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Objective. Patients with Korsakoff’s syndrome (KS) have difficulty carrying out tasks

which rely on prospective memory (PM). Since remembering to carry out an action in the

future is crucial for living independently, it is of primary interest to develop strategies that

improve PM performance in KS patients.

Design. The study employed a computer categorization task as an ongoing activity into

which a PM task was embedded. We included episodic future thinking (EFT) and

observational learning (Experiment 2) to boost PM.

Methods. Experiment 1 evaluated the efficacy of EFT following written PM task

instructions in ten KS patients. Due to floor-level PM performance in Experiment 1,

Experiment 2 included an instructional video demonstrating the PM intention. In

Experiment 2, twenty-six KS patients performed both conditions (EFT and no-EFT) at

least 1 week apart, while twelve controls with alcohol use disorder without KS

performed the no-EFT condition. In Experiment 2, the PM instructions were also shown

through video (observational learning component). Mild cognitive impairment was

assessed in a short test battery.

Results. Experiment 1 showed overall floor performance in both conditions. Exper-

iment 2 showed that KS patients performed PM tasks less accurately than the control

group in the no-EFT condition. In Experiment 2, where the observational learning
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component was included, EFT improved PM performance in KS patients. This effect was

driven by a sub-group of high-functioning KS patients.

Conclusions. This study showed the value of an observational learning component

together with EFT in improving PM performance, in relatively high-functioning KS

patients.

Practitioner points

� KS patients performed the PM task less accurately than non-KS controls with alcohol use disorder,

confirming PM impairment in this patient population.

� Controls with alcohol use disorder performed the PM task at ceiling level.

� Showing an instructional video demonstrating the PM intention improved PM performance and later

recall of PM task instructions in KS patients.

� Episodic future thinking strategy improved PM performance in KS patients with relatively intact

cognitive functioning.

Korsakoff’s syndrome (KS) is a neuropsychiatric disorder often caused by the combina-

tion of chronic and excessive alcohol consumption and severe malnutrition. Depleted

thiamine (vitamin B1) is regarded as the major aetiological factor resulting in KS (Arts,
Walvoort, & Kessels, 2017). KS is characterized by severe cognitive deficits as a result of

lesions in the diencephalon; in particular, the mammillary bodies and the thalamus are

affected (Arts et al., 2017; Fama, Pitel, & Sullivan, 2012). These cognitive deficits

predominantly impair patients’ episodic memory and executive functioning (Brion, Pitel,

Beaunieux, & Maurage, 2014; Fama, Marsh, & Sullivan, 2004).

An aspect of episodicmemory that is particularly impaired in KS concerns the learning

of new information, leading to anterograde episodic memory deficits (Kopelman, 2002).

Episodic memory deficits in KS have been reported when performing a variety of tasks,
such as spatial memory, memory for autobiographical events, as well as word-list learning

(Butters, Tarlow, Cermak, & Sax, 1976; Kessels, Postma, Wester, & De Haan, 2000;

Postma, Morel, Slot, Oudman, & Kessels, 2018; Postma, Van Asselen, Keuper, Wester, &

Kessels, 2006). In addition to episodic memory deficits, overall impairments in executive

functioning are often observed in these patients (Moerman-Van Den Brink et al., 2019).

Executive functions allow us to plan, control, adapt, select and monitor behaviour in

response to novel situations (Alvarez & Emory, 2006; Miyake et al., 2000). KS patients

perform poorly on a wide range of tests measuring executive abilities, such as planning,
goal-oriented actions, inhibitory control, working memory and flexibility (Brand et al.,

2003, 2005; Fujiwara, Brand, Borsutzky, Steingass, & Markowitsch, 2008; Joyce &

Robbins, 1991; Pitel et al., 2008).

Interestingly, episodic memory and executive functioning support a common

mechanism, a process known as prospective memory (PM; Einstein & McDaniel, 1990).

Successful PM enables one to anticipate a future intention, such as sending an email to

your boss and then to plan, coordinate and execute the intention at the appropriate

moment in the future (Gollwitzer, 1999). Significant examples of PM tasks include
remembering to take medication at certain points in the day or attending hospital

appointments on time. In such cases, poor PM could result in life changing consequences.

It is therefore surprising that PM has not been extensively studied in KS.

Prospective memory tasks typically include two main components, a ‘what’ and a

‘when’ component. These commonly depend on episodic memory and executive

functions. The content of the intention must be recalled, that is the ‘what’ component,

which heavily relies on episodic memory (Einstein & McDaniel, 1990; Prigatano &
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Klonoff, 1998). Executive processes are needed to monitor the environment for cues, to

inhibit and switch tasks in order to perform the prior intention, mechanisms which come

into play during the ‘when’ component of a PM task. These two processes (episodic

memory and executive functions) are severely impaired in KS, and previous studies have
already demonstrated that KS patients perform considerably poor on PM tasks (Altgassen,

Ariese, Wester, & Kessels, 2016; Brunfaut, Vanoverberghe, & D’Ydewalle, 2000).

Few studies have investigatedpossible strategies for improvingPM task performance in

KS. Brunfaut et al. (2000) showed that KS patients have severely compromised PM

functioning. In their task, participants were asked to count the number of letters in each

presented noun. In target words, for all animals, participants had to press the red coloured

space bar. KS patients had almost floor performance. In a second task, participants were

asked to explain themeaning of presentedwords and to press the space bar for animals. In
this experiment, KS patients performed relatively well, possibly because the PM task and

ongoing task were more comparable. Altgassen et al. (2016) found that increased saliency

led to improved PM performance in KS patients. In their task, patients carried out an

ongoing computer task involving categorizingobjects andwere required topush the space

bar whenever a particular object was presented (e.g., cat). In a high-salience condition

(where a red outline was presented around the PM cue) compared to a low-salience

condition (no outline), KS patients performed significantly better. This study provides

evidencethathigh-saliencecuescanaidKSpatients inovercoming theirPMdeficit.Arecent
case study reported that an external aid such as a smartwatch can potentially support PM

functioning in KS (Lloyd, Oudman, Altgassen, & Postma, 2019). The foregoing interven-

tions yielded their effects byofferingexternal support during the later stages of PM(i.e., the

retrieval phase). However, daily routines should not only have to depend on external

prompts and cues, but ideally may also benefit from enhanced self-generated monitoring.

For this to occur, early stages of PM (i.e., intention encoding) must be stimulated. As far as

we know, there is no research yet on the question of whether KS patients can indeed be

trained at the encoding stage, to better keep track of PM assignments.
In this light, the current study investigated the effectiveness of a cognitive approach in

aiding the first stage of PM processes, namely planning when and how the intention will

be performed, in KS patients. Episodic future thinking (EFT) is the capacity to simulate

possible future events by drawing on elements of past experiences (Atance & O’Neill,

2001; Schacter & Addis, 2007; Schacter, Addis, & Buckner, 2007; Tulving, 1983). The idea

is thatwhen receiving a PMassignment, theperson in questionmentally ‘pre-experiences’

the future. For example, imagine that you are preparing to take your driving test, you lay

out the possibilities of which manoeuvres you may be asked, and one by one you imagine
yourself carrying these out. You draw on aspects of the scenario from your previous

driving lessons and simulate the scene, this time with an examiner by your side. This

fictional (yet relatable) scenario is an adequate example of what is termed EFT. The

prospect that EFT could prove beneficial for KS patients in PM tasks comes from four

previous studies,which applied this strategy in non-patient groups. Altgassen et al. (2015)

found that both cognitively unimpaired younger and older adults benefited from an

instruction that required them to simulate themselves executing the PM tasks involved in

the Dresden Breakfast Task, where participants are asked to carry out time and event-
based tasks toprepare breakfast for four people. Two studies also investigated the effect of

EFT on PM tasks in healthy individuals exposed to acute alcohol consumption, both

reported significant improvements during the EFT condition (Leitz, Morgan, Bisby,

Rendell, &Curran, 2009; Paraskevaides et al., 2010a). Lastly, Mioni et al. (2017) found that

an EFT strategy resulted in fewer PM deficits in traumatic brain injury patients.
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Considering these positive results, and the value of finding an effective strategy for

improving PM in KS, we designed this study to measure the effect of EFT on PM

performance in KS patients.

To test this hypothesis, we conducted two experiments. We used a mixed-subject
design to compare the performance of two groups (KS patients and patients with alcohol

use disorder [AUD]) on a computerized PM task. KS patients performed the task oncewith

no strategy (no-EFT condition), and once after carrying out EFT (EFT condition). In

Experiment 1, the PM task was presented with on-screen worded instructions (no

pictures or animation). However, patients with KSwere unable to perform this version of

the PM task. We therefore adapted the experimental design in Experiment 2. Experiment

2 included twomanipulations compared to Experiment 1: first, an observational learning

manipulation (i.e., the use of an instructional video concretely displaying the PM task),
which was carried out in all conditions. Since KS patients have deficits in abstract

reasoning and verbal episodicmemory, we reasoned that observational learningmay help

patients learn the PM task, since observational learning does not overly rely on abstract

reasoning or verbalmemory, and has improved learning in other patient groups (Shohamy

et al., 2004; Van Tilborg, Kessels, & Hulstijn, 2011); and second, the EFT manipulation,

which was carried out in one of the two sessions. Finally, since there is large variability in

cognitive functioning across KS patients, we also applied the Montreal Cognitive

Assessment (MoCA; Nasreddine et al., 2005) in both experiments, to account for the
‘general’ level of cognitive impairment. In linewith previous studies,wepredicted that KS

patients would perform better on the PM task after applying EFT compared to when no

strategy is instructed.

Experiment 1

Method

Participants

Ten KS patients participated in this experiment. These patients were recruited from a
clinic in the Netherlands. Data from nine KS patients (seven men) were included. One

patient was excluded due to illness over the testing period. All KS patients met the

diagnostic criteria of the DSM-5 for major neurocognitive disorder due to alcohol

(Nuckols & Nuckols, 2013) and the criteria for KS as described by Kopelman (2002).

All patients had been detoxified for at least 2 months and were in the chronic,

amnesic state of KS; none were in the state of Wernicke psychosis during the time of

testing.

TheMoCA (Nasreddine et al., 2005)was conducted on all patients. The education level
of the patients was determined using seven categories in accordance with the Dutch

educational system, one being the lowest (< primary school) and seven being the highest

(> academic degree; Verhage, 1964). This study was approved by the ethics board of the

University and by the institutional review board of the clinic. Informed consent was

obtained in all patients. Table 1 shows demographic variables and MoCA scores for all

nine patients.

Prospective memory task

A computerized object-room categorization task was used in which patients had to

indicate in which room the trial object typically belonged. The task was presented on a
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touch-sensitive screen anddesignedwith the software package Psychopy2 (Peirce, 2007).

The rooms (kitchen, bathroom, bedroom, garden) remained on the screen situated in each

corner,with the household objects (e.g.,milk, plant, pillow)presented in the centre of the

screen (see Figure 1). To select an appropriate room, patients pressed the picture of the

room with their finger. Patients first read the ongoing task instructions; they then

completed a practice block, the practice block ended after patients responded correctly

to ten consecutive trials. Feedback and repeated instructions were provided during the

practice block as necessary. Once the task was learned, patients completed block one
which consisted of 20 trials with an ITI of 2.5s, no feedback was given during this block.

After block one, the PM task instruction was introduced. The second block required

patients to complete two tasks simultaneously, the previously learned categorization task

and an added event-based PM task (see Figure 1b). The PM task required patients to

remember to respond differently to one type of object, this was known as the ‘PM cue’.

Two PM cueswere used, an apple and a toothbrush, thesewere counterbalanced over the

two conditions. The patients were instructed to push the space bar when the PM cue

appeared, instead of placing it into its corresponding room (i.e., apple into the kitchen and
toothbrush into the bathroom). The space bar was red or orange to indicate which button

to push (counterbalanced over conditions). After the PM task instruction had been read

and understood, either the EFT manipulation took place (EFT condition) or a distractor

task followed (no-EFT condition).

The second task block (with the added PM task) comprised of 45 trials, seven ofwhich

were PM cues. At the end of the second block, all patients were asked to recall the

instructions for the first and the second block, including the PM task instruction. Expected

Table 1. Demographic variables and MoCA scores of KS patients from Experiment 1

Korsakoff patients (N = 9)

Sex distribution (m:f) 7:2

Age (mean + SD) 63.1 (7.2)

Education level (mean + SD) 4.8 (1.2)

MoCA score (mean + SD) (Max score: 30, cut-off score: 26) 18.2 (3.3)

Figure 1. Example of the task paradigm. An overview of the ongoing categorization task is illustrated in

(a) and the prospectivememory task with the cue stimulus and cue responses is presented in (b). [Colour

figure can be viewed at wileyonlinelibrary.com]
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answers included what they had to do in the categorization task and what the PM task

instruction was. Prompts were provided if the patient could not produce an answer. This

recall question was to ensure the PM task was properly comprehended and successfully

encoded.

Episodic future thinking instruction

The EFT instruction was counterbalanced over conditions. The instruction followed a

two-step procedure. Patients were first asked to practise future thinkingwith an example

unrelated to the task. Training scenario: imagine calling a friend/family member before

going to bed. Patients were asked to close their eyes for 20s and imagine how this event

would take place in as detailed amanner as possible. This component took around 3 min.
Following the training component, patients were asked to apply this strategy to the PM

task instruction. They were asked to vividly imagine themselves completing the

categorization task and upon seeing the PM cue, to respond by pushing the space bar.

They closed their eyes and did this for 20s; they were prompted to include as much detail

as possible. In total, the EFT procedure lasted around 5 min.

Distractor task

The distractor task took place directly after presenting the PM task instructions in the no-

EFT condition or after the EFT component in the EFT condition. Patients were directed

away from the computer and onto the pencil and paper MoCA task. The distractor task

included the ‘visuospatial/executive’ and the ‘naming’ sections of the MoCA test. This

lasted maximum 5 min. Two versions of the MoCA were used for the distractor task

(version 7.1 and 7.3), in order for patients to complete different task content in each

condition.

Procedure

The within-subject component (EFT and no-EFT) was counterbalanced over the two

conditions and took place at least 1 week apart. In the EFT condition, the EFT instruction

was given, in the no-EFT condition, the EFT instruction was not given. Dependent

variables included the correct PM cue response (raw), ongoing task accuracy (%) and PM

task instruction recall rate (proportion).

Results and discussion

Computer categorization task

We compared the performance on block one (ongoing task only) and block two (ongoing

task with PM task). There was no difference in performance on the ongoing task over

these blocks [t(8) = 1.52,p = .168].Overall, accuracy on the categorization taskwas high

(block 1: 95.8%, block 2: 88.7%).

Prospective memory task accuracy

A quantitative analysis of PM task accuracy was not possible. This was due to observing
floorperformance in both the EFT andno-EFT conditions (median = 0, correct responses

to the PM cue). Overall, one patient correctly responded to one PM cue; thus, no statistics
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were applied. Furthermore, a qualitative analysis of PM retention informed us that only

16.6% of the time the PM task instruction was successfully recalled at the end of the task.

This was calculated by taking the proportion of correctly recalled instructions from all

individuals over both conditions (a total of 18 observations over nine individuals).
Experiment 1 aimed to assess the beneficial effect of EFT on PM performance in KS

patients. High accuracy of the patients’ performance on the computer categorization task

suggests that patients did not find this task to be too difficult. The PM task instruction,

however, was not successfully encoded in most cases, evident by the responses given to

the follow-up question, asking if the individuals could recall the PM task instructions upon

task completion. Fewpatients recalled the PM task instructions, evenwhenprovidedwith

prompts, such as ‘do you remember any instructions about an apple?’. This encoding stage

is crucial in the PM process. This outcome, therefore, led us to make adaptations in the
experimental design resulting in Experiment 2. In Experiment 2, the designof the taskwas

altered from Experiment 1 to include an observational learning manipulation in the form

of an instructional video. This videowas presented to all participants in both conditions in

Experiment 2. As well as an altered design, the second experiment included a control

group of AUDpatients with no KS.We expected that this groupwould outperform the KS

patients during the no-EFT condition and that KS patients would perform similarly to the

control group when they apply EFT.

Experiment 2

Method

Participants

Experiment 2 included two groups, a KS patient group and a control group of patients

with AUD. Patients were recruited from two clinics in the Netherlands. The KS group

consisted of 26 KS patients (15 men) and the control group of 12 age-and education-

matched patients with AUD (sevenmen). All KS patients met the diagnostic criteria of the

DSM-5 for major neurocognitive disorder due to alcohol (Nuckols & Nuckols, 2013) and
the criteria for KS as described by Kopelman (2002). All patients were detoxified for at

least 2 months and all were in the chronic, amnesic state of KS, none were in the state of

Wernicke psychosis during the time of testing.

The MoCA (Nasreddine et al., 2005) was conducted on all patients. The education

levels for both patient and control groups were determined using seven categories, one

being the lowest (< primary school) and seven being the highest (> academic degree;

Verhage, 1964). This study was approved by the ethics board of the University and of the

two clinics. Informed consent was obtained in all patients. Table 2 contains the
demographic variables and MoCA scores for all patients.

Procedure and analysis

The task was the same as in Experiment 1. The procedure differed only in the way the PM

task instruction was communicated. Following the on-screen text instructions of the PM

task, a video of a person completing the PM intention was presented to all patients. The

video was filmed in a testing room the same or similar to the one that patients were tested
in. It was filmed from the view of the patient with no audio. This instructional video

componentwas presented to both groups (patients and controls), in both conditions (EFT

and no-EFT).
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The within-subject component (EFT and no-EFT) was counterbalanced over the two

conditions and took place at least 1 week apart. In the EFT condition, the EFT instruction

was given, in the no-EFT condition, the EFT instruction was not given. KS patients took

part in both conditions, and the control group only took part in the no-EFT condition due

to expected ceiling effects.

To compare performance on the computer categorization task (placing objects into

their corresponding rooms), the average scores of KS patients from both conditions were

calculated; these were compared to the scores of the control group. Performance on the
computer categorization task in block one and block two (with the added PM task) using a

2 (group: KS patient vs. controls) 9 2 (block: single task vs. dual task) mixed ANOVA.

The PM score was determined by computing the number of binary correct/incorrect

responses to the PM cue (maximum score = 7). PM score was then compared between

groups (KS patient and control group) in the no-EFT condition using a Mann–Whitney U

test.

To investigate how the EFT instruction impacted PM performance within KS patients,

we fitted generalized linear mixed models (GLMMs) with a logic link function using
the lme4 R package (Bates, M€achler, Bolker, & Walker, 2015). In order to maximize the

generalizability of these models, we treated individuals as random effects for both the

intercept and all slopes of the fixed effects included in the model. Fixed effects included

the condition (no-EFT or EFT) andOrder (Order 1 = no-EFT then EFT,Order 2 = EFT then

no-EFT). The outcome variable was PM performance, which was treated as count

responses (possible number of correct responses from 0 to 7). To investigate how

individual levels of cognitive functioning impacts the effect of EFT on PM, individual

MoCA scores were included as a fixed effect.

Results and discussion

Computer categorization task: Korsakoff’s syndrome patients versus alcoholic controls

One patient from the control group scored more than two standard deviations below the

mean in their accuracy on the ongoing task; therefore, their data were excluded from

analysis. Both groups performed with high accuracy on the computer categorization task

in block one [M = 95.0, SD = 5.06] (KS patients), [M = 96.4, SD = 5.0] (control group)

andblock two [M = 93.2, SD = 6.5] (KSpatients), [M = 97.4, SD = 3.1] (control group).

There was no significant main effect of carrying out the PM task in combination with

the categorization task [F (1, 36) = 0.133, p = .717], and the groups did not differ in
terms of accuracy on the categorization task [F(1, 36) = 2.54, p = .119]. The interaction

of block two by group was also not significant [F(1, 36) = 1.77, p = .192]. Overall, these

Table 2. Demographic variables and MoCA scores of KS patients and alcoholic controls from

Experiment 2

Control group

(N = 12)

Korsakoff patients

(N = 26)

Sex distribution (m:f) 7:5 15:11

Age (mean + SD) 62.2 (7.1) 59.9 (6.9)

Education level (mean + SD) 4.2 (1.4) 4.4 (1.2)

MoCA score (mean + SD) (Max score: 30,

KS patient cut-off score: 26)

23.5 (4.3) 19.5 (4.6)
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results suggest that patients and controls performed equally well on the computer

categorization task across both blocks.

Prospective memory task with no-EFT: Korsakoff’s syndrome patients versus alcoholic controls

PM performance in the no-EFT condition between groups differed significantly: U

(37) = 35.000, p < .001. KS patients performed significantly worse in the PM task (KS

patientsmedian = 0, control groupmedian = 7). This finding is further evidence for the

significant memory deficits KS patients.

Effect of EFT on prospective memory task: Korsakoff’s syndrome patients

For descriptive statistics of PM performance as a function of condition (no-EFT and EFT)

and task Order (no-EFT then EFT, EFT then no-EFT), see Table 3. First, to test the effect of

EFT on PM performance, we treated Instruction (no-EFT or EFT) as the sole independent

variable to predict PM performance. Estimates of themodel revealed a significant effect of

Instruction on PM score [z = 2.37,p < .05,b = 0.54]. Next, to check for order effects,we

addedOrder (no-EFT then EFT, EFT thenno-EFT) as an additional predictor. The additional

variable showed no significant relationship with PM performance [z = 0.17, p < .862,

b = 0.24], nor did we find an interaction effect between Order and Instruction in
predicting PM performance [z = �0.96, p = .336, b = �0.44]. Lastly, the proportion of

correctly recalled instructions in response to the follow-up question was 0.73. This

indicated that the PM task instruction was correctly encoded in the majority of KS

patients, unlike in Experiment 1.

Individual differences in the effect of EFT on prospective memory task: Korsakoff’s syndrome patients

In order to determine whether the significant effect of Instruction (no-EFT, EFT) on PM
performance was explained by individual differences in levels of cognitive functioning,

we added MoCA scores as an interaction term in the GLMM. Interestingly, estimates

obtained after fitting thismodel revealed a significant interaction between Instruction and

MoCA scores in predicting PM performance [z = 3.47, p < .001, b = 0.76]. Specifically,

Table 3. Performance (number of correct responses) for the prospective memory (PM) task as a

function of condition (no-EFT and EFT) and order in Korsakoff’s syndrome patients and the control group

Control group

Korsakoff patients

no-EFT EFT

no-EFT Order 1a Order 2a Order 1a Order 2a

Accuracy (raw score, maximum = 7)

Mean 6.41 1.0 1.38 2.15 1.92

Median 7 0 0 0 0

Range 7 7 7 7 7

Mode 7 0 0 0 0

Proportion of patients with

maximum score

.92 .08 .17 .33 .25

Note.. PM = prospective memory, EFT = episodic future thinking.
aOrder 1: no-EFT then EFT, Order 2: EFT then no-EFT.
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as MoCA scores increased, EFT became increasingly effective. Together, these results

suggest that the beneficial effects of the EFT instruction on PM performance are present

predominantly in high-functioning KS patients. This finding is visualized in Figure 2.

General discussion

The present study investigated the extent to which KS patients suffer PM deficits and,

since PM is closely linked with independent living, explored whether EFT can be applied

as a strategy to boost PM performance. In line with our expectations and previous

research (Altgassen et al., 2016; Brunfaut et al., 2000), in two separate experiments, we
observed that KS patients performed at floor level on the PM task (Experiment 1) and

substantially poorerwhen compared to a control groupof patientswithAUD (Experiment

2). In Experiment 1, KS patients were unable to perform the PM task in both the EFT and

no-EFT conditions. The addition of an observational learning component (i.e., instruc-

tional video) in Experiment 2 meant that KS patients’ PM performance improved

compared to Experiment 1. In Experiment 2, where the observational learning

component was included, we found that EFT instructions improved PM performance in

KS patients. In an additional analysis, we took into account individual differences in
cognitive functioning and found that the beneficiary effect of EFT on PMperformancewas

predominantly driven by high-functioning KS patients. This study is the first to report that

EFTmay be an effective training strategy for a sub-groupof higher functioningKSpatients.

Patients with relatively more intact cognitive functioning based on their MoCA score,

benefit significantly more from EFT instructions than those with more impaired cognitive

functioning. According to previous research on EFT in Parkinson’s disease (de Vito et al.,

2012), the processes involved in simulating a future event place greater demands on

executive functions. De Vito et al. (2012) found that patients with more cognitive
problems due to Parkinson’s disease showed severe impairments in their ability to

imagine the future, concluding that executive functions strongly underlie EFT through

monitoring and combining different details to form an event. In the light of these findings,

KS patients with severe cognitive impairments may suffer the same fate and are unable to

carry out such a cognitively complex strategy successfully. Our findings give promise to

the idea that the added value of EFT in KS patients is contingent upon the cognitive

functioning of that individual.

Interestingly, the resultsofExperiment2werevastlydifferent to those inExperiment1.
In Experiment 1, PMperformance in both conditions did not significantly differ from zero,
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Figure 2. Korsakoff’s syndrome patients difference scores in prospective memory performance

between the no-EFT and EFT condition and individual MoCA scores.
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indicatingthatpatientswereunabletocarryoutthetask.Thiswaspartlyduetothepatients’

inability to successfully encode thePMassignment. The recall rate inExperiment 2 (73.1%)

was numerically higher than Experiment 1 (16.6%), indicating that a greater number of

patients could recall the PM task instructions following the task in Experiment 2. Correct
responses to this question indicate that the patients carried out successful intention

formation, the first phase of the PMprocess. Successful intention formation is necessary to

achievePM(Ellis,1996;Kliegel,Martin,McDaniel,&Einstein,2002).Wecannotruleoutthe

possibility that this increase in intention formation, and in somepatients PMperformance,

could stemfromdifferences in individualpatients (i.e., differentpatient groups tookpart in

Experiment 1 and 2); however, we believe that it is likely to be explained by the

observational learning component (i.e., instructional video concretely displaying the PM

task). The importance of visual images in memory functioning is well established,
particularly in the consolidation and retention of autobiographical memories (Brewer,

Zhao, Desmond, Glover, & Gabrieli, 1998; Greenberg & Rubin, 2003). Studies have

implemented this strategy inpatient groups’daily life throughuseof a ’SenseCam’, adevice

whichkeepsadigital recordof theevents that apersonexperiences throughout theirdayas

an external strategy to improve PM. Importantly, these imageswhen seen later by amnesic

patients (Hodgeset al., 2006)andaKSpatient (Svanberg&Evans,2014)providedpowerful

triggers for better autobiographical memory. Given the improvement in cued recall (i.e.,

follow-up question) in Experiment 2, it is possible that KS patients with highly
compromised cognitive functioning could benefit from observing the PM actions in

advancebymeans of concrete visualized examples (i.e., video). According to our results, it

is unlikely that an observational learning strategy alone improves PM performance, since

we observed that overall in Experiment 2, KS patients still performed poorly when

observational learning was included without the EFT instruction. We do, however, show

that observational learning has an additional learning effect (on top of EFT) on PM

performance, thereby optimizing learning inKSpatients. Sincewedid not directly test the

effect of the observational learningmanipulation on PMperformance in the same group of
KS patients, the effectiveness of observational learning on PM performance needs to be

more carefully addressed in a future study.

A number of different strategies have been tested with regard to rehabilitating PM in

amnesic patients. Recent progress was made using a habitual PM task. Providing

immediate feedback for PM failures was shown to be effective for severely amnesic

patients in achieving PM tasks both immediately and after 24 hr (Meier et al., 2019). Some

strategies have been developed to overcome difficulties in the retrieval and execution of a

task; both are later phases of the PM process. For example, two case reports found that
externalmemory aids (Google calendar and a smartwatch) improved PMperformance in a

patientwith Alzheimer’s disease (El Haj, Gallouj, & Antoine, 2017) and a KS patient (Lloyd

et al., 2019), respectively. In these studies, patients were prompted for future activities by

a reminder message or pop-up screen on a smartwatch. In order to keep PM performance

improved, the patient had to use the external memory aid infinitely. Future thinking,

however, stimulates the first stage of the PM process, during intention encoding. Two

ways have been proposed in which simulating a future intention exerts a beneficial effect

on carrying out the intention at a later point in time, namely via deeper encoding of the
intention (i.e., stronger memory traces; Brewer & Marsh, 2010), or by enhancing the

association between the context of the ongoing task and the PM cue (Paraskevaides et al.,

2010b). Although one could argue that in the present paradigm, both deeper encoding of

an intention and enhancing the association between anongoing context and aPMcue lead

to better task performance, it is likely that the event-based nature of the task leads to a

Episodic future thinking and observational learning in KS patients 379



stronger cue–context association. Irrespective of the proposed theoretical mechanism

behind better task performance, in the current study, combining an observational

learning component and EFT was more beneficial than EFT alone, suggesting a novel

therapeutic target in treating PM issues in KS. These results are not only interesting for KS
patients, but could be considered as PM rehabilitation strategies in other high-functioning

amnesic patient groups, thereby serving as a promising opportunity for future research.

Taken together, this study illustrates two strategies that may help overcome PM

deficits in KS patients. First, an observational learning strategy, where the learner is

presented with a visual example of the PM task (e.g., a video of a person turning off a gas

cooker after finishing cooking). In our study, observational learning enhanced encoding

capacities in this population and thereby led to successful intention formation of the PM

task instruction. Second, in a sub-set of KS patients, pre-experiencing the specific context
of the PM intention through imagination enhanced the retention, initiation and execution

of the PM intention. Rehabilitating PM in KS in timely and important, and the current

findings have implications for clinical rehabilitation in KS patients. Representing

intentions by means of concrete visualized examples as well as EFT training are both

simple and cost-effective strategies that, after further research and development, could be

applied in clinical settings to benefit PM. The patients most likely to benefit from EFT

training can be selected through an assessment of cognitive functioning. By enhancing

PM, these patients may eventually be able to regulate parts of their own life, for example
by remembering to take their medication, or to turn off electrical appliances, thereby

promoting their seriously compromised autonomy.
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