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Purpose: Recovery from aphasia is thought to depend
on neural plasticity, that is, functional reorganization of
surviving brain regions such that they take on new or
expanded roles in language processing. To make progress
in characterizing the nature of this process, we need
feasible, reliable, and valid methods for identifying language
regions of the brain in individuals with aphasia. This article
reviews 3 recent studies from our lab in which we have
developed and validated several novel functional magnetic
resonance imaging paradigms for language mapping in
aphasia.
Method: In the 1st study, we investigated the reliability and
validity of 4 language mapping paradigms in neurologically
normal older adults. In the 2nd study, we developed a novel
adaptive semantic matching paradigm and assessed its
feasibility, reliability, and validity in individuals with and
without aphasia. In the 3rd study, we developed and
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evaluated 2 additional adaptive paradigms—rhyme judgment
and syllable counting—for mapping phonological encoding
regions.
Results: We found that the adaptive semantic matching
paradigm could be performed by most individuals with aphasia
and yielded reliable and valid maps of core perisylvian language
regions in each individual participant. The psychometric
properties of this paradigm were superior to those of other
commonly used paradigms such as narrative comprehension
and picture naming. The adaptive rhyme judgment paradigm
was capable of identifying fronto-parietal phonological
encoding regions in individual participants.
Conclusion: Adaptive language mapping paradigms offer
a promising approach for future research on the neural
basis of recovery from aphasia.
Presentation Video: https://doi.org/10.23641/asha.
10257584
Acquired aphasia results from damage to left-
hemisphere temporal, frontal, and parietal brain
regions that are critical for language, most com-

monly as a consequence of stroke (Kertesz, Harlock, &
Coates, 1979). Fortunately, most individuals with post-
stroke aphasia experience some degree of recovery over
time (Holland, Fromm, Forbes, & MacWhinney, 2017;
Kertesz & McCabe, 1977; Swinburn, Porter, & Howard,
2004; Wilson et al., 2019). Although early recovery can
be attributed to the resolution of hypoperfusion and edema
that often accompany acute stroke (Hillis et al., 2002),
longer-term recovery is thought to reflect neuroplasticity,
that is, the functional reorganization of surviving brain re-
gions such that they take on new or expanded roles in lan-
guage processing (Heiss & Thiel, 2006; Saur et al., 2006;
Turkeltaub, Messing, Norise, & Hamilton, 2011).

In principle, language function can be sustained by
regions other than the canonical left-hemisphere perisyl-
vian language network. This has been clearly established
in studies of perinatal stroke survivors (Lenneberg, 1967;
Newport et al., 2017; Staudt et al., 2002). These studies
have shown that, when early damage to the typical left-
hemisphere network is sufficiently extensive, language
develops instead in homotopic regions in the right hemi-
sphere, and language function is often normal or near
normal. Is such dramatic macroscopic reorganization
possible in adults recovering from stroke? The answer to
this question is far from clear.

Many studies have argued that recovery from post-
stroke aphasia depends on the recruitment of right hemi-
sphere regions (Turkeltaub et al., 2011; Weiller et al.,
1995). Other patterns of reorganization have also been
reported, including recruitment of left hemisphere regions
beyond the typical language network (Fridriksson, Bonilha,
Baker, Moser, & Rorden, 2010; Fridriksson, Richardson,
Fillmore, & Cai, 2012; Robson et al., 2014) and recruitment
Disclosure: The authors have declared that no competing interests existed at the
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of domain-general cognitive or “multiple demand” regions,
which are often bilateral (Brownsett et al., 2014; DeMarco,
Wilson, Rising, Rapcsak, & Beeson, 2018; Geranmayeh,
Brownsett, & Wise, 2014; Geranmayeh, Chau, Wise, Leech,
& Hampshire, 2017). However, the reported patterns of
language reorganization have been rather diverse, and few
have been replicated.

The only consistently replicated finding is that recov-
ery from aphasia is associated with return to function of
core left-hemisphere language regions (Hartwigsen & Saur,
2019; Heiss, Kessler, Thiel, Ghaemi, & Karbe, 1999; Heiss
& Thiel, 2006; Saur et al., 2006). Presumably, regions that
show increased function associated with recovery were
not destroyed by stroke but were rendered partially dys-
functional by diaschisis and/or persisting hypoperfusion.
However, although the reintegration of these regions is an
important substrate of recovery, it does not necessarily
constitute functional reorganization per se. Moreover, it
seems clear that mechanisms other than reintegration of
left hemisphere language regions must be critically impor-
tant, for the simple reason that many patients with signifi-
cant damage to left hemisphere regions nevertheless do
make remarkable recoveries. In these patients, restoration
of core left-hemisphere language regions is simply not an
option.

Consider the gentleman whose brain is illustrated in
Figure 1, whom we will call Mr. L. Although he had severe
expressive aphasia for many years, he has made major gains
over the last few years, and now, 8.5 years after his stroke,
he communicates with ease about all topics. In the connected
speech section of our language evaluation, he stated:
Figure
Mr. L.
gyrus,
matter
excelle
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I’m və- very en-thu-si-astically working on a novel.
Um (…) that’s the second novel. I’m um (…) really
wanna have it done this year. So <in the> in the mid
late fall. So… Uh it’s uh taking up lots of my time.
I’m uh (…) trying to uh… I’m adjusting my schedule
/ti/ be earli-er in the də- day. Actually at times
starting before the sun is up.
Although Mr. L is still clearly aphasic, his speech
and language capacity is truly remarkable considering that
1. Structural magnetic resonance imaging of the brain of
The left inferior frontal gyrus, much of the middle frontal
the ventral precentral gyrus, the insula, and underlying white
were completely destroyed, yet Mr. L experienced an
nt long-term recovery from his aphasia.
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his left inferior frontal cortex was completely destroyed.
How is this possible?

Efforts to understand the nature of functional re-
organization supporting recovery from aphasia face many
challenges, including the difficulty of recruiting and follow-
ing sufficient numbers of patients (Price, Seghier, & Leff,
2010), variability between individuals in stroke size and
location (Crinion & Price, 2005), and the complexity of
analyzing functional changes in the context of different
patterns of structural damage (Fridriksson et al., 2012;
Griffis, Nenert, Allendorfer, & Szaflarski, 2017; Sims et al.,
2016; Skipper-Kallal, Lacey, Xing, & Turkeltaub, 2017;
Tyler, Wright, Randall, Marslen-Wilson, & Stamatakis,
2010). However, perhaps the most fundamental challenge
has been the difficulty of developing appropriate func-
tional imaging paradigms for identifying language regions
in individuals with aphasia. To support research on func-
tional reorganization of language regions in recovery from
aphasia, language mapping paradigms need to meet at
least three criteria.

First, they must be feasible for individuals with
aphasia. Language areas are generally identified with func-
tional magnetic resonance imaging (MRI) by comparing
blood oxygen level–dependent signal in conditions that do
involve language processing (i.e., performing a language
task) to conditions that do not (i.e., performing a task that
does not involve language; Binder et al., 1997). This is a
well-developed field because of its widespread clinical
application in presurgical planning (Binder, Swanson,
Hammeke, & Sabsevitz, 2008). However, by their very
nature, individuals with aphasia find language tasks diffi-
cult, if not impossible, to perform. If a patient cannot per-
form a task, then it is hard to interpret activation maps
associated with failure to perform the task (Price, Crinion,
& Friston, 2006). If they can perform the task, but doing
so requires much more effort than normal, then domain-
general networks may be differentially recruited and mis-
identified as language regions (Geranmayeh et al., 2014).
Therefore, it is important to use language mapping para-
digms that individuals with aphasia can perform.

Second, language mapping paradigms need to be
reliable, exhibiting good test–retest reproducibility. In our
work, we evaluate reliability in terms of overlap between
activation maps obtained on different occasions, in situa-
tions where no change is expected. We quantify reliability
using the Dice coefficient of similarity (Rombouts et al.,
1997). Dice coefficients range from 0 (no overlap) to 1
(perfect overlap), with intermediate values reflecting partial
overlap. Dice coefficients are conceptually related to the
kappa statistic and can be interpreted as poor (< .40), fair
(.40–.60), good (.60–.75), or excellent (≥ .75), following
Cicchetti (1994).

Third, language mapping paradigms need to be
valid, identifying language regions and not other regions.
It is difficult to evaluate validity directly in individuals with
aphasia, because the nature of their language organization
is unknown. That is, there is no ground truth against
which to assess validity. Therefore, we generally assess
3937–3946 • November 2019
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validity in neurologically normal individuals, in whom we
have a good understanding of typical language organization.
In particular, it is established that the great majority of
neurologically normal individuals demonstrate three fea-
tures of language organization: (a) lateralization to the
left hemisphere, (b) activation of left inferior frontal cor-
tex, and (c) activation of left posterior temporal cortex
(Bradshaw, Thompson, Wilson, Bishop, & Woodhead,
2017; Knecht et al., 2003; Seghier, Kherif, Josse, & Price,
2011; Springer et al., 1999; Tzourio-Mazoyer et al., 2010).
We can assess the validity of language mapping para-
digms in terms of their ability to reveal these known fea-
tures of normal language organization in the majority of
neurologically normal participants. If a language mapping
paradigm is capable of reliably identifying typical lan-
guage areas in cases where their likely organization is
known, then we can be more confident in whatever it may
reveal when applied in individuals with potentially atypical
language organization.

The psychometric properties of various language
mapping paradigms have been extensively investigated in
the clinical context of presurgical language mapping (e.g.,
Fernández et al., 2003; Janecek et al., 2013; see Bradshaw
et al., 2017, and Wilson, Bautista, Yen, Lauderdale, &
Eriksson, 2017, for reviews). However, most presurgical
patients do not have significant language deficits. Only a
few studies prior to our own have addressed psychometric
aspects of language mapping in individuals with aphasia
(Eaton et al., 2008; Kurland et al., 2004; Meltzer, Postman-
Caucheteux, McArdle, & Braun, 2009). This has been,
therefore, a critical gap in the literature.

In this article, we will review three recent publica-
tions in which we have investigated the feasibility, reliabil-
ity, and validity of various approaches to language mapping
in aphasia. We propose that adaptive paradigms that
dynamically adjust to individual performance offer the most
promising approach at present, and we will conclude by
briefly describing how we are currently using adaptive lan-
guage mapping paradigms to investigate functional neuro-
plasticity underlying recovery from poststroke aphasia.

Reliability and Validity of Four
Language Mapping Paradigms

The goal of our first study (Wilson et al., 2017) was
to identify one or more appropriate language mapping
paradigms for a long-term longitudinal study of the neural
correlates of recovery from aphasia. To that end, we inves-
tigated the reliability and validity of four potential lan-
guage mapping paradigms in neurologically normal older
adults. Five older adults were each scanned with functional
MRI on four occasions, with sessions typically a few weeks
apart.

Four candidate language mapping paradigms were
selected that were likely to be feasible for individuals with
aphasia to perform. Two of them—narrative comprehen-
sion and picture naming—had been widely used in the pre-
vious literature on neuroplasticity in aphasia (e.g., Crinion
nloaded from: https://pubs.asha.org Vanderbilt University - Library, Peri Rcvng o
& Price, 2005; Fridriksson et al., 2010). A sentence com-
pletion (cloze) task was designed, which was intended to
recruit both comprehension and production mechanisms,
as well as word and sentence level processing. Finally, a
naturalistic paradigm was constructed in which partici-
pants viewed an edited television program, from which
language and nonlanguage segments could be contrasted.
Four equivalent forms of each paradigm were constructed,
and each paradigm was exactly 7 min long.

The results of the study clearly demonstrated that all
four paradigms were markedly lacking in both reliability
and validity (see Figure 2). This figure shows a single repre-
sentative participant; the data from all five participants are
presented in the publication (Wilson et al., 2017).

Generally, test–retest reproducibility was poor to
fair. The language maps differed strikingly from session to
session, even though presumably, no actual changes had
taken place in these neurologically normal older adults.
Such variability would be a serious obstacle to any longitu-
dinal study in which actual change was anticipated because
it would be difficult to distinguish between changes due to
functional reorganization and changes reflecting limited
test–retest reproducibility.

Validity was also limited. The narrative comprehen-
sion paradigm yielded the most lateralized language maps,
although there was substantial activation of the right
temporal lobe in all five individuals. This is not to imply
that the right temporal lobe is not genuinely involved in
language comprehension—it surely is (Binder et al., 2011)
—but a language mapping paradigm that highlights
bilateral aspects of language organization may be less well
suited to documenting functional reorganization after
stroke, which depends upon finding new locations for
functions that depended on damaged left-hemisphere re-
gions. The sentence completion paradigm produced the
next most lateralized activations, whereas the picture
naming and naturalistic paradigms resulted in largely bi-
lateral activations. None of the four paradigms consis-
tently activated the left frontal and temporal regions
known to be critical for language in most neurologically
normal individuals.

In sum, none of the four paradigms investigated in
this initial study appeared to be well suited for studying the
functional reorganization of language areas in aphasia.

An Adaptive Semantic Matching Paradigm
Based on the results of the previous study, we con-

cluded that it would be necessary to develop new, psycho-
metrically sound, paradigms for language mapping in
aphasia. We undertook this task in our next study (Wilson,
Yen, & Eriksson, 2018). We decided that a semantic deci-
sion paradigm would constitute the best starting point for
developing a new paradigm because semantic decision
paradigms are strongly lateralizing and robustly activate
frontal and temporal language regions in neurologically
normal individuals and presurgical patients with normal
language function (Binder et al., 1997, 2008; Fesl et al., 2010;
Wilson et al.: Language Mapping in Aphasia 3939
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Figure 2. Reliability and validity of four language mapping paradigms in a representative neurologically normal individual. Activations within
potential language regions or their homotopic counterparts are depicted in the hot color scale, whereas activations elsewhere are depicted in
yellow. Adapted from “Validity and reliability of four language mapping paradigms,” by S. M. Wilson, A. Bautista, M. Yen, S. Lauderdale, &
D. K. Eriksson, 2017, NeuroImage: Clinical, 16, p. 404. Copyright © 2017 Elsevier. Adapted with permission. ROI = region of interest.

Figure 3. Adaptive semantic matching paradigm. (A) Example of a
semantic item. This item is a match and is shown surrounded by a
box that appears when the “match” button is pressed. (B) Example
of a perceptual item. This item is a mismatch, so the button should
not be pressed. Adapted from “An adaptive semantic matching
paradigm for reliable and valid language mapping in individuals
with aphasia,” by S. M. Wilson, M. Yen, & D. K. Eriksson, 2018,
Human Brain Mapping, 39, p. 3288. Copyright © 2018 John Wiley
and Sons. Adapted with permission.
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Janecek et al., 2013; Szaflarski et al., 2008). The highest
Dice coefficients that have been reported in the literature
have been derived from semantic decision paradigms
(Fernández et al., 2003; Fesl et al., 2010).

The problem was that semantic decision tasks had
proven to be difficult, if not impossible, for many individ-
uals with aphasia to perform. For instance, in one study
(Szaflarski, Allendorfer, Banks, Vannest, & Holland,
2013), individuals with aphasia were asked to perform a
variant of the classic Binder task in which participants
decide if auditorily presented animal names are native to
the United States and commonly used by humans. The
control task involved listening to tone sequences and decid-
ing whether they contained exactly two tones of a specific
frequency. These tasks are challenging for individuals with
normal language function, and the contrast between them
yields robust left-lateralized language maps (Binder et al.,
1997, 2008). However, the behavioral data showed that
individuals with aphasia were unable to perform the tasks,
performing at chance not only on the language condition
(47.6% correct) but also on the control condition (52.2%
correct; Szaflarski et al., 2013).

We wanted to design a simpler semantic decision
task. But if the task was too easy, then it might not yield
robust activations in patients with milder aphasias or in
control participants. Therefore, we created a task that
would be adaptive to each individual’s performance. Each
item consists of a pair of words, which are presented one
3940 Journal of Speech, Language, and Hearing Research • Vol. 62 •
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above the other in the center of the screen (see Figure 3A).
Half of the pairs are semantically related, whereas the
other half are not related. The participant presses a button
with a finger of their left hand if they decide that the words
are semantically related. If the words are not related, they
do nothing. We use an adaptive staircase procedure and
control difficulty by simultaneously manipulating a num-
ber of linguistic factors—frequency, concreteness, age of
acquisition, length, and phonological complexity—and
presentation rate. When participants make correct responses,
3937–3946 • November 2019
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more difficult items are presented, and when they make
errors, easier items are presented. This means that each
individual is presented with stimuli that are challenging yet
within their competence so that language processing can
be fully engaged in people with and without language
impairments, minimizing performance confounds.

The control condition is a perceptual decision task in
which participants press the button if two symbol strings
are identical (see Figure 3B). This task is also adaptive to
participant performance, which is achieved by varying the
similarity of the mismatching strings and the presentation
rate. Note that the task is fundamentally similar across the
language and control conditions: Both tasks involve press-
ing a button to matching pairs. This minimizes task switch-
ing demands, making the paradigm more accessible for
individuals with aphasia. The use of a single button is also
important because many patients find it difficult to learn
an arbitrary mapping between choices and response buttons.

We assessed the feasibility, reliability, and validity
of the adaptive semantic matching paradigm in 16 individ-
uals with chronic poststroke aphasia and 14 neurologically
normal participants. The participants with aphasia were
mostly recruited from an outpatient aphasia center and
spanned a range of severities, approximately evenly distrib-
uted across mild, moderate, and severe aphasias, charac-
terized with the Quick Aphasia Battery (Wilson, Eriksson,
Schneck, & Lucanie, 2018). The patients were scanned with
functional MRI on two separate occasions, typically a few
weeks apart, to quantify test–retest reliability. Validity was
assessed in the neurologically normal participants, since
only in these individuals did we have clear expectations
about the lateralization and localization of language regions.
All participants also completed narrative comprehension
and picture naming paradigms for the sake of comparison.

We found that all 16 individuals with aphasia were
able to learn the tasks and performed above chance on
both the language and control conditions. The adaptive
staircase procedure used should ideally converge at just
over 80% accuracy (García-Pérez, 1998). We found that
15 of 16 patients’ accuracies were in this range on the
semantic task. The remaining patient, who was the most
severely impaired patient in the group, performed with
59% accuracy, reflecting a floor effect (i.e., the staircase
procedure called for easier trials than were available to
present). However, 59% accuracy was still significantly
better than chance, indicating that this patient was per-
forming the task like the other participants, albeit less suc-
cessfully. All 16 patients performed in the expected range
on the perceptual control condition.

Language activation maps derived from the adaptive
semantic matching paradigm are shown for all 16 individ-
uals with aphasia on the two separate occasions in Figure 4.
It can be appreciated that test–retest reproducibility was
good, and interestingly, in most patients (with the notable
exception of A12), language processing continued to be
left lateralized. Left frontal and left temporal language
areas were generally activated, except in cases where they
had been destroyed.
nloaded from: https://pubs.asha.org Vanderbilt University - Library, Peri Rcvng o
The mean Dice coefficient of similarity, quantifying
test–retest reproducibility of the semantic paradigm across
the two scanning sessions, was .66 ± .15 (range: .40–.82),
which significantly exceeded the reliability of the narrative
comprehension (Dice coefficient = .47) and picture naming
(Dice coefficient = .43) paradigms. To the best of our
knowledge, the highest Dice coefficient previously reported
for a valid language mapping task was .61 (Fesl et al.,
2010). We believe that the good test–retest reproducibility
of the adaptive semantic matching paradigm is most likely
a consequence of its adaptive design, which ensures that
linguistic and other processing are highly constrained,
such that similar cognitive states are induced each time
a participant performs the paradigm. In contrast, other
paradigms such as narrative comprehension are less con-
strained. For instance, a participant might be interested in
the backward speech control condition on one occasion
and so might attend to it but might then ignore it on an-
other occasion.

Validity was assessed primarily in the neurologically
normal participants, in whom we have strong expectations
about how language is likely to be organized, as described
earlier (i.e., left lateralized, with left inferior frontal and
left posterior temporal regions activated). The adaptive
semantic matching paradigm robustly demonstrated these
three known features of normal language organization in
the control group. The narrative comprehension paradigm
yielded less lateralized maps, and the picture naming para-
digm produced essentially bilateral activations, as in our
previous study (Wilson et al., 2017). Neither of these para-
digms activated the left frontal region consistently, and only
the narrative paradigm activated the left temporal region.

In sum, this study showed the adaptive semantic
matching paradigm is a feasible, reliable, and valid method
for mapping language regions in people with aphasia. In
particular, the core language regions in the left inferior
frontal cortex and left posterior temporal cortex were con-
sistently and reliably identified. However, these are not the
only brain regions that are important for language.

Identification of Phonological Encoding Regions
In the third study, our goal was to design additional

adaptive paradigms in order to identify another important
component of the language network (Yen, DeMarco, &
Wilson, 2019): the left-lateralized fronto-parietal regions
that are important for phonological encoding in speech
production. Phonological encoding involves processes such
as selection and sequencing of phonemes, syllabification,
and the application of (morpho)phonological rules (Levelt,
1989). The brain regions specifically implicated in phono-
logical encoding include the supramarginal gyrus and the
ventral precentral gyrus (McDermott, Petersen, Watson,
& Ojemann, 2003; Pillay, Stengel, Humphries, Book, &
Binder, 2014; Price, Moore, Humphreys, & Wise, 1997).

We designed two tasks that would require partici-
pants to engage in phonological encoding. In the first task
—rhyme judgment—participants see two pseudowords and
Wilson et al.: Language Mapping in Aphasia 3941
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Figure 4. Language activation maps derived from the adaptive semantic matching paradigm. (A) Group analysis in 14 neurologically normal
participants. (B) Activation maps in 16 individuals with aphasia at two time points each. Voxels with the highest 5% of t statistics were
plotted, subject to a minimum cluster volume of 2,000 mm3, in a region of interest comprising known language regions or plausible candidate
regions for functional reorganization; note that the cerebellum was not included (unlike in Panel A). Inset axial slices show lesion reconstructions.
T1 = first imaging session; T2 = second imaging session; Dice = Dice coefficient of similarity; LI = lateralization index. Adapted from “An adaptive
semantic matching paradigm for reliable and valid language mapping in individuals with aphasia,” by S. M. Wilson, M. Yen, & D. K. Eriksson,
2018, Human Brain Mapping, 39, p. 3296. Copyright © 2018 John Wiley and Sons. Adapted with permission.
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Figure 5. Activation maps derived from group analyses of
neurologically normal participants for (A) the rhyming judgment
paradigm, (B) the syllable counting paradigm, and (C) the semantic
matching paradigm. Note that the left supramarginal gyrus and the
left ventral precentral gyrus were activated only by the phonological
paradigms. Adapted from “Adaptive paradigms for mapping
phonological regions in individual participants,” by M. Yen, A. T.
DeMarco, & S. M. Wilson, 2019, NeuroImage, 189, p. 374, Copyright
© 2019 Elsevier. Adapted with permission.
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are asked to press a button if they rhyme. This task re-
quires phonological encoding because, in order to decide
whether the pairs of pseudowords rhyme, the participant
has to assemble speech sounds into novel sequences, syl-
labify them, and determine a stress pattern, applying phono-
logical rules and being sensitive to phonotactic constraints.
The stimuli were carefully constructed to ensure that the
task could not be performed based on orthographic strings
alone; for instance, pairs such as mulky–tulkie rhyme even
though the second syllables are spelled differently. In the
second task—syllable counting—participants again see two
pseudowords, but now they have to press the button if the
words have the same number of syllables. Again, this task
requires phonological encoding, because syllabification is
not inherent in an orthographic string, but must be com-
puted based on the phonological rules of the language.

The rhyme judgment and syllable counting tasks were
both compared to the same perceptual control condition
that was used in the semantic matching paradigm. Critically,
both tasks were adaptive to participant performance. Task
difficulty was controlled by simultaneously manipulating
a number of factors including pseudoword length, ortho-
graphic transparency, stress patterns, and presentation rate.

We assessed the reliability and validity of the two
phonological paradigms in 16 neurologically normal individ-
uals who also performed the semantic paradigm described
above. Each participant completed the three paradigms in
a single functional MRI session. Because there was only
one session per participant, we could only calculate split-
half reliability. This is not an optimal measure because
it does not address between-session variability, but it still
allows for objective and unbiased comparisons between
paradigms.

We found that the rhyme judgment paradigm was
comparable in reliability to the semantic matching para-
digm, whereas the syllable counting paradigm was some-
what less reliable. Both phonological paradigms activated
the two key phonological encoding regions that have been
motivated by the prior literature: the left supramarginal
gyrus and the left ventral precentral gyrus, in contrast to
the semantic paradigm (see Figure 5). Importantly, these
regions were activated not only at the group level but also
in the great majority of individual participants. These supra-
marginal and ventral precentral activations were more
strongly left-lateralized for the rhyme judgment paradigm
than the syllable counting paradigm. For that reason,
along with its greater reliability, we concluded that the
adaptive rhyme judgment paradigm would be more opti-
mal for future applications. We also suspect that the
rhyme judgment task will be more feasible for individuals
with aphasia. We had previously trained eight individuals
with aphasia on an adaptive syllable counting paradigm
and found that only four of the eight performed above
chance (DeMarco, 2016). As described in the next section,
our work in progress suggests that a greater proportion of
patients can perform the rhyme judgment paradigm.

By using the adaptive rhyme judgment and adaptive
semantic paradigms in conjunction, it should be possible to
nloaded from: https://pubs.asha.org Vanderbilt University - Library, Peri Rcvng o
construct differentiated maps of domain-specific language
regions in individual participants. This will allow us to go
beyond a simple concept of “language areas” so that we
can investigate the potential reorganization of a network of
regions with distinct functions.
Current and Future Directions
Returning to our example from the beginning of the

article, we can now use the adaptive semantic matching
and rhyme judgment paradigms to approach the question
of how Mr. L made such an impressive recovery from
aphasia over the past 8.5 years. Mr. L performed both
tasks, and the brain regions that he recruited for each task
are shown in Figure 6. Not surprisingly, the extensive left
frontal activations that are normally characteristic of both
paradigms are entirely lacking since Mr. L’s left frontal lan-
guage areas were destroyed in their entirety. In his surviv-
ing brain regions, several atypical activations are evident
Wilson et al.: Language Mapping in Aphasia 3943
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Figure 6. Functional magnetic resonance imaging of the brain of
Mr. L. (A) Core language regions identified by the adaptive semantic
matching paradigm. (B) Phonological encoding regions identified
by the adaptive rhyming judgment paradigm. Activations were
thresholded at t > 3.5, with an arbitrary minimum cluster size of
1,000 mm3.
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that might reflect functional reorganization: The semantic
paradigm activated the right superior temporal sulcus, left
angular gyrus, and left supramarginal gyrus, in addition to
the expected activation in posterior temporal cortex, and
the rhyme paradigm activated a number of right hemisphere
regions, in addition to the expected activation in the left
supramarginal gyrus. Which of these potentially compen-
satory activations are responsible for Mr. L’s impressive
long-term recovery? We cannot answer this question on
the basis of a single patient, but we hope that, by studying
many patients with this same approach, we will be able to
identify relationships between patterns of functional reor-
ganization and language outcomes.

We are currently carrying out a longitudinal study of
functional reorganization of language in the first year after
stroke (R01 DC013270). We recruit patients with left-
hemisphere stroke at the hospital bedside, typically 2–3 days
after stroke, at which time we assess their speech and lan-
guage function using our Quick Aphasia Battery (Wilson,
Eriksson, et al., 2018). We also obtain their acute clinical
MRI or computed tomography scans, so that their lesion
can be identified and traced. For all patients with aphasia,
we then attempt to obtain follow-up data points at
1 month, 3 months, and 12 months. We repeat our speech/
language evaluation and also acquire structural and func-
tional MRI whenever possible. Over the past 2 years, we
have attempted to scan 35 patients. Of those, 19 were
scanned on two or more occasions, yielding a total of 61
attempted scans. This research was approved by the institu-
tional review board at Vanderbilt University Medical Cen-
ter, and all participants were compensated for their time
and travel expenses.
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Of the 35 patients, 31 (89%) were able to learn and
perform the adaptive semantic matching task, and these
31 scored comfortably above chance in the scanner (mean
accuracy = 80.5%, minimum accuracy = 68.4%). Of the
remaining four patients, two were severely impaired and
had great difficulty learning the task. Coincidentally, neither
of these patients was actually able to be scanned, since
they turned out to be slightly too large to fit in the scanner.
Therefore, it is possible that they may have been able to
perform the task above chance, had they been scanned.
Two other patients could not perform the task due to se-
vere reading deficits secondary to a medial occipital stroke
in one case and a posterior parietal stroke in the other.
The patient with the medial occipital stroke successfully
performed an auditory version of the semantic matching
task with a melody matching control condition. The patient
with the posterior parietal stroke had impaired hearing, so
no functional scan was feasible for him. In total then, the
adaptive semantic matching paradigm was successfully im-
plemented 58 out of 61 times.

We also administered the adaptive rhyme judgment
paradigm whenever possible. Of the 35 patients, 27 (77%)
were able to learn and perform the adaptive rhyme judg-
ment task at one or more time points (mean accuracy =
77.7%, minimum accuracy = 64.4%). The rhyme judgment
paradigm is definitely more difficult than the semantic
matching paradigm, and it is noteworthy that five of these
27 patients were unable to learn the paradigm at one or
more earlier time points before succeeding at later time
point(s), presumably due to recovery from aphasia, since
the paradigm was not trained in the interim. Eight patients
were not able to perform the rhyme paradigm at any time
point (including the four patients described above who did
not successfully perform the semantic paradigm), although
it is possible that some of them will be able to perform it
at future time points.

These experiences to date suggest almost all individ-
uals with aphasia can perform the adaptive semantic
matching paradigm 1 month after stroke and that the
majority of patients can perform the rhyme judgment para-
digm too. This supports the feasibility of using these para-
digms as a foundation for investigating the neural
substrates of recovery from aphasia after stroke. Our adap-
tive language mapping paradigms are freely available at
www.langneurosci.org/alm. Whether researchers use our
paradigms or other paradigms, we hope to have demon-
strated the importance of investigating the feasibility,
reliability, and validity of any potential approach for iden-
tifying language regions in individuals with aphasia.
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