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Evaluating a Maintenance-Based Treatment
Approach to Preventing Lexical Dropout
in Progressive Anomia

Maurice Flurie,®®

Purpose: Primary progressive aphasia (PPA) and the amnestic
variant of Alzheimer’s disease (AD) are neurodegenerative
conditions characterized by a profound loss of functional
communication abilities. Communicative impairment in AD and
PPA is especially apparent in the domain of naming common
objects and familiar faces. We evaluated the effectiveness
of a language intervention targeting maintenance of an
individualized core vocabulary in a longitudinal cohort of
older adults experiencing either PPA or AD.

Method: PPA (n = 9) and AD (n = 1) patients were
administered a semantically based language treatment
for up to 2 years. Patients repeatedly named and generated
semantic features for a personalized lexicon consisting of
100 words. We evaluated naming accuracy and off-line
neuropsychological measures at four successive timepoints.

Molly Ungrady,® and Jamie Reilly®*°

Naming accuracy was assessed in patients (n = 7) who
completed at least three recurrent evaluations. Off-line
neuropsychological performance was assessed across
timepoints in all patients.

Results: Patients demonstrated relative preservation
of naming trained words relative to a steep decline for
untrained (control) words. The greatest decrements were
observed for naming people relative to objects.
Conclusion: These results suggest that consistent
training of a finite set of words can protect a core
lexicon composed of crucial target concepts (e.g., a
spouse’s name). We discuss potential benefits and
clinical implications of maintenance-based approaches
to promoting language functioning in the context of
neurodegeneration.

ne of the most common and functionally debilitat-

ing symptoms of Alzheimer’s disease (AD) and

primary progressive aphasia (PPA) is anomia, a
disorder that manifests as an ever-worsening impairment in
the ability to name common people and objects (Leyton
et al., 2017; Reilly et al., 2011; Thompson et al., 2012;
Wilson et al., 2017). The past decade has seen an increase
in research targeting progressive anomia using both be-
havioral and noninvasive neurostimulation paradigms
(Heredia et al., 2009; Hung et al., 2017; Jokel & Anderson,
2012; Meyer et al., 2016; Reilly, 2016; Savage et al., 2013;
Tsapkini et al., 2015). One of the most significant chal-
lenges in the management of progressive anomia is the
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dynamic nature of the disorder. Whereas the pattern of
language in poststroke aphasia is typically either static or
improving, treatment gains in dementia are more vulnera-
ble to erosion from neurodegeneration.

Traditional speech-language interventions involve ei-
ther restorative or compensatory approaches. The primary
aim of a restorative treatment is to regain lost function (e.g.,
retraining a forgotten face-name pairing). In contrast, com-
pensatory approaches promote more indirect functional
gains by optimizing alternative cognitive and communica-
tive supports. Compensatory techniques for progressive
anomia vary in technological sophistication from immersive
virtual reality and smartphone applications to memory books/
banks and structured communication guidelines for caregivers
(Conway & Chenery, 2016; Lanzi et al., 2017; Lavoie et al.,
2019).

Maintenance has recently evolved as another viable
approach for the management of progressive language im-
pairment. The rationale for maintenance-based treatment is
that patients with progressive anomia often struggle to re-
learn forgotten words. For example, paired associate learn-
ing techniques such as repeated naming of probe—object
pairings can produce ephemeral and rigid gains (Graham
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et al., 1999). An alternative strategy involves training more
intact lexical-semantic knowledge with the goal of protect-
ing against loss of known concepts. A growing body of re-
search has demonstrated the benefits of maintenance-based
treatment approaches that target retention of a constrained
or restricted target lexicon (Jokel et al., 2014; Meyer et al.,
2018; Reilly, 2016). A compelling advantage of this approach
is that repeated training on a relatively small number of
target items capitalizes on repetition and reduces cognitive
demand, in turn producing sustained treatment effects as
disease severity worsens. In an effort to develop the most
effective, patient-specific interventions for progressive anomia,
it is imperative to explore the longitudinal efficacy of such
a treatment.

Semantic and Lexical Foundations of Progressive Anomia

Treatment specificity is a paradox within clinical apha-
siology. Phonological treatments often improve language
functioning in patients who experience predominant seman-
tic impairments (Beeson et al., 2011). Conversely, people
with phonological impairments often benefit from semantic
treatments (Meyer et al., 2018). A naive interpretation of
this phenomenon is that treatment specificity is unnecessary
in aphasia treatment. However, this does not appear to be
the case. A common denominator across such studies is the
strengthening of lexical representations and the reestablish-
ment of durable links between word forms and their corre-
sponding concepts.

One of the primary assumptions of classical aphasiol-
ogy is that naming impairments are predominantly rooted
in impaired lexical access to core semantic knowledge (Dell
et al., 1997; Nickels, 2002; van Ewijk & Avrutin, 2016). A
person with poststroke aphasia who experiences lexical re-
trieval impairment might have difficulty naming an apple,
but it would be unusual for the same patient to confuse the
apple for a ball. In contrast, anomia in dementia is thought
to reflect loss of the conceptual substrate for word mean-
ing. “Apple” is no longer in their semantic store (Hodges
et al., 1996; McCarthy & Warrington, 2016; Warrington &
Shallice, 1979). The hallmark of a semantic storage deficit
is homogeneity of impairment across representational mo-
dalities. A patient with degraded knowledge of apples might
struggle to name an apple from a photograph. However, a
pure storage deficit would manifest as a struggle to describe
apples, categorize them (e.g., fruit vs. toy), and acknowledge
that apples are edible. Such uniformity of impairment has
been reported in semantic dementia (or semantic variant
PPA [svPPA]) and AD, where anomia tends to be accom-
panied by a wide range of nonverbal semantic deficits for the
same items (Hodges et al., 1996; Perri et al., 2012; Reilly
et al., 2011; Ungrady et al., 2019).

Patients may in theory exemplify a pure dissociation
between storage versus access impairment. However, this
distinction is perhaps more accurately characterized along
a continuum. Many patients with PPA and AD experience
symptoms that are not entirely in accord with their canonical
diagnostic criteria, especially during advanced disease sever-
ity (Irish et al., 2018; Rogalski, Cobia, Harrison, Wieneke,

Weintraub, & Mesulam, 2011). For example, patients with
svPPA and AD have both been reported to show priming
and cueing effects (Flanagan et al., 2016; Noonan et al.,
2012). In addition, it has been argued that naming impair-
ments in both PPA and AD are moderated by pre- and
postsemantic processing deficits impacting visual object rec-
ognition, phonological encoding, executive functioning,
lexical retrieval, verbal working memory, and output form
encoding (Leyton et al., 2011; Lukic et al., 2019; Patterson
et al., 2006; Rogalski, Cobia, Harrison, Wieneke, Thompson,
et al., 2011; Rohrer et al., 2010; Wilson et al., 2017). Post-
semantic deficits have been demonstrated when patients
cannot name items but can provide some lexical knowl-
edge related to the target. Wilson et al. (2017) reported

a subset of French-speaking patients with svPPA who
could successfully identify grammatical gender markers
(a feature of French nouns) or initial letters of items they
could not name. Though these items were unnamed, the
successful production of lexical markers suggests intact
coordination between semantic and lexical-phonological
forms.

Despite a potential multifactorial locus of anomia,
patients with svPPA typically experience more impaired
conceptual knowledge for items they cannot name (Bozeat
et al., 2003; Gorno-Tempini et al., 2011; Hodges et al.,
1992; van Scherpenberg et al., 2019). Patients with svPPA
experience impoverished abilities to describe, identify, or
even recognize salient features of objects they cannot name
(Bozeat et al., 2003; Hodges et al., 1992). Ungrady et al.
(2019) recently presented further confirmatory evidence of
this inability to target diagnostic features using eyetracking
during confrontation naming. Patients showed aberrant
eye gaze patterns for items they could not name. These
unusual gaze patterns were characterized by delays or fail-
ures to successfully fixate on diagnostic semantic features
of items required for successful identification. The authors
interpreted this finding as evidence for a progressive reduc-
tion in top-down support for visual search.

Our premise is that progressive anomia in AD and
PPA often results from a dual impairment compromising
both access to word forms and underlying semantic knowl-
edge (Reilly et al., 2011). In order to facilitate lasting treat-
ment gains, an anomia intervention should aim to preserve
both lexical and semantic processes. A maintenance-based
intervention that targets a personalized lexicon may offer a
compelling means of achieving this goal (Jokel et al., 2006;
Reilly, 2016).

Approaches for Treating Progressive Anomia

Treatments utilizing semantic featural support have
shown promise for patients with progressive anomia (Henry
et al., 2008; Hung et al., 2017; Jokel & Anderson, 2012).
Semantic feature analysis (SFA) provides a structured frame-
work for activating semantic networks that support lexical
retrieval in poststroke aphasia (Boyle, 2010; Boyle & Coelho,
1995). A common implementation of SFA includes gener-
ating semantic features of a target item, which actuates
featural and associated properties of the item (Massaro &
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Tompkins, 1994). Specifically, when a patient demonstrates
difficulty in labeling an item or picture (i.e., hammer), they
will either be prompted or explicitly cued with “semantic
features” (i.e., superordinate GROUP [is a tool], FUNCTION
[used for building], ACTION [hits nails], PROPERTIES
[has a handle/metal head], LOCATION [is found in a tool-
shed], ASSOCIATION [reminds me of carpentry]). Suc-
cessful naming induced through SFA is thought to result
from strengthened connections between an object’s seman-
tic features and its corresponding lexical form (Boyle,
2010).

Previous studies have demonstrated positive effects
of semantic treatment for PPA patients who present with
impaired semantic (Henry et al., 2008; Jokel & Anderson,
2012) and phonological performance (Beeson et al., 2011).
However, relatively little is known regarding the benefits
of such approaches over an extended duration. Moreover,
previous studies typically focus on retraining lost words as
they are identified over time. This item selection approach
is reactive in that therapy targets are identified after they
are forgotten.

Studies of learning in PPA tend to show some com-
monalities. Naming often improves with training, but these
improvements are typically rigid, often failing to generalize
to untrained items (Graham et al., 1999; Savage et al., 2015).
Furthermore, treatment gains tend to be relatively short-
lived with the cessation of treatment (Graham et al., 1999).
One explanation for this phenomenon is that training tech-
niques such as repetition or repeated naming employ shallow
processing mechanisms that engage paired associate learn-
ing. This learning strategy would be analogous to a neuro-
typical adult practicing the pairing of nonwords with novel
objects. The absence of a semantic or deep processing com-
ponent makes any such associations more susceptible to
forgetting. People with dementia are losing many of the
cognitive mechanisms that support such deep learning in
addition to the compromise of supportive functions (e.g.,
episodic memory encoding; Dignam et al., 2017; Yeung &
Law, 2010). In this study, we evaluated the longitudinal ef-
fectiveness of a maintenance-based treatment approach using
both deep (semantic) and more relatively shallow (lexical)
training mechanisms.

Effects of a Personalized Lexicon in Treating
Progressive Anomia

Many previous studies have emphasized the impor-
tance of treating words that have high functional utility and
personal relevance. Reilly (2016) proposed a formal system
and set of criteria for crafting a target lexicon, including the
recommendation that stimuli should be highly imageable,
functional, and frequent. Another potential consideration
is that items should represent a range of semantic catego-
ries and thematic roles (e.g., agents, recipients of actions).
Reilly (2016) argued that careful selection of a constrained
lexicon using these principles could maximize scarce, dimin-
ishing resources and provide a proactive approach to train-
ing known words rather than attempting to teach forgotten
words on an ad hoc basis.

Jokel et al. have conducted perhaps some of the ear-
liest longitudinal studies of language maintenance in PPA.
In one such study, Jokel et al. (2006) characterized language
functioning over time in a patient (A. K.) with PPA. A. K.
was assigned to review and practice naming a set of 30 known
items for 30 min per day over the span of 3 weeks. At post-
test, A. K. retained all target items (N = 30). However,
6 months later, A. K. successfully named 24 of 30 items
(a loss of 20%) relative to a steeper decline for untrained
words (18 of 30 or a 40% loss). The authors argued that
the maintenance treatment was a potential contributor to
lexical retention for A. K. (see also Jokel et al., 2010).

Recent work has affirmed the capacity for patients to
maintain successful lexical retrieval of a personalized lexicon
for up to 12 months. In a study reported by Henry et al.
(2019), 18 PPA patients were enrolled in a lexical retrieval
therapy which utilized both semantic and phonological self-
cueing strategies for the treatment of 2040 personally rele-
vant target items. Treatment consisted of 1- to 2-hr sessions
per week for 5-6 weeks with a clinician. Treatment also
included an additional 15 min of daily homework. Patients
made significant improvements in naming accuracy of trained
items. At the conclusion of treatment, patients were encour-
aged to maintain practice with treated items, and treat-
ment gains were maintained for trained targets over a 1-year
follow-up.

To our knowledge, the lengthiest longitudinal treat-
ment study for progressive anomia was conducted by Meyer
et al. (2019). The authors implemented a phonological and
orthographic treatment involving repeated naming of items
that were either unknown or unstable (remediation items)
relative to known (prophylaxis items) at baseline. Patients
completed naming treatment over the span of 6 months. In
the first month, sessions occurred twice per week for 45 min.
For the remaining 5-month treatment period, sessions oc-
curred in home practice for 10- to 15-min sessions 3 times
per week. In the orthographic condition, patients observed
word-picture cards. Patients were instructed to observe the
card, read the label, and write the name of the item on a re-
sponse sheet. In the phonological condition, patients also
observed the items on a picture card, but caregivers provided
the verbal label for patients to repeat. Results indicated that
both remediation and prophylaxis items responded to both
treatments at 1-month posttreatment testing. However, by
15 months posttreatment, only prophylaxis items demon-
strated sustained performance in naming accuracy.

Language maintenance of a personalized lexicon has
garnered recent support in progressive anomia. However,
the role of caregiver implementation is not well understood
in this context. Such approaches have proven successful
with other populations, like stroke aphasia, (Arroyo et al.,
2012; Simmons-Mackie et al., 2005) though progressive
neurodegeneration in the current population negates the
ability to adopt these findings. Support for caregiver im-
plementation in progressive anomia can be gleaned from
Grasso et al. (2019) where two patients demonstrated me-
dium to large effect sizes for both clinician and caregiver
implementations of a lexical retrieval treatment. Expanded
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investigations could be a valuable avenue for exploration
provided limitations in treatment accessibility (e.g., cost,
proximity to services) for some patients. Nevertheless, lim-
ited support has been demonstrated for a larger cohort of
patients with progressive anomia.

A growing body of research suggests that it is possi-
ble to treat, slow, and even reverse some degree of language
loss in progressive aphasia. However, the data suggest that
these treatment effects are relatively item-specific and mod-
erated by disease severity. In the study to follow, we evaluate
the effectiveness of a largely maintenance-based, caregiver-
implemented treatment over an unprecedented time span
(average time in treatment 19.7 months) in a cohort of patients
with progressive anomia. As a secondary aim, we evaluated
whether patients were more impaired for particular seman-
tic categories targeted for training (e.g., people vs. common
objects).

Semantic Category Effects in Neurodegeneration

Many studies have investigated category-specific effects
in neurological disorders (Cotelli et al., 2006; Humphreys &
Forde, 2001; Lambon Ralph et al., 2006; Martin et al., 1996;
Warrington & Shallice, 1984). The most common findings are
that proper nouns are more susceptible to loss than common
nouns (Barbarotto et al., 1995; Gainotti, 2003; Gentileschi
et al., 1999) and that biological natural kinds are more vul-
nerable than manufactured artifacts (Farah & McClelland,
1991; Warrington & Shallice, 1984). Some have described
deficits in more specific domains, such as naming persons
and faces of people (Mendez et al., 2015) and the selective
loss of fruits and vegetables (Samson & Pillon, 2003) or mu-
sical instruments (Barbarotto et al., 2001).

The etiology of such category-specific impairments re-
mains widely debated in cognitive neuropsychology (Capitani
et al., 2003; Mahon & Caramazza, 2009). Here, we remain
agnostic to the root causes of such impairments. That is, our
focus in the study to follow is not on the cause of category-
specific advantages but rather whether certain types of words
are more susceptible to language loss in progressive anomia.
This information may prove useful in calibrating item selec-
tion or calling attention to particular classes of items (e.g.,
face naming) that might have a reduced naming accuracy.

Study Aims

We hypothesize that an optimal approach to treating
progressive anomia will target both the lexical and seman-
tic substrates that support naming. It is reasonably well-
established that it is more difficult for patients to relearn
forgotten concepts than maintain known concepts. More-
over, repeated training on a closed/finite set of items offers
the significant advantage of repeated exposure. These as-
pects of learning and memory support the rationale for a
maintenance-based treatment. Furthermore, by incorporating
both shallow (i.e., repeated naming) and deep (e.g., semantic
feature generation) semantic tasks in a regular treatment
regimen, patients may benefit from distributed and consistent
practice. Finally, the use of personally relevant stimuli (e.g.,
spouse, family dog) may additionally serve as a motivating

factor to continue with treatment even as other language
functions decline. Our goal is to preserve a small lexicon of
personally valuable target items for as long as possible,
and these principles can provide a useful framework for
implementing a naming treatment focused on preservation.
It is important to note that we prioritize personally salient
targets for patients. As a result, some items can be included
for a patient even though they may not be able to consis-
tently provide the name at the onset of the study (e.g., name
of spouse/loved one). Therefore, not all treatment targets
are required to be consistently “maintained” at the onset
of treatment. In the current study, we evaluated the effects
of a largely maintenance-based treatment for up to 2 years,
with a secondary aim exploring the potential for any differ-
ences in category-specific effects (e.g., “people” > “artifacts”).
Finally, we explore the associations between naming accura-
cies with off-line neuropsychological measures to investigate
the various underpinnings that typically contribute to pro-
gressive anomia (i.e., lexical access deficit, semantic storage
deficit).

Method
Overview

We evaluated the efficacy of a caregiver implemented
naming treatment for language retention in a cohort of
10 patients with varied dementia types: either PPA (n = 9)
or AD (n = 1) over the span of 2 years. Patients selected
100 items to be trained 3 times a week via confrontation
naming where errored words were provided semantic feature
description. We compared performance of each patient’s
personalized trained items to 100 untrained control items
of matched categorical distribution. Additionally, at each
time point every 4-7, patient performance was assessed with
an off-line neuropsychological battery.

Participants

Participants included older adults experiencing
progressive anomia secondary to diagnoses of either AD
(n =1) or PPA (n = 9). The PPA subgroup included
seven patients with svPPA (n = 7) and two patients with
logopenic variant PPA (n = 2). Diagnoses were estab-
lished by an experienced behavioral neurologist in accord
with published criteria (Gorno-Tempini et al., 2011;
McKhann et al., 2011). Once enrolled, we obtained baseline
neuropsychological and naming performances for each pa-
tient. This testing battery was completed every 4-7 months.
Due to life circumstances (e.g., advanced disease progres-
sion, illness, relocation), not all patients completed the 2-year
testing interval, but all patients participated in at least three
timepoints. Some participants (e.g., P10) did not complete
full sessions at each time point (e.g., due to fatigue, frustra-
tion) and were not responsive for reschedules in a timely
manner. Other participants (e.g., P02, P06) requested multi-
ple changes to training stimuli, precluding repeated assess-
ments of their ability to maintain a closed set of target items.
Table 1 reflects demographic and study participation details.
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Table 1. Demographics and participation details.

ID Age Dx Years postonset Edu Duration in study (months) N testing sessions
PO1 65 svPPA 3 15 19 4
P02 69 IVPPA 2 13 10 3
P03 65 IVPPA 3 14 19 4
P04 79 AD 4 16 17 4
P05 64 svPPA 3 18 18 4
P06 65 svPPA 6 19 31 4
P07 65 svPPA 2 12 21 4
P08 66 svPPA 1 16 23 4
P09 59 svPPA 5 12 20 4
P10 60 svPPA 7 16 19 3

Note. Age = age at baseline; Dx = diagnosis; Years postonset = approximate interval in years between self-reported symptom onset and
initiation of treatment study; Edu = education; Duration in study = months; N testing sessions = total no. of times tested in the study; svPPA =
semantic variant primary progressive aphasia; IVPPA = logopenic variant primary progressive aphasia; AD = Alzheimer’s disease.

Patients averaged 3.8 sessions spaced over 19.7 months.
Table 2 illustrates neuropsychological performance at base-
line and the conclusion of the study for each patient.

Structure of the Naming Treatment

Patients and their primary caregivers were informed
that they would be taking part in a language treatment study
targeting a set of important words. They were free to continue
the treatment for as long as they felt it was beneficial but
were told that we planned for 2 years of data collection.
Once participants were recruited into the study, we ob-
tained a baseline neuropsychological profile (see Table 2)
and developed a set of treatment targets (N = 100) in tandem
with caregivers.

Item selection procedures are described in detail in
Reilly (2016). In brief, participants with caregiver support
were instructed to select 100 treatment items of personal

Table 2. Neuropsychological performance at baseline and endpoint.

salience (i.e., familiar to them, frequently used, and high
utility) from fixed lists of 220 possible items representing

a range of six semantic categories, which included activities
(e.g., cooking, reading), clothes (e.g., hat, jacket), hygiene
(e.g., toothbrush, shaving cream), household items (e.g.,
book, couch), places (e.g., living room, supermarket), and
food (e.g., banana, coffee). A seventh category, “people”
(e.g., spouse, child) was also included for selection, but was
not included on the fixed lists. These targets were indepen-
dently generated by participants and caregivers. Unselected
items served as controls and followed a roughly matched
distribution of items per category. For example, 15 “activ-
ity” target items would result in semirandom selection of
15 control, “activity” items. Since every patient had a per-
sonally selected target lexicon from a fixed list, it was not
possible to explicitly match target and control items based
on psycholinguistic measures (i.e., frequency, length).
However, as stated, the greater item selection pool followed

BNT MoCA PPT-W PPT-P Trail-A Trial-B Digits-F Digits-B
ID Dx T1 TF T1 TF T1 TF T TF T1 TF T1 TF T1 TF T1 TF
PO1 svPPA 2 1 14 5 14 10 26 13 70 101 245 300 7 6 5 5
P02  IVPPA 11 8 15 16 26 25 26 25 67 49 118 155 5 7 6 4
P03 IVPPA 12 12 15 11 24 24 25 21 95 58 300 300 4 3 2 2
P04  AD 4 4 15 10 20 17 20 15 25 40 60 93 9 6 7 7
P05  svPPA 3 3 17 18 25 22 23 19 41 25 96 85 7 6 7 6
P06  svPPA 1 2 17 16 13 14 12 15 42 55 101 90 12 11 8 10
P07  svPPA 4 4 16 17 18 18 22 25 16 24 45 44 6 3 5 7
P08  svPPA 4 4 22 18 19 17 23 19 27 45 44 60 6 7 7 10
P09  svPPA 2 1 21 18 NA 14 24 22 NA 34 NA 74 NA 9 NA 7
P10 svPPA 4 3 16 19 19 22 22 21 40.29 40 117 109 5 7 5 6
Note. T1 = baseline; TF = final time point; BNT = Boston Naming Test short form of 15 items (Mack et al., 1992; Version 4) where a mean of

13.2 correct is normative (Mack et al., 1992); MoCA = Montreal Cognitive Assessment (Nasreddine et al., 2005) score out of 30 where < 26 is
considered impaired global cognition; PPT Word = Pyramids and Palm Trees Test-Words; PPT Pic = Pyramids and Palm Trees Test-Pictures,
short form versions both have a maximum score of 26 (Howard & Patterson, 1992); Trail Making Test—Form A (maximum time is 150 s); Trails-B =
Trail Making Test—Form B (maximum time is 300 s), scores rounded to the nearest second (Tombaugh, 2004; Weintraub et al., 2009); Digit F/B =
Digit Span Forward & Backward (total number correct), maximum score is 14 for both, normative data suggest 8.6 items correct for digits forward
and 6.9 items correct for digits backward (Morris et al., 2006); svPPA = semantic variant primary progressive aphasia; IVPPA = logopenic variant
primary progressive aphasia; AD = Alzheimer’s disease; NA = not applicable.
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familiarity, frequency, and utility constraints. Stimulus lists
are available for examination and use at https://osf.io/uvh6y/.
Once a suitable target lexicon was established, we visited pa-
tients in their homes and took photographs of the target
items that had “personalized” forms. Specifically, photo-
graphs were taken for targets such as “phone” or “keys,”
which referred to the patient’s personal belonging, while
other target items, like “banana” or “swimming,” did not
warrant personalized forms, so canonical views of common
objects or actions (for “activities”) were used. Canonical views
were also used for target items if the patient or caregiver did
not feel a personalized version was necessary. Additionally, all
pictures of the control items were canonical views of common
objects or actions. These canonical forms were downloaded
from Google Images and cropped to 500 x 500 pixels. The
control items for familiar people included famous faces. All
photographs were printed four to a page and arrayed in a
binder distributed to each patient for home use. Each
binder contained a copy of the pictures and the answer key
with blanks for the caregivers to track the patient’s accu-
racy, along with instructions for how to fill out the answer
key (described below).

Treatment Procedures

The clinician trained caregivers on how to correctly ad-
minister the treatment at home by modeling the treatment to
follow. Every 3 weeks, the clinical technician administered
the treatment (in person or by phone) to support caregiver
adherence and continuity and to answer any problems or
concerns raised by caregivers. For example, we made efforts
to keep the treatment items updated in order to reflect real-
time alterations of the items (i.e., updating pictures of grand-
children, updating items to reflect a patient’s move to a new
home). The treatment protocol required the patient to review
their personal lexicon with a caregiver (e.g., family member,
friend) 3 times per week.

During treatment sessions, the patient was instructed to
progress through the binder and name each item in the pic-
ture, while their caregiver simultaneously followed along with
the answer key. When the patients named the item correctly,
caregivers marked the answer key with a check mark. If the
patient named an item incorrectly, caregivers were instructed
to provide cues; first, a semantic cue (e.g., for shampoo: “you
use it to wash your hair”) was followed by a phonologi-
cal cue if still unsuccessful (e.g., “it starts with the sound
‘sh-""). If the patient still was unable to successfully name
the item, caregivers gave him/her the correct answer and then
marked the answer key with an “x.” In an attempt to
mitigate order effects, caregivers were instructed to mix
up the pages.

When the clinician visited the family to administer this
treatment, they collected the answer key from the caregiver
to monitor weekly progress. The clinician then began the
same treatment protocol as described above, however, follow-
ing a more detailed corrective instruction approach, by im-
puting incorrect responses with semantic featural support.
That is, on failed naming trials, patients were provided a
semantic and phonological cues, followed by the correct

name (“This is a toothbrush.”) and then a semantic feature
profile of the item composed of use (“It is used to brush, or
clean, your teeth.”), action (“You put it in your mouth and
scrub your teeth.”), properties (“It has a long handle for you
to hold and bristles on the top.”), location (“’You can find this
in your bathroom.”), and association (“This is something you
do when you wake up in the morning and right before you
go to sleep.”). The clinician then enforced these semantic fea-
ture characteristics by asking the patients to repeat them
(e.g., “Why do you use this toothbrush?” “When do you use
this toothbrush?” “Where can you find this toothbrush?”).

Patients completed a baseline neuropsychological bat-
tery at the onset of the study. Every 4-7 months, patients
completed the identical battery to gauge disease progression.
In addition to neuropsychological testing, participants were
also evaluated on their naming accuracy for their training
and control items. Here, patients were scored on their sponta-
neous responses, or self-corrections. That is, patients were
provided with cues if they were experiencing distress while
naming; however, only their spontaneous answers were re-
corded and scored. Each item was probed once per testing
period. Each individual response was scored as incorrect if
the patient failed to respond (e.g., “I don’t know”) or pro-
duced an inaccurate response (e.g., “ball” or “banana” for
apple). During treatment, patients repeatedly named printed
images. During testing, however, we probed naming accuracy
for the same items as digital images in completely random-
ized order using a laptop computer running a stimulus
delivery program (Experiment Center).

Data Analysis

At each discrete time point, we derived two accuracy
scores for each patient, including percent accuracy for nam-
ing treated and control stimuli. This aggregation procedure re-
sulted in a maximum possible total of eight observations per
patient reflecting naming accuracy at four timepoints for both
treated and control items over the span of 2 years. Several
patients lacked full 2-year data sets. We evaluated the lon-
gitudinal data using a linear mixed-effects model with the
“Ime4” package in R (Bates et al., 2015). This statistical
model included “Condition,” “Time point,” and the “Con-
dition X Time point” interaction as fixed effects. “Patient”
was entered as a random effect with random intercept.

In a separate analysis of category-specific effects for
“objects” versus “people,” we aggregated all naming attempts
for “people” and “objects” across all time points within par-
ticipants. This involved isolated naming attempts exclusively
for the following categories: “people,” “clothes,” “food,”
“hygiene products,” and “household items.” We analyzed
all naming attempts for this subset of the original item pool
by calculating means per participant in each category for
comparison.

Results
Overall Impact of Treatment Across Time

Table 3 reflects naming accuracy for each patient
expressed as proportion correct at each time point; Table 4
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Table 3. Naming accuracy for control versus trained items across
time.

Time 1 Time 2 Time 3 Time 4

Patient Control Train Control Train Control Train Control Train

P01 045 058 040 087 034 084 020 0.62
P02 069 NA 073 NA 061 NA NA NA
P03 0.70 088 0.67 095 0.71 092 068 0.89
P04 0.57 069 063 081 051 077 042 0.58
P05 0.57 088 057 100 038 093 046 0.98
P06 024 NA 026 NA NA  NA 014 NA
P07 054 089 045 092 050 098 033 0.98
P08 0.56 1.00 042 096 0.34 098 022 0.92
P09 051 090 032 093 023 085 0.17 0.75
P10 NA 082 NA 095 NA 095 NA NA

Note. Values represent mean performance of naming accuracy
(proportion correct). NA indicates inability to determine accuracy
(e.g., participant dropout, fatigue during testing session).

reflects aggregate means across patients. The linear mixed-
effects model revealed main effects of condition, F(1, 45.6.9) =
225.8, p < .001, time, F(3, 44.5) =3.98, p = .01, and a
significant Time x Condition interaction, F(3, 44.5) = 3.03,
p = . 04, using Satterthwaite’s approximation. This inter-
action was such that naming accuracy of trained items
(1.5% decrease) was more preserved than control items
(20% decrease) from baseline to the conclusion of treat-
ment. To explicitly investigate the impact of treatment
onset, a paired 7 test was conducted contrasting base-
line performance to Time point 2 in the treatment con-
dition. Results indicated significant differences, #(7) = -3,
p < .03, d = -.52, where Time point 2 (92%) showed an
increase in naming accuracy relative to baseline (83.1%).
Figure 1 illustrates these relationships across (a) and
between (b) subjects.

Figure 2 illustrates the magnitude of the overall treat-
ment effect size reflected as a difference score from baseline
to the study’s conclusion (i.e., conclusion minus baseline) in-
dependent of variability between the intervening timepoints.
Over the 2-year treatment interval, control items declined in
accuracy by a margin of 20.2% from a baseline of 55.7%. In
contrast, treated items declined by a margin of 1.5% from
a baseline of 83.1%. This differential rate of decline between
treatment and control items was statistically significant
(Paired 7 test, #(6) = -4, p < .005,d = —-.77).

Figure 3 represents naming accuracy differences for
“people” versus “objects” collapsed across patients and
condition. Patients more accurately named “objects” (M =
.69, SD = .19) than “people” (M = .44, SD = .27, paired
t test indicated significant differences, #(9) = 3, p < .01,
d = .86).

Neuropsychological Correlates of Naming Accuracy

Figure 4 represents correlations between off-line neu-
ropsychological measures of semantic (Pyramids and Palm
Trees Test-Words [PPTwords], Pyramids and Palm Trees
Test—Pictures [PPTpics]; Howard & Patterson, 1992) and
lexical performance (Boston Naming Test [BNT]; Mack
et al., 1992) and naming accuracy. Observations for anal-
ysis included mean neuropsychological performance and
naming accuracy (collapsed across conditions) for each
patient collapsed across timepoints. Pearson correlations
are of complete observations.

General Discussion

The incidence of dementia and associated language
disorders is exponentially increasing across much of the in-
dustrialized world (World Health Organization, 2019). Ef-
fective dementia management involves promoting aging in
place such that patients maintain functional independence
for as long as possible. A key element of this strategy involves
maintaining functional communication skills. Yet, our under-
standing of how best to intervene in progressive language dis-
orders remains limited. Few proven treatment options exist
for people experiencing neurodegenerative language loss. One
intuitive solution is to extrapolate treatment approaches to
dementia from other neurogenic disorders, such as stroke
aphasia. We have discussed several potential limitations
of such an extension, including differences in etiology of
impairments (i.e., linguistic access vs. storage) and differ-
ing trajectories of loss or recovery (i.e., neurodegeneration
in dementia vs. functional reorganization in stroke aphasia).
These fundamental differences across clinical populations
necessitate etiology-specific interventions.

Interventions for progressive language impairments
have tended to fall within two overarching philosophical
approaches: restoration and compensation. A third area
recently gaining traction is maintenance. The rationale
for a maintenance-based approach is that preservation of

Table 4. Differences in mean accuracy in trained and control words.

Variable Time Point 1 Time Point 2 Time Point 3 Time Point 4
Train 83.1 (4.6) 92.0 (6.2) 89.5 (7.8) 81.6 (16.6)
Control 55.7 (7.7) 49.3 (13.8) 43.1 (15.6) 35.5(18.2)
Difference score 27.2** 43.0" 47.0"* 46.1**

Note. Values are mean (SD) accuracy scores (%) across patients. Difference scores are “Train” minus “Control”

means at each time point.
** indicates p < .005, *** indicates p < .001.
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Figure 1. Naming accuracy by condition and time. (a) lllustrates mean naming accuracy of all participants at each time point for trained and
untrained/control words. Errors bars in Figure 1a. reflect standard error of the mean. Trained words did not drop below 80% accuracy and initially
improved to 92% accuracy with the onset of treatment. Overall, trained words remained within 1.5% accuracy of baseline performance. Control
words steadily declined, dropping from a 56% accuracy average to 36% by T4. (b) Here, we see mean naming accuracy at each time point for

each patient.
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atargeted set of known words offers significant advantages
over training words that are actively being lost. The two
major advantages of maintenance include item-level con-
straint (i.e., a focused set of treatment targets) and anchor-
ing treatment targets to preserved semantic knowledge (i.e.,
targets are supported by intact conceptual knowledge). That
is, finite training on a finite set of items allows patients to
capitalize on frequency and personal familiarity via repeated
training. A focus on known words may allow patients to
retain highly functional and salient concepts. This is not to
say that item-level constraint cannot be implemented in a
restorative treatment. In fact, restorative treatment on a
closed set of items has been successfully employed (Meyer
et al., 2019). Restoring words on a purely ad hoc basis is
likely not as successful. Lost words in progressive neurode-
generation is an ever-growing selection pool of potential
items, so treating words as they drop out of the lexicon is a
laborious and possibly ineffective approach without a priori
selection of a constrained lexicon. Here, we demonstrated
the effects of a largely maintenance-based approach delivered
over four successive timepoints (4-7 months between sessions,
19.7 month average time in study). Patients completed a
combination of semantic feature-based training and repeated

naming of a set of approximately 100 personalized photo-
graphs. We examined off-line neuropsychological perfor-
mance to assess potential degradation in related cognitive
capacities in conjunction with naming ability.

Maintenance and Improvement of Trained Items

Patients showed an advantage in naming trained rela-
tive to control items. At baseline, patients named treatment
target photographs with 83.1% accuracy in comparison to
naming a set of control photographs at 55.7%. With the on-
set of treatment, patients showed significant improvement
in naming accuracy for target items (92%), and at the con-
clusion of the study period, patients showed evidence of
treatment-induced retention with 81.6% naming accuracy
of trained items relative to 35.5% accuracy for control items.
Though both categories declined in accuracy, the slope of de-
cline was significantly steeper for untrained items. Patient’s
naming accuracy of trained items remained within 1.5% of
their baseline performance while control items dropped in
accuracy by more than 20%.

In a secondary analysis, we contrasted naming accu-
racy for “objects” versus “people” with the aim of examining
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Figure 2. Naming accuracy difference scores. Shows differences
scores of T4 (final time point) minus T1 (baseline) in each condition.
Trained words achieved a difference of less than 2%, while control
words declined over 20%. Errors bars represent standard error of
the mean.

Figure 3. Categorical discrepancy in naming ability. Demonstrates
mean naming accuracy in “object” and “people” item categories.
“Objects” achieved about a 69% accuracy while “person” (i.e.,
“people”) averaged 44% accuracy. Errors bars represent standard
error of the mean.
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differences in complexity, which may underlie responsivity
to treatment or spontaneous loss. We hypothesized that pa-
tients would experience a disproportionate impairment for
naming people relative to objects, and indeed, this predic-
tion was borne out (people = 44% accuracy, objects = 69%
accuracy). This discrepancy is consistent with previous
observations of category specificity in both PPA (Barbarotto
et al., 1995; Gentileschi et al., 1999; Yi et al., 2007) and AD
(Grossman et al., 2003; Laws & Sartori, 2005; Whatmough
et al., 2003).

Neuropsychological Correlates
of Naming Performance

Our final analysis sought to investigate factors that
contribute to naming performance in progressive anomia
by examining bivariate correlations between naming capa-
bilities and off-line measures of cognitive and linguistic per-
formance. Noteworthy correlations were identified between
naming accuracy and semantic knowledge. Specifically, se-
mantic memory was positively correlated with naming accu-
racy (PPTwords and naming accuracy [r = .72, p = .02], and
PPTpics and naming accuracy [r = .76, p = .01]), indicating
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that the integrity of semantic memory was a strong predic-
tor of naming ability. This association was further demon-
strated with a strong correlation between semantic memory
and naming performance on the BNT (PPTwords and BNT
[r = .80, p = .01]), a standardized measure of naming ability
(Kaplan et al., 1983). Significant correlations were also ob-
served between semantic memory measures (PPTwords
and PPTpics [r = .78, p = .01]), suggesting performance
on semantic measures was largely based on semantic knowl-
edge, as opposed to a potential deficit in visual processing
of words or images. Naming accuracy for tested items did
not show a significant correlation with BNT performance.
This is likely due to a floor effect in BNT performance, where
most participants received low scores (only two participants
scored above 5 at any time point) with little variation across
time.

Limitations

The gold standard of clinical research involves ran-
domized control trials (RCTs). That is, a patient is assigned
to either the experiment treatment or an equivalent alternative
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Figure 4. Neuropsychological performance and naming correlations. Values are Pearson correlation coefficients. PPTpics and PPTwords
achieved significant, positive correlations with naming accuracy. Additionally, positive correlations were identified between PPTwords and
BNT, and PPTwords and PPTpics. Acc = Naming Accuracy (proportion correct); BNT = Boston Naming Test; PPTwords = Pyramids and Palm

Trees Test—Words; PPTpics = Pyramids and Palm Trees Test—Pictures.
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treatment matched in dose and numerous other variables
(e.g., intensity). Other recommended procedures involve
double-blinding and placebo control. These procedures are
implemented to reduce bias and expectancy effects known

to have a profound influence on outcome measurement.
Neurorehabilitation is moving toward achieving this standard.
However, true random assignment (e.g., items, equivalent
treatments) can conflict with the unique constraints of admin-
istering personalized treatment for patients in cognitive
decline. For example, it would have been possible to ex-
pand the item selection pool to 500 or more items to allow
matched treatment and control items (i.e., word length,
frequency); however, this would be at the sacrifice of a
constrained pool that is limited to highly imageable, highly
frequent, and high utility words. Furthermore, assigning the
word “mug” to a person who does not drink coffee would be
futile. Conversely, it would be counterproductive to leave se-
lection entirely up to the patients and caregivers. Previous
research following such an approach resulted in patients
selecting highly specialized, low frequency targets (e.g., a
wildlife biologist selecting multiple bird species) that dimin-
ish at an accelerated rate (see Reilly, 2016, for an expanded
discussion) Therefore, we implemented a quasirandom
assignment where the item selection pool was balanced across
semantic categories and patients were given the opportunity
to exclude items with low personal utility. These procedures
increased the ecological validity of the treatment, with the
use of caregiver-implemented therapy and personalized
treatment targets. However, these procedures resulted in
a list of training items for each person that were biased by
personal salience. As a result, the training items tended to
be named more accurately than control items at baseline—
a trend that runs counter to the practice of baseline equiva-
lence. It is possible differences in baseline accuracy reflect

a confound of complexity where trained items were inherently
easier to name than control items. Prioritizing selection of
targets based on personal salience also resulted in a subset
of items that were not truly “maintained” at the onset of
treatment, as patients could not consistently name them.
Most items were preserved at baseline (83.1% of training
items), but a true assessment of longitudinal maintenance
would require 100% accuracy at baseline. Nevertheless,
treatment items were marked by significant improvement
with the onset of treatment and were largely maintained
over the course of study, warranting continued investigation.

Conclusions and Future Directions

Patients with progressive language loss retained a set
of words with strategic importance for their daily lives as a
result of regular training. These benefits of a maintenance-
focused treatment were evident exclusively for the treated
stimuli, whereas untrained words showed precipitous declines
in accuracy over the span of 2 years. In all, patients were
able to retain the names of their loved ones and other highly
functional words even as other aspects of language and
cognition declined. These results yield a much-needed empiri-
cal rationale for administering maintenance-based treatment

to people with progressive language disorders. Still, differ-
ential performance between item categories (“objects” >
“people”) highlights the need to examine whether parame-
ters of the treatment (e.g., dose, feature) should be optimized
by category of the target item. That is, SFA may prove
more effective for training objects, whereas an alternative
approach rooted more in socioemotional and/or autobio-
graphical knowledge may prove more effective for retaining
the names of loved ones. Furthermore, these contrasts war-
rant the need for a longitudinal investigation of trajectories
over time where certain categories might decline at differ-
ent rates.

A more comprehensive demonstration of treatment
efficacy will involve evaluating this maintenance-based
approach in the context of a true RCT. This would include
a more tightly controlled range for repeated assessment
(e.g., evaluating performance every 6 months exactly), an
expanded timeline (e.g., average participation > 18 months
across all participants), and a focal assessment of mainte-
nance (e.g., 100% accuracy in naming targets at baseline).
A more comprehensive RCT might also include an expanded
exploration of contributing cognitive-linguistic factors by
specifically analyzing the longitudinal relationship between
neuropsychological performance and treatment/naming
performance. In the current study, the integrity of semantic
memory as indexed by the PPT (Howard & Patterson, 1992)
was strongly predictive of naming accuracy, suggestive of
a primary semantic locus for naming ability in this patient
cohort. Nevertheless, semantic memory is just one compo-
nent of an extensive supporting cast of cognitive (e.g., exec-
utive functioning) and perceptual abilities that are likely to
moderate treatment gains. Our understanding of the com-
plex interaction between these variables in the context of
environmental and psychosocial supports will be essential
for optimizing this and other caregiver-administered lan-
guage maintenance treatments.

An exponential increase in the incidence of dementia
and associated disorders represents a pressing public health
crisis (Hebert et al., 2013). A cornerstone of our national
management strategy involves cultivating treatments that
allow patients to age in place by prolonging functional
independence for as long as possible. Toward this end, it
is essential to develop interventions that have widespread
accessibility in terms of cost and technological demands.
Furthermore, feelings of stress and powerlessness seen in
caregivers can be reduced by allowing them to take a direct
role in a treatment (Jokel et al., 2017). Caregiver-administered
treatment supplemented with intermittent calibration by a
skilled clinician may offer a cost-effective approach to pro-
moting functional communication. The data reported here
show promise for the effectiveness of such a hybrid model
of service delivery. Future investigations will expand its scope,
generalizability, and accessibility.
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