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Research Note

A Cognitive Psychometric Investigation
of Word Production and Phonological
Error Rates in Logopenic
Progressive Aphasia

Diana Petroi,>?

Grant M. Walker,° Joseph R. Duffy,?

Gregory S. Hickok,® and Keith A. Josephs®

Purpose: This study investigated the relationship between
word production rates (WPRs) and phonological error rates
(PERs) in generative and responsive tasks in logopenic
progressive aphasia (IVPPA). We examined whether a
portion of the reduced WPR during generative tasks
related directly to phonological impairments affecting
PER on all tasks, irrespective of other task differences
that contributed to WPR.

Method: Two cognitive psychometric models were
hypothesized and fit to the total number of words produced
and the number of phonological errors produced by 22
participants on 10 tasks. Bayesian inference was used to
construct posterior distributions of participant ability and
task difficulty parameters. Model fit statistics were
compared. Association strengths for average generative
WPR and average responsive PER were also evaluated
with linear least-squares regression.

Results: Average generative WPR and average responsive
PER were significantly associated (r = -.77, p = .00002). A
cognitive psychometric model that assumed reduced WPR
on generative tasks reflects a portion of general phonological
impairment yielded better fit than a model that ignored
performance differences between generative and responsive
tasks. Generative fluency tasks that elicited few phonological
errors still reflected phonological impairment, via suppression.
Individual participants were estimated to suppress between
62% and 93% of phonological errors on generative tasks that
would have emerged on responsive tasks.

Conclusions: Suppression of phonological errors may
present as decreased WPR on generative tasks in IVPPA.
Failure to account for this suppression tendency may lead
to overestimation of phonological ability. The findings
indicate the need to account for task demands in assessing
IVPPA.

based, neurologic impairment that is an initial sign

of an ensuing neurodegenerative disease, which occurs
in the absence of other cognitive deficits (Gorno-Tempini
et al., 2011; Mesulam, 2001). One of the subtypes of PPA is
the logopenic variant (LPA; Botha et al., 2015). Core clinical
features of LPA consist of impaired word retrieval and
sentence repetition, along with the occurrence of three or
more of the following features: phonological errors in tasks

P rimary progressive aphasia (PPA) is a language-
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involving naming and spontaneous speech, lack of agram-
matism, spared comprehension of single words or object
knowledge, and/or intact motor speech abilities (Gorno-
Tempini et al., 2011). Neuroimaging research on LPA
(Beck et al., 2008; Gorno-Tempini et al., 2008, 2011; Josephs
et al., 2010; Krishnan et al., 2017; Madhavan et al., 2013;
Mesulam et al., 2009; Rohrer et al., 2013, 2010) reveals left
hemisphere abnormalities to be greater than those of the
right, with significant lateral temporoparietal cortical atrophy,
typically also implicating the frontal lobes and precuneus;
there is relative medial temporal lobe sparing.
Phonological errors are one of the salient features
that may be present in LPA based on the previously pub-
lished consensus criteria by Gorno-Tempini et al. (2011), yet
they are not required for a person to be diagnosed with LPA.
Preliminary data on neuroanatomical correlates of phonologi-
cal errors in LPA reveal associations in the parietal regions,
specifically the supramarginal gyrus and other portions of
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the inferior parietal lobe (Petroi et al., 2020); greater atrophy
in such regions may increase the likelihood of persons with
IvPPA making phonological errors, particularly substitutions.
Petroi et al. (2014) pointed out that phonological errors
are usually vaguely described in the literature, simply noted
as being frequently or infrequently present during certain
tasks with inconsistent use of terminology, and at times
mentioned to involve substitutions, omissions, or addi-
tions of sounds that are not distorted (Bonner et al., 2010;
Gorno-Tempini et al., 2008, 2004; Leyton et al., 2014, 2015;
Mesulam et al., 2009; Rogalski et al., 2011; Wilson et al.,
2010). This has made it challenging to compare phono-
logical errors across studies. To our knowledge, three studies
have been published that have defined and analyzed phono-
logical errors in detail (Dalton et al., 2018; Henry et al.,
2016; Petroi et al., 2014).

The study by Petroi et al. (2014) found evidence sup-
porting the previously published consensus criteria pertain-
ing to phonological errors (Gorno-Tempini et al., 2011) as
well as updated considerations (Botha et al., 2015), revealing
that all 22 participants having LPA produced some phono-
logical errors. Based on descriptive statistics, four spoken
language tasks were identified as being most likely to elicit
a relatively large proportion of phonological errors: reading
nonwords and reading irregular words (Western Aphasia
Battery—Revised [WAB]J; Kertesz, 2007), repetition of mul-
tisyllabic words, as well as the 15-item Boston Naming Test
(BNT; Lansing et al., 1999). These were referred to as “sen-
sitive tasks” in contrast to those tasks that elicited a smaller
proportion of phonological errors, referred to as “insensitive
tasks,” such as picture description, action and letter fluency,
and WAB repetition. The presence or absence of phonologi-
cal errors fluctuated across tasks, which was thought to be
influenced by factors such as task complexity (i.e., the num-
ber of syllables per target word potentially increasing task
demands or providing greater opportunities for errors), task
nature (i.e., the variability in the number of words produced
for tasks requiring spontaneous/open-ended responses rather
than a target word), the overall severity of aphasia, as well as,
potentially, education.

The findings of Petroi et al. (2014) raise additional
questions about factors that might be relevant to phonolog-
ical error assessment. There was noted variance of individual
word production rates (WPRs; number of words produced
per task, not per minute, as speed was not a focus of this
study) within tasks, which influenced the calculation of
phonological error rates (PER; number of phonological
errors produced per word), and marked group differences
in WPR between the PER-sensitive and PER-insensitive
tasks. Figure 1 illustrates the frequency histograms for the
total number of words and the number of words with pho-
nological errors produced on each task by the 22 participants
(originally reported by Petroi et al., 2014). Tasks that elicited
lower WPRs (picture description; animal, letter, and action
fluency; and WAB phrase repetition) also tended to elicit
fewer phonological errors. Tasks that elicited many pho-
nological errors (reading irregular words, reading nonwords,
multisyllabic word repetition, and the BNT) also tended to

have the least number of word omissions. This suggested
the possibility of an interaction needing further exploration.
Moreover, while this descriptive study provided useful in-
sights about the presence and nature of phonological errors
across different speech production tasks in LPA, it lacked a
theory-driven model to motivate task selection or account
for phonological errors.

In the current study, we took a confirmatory approach,
comparing different explanations for the sources of observed
counts of words and phonological errors in the speech produc-
tion data from the Petroi et al. (2014) study. The purpose of
the current study was to test the hypothesis that the phonolog-
ical deficit in LPA may have a dual presentation in speech
production task scores, depending on the demands of the task:
The deficit can manifest as phonological errors on some
speech production tasks while manifesting as reduced word
output on others. We refer to this hypothesized dual presen-
tation as error suppression, by which we mean to refer to an
effect observed in the data (i.e., counts of words and phono-
logical errors collected from various speech production tasks),
such that words that are likely to lead to phonological errors
tend to be selectively omitted when task constraints permit it.
While this term may suggest that an active, mental process
is generating the observed patterns in the data, and this
may indeed be so, it is not necessary; an unconscious re-
flex or some other, complex, mechanistic description may
explain the data just as well. The current study remains
largely neutral with respect to the underlying neural or psy-
chological mechanisms that give rise to phonological deficits
in LPA, given that the aim of our study was not to address
this, except insofar as highlighting that there is something to
be explained regarding the interaction of task demands
and phonological error elicitation in this clinical population.
In particular, we distinguish between (a) “generative” tasks
that allow for strategic word-choices that potentially con-
tribute partial credit to the task scores, which typically re-
quire retrieval of phonological forms from long-term memory
(e.g., picture description, fluency tasks), and (b) “responsive”
tasks that are highly constrained in their potential responses,
typically with stimuli that directly and immediately provide
the phonological content to be produced (e.g., reading,
word repetition).

Use of cognitive psychometrics (Batchelder, 2010)
was deemed most appropriate for investigating the relationship
between WPR and PER given that the data were multinomial
(i.e., each potentially spoken word was categorized as pho-
nologically correct, phonological error, or omission error as
defined below), individual response types were hypothesized
to be multiply determined (i.e., different omission errors could
potentially arise from different mental processes), and partici-
pant abilities and task difficulties were hypothesized to be het-
erogeneous (i.e., some tasks are harder than others, and some
participants are more impaired than others; Batchelder,
2010). This is the first study to use cognitive psychometrics
to analyze phonological errors in PPA, specifically LPA.
However, cognitive psychometric investigations of speech
errors in picture naming have been conducted previously
in participants with Alzheimer’s and vascular dementia
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Figure 1. Frequency histograms for the total number of words (top row) and the number of words produced with phonological errors (bottom
row) on each task by the 22 participants. WAB = Western Aphasia Battery.
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(Chosak Reiter, 2000) and stroke-induced aphasia (Walker
et al., 2018).

Method
Data

Cognitive psychometric models were fit to archived
data. The data consisted of the total number of words and
the number of words containing phonological errors produced
by 22 participants with LPA on each of the nine tasks exam-
ined in the Petroi et al. (2014) study. The nine tasks included
five subtests from the WAB Parts 1 and 2 (Kertesz, 2007)
—picture description, animal fluency, repetition, reading
irregular words (e.g., debt, yacht), and reading nonwords
(e.g., aponster, dosh); the 15-item BNT (Lansing et al., 1999);
an action (verb) fluency task (Woods et al., 2005); a letter
(F, A, S) fluency task (Loonstra et al., 2001); as well as a multi-
syllabic word repetition task consisting of participants pro-
viding three repetitions of each of 13 words (e.g., specific,
aluminum; full list of stimuli can be found in Duffy et al.,
2015). In the current study, the trials from the WAB repetition
task were divided into two sets with (a) seven, single-word rep-
etition trials (corresponding to Items 1-7) and (b) eight, phrase
repetition trials consisting of two to 10 words each (cor-
responding to Items 8-15) for a total of 39 words. This
change in scoring protocol yielded 10 total tasks for analysis
in the current study.! Using the number of target words for

"Two supplementary cognitive psychometric analyses were performed,
with identical modeling decisions as in the primary analysis, except
treating the WAB repetition trials as a single task set, consistent with
the Petroi et al. (2014) study. In one analysis, the task was designated
as a “generative” task and, in the other analysis, as a “responsive”
task, owing to its combined nature of having both single-word and
phrase repetition trials. The substantive conclusions from the primary
analysis of the current study were unchanged in both supplementary
analyses, and the effects on numerical estimations were negligible
(aside from the expected difference in difficulty estimates for the WAB
repetition tasks), demonstrating the robustness of the current modeling
results to relatively minor, arbitrary, scoring decisions.

responsive tasks or the maximum number of words produced
by any participant for generative tasks, each potential spoken
word was categorized as phonologically correct, a phono-
logical error, or an omission error, and the frequencies of
the three response types were calculated for each participant
on each task. A phonological error was defined as phoneme
substitutions, additions, omissions, and/or transpositions
produced within recognizable utterances. An omission error
was defined as a complete lack of observable utterance. To
clarify, if only part of a word was omitted, it was classified
as a phonological error; if the whole word was omitted, it
was classified as an omission error.

Reliability

Mean intrajudge as well as interjudge reliability indi-
ces were calculated across all of the tasks in the original study
for four of the 22 participants. Based on a unit-by-unit agree-
ment ratio (Hegde, 2003, pp. 204-208), the intrajudge reli-
ability index was 96% for item-by-item agreement on the
presence and absence of phonological errors; it was 89% for
the number of items on which phonological errors occurred
per task. Similarly, interjudge reliability was 95% for item-
by-item agreement for the presence and absence of phono-
logical errors; it was 78% for the number of items on which
phonological errors occurred per task. All discrepancies were
reviewed and resolved by consensus. See Petroi et al. (2014)
for additional details.

Models

Two formal models of the latent processes that gen-
erated the data were compared. Using formulations from
item response theory and cognitive psychometrics (Batchelder,
2010), both models assumed that the probability of a partic-
ipant producing a certain number of words or phonological
errors on a task resulted from the interaction of the par-
ticipant’s ability (i.e., severity of impairment) and the task’s
difficulty regarding word selection or phonological produc-
tion, respectively. The models differed regarding whether or
not the number of words produced on generative tasks might
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additionally reflect a latent propensity to (consciously or un-
consciously) suppress (i.e., avoid producing) phonological
errors that might otherwise emerge in the context of a
responsive task. The tree structures applicable to each task
are illustrated in Figure 2.

Model A assumed data from all tasks depended on a
probability of successful word selection (a) and a probability
of successful phonological production (b), each of which is
modulated by the participants’ abilities (p, and p,) and the
tasks’ difficulties (8, and 6,). Model B assumed the same tree
structure as Model A for responsive tasks, but additionally
included a probability of error suppression (c) that converted
some proportion of phonological errors into complete word
omission errors; this probability was modulated by partici-
pant ability only, not by task difficulty (i.e., it was assumed
that any phonological errors were equally difficult to suppress
regardless of the task context). Because the WAB phrase
repetition task afforded the opportunity for selective retrieval
of words or paraphrasing (e.g., Pack my box with five dozen
Jugs of liquid detergent), it was included in the generative cat-
egory. As explained in the note, decisions about how to cate-
gorize this task did not alter any substantive conclusions.

Model Fitting

Model parameters (participant abilities and task dif-
ficulties) were fit to the data using a Bayesian inference pro-
cedure (Lee & Wagenmakers, 2014). Specifically, weakly
informative prior distributions (i.e., standard normal distri-
butions on a logit scale) for ability and difficulty parameters
were updated to posterior distributions via Gibbs sampling
using the JAGS software (Plummer, 2003). Four chains of
100,000 samples were run, and convergence was checked by
visual inspection (Lee & Wagenmakers, 2014). To elaborate,
the data consisted of 440 independent observations of response
type frequencies (22 participants x 10 tasks x 2 independent
response types, or degrees of freedom). Model A described

the data with 64 parameters ([22 participants X 2 abilities] +
[10 tasks x 2 difficulties]), while Model B described the data
with an additional participant parameter (the proportion of
suppressed phonological errors on generative tasks), totaling
86 parameters. Both models therefore had far fewer pa-
rameters than degrees of freedom in the data, ensuring model
identifiability (Batchelder & Riefer, 1999), except in cases
where either only correct responses or only omission errors
were made on all tasks; no such cases existed in our sample.

Model Comparison

The models were compared based on how much in-
formation in the data could be accurately encoded in their
parameters, using the deviance information criterion (DIC)
and posterior predictive error model fit statistics for quan-
titative comparison. The posterior predictive error refers to
the difference between the observed frequencies of responses
and the frequencies that would be predicted from the model’s
best fitting parameter values. The DIC refers to the tradeoff
in the information contained within the observed data and
within the estimated parameters, penalizing the fit of models
with more parameters. The mean of the posterior samples
was taken as a point estimate for each parameter value. Pa-
rameter estimates were compared between models, particularly
to understand the implications of the models” assumptions on
the inferred phonological processing difficulties of each task.

Linear Regression Analysis

As a further test of the hypothesis that PER on re-
sponsive tasks is related to WPR on generative tasks, a
least-squares linear regression analysis was carried out to
evaluate the strength of the association. The average pro-
portion of the maximum possible words produced on gener-
ative tasks was predicted from the average proportion
of produced words resulting in phonological errors on
responsive tasks.

Figure 2. Multinomial processing trees associated with each task for Model A and Model B. Branches are associated with a probability
of success or failure, and leaf nodes are associated with response types. Each branch probability depends on a participant’s ability and a task’s
difficulty via a Rasch model equation (not shown; Batchelder, 2010; Rasch, 1960). Equations for the probability of each response type are derived
from each tree model. WAB = Western Aphasia Battery); C = phonologically correct; P = phonological error; O = omission error.
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Speech Repetition Task Analysis

The task battery included three speech repetition
tasks that were presumed to have different task demands:
(a) WAB single-word stimuli (high word-choice constraints/low
phonological demands), (b) WAB phrase/sentence stimuli of
varying length (medium word-choice constraints/medium
phonological demands), and (c) multisyllabic-word stimuli
to be repeated 3 times consecutively (high word-choice
constraints/high phonological demands). The hypothe-
sized deficit in LPA predicts a difference for WPR be-
tween single-word repetition versus phrase repetition, but
little to no difference in PER, due to balancing of word-choice
constraints and phonological demands via error suppression.
There is also a predicted relationship between the PER sta-
tistic from multisyllable word repetition, where the word-
choice constraints and phonological demands can reveal
compromised phonological abilities, and the WPR statis-
tic from phrase repetition, where the phonological deficit
is expected to manifest as error suppression. These two tasks
have the same number of maximum trial words, enabling di-
rect comparison of the impact of their task demands on the
collected counts of words and phonological errors. The aver-
age number of words produced on the two tasks were com-
pared with a paired, two-sample 7 test (« = .05). The relationship
between the number of phonological errors on the responsive
task and the reduction in the number of words produced on
the generative task relative to the responsive task was assessed
with simple linear regression, testing for a significant corre-
lation (o = .05). Finally, the number of words produced on
the generative task was predicted simultaneously from the
number of words produced and the number of phonological
errors produced on the responsive task, using multiple lin-
ear regression, testing for significant coefficients for both
predictors (a = .05).

Results
Model Fit

A posterior predictive distribution was generated for
the total number of words produced and the number of words
with phonological errors for each participant; the posterior
predictive means were taken as a point estimates of response
frequencies, and the highest density intervals (HDI) contain-
ing 95% of the posterior predictive distributions were taken
as interval estimates of the response frequencies. In other
words, the expected data were regenerated from each model’s
(i.e., Model A or Model B) distribution of best fitting parame-
ters to evaluate how well each model fit the observed data.
de/-is the variance accounted for in observed WPR or PER
by model predictions. HDI-a is the proportion of observa-
tions falling outside the HDI (expected to be 0.05; lower is
better). The DIC balances model fit against degrees of free-
dom for Bayesian model selection; lower DIC indicates
better fit (Spiegelhalter et al., 2002). Table 1 provides a
summary of the model fits in terms of the WPR and PER
posterior prediction accuracies and overall DIC fit statistics.
Table 2 summarizes the posterior predictive mean absolute

Table 1. Summary of the model fits in terms of the WPR and PER
prediction accuracies, and overall DIC fit statistics.

Model WPR PER DIC
Model A R%51 = .71 R%516 = .59 2,507
HDI-¢ = .25 HDI-o = .05
Model B R%515 = .85 R%515 = .54 2,041
HDI-a = .13 HDI-o = .09

Note. WPR = word production rates; PER = phonological error
rates; DIC = deviance information criterion; HDI-a = highest density
interval prediction error rate.

error in terms of frequency (i.e., the average number of
words or phonological errors by which model predictions
differed from observed values) across each of the 10 tasks.

Parameter Estimates

Model A estimates of phonological difficulty of tasks
matched the previous descriptive results (Petroi et al., 2014).
In this case, PER “sensitive” tasks ranked as the most diffi-
cult, as expected, because they yielded the most phono-
logical errors. These “sensitive” tasks consisted of reading
nonwords, multisyllabic repetition, reading irregular words,
and the BNT. Table 3 provides a summary of the Model A
parameter estimates for task difficulties. Although task dif-
ficulty is measured on a logit scale ranging from —infinity
to infinity, for interpretation, the logit values have been
converted to proportion values, assuming the average
ability level of the participants in the sample. For example,
a participant with average abilities would be expected to
attempt 68% of the BNT trials, with 19% of those attempts
resulting in a phonological error. In contrast, Model B
captured more information about WPR than Model A, at
the expense of overpredicting PER in a handful of cases.
DIC values indicated Model B’s increased complexity over
Model A was warranted by the amount of additional infor-
mation in the data that was explained overall. In other
words, the evidence supports Model B’s assumption that
there is a relationship between the PER on responsive tasks
and the WPR on generative tasks in participants with LPA.
If it is accepted that the WPR on generative tasks reflects a
portion of general phonological impairment, Model B further
reveals that the tasks that elicit the most phonological errors
are no longer deemed to be the most phonologically chal-
lenging. Animal and letter fluency tasks were deemed the
most phonologically challenging, followed by nonword read-
ing and the BNT. Table 4 provides a summary of the Model
B parameter estimates for task difficulties. Again, the logit
values have been converted to proportion values, assuming
the average ability level for the participants; the proportions
in parentheses are the expected proportions after accounting
for phonological error suppression. For example, without
phonological error suppression, a participant with average
ability might be expected to attempt 95% of the BNT trials,
leading to a 40% PER; however, assuming an average frequency
of error suppression on generative tasks, this participant is
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Table 2. Posterior predictive mean absolute error (frequency) across tasks.

Posterior predictive mean absolute error (frequency)

Multisyllabic Reading

Picture Animal Letter Action WAB phrase WAB word word irregular Reading Task
Model description fluency fluency fluency BNT repetition repetition repetition words nonwords  sum total
Max.: 230 20 45 18 15 39 7 39 10 10 433
A: 19.6 4.0 9.0 2.3 3.5 41 0 2.7 0.3 0.2 45.8
Words
B: 6.5 2.1 5.2 2.0 3.1 3.0 0 3.1 0.3 0.1 255
Words
A: Phon 1.2 0.9 0.8 0.4 1.2 1.1 0.3 2.9 1.0 1.9 11.7
Errs
B: Phon 1.5 0.8 1.9 0.4 1.4 1.4 0.3 3.4 1.0 1.7 13.7
Errs

Note. Words = total words produced; Phon Errs = phonological error frequency; BNT = Boston Naming Test; WAB = Western Aphasia Battery.

only expected to overtly attempt 64% of the BNT trials, leading
to a 9% observed PER.

There were 19 of 22 participants (86%) who made
enough phonological and/or omission errors across tasks to
plausibly estimate their proportion of suppressed errors
(i.e., the posterior 95% HDI for the suppression ability pa-
rameter was less than two logits wide, a 50% reduction in
uncertainty). Among these participants, point estimates
for error suppression ranged from 62% to 93%, with an av-
erage of 82% of potential phonological errors being sup-
pressed on generative tasks.

Strength of Association Between Generative WPR
and Responsive PER

The average PER on responsive tasks was strongly
correlated with the average WPR on generative tasks (159 =
—.77, p = .00002). The linear regression model estimated
that a 10% increase in the average PER on responsive tasks

Table 3. Model A estimated task difficulty parameters (posterior mean),
expressed as the expected proportion of the maximum possible words
produced (WPR) and the expected proportion of the produced words
that result in phonological errors (PER) for a hypothetical participant
with logopenic progressive aphasia who has average abilities.

Model A

Task WPR PER
Reading nonwords .98 41

Multisyllabic word repetition .95 .26
Reading irregular words .98 .23
Boston Naming Test .68 19
Animal fluency 42 A2
Letter fluency .39 .06
WAB phrase repetition .79 .06
Action fluency A7 .06
WAB word repetition .99 .04
Picture description .50 .01

Note. WAB = Western Aphasia Battery.

is associated with a 10.2% decrease in the average WPR on
generative tasks.

Comparison of Speech Repetition Tasks

No words were omitted by any participant with LPA
on WAB word repetition, a striking contrast to WAB phrase
repetition, which had about 26% word omissions for the
average participant (range: 0%—69%); both tasks had sim-
ilarly low PERs (phrases: 9% average, range: 0%-42%; words:
5% average, range: 0%—57%). From this evidence alone, one
might be tempted to conclude that phonological errors played
no role in the difference between single-word and phrase
repetition performances. However, considering these scores
in the context of other test scores suggests otherwise: Error
suppression provides a more comprehensive explanation of
the full data pattern. On average, participants produced seven
fewer words (out of 39) on WAB phrase repetition than on

Table 4. Model B estimated task difficulty parameters (posterior mean),
expressed as the expected proportion of the maximum possible words
produced (WPR) and the expected proportion of the produced words
that result in phonological errors (PER) for a hypothetical participant
with logopenic progressive aphasia who has average abilities.

Model B

Task WPR PER
Animal fluency .91 (.47) .57 (112)
Letter fluency .83 (.43) 51(.11)
Boston Naming Test 95 (.64) .40 (.09)
Reading nonwords .98 .40
Action fluency .77 (.50) .35 (.07)
Multisyllabic word repetition .96 .24
Reading irregular words .98 .21
WAB phrase repetition .95 (.80) 19 (.04)
Picture description .56 (.53) 04 (.01)
WAB word repetition .99 .04

Note. The expected proportions that would be observed after
accounting for phonological error suppression are shown in parentheses.

Petroi et al.: Cognitive Psychometric Investigation in vPPA 1199



multisyllable word repetition (p = .00002), and there was a
significant correlation between the number of phonological
errors produced on multisyllable word repetition and the
reduction in total number of words produced on WAB
phrase repetition (1,9 = .43, p = .045), as predicted. Finally,
both the total number of words produced (8 = 0.63, p = .0007)
and the number of phonological errors produced (f = —0.42,
p =.012) on the responsive task were significant, indepen-
dent predictors of the total number of words produced
on the generative task (F = 14.6, R> = .61, p = .0001). This
means that, as participants produced more words on the
responsive task, they also produced more words on the
generative task, unless the words that were produced on
the responsive task contained phonological errors, in which
case, the increases in word production on the generative
task were cancelled out. Thus, on further inspection, word
omissions during phrase repetition were related to pho-
nological errors, despite a lack of overt increase in their
frequency during this task.

Discussion

This is the first study to implement cognitive psycho-
metrics to analyze phonological errors in PPA, in this case
in LPA. As proposed in the Petroi et al. (2020) study, we
sought to implement a more theory-driven investigation of
the patterns observed in the phonological errors associated
with LPA to better understand the interactions of behav-
ioral attributes (i.e., participants’ word retrieval abilities
and task difficulty). Two models were compared: Model A
assumed each participant had a word selection ability
and phonological ability that was modulated by task diffi-
culties, and Model B assumed an additional participant
tendency to suppress a proportion of phonological errors
on generative tasks. While Model A confirmed previous
descriptive results (Petroi et al., 2014), Model B yielded
additional information that would not have otherwise been
gleaned, by considering another way in which phonological
impairments may be exhibited. Specifically, suppression of
phonological errors may manifest as decreased WPR on
generative tasks in persons with LPA. This association
was confirmed using classical linear regression analysis;
higher average PER on responsive tasks was associated with
lower average WPR on generative tasks. The association
was also confirmed in direct comparisons of speech repetition
tasks with varying degrees of word-choice constraints and
phonological demands; a reduction in the number of words
on a task with weak word-choice constraints was related to
the production of phonological errors on a task with strong
word-choice constraints. Consistent with the analyses of the
psychometric model of individual task effects and the linear
model of grouped task effects, the comparison of these spe-
cific, speech repetition task effects supported the hypothesized
interplay between task demands and elicitation of phonologi-
cal errors. The cognitive psychometric analysis provided more
information about the effects of each of the 10 different speech
production tests on WPRs and PERs, as well as providing in-
dividual estimates of error suppression rates on generative

tasks (ranging from 62% to 93%), rather than a group-level
association strength.

One might wonder if there is a simple way to explain
these findings in terms of varying activation levels rather than
proposing an error suppression phenomenon: For exam-
ple, if a task and a participant combine to produce low
mental/neural activation, then fewer total words would be
expected and fewer phonological errors by extension. Thus,
if generative tasks induce less activation than responsive
tasks, this might explain the observed patterns. While this
may be true regarding overall frequencies, this explanation
fails to address the observed reduction in the proportion or
rate of phonological errors in generative tasks, not just the
overall frequency. By analogy, we might be surprised if a
faulty radio speaker coincidentally functioned properly when-
ever the radio tuner had poor reception. Fewer words are com-
ing out, but the ones that are coming out are surprisingly well
formed. As the model comparison confirms, aligning the tasks
along a single dimension (e.g., of task-induced activation) does
not explain the data as well as assuming that there is a second
source of word omissions related to the task demands and the
phonological impairments of the participants. The evidence
thus supports the claim that there is a qualitative difference,
not merely a quantitative difference, in how participants
perform on these types of tasks with respect to phonological
error production.

This is particularly relevant when considering the di-
agnostic criteria for subtypes of PPA, which are based on
clinical findings that include the use of tasks intended to
draw out spoken language and other impairments. Failing
to account for this suppression tendency may lead to over-
estimation of phonological ability. That is, the errors that
participants with LPA make in spoken language tasks
may extend beyond those of phonological errors. Our aim
was to point out that there may be more than one general
reason to account for reduced WPR. The error suppression
inferred to occur based on the patterns observed in the data
from the current study provides this alternative, theory-driven
approach that has not previously been discussed in PPA, in-
cluding LPA. Thus, consideration of task demands (genera-
tive versus responsive) and using a variety of spoken language
tasks as was referenced in this and other studies (e.g., see
Petroi et al., 2014, for a detailed description of these and
other tasks) to capture these nuances and the potential sup-
pression effect are recommended when evaluating and dif-
ferentially diagnosing persons with PPA, particularly those
suspected to have LPA.

Moreover, given that attention in recent years has
been aimed at maintaining and/or improving communication
function in LPA, the present findings have implications for
current clinical practice and future research. While limited
research has been conducted on treatment of LPA (e.g.,
Beeson et al., 2011; Henry et al., 2013), these preliminary
findings, along with recent efforts aimed at addressing word
retrieval (e.g., Henry et al., 2019), have demonstrated positive
outcomes for naming in LPA and the semantic variant,
including gains in maintenance and generalization. Our
findings suggest that interventions geared toward addressing
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suppression of phonological errors may be needed given that
this suppression is thought to present as a reduction in WPR
on certain tasks. Incorporating generative tasks into therapy
and implementing strategies to combat suppression effects
may facilitate improvement of WPR. While the aim of this
study was not to examine neuroanatomical correlates of sup-
pression or phonological errors, it has previously been docu-
mented that LPA consists of left greater than right hemispheric
asymmetry, particularly with marked lateral temporoparie-
tal cortex atrophy, with less atrophy in the right hemisphere
and typical sparing of the medial temporal lobe (Beck et al.,
2008; Gorno-Tempini et al., 2008, 2011; Josephs et al., 2010;
Krishnan et al., 2017; Madhavan et al., 2013; Mesulam et al.,
2009; Rohrer et al., 2013, 2010). Because the deficits in LPA
develop slowly over time, participants may tap into relatively
preserved regions to develop conscious or unconscious com-
pensatory strategies to “conceal” their phonological deficits.
However, the avoidance of phonological errors in certain
tasks by reducing overall word output may itself serve as a
marker of the disease, or a useful strategy. It may be that
some persons with LPA have already developed strategies
on their own to compensate for their impairments, which
can be reinforced or further enhanced by clinicians if they
prove to be helpful. It may be just as acceptable to have
reduced WPR as it would be to make phonological errors
or to use other word retrieval strategies (e.g., semantic feature);
this has yet to be explored and may need to be determined on
an individual patient basis. Counseling patients and families
about strategies to enhance communication contexts related to
these aspects and training them to implement the most useful
strategies, based on individual needs and interventions that
have shown to be effective for persons with LPA (e.g., Henry
et al., 2019), remains paramount. Further research is needed to
explore which tasks and which strategies are best suited to
address phonological impairments, with the goal of main-
taining and/or improving not only communication function
but also quality of life.
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