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Introduction
Fluent speech production requires the rapid coordination of multiple cognitive and neural
systems, including syntax, sentence planning, working memory, semantics, phonology, and
articulatory motor control (e.g., Gordon, 2020; Matchin & Hickok, 2020; Mirman et al., 2019;
Nozari & Faroqi-Shah, 2017). Building on prior data-driven work, we used Quantitative
Production Analysis (QPA; Rochon et al., 2000; Saffran et al., 1989) to derive a diverse and
comprehensive set of narrative speech production measures that include fluency and syntax
at lexical, utterance, and sentence levels. These measures were combined with general
measures of language impairment (aphasia quotient, naming accuracy) and measures of
semantic and phonological deficits to situate fluency and syntax deficits in the context of wellestablished dimensions of aphasia variability: overall severity, semantic deficit, and
phonological deficit.
Methods
Behavioural data consisted of 13 QPA measures plus 8 additional measures (see Figure 1),
which were available for 69 participants with aphasia following left hemisphere stroke. All
participants were right-handed native English speakers. The behavioural measures were
entered into a principal component analysis (PCA) with bifactor rotation – a latent structure
model where each item loads on a general factor that reflects what is common among the
items, and two or more orthogonal factors that explain variance not accounted for by the
general factor (e.g., Reise et al., 2010). Lesion data were available for 58 of the participants
and each factor score was analysed with multivariate lesion-symptom mapping using SCCAN
(Pustina et al., 2018). Sparseness was optimised independently for each analysis using 8fold cross-validation.
Results
The PCA produced a four-factor solution that accounted for 70.6% of the variance in the data,
with factors corresponding to (1) length and complexity of output (mean sentence and
utterance length, proportion of words in sentences, infection and embedding); (2) lexical
syntax (proportions of verbs, closed class words, and pronouns); (3) semantics (CCT,
semantic discrimination, semantic errors); (4) phonology (word and nonword repetition,
phonological errors). Figure 1 shows the factor loadings and Figure 2 shows the SCCAN
LSM results. Deficits on the lexical-syntax factor were associated with damage in a relatively
small set of fronto-parietal regions (optimal sparseness = 0.216, CV correlation = 0.517, p <
0.001): IFG pars triangularis, precentral gyrus, and dorsal portion of the inferior parietal
lobule. Deficits in length and complexity of speech output were associated with a somewhat
larger temporo-parietal region (optimal sparseness = 0.576, CV correlation = 0.603, p <

0.001): SMG and postcentral gyrus, posterior STG and MTG, and Heschl’s gyrus. For
comparison (and not surprisingly), overall aphasia severity (WAB AQ) was associated with
damage to a large portion of the MCA territory (optimal sparseness = 0.798, CV correlation
= 0.653, p < 0.001) that included parietal, temporal, and frontal regions.
Conclusions
These results suggest a cognitive and neural dissociation between lexical-level syntactic
production (use of pronouns, closed class words, verbs) and the length, complexity, and
structure of sentences, utterances, and phrases; and both of these functions are relatively
separate from lower-level phonological and semantic abilities.
References
Gordon, J. K. (2020). Factor Analysis of Spontaneous Speech in Aphasia. Journal of
Speech, Language, and Hearing Research, 63(12), 4127–4147.
https://doi.org/10.1044/2020_JSLHR-20-00340
Matchin, W., & Hickok, G. (2020). The Cortical Organization of Syntax. Cerebral Cortex,
30(3), 1481–1498. https://doi.org/10.1093/cercor/bhz180
Mirman, D., Kraft, A. E., Harvey, D. Y., Brecher, A. R., & Schwartz, M. F. (2019). Mapping
articulatory and grammatical subcomponents of fluency deficits in post-stroke
aphasia. Cognitive, Affective & Behavioral Neuroscience, 19(5), 1286–1298.
https://doi.org/10.3758/s13415-019-00729-9
Nozari, N., & Faroqi-Shah, Y. (2017). Investigating the origin of nonfluency in aphasia: A
path modeling approach to neuropsychology. Cortex, 95, 119–135.
https://doi.org/10.1016/j.cortex.2017.08.003
Pustina, D., Avants, B., Faseyitan, O. K., Medaglia, J. D., & Coslett, H. B. (2018). Improved
accuracy of lesion to symptom mapping with multivariate sparse canonical
correlations. Neuropsychologia, 115, 154–166.
https://doi.org/10.1016/j.neuropsychologia.2017.08.027
Reise, S. P., Moore, T. M., & Haviland, M. G. (2010). Bifactor Models and Rotations:
Exploring the Extent to which Multidimensional Data Yield Univocal Scale Scores.
Journal of Personality Assessment, 92(6), 544–559.
https://doi.org/10.1080/00223891.2010.496477
Rochon, E., Saffran, E. M., Berndt, R. S., & Schwartz, M. F. (2000). Quantitative analysis of
aphasic sentence production: Further development and new data. Brain and
Language, 72, 193–218. https://doi.org/10.1006/brln.1999.2285
Saffran, E. M., Berndt, R. S., & Schwartz, M. F. (1989). The quantitative analysis of
agrammatic production: Procedure and data. Brain and Language, 37(3), 440–479.
Acknowledgments
We thank Adelyn Brecher, Taylor Foley, and the rest of the Moss Rehabilitation Research
Institute aphasia research team for QPA coding and data management. We also thank Aja
Murray for helpful statistical advice and Erica Middleton, Jerzy P. Szaflarski and the rest of
the Functional Communication project team for valuable discussions. This research was
funded by NIH/NIDCD grant R01DC017137 to DM and JPS. The data were previously
collected as part of a project funded by NIH/NDCD grant R01DC000191 to Myrna F.
Schwartz.

Figure 1. Bifactor PCA loadings. Each factor is shown in a separate panel with positive
loadings in blue and negative loadings in red. Note: Sent = Sentence(s), Len = Length,
Utter = Utterance, Prop = Proportion, Aux = Auxiliary.

Figure 2. SCCAN LSM results for lexical-syntax (top row), length/complexity of speech
output (middle row), and aphasia severity (bottom row).

