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ABSTRACT

Background: Connected speech is often used to assess many
aspects of an individual’s language abilities after stroke. However,
it is unknown the degree to which elicitation methods differ in
generating structural and syntactic aspects of connected speech,
two critical components of successful communication. Quantifying
the degree to which elicitation methods differ in eliciting structu-
rally, syntactically, and lexically complex connected speech at the
earliest stage of stroke before reorganization and rehabilitation of
function independent of clinical diagnosis of aphasia has not been
examined to date. Addressing this gap has implications for early
clinical intervention as well as empirical studies of connected
speech production.

Aims: We compared two common elicitation methods, picture
description and storytelling on lexical, structural, and syntactic
measures of connected speech in speakers during the acute stage
of left hemisphere stroke.

Methods & Procedures: We measured connected speech using an
automated quantitative production analysis approach (Fromm et
al., 2021) in 71 native-English speaking participants (27 female; 59 £
13 years) within an average 3.9 days from left hemisphere stroke
onset. We tested the degree of agreement and consistency
between elicitation methods for lexical, structural, and syntactic
measures of connected speech, as well as the degree of concor-
dance in classifying deficits across individuals.

Outcomes & Results: Storytelling elicited significantly more words
and more structurally complex, lexically diverse, and syntactically
accurate speech in comparison to picture description. Elicitation
methods differed in measuring outcomes across participants for the
lexical and syntactic, but not structural complexity aspects of con-
nected speech where storytelling classified more participants with
impairments in comparison to picture description.

Conclusions: These differences suggest storytelling provides
assessment of connected speech abilities more reflective of real-
world abilities where its use is particularly critical for examining
individual differences and providing diagnoses of acute stroke
language deficits. As a result, using storytelling as a connected
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speech elicitation method more effectively captures a patient’s
language capabilities after stroke, consequently informing clinical
diagnosis and treatment.

Introduction

Approximately 30% of adults who survive a left hemisphere stroke experience language
impairments that can affect retrieval of words, their meanings, their associated gramma-
tical information, and their sounds (Flowers et al., 2013; Grénberg et al., 2022). In
comparison to assessing speech with picture naming, connected speech assessments
like picture description and storytelling are useful for capturing many aspects of an
individual’s language abilities including accessing and organizing words into more struc-
turally and syntactically complex combinations. These language abilities are critical for
communication during connected speech. Quantifying the degree to which language
abilities during connected speech are impaired independent of clinical diagnosis of
aphasia at the earliest stage of stroke before reorganization and rehabilitation of function
has implications for early clinical intervention and empirical studies of connected speech
production. This is because connected speech impairments may be differentially
observed depending on the elicitation task. To our knowledge, differences in the com-
plexity of language elicited during descriptive and narrative discourse tasks after stroke
have not been examined. Although insight comes from investigations in other clinical
populations including mild cognitive impairment and neurodegenerative disease (cf.
Clark et al,, 2021; Lavoie et al,, 2021), it is unclear which elicitation method is a more
sensitive measurement of connected speech in speakers after stroke. Addressing this gap
is the primary focus of this paper.

Assessments of language deficits after left hemisphere stroke as well as other clinical
populations including neurodegenerative disease generally involve eliciting spontaneous
speech from speakers viewing scenes which are continuously available during description
or to a lesser extent producing spontaneous speech via storytelling or in response to
autobiographical questions (Bryant et al., 2016; Bryant et al., 2017; Filiou et al., 2020). The
most commonly presented scenes include a picture of the picnic scene used in the
Western Aphasia Battery (WAB; Kertesz, 2007) and a picture of the cookie theft scene
used in the Boston Diagnostic Aphasia Examination (BDAE; Goodglass et al., 1983) and the
National Institutes of Health Stroke Scale (Brott et al. 1989; Meyer & Lyden, 2009). In the
storytelling task, speakers elaborate on a well-known story, such as the Cinderella fairy
tale, after viewing a wordless picture book to remind them of the story (Rochon et al.,
2000; Saffran et al., 1989). In these methods, speakers are encouraged to produce full
sentences if possible. Because picture description requires fewer materials and less
elicited content in comparison to storytelling (Alyahya et al., 2020; Ash et al., 2013; Bose
et al,, 2022; cf. Stark, 2019), it is easier to administer and relatively easier to score (Alyahya
et al,, 2020; Ash et al,, 2013; Bose et al., 2022; Clarke et al., 2021; Lavoie et al., 2021).
Critically, structural deficits like producing less elaborated sentences with fewer embed-
dings and syntactic deficits like producing fewer syntactically well-formed sentences and
grammatical words are hallmarks of clinical characterizations of impaired speech in
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speakers with stroke (Berndt et al., 1997; Gordon, 2006; Matchin et al., 2020). Thus, it is
important to assess connected speech using an elicitation method which allows for rich
structural and syntactic output to better diagnose language impairments.

In clinical populations with language deficits as a result of neurodegenerative disease
and mild cognitive impairment, picture description has been compared to storytelling
yielding mixed results concerning which method elicits richer structural and syntactic
output. When comparing picture description with sequential picture storytelling in speak-
ers with either frontal-temporal dementia or different types of primary progressive
aphasia (n=32), structural and syntactic complexity did not differ as measured by the
mean length of utterance, the number of dependent clauses per utterance and gramma-
tically well-formed sentences (Ash et al. 2013). Other studies provide mixed results. To
assess connected speech in Bengali speakers with probable Alzheimer’s Disease (AD; n=6)
in comparison to controls (n=8), Bose and colleagues (2022) used Quantitative Production
Analysis (QPA; Saffran et al., 1989; Rochon et al., 2000; Gordon, 2006; Wilson et al., 2010).
The QPA procedure provides a detailed approach to analyze connected speech in an
objective way focusing on the frequency of a number of features of connected speech
such as the degree to which noun and verb phrases are elaborated, how often sentences
are well-formed or how often determiners are used when required. Here, sequential
picture storytelling vs. picture description elicited greater group differences across multi-
ple syntactic and structural measures. Speakers with AD produced fewer closed-class
words, decreased quality of noun inflections, and shorter sentences with fewer embed-
dings in comparison to controls. In another study using QPA but comparing storytelling
without visual stimuli to picture description in a group of 13 speakers with logopenic
variant of primary progressive aphasia (IvPPA) and 13 unimpaired speakers, storytelling
elicited greater differences between groups in the proportion of well-formed sentences
produced (Lavoie et al., 2021). Using multiple automated approaches to quantify con-
nected speech and a machine learning analytic approach, storytelling without visual
stimuli outperformed picture description in predicting whether a speaker was diagnosed
with mild cognitive impairment (n=12) and/or mild Alzheimer’s disease (n=12) in compar-
ison to controls (n=25). However, the differences were mostly in lexical aspects including
phonological complexity of words (the number of syllables per word), macrolinguistic
discourse aspects like the density of ideas in the narrative (the proportion of content
information units to overall words produced) and semantic coherence of the narrative
(Clarke et al., 2021). Although the results are suggestive that storytelling allows better
opportunity to produce structurally and syntactically complex connected speech, the
mixed neurodegenerative etiology within and across participant samples, modest sample
sizes, and lack of evidence from stroke populations leave it unclear whether these results
extend to those with language deficits after stroke.

In speakers after stroke, comparisons between picture description and storytelling
elicitation have exclusively assessed lexical as opposed to structural-syntactic character-
istics. In speakers with chronic aphasia after stroke (n=46), sequential picture storytelling
elicited a larger number and diversity of words in comparison to single picture description
perhaps unsurprisingly given the increased visual depictions of events (Alyahya et al.
2020; Alyahya et al., 2021; cf. Wright & Capilouto, 2009 for similar increases in number and
diversity of words in sequential picture storytelling vs. picture description in unimpaired
speakers). In a direct comparison of storytelling without visual stimuli and picture
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description, both speakers with chronic aphasia (n=90) and unimpaired speakers (n=84)
produced more verbs, adjectives and adverbs out of the total number of words during
storytelling but only unimpaired speakers produced more words during storytelling
(Stark, 2019). In support of using either elicitation method to measure connected speech
in stroke, speakers with chronic aphasia did not differ in their elicited total number of
words, open vs. closed class words, or nouns vs. verbs across methods. Although these
studies did not analyze the structural and syntactic aspects of connected speech, in
comparison to answers from quality of life questions, picture description was better at
eliciting increased numbers of predicates and arguments (26 speakers with chronic
aphasia, Dipper et al., 2018). However, to our knowledge, the degree to which sponta-
neous storytelling and picture description differ in elicitation of structural and syntactic
elements has not been explored in speakers with stroke.

Current Study

Our goal was to measure how connected speech elicitation methods compared in
eliciting structurally and syntactically, as well as lexically rich speech while quantifying
degree of impairment in speakers after acute stroke. This study offers advantages over
previous work in several ways. First, we compared connected speech elicited during
picture description and spontaneous storytelling without visual stimuli from a large
cohort of speakers during the acute phase of a left hemisphere stroke with varying
degrees of language impairment (n = 71). By recruiting participants independent of a
clinical diagnosis of aphasia, we included a wide variety of unimpaired to impaired speech
samples, providing a more expansive speech sample and one more representative of
those clinically assessed acutely for deficits. Second, we used an automated version of the
QPA approach (Fromm et al.,, 2021) to quantify microlinguistic connected speech deficits
(Rochon et al., 2000; Saffran et al., 1989). The QPA provides an objective and rigorous
analysis of different measures of the content, structure, and syntax of connected speech in
comparison to often used categorical, subjective measures (e.g., assessments of fluency
on a 0-10 scale in the BDAE) and has been used to measure connected speech across
different clinical populations (e.g., Gordon et al., 2020; Mirman et al., 2019; Lavoie et al.,
2021; Wilson et al., 2010). Using the validated automated QPA (C-QPA) approach affords
the advantages of less sensitivity to bias and less inconsistent evaluation (Fromm et al.,
2021). Lastly, we provide the first assessment in participants with stroke of whether
elicitation tasks differ in the number of participants categorized with lexical-syntactic
deficits relative to controls which clarifies the degree to which assessment tasks are
biased. Results will inform researchers and clinicians to facilitate better assessment of
lexical, structural, and syntactic deficits in connected speech after stroke.

Methods
Participants

In this retrospective study, 71 participants with stroke recruited from three comprehen-
sive stroke centers in the Texas Medical Center, Houston, Texas participated in this study
(44 males; 60 right-handed; 66 ischemic stroke; 3 hemorrhagic stroke; 2 undetermined;



APHASIOLOGY (&) 5

age: M= 59.4 years; S.D.= 13.5; range= 20-83; education: M= 14.0 years; S.D.= 3.0; range=
6-23). All were native monolingual English speakers who experienced a left hemisphere
acute stroke within a mean of 3.9 days of behavioral testing (SD= 2.5 days, range=1-13
days) without other health conditions which could impact cognition (i.e., tumor, demen-
tia, alcohol and/or drug dependency). For this study, further inclusion criteria included if
participants completed behavioral testing for both picture description and storytelling
tasks and their speech was intelligible enough to be transcribed. For the control group,
we enrolled 12 non-brain damaged participants (two male; 10 right-handed) matched in
mean age (M = 56.8, SD = 13.9, range = 37-78) and education (M = 15.4, SD = 1.9, range =
12-18; t's < 1.58, p-values > 0.11) to the 71 participants with stroke. Informed consent was
approved by the Baylor College of Medicine Institutional Review Board.

We assessed participants for the degree of apraxia of speech to limit its contribution to
the assessment of connected speech measures. Sixty-one participants and all controls
completed subtest 5 of the Second Edition of the Apraxia Battery for Adults (Dabul, 2000).
We were unable to administer the Apraxia Battery for ten participants because of in-
patient clinical care scheduling conflicts. For these participants, we analyzed speech errors
to assess for the presence of apraxia of speech using speech samples from picture
description and storytelling (see below for task details). A speech language pathologist
used a four-point scale to score apraxia of speech: 1 no apraxia (no speech sound errors), 2
mild apraxia (speech errors on < 25% of words), 3 moderate apraxia (speech errors on 25-
50% of words), and 4 severe apraxia (speech errors on > 50% of words). Sixty-four
participants with stroke and all control participants were confirmed without apraxia of
speech. The remaining seven had the following scores: 2 (n=4) and 3 (n = 3).

We did not clinically assess for the presence of aphasia as this study was part of a larger
study which included a longer battery of carefully designed tests of specific cognitive
abilities where correlational analyses required a range of abilities (Ding et al., 2020; Ding &
Schnur, 2022; Fromm et al., 2020; Martin et al., 2021; Martin & Schnur, 2019; Schnur & Lei,
2022; Zahn et al.,, 2023). We did not incidentally administer an aphasia testing battery
because testing time was restricted given the acute care setting. Aphasia diagnoses as
part of clinical care were not available at the time of testing as testing occurred close to
hospital admission.

Procedure

Participants were tested in the hospital or in part at the participant’s home if the
participant was discharged before testing was completed. We administered and audio
recorded picture description followed by storytelling.

Tasks

Storytelling. Participants viewed a picture book of the Cinderella story (Jeffers et al.,
2004) for as long as they liked with the words concealed. Participants were then instructed
to close the book and retell the story of Cinderella. Experimenters encouraged partici-
pants to produce full sentences and continue speaking if they produced long hesitations
mid-narrative.
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Picture Description. Participants viewed the picnic scene from the WAB (Kertesz, 2007)
and were instructed to describe what was happening in the picture. They were permitted
to look at the picture while they were describing the picture. As was done for the
storytelling task, participants were encouraged to produce full sentences and continue
speaking if they produced long hesitations mid-description.

Transcription & Scoring

For picture description, S.W. followed transcription procedures from Martin and Schnur
(2019, p. 63) based on the rules from the QPA (Gordon, 2006, p.189; Berndt et al., 2000, pp.
8-12; cf. Rochon et al., 2000, p. 198; Saffran et al., 1989, pp. 450-451) to identify words
uttered, separate narrative words from other uttered words, and segment narrative words
into utterances. For storytelling, we used transcriptions by two raters from Martin and
Schnur which were transcribed using the same approach (also reported in Ding & Schnur,
2022).

Following procedures described by Fromm et al. (2021), S.W. morphologically parsed
the picture description transcription to indicate utterances that were imperatives, missing
required determiners, missing subjects, and not syntactically well-formed. We then
extracted 12 different measures of lexical-syntactic accuracy and structural complexity
using a semi-automated procedure of the QPA (C-QPA) via CLAN (Fromm et al., 2021;
MacWhinney, 2000). For storytelling, we used the automated C-QPA results conducted by
Fromm et al. (2021) on the transcriptions from Martin and Schnur (2019) and Ding and
Schnur (2022). We refer to these variables grouped into three major aspects of connected
speech based on principal component loadings reported by Ding, Martin, Hamilton, and
Schnur (2020; cf. Gordon, 2006, 2020): lexical selection, structural complexity, and syntac-
tic accuracy. See Table 1 for C-QPA variable definitions. For an example transcription,
segmentation, and morphological parsing, see Appendix.

Inter-rater Reliability

For storytelling by participants and controls, inter-rater reliability for manual transcrip-
tions and utterance segmentation was previously conducted by Martin and Schnur (2019)
and further described by Ding and Schnur (2022).

S.W. completed all picture description transcriptions and coding. To establish inter-
rater reliability between S.W. and the raters for storytelling on transcription accuracy and
utterance segmentation. S.W. re-transcribed the storytelling tasks for a randomly selected
sub-sample of five participants who produced more than 10 utterances on the storytelling
task and who also completed the picture description task. S.W. reached 97% agreement
with the raters from Martin and Schnur (2019) on the number of narrative words (range
93-100%) where an average 91% of narrative words were identical (range 79-98%). When
segmenting narrative words into utterances, S.W. showed an average agreement of 93%
(range 75%-100%) with Martin and Schnur' To establish intra-rater reliability for the
picture description transcription and utterance segmentation, we randomly selected

"Fromm et al. (2021) demonstrated good agreement between manual scoring and automated C-QPA in all QPA measures
except for auxiliary complexity..
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five patients for S.W. to score twice, with the second timepoint ranging between one to six
months after the first. S.W. reached 99% agreement on the number of narrative words
(range 96-100%) where an average 96% of narrative words were identical (range 93-99%).
When segmenting narrative words into utterances, S.W. showed an average agreement of
97% (range 92-100%).

Statistical Analysis

We tested whether 12 QPA measures of lexical-syntactic aspects of connected speech
elicited using storytelling vs. picture description differed along three dimensions, correct-
ing for multiple comparisons (alpha = 0.05/12 = 0.004). First, to assess the degree to which
the two elicitation methods significantly differed from one another in measurements of
connected speech, we compared the 12 C-QPA measures via paired t-test. Second, we
calculated Pearson correlation coefficients to determine the degree to which the 12 C-
QPA variable scores generated from the two elicitation methods were consistent across
individuals. Finally, we conducted a chi-square test of independence for each C-QPA
measure to investigate if the number of people classified as impaired via storytelling
was significantly different than the number of people classified as impaired via picture
description. We set the level of impairment as < -2 SDs from the control performance
mean for all variables except for the proportion pronouns, proportion verbs, and propor-
tion of closed-class words produced as these scores are bivalent. For these variables, we
also classified scores as impaired at > 2 SDs from the control performance mean as they
indicate problems producing primarily nouns in comparisons to closed-class words,
pronouns and verbs. Negative values indicate the reverse (i.e. problems producing
words with grammatical function; cf. Ding et al., 2020). We tested for outliers for each
of the 12 C-QPA variables using the criteria of studentized residuals greater than 3
(extreme values) or a Cook’s D greater than 1 (influential).

Results

Table 1 summarizes the results comparing C-QPA outcomes for picture description and
storytelling elicitation methods averaged across tasks (via paired t-test), across partici-
pants (via Pearson r coefficients), and when identifying participants as impaired or spared
in comparison to controls (via chi-square). Outlier analyses identified between 0 and 3
participants as outliers across C-QPA variables.

Agreement and Consistency Between Tasks
Task Agreement

At the group level, picture description and storytelling measurements were signifi-
cantly different for 11 of 12 C-QPA lexical-syntactic connected speech variables. As
seen in Figure 1, A, regarding lexical selection, picture description elicited smaller
proportions of pronouns and verbs produced; pronouns: picture description, M= 0.2,
SD= 0.1, range= 0-0.49; storytelling, M= 0.5, SD= 0.1, range= 0.13-0.75; t(69)= 18.27,
p= <.0001; verbs: picture description, M= 0.4, SD= 0.1, range= 0.18-0.59; storytelling,
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M= 0.5, SD= 0.1, range= 0.3-0.75; t(69)= 12.55, p= <.0001. However, the difference
between elicitation methods for proportion of closed-class words produced did not
reach the alpha corrected threshold for multiple comparisons; picture description,
M= 0.5, SD= 0.1, range= 0.4-0.67; storytelling, M= 0.6, SD= 0.1, range= 0.4-0.67; t(69)=
2.73, p= 0.008. Regarding structural complexity, as seen in Figure 1, B picture
description elicited utterances with fewer words; mean utterance length: picture
description, M= 5.8, SD= 2.3, range= 1.7-12; storytelling, M= 8.3, SD= 2.9, range=
2.3-18.8; t(68)= 7.83, p= <.0001, sentences with fewer words (mean sentence length:
picture description, M= 6.4, SD= 2.4, range= 2.8-12; storytelling, M= 8.5, SD= 2.8,
range= 3-18.8; t(67)= 6.9, p= <.0001, less elaborated sentences (sentence elaboration:
picture description, M=1.7, SD=0.9, range= 0-3.9; storytelling, M= 2.5, SD= 1.1, range=
0-6.7; t(68)= 6.75, p= <.0001, less sentential embedding, embedding index values:
picture description, M= 0.1, SD= 0.1, range= 0-0.3; storytelling, M= 0.3, SD= 0.3,
range= 0-1.5; t(69)= 8.40, p= <.0001), and significantly fewer narrative words (number
of narrative words: picture description, M= 70.8, SD= 44.4, range= 10-184; story-
telling, M= 144.1, SD= 91.7, range= 7-325; t(69)= 7.33, p= <.0001. Regarding syntactic
accuracy, as seen in Figure 1, C picture description elicited a significantly smaller
proportion of well-formed sentences and proportion words in sentences in compar-
ison to storytelling (proportion well-formed sentences: picnic description, M= 0.6,
SD= 0.3, range= 0-1; storytelling, M= 0.9, SD= 0.2, range= 0-1; t(70)= 5.79, p< .0001;
proportion words in sentences: picture description, M= 0.7, SD= 0.2, range= 0.18-1;
storytelling, M= 1.0, SD= 0.1, range= 0.42-1.00; t(69)= 3.97, p < .0001. Participants
were less likely to produce determiners during picture description as indicated by a
significantly smaller determiner index for picture description (M= 0.9, SD= 0.2, range=
0.64-1) compared with storytelling (M= 1.0, SD= 0.1, range= 0.71-1), t(67)= 3.97, p=
.0002. Picture description also elicited less auxiliary complexity in comparison to
storytelling (auxiliary complexity: picture description, M= 0.9, SD= 0.6, range= 0-2.3;
storytelling, M= 1.2, SD= 0.3, range= 0.47-1.7; t(69)= 3.86, p= .0003. In summary,
storytelling elicited greater values for all C-QPA variables compared to picture
description at statistically significant levels except for proportion of closed-class
words.

Consistency across Participants

We calculated Pearson correlation coefficients to assess whether lexical, structural, and
syntactic C-QPA measures were consistently measured across individuals for storytelling
and picture description elicitations. See Figure 2 for scatter plots and Table 1 for summary
of results. Of the 12 variables, five (42%; mean sentence length, mean utterance length,
sentence elaboration, embedding index, and number of narrative words) were signifi-
cantly correlated across methods, using the same Bonferroni-corrected threshold as for

quantile box plots where median is the center of the box, 25 percentile the bottom, 75 percentile
the top, lower bars 10™ and 2.5™ percentile, and higher bars 90™ and 97.5™ percentile. All compar-
isons were statistically significant after multiple-comparison correction (Storytelling (in blue) > Picture
Description (in orange); p’s < .004) save for proportion closed-class words (p= 0.008). **| attached the
three panels (a.b.c.) in .eps format so that you can assure that they are the same size in the document.
Currently panel C is not the same size as the others.
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Figure 2. C-QPA Variable Performance across Participants on Storytelling vs. Picture Description
Individual performance (indicted by ") for C-QPA outcomes related to lexical selection (A), structural
complexity (B), and syntactic accuracy (C) during storytelling (x-axis) vs. picture description (y-axis).
Proportion variance explained (R2) in upper left corners. Structural complexity variables were sig-
nificantly correlated across elicitation methods after correcting for multiple comparisons (r's > 0.37, p's
<.002). Other comparisons were not-significant (r's < 0.12; p’s > .18). **| attached the three panels (a.
b.c.) in .eps format so that you can assure that they are the same size in the document.**| attached the
three panels (a.b.c.) in .eps format so that you can assure that they are the same size in the document.
Currently panel C is not the same size as the others.
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Figure 2. (Continued).

the t-tests, r's > 0.37, p's < .002. These variables, all proxies for structural complexity,
showed moderate, positive correlations. Remaining C-QPA variables were not significantly
correlated across methods, r's < 0.12, p’s > 0.18. In summary, although elicitation methods
were consistent in reflecting the degree of structural complexity produced across indivi-
duals, methods were not consistent in measuring lexical selection and syntactic accuracy
abilities.

Consistency in Deficit Identification

We conducted chi-square tests of independence to determine the consistency of picture
description and storytelling when identifying impaired and spared speakers across lexical,
structural, and syntactic C-QPA measures of connected speech. See Table 1 and Figure 3
for summary of results. Elicitation methods significantly differed in the number of indivi-
duals classified as impaired/spared across all three types of connected speech measures.
For two of the three lexical selection measures, storytelling classified more participants as
impaired than picture description, proportion of verbs, )(2 (1, N =70) = 9.57, p = .002;
proportion of pronouns, x° (1, N = 70) = 14.96, p < .0001. Picture description classified
more participants as impaired for the structural complexity measure related to the
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Figure 3. Impairment Classification Differences across Elicitation Methods Significant differences
between storytelling and picture description (x-axis) in the proportion of participants classified as
impaired (pattern orange) and spared (solid blue; y-axis) for lexical selection (a), structural complexity
(b), and syntactic accuracy (c) C-QPA variables (* 's > 9.6, ps < .002).

number of words produced, mean utterance length, )(2 (1, N = 69) = 10.99, p = .0009.
However, storytelling classified more individuals as impaired in the degree of sentence
embedding, Xz (1, N = 70) = 13.13, p = .0003. Regarding syntactic accuracy, picture
description classified more individuals as impaired for the proportion of words produced
in sentences x° (1, N = 70) = 31.76, p < .0001. No other impairment classification
differences were statistically significant (proportion of closed-class words, x2 (1, N=70)
< 1; mean sentence length, x2 (1, N = 68) < 1; sentence elaboration, )(2 1, N=69) < 1;
number of narrative words produced, )(2 (1, N =70) = 4.12, p = .04; proportion of well-
formed sentences, x° (1, N = 71) < 1; determiner index, x° (1, N = 68) = 1.11, p= .29; and
auxiliary complexity, x* (1, N = 70) < 1. In summary, storytelling classified individuals as
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impaired on more connected speech measures (n=3) in comparison to picture descrip-
tion (n=2).

Discussion

Comparing methods used to assess the degree to which speakers produce impaired
connected speech after acute stroke before reorganization and rehabilitation of function
is important to inform empirical studies of connected speech production and guide early
therapeutic strategies. However, the degree to which connected speech elicitation meth-
ods differ in eliciting structural and syntactic content is not well-understood. Here we
investigated how picture description and storytelling elicitation approaches compared on
lexical, structural, and syntactic microlinguistic aspects of connected speech in a large
group of speakers during the acute phase of left hemisphere stroke independent of
clinical aphasia diagnosis. We compared the degree to which the methods differed at
the group level, the degree of consistency at the individual level, and the degree of
consistency when categorizing speakers as impaired or spared. In comparison to picture
description, storytelling produced more lexically and structurally complex content and
more syntactically accurate content, which resulted in different connected speech out-
comes for participants across methods and increased the number of participants classified
with impairments. These results inform methodological approaches for the study of
connected speech deficits in this rare and clinically important patient population of
acute stroke.

Participants with acute stroke produced more structurally and syntactically complex
and lexically diverse content during storytelling compared to picture description. The
pattern of connected speech differences between elicitation methods likely results from
the inherent nature of the tasks. During picture description, participants viewed many
visually depicted objects and several actors performing actions in a scene, in contrast to
storytelling where the narrative was related without visual assistance. This prompted
participants during picture description to describe objects and the few depicted actions
more often with shorter, ungrammatical utterances (e.g., “couple having a picnic, house
with a garage and a car, driveway, sailboat, someone sailing out in the water, a dog by the
kid with the kite, a tree”). Consequently, participants produced fewer verbs and pronouns
in comparison to nouns, less structural complexity (shorter sentences, shorter utterances,
less sentential elaboration and embeddings), and less syntactically accurate speech (fewer
syntactically well-formed sentences, words in sentences, and required determiners). Our
results are consistent with studies in speakers with neurodegenerative disease that found
that picture description in comparison to storytelling with and without pictures or semi-
structured interviews produced less syntactically rich and complex speech but was more
able to expose semantic deficits (Bose et al., 2022; Clarke et al, 2021; Lavoie et al., 2021;
Sajjadi et al., 2012; cf. Ash et al., 2013). Others have also noted that picture description
elicits list-like labeling (Bose et al., 2022; Wright & Capilouto, 2009). Wright and Capilouto
demonstrated in unimpaired adult speakers that changing the instructions for picture
description to emphasize temporal-causal information increased the number of main
events described, although the syntactic and structural complexity of speech (i.e., the
number of words and clauses within a main clause) did not change. This leaves open for
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future research whether picture description with tailored instructions might elicit speech
as structurally and syntactically complex as that elicited by spontaneous storytelling.

The differences we observed in content elicited between methods had consequences
for measurement consistency and impairment classification. First, regarding lexical selec-
tion, on average participants produced fewer nouns in comparison to pronouns and verbs
during storytelling vs. picture description. As a result, not only were elicitation methods
inconsistent measuring individual capacity to produce nouns in comparison to pronouns
and verbs, but further, more participants were classified as outside the range of controls in
producing nouns during storytelling (31% of participants during storytelling vs. 3% during
picture description). We hypothesize that storytelling captured more noun production
deficits because without the depicted objects to facilitate lexical selection, participants
were less successful in lexical retrieval. With regards to deficits producing pronouns and
verbs in comparison to nouns, far fewer people showed deficits in either storytelling (1%
and 6% respectively) or picture description (7% and 13% respectively), in line with the less
agrammatic presentation of connected speech in these speakers with acute stroke. It is
seemingly paradoxical that a method that elicits list-like labeling (picture description)
should less frequently categorize lexical selection impairment in comparison to story-
telling. However, this result highlights that storytelling, by virtue of its lack of visual cues,
is @ more taxing language production task which more closely approaches real-world
communication. Thus, we suggest that storytelling is a more ecologically valid measure
than picture description when assessing lexical selection ability during spontaneous
connected speech in speakers with more mild speech deficits.

Second, although storytelling elicited overall more structurally complex speech, elicita-
tion methods were consistent measuring individual capacities. That is, if one person
produced more words per utterance and longer sentences compared to another person,
they were also likely to do so during storytelling. However, whether participants were
assessed as impaired on structural complexity varied depending on the elicitation
method. Storytelling classified more individuals as impaired in the number of embed-
dings per sentence produced in comparison to controls. This is likely because picture
description elicited a more compressed range in performance and fewer overall sentential
embeddings. During picture description 60% of participants produced no embeddings at
all, but performance was within the control range (and thus no one was classified as
impaired). However, 7% of all participants produced no embeddings during storytelling
and 17% overall were impaired relative to controls. Thus, because picture description
elicited shorter utterances with few to no embeddings for both patients and control
participants in comparison to storytelling, storytelling appears the better tool to measure
the ability to produce embeddings.

In contrast, participants were more likely to be classified as impaired during picture
description for variables that were more dependent on the overall number of narrative
words produced (mean number of words per utterance and the proportion of narrative
words produced within vs. outside of sentences, a syntactic accuracy variable). Again, the
inherent nature of the task is likely responsible for these impairment classifications. As
described above, we conjecture that participants approached picture description listing
objects in short ungrammatical sequences, an approach controls did not consistently
take, which resulted in more participants classified as impaired for the proportion of
words produced in sentences.
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Lastly, participants performed near ceiling during storytelling for most syntactic accuracy
measures, but performance was more variable during picture description. As a result, methods
were inconsistent when measuring syntactic accuracy across individuals. That said, across
most syntactic measures, the number of people classified as impaired did not differ between
elicitation methods (cf. Clarke et al., 2021 for contrasting results in a small group of speakers
with mild cognitive impairment and Alzheimer’s Disease). Although null results occur for
many reasons, elicitation measures may not have differed classifying syntactic impairments
because our participant cohort as a whole generally had more mild speech deficits.

In sum, differences between elicitation method language outcomes arose at least in
part due to the inherent nature of the tasks. Participants produced more diverse speech
and performed substantially better on structural complexity and syntactic accuracy
aspects of connected speech during storytelling. It remains an open question if differ-
ences in language measures were due to the difference in output, as during storytelling
participants produced twice as many narrative words as picture description. However,
elsewhere participants with chronic stroke produced more verbs, adjectives and adverbs
during storytelling compared to picture description when there was no difference in
overall output between elicitation methods (Stark, 2019). While speech samples still
require manual transcription, because of recent advancements in automated analysis of
the lexical, structural, and syntactic elements of connected speech via the C-QPA and
CLAN (Fromm et al., 2021; cf. other approaches used by Clarke et al., 2021), evaluating
connected speech for deficits in a clinical or research context is a more reasonable
possibility. Given the yield and the possibilities of using automated analysis via the C-
QPA, it may be beneficial to administer a lengthier task like storytelling.

Other studies have explored differences in connected speech outcomes between
elicitation methods in speakers with chronic stroke, but the methodological designs
and variables critically differ between studies, which makes direct comparisons difficult
to interpret (e.g., single vs. sequential picture descriptions or answers to questions;
Alyahya et al., 2020, 2021; Ash et al.,, 2013; Dipper et al., 2018). We are aware of one
study which directly compared connected speech outcomes between storytelling and
picture description in speakers with stroke. When describing a single picture of firefighters
rescuing a cat in comparison to narration of the Cinderella tale (Stark, 2019; part of the
AphasiaBank protocol, cf. MacWhinney et al., 2011), speakers with chronic stroke did not
significantly differ in the total number of words, mean length of utterance and proportion
nouns vs. verbs produced across methods in contrast to our results (although both studies
found no differences in the proportion of closed vs. open class words produced across
elicitation methods). We conjecture this may be due to differences between participant
groups in terms of the degree of language impairment (speakers recruited because of
clinically diagnosed aphasia after stroke vs. speakers recruited after acute stroke inde-
pendent of a clinical diagnosis of aphasia). Thus, differences in stimuli used to elicit
connected speech, derived outcome measures (notably a previous singular focus on
lexical variables) and participant populations make comparisons between studies difficult.

Future Directions

Our study examined connected speech in large group of participants during the
acute stage of left hemisphere stroke independent of clinical diagnosis of aphasia.



APHASIOLOGY 17

Although this participant sample provides important information regarding the
nature of language deficits before reorganization and rehabilitation of function,
by testing performance before recovery during the acute stage of stroke, we de
facto excluded participants with more severe speech deficits, for example, those
who could not produce enough connected speech for analysis or those whose
speech was difficult to transcribe due to motor or articulatory deficits. These
participants with more severe language deficits are likely included in chronic stroke
studies as reorganization and rehabilitation afford improved speech output during
recovery. Additionally, because testing was conducted in neuro-intensive care units
as part of a larger battery of neuropsychological assessments during the same
testing session, we were unable to counterbalance test administration. Thus, the
results we report here should be replicated in participants with clinical diagnoses
of aphasia with a counterbalanced order of task presentation to avoid potential
impact of task order and importantly, extend conclusions to those with increased
language deficits.

We adopted a common picture description stimulus to compare with storytelling, the
black-and-white picnic picture description task from the Western Aphasia Battery (Kertesz,
2007). However, the recently updated, color version of the “cookie theft” scene from the
Boston Diagnostic Aphasia Examination (Berube et al., 2019) that also includes more
depicted actions, may be more stimulating and consequently elicit different responses
from those elicited from the picnic picture description. In future work we endeavor to
establish whether other elicitation methods are more effective at capturing language
impairments compared to storytelling.

Lastly, we focused on the microlinguistic features of connected speech, as deficits in
these lexical, structural, and syntactic aspects often occur after stroke (Berndt et al., 1997;
Gordon, 2006; Matchin et al., 2020). However, deficits to convey a consistent theme across
the discourse, i.e. global coherence, and relate successive utterances to each other, i.e.,
local coherence (Kintsch & Van dijk, 1978; Marini et al., 2011) among deficits to other
macrolinguistic features of discourse also occur after stroke and impact communication
(e.g., Alyahya et al., 2022; Barker et al., 2017; Glosser & Deser, 1991; Schneider et al., 2021;
Sherratt & Bryan, 2012). A fruitful direction for future research will be to extend current
investigations of how connected speech tasks differ in eliciting deficits in macrolinguistic
features of discourse to larger samples of people after acute and chronic stroke
(Fergadiotis & Wright, 2012; Leaman & Edmonds, 2023; Olness, 2007; Wright et al., 2014).

Conclusions

Successful connected speech is critical for communication but methods of assessment
after stroke vary with unknown consequences for quantification of deficits. Here, we
report for the first time a detailed comparison of the structural and syntactic outcomes
for two common approaches, spontaneous storytelling and picture description in a large
group of speakers during the acute phase of left hemisphere stroke. In comparison to
picture description, storytelling produced more lexically diverse, structurally complex and
syntactically accurate content which increased the number of participants classified with
lexical and structural impairments in the acute stage after stroke. This suggests that
storytelling may be a task better suited to uncover linguistic deficits early post stroke
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and may provide a better reflection of the abilities needed to communicate effectively in a
real-world setting.
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Appendix

An example of picture description transcription, utterance segmentation, and morphological parsing.

Original Transcription

Participant: Uh man and woman are having a picnic and a man is flying a kite with his dog running
beside him and uh someone is sailing on a sailboat and someone’s fishing on a pier and this person is
playing in the sand this child (3 sec) at a house and a tree and a flag and trees and the water
Experimenter: Anything else

Participant: The man is reading a book and the woman is pouring a drink and they're listening to the radio
Experimenter: Is that it

Participant: yes

Words Uttered

man and woman are having a picnic and a man is flying a kite with his dog running beside him and
someone is sailing on a sailboat and someone is fishing on a pier and this person is playing in the
sand this child at a house and a tree and a flag and trees and the water

The man is reading a book and the woman is pouring a drink and they are listening to the
radio

Yes

Narrative Words

man and woman are having a picnic and a man is flying a kite with his dog running beside him and
someone is sailing on a sailboat and someone is fishing on a pier and this person is playing in the
sand this child at a house a tree a flag trees the water

The man is reading a book and the woman is pouring a drink and they are listening to the radio

Utterances

[man and woman are having a picnic] [a man is flying a kite with his dog running beside him]
[someone is sailing on a sailboat] [someone is fishing on a pier] [this person is playing in the sand]
[this child at a house] [a tree] [a flag] [trees] [the water]

[The man is reading a book] [the woman is pouring a drink] [they are listening to the radio]

Morphological Parsing following Fromm et al. (2021)

Odet man and Odet woman are having a picnic
a man is flying a kite with his dog running beside him
someone is sailing on a sailboat

someone is fishing on a pier

this person is playin in the sand

this child at a house [+ gram]

a tree [+ gram]

a flag [+ gram]

trees [+ gram]

the water [+ gram]

the man is reading a book

the woman is pouring a drink

they are listening to the radio
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