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Background: Although language impairment is the most salient
feature of cognitive impairment in both primary progressive
aphasia (PPA) and stroke aphasia (SA), memory can also be
impaired in both patient populations.

Objective: To identify distinctive features of verbal and non-
verbal memory processing in individuals with PPA and those
with SA.

Method: We gave individuals with PPA (n = 14), those with SA
(n = 8), and healthy controls (HC; n = 13) a comprehensive
neuropsychological test battery and the Turkish version of the
Three Words Three Shapes Test (3W3S–Turkish). The 3W3S–
Turkish Test includes five subtests: Copy, Incidental Recall,
Acquisition, Delayed Recall, and Recognition. High-resolution
brain scans were performed in a subset of individuals with PPA
and those with SA. Lesion distribution was limited to the dorsal
language areas in the SA group, whereas peak atrophy areas in
the PPA group extended beyond the language network, including
the medial temporal lobe, precuneus, and posterior/medial por-
tions of the cingulate cortex.

Results: Both the PPA and SA groups showed impairment in
incidental recall, and the PPA group showed additional impair-
ment in delayed recall. Greater impairment for verbal stimuli
suggestive of material-specific memory impairment was evident
in the PPA group’s scores on the Incidental Recall and Delayed
Recall subtests. Both aphasia groups retained the acquired in-
formation regardless of material type.

Conclusion: Although both aphasia groups shared similarities in
the involvement of the dorsal prefrontal working memory/
attention network, the PPA group showed greater impairment in
delayed recall compared with the SA group.

Key Words: memory, primary progressive aphasia, stroke
aphasia, three words three shapes, Turkish
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3W3S–Turkish=Three Words Three Shapes Test—Turkish
version. AD=Alzheimer disease. lv= logopenic variant. nfv=
nonfluent variant. PPA= primary progressive aphasia. SA=
stroke aphasia. sv= semantic variant.

Memory impairment presents as the most salient fea-
ture of progressive cognitive decline in typical Alz-

heimer disease (AD), also referred to as the amnestic
presentation of probable AD (McKhann et al, 2011).
However, in a subset of individuals with AD, language
impairment is the most salient feature of progressive cog-
nitive decline, and memory and other cognitive domains are
relatively preserved (Lam et al, 2013; Rogalski et al, 2016).
Individuals with non-Alzheimer pathologies such as fron-
totemporal lobar degeneration associated with TDP-43 or
tau may also present with language-predominant cognitive
decline (Mesulam et al, 2014b). This phenotype, with
selective involvement of language functions in neuro-
degenerative disease, is known as primary progressive
aphasia (PPA; Mesulam et al, 2009).

Three distinct variants of PPA have been described
in the literature. In the semantic variant of PPA (svPPA),
individuals have difficulty comprehending single words
due to the disruption of lexicosemantic associations
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(Gorno-Tempini et al, 2011). In the other two variants,
nonfluent/agrammatic PPA (nfvPPA) and logopenic var-
iant PPA (lvPPA), individuals present with relatively
preserved single-word comprehension; these two variants
are also referred to as the nonsemantic variants of PPA
(Christensen et al, 2015). nfvPPA is characterized by ef-
fortful, halting speech (apraxia of speech) and/or agram-
matism (syntactical and/or morphological errors in
spontaneous speech). lvPPA is characterized by speech
that is frequently interrupted due to word-finding diffi-
culty, and repetition is impaired, particularly for long
phrases (Gorno-Tempini et al, 2011).

Recent studies have revealed that individuals with
aphasia may also have compromised memory functions.
For example, short-term memory impairment has been
reported in individuals with stroke aphasia (SA), partic-
ularly due to cerebrovascular damage to the left prefrontal
cortex (Fonseca et al, 2019). The short-term memory
profiles of individuals with SA include auditory–verbal
working memory impairment, as evidenced by poor scores
on digit-span and alphabet span tasks, where participants
are asked to rearrange series of presented digits or words
in numerical and alphabetical order (Salis et al, 2018).

Individuals with PPA may also have impairments in
short-term memory, particularly in incidental learning,
which does not involve effortful encoding (Kielb et al,
2016). Foxe et al (2020) reported that individuals with
PPA may have visuospatial and verbal short-term memory
impairments. However, impairment in verbal retrieval
memory may also be evident in individuals with PPA,
particularly in cases with underlying AD pathology (Kielb
et al, 2016).

Memory Processing
Intact perceptual processing is a prerequisite for the

assessment of memory processing as perceptual impairment
interferes with memory, particularly within the same mo-
dality (Allen et al, 2011; Barense et al, 2012; Quiñones et al,
2021). The stages of memory processing include effortless
learning, effortful learning, retrieval, and retention (Wein-
traub et al, 2000). Incidental recall is associated with ef-
fortless learning that is inherent to working memory
processing. During effortless learning, the information is
encoded spontaneously and held online for immediate re-
production, whereas effortful learning includes the deliberate
encoding of information (Weintraub et al, 2013). The con-
trast between the effortful learning and delayed recall stages
reveals one’s ability to retrieve messages. On the other hand,
comparison of acquisition and recognition from multiple
choice reveals one’s ability to retain memories (Kielb et al,
2016). Another aspect of memory includes the type of ma-
terial that is being remembered, such as verbal or nonverbal
(ie, visual) information (Weintraub et al, 2013).

Prominent impairment in verbal memory compared
with nonverbal memory (material-specific memory disorder)
is typical in individuals with PPA (Weintraub et al, 2013).
However, material-specific memory impairment has been in-
sufficiently characterized in individuals with cerebrovascular

lesions. Although it has been reported that individuals with a
left hippocampal, anterior, and paramedian thalamic stroke
presented with material-specific memory impairment, these
individuals did not have aphasia (Carota et al, 2015; Ott and
Saver, 1993).

To our knowledge, there are no studies that have in-
cluded a detailed comparison of memory processing in in-
dividuals with neurodegenerative aphasia (ie, PPA) versus
individuals with SA. Therefore, we decided to investigate how
neurodegenerative versus cerebrovascular etiologies affect
memory processing in individuals with aphasia using a head-to-
head comparison of individuals with PPA and those with SA.

There are several limitations to the current battery of
tests that are used to evaluate memory in individuals with
aphasia. The majority of memory assessments rely on the
ability to process verbal stimuli such as auditory-based word
lists, including the Rey Auditory Verbal Learning Test (Rey,
1970) and the California Verbal Learning Test (Delis et al,
1987). On the other hand, some memory assessments rely on
the ability to process nonverbal stimuli such as objects, faces,
and spatial locations, including the Cambridge Face Memory
Test (Duchaine and Nakayama, 2006) and the Complex
Figure Test (Zhang et al, 2021). Still, few memory assessments
contain both domain-specific stimuli, thus preventing the
memory processing of verbal and nonverbal material to be
compared. In addition, the level of heightened complexity and
difficulty in nonverbal memory tests specifically may lead to a
“floor effect” in individuals in the moderate to severe stages of
neurodegenerative diseases (Blessed et al, 1968; Folstein et al,
1975; Weintraub et al, 2000).

Three Words Three Shapes Test
The ThreeWords Three Shapes Test (3W3S;Weintraub

and Mesulam, 1985; Weintraub et al, 2000) was developed to
overcome these limitations: It measures both verbal and
nonverbal memory. The 3W3S Test consists of five subtests:
Copy, Incidental Recall, Acquisition, Delayed Recall, and
Recognition. These five subtests provide an opportunity for
clinicians and researchers to evaluate the different stages of
memory processing, including perceptual processing of the
input material (Copy), effortless learning (Incidental Recall),
effortful learning (Acquisition), and the retrieval (Delayed
Recall) and retention (Recognition) of memory.

Because the 3W3S Test includes both verbal (three
words) and nonverbal (three geometric shapes) stimuli, it
allows for the assessment of material-specific (verbal vs
nonverbal) memory. Furthermore, presenting stimuli in
the same (visual) modality helps overcome the difficulty of
comparing individual performances in verbal versus non-
verbal tests (Weintraub et al, 2013). Such difficulty is
particularly evident when a verbal memory test is pre-
sented in the auditory modality but the nonverbal test is
presented in the visual modality (Kielb et al, 2016).

Originally developed as a practical bedside memory
test by Weintraub and Mesulam in 1985, the 3W3S Test has
been used successfully to discriminate patterns of memory
impairment in individuals with Korsakoff amnesia and
probable AD (Weintraub et al, 2000). In the first study using
the 3W3S Test to outline the memory profiles of individuals
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with PPA (Weintraub et al, 2013), the individuals with PPA
performed poorly on the Incidental Recall and Delayed
Recall subtests, exhibiting impairment in the effortless
learning and retrieval stages of memory processing. Impair-
ment in these memory stages was more prominent for words
than it was for shapes. However, perceptual processing, ef-
fortful learning, and memory retention were relatively pre-
served for both words and shapes.

In another study, individuals with probable AD
showed additional impairments in the effortful learning
and retention stages without consistent errors for material
specificity (Weintraub et al, 2000). Cortical distribution of
the lesions in individuals with PPA may cause verbal
memory impairment because the left anterior temporal
lobe and the limbic/paralimbic areas are involved in ad-
dition to the left perisylvian regions due to the neuro-
degenerative nature of the disease (Nilakantan et al, 2017).

In a more recent study, group differences in the 3W3S
Test were found in individuals with autopsy-confirmed PPA
with two distinct pathologies: AD and the tau variant of
frontotemporal lobar degeneration (Kielb et al, 2016). The
PPA with AD group had greater impairment in effortless
learning (a metric calculated by the within-group comparison
of the Incidental Recall and Copy subtest scores) and delayed
retrieval (a metric calculated by the within-group comparison
of the Delayed Recall and Acquisition subtest scores) com-
pared with the group with the tau variant of frontotemporal
lobar degeneration. However, the 3W3S Test has never been
used to assess memory processing in individuals with SA.

The structure of the 3W3S Test allows for easy
adaptation to other languages, offering a feasible and re-
liable memory test in international, multicentered, and
comparative studies. Successful international versions of
the 3W3S Test have been reported. The Brazilian version
of the 3W3S Test was used to reveal memory patterns in a
cognitively healthy elderly population, and education level
was found to be related to test performance, particularly
for nonverbal stimuli (Armentano and Quayle, 2007). The
Turkish version of the 3W3S Test (3W3S–Turkish) was
developed and successfully validated in a cognitively
healthy elderly population of 236 individuals (Kudiaki
and Aslan, 2007). Recently, a parallel form of the 3W3S–
Turkish Test was also introduced (Kudiaki et al, 2018).

In this study, our goal was to examine the ability of the
3W3S–Turkish Test to identify the characteristics of memory
impairment in two Turkish-speaking groups of individuals
with aphasia of different etiologies (neurodegenerative vs
cerebrovascular). We hypothesized that the individuals with
PPA would have more severe impairment in verbal memory
compared with the individuals with SA due to more wide-
spread involvement of the language and left hemispheric
portions of the memory network.

METHOD

Participants
All of the participants were right-handed native

Turkish speakers. We recruited individuals with PPA from
the patient cohort of the behavioral neurology and

movement disorders unit at the Istanbul Faculty of
Medicine in Istanbul, Turkey. We recruited individuals
with SA from the stroke unit at the same institute.

We invited individuals to participate in the study
during routine clinic visits or reached out to individuals in
the database via phone calls. Sixteen volunteers with no
history of neurologic disease or cognitive complaints and
with at least 11 years of education were recruited as
healthy controls (HC) in response to advertisements we
posted on social media and posters we hung on the ad-
vertisement boards in the neurology department. No in-
centive other than the opportunity for a comprehensive
cognitive screening was offered to the participants.

All of the individuals in the PPA group, by defi-
nition, had progressive language impairment as the most
salient feature of their cognitive decline for at least the
first 2 years of disease onset (Mesulam et al, 2009) and
met the core diagnostic criteria of PPA (Gorno-Tempini
et al, 2011). All of the individuals in the SA group had a
history of acute ischemic cerebrovascular disease at least
4 months (M = 15.9 ± 9.3) before the cognitive exami-
nation. Two stroke specialists (N.Y. and O.Ç.) and an
experienced speech-language pathologist (Ö.Ö.) con-
ducted the initial evaluation of the individuals with
stroke at the stroke unit. Individuals with acute cere-
brovascular damage to the perisylvian language areas
resulting in language impairment (Godefroy et al, 2002)
qualified for the diagnosis of SA.

Visual acuity and possible visual field defects were
evaluated by two behavioral neurologists (M.S. and
H.G.). All of the participants (PPA, SA, and HC groups)
had normal or corrected to normal vision. None of the
participants had hand paresis that could affect their
writing abilities.

The study protocol was approved by the ethics
committee of Istanbul University and was performed ac-
cording to the ethical guidelines of the Declaration of
Helsinki and its later amendments. All individuals provided
informed written consent before enrolling in the study.

Assessments
Neurocognitive Assessment

M.S. and H.G. conducted neurocognitive assess-
ments and neurologic examinations of the individuals with
PPA at the neurobehavior clinic at the Istanbul Faculty of
Medicine. Assessments were performed on consecutive
patients individually in the examination offices. Clinical
diagnosis and classification were made based on the most
recent criteria proposed by Gorno-Tempini et al (2011).

Neuropsychological Assessment
A neuropsychologist (İ.D.) administered a compre-

hensive neuropsychological assessment to the individuals
in all three groups in the neuropsychological testing room
at the behavioral neurology and movement disorders unit
at the Istanbul Faculty of Medicine. All data were col-
lected prospectively between 2017 and 2019 by direct ex-
amination of the participants, and additional information
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about medical history was obtained via interviews with the
study partners (ie, spouses of the patients mostly).

Cognitive Assessment
İ.D. administered a comprehensive cognitive testing

battery including a detailed assessment of linguistic and
nonlinguistic domains to all three groups. The linguistic as-
sessment included tests for fluency, naming, repetition, com-
prehension, reading, writing, and motor planning of speech.
� We used the number of words produced per minute

during a picture description task and the Boston Naming
Test (31-item Turkish adaptation; Soylu and Cangöz,
2018) to assess fluency and confrontation naming.

� We used an 18-item battery that included 10 items from
the Turkish Language Assessment Test for Aphasia
(Toğram and Maviş, 2012) and 8 items from the
Istanbul Faculty of Medicine Aphasia Assessment
Battery (unpublished) to assess repetition.

� We used a 10-item battery of yes–no questions that included
5 items from the Turkish Language Assessment Test for
Aphasia and 5 items from the Istanbul Faculty of Medicine
Aphasia Assessment Battery to assess comprehension.

� We used 5 items from the Turkish Language Assess-
ment Test for Aphasia to assess reading and 5 items to
assess writing to dictation. Participants received a score
of 1 for phonologic or orthographic errors that
consisted of <50% of an item produced and a full score
of 2 when the response included no error(s).

� We used the 5-item Screening of Apraxia of Speech Test
to assess the integrity of each individual’s motor
planning of speech. In this test, participants’ ability to
repeat sequences of the syllables “puh” (pa), “tuh” (ta),
and “kuh” (ka) compared to single syllables reveals
praxis of speech (Rohrer et al, 2010).

The nonlinguistic assessment included Turkish
translations of tests for attention, visuospatial, and exec-
utive functions.
� We used Part A of the Trail-Making Test (Reitan and

Wolfson, 1993) to assess sustained attention.
� We used three distinct tests to assess visuospatial function-

ing: Benton Facial Recognition Test (Benton et al, 1994;
Keskinkılıç, 2008), Judgment of Line Orientation Test
(Karakaş et al, 2013; Randolph, 1998), and Visual Target
Cancellation Test (Karakaş et al, 2013; Mesulam, 2000;
Weintraub and Mesulam, 1987).

� We used Part B of the Trail-Making Test to assess
executive functions.

3W3S–Turkish Test
The 3W3S–Turkish Test consists of three verbal

(words) and three nonverbal (shapes) stimuli. The words
in the 3W3S–Turkish Test consist of saygi, yemek, and
kamyon: respect, meal, and truck, respectively (Kudiaki
and Aslan, 2007). The shapes in the 3W3S–Turkish Test
are identical to the shapes in the follow-up form that was
used in the original version of the 3W3S Test (Weintraub
et al, 2000). The task and the scoring procedure are also

based on the study design that was used in the original
version of the 3W3S Test, with minor modifications
(Weintraub et al, 2000, 2013).

During the test, we provided a paper to each in-
dividual and asked him or her to copy the shapes and
words that appeared on the paper (Copy). Next, without
warning about the next step, we removed the paper and
asked the individual to reproduce the items he or she had
just copied (Incidental Recall). Individuals who were un-
able to reproduce all six stimuli correctly were presented
with the original stimuli for ~30 seconds and were asked to
study and remember the six stimuli with all of the details
and then to draw them from memory. If all of the stimuli
were not reproduced correctly (Acquisition), we repeated
the study trial up to 3 times. We used the score from the
last study trial as the Acquisition subtest score.

We tested the three groups’ retrieval ability (Delayed
Recall) ~10 minutes after the last study trial of the Ac-
quisition subtest. Between the Acquisition and Delayed
Recall subtests, we had the individuals complete non-
memory tests, including Clock Drawing (Wolf-Klein et al,
1989), Luria’s Alternating Sequences (Mesulam, 2000),
and Parts A and B of the Trail-Making Test. The Clock
Drawing and Luria’s Alternating Sequences Tests were
used as distractors only; therefore, they were not scored.

During the Delayed Recall subtest, we asked the
individuals to reproduce the six stimuli again. In cases
where all six stimuli were not reproduced correctly, we
administered a multiple-choice paradigm to test memory
retention (Recognition). The Recognition subtest included
10 shapes and 10 words, including the original stimuli (ie,
3 targets and 7 foils for each stimuli type).

Scoring. Participants received a maximum score of 5 for
each stimulus, which summed up to a maximum score of
15 for words and 15 for shapes in each subtest. We used
the details of the orthographic properties of the words and
the configuration of the shapes as references for scoring
the Copy, Incidental Recall, Acquisition, and Delayed
Recall subtests as explained previously in the original
versions of the test (Weintraub et al, 2000, 2013).

For each word, participants received a score of 4 if the
“word was spelled correctly,” 1 if the “word was semantically
related,” 2 if “3 consecutive letters were correct,” and 3 if “4
consecutive letters were correct.” An additional score of 1 was
given for each word if the “word was in correct position rel-
ative to other words” (Weintraub et al, 2000). For the first
shape, participants received a score of 2 for “circle,” 1 for
“double line horizontally through the center of circle,” and 1
for “box shape close to the center of the circle.” For the second
shape, participants received a score of 2 for “vertical rec-
tangle,” 1 for “horizontal line bisecting the rectangle,” and 1
for “diagonal line from the upper left to bottom right corner.”
Finally, for the third shape, participants received a score of 2
for “triangle,” 1 for “arc in upper left corner,” and 1 for “bi-
secting line from arc to opposite side of triangle.” An addi-
tional score of 1 was given for each figure if the “figure was in
correct position relative to other figures.” One point was
subtracted if a figure was correct but had superfluous lines or if
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all elements were there but it was not identical to the target.
Table 1 in the supplementary digital content (SDC, http://links.
lww.com/CBN/A107) provides the individual scores obtained
by each group on each subtest.

For the Recognition subtest, individuals received a full
score for the items they had already reproduced correctly
during the Delayed Recall subtest. We also took false-positive
answers into account during the Recognition subtest and
subtracted them from the total score obtained from the correct
responses. We used the following formula to calculate the
corrected score for Recognition: (5xnCR) − nFP, where CR =
correct responses and FP = false positives. For example, a
participant who recognized two of three words correctly but
had one false-positive answer would score 9 out of 15, which
was calculated as (5 × 2) − 1.

The representative performance of an individual with
PPA on the 3W3S–Turkish Test is presented in Figure 1. The
individual was biomarker positive for AD (heterozygous
“pathogenic variant” in PSEN1), which might have caused
greater difficulty, particularly on the Delayed Recall and
Recognition subtests. Additional scores were calculated using
the scores obtained from consequent study trials in the

Acquisition subtest. On each study trial, individuals received
a maximum score of 30 (15 for words and 15 for shapes). The
sum of the scores from each study trial indicated a total
learning score. In cases where individuals reproduced all six
stimuli correctly in the first or second study trial, they received
a full score for the following trial(s). Besides the total learning
score (out of 90), subscores for learning words and shapes (out
of 45 for each type of stimuli) were calculated separately. The
Turkish version of the full scoring sheet is presented in
the SDC as Figure 1 (http://links.lww.com/CBN/A108). The
representative performances of an individual with svPPA and
an individual with Broca aphasia are presented in the SDC as
Figure 2 (http://links.lww.com/CBN/A109).

MRI Acquisition
Imaging was performed at Istanbul University

Hulusi Behçet Life Sciences Center’s neuroimaging
laboratory in Istanbul, Turkey, using a Phillips-
Achieva 3.0 Tesla scanner. T1-weighted 3D MPRAGE
(magnetization-prepared rapid acquisition with gradient
echo) sequences (repetition time = 8.2 ms; echo time = 3.2
ms; field of view = 256 × 256; flip angle = 7 degrees; 176

FIGURE 1. Representative performance of a 69-year-old male with PPA on the 3W3S–Turkish Test (individual P6 in Tables 1 and 2).
The scores obtained for each subtest are presented at the bottom of the test forms (rectangles). On the Copy subtest, the patient
copied two shapes correctly but missed one detail on the first shape—one of the lines of the box shape close to the center of the
circle (score received: 14/15). The patient copied all three words correctly (score received: 15/15). On the Incidental Recall subtest,
he reproduced one shape correctly but missed details on the other two shapes (score received: 10/15). He was unable to reproduce
any of the words (score received: 0/15). Across three study trials, he was able to learn all three shapes (score received: 15/15) and
two of the words (score received: 10/15), and the score from the third study trial was noted as the Acquisition score. On the
Delayed Recall subtest (after a 10-minute delay after the last study trial of the Acquisition subtest), he reproduced three shapes
correctly (score received: 15/15) but only one word (score received: 5/15). During the Recognition subtest, he received a full score
of 15 out of 15 for recognizing shapes because of the correct drawings on the Delayed Recall subtest, but for words, he gave two
correct responses and one false-positive response (score received: 9/15). 3W3S–Turkish = Three Words Three Shapes Test—Turkish
version. PPA = primary progressive aphasia.
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slices; slice thickness = 1 mm; voxel size = 1 × 1 × 1 mm)
were acquired using a 32-channel head coil during the
same week that the neuropsychological data were
collected.

Cortical Atrophy in the PPA Group
We used the FreeSurfer image analysis suite (version

6.0.0; http://surfer.nmr.mgh.harvard.edu/) to measure
cortical thickness in the PPA group. MRI data were
available for 12 of the 14 individuals with PPA (a new
scan could not be performed for P2 and P14). Cortical
thickness estimates were calculated based on the distance
between white–gray and pial–CSF boundaries across each
point of the cortical surface (Fischl, 2012).

A general linear model was used to generate sta-
tistical surface maps by contrasting the thickness values at
each vertex of the cortex from 29 healthy adults (including
13 controls from the current study and an additional 16
controls with similar demographic properties from the
Hulusi Behçet Life Sciences Center’s neuroimaging labo-
ratory database). Areas of peak cortical thinning in the
PPA group were calculated using a false discovery rate of
0.05 (Genovese et al, 2002). This method has been used
previously as a reliable approach for calculating the

magnitude of atrophy in individuals with PPA (Mesulam
et al, 2009, 2015; Rogalski et al, 2011a).

Figure 2 shows the cortical thinning patterns in the
PPA group that were obtained from the general linear
model analysis. The figure provides a detailed
presentation of the regional distribution of cortical
atrophy in the PPA group on the cortical thickness map.
The left hemisphere perisylvian language areas were
selectively involved, which is consistent with earlier
studies (Mesulam et al, 2014a; Rogalski et al, 2011a).
Some portions of the medial temporal and cortical midline
structures were also involved. Atrophy in the right
hemisphere was less pronounced compared with the left
hemisphere.

The total size of the atrophied area on the left
hemisphere was 35603.57 mm2; the total size of the atro-
phied area on the right hemisphere was 7606.27 mm2. A
cluster-based classification of cortical areas revealed 21
clusters with an average size of 1695.4 mm2 in the left
hemisphere and 38 smaller clusters with an average size of
200.2 mm2 in the right hemisphere. Table 2 in the SDC
(http://links.lww.com/CBN/A110) provides cluster-based
distribution of cortical atrophy with significant differences
in cortical thickness across the PPA and HC groups.

FIGURE 2. Regional distribution of cortical atrophy in the PPA group. Significantly thinner areas of the cortex compared with the
healthy controls are presented in a red–yellow scale where yellow indicates the peak atrophy sites. A. Lateral (top) and medial
(bottom) views of the cortical areas. B. Inferior frontal and temporal cortical structures. AG = angular gyrus. aMCC = middle-
anterior part of the cingulate cortex and sulcus. ATL = anterior temporal lobe. CSa = anterior collateral sulcus. dPCC = posterior-
dorsal part of the cingulate cortex. FFG = fusiform gyrus. IFG = inferior frontal gyrus. ITG = inferior temporal gyrus. LH = left
hemisphere. LOSc = caudal lateral orbital sulcus. MFG = middle frontal gyrus.MoFG =middle orbitofrontal gyrus. MOG = middle
occipital gyrus. MTG = middle temporal gyrus. PCUN = precuneus. PHG = parahippocampal gyrus. pMCC = middle-posterior
part of the cingulate cortex and sulcus. PoCG = postcentral gyrus. PoFG = posterior orbitofrontal gyrus. PPA = primary progressive
aphasia. PrCG = precentral gyrus. REC = gyrus rectus. RH = right hemisphere. SFG = superior frontal gyrus. SMG = supramarginal
gyrus. STG = superior temporal gyrus. STS = superior temporal sulcus.
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Visualization of Lesion Sites in the SA Group
MRI data were available for six of the eight in-

dividuals with SA. T1W-3D MPRAGE images were
processed on a Siemens, Syng.Via workflow workstation
using Syngo.Via software (VB 40B). Brain gray–white
matter was marked, special thresholds were adjusted (Via,
region growing on mmReading toolbox), and rendered
sections with 3D cinematic volume images were obtained.

Reconstruction of brain scans using T1W-3D
MPRAGE images provided 3D visualization of the lesion
sites in a subset of the SA group. Lesions sites are pre-
sented using both the lateral view of the 3D images and
the corresponding slices of the coronal T1 images. Please
note that in all of the individuals with SA, the dorsal
language areas were involved due to the cerebrovascular
damage of the middle cerebral artery, whereas the anterior
temporal lobe and the medial temporal areas were spared.
Figure 3 shows the lesion sites of each of the six
individuals.

Statistical Analysis
During the statistical analysis, we added age as a

covariate in all of the between-group analyses. First, we
calculated the main effect for the group (PPA, SA, and
HC), subtest (Copy, Incidental Recall, Acquisition, De-
layed Recall, and Recognition), and stimuli type (words
and shapes) in a 3 × 5 × 2 repeated measures mixed fac-
torial design to identify a significant interaction between
the variables. Then, we calculated the interaction between
group and subtest followed by the analysis of each subtest
separately to understand how different stages of memory
processing are affected in different aphasia groups.

We used an analysis of covariance to determine
whether the groups differed from each other on different
subtests while controlling for age and used Bonferroni
corrections for multiple pairwise comparisons to interpret
the significance levels. Observed power for all of the
between-subject comparisons ranged between 0.12 and
0.998, with three out of 12 results achieving >0.80.

We calculated the interaction between subtest and
stimuli type for each group to examine material-specific
memory impairments and used paired samples t tests for
within-group comparisons of performances between the
words and shapes stimuli of the 3W3S–Turkish Test
(Weintraub et al, 2013). We calculated additional metrics,
including effortless learning, retrieval, and retention, as
part of the within-group analysis. To calculate the effort-
less learning scores, we used the within-group comparison
of the Incidental Recall and Copy subtests, and to calcu-
late the retrieval scores, we used the within-group com-
parison of the Acquisition (last study trial) and Delayed
Recall subtests (Kielb et al, 2016). Finally, a within-group
comparison of the Acquisition and Recognition subtests
revealed the retention scores (Weintraub et al, 2013).

We used a two-step analysis to delineate effortful
learning. First, we included total learning scores and the
subscores for words and shapes in an analysis of covariance
separately. Second, we used one-way repeated measures
ANOVAs for learning trials in each aphasia group in order to

show if a trend of improvement existed during the study trials
in the Acquisition subtest (effortful learning), which was fol-
lowed by paired samples t tests to reveal the study trial(s)
where learning improved significantly.

RESULTS

Participants
Of the 18 individuals with PPA that we screened, four

could not complete the 3W3S–Turkish Test due to either se-
vere impairment in writing and/or difficulty understanding the
task. Of the 11 individuals with SA that we screened, three
could not complete the 3W3S–Turkish Test due to severe
impairment in either writing or comprehension. These seven
individuals were excluded from the study. Of the eight
individuals with SA that we screened, all but one had a single-
episode, left-sided cerebrovascular accident. S1 had an addi-
tional lesion in the right parietal lobe that was outside the
language area. Of the 19 volunteers who applied to participate
in the study as HC, three qualified for the diagnosis of mild

FIGURE 3. Lesion sites of six of the individuals with SA in-
dicated by red arrows and presented as 3D-rendered images A.
from the left lateral view and B. the corresponding slices in the
coronal plane T1 images. Yellow dotted circles indicate intact
temporal lobe structures. Note that the lesions are limited to
the dorsal language areas, sparing the temporal lobe struc-
tures. Distribution of regional lesions obtained from individual
scans are as follows: IFG, TPJ, and STG in S1; IFG and dorsal
striatal areas in S2; IFG, insula, and TPJ in S3; AG and SMG in
S5; AG, SMG, and posterior portions of the STG in S6; and AG
and SMG in S8. AG = angular gyrus. IFG = inferior frontal
gyrus. SA = stroke aphasia. SMG = supramarginal gyrus. STG
= superior temporal gyrus. TPJ = temporoparietal junction.
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cognitive impairment (Petersen et al, 2014) after neuro-
psychological assessment and were excluded from the study.
This left us with a total study group of 14 individuals with
PPA, 8 with SA, and 16 HC.

Demographics, Biomarkers, and Clinical Test Results
The details of each group’s demographics, history, and

biomarkers are presented in Table 1. The details of each
group’s neuropsychological characteristics, including
language and other cognitive domains, are presented in
Table 2. The three groups were matched for education (M =
14.4 for PPA group, 13.1 for SA group, and 15.6 for HC;
F2,32 = 2.48, P = 0.099). However, group differences were
shown for age (M = 65.2 for PPA group, 44.6 for SA group,
and 61.2 for HC; F2,32 = 16.45, P < 0.001). Post hoc
comparisons showed that the SA group was significantly
younger than the PPA and HC groups (P < 0.001). The PPA
and HC groups were matched for age (P = 0.664).

Primary Progressive Aphasia. Of the 14 individuals with
PPA, two were subtyped as svPPA and five as nfvPPA

according to the current guidelines for the classification of
PPA (Gorno-Tempini et al, 2011). Three individuals were
predominantly logopenic, with frequent word-finding pauses
and preserved single-word comprehension. However, these
three individuals also had agrammatic errors and met the
criteria for both nfvPPA and lvPPA. We kept these three
individuals unclassified and labeled them as lvPPA/nfvPPA
in order to highlight the difference from other unclassified
cases. The remaining four individuals with PPA had mild to
moderate agrammatism and also met the core criteria for
PPA. However, they did not meet the criteria for any of the
subtypes according to the Gorno-Tempini and colleagues
(2011) classification; thus, we kept them unclassified as well.
Because of the small sample size, we included all of the
individuals with PPA in the analyses as a single group.

Neurodegeneration biomarkers were available for seven
of the 14 individuals with PPA. Out of seven individuals with
biomarker evidence, CSF analysis for Aβ 42, phospho-tau,
and total tau was available for four of them. These four in-
dividuals were classified according to the AT(N) biomarker
grouping, where A stands for “aggregated Aβ or associated

TABLE 1. Detailed Demographics, History, and Biomarkers of the Participants

Participant Demographics History

ID Aphasia Type
Age

(Years)
Gender
(M/F)

Education
(Years)

Disease Duration
(Years) Biomarker

Poststroke
Period (Months)

P1 nfvPPA 70 F 11 3.5 ATP13A2,† PARK2† NA
P2 svPPA 72 F 14 5.0 — NA
P3 lvPPA/nfvPPA 61 M 16 1.5 A + T+N[+] NA
P4 lvPPA/nfvPPA 58 F 20 5.0 NOTCH3† NA
P5 nfvPPA 52 F 12 2.5 A + T−N[+] NA
P6 lvPPA/nfvPPA 69 M 15 3.5 PSEN1 NA
P7 nfvPPA 61 F 11 4.0 A− T−N[+] NA
P8 Unclassified 61 M 12 5.0 — NA
P9 svPPA 77 M 21 1.0 — NA
P10 nfvPPA 67 M 11 2.5 — NA
P11 nfvPPA 65 M 15 1.0 A− T+N[+] NA
P12 Unclassified 66 M 15 4.5 — NA
P13 Unclassified 67 M 15 3.0 — NA
P14 Unclassified 67 F 13 1.5 — NA
PPA avg. — 65.2*‡ — 14.4 3.0 — —

S1 Broca 38 M 15 NA NA 26
S2 Broca 23 F 14 NA NA 18
S3 Broca 54 M 11 NA NA 31
S4 Broca 51 F 16 NA NA 19
S5 Broca 54 M 10 NA NA 4
S6 Broca 27 M 9 NA NA 9
S7 Broca§ 52 M 15 NA NA 10
S8 Broca§ 58 M 15 NA NA 10
SA avg. — 44.6*∥ — 13.1 NA NA 15.9

HC avg. — 61.2 — 15.6 NA NA NA

*Significant at P < 0.05.
†Future examination for possible deletions/duplications is required.
‡Significant vs SA group.
§Broca aphasia with accompanying mild comprehension impairment.
∥Significant vs HC.
A = amyloid. avg = average. F = female. lv = logopenic variant. M = male. NA = not applicable. nfv = nonfluent variant. PPA =

primary progressive aphasia. SA = stroke aphasia. sv = semantic variant. T = tau.
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pathologic state,” T stands for “phospho-tau (neurofibrillary
tangles) or associated pathologic state,” and N stands for
“neurodegeneration or neuronal injury” and/or CSF total tau
(Jack et al, 2018, p. 538). In the remaining three PPA cases,
positive biomarkers were based on the genetic analysis.

Stroke Aphasia. Of the eight individuals with SA, agram-
matism and effortful (nonfluent) speech were the core fea-
tures of linguistic impairment, and the nonlinguistic domains
were relatively preserved, as described in Hsu and Thomp-
son (2018). None of the individuals with SA had any visual
impairment (ie, homonymous hemianopia) as a result of the
cerebrovascular accident. All of the individuals with SA
qualified for a diagnosis of Broca aphasia, and two of the
individuals (S7 and S8) had additional impairment in com-
prehension, but it was not severe enough to qualify for mixed
aphasia (Godefroy et al, 2002).

The majority of the PPA group and all of the SA
group had agrammatism and effortful/nonfluent speech. A
subset of individuals had comprehension deficits that did

not affect their understanding of the task instructions of
the 3W3S–Turkish Test.

Different Stages of Memory Processing on the
3W3S–Turkish Test

The interaction between group, subtest, and stimuli
type was significant: F5.2, 80.5 = 2.5, P = 0.035, η2 = 0.139.
The interaction between group and subtest was also sig-
nificant: F5.13,79.5 = 6.14, P < 0.001, η2 = 0.284. The details
of the group comparisons in each subtest of the 3W3S–
Turkish Test are presented in Figure 4.

Copy
All three groups showed perfect or near-perfect

scores on the Copy subtest. There were no significant
differences between the groups for either shapes (F2,31 =
0.473, P = 0.627, η2 = 0.03) or words (F2,31 = 0.881, P =
0.424, η2 = 0.054).

TABLE 2. Detailed Neuropsychological Characteristics of the Participants

Participant Language Assessments Other Cognitive Assessments

ID WPM
BNT
(31)

Yes/
No
(10)

Repetition
(18)

SAOS
(5)

Reading
(10)

Writing
(10)

Line
Orientation

(30)

Face
Recognition

(54)

Target
Cancellation

(60)
TMT-
A (24)

TMT-
B (24)

P1 17.9 27 8 12 4 9 8 17 43 60 24 16
P2 45.8 NA NA 13 4 10 9 NA 41 57 24 NA
P3 69.4 24 9 17 5 10 10 23 46 40 24 12
P4 36.9 29 9 9 4 10 10 12 50 57 23 NA
P5 72.2 19 6 13 4 10 9 6 39 46 24 NA
P6 69.4 13 10 15 5 10 10 18 45 44 24 16
P7 37.7 31 10 16 3 8 9 16 46 54 24 11
P8 29.6 14 8 13 4 6 8 NA 35 NA 20 NA
P9 41.6 15 9 16 5 10 8 24 45 60 24 24
P10 24.7 6 9 14 5 9 10 21 45 50 24 5
P11 13.0 21 5 14 4 7 10 20 34 25 24 NA
P12 44.5 31 10 17 5 7 10 26 43 59 24 24
P13 30.5 27 9 18 5 9 10 15 54 60 24 12
P14 46.8 13 8 16 5 10 10 22 39 35 NA NA
PPA avg. 41.4*† 20.8*† 8.5*† 14.5*†‡ 4.4 8.9 9.4*‡ 18.3*† 43.2*† 49.8*† 23.6 15.0*†

S1 18.6 9 9 2 2 7 9 19 45 58 24 16
S2 55.5 23 9 16 4 10 10 27 45 60 24 24
S3 33.8 26 10 9 4 6 6 NA 42 59 24 10
S4 23.3 23 10 15 5 10 10 28 41 60 24 24
S5 46.5 23 10 13 2 0 0 10 45 58 24 14
S6 25.8 5 9 6 3 9 6 20 45 59 24 3
S7 34.9 2 5 3 3 8 10 22 43 60 24 10
S8 70.6 2 5 0 3 7 2 NA 56 NA 24 24
SA avg. 38.6*† 14.1*† 8.4 8.0*† 3.3*† 7.1† 6.6*† 21.0 45.3 59.1 24.0 15.6

HC avg. 88.0 30.2 10.0 18.0 5.0 9.9 10.0 25.4 49.5 58.7 24.0 24.0

The numbers in parentheses below the test titles indicate the maximum scores.
*Significant at P < 0.05.
†Significant vs HC.
‡Significant vs SA group.
avg = average. BNT = Boston Naming Test. NA = not applicable. PPA = primary progressive aphasia. SA = stroke aphasia.

SAOS = Screening for Apraxia of Speech. TMT = Trail-Making Test.
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Incidental Recall
On the Incidental Recall subtest, the PPA, SA, and

HC groups showed significant differences for shapes (F2,31
= 3.415, P = 0.046, η2 = 0.181) and for words (F2,31 =
14.627, P < 0.001, η2 = 0.486). Post hoc comparisons re-
vealed that the SA group performed similarly to the PPA
(P = 0.845) and HC (P > 0.05) groups for the shapes
stimuli of the Incidental Recall subtest, whereas the PPA
group had significantly lower scores on average compared
with the HC (P = 0.041). For the words stimuli of the
Incidental Recall subtest, the PPA and SA groups had
significantly lower scores on average compared with the
HC (P < 0.001 and P = 0.002, PPA vs HC and SA vs HC,
respectively). The PPA and SA groups did not differ sig-
nificantly from each other for the words stimuli of the
Incidental Recall subtest (P > 0.05).

Acquisition
The score of the last study trial was used as the Ac-

quisition subtest score. The PPA group had the lowest score
on average. However, the group differences did not reach
significance for either shapes (F2,31 = 2.968, P = 0.066, η2 =
0.161) or words (F2,31 = 3.102, P = 0.059, η2 = 0.167).

Delayed Recall
On the Delayed Recall subtest, there were no sig-

nificant differences between the groups for shapes (F2,31 =
2.409, P = 0.107, η2 = 0.135). However, the groups dif-
fered significantly from each other for the words stimuli
(F2,31 = 8.024, P = 0.002, η2 = 0.341), in particular when
comparing the PPA group with the HC (P = 0.001). Al-
though the PPA group had lower scores on average than
the SA group, the pairwise comparison did not reach
significance after adjustment for multiple comparisons

(P = 0.176). The comparison of the SA and HC groups
also was not significant (P > 0.05).

Although group averages did not show a significant
difference between the PPA and SA groups on the Delayed
Recall subtest, a classification based on the percentile scores
was remarkable. Cross tabulation revealed that 71.4% of the
PPA group performed <90th percentile in the Delayed
Recall of words, but only 12.5% of the SA group performed
< 90th percentile. On the other hand, 92.8% of the PPA
group and 75.0% of the SA group performed <90th per-
centile in the Incidental Recall of words. Figure 5 provides a
representation of individual performances of the PPA and
SA groups according to the percentile scores for words in the
Incidental and Delayed Recall subtests.

Recognition
On the Recognition subtest, there were no significant

differences between the groups for either shapes (F2,31 =
0.836, P = 0.44, η2 = 0.051) or words (F2,31 = 2.241, P =
0.12, η2 = 0.126).

Material-specific Memory
A repeated measures ANOVA in the PPA group

yielded a significant interaction between subtest and
stimuli type (words vs shapes): F4,52 = 4.83, P = 0.002, η2
= 0.271. The PPA group had significantly higher scores for
shapes than words on the Incidental and Delayed Recall
subtests (t13 = 3.351, P = 0.005 for Incidental Recall; t13 =
3.486, P = 0.004 for Delayed Recall), and the difference
was close to significant for the Acquisition subtest (t13 =
2.071, P = 0.059). However, in the PPA group, scores for
shapes and words in the Copy and Recognition subtests
were equivalent (t13 = 1, P = 0.336 for Copy; t13 = 1.58, P
= 0.136 for Recognition). In the SA and HC groups, a

FIGURE 4. Distribution of group performances in each subtest of the 3W3S–Turkish Test. Data for shapes versus words are
presented separately for each subtest. 3W3S–Turkish = Three Words Three Shapes—Turkish version. PPA = primary progressive
aphasia.
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repeated measures ANOVA showed no significant inter-
action between stimuli type and subtest (F1.46,10.23 = 2.89,
P = 0.11, η2 = 0.293 for the SA group; F1.24,14.87 = 0.559,
P = 0.503, η2 = 0.045 for the HC).

Effortless Learning of Shapes Versus Words
As a measure of effortless learning, a within-group

comparison showed that the Incidental Recall subtest score
was significantly lower than the Copy subtest score for both
shapes and words in both the PPA group (t13 = 3.45, P =
0.004; t13 = 6.98, P < 0.001, for shapes and words, re-
spectively) and the SA group (t7 = 2.67, P = 0.032; t7 = 3.23,
P = 0.014, for shapes and words, respectively). In the HC,
there was a slight decline in the Incidental Recall subtest
score compared with the Copy subtest score, which did not
reach significance for shapes (t12 = 1.8, P = 0.097) but did
reach significance for words (t12 = 2.21, P = 0.047).

Retrieval of Shapes Versus Words
The within-group comparison revealed that the aver-

age score on the Delayed Recall subtest was significantly
lower than that on the Acquisition subtest for words (t13 =
2.73, P = 0.017) but not shapes (t13 = 0.37, P = 0.718) in the
PPA group, suggesting that the retrieval of words is impaired
whereas the retrieval of shapes is relatively preserved. The
SA group performed equally well on the Delayed Recall and
Acquisition subtests for shapes (M ± SD = 14.85 ± 0.35 for
both Delayed Recall and Acquisition). The comparison of
the Delayed Recall and Acquisition subtest scores for words
in the SA group was not significant (t7 = 1.26, P = 0.247).
The HC had perfect scores on the Delayed Recall and
Acquisition subtests of shapes (M = 15 for both Delayed

Recall and Acquisition) and near-perfect scores on the De-
layed Recall subtest of words (t12 = 1.4, P = 0.19).

Retention of Shapes Versus Words
As a measure of retention, a within-group comparison

in the PPA and SA groups showed that their Acquisition and
Recognition subtest scores did not differ significantly from
each other in either shapes (t13 = 1.84, P = 0.09 for PPA; t7 =
1.0, P = 0.351 for SA) or words (t13 = 1.15, P = 0.27 for
PPA; t7 = 1.43, P = 0.19 for SA). A t test could not be
computed in the HC because perfect scores were obtained on
both the Acquisition and Recognition subtests.

Effortful Learning
Total Learning

The total learning scores obtained from the consequent
study trials during the Acquisition subtest differed between the
groups (F2,31 = 5.269, P = 0.011, η2 = 0.254). The PPA group
had significantly lower scores on average compared with the
HC (P = 0.009). The SA group did not differ significantly from
the PPA or HC group (vs PPA P > 0.05; vs HC P = 0.73).

The subscores for learning shapes and words differed
significantly between the groups (F2,31 = 3.996, P = 0.029,
η2 = 0.205 for shapes; F2,31 = 5.754, P = 0.007, η2 = 0.271
for words). The subscores for learning shapes and words
were significantly lower for the PPA group compared with
the HC (P = 0.028 for shapes; P = 0.01 for words). The
subscores for learning shapes and words for the SA group
did not differ significantly from the PPA (P > 0.286 for
shapes; P > 0.05 for words) or HC group (P > 0.05 for
shapes; P = 0.257 for words) (Figure 6A).

FIGURE 5. Representation of individual performances of the PPA and SA groups according to the percentiles in the effortless learning
and retrieval of words. The ID of each participant is presented as a label next to each data point. Blue dotted lines representing the 90%
threshold are used for both effortless learning and retrieval. PPA = primary progressive aphasia. SA = stroke aphasia.
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Study Trial Outcomes
The three groups did not differ significantly from

each other on the Acquisition subtest (last study trial), but
a difference was observed in their total learning scores.
One possible explanation is that the PPA group differed
from the SA and HC groups at the first study trial, ex-
hibiting significantly lower scores, and learning over time
helped to improve their outcomes. To test this hypothesis,
we conducted additional analyses of covariance including
the scores of the first study trials. The results showed that
the groups differed significantly from each other in the first
study trial for both shapes (F2,31 = 4.443, P = 0.02, η2 =
0.223) and words (F2,31 = 6.276, P = 0.005, η2 = 0.288).
Post hoc pairwise comparisons revealed that the PPA
group had significantly lower scores compared with the
HC in both shapes (P = 0.018) and words (P = 0.01) in the
first study trial. The SA group did not differ significantly
from the PPA and HC groups for either shapes (vs PPA
group P > 0.05; vs HC, P = 0.116) or words (vs PPA
group, P > 0.05; vs HC, P = 0.116) in the first study trial.

Group performances in each study trial were analyzed
separately to determine the change in the level of information
that was acquired over time (Figure 6B). In the PPA group, a
one-way repeated measures ANOVA for consequent study
trials in the Acquisition subtest was significant for learning
words (F1.42, 18.45 = 4.054, P = 0.047, η2 = 0.237) but not
shapes (F1.04, 13.51 = 2.038, P = 0.176, η2 = 0.176). Significant
differences appeared in the comparison of Trial 1 and Trial 3
(t13 = –2.379, P = 0.033) for words. No significant difference
was noted when Trial 1 was compared with Trial 2 (t13 =
–1.471, P = 0.165). The comparison of Trial 2 and Trial 3
trended toward significance (t13 = –2.007, P = 0.066).

In the SA group, a one-way repeated measures
ANOVA for consequent study trials in the Acquisition
subtest was significant for learning shapes (F1,7 = 5.645, P =

0.049, η2 = 0.446) but not words (F2,14 = 1.527, P = 0.251,
η2 = 0.179). The SA group reached the highest score on
average for shapes in Trial 2, which was preserved in Trial 3.
The difference between average scores in Trial 1 and Trial 2
was significant (t7 = –2.376, P = 0.049) for shapes.

The majority of the HC (12 out of 14) reached the
maximum score of 15 for both shapes and words in the
first study trial; the remaining two HC required a second
study trial, where they also reached the maximum score.

Relationship Between Language Functions and
Verbal Memory

Finally, we wanted to know whether performance on
the language tests was correlated with the test scores on
the words part of the 3W3S–Turkish Test in the PPA and
SA groups. Correlation coefficients were calculated to
reveal the strength of the relationship between each lan-
guage test score and scores obtained from each subtest on
the words part of the 3W3S–Turkish Test. In the PPA
group, the Boston Naming Test scores significantly cor-
related with both the Incidental Recall (words) (r = 0.71,
P = 0.003) (Figure 7A) and the Delayed Recall (words) (r
= 0.61, P = 0.028) (Figure 7B) subtests. A significant
correlation was also evident between the Boston Naming
Test scores and the Study 1 scores (r = 0.67, P = 0.012) in
the PPA group (Figure 7C).

On the other hand, a significant correlation was
found between the reading scores on the Turkish Lan-
guage Assessment Test for Aphasia and the scores ob-
tained from the first study trial (Study 1) (r = 0.73, P =
0.04) in the SA group (Figure 7D). Details of the
correlation analyses are presented in the SDC as Table 3
(http://links.lww.com/CBN/A111).

FIGURE 6. A. Summary of study trials on the Acquisition subtest presented as cumulative bar graphs. Each bar represents the
cumulative scores out of a total score of 90 (45 for each component; shapes and words, respectively). B. Scores of each study trial
for shapes versus words in the PPA and SA groups. While both groups reached the highest scores for learning shapes during the
second study trial, the highest scores for learning words were reached during the third study trial. The learning trend for verbal
material was more prominent in the PPA group compared with the SA group. PPA = primary progressive aphasia. SA = stroke
aphasia.
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DISCUSSION
We investigated how memory processing is affected in

individuals with PPA and those with SA using the 3W3S–
Turkish Test, which provides both verbal (words) and non-
verbal (shapes) stimuli within the same modality. Both
aphasia groups showed impairment in effortless learning,
and the PPA group showed additional impairment in re-
trieval. Memory impairment for words was more prominent
in the PPA group, particularly for effortless learning and
retrieval. The PPA group showed a significant positive trend
for effortful learning of words during the study trials. The
PPA group showed retrieval impairment for words but not
shapes, whereas the SA group showed no impairment for
retrieval. Finally, both aphasia groups retained the acquired
information regardless of the type of stimuli (words versus
shapes) that was being presented.

Despite the relatively smaller sample size, our find-
ings are compatible with previous studies investigating
memory functions in individuals with PPA. Both
Weintraub et al (2013) and Kielb et al (2016) showed that
individuals with PPA may be impaired in both effortless
learning and word retrieval.

The inclusion of the SA group in our study provided
a head-to-head comparison of memory functions in two
aphasia groups related to distinct etiologies with different

time courses—slowly progressive incessant language dis-
solution due to neurodegeneration (PPA) and an acute
insult to the language network and consequent partial
recovery due to cerebrovascular disease (SA).

The SA group in our study also showed impairment
in the effortless learning of words, as well as of shapes.
Short-term memory impairment has been observed fre-
quently in individuals with SA (Fonseca et al, 2019). The
majority of the studies of individuals with SA are based on
the assessment of short-term memory in the auditory
modality, and memory impairment in this patient pop-
ulation has been associated with working memory/
attention-related deficits (Minkina et al, 2017; Salis et al,
2018).

In our study, memory impairment in the SA group
was also limited to the working memory/attention-related
processes, including effortless learning. However, the
stimuli in our study were presented in the visual rather
than auditory modality, suggesting that memory impair-
ment related to SA may not be related solely to an audi-
tory working memory deficit. Future studies focusing on
verbal short-term memory deficits in the visual modality
may improve our understanding of the role of the left
inferior frontal gyrus in memory processing in individuals
with SA. Unlike the SA group, the PPA group showed

FIGURE 7. Relationship between the language test scores and the scores obtained from the words part of the 3W3S–Turkish Test.
A. Correlation between the BNT and the Incidental Recall (words) subtest scores. B. Correlation between the BNT and the Delayed
Recall (words) subtest scores. Please note that six of the eight SA causing a moderate negative correlation between the BNT and the
Delayed Recall patients received a full score of 15 on the Delayed Recall subtest, causing a moderate negative correlation between
the BNT and the Delayed Recall subtest scores that was not significant. C. Correlation between the BNT and the first study trial
(Study1). D. Correlation between Reading scores from the Turkish Language Assessment Test for Aphasia and the first study trial
(Study 1). 3W3S–Turkish = Three Words Three Shapes Test—Turkish version. BNT = Boston Naming Test. PPA = primary
progressive aphasia. SA = stroke aphasia.
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additional impairment in the retrieval of words. Retrieval
deficits can be detected in individuals with PPA due to the
neurodegenerative nature of the disease, particularly in
individuals with AD neuropathology (Kielb et al, 2016).

As expected, the cerebrovascular lesions observed in
the SA group were limited to the vascular territories of the
superior branch of the middle cerebral artery. These lesions
were within the cortical territories of the dorsal language
areas encompassing the portions of the inferior frontal gyrus,
inferior parietal lobe, and posterior temporal gyrus.

However, regional distribution of the cortical atro-
phy in the PPA group went beyond the regions described
in classic aphasia syndromes that are based on stroke
models (Grossman and Irwin, 2018). The map of the PPA
group showed peak atrophy of language sites such as the
inferior frontal gyrus and adjacent prefrontal areas; tem-
poroparietal junction; and anterior temporal lobe, in-
cluding the temporal pole in the left hemisphere.
Additional atrophy was noted at the medial part of the
anterior temporal lobe; parahippocampal gyrus; and
midline cortical structures, including the precuneus, pos-
terior cingulate cortex, and middle cingulate cortex.

Material-specific Memory Impairment
Although both aphasia groups had prominent lan-

guage impairment, the PPA group displayed greater dif-
ficulties for words versus shapes on the 3W3S–Turkish
Test, suggesting the existence of material-specific memory
impairment. A comparison of the regional distribution of
atrophy sites in the PPA group and of lesions in a subset of
the SA group suggested that the left anterior temporal
lobe and some portions of the left medial temporal lobe
(including the parahippocampal gyrus), as well as the
precuneus and posterior/medial cingulate gyrus, may be
distinctive regions for difficulty with verbal memory pro-
cessing. These cortical areas are vulnerable to neuro-
degeneration but are not involved in the vascular
territories that are associated with classic aphasia syn-
dromes (Grossman and Irwin, 2018). Furthermore, as a
border zone area, the left anterior temporal lobe receives
blood supply from both the middle and the posterior
cerebral arteries. Therefore, circumscribed ischemic dam-
age to this cortical region is very rare (Lambon Ralph,
2014; Rogalski et al, 2011a). On the other hand, the pre-
cuneus and the middle/posterior parts of the cingulate
cortex are not involved in the language network, but these
structures constitute major portions of the default mode
network, which is compromised early in the course of AD
(Seeley et al, 2009), even in the nonamnestic presentations
of the disease (Lehmann et al, 2010). However, due to the
relatively small sample size, additional analyses for more
precise symptom–lesion correlations could not be per-
formed. Previous studies suggest that neurodegeneration
may spread to the limbic and paralimbic areas as the
disease progresses—even in the nonsemantic variants of
PPA—although the medial temporal lobe is not the initial
site of peak atrophy (Nilakantan et al, 2017; Rogalski
et al, 2011a).

The PPA group in our study showed greater impairment
in both effortless learning and retrieval of words compared
with shapes, also suggesting the presence of material-specific
memory impairment. Nevertheless, there is no consensus on
the neural correlates of material-specific memory disorder in
individuals with PPA. In individuals with nonsemantic PPA,
verbal retention memory deficit is associated with the left in-
ferior frontal gyrus and left temporal pole (Nilakantan et al,
2017). Lindberg et al (2012) reported the occurrence of hip-
pocampal atrophy in individuals with progressive nonfluent
aphasia, which is a clinical phenotype that was previously used
to refer to nonsemantic/nonfluent PPA (Neary et al, 1998). On
the other hand, atrophy in the left anterior hippocampus was
found in individuals with lvPPA (Gorno-Tempini et al, 2004),
which is often associated with AD pathology (Bergeron et al,
2018; Gefen et al, 2012; Mesulam et al, 2014b).

Surface deformities can also be seen in the left hip-
pocampus of individuals with the nonsemantic variants of
PPA (Christensen et al, 2015). A recent study published by
Ramanan et al (2021) revealed that episodic memory in
individuals with lvPPA was associated with atrophy of the
left angular gyrus, precuneus, and posterior cingulate
cortex, with additional but milder atrophy of similar re-
gions in the right hemisphere (Ramanan et al, 2021). A
similar pattern of posterior parietal involvement was also
noted in the PPA group in our study.

In a recent meta-analysis, both episodic and working
memory deficits were observed in all PPA variants, lvPPA
being the most vulnerable (Eikelboom et al, 2018). In
cases where biomarkers are not available, systematic
subtyping can be extremely effective for clinicopatho-
logical predictions because up to 86% of lvPPA cases may
have AD as an underlying pathology (Bergeron et al,
2018; Mesulam et al, 2014b). In our PPA group, three
cases had both logopenic/agrammatic language features.
However, none of the cases in our group could be sub-
typed solely as lvPPA according to the current criteria
(Gorno-Tempini et al, 2011).

Difficulty in subtyping PPA in Turkish-speaking
individuals may be due to the linguistic characteristics of
the Turkish language. Similar to Japanese, Korean, Fin-
nish, and Hungarian, Turkish is an agglutinating inflec-
tional language (Slobin, 1991). Although subject-object-
verb is the most common use of word order, Turkish is a
“free” word order language, and grammar in Turkish is
represented in the inflectional morphology to a great ex-
tent (Arslan et al, 2016; İşsever, 2003). Nevertheless, cur-
rent PPA classification criteria are largely based on studies
of English-speaking individuals with PPA, and the char-
acteristics of aphasia in agglutinative languages may not
conform to one of the subtypes, particularly in the non-
semantic variants of PPA. It has been reported that up to
31% of English-speaking individuals with PPA remain
unclassified according to the 2011 guidelines (Mesulam
and Weintraub, 2014; Wicklund et al, 2014).

Deficits in inflectional morphology have been re-
ported in all three variants of PPA in English-speaking
individuals with a diverse range of severity and charac-
teristics (Wilson et al, 2014). However, differentiating
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lvPPA from nfvPPA appears to be more troublesome in
Turkish because both groups may have deficits in inflec-
tional morphology, with relatively spared syntax. Future
studies investigating fine-grained details in morpho-
syntactic impairment may help develop an algorithm for
more reliable differentiation of lvPPA from nfvPPA in
Turkish and other agglutinative languages.

Cognitive impairment in individuals with PPA may
extend beyond aphasia as the disease progresses. Executive
deficits, visuospatial dysfunction, behavioral problems, and
memory impairment can be evident in the longitudinal
course of PPA (Rogalski et al, 2011b; Ulugut et al, 2021). In
summary, individuals with PPA may require comprehensive
evaluation during follow-up visits at neurobehavior clinics,
and nonlanguage domains including memory should be
considered when planning cognitive interventions.

Study Limitations
Our study had several limitations. The PPA findings

from the current study need to be characterized in more
detail in future studies by including different subtypes
because PPA represents a heterogeneous group of syn-
dromes that display distinct cognitive profiles. The per-
formances of the individuals with nonsemantic PPA
(including nfvPPA, lvPPA, nfvPPA/lvPPA, and the un-
classified individuals) could be influencing the overall re-
sults because these individuals are overrepresented in the
PPA group. Small sample size and unavailability of
imaging data in some individuals in the PPA and SA
groups limited further investigation and definition of the
fine-grained details of symptom–lesion correlations.

Moreover, neurodegeneration biomarkers were not
available for all of the individuals with PPA. Therefore, a
comparison of PPA with AD and PPA-nonAD was not
feasible. Although relatively more homogenous clinical
features of the SA group provided convenience in inter-
preting the test results, the lack of individuals with Wernicke
aphasia in our study limited further comparison of memory
functions in nonfluent and fluent SA syndromes. Fur-
thermore, the agglutinative nature of the Turkish language
increased the difficulty of subtyping, particularly in in-
dividuals with nonsemantic language impairment that did
not meet the classification criteria for either nfvPPA or
lvPPA. In short, the findings of our study should be in-
terpreted with caution due to the relatively small sample size
and the heterogeneous nature of the group’s characteristics.

CONCLUSION
Our study revealed unique performance patterns on

the 3W3S–Turkish Test by individuals with PPA versus
those with SA. The use of the 3W3S–Turkish Test, which is
composed of both verbal and nonverbal stimuli, helped
identify the magnitude of impairment in verbal versus
nonverbal memory in these two groups. To our knowledge,
this is the first study to include a head-to-head comparison
of memory functions in PPA versus SA. The neuro-
degenerative nature of PPA and the spread of atrophy to
the left anterior temporal lobe and memory-related medial
cortical structures in PPA may explain the emergence of

material-specific memory impairment. The dorsal pre-
frontal working memory/attention network may be dis-
rupted in both patient populations, whereas the delayed
recall deficit is more distinctive for individuals with PPA.

Due to its comprehensive structure for memory as-
sessment, the 3W3S–Turkish Test can be integrated into
cognitive assessment batteries for individuals with both the
amnestic and aphasic forms of neurodegenerative dementias.
Our findings also encourage adaptation of the 3W3S Test to
different languages to help provide reliable and comparable
data sets from multicentered/multinational studies. Future
studies with larger cohorts including PPA and SA subtypes
would help characterize the differences in amnestic processing
in these patient populations in more detail.
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