
HIGHLIGHTS
• We developed a nonverbal scene memory task to assess memory of what, where, and when.
• AD patients were impaired in spatial and temporal memory but not object memory.
• 8 weeks of memory training significantly improved spatial memory in AD.
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ABSTRACT

To date, it is unclear whether cognitive intervention on episodic memory (EM) is effective in 
improving all or a subset of EM components in Alzheimer's disease (AD). Therefore, this study 
investigated effects of EM training on the elderly aged over 65 with AD. For this study, 13 AD 
patients and 16 healthy older adults were recruited. The pre- and post-test for components of 
EM was a memory task designed to test memory for object identity (“what”), spatial location 
(“where”), and temporal order (“when”). Training in the AD group consisted of 16 sessions of 
practice remembering temporal sequences of different objects being hidden in various locations. 
At pre-test, accuracy on the “where” and “when” conditions were impaired in the AD patients 
compared with the healthy elderly (p < 0.01). At post-test, accuracy on the “where” condition 
was significantly improved (p < 0.05) whereas, there were no significant improvements on the 
“what” and “when” conditions (p > 0.05). Interestingly, there were no significant improvements 
in standard neuropsychological measures. These findings suggest that AD, in its early stages, 
selectively impaired spatial and temporal memory rather than object memory. Additionally, it was 
observed that EM training in AD had different effects depending on the components of EM.

Keywords: Episodic memory; Cognitive therapy; Alzheimer's disease; Hippocampus

INTRODUCTION

Episodic memory (EM) refers to the memory of individual events consisting of “what”, 
“where”, and “when” information [1]. Several neurophysiological studies have converged on 
the fact that EM depends largely on hippocampal function [2]. EM impairment detected by 
hippocampal dysfunction is consistent with evidence from functional neuroimaging, which 
have indicated decreased EM in patients with hippocampal dysfunction while performing 
cognitive tasks requiring EM [3]. In addition, it has been reported that hippocampus volume 
was significantly correlated with performance in EM tasks [4].

In contrast with the gradual cerebral degeneration associated with normal aging, Alzheimer's 
disease (AD) induces distinct atrophy in medial temporal regions including hippocampus 
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resulting in EM decline [5]. EM decline interferes with the safety and independent daily 
activity of older adults with AD [6]. Therefore, interventions for EM decline have gained a lot 
of attention in hopes for a way to slow down the progression of AD [7].

In order to provide appropriate intervention to older adults with AD, detailed characteristics 
of progressive EM decline must first be understood. Most of the previous studies on EM of 
AD patients consistently showed that AD patients were impaired in auditory or visual EM 
compared to healthy older adults [7,8]. In these studies, conventional neuropsychological 
assessments, such as the California Verbal Learning Test and the Rey-Kim Auditory Verbal 
Learning Test, were used to measure EM performance. However, these tests have been 
identified to have some limitations in sensitively measuring hippocampal contribution 
to EM as they do not specifically engage hippocampal function and can be influenced 
by other factors such as verbal ability [8,9]. Indeed, these assessments typically involve 
object or word memory and do not include tests of spatial and temporal memory, which 
are more fundamentally dependent on hippocampal function compared to object memory 
[10]. Accordingly, a variety of non-pharmacological interventions such as reminiscence 
therapy, errorless learning, and spaced retrieval training only focus on memory for “what” 
information. Therefore, it is necessary to assess more detailed characteristics of EM of older 
adults with AD and then to implement intervention based on those characteristics.

Hence, in this study, we developed a new behavioral task to identify components of EM that 
are impaired in older adults with AD, isolating “what”, “where”, and “when” information. 
Then, we investigated the effects of 8 weeks of training on a spatiotemporal EM task in the 
AD group. The first objective of this study was to investigate a behavioral marker for AD by 
separately comparing components of EM using a computer-based scene memory task in 
patients with AD and healthy older adults. Our second objective was to confirm whether 
components of EM could be improved or maintained after 16 sessions of EM training.

MATERIALS AND METHODS

Subjects
Thirteen AD patients were recruited from the senior day care centers in Daejeon, Korea. 
All AD patients were diagnosed, each by their own neurologist in a hospital in Daejeon, 
according to the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-
IV) criteria. Sixteen healthy older adults also participated in this study and they were 
recruited from the local senior center. Inclusion criteria were as follow: 1) over 65 years old 
to match the age of the AD patients; 2) no history of neurological or psychiatric disease 
to minimize confounding factors that affect EM; and 3) an ability to understand verbal or 
visual instructions. The number of subjects was calculated by using G*Power 3.1 (Informer 
Technologies, Dusseldorf, Germany). In accordance with the previous study [7], an effect 
size was set at 0.77, a α error at a probability of 0.05, and the power at 0.85. A power analysis 
indicated that a minimum of 12 subjects was required in each group.

This study was approved by the Institute of Review Board of Korea Advanced Institution of 
Science and Technology (KAIST) (KH2017-91). All participants provided written informed 
consent before inclusion in accordance with the declaration of Helsinki (2004). The AD 
patients' consent forms were obtained from their legal guardians.
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Design
In this study, an AD pre-test–post-test design was used to evaluate the effects of EM training 
on older adults with AD; the procedures of this study were shown in a flow chart in Fig. 1. EM 
test was evaluated using a scene-based test with 3 conditions (“what”, “where”, “when”). The 
AD group received a total of 16 training sessions between the pre-test and post-test, which 
was conducted 2 days a week for 8 weeks. During the sessions, the AD group performed 
an active behavioral task of EM that required the binding of “what”, “where”, and “when” 
information [11] with feedback on each trial. Standard neuropsychological assessments 
were also implemented before and after the training in random order by a non-blinded 
occupational therapist. Control subjects were only tested once, without training.

Intervention
Behavioral EM training task
The AD patients performed an active behavioral task designed to induce real-life EM. In the 
task, the AD patients observed an experimenter hiding 5 out of 7 different objects one-by-
one in 5 (out of 7) different boxes in the experimental room (demonstration phase) and 
were instructed to imitate the experimenter's performance (encoding phase). Then, after a 
numerical calculation interference task consisting of sequential addition or subtraction, the 
AD patients were asked to re-enact their own actions (retrieval phase) which were conducted 
in the encoding phase (Fig. 2). During the retrieval phase, when the AD patients performed 
differently from their behavior in the encoding phase, the experimenter immediately 
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memory test
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Fig. 1. The flowchart of this study. 
AD, Alzheimer's disease.

[Demonstration phase] [Encoding phase]

“Remember the objects, places, and order” “Imitate the experimenter's behavior the same way”

[Interference phase for 3 minutes] [Retrieval phase]

“Tell me the answer” “Repeat the same thing you did”

100 − 7

Fig. 2. The flow of the episodic memory training.
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provided feedback and opportunities to modify their performance. Nevertheless, if the AD 
patients continued to fail to perform correctly, the experimenter gave the correct answer.

This task took about 20 minutes and the AD patients performed the task 3 times in a session 
with 5 minutes' intervals, resulting in a training session lasting about 70 minutes. Selections 
of objects and locations and temporal order were randomized every time. This task allowed 
us to analyze the EM representation so we analyzed the accuracy rates on binding of 
information concerning an object's identity, its spatial location, and temporal order into one 
representation between the encoding phase and the retrieval phase (Fig. 2).

Scene-based EM test
The “what-where-when” scene memory test was conducted before and after the 16 training 
sessions. However, in order to identify differences in EM between the AD group and the 
healthy group at baseline, the healthy group only performed the scene-based memory test 
once, without training.

The scene-based memory test was developed by using E-Prime (Psychological Software Tools, 
Sharpsburg, PA, USA). The visual scene used in this test were taken using a digital camera on 
a tripod to keep the scenes in the same position when objects in the scenes were changed. 
This task consisted of 3 blocks of 10 trials each. Each block was a difference condition 
(“what”, “where”, and “when”), presented in a random order, in which the participants were 
given 10 different scenes for 3 seconds each (Fig. 3).

In the “what” condition, the participants were shown a scene that they had seen before, but 
an object was eliminated from the original image. Then, the participants were instructed to 
choose between images of 2 objects — the target object from the original scene and a lure 
object which they had never seen before (Fig. 3A). In the “where” condition, the participants 
were shown 2 images, one which they had seen and a lure scene in which an object was 
moved to a new spatial location (Fig. 3B). In the “when” condition, the participants were 
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Time

No. 2 No. 3 No. 10No. 1

3 s 3 s 3 s 3 s

A. What condition B. Where condition C. When condition

Which object was removed? Which image did you see previously? Which image did you see first?

“Z” key “M” key “Z” key “M” key “Z” key “M” key

Fig. 3. Episodic memory task consisting of visual scenes. (A) Example of the “what” condition. (B) Example of the “where” condition. (C) Example of the “when” 
condition.
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given the 10 trials consisting of 2 of the previously shown scene and were requested to judge 
which scene they had seen earlier in the sequence of scenes (Fig. 3C). Subjects were asked to 
press the “Z” or “M” key to choose images presented on the left or right side.

Neuropsychological assessment
Three neuropsychological cognitive assessments were implemented at pre-test to both 
the AD patients and the healthy older adults and only the AD patients performed these 
assessments at post-test: the Korean version of the Mini-Mental State Examination 
(MMSE-K) was used to evaluate the AD patients' general cognitive function. The MMSE-K 
is a 30-point scale with 7 cognitive subtests, with a score below 24 indicating cognitive 
impairment. It has been shown to have high reliability and validity [12]. The Seoul Verbal 
Learning Test (SVLT) is a measure of a subject's ability to learn and remember verbal 
information. It contains 2-word lists that contain 12 items, including 4 words from each of 
3 categories (flowers, stationeries, and kitchen tools). The experimenter reads each of 12 
words slowly and the subject is asked to memorize them. Then, the subject is instructed to 
recall the items (immediate recall). After a 20-minute delay, the subject is asked to freely 
recall the words again (delayed recall), and then asked to identify the 12 words from a larger 
list containing novel lure words (recognition phase) [13]. Finally, the Korean version of the 
Boston Naming Test (K-BNT) consists of 60 pictures of objects arranged in order of difficulty. 
An experimenter evaluates a subject's naming ability by asking a subject to state the name of 
each item [14].

Statistical analysis
All data were analyzed using SPSS 22.0 version for Windows (SPSS Inc., Chicago, IL, USA). 
Demographic characteristics of both groups were analyzed using the χ2 test and the Mann-
Whitney U test. In the main analysis, we compared differences in performance in the scene-
based EM test between the two groups at baseline using a Mann-Whitney U test. After the 16 
training sessions, we conducted a Friedman test to examine the effects of EM training in the 
AD group. Statistical significance was set at p < 0.05.

RESULTS

Participants' general characteristics
There were no significant differences in sex, age, and years of education between the AD 
group and the healthy group (p > 0.05). In neuropsychological assessments, the healthy 
group showed higher performance in the MMSE-K (p < 0.01), recall of the SVLT (p < 0.01), 
and K-BNT (p > 0.05) but not in recognition score of the SVLT (p > 0.05). The average of the 
Global Deterioration Scale (GDS) level of the AD group was 4.85, suggesting the AD patients 
were from mild dementia to moderate dementia (Table 1).

EM performance in AD patients
The AD group was significantly lower in accuracy, compared to the healthy group, in the 
“where” and the “when” conditions (p = 0.002; p < 0.001, respectively) but not in the “what” 
condition (p > 0.05) (Table 2). Interestingly, compared with a chance level (50%), the AD group 
showed above-chance accuracy only in the “what” condition (p < 0.05), were not different from 
chance in the “where” condition (p = 0.873), and significantly below chance in the “when” 
condition (p < 0.01) (Fig. 4A). In contrast, the healthy group performed above chance in all 
conditions (“what”: p < 0.05; “where”: p < 0.001; “when”: p < 0.05, respectively) (Fig. 4B).
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Effects of EM training
After the 16 training sessions, there was a significant improvement in accuracy on the 
“where” condition in the AD group (p < 0.05) but not on the “what” (p > 0.05) and the “when” 
conditions (p > 0.05) (Fig. 4A). More specifically, there was a significant improvement in 
accuracy on the “where” condition in the AD patients with GDS Level 4 (mild dementia) but not 
in the patients with GDS Level 5 or 6 (moderate to severe dementia) (Table 3).

Meanwhile, in the neuropsychological assessments, there were no significant improvements 
in the MMSE-K (p > 0.05), recall score on the SVLT (p > 0.05), recognition score on the SVLT 
(p > 0.05), and the K-BNT (p > 0.05) (Table 3).
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Table 1. Participants' general characteristics
Characteristic AD group (n = 13) Healthy group (n = 16) p
Sex (male/female) 2/11 5/11 0.410
Age (yr) 83.00 (3.00) 82.00 (2.00) 0.083
Education period (yr) 6.00 (12.00) 10.00 (6.00) 0.329
MMSE-K 22.00 (5.00) 27.00 (7.00) 0.001†

SVLT
Recall 14.00 (13.00) 23.50 (11.00) 0.001†

Recognition 17.00 (5.00) 20.00 (4.00) 0.132
K-BNT 43.00 (11.00) 50.50 (8.00) 0.022*
GDS 5.00 (2.00) - -
Shown are median values (interquartile range).
AD, Alzheimer's disease; MMSE-K, Korean version of Mini-Mental State Examination; SVLT, Seoul Verbal Learning 
Test; K-BNT, Korean version of the Boston Naming Test; GDS: Global Deterioration Scale.
*p < 0.05; †p < 0.01.

Table 2. Accuracy on the 3 conditions in the AD group and the healthy control group
Accuracy (%) AD group (n = 13) Healthy group (n = 16) p
What 60.00 (10.00) 70.00 (17.50) 0.509
Where 50.00 (20.00) 65.00 (10.00) 0.002*
When 40.00 (5.00) 60.00 (17.50) < 0.001†

Shown are median values (interquartile range).
AD, Alzheimer's disease.
*p < 0.01; †p < 0.001.
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Fig. 4. (A) Accuracy on the “what”, “where”, and “when” conditions in older adults with Alzheimer's disease at pre-/post-intervention. (B) Accuracy on the 3 
conditions in healthy older adults. 
*p < 0.05; †p < 0.01; ‡p < 0.001.
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DISCUSSION

This study was aimed at investigating the “what”, “where”, and “when” components of EM in 
older adults with AD, as well as the effects of EM training on each of those components. These 
results indicate that while spatial and temporal order memory were negatively affected by AD, 
only spatial memory could be enhanced by the cognitive training provided in this study.

Hippocampus-dependent EM declines with the progression of AD [10]. In this study, the 
differences in performance on 3 conditions between the AD group and the healthy group 
were consistent with previous studies indicating that the hippocampal activity is more 
highly correlated with the representation of the spatiotemporal context compared to object 
memory [10,15]. Indeed, these studies indicated that older adults with AD performed the 
task requiring memory about “what” information similarly to healthy older adults [10,15]. 
Additionally, it was confirmed that patients with medial temporal lobectomy had no difficulty 
in recalling object information [16], which is also consistent with the present results.

After the 16 training sessions, we observed a significant improvement in spatial memory of 
the AD group while there were no significant improvements in object and temporal order 
memory. Specifically, only the AD patients at mild stage showed the improvement in spatial 
memory. What could explain this selective improvement of spatial coding? A previous study 
suggested that goal-directed navigation could be effective in enhancing EM [17]. Goal-directed 
navigation requires the mental representation of spatial locations in a temporal order and 
is closely related to hippocampal mechanisms that also underlie EM [18]. The task used for 
training in our study also required subjects to navigate around the room in a goal-directed 
manner, in order to place objects in various spatial locations in a particular sequence. 
Interestingly, however, the EM training selectively improved spatial memory not object and 
temporal order memory. This might indicate that the spatial component of EM might be 
improved through the compensatory engagement of unaffected areas of the brain such as the 
network of cortical areas involved in visual scene processing [19]. In contrast, the temporal 
binding of memory components, which has been shown to require an intact hippocampus [11] 
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Table 3. Effects of episodic memory training on accuracy on each of the 3 conditions in the AD group
Episodic memory GDS Pre-test Post-test p
Accuracy

What 4 60.00 (15.00) 7.00 (20.00) 0.581
5 70.00 (15.00) 70.00 (10.00) 0.705
6 50.00† 40.00† 0.100

Where 4 50.00 (20.00) 60.00 (15.00) 0.034*
5 50.00 (20.00) 50.00 (15.00) 0.564
6 60.00† 60.00† 0.414

When 4 40.00 (10.00) 40.00 (5.00) 0.564
5 40.00 (10.00) 40.00 (10.00) 0.157
6 40.00† 50.00† 0.564

Neuropsychological assessment
MMSE-K 24.00 (6.00) 22.00 (4.00) 0.658
SVLT

Recall 22.00 (11.00) 16.00 (12.00) 0.072
Recognition 19.00 (5.00) 18.00 (4.00) 0.061

K-BNT 49.00 (11.00) 44.00 (10.00) 0.856
Shown are median values (interquartile range).
AD, Alzheimer's disease; GDS, Global Deterioration Scale; MMSE-K, Korean version of Mini-Mental State 
Examination; SVLT, Seoul Verbal Learning Test; K-BNT, Korean version of the Boston Naming Test.
*p < 0.05; †Interquartile range was not calculated.

https://e-bnr.org


may be irreversibly damaged by the time an AD patient reaches GDS 4, given the deterioration 
of the hippocampus and entorhinal cortex from the earliest stage of AD [20].

In the neuropsychological assessments, although the AD group showed lower performance 
in recall memory than the healthy group, the groups were similar in recognition memory 
performance. A decline in recall has been identified one of hallmarks of AD but there is 
controversy over whether there is impairment in recognition in the early stages of AD. Previous 
studies have indicated that generally AD patients are also impaired in recognition as well as 
recall since sensory processing also seems to be affected in AD [21]. Indeed, the previous study 
showed that recognition was impaired in a patient with hippocampal lesion [22]. However, 
there is a possibility that object recognition impairments could not be obviously observed at 
mild AD stage [23], which is line with the result of this study. In this study, since the older 
adults with AD were confirmed by the GDS being at the mild to moderate stage, the SVLT might 
not have detected problems of their recognition. This indicates that recognition in AD at mild 
to moderate stage depends on a type of test. Meanwhile, a previous study suggested that test of 
verbal fluency such as the result of the K-BNT was better for distinguishing mild to moderate 
AD from severe AD rather than discriminating mild AD patients from healthy older adults 
[24]. In this study, there was no significant difference in the K-BNT between the AD group and 
the healthy group. Additionally, there were no significant improvements in all the assessment 
after the 16 training sessions. Given these findings, we could conclude that general cognitive 
function, verbal EM, and verbal fluency were not proper tests for identifying early AD patients.

This study, however, has 2 limitations. First, we could not confirm the mechanism of spatial 
memory improvements since we did not use brain imaging devices such as functional 
magnetic resonance imaging and positron emission tomography. Second, because no control 
group was involved in the training part of this study, it is not possible to compare the effects 
of EM training in AD to healthy participants.

In conclusion, an impairment in spatial and temporal memory can be one of the cognitive 
hallmarks of AD, and spatial memory could be enhanced by EM training in early stages of 
AD. As such, clinicians may consider using assessments and training programs that include 
spatiotemporal contexts rather than using conventional assessment that focus mainly on 
object memory.
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