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Purpose: While aphasia treatment studies commonly use picture-naming perfor-
mance as an outcome measure, narrative discourse better reflects functional lan-
guage use. Discourse variables may also hold prognostic value for naming treat-
ment response, but their predictive role remains underexplored. 
Method: We analyzed baseline and posttreatment narrative discourse samples 
from 95 chronic stroke survivors with aphasia enrolled in a lexical retrieval inter-
vention study. Participants received 3 weeks each of phonological and semantic 
naming therapy in a crossover design. The Cinderella story retells were analyzed 
for a range of discourse features: mean length of utterance, words per minute, 
verbs per utterance, propositional density, type–token ratio, core lexicon, main 
concepts analysis, and error ratios. We used univariate (generalized) binomial 
and linear mixed-effects modeling with multiple predictors to assess whether 
baseline discourse variables predicted naming gains on the Philadelphia Naming 
Test and whether discourse variables themselves changed following treatment. 
Results: Higher aphasia severity and lower baseline propositional density predicted 
greater naming gains across time points and treatment types. Gains after phonological 
therapy were also predicted by higher baseline core lexicon production. Posttreatment 
discourse showed gains in mean length of utterance, words per minute, and core 
lexicon, which were maintained at 6 months, while phonological errors declined 
only at follow-up. Phonological treatment led to increases in words per minute. 
Conclusions: Discourse variables reflecting propositional efficiency and lexical 
appropriateness uniquely predict treatment response beyond general aphasia 
severity. Lexical retrieval therapy generalizes to improvements in narrative dis-
course, underscoring the clinical value of incorporating discourse-level measures 
in aphasia assessment and treatment outcome evaluation. 
Supplemental Material: https://doi.org/10.23641/asha.32568822 
An important target for aphasia research is to identify 
prognostic factors for response to treatment and recovery in 
people with aphasia (PWA; e.g., The REhabilitation and 
recovery of peopLE with Aphasia after StrokE [RELEASE] 
Collaborators, 2021). In a relatively large clinical trial, we 
previously assessed several biographical, neurological, and 
cognitive–linguistic variables that may predict response to 
sequential phonological and semantic naming treatment, 
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identifying baseline (BL) aphasia severity and age as primary 
predictors of response to naming treatment (Kristinsson 
et al., 2023). In a subsequent analysis of the data from this 
same cohort, we are now turning our attention to narrative 
discourse data. To what extent do discourse variables have 
prognostic value for response to naming treatment, and do 
phonological or semantic naming interventions affect dis-
course production at the group level? 

Analyzing aphasic discourse offers valuable insight 
into real-life contextual communication by PWA. Unlike iso-
lated language tasks, discourse analysis examines language in 
use, capturing the system in action. However, this approach
right © 2026 American Speech-Language-Hearing Association 1
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inherently involves numerous linguistic and extralinguistic var-
iables that are challenging to define and control (Armstrong, 
2000). We focus on a subset of all the possible discourse vari-
ables that can be easily extracted from transcribed samples 
and analyzed relatively objectively, that is, without relying on 
high levels of subjective interpretation. 

Discourse-level communication is a central rehabilita-
tion goal for PWA, yet treatment-related improvements in 
connected speech remain inconsistent and theoretically under-
specified. Although impairment-focused therapies, particularly 
anomia treatments such as semantic feature analysis (SFA; 
Boyle & Coelho, 1995), reliably improve single-word retrieval, 
generalization to discourse has historically been modest and 
highly variable (Cameron et al., 2006; Peach & Reuter, 2010; 
Silkes et al., 2021). Large-scale modeling confirms that con-
frontation naming is strongly related to discourse informa-
tiveness but that substantial unexplained variance remains, 
underscoring that discourse reflects more than lexical 
retrieval alone (Fergadiotis et al., 2019). Systematic reviews 
further demonstrate that discourse treatment is characterized 
by heterogeneity in outcome measures, theoretical rationales, 
and levels of linguistic targeting, with little consensus on how 
word-level change translates into functional communication. 
A recent multilevel analysis of SFA outcomes similarly shows 
minimal and inconsistent effects on standard discourse mea-
sures and only weak moderation by nonlinguistic cognitive 
factors (in particular, cognitive flexibility and problem-
solving abilities) in individual speakers, highlighting the 
potential need for alternative discourse-derived predictors of 
treatment response (Cavanaugh et al., 2024). In that study, 
no changes were observed on percentage of semantic errors, 
lexical diversity, or grammatical complexity (as measured 
through mean length of utterance [MLU]) in discourse tasks, 
and only a small change was observed in “informativeness” 
(number of correct information units divided by the total 
number of words; Brookshire & Nicholas, 1994). 

A variety of methods or prompts can be used to elicit 
speech in PWA, such as picture description, personal experi-
ences, multiperson conversations, procedural-task descriptions, 
narrative discourse elicitation, and others. These methods each 
have their own merits, and the associated discourse samples 
have different characteristics, reflecting different types of 
strengths and weaknesses in language production (Armstrong, 
2000). Here, we analyzed data from narrative discourse sam-
ples elicited by asking participants to retell the Cinderella story 
(Saffran et al., 1989). In a large global survey of speech pathol-
ogists and aphasiology researchers conducted by Stark, Bryant, 
et al. (2023), 70% of responders rated the Cinderella elicitation 
method as “valid for collecting and generating spoken dis-
course samples for analysis.” Advantages of the method are 
that the story is relatively well known, particularly in the North 
American  sampling  space  of  the  present  study,  that  it  has  cer-
tain basic story elements that are co nsistent and thus allow for
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comparison between participants  as  well  as  time  points  (i.e.,  the  
story itself does not change), that the story itself has sufficient 
content to elicit a representative sample of a speaker’s narrative 
abilities, and that naming/listing of elements is avoided because 
no visual stimuli can be relied on during the narrative speech 
production itself. Disadvantages of the Cinderella method are 
that it taxes memory resources, the story itself has no direct 
functional relevance to PWA, some speakers may consider it 
childish, it has a western-hemispheric cultural bias, and the 
repetitive nature of having to retell the story multiple times is 
not motivational (in case of repeated-measures experiments or 
to monitor progression clinically).

More in general, narrative discourse can be problem-
atic as a diagnostic or outcome measure in aphasia because 
performance varies substantially with elicitation genre and 
task demands, so differences (or treatment-related change) 
may partly reflect the task rather than language ability (Bliss 
& McCabe, 2006). Elicited discourse sample lengths also 
vary in aphasia, while many discourse indices are sensitive to 
length or require truncation/standardization, which may 
reduce comparability and, in some cases, lead to loss of clini-
cally informative data (Fergadiotis & Wright, 2011; Prins & 
Bastiaanse, 2004). Finally, because narrative outcomes blend 
multiple linguistic and nonlinguistic influences, they can 
have limited specificity for isolating mechanisms of impair-
ment or treatment effects, a point emphasized in broader 
reviews of discourse analysis in aphasia (Bryant et al., 2016). 

Despite these challenges, discourse samples do reflect 
more naturalistic language use than what can be obtained 
from laboratory language production tasks, and their elicita-
tion is less prone to some inherent downsides, such as the 
associated cost for certain task batteries, available testing 
time, and challenges with task comprehension and compli-
ance that may lead to under or overestimation of patient 
abilities. More or less, unconstrained speech is relatively easy 
to elicit even in clinical practice, and rapid developments in 
automated text analysis enable streamlined, consistent, and 
objective extraction of target variables. Therefore, if the 
information that can be gathered from discourse analysis is 
shown to have prognostic value for response to aphasia 
treatment, this is of practical use to the field. For our under-
standing of the relationship between language components, 
it is also of interest to assess which aspects of discourse, if 
any, predict response to particular treatment approaches. 

A systematic review by Dipper et al. (2021) has 
already shown some evidence for beneficial effects of dis-
course treatment itself, that is, treatment that is specifically 
focused on discourse production (see also DeDe & Hoover, 
2021). Here, we look at generalization from lexically focused 
treatment to discourse output, as well as to the prognostic 
value of discourse variables for response to such treatment. 
As mentioned above, there is not much evidence, so far, of



generalization from non–discourse-focused treatment to dis-
course measures (e.g., Cavanaugh et al., 2024; Silkes et al., 
2021). Therefore, the retrospective analysis in the current 
study casts a relatively wide net to include a range of dis-
course measures that each have their own theoretical moti-
vation for why they might respond to lexically focused inter-
vention. It includes measures such as propositional density 
(PD), which indexes the density of semantic–syntactic rela-
tions rather than lexical accuracy alone, and core lexicon 
(CL), which captures production of story-relevant content. 
These offer a means of quantifying how efficiently speakers 
organize and transmit information in discourse, precisely the 
level at which functional communication success is realized. 

Other biographical as well as test-based prognostic var-
iables have been identified in recent aphasia intervention 
studies. More advanced patient age is a negative prognostic 
factor for recovery in general, as well as for response to inter-
ventions, possibly accounted for by age-related decreased 
neuroplasticity and nonmorbid (normal) cognitive decline or 
its exacerbation after stroke (Kristinsson et al., 2022). For 
response to naming therapy, pretreatment naming perfor-
mance and general aphasia severity also predict changes in 
naming abilities after treatment: Speakers with more severe 
aphasia tend to respond less positively to intervention (Billot 
et al., 2022; Braun & Kiran, 2022; Kristinsson et al., 2023; 
Scimeca et al., 2024). Although Kristinsson et al. (2023) show 
that this relation holds when linearly modeled, it was noted 
that the least severely aphasic participants did not show large 
changes in naming abilities either, likely related to inherently 
smaller effect sizes in this group but potentially also to a ceil-
ing level of poststroke performance that these patients may 
have reached during their recovery. Biographical, cognitive– 
linguistic, and other behavioral variables may also interact 
with neurological predictors of recovery and treatment 
response. Therefore, it is expected that combinations of mul-
tivariate and multimodal models will ultimately provide the 
most accurate prognostic tools. However, in the current arti-
cle, we concentrate on narrative discourse measures as predic-
tors of treatment response, leaving related neurological fac-
tors for another occasion. 

In addition, even for aphasia intervention approaches 
that do not specifically target discourse, it remains highly rel-
evant to assess the effects of treatment on relatively uncon-
strained speech production. Discourse production is argued 
to reflect “functional” language use to a greater extent than 
less naturalistic laboratory assessments, such as naming tasks. 
Thus, for the assessment of generalization of trained abilities 
to functional language use, it makes sense to turn to discourse 
analysis. Previous investigations into longitudinal changes to 
discourse production in aphasia have noted the potential 
complexity of such patterns, where various discourse vari-
ables may interact to create individual patterns of recovery 
(or decline) that may not be immediately straightforward to 
interpret (Prins et al., 1978; Ulatowska et al., 1981). 
Although such individual patterns are important to disen-
tangle, the present study retains its focus on the group level, 
leveraging a large participant sample and multiple data 
points, as well as the simultaneous collection of primary 
outcome data after a language intervention aimed at lexical 
output. We specifically address the question of the extent to 
which lexical retrieval training yields generalizing effects on 
the quality of narrative discourse. 

As potential predictors among the many variables that 
can be distilled from narrative discourse analysis, we selected 
both microlevel characteristics, reflecting internal linguistic 
details of the discourse sample, as well as intermediate and 
macrolevel variables that also reflect the more global struc-
ture and content of the sample (cf. Sherratt, 2007). As 
pointed out by Sherratt (2007) micro- and macrolevels may 
interact and rely on one another, and their correlation or 
independence can provide a window on the level of break-
down in PWA, as it is possible to convey globally appropri-
ate content with or without intact microlevel structure, and 
it is also possible to produce relatively intact grammatical 
and lexical structure, without conveying the appropriate 
macrolevel content for the target topic. These variables were 
therefore selected because each reflects a different aspect of 
successful discourse production (Stark, Alexander, et al., 
2023). Most can be extracted automatically from the dis-
course transcript, with the only requirement being a human 
coding of utterance boundaries (MacWhinney et al., 2010). 

MLU, intermediate between micro- and macrolevels, 
reflects both speech fluency and syntactic complexity; 
PWA who are less fluent will typically not speak in long 
utterances. Although long utterances may consist of con-
junctions (. . .  and . . .  and . . .  etc.) that may not necessarily 
be syntactically complex, it is more likely for longer utter-
ances to include embedded structures. 

The macrolevel number of words per minute (WpM) 
reflects speech fluency directly. PWA generally speak much 
slower than typical adults (Nicholas & Brookshire, 1993), 
and Boyle (2014) estimates the minimal detectable change to 
be nine WpM, as a measure of improvement beyond noise. 

The intermediate-level number of verbs per utter-
ance (VpU) was included as a proxy for syntactic complex-
ity, more directly reflecting sentence structure than MLU. 
A greater number of verbs within each utterance implies a 
generally richer structure that includes embedded clauses 
(cf. Thorne & Faroqi-Shah, 2016). 

The macrolevel PD reflects the number of proposi-
tions made relative to the total number of words in the sam-
ple (Bryant et al., 2013). Although it has been used as a 
proxy for lexical-semantic informativeness (e.g., Bryant 
et al., 2013), Webster and Morris (2019) report that PD in
Den Ouden et al.: Narrative Discourse in Aphasia 3



PWA was only weakly related to listener ratings of infor-
mativeness; the strongest associations they found with per-
ceived informativeness were for the number of correct infor-
mation units and the number of propositions, not for PD 
per se. The measure used here is based on the application 
by Brown et al. (2008), going back to the work of Kintsch 
(1974). Kintsch’s notion of PD is approximated by count-
ing the number of verbs, adjectives, adverbs, prepositions, 
and conjunctions (but not nouns), divided by the total num-
ber of words (MacWhinney, 2000; Snowdon et al., 1996). 
As such, PD primarily indexes semantic–syntactic complex-
ity or the density of relational/functional material. 

Type–token ratio (TTR) is a macrolevel measure of 
lexical diversity and straightforward to calculate (the number 
of different lexical items divided by the total number of lexi-
cal items), with the caveat that the measure has been noted to 
be susceptible to variations in language-sample size (e.g., 
Fergadiotis & Wright, 2011). Various sophisticated compu-
tational approaches have been suggested to address this 
shortcoming (Covington & McFall, 2010; Fergadiotis et al., 
2013), each with their own advantages and disadvantages 
but always inherently at the cost of the straightforward inter-
pretability offered by TTR. Most closely resembling TTR, 
the moving-average TTR reduces sample-length effects in 
neurologically intact speakers (Covington & McFall, 2010). 
However, we opted to retain the traditional TTR here, 
because its sensitivity to discourse length may not necessarily 
be a limitation in aphasic speech. Lexical diversity in aphasia 
is commonly conceptualized as reflecting global efficiency of 
lexical access and retrieval across an entire discourse sample, 
rather than a locally stationary stylistic property (Fergadiotis 
& Wright, 2011). In aphasia, failures of lexical retrieval are 
often clustered, discourse production is frequently curtailed, 
and speakers may show progressive lexical exhaustion or 
increased reliance on high-frequency forms as discourse 
unfolds. Measures such as MTTR, which average lexical 
diversity across local sliding windows, may therefore attenu-
ate construct-relevant variance by normalizing away global 
scarcity effects. In addition, MTTR has been shown to be 
sensitive to the selected window size (Covington & McFall, 
2010; Fergadiotis et al., 2013), adding a level of uncertainty 
to the measure and thereby reducing its direct interpretabil-
ity. Still, it must be noted that, as a ratio, TTR can be influ-
enced both by an increase in the total number of words pro-
duced (which would lead to a lower TTR), as well as by an 
increase in the variety of words produced (which would lead 
to a higher TTR). Therefore, the qualitative interpretation of 
any changes to TTR is less straightforward than for some of 
the other discourse variables, and this measure is best consid-
ered in the context of other variables. 

The macrolevel CL score is a measure of lexical 
appropriateness, in that it reflects the use of lexical items 
that are appropriate to the specific context of the discourse 
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elicitation, in this case, the Cinderella story. Therefore, 
this measure is context dependent and can only be 
applied to discourse types for which the CL has been 
established based on normative data from unimpaired 
speakers (Kim et al., 2019). 

The other variables required human coding. Phonolo-
gical, semantic, and unrelated error types are microlevel 
variables that reflect lexical accuracy at different functional 
levels of production. The macrolevel main concept analysis 
(MCA) score reflects the accuracy of the concepts that are 
brought up in the discourse sample (Kong et al., 2016; 
Richardson & Dalton, 2016). As such, like the CL score, it 
is specific to the particular context of the elicitation 
method. The MCA score serves as a proxy for the macrole-
vel informativeness or conceptual appropriateness of the 
discourse sample, a crucial component of functional com-
munication. Arguably, the effects of treatment generalizing 
to any of these variables may reflect improvements that are 
functionally relevant to PWA and their daily language use. 

Although we did not formulate specific a priori 
hypotheses about the relations between (semantic vs. pho-
nological) lexical intervention and generalization to par-
ticular discourse variables, we did choose to focus on vari-
ables that could reasonably be expected to be affected by 
facilitation of lexical retrieval. This expectation is less 
strong for microlevel variables reflecting fine-grained mor-
phosyntactic markers (such as verb inflections for tense 
and number/person agreement), while these also require a 
separate and more complex level of analysis. For that rea-
son, such microlevel variables were not included in the 
analysis presented here. 

The present study had three aims: (a) to assess the 
relation between narrative discourse variables and naming 
abilities at BL, (b) to identify narrative discourse variables 
that have predictive value for response to naming treat-
ment, and (c) to assess the effects of phonological versus 
semantic naming treatment on narrative discourse produc-
tion. We have focused on variables that require minimal 
manual coding, with the exception of manually marking 
utterance endings, error types, and main concepts. 
Method 

Participants 

A total of 107 stroke survivors with aphasia in the 
chronic stage (more than 6 months poststroke) participated 
in a study on the identification of predictors of response to 
treatment focused on lexical retrieval (Predicting Outcomes 
of Language Rehabilitation [POLAR]). The study was con-
ducted at the University of South Carolina and the Medical



 

University of South Carolina. Institutional review boards at 
both universities approved all study procedures (University 
of South Carolina Protocol No. Pro00105675, Medical 
University of South Carolina Protocol No. Pro00058579), 
and informed consent was obtained from participants 
before study enrollment. We refer to Kristinsson et al. 
(2023) for full details on the study and its participants. 
For 12 participants, we were missing either BL naming 
data or narrative discourse samples at BL, due to techni-
cal issues with the recording equipment or human error in 
applying the correct settings. The current report is based 
on the 95 participants for whom we were able to collect 
both naming data and narrative discourse samples at BL. 
See Table 1 for demographic details of the study sample. 

Treatment Study (POLAR) 

Participants received a total of 6 weeks of therapy 
aimed at lexical retrieval abilities. Through randomized 
assignment, approximately half of the group (n =  52)
received 3 weeks of phonologically focused treatment, while 
the other half (n = 43) received 3 weeks of semanticall y
Table 1. Baseline demographics and clinical characteristics

Variable Range

Age (years) 29–80

Female

Male

Race 

Black

White

Handedness 

Right

Left

Ambidextrous

Education (years) 12–20

Time since stroke onset (months) 10–241

NIH Stroke Scale score 0–18

WAB-R Aphasia Quotient 14.5–93.1

Baseline PNT correct 0–99%

Apraxia of speech (binary)a 

ASRS apraxia of speech severity 0–4

Expressive agrammatism (binary)b 

Aphasia type by WAB-R 

Anomia

Broca’s

Conduction

Global

Transcortical motor

Wernicke’s

Note. NIH = National Institutes of Health; WAB-R = We
Naming Test; ASRS = Apraxia of Speech Rating Scale. 
a Based on clinical judgment and ASRS score. b Based on clini
focused treatment, followed by a 2-week break before 
switching to the other type of treatment. Each 3-week treat-
ment phase consisted of a total of 15 hr of treatment, 
spread over 15 sessions on different days (Kristinsson et al., 
2023). Different training stimuli were used in each phase, 
consisting of 50 nouns and 10 verbs (for a total of 120 
training stimuli). “Phonological” treatment targeted the 
retrieval of word forms and consisted of a combination of 
phonological components analysis (Leonard et al., 2008), a 
phonological production training task, and a phonological 
judgment training task. “Semantic” treatment targeted lexi-
cal content and consisted of a combination of SFA (Boyle, 
2017; Boyle & Coelho, 1995), a semantic barrier task, and 
Verb Network Strengthening Treatment (Edmonds, 2014; 
Edmonds et al., 2009). 

The primary outcome measure for the POLAR treat-
ment study was change in picture-naming performance rela-
tive to BL, quantified as raw change on the Philadelphia 
Naming Test (PNT; Roach et al., 1996) and assessed after 
the first treatment phase (Tx1), immediately before the start 
of the second phase (ITBL), immediately after the second
 of the study sample (N = 95). 

M/count SD 

60.6 11.1 

39 (41%) 

55 (59%) 

20 (21%) 

74 (79%) 

82 (87.2%) 

11 (11.7%) 

1 (1.1%) 

15.5 2.3 

49.8 52.4 

6.39 3.98 

60.9 22.4 

46.3% 34.2% 

52 (55.3%) 

1.55 1.54 

15 (16%) 

28 (29.7%) 

39 (41.5%) 

15 (16.0%) 

4 (4.3%) 

1 (1.1%) 

7 (7.4%) 

stern Aphasia Battery–Revised; PNT = Philadelphia 

cal judgment and morphosyntactic quality of discourse. 

Den Ouden et al.: Narrative Discourse in Aphasia 5



Table 2. Baseline descriptive statistics for the discourse variables 
of interest. 

Variable Min Max M SD  

Duration (s) 13 1,142 228 190 

Total no. of utterances 2 133 28.9 27.6 

Total no. of words 3 817 187 175 

MLU in words 1 13.6 5.97 2.86 

Words per minute 2.63 166 50.1 34.6 

Verbs per utterance 0 2.5 1.03 0.598 

Propositional density 0 0.63 0.414 0.119 

Type/token ratio 0.21 1 0.463 0.18 

Ratio phonological errors 0 0.732 0.117 0.16 

Ratio semantic errors 0 0.2 0.0135 0.0262 

Ratio unrelated errors 0 0.2 0.0151 0.0295 

Core lexicon score 0 77 29.1 21.2 

MCA composite score 0 61 19.9 18.4 

Note. MLU = mean length of utterance; MCA = main concepts 
analysis.
treatment phase (Tx2), 1 month after treatment completion 
(1mo), and 6 months after treatment completion (6mo). 
None of the training stimuli were part of the PNT. The first 
45 participants completed two PNTs within the same week 
at each time point, for a total of 12 PNTs. For these partic-
ipants, we used the first PNT at each time point in the pres-
ent analysis, unless the first administration was incomplete, 
in which case we used the second administered test (eight 
cases). In one participant, half of the PNT was adminis-
tered in the first session at each time point; and the other 
half, in the second session at each time point, so we consoli-
dated these data into a single PNT item set for each time 
point. Likewise, for two other participants, the BL PNT 
assessment was spread out over two separate days within 
the same week, so we consolidated these data into single 
BL PNT sessions for the analyses. 

All treatment was delivered by certified and experi-
enced speech-language pathologists who also adminis-
tered all behavioral outcome measures. Transcription and 
scoring of all behavioral outcome measures were per-
formed in randomized order by trained graduate student 
assistants who were blinded to the participants’ treatment 
phases and time points. 

Narrative Discourse Procedure and Variables 

At the same six time points as the PNT collection, par-
ticipants were asked to (re)tell the Cinderella story as a sam-
ple of their narrative discourse abilities. Following the stan-
dard procedure for this test (see MacWhinney et al., 2011), 
participants were shown a picture book of the Cinderella 
story, with the words covered up. They were asked to use 
the pictures to remind themselves of the story, which was 
confirmed to be familiar to all participants. After that, the 
picture book was removed, and participants were asked to 
recount the story, in as much detail as possible. All samples 
were video-recorded for subsequent transcription. 

Transcription followed the Codes for the Human 
Analysis of Transcripts (CHAT) coding system, after which 
samples were analyzed using Computerized Language ANal-
ysis (updated versions between 2016 and 2021) for auto-
mated extraction of discourse variables (MacWhinney, 
2000). Consistent with the CHAT coding system, utterances 
were defined as “a main clause together with its related 
dependent clauses, adjuncts, and adverbial phrases.” Con-
joined independent clauses were treated as separate utter-
ances. Dependent clauses (e.g., clauses that cannot stand 
alone due to the absence or elision of a subject) were not 
considered complete utterances. Thus, in the CHAT coding 
system, “She put on the dress and went to the ball” is coded 
as a single utterance, whereas “She put on the dress / and she 
went to the ball” is coded as two separate utterances. Trained 
graduate assistants manually coded word production errors as 
•6 Journal of Speech, Language, and Hearing Research 1–18
“phonological” (which included all nonword errors, as well as 
real-word errors phonologically related to the target), 
“semantic” (all real-word errors semantically related to the 
target), or “unrelated” (all real-word errors without either a 
phonological or semantic relation to the target). The calcu-
lation of CL scores was automated through a dedicated 
script (Cavanaugh et al., 2021a), based on previous work 
on the Cinderella story (Dalton et al., 2020). Likewise, to 
extract the MCA score, we used an automated script 
(Cavanaugh et al., 2021b; Richardson & Dalton, 2016) 
through which trained undergraduate assistants indicated 
which Cinderella story concepts were included in the samples 
and judged them for accuracy and completeness according to 
the MCA protocol. 

Table 2 lists the BL group-level descriptive data for 
the discourse variables analyzed in the current article. 
Variables such as the noun/verb ratio or the open-class/ 
closed-class ratio also reflect lexico-syntactic aspects of 
discourse and have been used to characterize speakers 
qualitatively. However, we chose not to include such 
ratios, in order to maximize the  leverage  of  the  large  sam-
ple size offered by the POLAR study, as the use of ratios 
between independent variables can potentially lead to 
noncomputable values (e.g., in cases where a speaker does 
not produce any verbs or closed-class words). The pres-
ence of “NA” values in the data set limits the ability to 
use multiple-regression models to assess the effects of mul-
tiple variables simultaneously.

Statistical Analyses 

Data Preprocessing 
With 95 participants and six potential time points for 

each participant, we had a total of 570 potential observations,



but since not every participant had both PNT and discourse 
data at each time point, the actual number of observations 
was 539 (time points missing: 5.4%: six at Tx1, two at ITBL, 
three at Tx2, six at 1mo, and 14 at 6mo). In addition to 
recording errors, missing data at time points after the BL 
session were sometimes due to scheduling conflicts or errors. 
All discourse variables were centered and scaled to z scores 
prior to statistical analysis.

Naming Accuracy Changes After Treatment 
Because our sample of 95 PWA comprised a subsam-

ple of the participants included in Kristinsson et al. (2023), 
we also tested changes to naming accuracy relative to BL, 
to confirm the general treatment response reported in our 
previous work and to ensure that any discourse BL values 
or changes to discourse variables would be accurately asso-
ciated with significant changes to naming accuracy, where 
relevant. For this, we fitted a binomial regression model 
with glmer, from the lme4 package (Version 1.1-31; Bates 
et al., 2015) in R (Version 4.2.2; R Core Team, 2024). This 
maximizes the power afforded by the available item-by-item 
naming responses. Binomial item-level naming accuracy 
was the dependent variable, as a function of a four-level fac-
tor time point, including the BL (base), posttreatment 
(Tx2), 1-month (1mo), and 6-month (6mo) time points. All 
level-specific effects of this factor were assessed relative to 
BL. Random intercepts were added for subjects and items. 
As a follow-up, we rotated all levels of the time-point vari-
able to assess pairwise differences between the three post-
treatment time points. 

For this model, we also calculated percent accuracy 
at all time points, with the intercept functioning as the BL. 
Because the generalized linear mixed model was estimated 
using a logit link, model coefficients represent log odds. To 
obtain interpretable accuracy values, log odds were con-
verted to predicted probabilities using the inverse-logit trans-
formation, and probabilities were multiplied by 100 to yield 
percent accuracy. Predicted accuracy for each time point 
was calculated as the inverse-logit of the model intercept plus 
the corresponding time-point coefficient. 

Predictive Value of BL Discourse Variables on BL 
Naming Accuracy 

For the analysis that focused on PNT naming accu-
racy at BL as predicted by discourse variables, we again used 
a binomial regression with glmer, from the lme4 package 
(Version 1.1-31; Bates et al., 2015) in R (Version 4.2.2; R 
Core Team, 2024), with random intercepts for subjects and 
items. Western Aphasia Battery–Revised Aphasia Quotient 
(WAB-R AQ; also centered and scaled) was included in all 
these models, as our previous work had shown it to be a 
strong predictor of treatment response, and we wanted to 
assess the predictive value of discourse variables beyond 
“general” aphasia severity (Kristinsson et al., 2023). We 
assessed collinearity between independent variables by calcu-
lating variance inflation factors (VIFs) and identifying vari-
ables with VIF > 5. Variables with the highest value above 
this threshold were sequentially removed until no variables 
met the criterion. Probability values associated with the 
resulting model’s effect sizes were calculated with the R 
package lmerTest (Version 1.1-3; Kuznetsova et al., 2017). 

Predictive Value of BL Discourse Variables on 
Posttreatment Changes to Naming Accuracy 

To assess the extent to which BL discourse variables 
predicted treatment response in terms of changes to naming 
accuracy relative to BL, we used separate binomial regres-
sions following the same methodology as above, with item-
level naming accuracy as the binomial dependent variable. 
For ease of interpretation, separate models were created for 
the three different outcome time points: immediately, 1 month, 
and 6 months posttreatment. Each model included a two-level 
time-point variable, allowing for comparison of the BL with 
the outcome time points (Tx2, 1mo, or 6mo). In these models, 
the effect of a specific discourse variable on changes to nam-
ing accuracy was reflected in its interaction with the two-
level time-point variable. The random-effects structure for 
these models included crossed random intercepts for subjects 
and items. In addition, participants were assigned random 
slopes for time point, allowing the effect of time to vary across 
individuals. This structure accounts for both participant-level 
differences in BL accuracy and participant-level variability 
in sensitivity to the intervention while controlling for word-
level variation in item difficulty. 

To assess discourse predictors of treatment-specific 
response (phonological vs. semantic treatment), we used the 
participant-specific time points for PNT performance before 
and after the two respective treatment phases. As outlined 
above, for half of the participants, phonological treatment 
was administered in the first phase, followed by semantic 
treatment in the second phase, while for the other half, this 
order was reversed. For the Tx1, the pre–post time points 
were the BL and the time point immediately following the 
Tx1. For the second treatment phase, the pre–post time 
points were the time point immediately preceding (ITBL) 
and immediately following the Tx2. The statistical models 
for these outcome measures were the same as those outlined 
above. Earlier analyses of the POLAR data showed no 
signs of an effect of treatment order on naming outcomes 
(Kristinsson et al., 2021), so to maximize model simplicity, 
we did not add a treatment order factor to these analyses. 

Effects of Treatment on Narrative Discourse 
To assess the effect of treatment on our selected indi-

vidual discourse variables, we conducted separate linear 
regressions for each discourse variable, using lme from the
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lme4 package (Version 1.1-31; Bates et al., 2015) in R (Ver-
sion 4.2.2; R Core Team, 2024), with random intercepts for 
subjects. As for the analysis of naming changes by time 
point, the independent variable in these models was always 
a four-level factor time, including the BL (base), posttreat-
ment (Tx2), 1-month (1mo), and 6-month (6mo) time 
points. All level-specific effects of this factor were assessed 
relative to BL. We performed similar analyses for the 
immediate effects of phonological and semantic therapy. 
For these analyses, we used the participant-specific scores 
at the BL and Tx1 time points (Phase 1) and at the ITBL 
and Tx2 time points (Phase 2). We then modeled separate 
linear regressions for each discourse variable, with the two-
level factor time (pre, post) and random intercepts for sub-
jects, separately for the effects of phonological and seman-
tic treatment. Because this entailed 10 separate analyses for 
each time point or treatment type, we applied Bonferroni 
corrections for multiple comparisons, yielding an alpha 
level of .005 for each of these analyses. 

In a supplementary analysis, we assessed more directly 
whether effects on the discourse measures differed immediately 
after phonological versus semantic treatment. For this analy-
sis, we again used the participant-specific scores between the 
BL and Tx1 time points (Phase 1) and between the ITBL and 
Tx2 time points (Phase 2), as above. We then modeled sepa-
rate linear regressions for each discourse variable, with the fac-
tors treatment type (phonological, semantic) and time (pre, 
post), and random intercepts for subjects. This allowed us to 
assess the interaction between treatment type and change 
scores on individual discourse variables. As before, because 
this entailed 10 separate analyses (one for each discourse vari-
able), we applied a Bonferroni correction for multiple compar-
isons, yielding an alpha level of .005 for these analyses. 
 

Results 

Note that in describing results from our regression 
models, we use the terms “predict” and “predictor” to refer to 
independent variables that are statistically associated with the 
dependent variable. This terminology does not necessarily 
imply a direct or unidirectional causal relationship. In our 
reporting of the results from the mixed-effects models, we 
have mostly followed recommendations from Meteyard and 
Davies (2020). Tables for the primary analyses include beta 
estimates, z or t values, confidence intervals, and p values for 
fixed effects, as well as variance and standard deviations for 
modeled random effects. 

Naming Accuracy Changes After Treatment 

The binomial regression model used to predict the 
likelihood of a correct response as a function of time point 
•8 Journal of Speech, Language, and Hearing Research 1–18
showed significantly higher rates of correct responses at all 
time points post-BL: Tx2 (β = .297, SE = 0.061, z = 4.90, 
p <  .001),  1mo  (β = .325, SE = 0.056, z =  5.84,  p < .001), 
and 6mo (β = .339, SE = 0.064, z =  5.27,  p < .001). Table 3 
presents the full model outcomes. Releveling of the time-
point factor revealed no differences among the three post-BL 
accuracy rates. Accuracy went from 33.6% at BL to 40.5% 
posttreatment, remaining at 41.6% and 41.2% at 1 and 
6 months posttreatment, re spectively.

Predictive Value of BL Discourse Variables on 
Naming Accuracy 

For clarity and interpretation, Figure 1 first presents 
the multiple-correlation matrix for the BL discourse vari-
ables, WAB-R AQ, and naming performance on the PNT. 
Discourse variables largely correlate with one another, as 
well as with aphasia severity and naming scores, with the 
notable exception of the ratio of semantic errors and, to a 
lesser extent, unrelated errors. The latter is inversely corre-
lated with WAB-R AQ and PNT and positively with TTR. 
Strong correlations are noted between WAB-R AQ and PNT 
scores (r2 = .81) and between MLU and VpU (r2 =  .79)  .

In the full binomial regression model that tested dis-
course variables predicting naming accuracy at BL, there 
was initially high covariance between variables, with VIF 
scores above 5 for both MLU (VIF = 6.5) and VpU 
(VIF = 7.3). Removal of VpU, which had the highest VIF 
value, reduced the covariance, ensuring that no variables 
had VIF values above 3, indicating acceptable (low) collin-
earity. The initial collinearity proved to be the same for the 
other models predicting naming improvement, shown 
below, with removal of VpU solving all collinearity issues. 
Thus, all results reported below, on discourse predictors of 
naming improvement, are based on models from which 
VpU has been removed to resolve collinearity. 

Based on the reduced model, significant predictors of 
BL naming accuracy were high WAB-R AQ (β =  2.384,
SE =  0.162,  z =  14.73,  p < .001), low WpM (β = −.323, 
SE =  0.149,  z = −2.18, p < .05), a low ratio of phonological 
errors (β = −.413, SE =  0.192,  z = −2.15, p < .05), and a low 
ratio of unrelated errors (β = −.301, SE =  0.153,  z = −1.96, 
p < .05). Table 4 presents the full model outcomes.

Predictive Value of BL Discourse Variables on 
Posttreatment Changes to Naming Accuracy 

Immediately Posttreatment 
We again observed the main effects on overall naming 

accuracy immediately posttreatment for WAB-R AQ, WpM, 
and the phonological error ratio, but of specific interest here 
were the interactions between BL discourse variables and the 
time-point variable. These interactions revealed that higher



Table 3. Model output for naming accuracy changes after treatment, relative to baseline. 

Δ PNT accuracy

Observations: 61,570; groups: subjects, 95; items, 176; marginal R2 /conditional R2 .002/.743 

Fixed effects β estimate SE z p CI low CI high % Acc 

(Intercept) −.678 0.300 −2.26 .024 −1.267 −0.089 33.6 

Time: postTx2 .297 0.061 4.9 < .001 0.178 0.415 40.5 

Time: 1mo .325 0.056 5.84 < .001 0.216 0.435 41.2 

Time: 6mo .339 0.064 5.27 < .001 0.213 0.466 41.6 

Random effects Effect Variance SD corr corr corr 
Items (Intercept) 0.822 0.907 

Subject (Intercept) 8.040 2.836 

Time: postTx2 0.159 0.399 0.20 

Time: 1mo 0.120 0.347 0.41 0.93 

Time: 6mo 0.178 0.422 0.35 0.60 0.70 

Note. Significant p values are indicated in bold. PNT = Philadelphia Naming Test; CI = confidence interval; Acc = accuracy; PostTx2 = time 
point immediately following the second (final) treatment phase; 1mo = time point 1 month after the end of treatment; 6mo = time point 6months 
after the end of treatment; corr = correlation coefficient. 

Figure 1. Correlation matrix for discourse variables, aphasia severity, and naming performance at baseline. Nonsignificant correlations (p > 
.05) are marked with crossed-out correlation coefficients. CL = core lexicon; unrel. errors = number of unrelated errors per word; sem. 
errors = number of semantic errors per word; phon. errors = number of phonological errors per word; PD = propositional density; VpU = 
verbs per utterance; TTR = type–token ratio; WpM = words per minute; MLU = mean length of utterance; WAB-R AQ = Western Aphasia 
Battery–Revised Aphasia Quotient; PNT = Philadelphia Naming Test; MCA = main concepts analysis.
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Table 4. Model output for predictors of Philadelphia Naming Test (PNT) naming accuracy at baseline. 

PNT accuracy at baseline 

Obs.: 16,258; groups: subjects, 95; items, 176; marginal R2 /conditional R2 .539/.708 

Fixed effects Estimate SE z p CI low CI high 

(Intercept) −0.640 0.136 −4.70 < .001 −0.907 −0.373 
WAB-R AQ 2.384 0.162 14.73 < .001 2.066 2.701 

MLU in words −0.115 0.202 −0.57 .571 −0.511 0.282 

Words per minute −0.323 0.149 −2.18 .030 −0.614 −0.032 
Propositional density 0.085 0.200 0.42 .671 −0.308 0.477 

Type–token ratio 0.007 0.146 0.05 .962 −0.278 0.292 

Ratio phonological errors −0.413 0.192 −2.15 .032 −0.790 −0.037 
Ratio semantic errors −0.010 0.106 −0.10 .924 −0.218 0.198 

Ratio unrelated errors −0.301 0.153 −1.96 .050 −0.601 −0.001 
Core lexicon 0.057 0.149 0.39 .699 −0.234 0.349 

MCA composite score −0.212 0.153 −1.39 .166 −0.511 0.088 

Random effects Effect Variance SD 

Subject (Intercept) 1.065 1.032 

Items (Intercept) 0.837 0.915 

Note. Significant p values are indicated in bold. Obs. = observations; CI = confidence interval; WAB-R AQ = Western Aphasia Battery– 
Revised Aphasia Quotient; MLU = mean length of utterance; MCA = main concepts analysis. 
BL  WAB-R  AQ  (β = .211, SE = 0.087, z = 2.43, p < .05) and 
lower BL PD (β = −.182, SE = 0.088, z = −2.08, p <  .05)  were  
significant predictors of improved naming accuracy immedi-
ately post treatment. Figure 2A visualizes the predictive effect 
of BL PD on posttreatment improvement to naming accuracy. 
Supplemental Material S1 provides the full model outcomes.
•

Figure 2. Predictive effects of discourse variables on change in picture-
predictors plotted at −1 SD, 0, and +1 SD. (A) Baseline propositional den
(B) baseline PD prediction of naming change 1 month after treatment; (C
after treatment; (D) baseline PD prediction of naming change after phonol
change after phonological treatment; (F) baseline PD prediction of naming
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1 Month Posttreatment 
At 1 month posttreatment, we again observed the main 

effects on overall naming accuracy for WAB-R AQ, WpM, 
and phonological error ratio, as well as for the unrelated 
error ratio. Interactions between BL discourse variables and 
the time-point variable revealed that higher BL WAB-R AQ
naming accuracy from baseline, with baseline performance of the 
sity (PD) prediction of naming change immediately after treatment; 
) (absence of) baseline PD prediction of naming change 6 months 
ogical treatment; (E) baseline core lexicon (CL) prediction of naming 
 change after semantic treatment. 



 

 

 
 

(β = .254, SE = 0.078, z = 3.25, p < .05) and low BL PD 
(β = −.241, SE = 0.091, z = −2.65, p < .05) were significant 
predictors of improved naming accuracy immediately post-
treatment (see Figure 2B). Supplemental Material S2 pro-
vides the full model outcomes.

6 Months Posttreatment 
We again observed the main effects on overall naming 

accuracy at 6 months posttreatment for WAB-R AQ, WpM, 
phonological error ratio, and, to a lesser extent, for the unre-
lated error ratio. The only significant BL predictor of 
improved naming accuracy at 6 months posttreatment was 
higher BL WAB-R AQ (β =  .218,  SE = 0.094, z =  2.31,  p < 
.05), without any additional predictive value offered by the 
discourse variables (for PD and the comparison to the inter-
actions observed at the two previous posttreatment time 
points, see Figure 2C). Supplemental Material S3 provides 
the full model out comes.

Phonologically Focused Treatment 
Based on the reduced model, we again observed the 

main effects on overall naming accuracy for WAB-R AQ, 
WpM, and the unrelated error ratio. Interactions between BL 
discourse variables and the time-point variable revealed that 
lower BL PD (β = −.180, SE = 0.074, z = −2.43, p < .05) 
and  higher  BL  CL  values  (β = .131, SE =  0.059,  z = 2.23, 
p < .05) were significant predictors of improved naming accu-
racy after phonological treatment (see Figures 2D and 2E). 
Supplemental Material S4 provides the full model outcomes.

Semantically Focused Treatment 
We again observed main effects on overall naming 

accuracy for WAB-R AQ and unrelated error ratio, as well 
as for MCA scores. The interactions between BL discourse 
variables and the time-point variable revealed that the only 
significant predictor of improved naming accuracy after 
semantic treatment was lower BL PD (β = −.208, SE = 
0.081, z = −2.55, p < .05), as shown in Figure 2F. Supple-
mental Material S5 provides the full model outcom es.

In summary, posttreatment naming responses are most 
strongly and consistently predicted by lower BL PD, an effect 
that remains present 1 month after treatment but disappears 
after 6 months, at which point improved naming relative to 
BL is only predicted by milder aphasia at BL. Specific response 
to phonologically and semantically focused treatments is also 
predicted by lower BL PD. As is visible from Figure 2, part of 
the predictive effect of PD on naming improvement is driven 
by an association of low BL PD with relatively low BL nam-
ing, which then improves after treatment. Additionally, higher 
BL CL scores contributed to the prediction of a positive 
response to phonological treatment. Higher BL WAB-R AQ 
scores predicted treatment response at all time points, as well 
as after phonological therapy, but not after semantic therapy. 
Effects of Treatment on Narrative Discourse 

Table 5 shows the results of the linear regression 
models testing changes to discourse variables immediately 
posttreatment, at 1 month posttreatment, and at 6 months 
posttreatment, as well as separately in response to pho-
nological and semantic treatment. Relative to BL, MLU 
increased immediately after the two treatment cycles (post-
treatment; β =  .247,  t =  3.289,  p < .005), and this effect was 
maintained at 1 month (β =  .233,  t =  3.103,  p < .005) and 
6  months  (β =  .225,  t =  2.989,  p < .005) posttreatment. Like-
wise, WpM increased after treatment (β =  .195,  t =  4.306,
p < .005), and this increase was maintained at 1 month (β = 
.176, t =  3.889,  p < .005) and 6 months (β =  .181,  t =  3.998,  
p < .005) posttreatment. TTR decreased posttreatment (β = 
−.226, t = −3.076, p < .005), and this effect was still signifi-
cant at 1 month postonset (β = −.232, t = −3.115, p <  .005)  
but no longer met the corrected statistical threshold at 
6  months  (β = −.175, t = −2.383, p = .018). By contrast, a 
reduction in phonological errors was only observed at 
6 months posttreatment (β = −.13, t = −2.914, p <  .005).
Like MLU and WpU, CL increased immediately posttreat-
ment (β =  .28,  t =  4.598,  p < .005), and this increase was 
maintained at 1 month (β =  .214,  t =  3.947,  p < .005) and at 
6  months  (β =  .262,  t =  4.305,  p < .005) posttreatment. 
Weaker effects that did not meet the corrected statistical 
threshold were an increase in VpU immediately posttreat-
ment (β = .166, t =  2.322,  p =  .021)  and  an  increase  in  PD
immediately posttreatment (β = .172, t =  2.404,  p =  .017),
which was still visible at 1 month posttreatment (β = .187,
t = 2.631, p = .01). Figure 3 visualizes the changes in the
discourse variables, across time points.

In response to 3 weeks of phonological therapy, WpM 
increased significantly (β =  .143,  t =  3.508,  p < .005), and we 
also observed a numerical increase in VpU that did not meet 
the corrected statistical threshold (β =  .143,  t =  2.25,  p = 
.027). Likewise, CL marginally increased after both phonol-
ogical therapy (β = .123, t =  2.259,  p = .026) and semantic 
therapy (β =  .079,  t =  2.164,  p = .033), but these effects did 
not meet the corrected threshold.

The supplementary analysis directly comparing response 
to phonological versus semantic therapy did not reveal 
interaction effects between time and treatment that survived 
Bonferroni correction. We did observe weak above-
threshold interactions for WpM (β = −.140, t = −2.285, p = 
.023) and the ratio of phonological errors (β = −.158, t = 
−2.0739, p = .039). The nonsignificant interaction between 
time and treatment for WpM was driven by a numerically 
greater increase in WpM after phonological treatment than 
after semantic treatment, but for phonological errors, the 
nonsignificant interaction was driven by a numerical increase 
after phonological treatment, versus a numerical decrease 
after semantic treatment (see Supplemental Material S7).
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Table 5. Output for linear regression models of generalization of treatment effects to narrative discourse variables, measured immediately posttreatment, at 1 month posttreatment, 
at 6 months posttreatment, and separately in response to phonological and semantic treatments. 

Variable 

Post-TX 1 month 6 months Phonological TX Semantic TX 

β t p β t p β t p β t p β t p  

MLU .247 3.289 .001 .233 3.103 .002 .225 2.989 .003 .105 1.755 .083 .024 0.239 .812 

VpU .166 2.322 .021 .114 1.595 .112 .116 1.624 .106 .143 2.25 .027 −.02 −0.312 .756 

WpM .195 4.306 < .001 .176 3.889 < .001 .181 3.998 < .001 .143 3.508 < .001 .003 0.071 .943 

PD .172 2.404 .017 .187 2.631 .010 .078 1.094 .275 .14 1,863 .066 −.025 −0.322 .748 

TTR −.226 −3.076 .002 −.232 −3.155 .002 −.175 −2.383 .018 −.029 −0.403 .787 −.13 −1.974 .056 

Sem. err. −.052 −0.421 .674 −.008 −0.069 .945 −.204 −1.662 .098 −.06 −0.686 .494 .164 1.279 .204 

Phon. err. −.071 −1.602 .111 −.065 −1.448 .149 −.13 −2.914 .004 .074 1.225 .224 −.084 −1.608 .111 

Unrel. err −.022 −0.313 .754 −.008 −0.117 .907 −.012 −0.176 .860 −.078 −0.597 .552 .052 0.656 .514 

CL .28 4.598 < .001 .241 3.947 < .001 .262 4.305 < .001 .123 2.259 .026 .079 2.164 .033 

MCA .098 1.246 .214 .062 0.788 .413 .087 1.099 .273 −.03 −0.658 .512 .084 1.557 .123 

Note. Effects that survive Bonferroni correction (p < .005) are displayed in bold font. Effects that pass only an uncorrected threshold (p < .05) are displayed in italics. TX = treat-
ment; MLU = mean length of utterance; VpU = verbs per utterance; WpM = words per minute; PD = propositional density; TTR = type–token ratio; Sem. err. = number of semantic 
errors per word; Phon. err. = number of phonological errors per word; Unrel. err. = number of unrelated errors per word; CL = core lexicon; MCA = main concepts analysis.
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Figure 3. Violin plots showing scaled values for discourse variables at different time points. Means and 95% confidence intervals are shown 
in red. Significant differences from baseline, after Bonferroni correction, are marked with a star. WpM = words per minute; MLU = mean 
length of utterance; VpU = verbs per utterance; PD = propositional density; TTR = type–token ratio; postTx2 = time point immediately follow-
ing the second (final) treatment phase; 1mo = time point 1 month after the end of treatment; 6mo = time point 6 months after the end of 
treatment; % Phon. Err. = percentage of phonological errors per word; % Sem. Err. = percentage of semantic errors per word; % Unrel. 
Err. = percentage of unrelated errors per word; CL = core lexicon; MCA = main concepts analysis. 
The full results of this analysis are shown in Supplemental 
Material S6.
Discussion 

Posttreatment Naming Changes 

Confirming the results reported for the full data set in 
Kristinsson et al. (2023), participants showed significant 
improvement in naming accuracy following intervention, 
with accuracy rates significantly higher at all post-BL time 
points (immediately posttreatment, 1 month, and 6 months). 
No differences were observed between these posttreatment 
time points, suggesting the maintenance of an immediate 
posttreatment improvement up to 6 months. An improve-
ment over the previously reported results is that the present 
study applied an item-level logistic regression, whereas the 
previously published results were based on aggregated scores 
by participant. Naming accuracy, as measured with the 
PNT, was the primary outcome measure for the POLAR 
study from which these data were derived, and the PWA in 
the study were in the chronic phase poststroke, where task 
performance is typically relatively stable in the absence of 
specific interventions or practice. However, we reiterate 
that no control groups or multiple baselines were included, 
since the primary objective of the study was not to assess 
treatment efficacy but rather to identify individual predic-
tors of response to treatment. 

Relation Between Discourse Measures and 
Picture-Naming Performance 

BL predictors of higher naming accuracy included less 
severe aphasia (WAB-R AQ), lower speech fluency (WpM), 
and higher ratios of phonological and unrelated errors in 
descriptive discourse. Given that narrative discourse pro-
duction is relatively more naturalistic and functional than
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object-picture naming, it is important to find evidence of 
the correlation between these two tasks. At the very least, 
this implies a level of convergent validity for using picture-
naming accuracy as a measure of treatment outcome in 
aphasia. The present results suggest that when aphasia 
severity is kept constant, speakers with greater word-
finding difficulty on a naming task may actually produce 
fewer lexical-level errors in their narrative discourse pro-
duction. This may well be accounted for by these speakers’ 
avoidance of challenging lexical targets in spontaneous 
speech production. 

Interestingly, less fluent speech (i.e., lower WpM) was 
associated with better naming performance. It must be 
noted that fluency is also an important substrate of the 
WAB-R AQ, our measure of overall aphasia severity. It 
directly affects scores for spontaneous speech, which com-
prise 40% of the AQ score, so that PWA who produce less 
speech will have a lower WAB-R AQ, all else being equal 
(see also Kristinsson et al., 2025). By itself, WpM was not 
correlated with PNT scores and only weakly with WAB-R 
AQ (r2 =  .07,  p < .05); however, in the full model that takes 
other variables into account, the independent association 
between nonfluent speech and better naming performance 
comes to light. This effect may reflect the notion that, given 
similar levels of aphasia severity, speakers who produce 
more words more rapidly may actually also be producing 
less lexically accurate speech. Similarly, if WAB-R AQ is 
kept constant, nonfluent PWA may be less likely than fluent 
PWA to produce errors on the PNT .

Somewhat surprising was the absence of a relation 
between PNT scores and the ratio of semantic errors pro-
duced in narrative discourse. This warrants a closer exam-
ination that takes PNT error types into account, which is 
outside the scope of the present article. We note that the 
ratio of semantic errors also did not correlate with other 
discourse variables, nor with overall aphasia severity. It is 
possible that the apparently exceptional role of semantic 
errors here is influenced by the relatively low numbers of 
this error type in our data. This may be related to our 
study sample, which was low on PWA who might be 
expected to produce larger numbers of semantic parapha-
sias, such as those with Wernicke’s aphasia. However, 
only the difference between the ratios of phonological 
errors and the other error types is significant (semantic, 
t(94) = 6.1063, p < .001; unrelated, t(94) = 6.0501, p < 
.001), with no significant difference between semantic and 
unrelated error types, t(94) = 0.4212, p = .675. 

BL Discourse Variables Predictive of 
Treatment Response 

Importantly, posttreatment improvement in picture 
naming accuracy was consistently predicted by higher BL 
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WAB-R  AQ  scores  and,  at  earlier  time  points,  by  lower
BL PD in discourse. Furthermore, response to phonolo-
gically focused treatment was predicted by both low PD 
and high CL scores, while semantic treatment effects were 
driven solely by low BL PD. These findings confirm the 
role of aphasia severity and highlight the additional role 
of macrolevel discourse variables as predictors of treat-
ment response, with BL PD emerging as a robust and tem-
porally sensitive predictor.

PD correlates weakly with PNT performance at BL 
(r2 = .14, p < .05), but this relation is positive, as are its cor-
relations with aphasia severity and all other discourse vari-
ables except TTR (negative correlation). However, high PD 
does not independently predict PNT when severity and other 
variables are taken into account in the full model (see above) 
and a lower BL PD turns out to be the strongest predictor of 
response to treatment as reflected in naming performance. 

Across studies, PD is consistently lower in PWA than 
in controls and is related to severity in complex ways. Bryant 
et al. (2013) reported a positive correlation between WAB-R 
AQ and PD, such that more severe aphasia was associated 
with lower PD. Fromm et al. (2016) showed that PD is par-
ticularly low in Broca’s aphasia and that PD best distin-
guishes Broca’s (and, to some extent, transcortical motor) 
aphasia from other subtypes. Importantly, they found no 
linear association between PD and severity once aphasia 
type was taken into account. In the aging/dementia litera-
ture, low PD in early-life writing has repeatedly been inter-
preted as an index of reduced cognitive reserve and shown 
to predict later-life cognitive decline and Alzheimer pathol-
ogy (cf. Snowdon et al., 1996). 

Speculating further on the combination of mild apha-
sia and low PD, it is possible that the latter may in fact be 
a reflection of an adaptive mechanism. Although at first 
sight, higher PD in discourse may be considered a positive 
reflection of cognitive and linguistic abilities in the speaker, 
it must be noted that the PD measure by itself does not 
take into account the appropriateness of the propositions. 
Speakers with aphasia may also adapt their communicative 
strategies, for example, by using simpler structures or cir-
cumlocutions, to maintain intelligibility and convey intent 
(Armstrong, 2000). Where such adaptation leads to lower 
PD counts, this may actually positively reflect preserved 
pragmatic or executive abilities, rather than linguistic dete-
rioration. The relative preservation of these abilities, then, 
particularly coupled with mild aphasia and the production 
of lexical targets that are appropriate to the topic, may be 
predictive of higher response to treatment. We note that 
this purely speculative account is no more than that, at this 
point, and would be subject to further hypothesis testing. 

In all, these findings indicate that low PD may reflect 
nonfluent grammatical output (as observed in many speakers



with Broca’s aphasia), reduced semantic/syntactic complexity, 
and, in other populations, lower cognitive reserve. As in 
Kristinsson et al. (2023), we deliberately did not include 
“aphasia type” as a predictor in the present study, since we 
aimed to focus on measurable individual behavioral vari-
ables rather than clusters of symptoms. However, we can-
not rule out the possibility that the prognostic value of PD 
in our study is partly driven by good responders who are 
individuals with relatively mild nonfluent/Broca-like pro-
files and thus tend to have lower PD. 

Response to phonological therapy is additionally 
strongest in PWA who produce high levels of lexical tar-
gets appropriate to the context. In our study, the produc-
tion of story-specific key lexical items is captured sepa-
rately by the CL measure, and our main interaction of 
interest for phonological treatment was precisely low PD 
plus high CL. Our data therefore suggest that participants 
with relatively sparse propositional structure but robust 
production of appropriate lexical targets benefit most 
from naming treatment. 

Generalized Changes to Discourse Variables 
After Treatment 

Although the treatment in the POLAR study focused 
on lexical retrieval and production, it was associated with 
broad improvements in discourse production. Immediately 
posttreatment, chronic PWA showed significant gains in 
MLU, WpM, and CL production, with all effects main-
tained through the 6-month follow-up. TTR decreased 
significantly through 1 month posttreatment, suggesting 
numerically increased lexical output (a greater number of 
words, relative to the number of different words), although 
this effect had attenuated by 6 months. Phonological error 
rates, by contrast, only decreased significantly at the 6-month 
mark. Weak numerical increases in verb production (VpU) 
and PD were observed posttreatment, though these did not 
meet corrected significance thresholds and should therefore 
be considered with extra caution. As before, these observa-
tions all suggest a generalizing effect of language interven-
tion at the lexical level on the fluency (WpM, TTR), syntac-
tic complexity (MLU and perhaps VpU), lexical accuracy 
(CL), and perhaps the informativeness (PD) of narrative dis-
course in aphasia. 

Phonological treatment, which was focused on word 
forms over word meaning, significantly increased WpM, 
while semantic treatment did not yield significant generaliza-
tions to changes in discourse variables. A direct comparison 
between the effects of phonological versus semantic treat-
ment did not reveal significant differences, so we emphasize 
that there was no evidence of a greater impact of phonolo-
gical versus semantic treatment. Numerically, phonological 
treatment was associated with greater improvements in 
WpM than semantic treatment. Therefore, improved lexical 
access at the form level may have had a more substantive 
direct impact on the fluency of narrative speech production 
than improved access to semantic representations, but this is 
a speculation subject to more targeted testing. 

Above the statistical threshold, there were weak numer-
ical increases in VpU after phonological treatment, while 
both phonological and semantic therapies were nonsignifi-
cantly associated with CL gains. Phonological error ratios 
showed divergent effects, declining after semantic therapy but 
actually rising after phonological therapy. Especially given 
the overall positive changes to both naming itself as well as 
to other discourse variables, we are inclined to speculate that 
the increased phonological error rates may reflect a positive 
change as well, in particular reduced self-consciousness or 
error avoidance. PWA who are more self-confident and less 
anxious about their functional communication abilities are 
less prone to suppress or avoid making errors. This may 
lead to an increased number of word form errors, at least 
relative to other error types, but should still be considered a 
positive outcome that is relevant to functional communica-
tion and living with aphasia. Some support for this specula-
tive account is found in the observation of a (nonsignifi-
cant) rise in the ratio of semantic errors after semantic 
treatment (β = .082, z = 1.283, p = .199), where the same 
mechanism may have been at pla y.

Limitations 

The present study only considered story retelling as 
an elicitation method for narrative discourse, but previous 
studies have shown that discourse characteristics differ 
between genres (cf. Stark, 2019). Although we do maintain 
that narrative discourse likely forms a more appropriate 
reflection of functional communication abilities than pic-
ture description and it is more likely to elicit larger and 
therefore more representative speech samples than proce-
dural discourse, all of these methods naturally reflect differ-
ent language abilities and are therefore relevant to exam-
ine. In particular, we have focused solely on monodirec-
tional language output, without considering conversational 
interactive speech, which places a greater emphasis on the 
pragmatic and improvisational aspects of discourse produc-
tion and comprehension (Damico et al., 1999; Doedens & 
Meteyard, 2020). 

We have necessarily focused on a limited set of dis-
course variables but have not taken into account others that 
may be of interest, such as microlevel variables reflecting 
morphosyntactic accuracy or more macrolevel variables 
such as cohesion (Ellis et al., 2005; Zhang et al., 2021). Such 
measures are of interest as well but typically do require 
more extensive human (and therefore subjective) coding 
than the variables we have investigated here. Our larger
Den Ouden et al.: Narrative Discourse in Aphasia 15



research program is aimed not only at improving our 
understanding of the nature of aphasic language deficits but 
also at developing efficient automated measures that may 
have more direct clinical applications. 

With respect to any changes to discourse measures 
after treatment, the same caveats apply as for the overall 
POLAR study from which these data are derived: No con-
trol conditions or multiple baselines were applied, so the 
possibility that changes are due to repetition effects cannot 
be ruled out. Again, however, discourse production was 
not trained, and all participants were in the chronic phase 
poststroke, where consistent treatment gains are typically 
not achieved through mere task repetition, especially if the 
task is applied weeks and months apart. 
Conclusions 

In a large sample of stroke survivors with different 
types and severity levels of aphasia, we have shown that 
discourse variables, particularly the macrolevel PD and, to 
a lesser extent, CL variables, offer modest, incremental 
prognostic value over severity and BL naming performance 
for the prediction of response to naming treatment. While 
aphasia severity remains the most consistent predictor 
across time, the added predictive power of discourse-level 
features underscores their relevance for treatment planning 
and outcome evaluation. Moreover, lexical retrieval ther-
apy was found to yield generalizable improvements in 
spontaneous discourse, affecting fluency, syntactic com-
plexity, and lexical accuracy. Phonological therapy aimed 
at the word form level was associated with generalized 
improvement in speech fluency (WpM). These findings sup-
port the integration of narrative discourse analysis into 
aphasia rehabilitation research and clinical practice, for 
both its diagnostic insight and its utility in tracking func-
tional gains beyond isolated language tasks. 
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