover, post-hoc

ANOVAs were performed for the map drawing task and the route walking task for both

groups separately, to scrutinize the significant Group 9 Condition interactions. In the

control group, the intention to learn was beneficial for both the map drawing task, F(1,
19) = 17.6, p = .001, gp

2 = .495, and the route walking task, F(1, 19) = 29.2, p = .041,

gp
2 = .212. For the patient group, the intention to learn was not beneficial for the map

drawing task,F(1,19)=.23,p = .637,gp
2 = .013, or the routewalking task, F(1, 19) = 1.6,

p = .221, gp
2 = .082.

Table 2. Demographic variables and neuropsychological test results of the Korsakoff’s patients

(n = 20)

Patient Gender Age IQa
Verbal

learningb
Spatial span

forwardc
Spatial span

backwardc

Learning error

(displacement

score)d

1 M 56 114 <5 6 6 45

2 M 57 118 <5 5 3 28

3 M 50 91 <5 6 6 82

4 M 67 103 <5 6 6 57

5 M 45 105 <5 5 6 136

6 F 50 98 <5 5 5 102

7 F 60 111 <5 5 5 41

8 F 64 104 <5 4 5 58

9 M 65 127 <5 6 6 26

10 M 64 89 <5 5 4 74

11 M 57 84 <5 5 4 85

12 M 64 99 <5 5 5 47

13 M 60 103 <5 5 6 57

14 M 68 93 <5 4 4 84

15 M 58 94 <5 6 5 36

16 M 49 84 <5 4 6 21

17 F 55 108 <5 5 6 23

18 M 56 81 <5 5 5 90

19 F 71 93 <5 5 4 101

20 M 74 81 <5 4 3 99

M = 59.5

SD = 7.7

M = 99.0

SD = 12.7

M = 5.1

SD = 0.7

M = 5

SD = 1

M = 64.6

SD = 32.1

Note. M, Male; F, Female; IQ, Intelligence Quotient;M, Mean; SD, Standard deviation. aIQ was estimated

with the Dutch Adult Reading Test (Schmand et al., 1992). bPercentile scores for the total performance

on the first five learning trials, measured with the Dutch version of the Rey Verbal Learning Test, for

measurement of long-term memory (Van Der Elst et al., 2005). cCorsi Block-Tapping Test, reflecting

visuospatial memory (Kessels et al., 2008). dLearning error (displacement score) was calculated for the

Location Learning Test (Bucks & Willison, 1997; Kessels et al., 2006). Learning error in the reference

group was M = 8.1, SD = 6.6.
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Results for the control experiment

Korsakoff’s syndrome patients performed significantly better than the chance group on

the route time estimation, F(1, 33) = 11.1, p = .002, gp
2 = .251, route distance

estimation, F(1, 33) = 6.6, p = .015, gp
2 = .168, map drawing task, F(1, 33) = 9.2,

p = .005, gp
2 = .219, and the route walking task, F(1, 33) = 19.8, p < .001, gp

2 = .375,

but not the landmark recognition, F(1, 33) = 3.8, p = .061, gp
2 = .102, and ordering

task, F(1, 33) = 2.0, p = .163, gp
2 = .058. The results indicate that although KS patients

are impaired on a majority of route learning tasks, performance is still better than chance

level on four of the six tasks on route learning. Implications of this finding are elaborated

below in the discussion. Healthy controls performed significantly better than the chance

groupon the routewalking task,F(1, 33) = 62.2, p < .001,gp
2 = .653,map drawing task,

F(1, 33) = 46.3, p < .001, gp
2 = .584, route time estimation, F(1, 33) = 34.4, p < .001,

gp
2 = .510, landmark recognition, F(1, 33) = 27.0, p < .001, gp

2 = .450, and the route

distance estimation, F(1, 33) = 14.1, p = .001,gp
2 = .299, but not the ordering task, F(1,

33) = 1.1, p = .300, gp
2 = .032. The results indicate that specifically the ordering task

was too complicated for all participants.

Table 3. Mean scores (SD) of the intentional and incidental group on the six spatial navigation tasks for

the Korsakoff’s syndrome patients (n = 20), control subjects (n = 20) and chance condition (n = 15).

Chance performance was calculated by asking a group of healthy controls to perform the tasks without

having experienced the original route

Korsakoff’s patients Healthy controls

Chance

condition

Intentional

condition

Incidental

condition

Intentional

condition

Incidental

condition

Landmark

recognition task

(percentage

correct M, SD)

53.1% (11.9%) 53.1% (14.5%) 64.4% (8.4%) 57.5% (8.7%) 45.8% (0.1%)

Landmark ordering

task (M, SD)

4.2 (2.7) 4.3 (1.3) 4.4 (2.3) 3.7 (2.8) 3.1 (2.6)

Route time

estimation task

(absolute

difference in

minutes; M, SD)

5 (3.8) 7.3 (6.4) 2.6 (2.2) 2.2 (2.2) 13.9 (8.4)

Route distance

estimation task

(absolute

difference in

metres; M, SD)

547.5 (577.2) 465 (508.8) 210 (166.3) 350 (253.6) 1246 (1133.3)

Map Drawing Task

(M, SD)

12.6 (9.4) 14.8 (11.1) 24.9 (5.7) 15.0 (4.8) 5.1 (5.1)

Route Walking Task

(M, SD)

11.7 (.8) 12.3 (1.3) 14.2 (.6) 13.1 (1.4) 10.1 (1.4)

Note. M, mean; SD, standard deviation.
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Discussion

The aim of this study was to assess to what extent KS patients can acquire spatial
information during spatial navigation despite the presence of amnesia. Furthermore, we

examined whether any residual acquisition in KS was based on automatic or effortful

coding processes. Compared to the results of a matched control group KS patients

showed hampered performance on the landmark recognition task, the route time

estimation task, the map drawing task and the route walking task after walking a route

through a residential area. Importantly, performance was relatively spared on the route

distance estimation task.Moreover, inKS performancewas superior on the route time and

distance estimation tasks, themap drawing task and the route walking task compared to a
chance group consisting of healthy individuals who performed the spatial tasks without

actually ever having walked the route. The results of this study clearly show that KS

patients still acquire spatial information during navigation, although they are hampered

on a majority of route learning tasks compared to healthy controls. With respect to the

underpinning of residual acquisition in KS, the present results suggest that acquisition in

KS is automatic rather than effortful, since no significant differences were obtained

between the incidental (automatic) and intentional (effortful and automatic) condition for

any of the route-learning components, whereas for the healthy controls the intention to
learn was beneficial for the map drawing task and the route walking task.

This is the first case-controlled study to investigate whether residual acquisition of

information relevant to spatial navigation is present in KS. Earlier studies have already

indicated that despite the presence of amnesia, KS patients are still able to benefit from

repeated presentation of spatial configurations in faster detection of stimuli (Oudman

et al., 2011; Postma et al., 2008). Conversely, an important difference between previous

studies on repetitions of spatial information and the current study is that our study

focused on the acquisition of spatial information in a real-life navigation experiment,
instead of a computer paradigm on retrieval of contextual information. The results of the

current study therefore extend findings of preserved contextual acquisition in KS to real-

life navigation, but also indicate that acquisition occurred in KS after just one exposure

of the route. Both findings are relevant to the study of contextual learning in KS, since

there is profound damage to memorizing contextual information (Kessels et al., 2000).

One of the remarkable findings of the current study is that distance estimation was

relatively spared in the KS group, whereas time estimation was clearly hampered

compared to a control group. A possible explanation for this finding is that distance
estimations aremore dependent on kinaesthetic andmotor learning than time estimation.

Support for the view that distance estimations are moderated by kinaesthetic is given by

studies that suggest that distance estimations in virtual environments are systematically

underestimated when there is no body movement or perceived control of body

movement (Von St€ulpnagel & Steffens, 2013; Waller & Richardson, 2008). Patients with

Parkinson’s disease do underestimate distances in their environment, possibly due to a

lack of kinaesthetic feedback following damage to the striatumof the brain (Demirci, Grill,

McShane, &Hallett, 1997). Recent studies suggest that implicitmotor learning is relatively
preserved in KS when the task at hand does not require multiple motor operations (Van

Tilborg, Kessels, Kruijt, Wester, & Hulstijn, 2011), thus allowing the possibility of spared

distance estimations based on motor learning. Nevertheless, the finding of preserved

distance estimations should be interpreted with caution because of large variations in

both the patient and control group.
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Interestingly in this study, itwas found thatKSpatients performedbetter than a chance

group on route time and distance estimation tasks, a map drawing task and during actual

routewalking.With respect to actual routewalking, the results of this study are consistent

with a previous study on repeated routewalking in KS (Kessels et al., 2007). In this study,
ten patients with KSwalked two routes five times following two teaching techniques. In a

test phase KS patients scored better than chance level (about 3 out of 18 possible errors).

Importantly, the current results show that even after passing the route once, KS patients

performed better than chance level walking the route, although their results were

deteriorated compared to a matched control group. This suggests that despite the

presence of amnesia, route learning is still possible to some extent in, KS patients.

Regarding a better than chance level performance on time estimations, the finding of

some residual ability to estimate time is consistent with earlier research on estimating
time intervals in KS and patients with frontal lesions (Mimura, Kinsbourne, & O’Connor,

2000). In their study, frontal lesion patients were less accurate than KS patients in

estimating time intervals, who in turn were outmatched by control participants. The

authors suggested that both episodic and working memory play a role in time

estimations. An important difference between the current results and the results of

Mimura et al. (2000) is that KS patients in our study all overestimated the time, while the

patients in the earlier study tended to underestimate the time intervals. A possible

explanation for this finding is that patients in the current study had to estimate the time
they walked a route. In an earlier study patients had to estimate an interval between two

stimuli without performing any other action. Earlier research on implicit motor learning

suggested that motor sequence learning is relatively preserved when the task at hand

does not require multiple motor operations (Van Tilborg et al., 2011). This could

possibly contribute to the discrepancy between time estimations in the current study

and an earlier study (Mimura et al., 2000).

In the current experiment, KS patients performedbetter than a chance groupon amap

drawing task, butwere clearly hampered compared to a healthy control group.Moreover,
healthy controls performed better on a map drawing task if they intended to remember

the route. This is the first study to investigate drawing a route on a map in KS. Earlier

evidence on patients with unilateral temporal lobectomy revealed that patients with right

hemispheric temporal lobectomy and to a lesser extent left hemispheric temporal

lobectomy show problems in drawing a map of a previously learnt route (Spiers et al.,

2001). Moreover, a study on the effects of intentionality on spatial navigation also showed

that specifically the map drawing task requires intentionality for good performance (Van

Asselen et al., 2006). The results of the current controls replicate this finding.On the basis
of the studies by Spiers et al. (2001) andVanAsselen et al. (2006) one could conclude that

intentionality, but also intact episodic memory is required for effective map drawing.

Nevertheless, the KS patients in the current experiment outperformed a chance group,

suggesting that besides an intentional and/or episodic memory system also an automatic

memory system contributes to effective map drawing. This finding contradicts the

opinion that learning in KS is restricted to mere priming-effects (Hayes et al., 2012).

The current results have practical implications for the diagnosis and rehabilitation of

route learning in KS. An earlier study already indicated that patients with KS are able to
increase task performance on a route walking task after repeated exposure to the route

(Kessels et al., 2007). Our results extend this finding by suggesting that patients with KS

are able to reasonably perform a routewalking task after single-shot exposure to the route,

while the recognition and ordering of landmarks is vastly compromised. In the diagnostic

phase of KS, this indicates that instead of focusing onperformance on neuropsychological
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tests for long-term memory to predict route learning, it is relevant to actually test the

ability to remember routes in patients with KS. Currently, numerous patients with KS are

placed in closed long-term care facilitieswithout the opportunity to leave the clinic, while

current evidence indicates that patientswith KSmight be able to learn new routes despite
their global amnesia.

It is likely that the basal ganglia contributed to acquisition of preserved route learning

in KS. Recent studies show that the basal ganglia are of critical importance for acquisition

of contextual information from our surroundings without conscious awareness, since

patients with Parkinson’s disease or Huntington’s disease show no evidence for implicit

contextual learning, while this form of learning is intact in KS (Oudman et al., 2011; Van

Asselen et al., 2009; van Asselen et al., 2012). Neurological damage in KS is found in the

diencephalic structures of the brain (Kopelman, 2002). It is, therefore, likely that damage
to these brain structures contributed significantly to the severely hampered performance

on explicit measures of route learning.

In the current experiment, task performance on the landmark recognition task was

low in KS patients and healthy controls. We assume that buildings in the environment did

not differ much in saliency, contributing to this poor performance on landmark

recognition.

There are some methodological considerations that have to be taken into account in

the interpretation of the present findings. In the experiment, we did not want to give any
cue to the participants in the incidental condition about the true aim of the study, so we

chose not to measure time or walking speed. The experimenter tried to keep a standard

walking gait for all participants, which was practiced before the experiment took place.

We assume that by keeping a standard walking gait there were minimal differences in

walking speed between groups that could not explain the large task performance

differences between groups.

For practical reasons we chose to perform the route learning task in the neighbour-

hood of the institute. None of the patients or control participants mentioned familiarity
with the residential area after explicitly being asked by the experimenter (admittedly

there is a high chance that patientswould have forgotten if they had).We can be confident

that familiarity with the environment was limited in the patients, since it is the institute’s

policy to not allow outside exploration without specific authorization to do so.

It could be argued that the number of patients in this study is relatively small, having

negative implications for the statistical power in the experiment. We would like to stress

that the number of participants in this study does not differ from earlier studies on spatial

navigation (e.g., VanAsselen et al., 2006). In a recent reviewon implicit learningKSonly a
small minority of studies included more than 10 KS patients (Hayes et al., 2012). We

suggest that our results require replication in larger samples of KS patients. Moreover, the

results of the current study limit to the specific group of KS patients as a recent study

suggests that acquisition during spatial navigation is compromised to a larger extent in

dementia (Kessels, van Doormaal, & Janzen, 2011).

In conclusion, the results of the present study indicate that KS patients could acquire

spatial information during spatial navigation, although task performance is generally

deteriorated compared to healthy controls. Distance estimations of the route are intact
and performance on time estimations of the route, map drawing task and route walking

task were better than chance levels. Acquisition of spatial material in KS was irrespective

of the intention to learn. The current study suggests that despite the presence of amnesia,

patients with KS have a residual memory potential to acquire spatial information during

spatial navigation.

Route learning in Korsakoff’s syndrome 101



Acknowledgements

Tanja C.W. Nijboer was supported by NWO Grant #451-10-013. Stefan Van der Stigchel was

supported by NWO Grant #452-13-008.

References

American Psychiatric Association (2000). Diagnostic and statistical manual of mental disorders

(4th ed.). textual revision. Washington DC: Author.

Bucks, R. S., & Willison, J. R. (1997). Development and validation of the Location Learning Test

(LLT): A test of visuo-spatial learning designed for usewith older adults and in dementia.Clinical

Neuropsychologist, 11, 273–286. doi:10.1080/13854049708400456
Christensen, H., Hazdi-Pavlovic, D., & Jacomb, P. (1991). The psychometric differentiation

of dementia from normal aging: A meta-analysis. Psychological Assessment, 3, 147–155.
doi:10.1037/1040-3590.3.2.147

Cornell, E. H., Heth, C.D.,&Alberts, D.M. (1994). Place recognition andwayfinding by children and

adults. Memory & Cognition, 22, 633–643. doi:10.3758/BF03209249
Demirci, M., Grill, S., McShane, L., & Hallett, M. (1997). A mismatch between kinesthetic and visual

perception in Parkinson’s disease. Annals of Neurology, 41, 781–788. doi:10.1002/ana.

410410614

Hasher, L., & Zacks, R. T. (1979). Automatic and effortful processes in memory. Journal of

Experimental Psychology: General, 108, 356–388. doi:10.1037/0096-3445.108.3.356
Hayes, S. M., Fortier, C. B., Levine, A., Milberg, W. P., & McGlinchey, R. (2012). Implicit memory in

Korsakoff’s syndrome: A review of procedural learning and priming studies. Neuropsychology

Review, 22, 132–153. doi:10.1007/s11065-012-9204-3
Kessels, R. P. C., & Kopelman, M. D. (2012). Context memory in Korsakoff’s syndrome.

Neuropsychology Review, 22, 117–131. doi:10.1007/s11065-012-9202-5
Kessels, R. P. C., Nys, G. M. S., Brands, A. M. A., van den Berg, E., & Van Zandvoort, M. J. E. (2006).

The modified Location Learning Test: Norms for the assessment of spatial memory function

in neuropsychological patients. Archives of Clinical Neuropsychology, 21, 841–846.
doi:10.1016/j.acn.2006.06.015

Kessels, R. P. C., Postma, A., Wester, A. J., & de Haan, E. H. F. (2000). Memory for object locations in

Korsakoff’s amnesia. Cortex, 36, 47–57. doi:10.1016/S0010-9452(08)70835-9
Kessels, R. P. C., VanDenBerg, E., Ruis, C., &Brands, A.M. A. (2008). The backward span of the corsi

block-tapping task and its association with the WAIS-III digit span. Assessment, 15, 426–434.
doi:10.1177/1073191108315611

Kessels, R. P. C., van Doormaal, A., & Janzen, G. (2011). Landmark recognition in Alzheimer’s

dementia: Spared implicit memory for objects relevant for navigation. Plos One, 6, e18611.

doi:10.1371/journal.pone.0018611

Kessels, R. P. C., van Loon, E., & Wester, A. J. (2007). Route learning in amnesia: A comparison of

trial-and-error and errorless learning in patients with the Korsakoff syndrome. Clinical

Rehabilitation, 21, 905–911. doi:10.1177/0269215507077309
Kopelman, M. D. (1995). The Korsakoff syndrome. British Journal of Psychiatry, 166, 154–173.

doi:10.1192/bjp.166.2.154

Kopelman, M. D. (2002). Disorders of memory. Brain, 125, 2152–2190. doi:10.1093/brain/awf229

Light, L. L., & Zelinski, E. M. (1983). Memory for spatial information in young and old adults.

Developmental Psychology, 19, 901–906. doi:10.1037/0012-1649.19.6.901
Mimura, M., Kinsbourne, M., & O’Connor, M. (2000). Time estimation by patients with frontal

lesions and byKorsakoff amnesics. Journal of the International Neuropsychological Society, 6,

517–528. doi:10.1017/S1355617700655017
Oslin, D., Atkinson, R. M., Smith, D. M., & Hendrie, H. (1998). Alcohol related dementia:

Proposed clinical criteria. International Journal of Geriatric Psychiatry, 13, 203–212.
doi:10.1002/(SICI)1099-1166(199804

102 Erik Oudman et al.



Oudman, E., Nijboer, T. C. W., Wijnia, J. W., Kerklaan, S., Lindsen, K., & Van der Stigchel, S. (2013).

Acquisition of an instrumental activity of daily living in patients with Korsakoff’s syndrome: A

comparison of trial and error and errorless learning. Neuropsychological Rehabilitation, 23,

888–913. doi:10.1080/09602011.2013.835738
Oudman, E., Van der Stichel, S., Wester, A. J., Kessels, R. P. C., & Postma, A. (2011). Intact memory

for implicit contextual information in Korsakoff’s amnesia. Neuropsychologia, 49, 2848–2855.
doi:10.1016/j.neuropsychologia.2011.06.010

Postma, A., Antonides, R., Wester, A. J., & Kessels, R. P. C. (2008). Spared unconscious influences of

spatial memory in diencephalic amnesia. Experimental Brain Research, 190, 125–133.
doi:10.1007/s00221-008-1456-z

Postma, A., VanAsselen,M., Keuper,O.,Wester, A. J., &Kessels, R. P. C. (2006). Spatial and temporal

order memory in Korsakoff patients. Journal of the International Neuropsychological Society,

12, 327–336. doi:10.1017/S1355617706060449
Postma, A., van Oers, M., Back, F., & Plukaard, S. (2012). Losing Your Car in the parking lot: Spatial

Memory in the Real World. Applied Cognitive Psychology, 26, 680–686. doi:10.1002/acp.2844
Schmand, B., Lindeboom, J., & van Harskamp, F. (1992). Manual for the Dutch reading test for

adults. Lisse, The Netherlands: Swets & Zeitlinger.

Spiers, H. J., Burgess, N., Maguire, E. A., Baxendale, S. A., Hartley, T., Thompson, P. J., & O’Keefe, J.

(2001). Unilateral temporal lobectomy patients show lateralized topographical and episodic

memory deficits in a virtual town. Brain, 124, 2476–2489. doi:10.1093/brain/124.12.2476
Van Asselen, M., Almeida, I., Andre, R., Janu�ario, C., Gonc�alves, A. F., & Castelo-Branco, M. (2009).

The role of the basal ganglia in implicit contextual learning: A study of Parkinson’s disease.

Neuropsychologia, 47, 1269–1273. doi:10.1016/j.neuropsychologia.2009.01.008
van Asselen, M., Almeida, I., J�ulio, F., Janu�ario, C., Campos, E. B., Sim~oes, M., & Castelo-Branco, M.

(2012). Implicit contextual learning in prodromal and early stage Huntington’s disease

patients. Journal of the International Neuropsychological Society, 18, 689–696.
doi:10.1017/S1355617712000288

Van Asselen, M., Fritschy, E., & Postma, A. (2006). The influence of intentional and incidental

learning on acquiring spatial knowledge during navigation. Psychological Research, 70,

151–156. doi:10.1007/s00426-004-0199-0
Van Der Elst, W., Van Boxtel, M. P. J., Van Breukelen, G. J. P., & Jolles, J. (2005). Rey’s verbal

learning test: Normative data for 1855 healthy participants aged 24-81 years and the influence of

age, sex, education, and mode of presentation. Journal of the International Neuropsy-

chological Society, 11, 290–302. doi:10.1017/S1355617705050344
van der Ham, I. J., van Zandvoort, M. J., Meilinger, T., Bosch, S. E., Kant, N., & Postma, A. (2010).

Spatial and temporal aspects of navigation in two neurological patients. NeuroReport, 14,

685–689. doi:10.1097/WNR.0b013e32833aea78

Von St€ulpnagel, R., & Steffens, M. C. (2013). Active route learning in virtual environments:

Disentanglingmovement control from intention, instruction specificity, and navigation control.

Psychological Research, 77, 555–574. doi:10.1007/s00426-012-0451-y
Van Tilborg, I. A. D. A., Kessels, R. P. C., Kruijt, P., Wester, A. J., & Hulstijn, W. (2011). Spatial and

nonspatial implicit motor learning in Korsakoff’s amnesia: Evidence for selective deficits.

Experimental Brain Research, 214, 427–435. doi:10.1007/s00221-011-2841-6
Waller, D., & Richardson, A. R. (2008). Correcting distance estimates by interacting with immersive

virtual environments: Effects of task and available sensory information. Experimental

Psychology: Applied, 14, 61–72. doi:10.1037/1076-898X.14.1.61

Received 24 April 2014; revised version received 19 September 2014

Route learning in Korsakoff’s syndrome 103


