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Abstract

Background: Much remains unknown regarding the nature of the memory profile of individuals with amnestic mild cognitive
impairment (aMCI). One of the questions is whether they first encounter an encoding/storage defect or retrieval memory profile
difficulties.
Objectives: The present study aimed to shed light on this by evaluating learning strategies and memory process deficits in individ-
uals with aMCI and Alzheimer’s disease (AD).
Methods: The Shiraz Verbal Learning Test (SVLT) was used to assess and compare verbal memory performance and learning strate-
gies among three groups of individuals, including patients with aMCI, AD cases, and healthy individuals. The study groups were
compared using most indices of the SVLT.
Results: A pattern of memory impairment was found in the aMCI group, and the indicators included defects in immediate learn-
ing, a poor learning slope, rapid forgetting, and a poor function in delayed recall. This was similar to the representations of the
individuals with AD. However, the aMCI group acted differently from the AD and healthy groups when it came to learning strategies.
Specifically, they mostly used serial clustering. Furthermore, the results of serial position effects showed no significant difference
between the three groups in terms of primary/recency effects.
Conclusions: The findings of the present research suggested that individuals with aMCI, similar to patients with AD, initially de-
velop defects in encoding and storage (to a lesser degree), followed by retrieval memory problems. Our results also supported that
SVLT can be a reliable diagnostic tool to estimate aMCI progression or the prodromal stage of AD type dementia.
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1. Background

Alzheimer’s disease (AD) is a terminal neurodegener-
ative illness and a prototype of cortical dementia. It can
be characterized by various memory and cognitive impair-
ments, eventually leading to death (1). Previous studies
have estimated that 5 - 6% of individuals aged over 65 years
develop dementia, and 50% - 80% of these cases can be at-
tributed to AD. The trajectory period of AD is estimated to
be 15 - 24 years. However, a major proportion of this pro-
cess concerns the preclinical stage. The disease process is
highly variable, and it has been claimed that the clinical
signs of AD can only be identified in the later stages of the
disease (2).

The pathological process of AD spans more than
a decade before the clinical stage of the disease. In

other words, patients have typically already experienced
a decade of significant neuronal damage before being di-
agnosed with AD. This means that there are no successful
therapeutic interventions for AD. Therefore, it is vital to de-
tect the process of the relevant cognitive decline and iden-
tify individuals at the risk of developing the clinical signs
of AD before the onset of inevitable neuropathology (2).

Recent studies have focused on identifying individuals
in the early stages of dementia, and several subtypes have
emerged concerning the preclinical stage. The concept of
mild cognitive impairment (MCI) has been used for more
than two decades to define subjects whose condition falls
somewhere between healthy aging and dementia (3-5). Ac-
cording to Patterson and Clarfield cited in Emery and Ox-
man (6), MCI includes three subtypes, namely amnestic,
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multiple-domain mild impairment, and the unrelated sin-
gle non-memory domain. Amnestic MCI (aMCI), often the
main clinical criterion in the early diagnosis of AD, consists
of deficits in learning, memory, and especially episodic
memory, making it the focus of most research and clini-
cal works (7-10). Research has shown that patients experi-
encing the preclinical stage of AD initially develop episodic
memory impairment despite other cognitive abilities re-
maining intact for the most part. These impairments oc-
cur approximately 6 - 8 years before diagnosis. In addition
to the negative impacts on learning and memory in the
early stages of AD, patients gradually develop global cog-
nitive impairments, further revealing the severity of mem-
ory impairment in such patients. It can be said that mem-
ory or verbal learnings are higher-order, multi-faceted cog-
nitive abilities that depend on other cognitive functions,
such as attention, language, and executive functions. As
a result, it can be concluded that the longitudinal defects
observed in episodic memory cannot solely be attributed
to neuroanatomical abnormalities in the medial temporal
lobe (8, 11).

The California Verbal Learning Test (CVLT) is among the
verbal memory tests that provide an in-depth assessment
of and specific profile for verbal memory impairment in
patients with aMCI and AD cortical dementia. Studies have
revealed that cortical and subcortical neurodegenerative
conditions, such as AD and Parkinson’s disease, differ in de-
gree and pathology. Therefore, the subgroups of memory
profiles in these patients can be predicted using CVLT (10,
12). While CVLT assesses overall learning and memory im-
pairments, it can also be used for the in-depth analysis of
the mechanisms involved in such impairments, for exam-
ple, the type of learning strategies and their impact on the
level of recall. This tool can be categorized as a shopping
list learning test comprising five attempts encompassing
immediate recall, free recall, and cued recall. The word
list consists of four semantically distinct categories of vo-
cabulary. The semantic structure of CVLT helps to under-
stand and evaluate learning strategies in a way that is sim-
ply not possible by unrelated words. Effective learning us-
ing semantic structure involves the activation of word clus-
ters from the same semantic group on the part of the test
taker. Moreover, CVLT includes a cued recall task after the
immediate free recall but before the delayed free recall.
In the cued recall task, a test taker is tasked with recall-
ing items from each of the four categories, which can fur-
ther shed light on the test taker’s semantic structure. This
method facilitates both the recall and subsequent catego-
rization of clusters. The structure of CVLT not only exam-
ines memory consolidation deficiencies but also helps as-
sess acquisition problems (13). The CVLT yields both quan-
titative memory and learning scores (e.g., the extent of

learning across trials 1 - 5, short delayed recall, and long-
delayed recall) and qualitative descriptors which charac-
terize memory functions (e.g., serial-position effects and
recall consistency) (11). Most memory tests only provide a
single score to assess the memory of respondents, taking a
merely quantitative approach to the evaluation of memory
function. In contrast, CVLT-II is a quantitative and qualita-
tive assessment that provides a strong characterization of
subjects’ learning and failure at learning and verbal items.
This information is often valuable and used for different
and often difficult diagnoses to assess the impact of mem-
ory impairment on an individual’s daily life. Furthermore,
the results of such tests can be used to design cognitive re-
habilitation programs tailored to the strengths and weak-
nesses of patients’ memory and learning (11).

According to various studies, the qualitative memory
function profiles and learning strategies of patients with
AD in the CVLT and CVLT-II typically include poor mem-
ory function in immediate, short, and delayed recall, rapid
amnesia, flat learning curves, impaired primary effect, el-
evated recency effect, low middle recall, and greater use
of serial clustering strategies rather than semantic clus-
tering, all of which pertain to recall consistency and poor
learning slope (1, 11-15). Such memory impairments in pa-
tients with AD are usually associated with the initial in-
volvement of the medial temporal lobe, which is the pri-
mary anatomical layer for encoding, storage, and consoli-
dation of memory (14). However, in the preclinical stages
of AD or aMCI, the nature of the memory profile remains
unrecognized. Numerous questions may arise on the dif-
ference between memory profiles in patients with AD com-
pared to those with aMCI. For example, are mild impair-
ments in patients’ memory functions due to poor storage
at the aMCI stage and encoding of the memory system?
Another question is whether patients with AD experience
retrieval deficits before encountering deficits in encoding
and storage from the very early stages of the illness, sim-
ilar to those with subcortical dementia (11). The answers
to such questions can help us better understand how the
stages of memory function may change as a result of AD,
expand our core knowledge of the matter, and achieve ear-
lier and more accurate diagnoses of AD.

In this study, Shiraz Verbal Learning Test (SVLT), a test
inspired by CVLT-II, was used to evaluate and characterize
memory impairments and verbal learning profiles of pa-
tients with AD and aMCI. This test, similar to CVLT, can pro-
vide an in-depth assessment of the cognitive processes and
learning strategies employed by patients with aMCI and
AD (16). This made SVLT a suitable tool for a more compre-
hensive assessment of process-oriented memory and ver-
bal learning in patients with AD and aMCI. The aim was to
better understand the nature of memory function, the ex-
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tent of brain atrophy, and the area of neuropathology in
these patients.

2. Objectives

The present study was conducted to better understand
learning strategies and memory process deficits in individ-
uals with aMCI and AD.

3. Methods

3.1. Participants

The present study was conducted on 197 subjects aged
60 - 90 years in three groups (64 patients with AD, 66 sub-
jects with aMCI, and 67 healthy individuals) who were as-
sessed from March to July 2021 at the clinics and nursing
homes in Shiraz, Iran. The patients comprised individu-
als referring to psychiatric and neuropsychological evalu-
ation clinics and nursing homes in Shiraz, Iran, and were
selected voluntarily. The participants were assured of the
confidentiality of their information.

The inclusion criteria for the AD group were a diag-
nosis of mild to moderate AD cortical dementia based on
psychiatric and neurological diagnostic criteria (magnetic
resonance imaging) and clinical psychology in accordance
with the diagnostic and statistical manual of mental dis-
orders, fifth edition (DSM-5), SVLT, and mini-mental state
examination (MMSE). The exclusion criteria for the same
group entailed the presence of mental health disorders
(e.g., major depressive disorder) or neurological disorders
(e.g., Korsakov or Huntington’s disease) that could affect
patients’ cognition, as well as any type of aphasia.

The inclusion criteria for the aMCI group, derived from
Patterson and Clarfield cited in Emery and Oxman (6), com-
prised mental memory complaints (the benchmark for pa-
tients’ mental complaints in this study was obtaining a
mean ± SD score of -1 ± -1.5 in the SVLT subscales), nor-
mal daily life activity, normal general cognitive function,
abnormal memory for that age, and a lack of dementia.
The exclusion criteria for the same group consisted of men-
tal health disorders (e.g., major depressive disorder) or any
cortical and subcortical dementia (e.g., AD or Huntington’s
disease) that influence patients’ cognition, as well as any
type of aphasia.

The control group was selected from Jahandidegan
and Soroush daycare centers and nursing homes in Shiraz,
Iran. The individuals in this group were matched with the
patient groups in terms of different variables, such as age
and educational level. The inclusion criteria for the control
group encompassedan age of over 60 years, a high cut-off

score in the MMSE, the absence of mental health or neuro-
logical diseases, and a lack of any cognitive complaints.

As mentioned earlier, SVLT was devised based on CVLT-
II (developed by Delis et al. in 2000 (12)). Similar to CVLT,
it evaluates the strategies and processes involved in the
learning and recall of verbal items (16). The adult version
of this test is suitable for individuals aged 20 - 89 years old.
The Persian version of SVLT showed excellent psychomet-
ric properties. Rahmani et al. (16), using the test-retest and
alternative form methods, found the reliability of the test
to fall within the medium to high range (range of 29 - 94
for the main variable of SVLT). Moreover, measurements of
the validity of the test indicated medium to high correla-
tions with other learning and memory tests, including the
Wechsler Memory Scale, with a range of 43 - 63 on the main
variable of SVLT (16).

The scales of SVLT include two shopping lists, simply
called List A and List B, which were presented to the sub-
ject. This test examines the recall and recognition of words
presented in different experiments. The test begins with
a 5-attempt assessment of an individual’s ability to recall
List A, which includes 16 words falling under four vocab-
ulary categories, namely vegetables, animals, means of
transportation, and household items (four words per cat-
egory). The interference list (i.e., List B), consisting of 16
words (four words per category), is also presented to the
respondent in one attempt. After the free recall of List B,
the subject is asked to recall List A items again freely. Af-
ter 20 min, during which the non-verbal examinations can
be performed, free recall, clue-based reminders, and List A
recognition are measured. However, in SVLT, the compo-
nents of learning slope and learning strategies are evalu-
ated as follows:

(1) Learning slope: The SVLT, similar to CVLT-II, quan-
tifies the learning slope by calculating the minimum re-
gression line obtained from the correct response score
throughout five immediate recall trials from List A. The
slope of the regression line indicates the extent of new
learning per effort. In addition to the total learning slope
obtained by the rate of learning during all five immediate
recall attempts, two new slope indicators for the CVLT-II are
obtained as follows: learning slope from the first to the sec-
ond attempt of List A, and learning slope from the second
to the fifth attempt of List A. This new method measures
the learning slope to assess changes in learning at different
levels and can be helpful during immediate recall attempts
(12).

(2) Organizational strategies (i.e., serial clustering & se-
mantic clustering): When encoding verbal information,
SVLT evaluates two recall strategies, namely serial and se-
mantic clustering. Serial clustering is used when the sub-
ject recalls the word list in the same order provided by the
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examiner. Semantic clustering demonstrates the subject’s
ability to organize the words read into categorical groups.

(3) Serial position effects (primary-recency effects):
This measure is obtained based on the subject’s degree of
recollection from the primary region and the recency re-
gion of List A. Another type of learning style involves mem-
orizing words from different areas of the main list. For
example, the respondent may be inclined to recall words
coming up in the beginning, middle, or end of the main
list (12). In SVLT, similar to CVT-II, the primacy and recency
are defined as the first four and the last four words, respec-
tively. Moreover, the eight words coming in between con-
stitute the middle part of the list. This grouping was con-
sistent with Salthouse’s description of the average size of
list sections based on his review of relevant texts cited in
Delis et al. (12).

(4) Recall consistency percentage: This percentage rep-
resents the extent of recalling the same words during the
expression of a list of words. It is obtained by calculating
the frequency of correct words recalled once in each of the
first four trials of List A as well as in later attempts.

3.2. Procedure

The study participants consisted of individuals re-
ferred to psychiatric and neuropsychological evaluation
clinics and nursing homes in Shiraz, Iran. Considering the
fact that the population variance was not available to es-
timate the sample size, the method of minimum sample
size estimation for variance analysis tables 2 × 3 (two gen-
ders and three groups) was used, resulting in 25 for each
group. After the subjects or their guardians signed the in-
formed consent, the MMSE and SVLT were administered to
evaluate their memory performance. A trained examiner
conducted these assessments in a quiet room in one ses-
sion (17).

3.3. Data Analysis

Data analysis was performed using SPSS version 16 at
the significance level of P < 0.05. The demographic char-
acteristics (age, education, and gender) and neuropsycho-
logical data (MMSE, immediate recall, delayed recall trials,
learning slope, and learning strategies) for the three par-
ticipant groups (AD, aMCI, and healthy) were analyzed us-
ing the chi-squared test for the categorical data and the
analysis of variance (ANOVA) followed by the Scheffe post
hoc test for the numerical data with normal distribution
and similar variance.

4. Results

The demographic characteristics, namely age, gender,
educational level, and MMSE scores, are listed in Table 1.

The chi-squared test results showed no significant differ-
ence between the three study groups in terms of gender
distribution (χ2 = 3.44, P = 0.17). The one-way ANOVA re-
vealed that age and educational level [F (2, 1.37), P = 0.35;
F (2, 1.02), P = 0.25, respectively] were not significantly dif-
ferent between the three groups (AD, aMCI, and controls).
These findings indicated that the research groups were
well-matched in demographic characteristics. Concerning
cognitive functions, the results of MMSE [F (2, 307.2), P <
0.001] demonstrated that patients with AD and aMCI had
a significantly lower cognitive function compared to the
healthy group. The Scheffe post hoc test was also used to ex-
amine the between-group differences, the results of which
indicated significant differences between all study groups
(Scheffe, P < 0.001; Table 1).

In order to evaluate the differences in encoding and the
extent of immediate recall, the number of raw words cor-
rectly recalled from List A on the first trial, the fifth trial,
and trials 1 - 5 cumulatively, as well as the number of words
correctly recalled from List B, were measured and com-
pared between the study groups. Furthermore, we evalu-
ated the encoding and learning curve by comparing four
types of learning slopes (learning slope for trials 1 - 2, 2 - 5, 1
- 3, and 3 - 5) between the study groups. Table 2 summarizes
the mean ± SD raw scores of the immediate recall trials
variables between the AD, aMCI, and normal groups. The
results of one-way ANOVA demonstrated that the number
of the words from list A correctly remembered in List A trial
1, List A trial 5, List A trials 1 - 5, along with the recalled List B
words [F (2, 42.7), P < 0.001, F (2, 158.4), P < 0.001; F (2, 143.4),
P < 0.001; F (2, 36.2), P < 0.001, respectively] were all signif-
icantly lower among patients with AD and aMCI compared
to the healthy participants. The results of the Scheffe test
also showed a significant difference between all research
groups (Scheffe, P < 0.001; Table 2).

The ANOVA results also revealed significant differences
between the study groups regarding all four types of learn-
ing slopes [F (2, 13.8), P < 0.001, F (2, 29.6), P < 0.001; F
(2, 37.8) P < 0.001; F (2, 9.6), P < 0.001, respectively]. The
Scheffe post hoc test also indicated significant differences
(Scheffe, P < 0.001) in terms of all four variables of learning
slope (i.e., trials 1 - 2, 2 - 5, 1 - 3, and 3 - 5) between the con-
trol group and the other two groups. However, the AD and
aMCI groups were not significantly different in any of the
four variables (Scheffe, P > 0.05; Table 2). Individuals typi-
cally use two types of clustering to recall words, namely se-
mantic clustering (semantic response style) and serial clus-
tering (responding in the same order as the word list). Pa-
tients with AD and MCI may experience learning difficul-
ties, as indicated by the insufficient use of learning strate-
gies. They may recall target words in the same manner
stated by the examiner.
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Table 1. Demographic and Baseline Characteristics a

Variable AD (n = 64) aMCI (n = 66) Normal (n = 67) P - Value Post Hoc Test

Age 69.2 ± 8.5 (61 - 90) 69.6 ± 7.1 (62 - 85) 67.5 ± 7.3 (60 - 89) 0.25 b

Gender % (FM) 51.6/48.4 40.9/59.1 55.9/44.1 0.17 c

Education 9.34 ± 3.6 (6 - 18) 9.56 ± 4.2 (6 - 20) 10.3 ± 3.6 (6 - 18) 0.35 b

MMSE 17.7 ± 2.6 (13 - 22) 22.6 ± 2.1 (19 - 25) 27.1 ± 1.7 (22 - 30) 0.001 b N > aMCI > AD d

Abbreviations: N, normal; aMCI, amnestic mild cognitive impairment; AD, Alzheimer’s disease; MMSE, mini-mental state examination.
a Values are mean ± SD, except gender.
b ANOVA
c χ2

dPosthoc comparisons, Scheffe test, P < 0.05

Table 2. Immediate Recall (Learning and Encoding) on the SVLT

SVLT Measures AD (n = 64) aMCI (n = 66) Normal (n = 67) P-Value Post Hoc Test

List A trial 1 3.35 ± 2.09 4.6 ± 1.4 5.80 ± 1.86 0.001 b N > aMCI > AD c

List A trial 5 5.79 ± 2.01 8.46 ± 2.7 12.5 ± 2.4 0.001 b N > aMCI > AD c

List A trial 1 - 5 25.1 ± 7.52 35.1 ± 7.48 49.5 ± 9.73 0.001 b N > aMCI > AD c

List B 2.92 ± 1.76 4.71 ± 1.69 5.61 ± 2.02 0.001 b N > aMCI > AD c

Learning slope trial 1 - 2 1.42 ± 2.3 1.87 ± 1.49 3.07 ± 1.73 0.001 b N > aMCI > AD c

Learning slope trial 2 - 5 0.36 ± 0.6 0.52 ± 0.79 1.19 ± 0.55 0.001 b N > aMCI > AD c

Learning slope trial 1 - 3 0.96 ± 1.2 1.36 ± 0.78 2.41 ± 0.96 0.001 b N > aMCI > AD c

Learning slope trial 3 - 5 0.25 ± 0.92 0.30 ± 1.27 0.93 ± 0.71 0.001 b N > aMCI > AD c

Abbreviations: N, normal; aMCI, amnestic mild cognitive impairment; AD, Alzheimer’s disease.
a Values are mean ± SD.
b ANOVA
c Posthoc comparisons, Scheffe test, P < 0.05

However, when employing semantic clustering, the
subject applies an active strategy to reorganize words
based on categorical groupings. Such techniques help fa-
cilitate the retrieval process of the word list, especially in
cases where free recall is impaired. The semantic cluster-
ing and serial clustering indicators were calculated via the
extent of learning (total learning). Based on the results of
one-way ANOVA, the AD, aMCI, and normal groups had sig-
nificant differences in terms of employing total semantic
and serial clustering [F (2, 6.67), P < 0.001; F (2, 4.05), P
< 0.05, respectively]. Scheffe test indicated that individ-
uals with MCI used the total semantic clustering method
less frequently than the normal group, and this difference
was statistically significant (Scheffe, P < 0.001). There was
also a significant difference in the mean scores of the total
serial clustering measurements between the AD and aMCI
groups (Scheffe, P < 0.05; Table 3).

The evaluation of words order recall patterns in trial 1
List A demonstrated that the AD and MCI groups showed
primacy (31.5%, 35.4%), middle (43.4%, 39.4%), and recency
(25.6%, 23.6%) response patterns similar to those of the nor-
mal group (primary: 33.2%; middle: 43.3%, recency: 23.6%),

and the observed difference was not significant [F (2, 0.18),
P = 0.83; F (2, 0.35), P = 0.7; F (2, 0.34), P = 0.71; respec-
tively]. Similarly, the results of the analysis of words order
recall patterns pertaining to all learning trials (trials 1 - 5)
suggested no significant difference between the AD, aMCI,
and control groups (27.1%, 26.4%, and27.5%: primary; 46.7%,
48.4%, and 47.9%: middle; and 25.8%, 25.4%, and 24.3% re-
cency, respectively) in terms of applying response patterns
[F (2, 0.46), P = 0.63; F (2, 0.65), P = 0.52; F (2, 0.11), P = 0.89;
respectively; Table 3].

In contrast, the research groups were significantly dif-
ferent regarding recall consistency [F (2, 18.9), P < 0.001].
The results of the Scheffe test also revealed a signifi-
cant difference between the normal/aMCI, normal/AD, and
aMCI/AD pairs concerning recall consistency (Scheffe, P <
0.001; Table 3). Table 4 presents the mean ± SD raw scores
of the delayed-recall trials (short-delay free recall, short-
delay cued recall, long-delay free recall, long-delay cued re-
call, and delayed retention rate) between the AD, aMCI, and
normal groups. One-way ANOVA showed that the differ-
ences between the mean scores of these five variables were
significant [F (2, 209.1), P < 0.001; F (2, 260.8), P < 0.001; F (2,
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Table 3. Learning Strategies on the SVLT a

SVLT Measures AD (n = 64) aMCI (n = 66) Normal (n = 67) P-Value Post Hoc Test

Semantic clustering 1 - 5 0.12 ± 0.57 -0.11 ± 0.64 0.39 ± 1.06 0.002 b N > aMCI c

Serial clustering 1 - 5 -0.18 ± 0.38 0.09 ± 0.56 -0.05 ± 0.66 0.01 b aMCI > AD c

Primary recall trial 1 35.4 ± 27.8 31.5 ± .22.3 33.2 ± 16.7 0.63 b

Middle recall trial 1 39.4 ± 25.8 43.4 ± 23.3 43.3 ± 17.8 0.52 b

Recency recall trial 1 23.6 ± 26.4 25.6 ± 22.4 23.6 ± 18.8 0.89 b

Primary recall trial 1 - 5 27.1 ± 16.4 26.4 ± .8.71 27.5 ± 5.46 0.83 b

Middle recall trial 1 - 5 46.7 ± 16.33 48.4 ± 11.4 47.9 ± 7.70 0.70 b

Recency recall trial 1 - 5 25.8 ± 14.9 25.4 ± 10.9 24.3 ± 6.42 0.71 b

Recall consistency 66.5 ± 15.9 73.5 ± 14.1 81.3 ± 11.5 0.001 b N > aMCI > AD c

Abbreviations: N, normal; aMCI, amnestic mild cognitive impairment; AD, Alzheimer’s disease.
a Values are mean ± SD.
b ANOVA
c Posthoc comparisons, Scheffe test, P < 0.05

220.8), P < 0.001; F (2, 251.8), P < 0.001; F (2, 57.2), P < 0.001].
in addition, the Scheffe test revealed significant differences
between all three group pairs (normal/aMCI, normal/AD,
and aMCI/AD) in all the aforementioned subscales, namely
short-delay free recall, short-delay cued recall, long-delay
free recall, long-delay cued recall, and delayed retention
rate (Scheffe, P < 0.001).

5. Discussion

The early detection of MCI in individuals who report
subjective cognitive complaints and the evaluation of the
gradual process of cognitive decline in these patients is
critical in the realm of dementia research (18). One of the
most common methods to understand the memory pro-
file in this group of individuals is using verbal learning as-
sessment tests, such as CVLT (19). Therefore, in the present
study, three research groups, including people with AD,
individuals with aMCI, and a control group consisting of
healthy people employed to assess and achieve a better un-
derstanding of the multiple learning and memory strate-
gies. Also, to investigate whether the disability character-
istics and memory performance profile of patients with
AD (e.g., rapid forgetfulness, poor recall, and poor learn-
ing strategies) could also be found in patients with aMCI,
we used the SVLT, a test that is similar to the CVLT which is
capable of measuring these indicators.

5.1. Immediate Recall Trials (Learning and Encoding)

The findings of the present study indicated that pa-
tients with aMCI had significantly weaker learning and en-
coding performance compared to the control group. This
was evident in List A trial 1, List A trial 5, List A trials 1 -

5, List B, learning slope trials 1 - 2, learning slope trials 2
- 5, learning slope trials 1 - 3, and learning slope trials 3 -
5. On the other hand, they performed significantly better
than the AD group. These findings are consistent with pre-
vious studies highlighting that patients with aMCI, simi-
lar to AD cases, had below-average learning performance,
storage, and encoding (10-14, 20, 21). As demonstrated by
CVLT, healthy individuals greatly vary when it comes to
new learning during immediate recall attempts depend-
ing on their emotional states or cognitive abilities. Ac-
cordingly, people with anxiety or depression may perform
poorly in the first trial of List A because List A is read for the
first time, and they do not know how long the list may be.
Such ambiguity can make them feel highly anxious. This
reaction can interfere with their ability to recall words.
However, after the first attempt, they recognize that the list
is limited and manageable, so they may remain calm and
perform normally. These individuals perform poorly only
on the first attempt. Consequently, they typically generate
a moderate to high learning slope during trials 1 - 5, espe-
cially during trials 1 - 2 (12).

In contrast, patients with central frontal lobe injuries
or AD (in the preclinical or early stages of the disease) may
achieve normal or near-normal scores on the first and sec-
ond trials of List A. However, they usually end up perform-
ing poorly in the subsequent attempts. These individuals
are typically observed as quickly reaching a steady-state
or plateau in learning. Their auditory attention span (as-
sessed in the first attempt of List A) may be adequate, and
their learning slope from trial 1 to trial 2 may be acceptable.
However, they often perform poorly on the total learning
slope pertaining to trials 1 - 5 and especially trials 2 - 5. Pa-
tients with cortical dementia, such as those with AD or Ko-
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Table 4. Delayed-Recall Trials (Memory) on the SVLT

SVLT Measures AD (n = 64) aMCI (n = 66) Normal (n = 67) P-Value Post Hoc Test

Short delay free recall 2.78 ± 1.78 5.46 ± 1.89 10.7 ± 2.86 0.001 b N > aMCI > AD c

Short delay cued recall 4.3 ± 1.85 7.22 ± 1.86 12.1 ± 2.27 0.001 b N > aMCI > AD c

Long delay free recall 2.20 ± 2.21 5.80 ± 2.71 11.5 ± 2.68 0.001 b N > aMCI > AD c

Long delay cued recall 4.06 ± 1.89 7.59 ± 2.03 12.3 ± 2.31 0.001 b N > aMCI > AD c

Delayed retention rate 32.3 ± 37.1 65.1 ± 33.1 88.9 ± 17.1 0.001 b N > aMCI > AD c

Abbreviations: N, normal; aMCI, amnestic mild cognitive impairment; AD, Alzheimer’s disease.
a Values are mean ± SD.
b ANOVA
c Posthoc comparisons, Scheffetest, P < 0.05

rsakov syndrome, who have moderate to severe coding de-
fects, often fail to demonstrate the evidence of meaningful
new learning at any stage of the five learning trials. This
performance pattern is known as flat learning, and in these
groups, none of the different types of learning slopes (e.g.,
trials 1 - 2, 2 - 5, and 1 - 5) showed any changes in learning
(12).

One specific pattern of episodic memory impairment
is known as the amnesia of the hippocampal type, which
is the main clinical criterion for the early diagnosis of AD.
The main features of this amnesia profile are poor learn-
ing ability and rapid memory impairment over a relatively
short period. It is usually associated with the initial in-
stance of medial temporal lobe involvement (14). The na-
ture of the memory profile of patients at the preclinical
stage of AD or aMCI seems to be similar to that of AD cases
in terms of defects in coding and learning disabilities.

5.2. Learning Strategies

The obtained results revealed no significant differ-
ence between the AD and control groups in terms of se-
rial/semantic clustering. However, patients with aMCI
used more serial clustering strategies than semantic clus-
tering approaches in the control and AD groups, and this
difference was significant. This finding was in line with
those of previous studies that suggested patients with
aMCI used fewer semantic clustering strategies than cog-
nitively sound participants as well as people with AD (11, 13,
19). On the other hand, it was inconsistent with the results
of Delis et al. (12). They argued that patients with AD were
similar to those with aMCI intending to use semantic clus-
tering strategies less frequently and ineffectively (11).

Studies have reported that defects in semantic mem-
ory (which helps to understand concepts, word meanings,
and factual knowledge) are associated with neuropatho-
logical alternations in the inferolateral temporal neocor-
tex. However, impairments in proper learning strategies
(which fall under the category of executive functions)

are related to the neocortical degeneration of the frontal
lobes. Several imaging studies have indicated that the pre-
frontal cortex is linked to organizational strategies, which
can help improve episodic memory (11). Therefore, the
higher serial clustering ratios in patients with aMCI seem
to result from damage to the frontal lobe and subsequent
dysfunction. However, because patients with AD were only
capable of recalling a few words (usually three or four
words) per trial, it was challenging to adjudge the presence
of any particular learning strategy.

The group comparison results showed that the partic-
ipants with AD and aMCI had similar primacy-recency ef-
fects (a word order recall pattern in learning trials) to the
healthy individuals. This finding was inconsistent with the
previous findings (10-12). Individuals with optimal learn-
ing skills usually remember most of the words in the first
(primacy) and last (recency) sections. This phenomenon
is called the primacy-recency effect, occurring with vary-
ing degrees of semantic or serial clusters. The words at
the beginning of the list often receive more practice time
than those in the middle of the list. Consequently, they are
more likely to be recalled. Moreover, the words at the end
of the list are repeated through short-term memory, caus-
ing them to be often recalled by the subject. The most chal-
lenging words to remember are in the middle of the list.
One explanation for this problem is that the anterograde
interference of words at the beginning of the list and the
retrograde interference of words at the end of the list may
prevent the recall of words in the middle of the list (12).

Average to above-average recall of words in the first
and middle sections of the list can indicate strong learn-
ing skills, as it demonstrates that the individual has coded
these words in their long-term memory. However, the
most straightforward words on the list to remember dur-
ing learning attempts are those at the bottom of the list (a
phenomenon referred to as recency recall). A person can
recall these words from their short-term memory without
any encryption in the long-term memory. Patients with se-
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vere coding deficits mostly recall words from the last part
of the list. Such data suggest that they are using a pas-
sive recall strategy as they demonstrate rote learning of
items repeated in their short-term memory. Studies have
revealed that this passive style is characteristic of patients
with AD, Korsakoff syndrome, or left hippocampal/left tem-
poral lobe injuries (12). Taking into account previous find-
ings along with the results of the present study, it can
be deduced that the condition of our patient groups was
more likely to fall under the category of preclinical/mild
AD. Therefore, their performance concerning a word’s po-
sition on the list was similar to the healthy participants.

A comparison of recall consistency between the three
research groups revealed another important finding. Pa-
tients with aMCI had significantly lower memory stability
than the control group. However, they presented signif-
icantly better performance and higher stability than the
AD group. This finding is consistent with Delis et al. (12)
and Grenfell-Essam et al. (22), who suggested that patients
with organic brain disorders have inconsistent or unstable
memory.

Previous studies have shown that patients with organic
brain disorders are usually inconsistent in the extent of
memorization of the same words during the recital of a
list. This group of patients has limited learning ability and
employs incorrect learning strategies. As a result, they may
recall words inconsistently. The inconsistent or unstable
recall is usually due to issues with the frontal lobe. Such
individuals often respond to the repeated presentation of
words in a list as if they were new and being read for the
first time. Luria addressed these problems as an “inability
to retain the plan of memorizing” (12).

5.3. Delayed-Recall Trials (Memory and Retrieval Processes)

The results of delayed recall trials (i.e., storage and
retrieval) suggested that patients with aMCI had signifi-
cantly lower performance than the controls in all five vari-
ables (short-delay free recall, short-delay cued recall, long-
delay free recall, long-delay cued recall, and delayed reten-
tion rate). Nonetheless, they performed significantly bet-
ter than the AD group in these metrics. These results are
in line with those of previous studies, suggesting that de-
layed recall scores may be one of the best predictors of AD
(7, 10, 11). Rapid forgetting and deficits in long-term stor-
age are characteristic of numerous neurological disorders.
Therefore, this can be considered a standard measurement
method (12).

Studies using CVLT have indicated that most neurolog-
ical groups with severe retrieval defects demonstrate im-
pairments in free recall and cued recall, despite their nor-
mal or close to normal functions in the recognition seg-
ment. One reason individuals with retrieval defects cannot

make disproportionate improvements in cued recall com-
pared to free recall might be that both types of retrieval
attempts, as the name implies, require correct word re-
trieval. In contrast, there is no need for this when it comes
to recognition (11, 12). This may lead to mistakes as well as
instances of intrusion (i.e., uttering a word that is not on
List A). If an individual is prone to confabulation, cued re-
call attempts reveal it and intensify this tendency. Patients
with AD are particularly susceptible to high degrees of in-
trusion in recall with clues. These clues end up deceiving
the patient rather than guiding them. Consequently, in-
stead of using the meaning to search their memory seman-
tically in order to recall the word, the patient resorts to free
association (12).

Overall, the results of the present study indicated that
aMCI cases, similar to patients with AD, initially develop
defects in encoding and storage but to a lesser degree, fol-
lowed by retrieval memory problems. Furthermore, inves-
tigating the qualitative and quantitative aspects of mem-
ory impairment, including both the extent of learning and
learning strategies and the recovery process, could help
identify the exact nature of verbal learning and memory
deficits in patients with aMCI and AD. In addition, the find-
ings of the current investigation suggested that SVLT can
be a useful diagnostic tool to predict the progression of
aMCI or the prodromal stage of AD type dementia.

Nevertheless, the present study had several limita-
tions, one of which was that the sample population pre-
dominantly consisted of outpatient neurological cases
that were referred to the clinic on a voluntary and self-
referred basis. Another limitation of the current research
was that only the verbal learning of the participants was as-
sessed, and learning disabilities in the nonverbal or practi-
cal memory functions of patients with aMCI and AD were
out of the scope of this study. Finally, this investigation ex-
clusively examined patients with amnestic MCI and AD. Fu-
ture studies are required to evaluate memory function and
learning strategies in patients with MCI as well as subcor-
tical groups using SVLT.

5.4. Conclusions

According to the results of the present study, individu-
als with aMCI, similar to patients with AD, initially develop
defects in encoding and storage but to a lesser degree, fol-
lowed by retrieval memory problems. Furthermore, inves-
tigating the qualitative and quantitative aspects of mem-
ory impairment, including both the extent of learning and
learning strategies and the recovery process, could help
identify the exact nature of verbal learning and memory
deficits in patients with aMCI and AD. In addition, the find-
ings of the present study suggested that SVLT can be a use-
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ful diagnostic tool to predict the progression of aMCI or the
prodromal stage of AD type dementia.
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