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Abstract 
 

Syntactic production and comprehension deficits in aphasia, both of which are commonly 

referred to as “agrammatism”, are commonly thought to result from a common underlying 

grammatical deficit, associated with frontal lesions centered on Broca’s area. However, 

Wernicke originally posited that frontal damage resulted in nonfluent speech production but not 

comprehension deficits, and that parallel production and comprehension deficits in fluent aphasia 

result from damage to posterior temporal cortex. In this study we tested the generalization of 

Wernicke’s theory to syntax. In a group of 53 left hemisphere stroke patients, paragrammatic 

production deficits were associated with reliable syntactic comprehension deficits, but 

agrammatic production deficits were not. In addition, the lesion corelates of syntactic 

comprehension deficits in 218 left hemisphere stroke patients were associated with damage to 

the same temporal lobe regions implicated in paragrammatism, but not the inferior and middle 

frontal regions implicated in agrammatism. Our results speak against the received view of 

parallel syntactic production and comprehension deficits resulting from common damage to 

frontal cortex. By contrast, consistent with Wernicke’s original ideas, a different grammatical 

parallelism hypothesis appears to be correct: syntactic production and comprehension deficits 

occur in fluent aphasia following damage to middle and posterior temporal lobe. 

 

Significance statement 
 

Sentence structure, or syntax, is potentially a uniquely creative aspect of the human mind, widely 

thought to be associated with Broca’s area in the frontal lobe. This association was forged after 

experiments in the 1970s with few subjects suggested parallel syntactic production and 

comprehension deficits in Broca’s aphasia. Using modern lesion-symptom mapping methods in 

large numbers of subjects, we found that, contrary to the standard view, parallel syntactic 

production and comprehension deficits result from damage to the middle-posterior temporal lobe 

and not the frontal lobe. Our results suggest a fundamental rethinking of the neurological bases 

of this creative capacity, in line with older hypotheses about parallel production and 

comprehension deficits developed in the 19th century by Karl Wernicke. 

 

Introduction 
 

Grammatical parallelism in aphasia 

 

Syntax, or the ability to combine words into hierarchical structures, enables a core component of 

human linguistic creativity: the ability to make novel sentences of unbounded size and number 

(Chomsky, 1965; von Humboldt, 1836). The nature of syntactic deficits in aphasia and the role 

of Broca’s area in such deficits has a long and complicated history. From the beginning of the 

20th century until the 1970s, agrammatism in people with nonfluent Broca’s aphasia was defined 

as the systematic reduction of syntactic complexity and omission of functional elements (such as 

auxiliary verbs and articles) in speech production; syntactic comprehension was assumed to be 

intact (Forster, 1919; Isserlin, 1922). This was consistent with the classical model of language in 

the brain espoused by Wernicke, Lichtheim, and later Geschwind, positing that frontal damage, 

which was linked to Broca’s aphasia, produced expressive language deficits in the absence of 

notable receptive deficits (Geschwind, 1970, 1972, 1979; Wernicke, 1874). 
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The received view of impaired production but preserved comprehension in agrammatism was 

questioned in the 1970s, when some studies (typically with small numbers of subjects and an 

absence of detailed lesion analysis) revealed apparent syntactic comprehension deficits in people 

with agrammatic Broca’s aphasia (Caramazza & Zurif, 1976; Zurif et al., 1972)1. A highly 

influential study by Caramazza & Zurif (1976) assessed the syntactic comprehension abilities of 

English speaking people with agrammatic Broca’s aphasia using semantically reversible 

sentences with noncanonical word order. Reversible sentences consisted of those in which the 

doer and receiver of the action could switch positions and the sentence still makes sense (1), as 

opposed to semantically constrained sentences which would be thematically impossible if the 

doer and receiver were switched (2). 

 

(1) The man that the woman is hugging is happy (reversible, non-canonical word order, poor 

performance) 

(2) The apple that the boy is eating is red (semantically constrained, non-canonical word 

order, good performance) 

 

This study showed that comprehension of semantically constrained sentences with non-canonical 

word order (2) was good, but that comprehension of reversible sentences with non-canonical 

word order (1) was poor. They argued that people with agrammatic Broca’s aphasia lacked 

normal syntactic ability not only for production but also comprehension, explaining their 

selective pattern of comprehension deficits. This pattern could be explained via the preservation 

of word-level understanding and interpretive heuristics based on semantic plausibility and 

assuming the first noun to be the agent of the action. 

 

Such results shifted the standard assumption in aphasiology towards grammatical parallelism: the 

idea that syntactic comprehension deficits accompanied syntactic production deficits in 

agrammatic Broca’s aphasia (Berndt & Caramazza, 1980; Kean, 1977; Saffran et al., 1980; 

Schwartz et al., 1980; Zurif, 1980). The grammatical parallelism hypothesis was sometimes 

termed “overarching agrammatism” (Swinney & Zurif, 1995; Grodzinsky, 2000), emphasizing 

that the comprehension and production deficits in agrammatism resulted from disruption to a 

common underlying syntactic mechanism. This represented a major shift in thinking regarding 

aphasiology and the neurobiology of language. Instead of talking about language deficits and 

neurological models in terms of production or comprehension functions, the vocabulary of 

linguistic theory regarding central functions of syntax (assumed to be Broca’s area, or the 

posterior inferior frontal gyrus) and semantics (assumed to be posterior temporal cortex) was 

used to define the language-brain relationship (see also Jakobson, 1956; Jakobson & Halle, 1956 

for early views on the application of linguistics to aphasiology). This was in part based on the 

assumed relationship between Broca’s aphasia and Broca’s area, although we note that Broca’s 

aphasia may be caused by lesions not involving Broca’s area (Fridriksson et al., 2007), and 

damage to Broca’s area alone is insufficient to cause Broca’s aphasia (Fridriksson et al., 2015; 

Mohr et al., 1978). 

 

 
1 Patients with conduction aphasia, without agrammatic production deficits, showed the same comprehension pattern 

in Caramazza & Zurif (1976), a fact rarely discussed in current literature. 
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However, demonstrations of intact receptive syntactic abilities in people with agrammatic 

Broca’s aphasia in the 1980s cast strong doubt on the grammatical parallelism hypothesis. 

Specifically, syntactic acceptability judgments, subtle and direct tests of syntactic ability, were 

shown to be intact in people with agrammatic Broca’s aphasia (Linebarger et al., 1983; Wilson & 

Saygın, 2004; Wulfeck & Bates, 1991). Thus by the 1990s, researchers in aphasiology had 

largely abandoned the grammatical parallelism hypothesis (Goodglass et al., 1993; Kean, 1995; 

Swinney & Zurif, 1995) for a review, see (Matchin & Rogalsky, in press). 

 

The idea that Broca’s area serves as a central syntactic hub may have disappeared completely 

from the theoretical landscape had it not been for the emergence of functional neuroimaging 

studies of syntactic processing in the 1990s. Several studies of syntactic comprehension showed 

effects in Broca’s area (Dapretto & Bookheimer, 1999; Embick et al., 2000; Friederici et al., 

2000; Moro et al., 2001; Stromswold et al., 1996), breathing new life into the hypothesis that 

Broca’s area serves as a overarching syntactic hub. In addition, research on the neural basis of 

word-level processes (lexical access) demonstrated associations with the posterior temporal lobe 

(Dronkers et al., 2004; Hickok & Poeppel, 2000; Lau et al., 2008; Levelt, 2001; Levelt et al., 

1999; Pinker & Ullman, 2002). Together, these findings reinforced a framework for language in 

the brain that posited a syntactic computation function in Broca’s area and a lexical storage 

function in posterior temporal cortex (Friederici, 2002; Hagoort, 2005), aligning two core aspects 

of language with the two classical language regions. Thus, despite contradictory evidence from 

aphasiology, the overarching agrammatism hypothesis and the concept of a central syntactic hub 

in Broca’s area continues to have substantial influence in psychology, linguistics, and 

neuroscience (Arbib, 2016; Bozic et al., 2015; Friederici, 2017; Hagoort, 2013, 2016; Hagoort & 

Indefrey, 2014; Kuperberg, 2007; Menenti et al., 2011; Momma & Phillips, 2018; Rilling, 2014; 

Tyler et al., 2010; Wilson et al., 2010)(D’Ausilio et al., 2012; Ocampo & Kritikos, 2011; 

Pulvermüller & Fadiga, 2010). 

 

Grammatical parallelism revisited: paragrammatism and the posterior temporal lobe 

 

Juxtaposed with the idea that Broca’s area is a hub for an overarching grammatical ability is the 

emerging view that there is a kind of overarching syntactic hub in the posterior temporal lobe 

instead. Roots of this idea extend back to Wernicke (1874) who argued that the temporal lobe 

subserved both receptive and expressive function at the speech-sound level. Specifically, he 

observed that people with sensory (Wernicke’s) aphasia had production deficits in addition to 

comprehension deficits, which he attributed to the absence of a sensory-to-motor “corrective 

function.”  

 

Aside from his deficient comprehension, the patient has aphasic manifestations in 

speaking because of the absence of the corrective function exercised unconsciously by the 

sound images. (p. 52) 

 

In today’s terminology, we would call this “sensory feedback control”: the idea that production 

is guided by perceptual systems (Guenther, 2006; Guenther & Hickok, 2016; Levelt, 1989). 

Much subsequent research has confirmed the role of posterior temporal regions in phonological- 

and lexical-level aspects of speech production (Behroozmand et al., 2015; DeLeon et al., 2007; 
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Dell et al., 2013; Golfinopoulos et al., 2011; Guenther & Hickok, 2015; Hickok, 2012, 2014b; 

Hickok et al., 2003, 2011; Hillis et al., 2006; Indefrey & Levelt, 2004; Tourville et al., 2008). 

 

Expressive deficits in such people with aphasia are not limited to sound-related errors, however. 

In the early 1900s, clinicians described an expressive disorder termed paragrammatism, which is 

associated with fluent aphasia and characterized by grammatical distortion but without the 

overall reduction/simplification that is characteristic of agrammatism (Bonhoeffer, 1902; 

Butterworth & Howard, 1987; Goodglass et al., 1993; Kleist, 1914). This disorder has received 

vanishingly little attention in the last decades. In recent work, Matchin et al. (2020) found a 

double dissociation in the lesion distributions associated with agrammatism versus 

paragrammatism: agrammatism was associated with inferior and middle frontal damage 

including Broca’s area, but not temporal cortex, consistent with several previous studies (Den 

Ouden et al., 2019; Sapolsky et al., 2010; Wilson et al., 2011; Wilson, Henry, et al., 2010), and 

paragrammatism was associated with damage to the posterior temporal cortex, but not frontal 

cortex. 

 

The finding of expressive grammatical deficits associated with posterior temporal lesions 

strongly suggests the existence of an overarching grammatical deficit for three reasons. First, 

paragrammatism is strongly associated with the fluent aphasias (Wernicke's and conduction 

aphasia) and poor comprehension (Butterworth & Howard, 1987; Goodglass et al., 1993; 

Heeschen, 1985; Yagata et al., 2017), which are associated with posterior temporal-parietal 

rather than frontal lesions (Buchsbaum et al., 2011; Fridriksson et al., 2018; Hillis et al., 2001; 

Ogar et al., 2011; Yagata et al., 2017). Second, posterior temporal regions have consistently been 

implicated in both lesion and functional imaging studies of syntactic comprehension (Fedorenko 

et al., 2012; Goucha & Friederici, 2015; Matchin, Brodbeck, et al., 2019; Matchin et al., 2017; 

Matchin, Liao, et al., 2019; Matchin & Wood, 2020; Pallier et al., 2011; Rogalsky et al., 2018; 

Wilson & Saygın, 2004; Zaccarella, Meyer, et al., 2017). By contrast, frontal cortex is not 

consistently implicated in lesion studies of receptive syntax and when it is, the sentence stimuli 

used in such studies carry steep working memory demands, such as complex multi-clause 

structures with non-canonical word order (Amici et al., 2007; Fridriksson et al., 2018; 

Kristinsson et al., 2020; Magnusdottir et al., 2013; Mesulam et al., 2015; Tyler et al., 2011; 

Wilson et al., 2011). Third, the concept of lexicalized syntactic structure—the idea that syntax is 

stored in the lexicon—has emerged as a strong convergent idea across linguistic theories (see 

Matchin & Hickok, 2020 for an overview). Thus, posterior temporal regions are a much stronger 

candidate for an overarching grammatical function than frontal areas. 

 

Here we test the overarching paragrammatism hypothesis directly in a large sample of people 

with aphasia. We assess whether syntactic production and comprehension deficits coincide in 

aphasia, and whether damage to frontal or posterior temporal regions result in parallel 

grammatical deficits. As reviewed above, syntactic comprehension is often assessed using 

reversible sentences with non-canonical word order, but such structures typically involve 

complex multi-clause structures with working memory confounds (Rogalsky et al., 2008). 

Therefore, for our measure of syntactic comprehension, we instead used the Sequential 

Commands subtest of the Western Aphasia Battery/Western Aphasia Battery-Revised 

(WAB/WAB-R; Kertesz, 2007), which we administered to a large cohort of 218 subjects. 

Sequential Commands consists of 11 sentential instructions for simple actions to perform. It 
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requires the subject to process basic syntactic relations indicated with prepositional phrase 

modifiers and connectives, while minimizing lexical demands (using repeated simple nouns 

referring to objects in the room) and minimizing the working memory demands that complex 

non-canonical structures involve2. Previous studies have also used the Sequential Commands 

subtest of the WAB to assess syntactic comprehension (Dronkers et al., 2004; Gorno-Tempini et 

al., 2004), but did so in conjunction with additional measures including complex sentences with 

non-canonical word order. We combined the Sequential Commands scores with performance on 

the Auditory Word Recognition subtest of the WAB-R to control for lexical comprehension 

abilities. The Auditory Word Recognition Subtest requires the subject to identify similar 

household objects as in the Sequential Commands subtest indicated by the experimenter in 

addition to a variety of other common words that are visually depicted. We included Auditory 

Word Recognition scores as a covariate on the Sequential Commands scores, removing the 

variance associated with word comprehension, resulting in our syntactic comprehension 

measure. 

 

For our measures of syntactic production deficits, we use the same data from 53 subjects 

reported in (Matchin et al., 2020): expert assessments of the presence and type of grammatical 

production deficits (agrammatism, paragrammatism, and no grammatical deficit). We assessed 

the relationship between these grammatical production deficits, syntactic comprehension deficits, 

and their associated lesion correlates. The overarching paragrammatism hypothesis predicts that 

posterior temporal lobe lesions will be associated with syntactic comprehension deficits and with 

the presence of paragrammatic speech output. Although existing neuropsychological evidence 

argues against the idea of overarching agrammatism following frontal lesions, we will test the 

predictions of this hypothesis as well. The overarching agrammatism hypothesis predicts that 

frontal lesions will be associated with syntactic comprehension deficits and with the presence of 

agrammatic speech output.  

 

Materials and Methods 
 

Subjects 

 

Subjects were drawn from a database of individuals with chronic, post-stroke aphasia who have 

completed testing for various studies conducted at the University of South Carolina (UofSC) and 

the Medical University of South Carolina (MUSC) over the last 15 years. All were right-handed, 

native speakers of English, had suffered an ischemic stroke to the left hemisphere at least six 

months prior to the study, and presented with language difficulties3. We performed analyses in 

two groups of subjects. The first group consisted of 218 subjects who were assessed on the 

Sequential Commands and Auditory Word Recognition subtests of the Auditory Verbal 

Comprehension section of the WAB/WAB-R. The second group consisted of a subset of 53 of 

 
2 A few items require the subject to perform actions in sequence, which might involve working memory demands. 

However, we note that this possibility works against our hypothesis, as it would suggest that frontal resources in 

addition to temporal resources would be additionally recruited to perform the task. Importantly, the sentence stimuli 

in Sequential Commands do not themselves impose a working memory burden in the way that complex non-

canonical structures do, such as embedded object-relative clauses. 
3 Most subjects were classified as aphasic according to the Western Aphasia Battery; however, some scored outside 

of the aphasic range by the time of examination. All subjects had presented with some form of language difficulty 

following their stroke. 
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these subjects who also performed the Cinderella Story retelling task from AphasiaBank 

(MacWhinney et al., 2011), for which we were able to assess the presence of paragrammatic and 

agrammatic speech as reported in Matchin et al. (2020); detailed information about this group is 

reported in that paper. All procedures were approved by the UofSC and MUSC IRBs and 

informed consent was obtained. 

 

Tasks WAB/WAB-R: Sequential 

Commands and Auditory Word 

Recognition  

Perceptual ratings: 

AGRAMMATISM and 

PARAGRAMMATISM 

Total number of 

subjects 

218 53 

Sex 133 male, 85 female 35 male, 18 female 

Mean age at 

testing (years) 

60.0 (SD = 11.4) 58.9 (SD = 12.2) 

Mean months 

post-stroke at 

initial testing  

43.0 (SD = 48.4) 48.6 (SD = 53.5) 

Mean education 

(years) 

15.0 (SD = 2.3)* 15.8 (SD = 2.3) 

Mean lesion 

volume (mm3) 

120,855 (SD = 97,488) 125,102 (SD = 85,490) 

Mean WAB-R AQ 61.4 (SD = 28.1) 68.2 (SD = 16.7) 

Table 1. Subject information for the two partially overlapping groups of subjects. SD = standard 

deviation. AQ = aphasia quotient of the Western Aphasia Batter-Revised, a summary measure of 

overall language ability. * education information was available for only 210/218 of these 

subjects. 

 

Measures and Procedure 

 

All 218 subjects were evaluated using the WAB or the WAB-R (Kertesz, 2007) to determine the 

presence and severity of aphasia. The test was administered and scored by certified speech-

language pathologists with extensive experience evaluating individuals with aphasia. The 

WAB/WAB-R contains multiple subtests to evaluate production and comprehension ability; here 

we focus on the Sequential Commands and Auditory Word Recognition subtests. 

 

The sentences contained within the Sequential Commands subtest are shown below. While 

sentences 1-3 (and arguably 5) can be performed correctly without syntactic analysis, relying on 

lexical comprehension alone, sentences 4 and 6-11 (shown in bold), which contribute the bulk of 

the total score (70/80 total points), require analyzing both the lexical items and their syntactic 

arrangement to perform correctly. Indeed, Schwartz et al. (1980) report that people with 

agrammatic Broca’s aphasia have difficulty comprehending sentences of this type. Subjects can 

receive partial credit for correctly performing a subset of the actions indicated in a command; 

full credit required performing all of the indicated actions in the correct order. 

 

1. Raise your hand. (2 points) 

2. Shut your eyes. (2 points) 
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3. Point to the chair. (2 points) 

4. Point to the window, then to the door. (4 points) 

5. Point to the pen and the book. (4 points) 

6. Point with the pen to the book. (8 points) 

7. Point to the pen with the book. (8 points) 

8. Point to the comb with the pen. (8 points) 

9. With the book point to the comb. (8 points) 

10. Put the pen on top of the book then give it to me. (14 points) 

11. Put the comb on the other side of the pen and turn over the book. (20 points) 

 

The Auditory Word Recognition subtest involves asking the subject to point to real-world 

objects or printed images as requested. Some of these objects are contained within the Sequential 

Commands subtest. Subjects are prompted with a sentence, e.g. “point to the __” or “show me 

the __”. The test involves multiple types of tested words, including real household objects (cup, 

matches, pencil, flower, comb, screwdriver), pictured objects (the same as real objects), pictured 

shapes (square, triangle, circle, arrow, cross, cylinder), pictured letters (J, F, B, K, M, D), 

pictured numbers (5, 61, 500, 1867, 32, 5000), pictured colors (blue, brown, red, green, yellow, 

black), real world furniture (window, chair, desk or bed, light, door, ceiling), real world body 

parts (ear, nose, eye, chest, neck, chin), real world fingers (thumb, ring finger, index finger, little 

finger, middle finger), and real world body parts on the correct side (right ear, right shoulder, left 

knee, left ankle, right wrist, left elbow, right cheek). For each item the subject receives 1 point, 

for a total of 60 points. 

 

To derive our SYNTACTIC COMPREHENSION measure, we performed a linear regression on 

Sequential Commands scores in SPSS using Auditory Word Recognition scores as a covariate, 

saving the residual scores. This removes variability due to simple word comprehension, leaving 

residual variance associated with comprehension of the sentence structure required to perform 

the commands correctly. Throughout the paper, we refer to SYNTACTIC COMPREHENSION in small 

capital typeface as this residual score, and syntactic comprehension in regular type as the general 

concept of the ability to comprehend syntax. 

 

We used the same measures of AGRAMMATISM and PARAGRAMMATISM from Matchin et al. 

(2020): categorical perceptual ratings, formed as a consensus of four expert raters based on their 

unconstrained retelling of the Cinderella Story in their own words, following the AphasiaBank 

protocol (MacWhinney et al., 2011). Each subject was classified as AGRAMMATIC (11 subjects), 

PARAGRAMMATIC (21 subjects), no grammatical deficit (17 subjects), or both AGRAMMATIC and 

PARAGRAMMATIC (4 subjects). Following Kleist (1914), AGRAMMATIC patients were defined as 

those exhibiting an overall tendency to omit function words and morphemes, with reduced 

sentence complexity, whereas PARAGRAMMATIC patients were defined as those making 

grammatical errors not resulting from an overall pattern of reduction or omission of functional 

elements. Four patients were identified exhibiting some features of both classifications, and thus 

were included in analyses of both of these measures; thus we had a total of 15 AGRAMMATIC 

subjects and 25 PARAGRAMMATIC subjects. More detail about these patients and our inclusion 

criteria is reported in Matchin et al. (2020). Throughout the paper, we express the general 

concepts discussed in the literature of agrammatism (and agrammatic speech) and 

paragrammatism (and paragrammatic speech) using regular typeface. We express the 
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corresponding perceptual classification of these concepts as applied to our subject groups using 

small capital typeface, that is, AGRAMMATISM/AGRAMMATIC and 

PARAGRAMMATISM/PARAGRAMMATIC. 

 

Neuroimaging 

 

We acquired anatomical MRIs and performed lesion mapping using the same parameters and 

procedures as described in Fridriksson et al. (2018) and Matchin et al. (2020). Neuroimaging 

data were collected at UofSC and the MUSC. Lesions were demarcated onto each subject’s T2 

image by an expert technician (Roger Newman-Norlund) or an expert neurologist (Leo Bonilha) 

blind to the behavioral data. The subject’s T1 image was then warped to MNI space and the 

resulting transformation was applied to the lesion mask. A lesion overlap map for each of the 

groups included in these analyses is shown in Figure 1. 

 

 
Figure 1. Lesion overlap maps for the two groups of subjects. The lower bound indicates the 

lower bound of the lesion load threshold, i.e. the minimum number of subjects with damage to a 

voxel required for statistical analysis. LEFT: the broader set of 218 subjects who were enrolled 

in all measures, including the SYNTACTIC COMPREHENSION measure. RIGHT: the subset of 53 

subjects who were assessed for AGRAMMATISM and PARAGRAMMATISM. 

 

Analyses 

 

In our first pass of behavioral analyses, we simply assessed SYNTACTIC COMPREHENSION by 

comparing AGRAMMATIC and PARAGRAMMATIC subjects to their not AGRAMMATIC and not 

PARAGRAMMATIC counterparts using independent samples t-tests. We corrected for multiple 

comparisons using a Bonferroni correction with an adjusted alpha threshold of p < 0.025 for the 

two comparisons, controlling the total error at p < 0.05. 

 

In a second set of behavioral analyses, we incorporated lesion volume as a covariate to our 

categorical ratings of AGRAMMATISM and PARAGRAMMATISM and correlated these measures with 

the SYNTACTIC COMPREHENSION measure. The AGRAMMATIC subjects in our sample have nearly 

twice the lesion volume of the PARAGRAMMATIC subjects (Matchin et al., 2020), thus presenting 

potential confounds. The lesion volume differences are likely due to vasculature differences in 

these lesion distributions (DeMarco & Turkeltaub, 2018). In particular, we suspected that some 

of the AGRAMMATIC patients might have comprehension deficits because their (comparatively 
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larger) frontal-based lesions encroach onto the temporal lobe, which is consistent with the fact 

that chronic Broca’s aphasia reliably implicates posterior temporal as well as frontal damage 

(Fridriksson et al., 2015). By incorporating lesion volume as a covariate in our binary ratings of 

AGRAMMATISM and PARAGRAMMATISM, we controlled for these potentially confounding factors 

and derived continuous residual AGRAMMATISM and PARAGRAMMATISM ratings, which we then 

correlated with the SYNTACTIC COMPREHENSION measure. We corrected for multiple comparisons 

using a Bonferroni correction with an adjusted alpha threshold of p < 0.025 for the two 

comparisons, controlling the total error at p < 0.05. We supplemented our correlation analyses 

using Bayesian equivalents, which provide strength of evidence both for and against the null 

hypothesis. 

 

We performed two types of lesion analyses. First, we ran an analysis across the entire brain using 

the parcellation developed by Faria et al. (2012), which contains both grey and white matter 

regions, in NiiStat (www.nitrc.org/projects/niistat/). We used a lesion load threshold of 10% of 

sample. Therefore, for SYNTACTIC COMPREHENSION, which was assessed in 218 total subjects, we 

tested regions which were damaged in at least 22 subjects, and for AGRAMMATISM / 

PARAGRAMMATISM, which was assessed in 53 total subjects, we tested regions which were 

damaged in at least 5 subjects. Lesion volume was included in all analyses to ensure precise 

localization (DeMarco & Turkeltaub, 2018; Ivanova et al., 2021). We report analyses 

permutation-corrected for multiple comparisons across regions (10,000 permutations). 

 

Second, we assessed the extent to which damage to the regions implicated in AGRAMMATISM and 

PARAGRAMMATISM were associated with SYNTACTIC COMPREHENSION deficits. We first created 

regions of interest (ROIs) based on the significant results from the atlas-based analyses described 

above by combining the significant regions together. Thus, for AGRAMMATISM, the ROI 

consisted of the combination of the inferior frontal gyrus, pars opercularis, the inferior frontal 

gyrus, pars triangularis, and the posterior middle frontal gyrus, whereas for PARAGRAMMATISM, 

the ROI consisted of the middle superior temporal gyrus, posterior superior temporal gyrus, and 

posterior middle temporal gyrus. We then used these lesion distributions as ROIs for further 

analysis of SYNTACTIC COMPREHENSION. We first calculated proportion damage to each ROI for 

each of the 218 subjects included in the analysis of SYNTACTIC COMPREHENSION. We adjusted the 

data using a rationalized arcsine transform (Studebaker, 1985), and then computed residual 

damage values by covarying out the effect of lesion volume. We then performed non-parametric 

correlation analyses relating the residual damage values for each ROI and SYNTACTIC 

COMPREHENSION using Kendall’s tau b. We corrected for multiple comparisons using a 

Bonferroni correction with an adjusted alpha threshold of p < 0.025 for the two comparisons, 

controlling the total error at p < 0.05. We supplemented our correlation analyses using Bayesian 

equivalents, which provide strength of evidence both for and against the null hypothesis. 

 

Results 
 

Behavioral data 

 

We performed t-tests comparing each group of grammatically-impaired subjects (AGRAMMATIC, 

PARAGRAMMATIC) to their not grammatically-impaired counterparts with respect to our 

SYNTACTIC COMPREHENSION measure, residual sequential commands scores after variance from 

http://www.nitrc.org/projects/niistat/
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auditory word recognition scores was covaried out. Shapiro-Wilk tests for normality indicated a 

violation of the assumption of normality for the comparison of AGRAMMATIC to not 

AGRAMMATIC subjects, (p = 0.868, p = 0.032, respectively), and no violation of the assumption 

of normality for the comparison of PARAGRAMMATIC to not PARAGRAMMATIC subjects (p = 

0.179, p = 0.588, respectively). Thus, for the comparison of AGRAMMATIC to not AGRAMMATIC 

subjects we performed a non-parametric Welch’s t-test, and for the comparison of 

PARAGRAMMATIC to not PARAGRAMMATIC subjects we performed a parametric Student’s t-test. 

We corrected for multiple comparisons using a Bonferroni correction with an adjusted alpha 

threshold of p < 0.025 for the two comparisons, controlling the total error at p < 0.05. 

 

The non-parametric Welch’s t-test between AGRAMMATIC and not AGRAMMATIC subjects showed 

a trend towards a significant difference in SYNTACTIC COMPREHENSION, t(41.569) = 1.499, p = 

0.071, whereas the parametric Student’s t-test between PARAGRAMMATIC and not 

PARAGRAMMATIC subjects showed a significant difference in SYNTACTIC COMPREHENSION, t(51) 

= 2.525, p = 0.007. Bar charts illustrating the SYNTACTIC COMPREHENSION abilities for each of 

the groups involved in these comparisons is shown in Figure 2. 

 

 
Figure 2. Bar charts of average residual performance on the SYNTACTIC COMPREHENSION 

measure, for each of the four overlapping groups (AGRAMMATIC, not a AGRAMMATIC, 

PARAGRAMMATIC, not PARAGRAMMATIC). Error bars indicate standard error of the mean. 

 

Because the group of AGRAMMATIC subjects had much larger lesions than the PARAGRAMMATIC 

subjects (nearly twice as large, Matchin et al., 2020), we performed one-sided correlation 

analyses examining the relationship between the residual scores for AGRAMMATISM and 

PARAGRAMMATISM, incorporating lesion volume as a covariate, with SYNTACTIC 

COMPREHENSION, using Pearson’s rho. We supplemented our frequentist measures with 

analogous Bayesian analyses. Bayesian measures provide an estimate of the weight of the 

evidence in favor of one hypothesis or the other, and thus can indicate support for the null 

hypothesis, unlike standard frequentist measures. We corrected for multiple comparisons using a 

Bonferroni correction with an adjusted alpha threshold of p < 0.025 for the two comparisons, 

controlling the total error at p < 0.05. 
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Residual AGRAMMATISM was not associated with lower SYNTACTIC COMPREHENSION, r = -

0.00002, p = 0.5. The Bayesian correlation showed moderate evidence in favor of the null 

hypothesis that no correlation exists, BF10 = 0.171, BF01 = 5.836. By contrast, we found that 

residual PARAGRAMMATISM was significantly associated with significantly lower SYNTACTIC 

COMPREHENSION, r = -0.387, p = 0.002. The Bayesian correlation showed strong evidence for the 

hypothesis that a correlation exists, BF10 = 18.474, and effectively no evidence in favor of the 

null hypothesis that no correlation exists, BF01 = 0.054. Scatterplots illustrating these correlations 

are shown in Figure 3. 

 

 
Figure 3. Scatter plots, with fitted linear regression line, of residual SYNTACTIC COMPREHENSION 

performance, compared to the continuous residual ratings of AGRAMMATISM (left) and 

PARAGRAMMATISM (right), incorporating lesion volume as a covariate. Shaded area indicates 

95% confidence interval. 

 

Lesion data 

 

First, we determined the regions which were significantly associated with each behavioral 

measure, AGRAMMATISM, PARAGRAMMATISM, and SYNTACTIC COMPREHENSION. For each 

analysis, we report whole-brain atlas-based analyses in Figure 4. AGRAMMATISM (with lesion 

volume as a covariate) was associated with damage to the posterior middle frontal gyrus (Z = 

4.47), inferior frontal gyrus, pars opercularis (Z = 3.82), and inferior frontal gyrus, pars 

triangularis (Z = 3.47). PARAGRAMMATISM (with lesion volume as a covariate) was associated 

with damage to posterior superior temporal gyrus (Z = 3.26), middle superior temporal gyrus (Z 

= 3.03), and posterior middle temporal gyrus (Z = 2.87). Reduced SYNTACTIC COMPREHENSION 

was associated with damage to posterior insula (Z = -4.45), middle superior temporal gyrus (Z = 

-3.58), and posterior superior temporal gyrus (Z = -3.29). 
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Figure 4. Whole-brain atlas-based analyses, permutation-corrected for multiple comparisons 

across regions (10,000 permutations). All effects include lesion volume as a covariate. Left: 

effect of AGRAMMATISM. Middle: effect of PARAGRAMMATISM. Right: effect of SYNTACTIC 

COMPREHENSION deficits. 

 

We then examined the relationship between SYNTACTIC COMPREHENSION deficits and percent 

damage to ROIs defined by the regions significantly associated with AGRAMMATISM and 

PARAGRAMMATISM. Shapiro-Wilk tests for Bivariate Normality indicated a substantial violation 

of the assumption of normality for the correlation between residual AGRAMMATISM and 

SYNTACTIC COMPREHENSION (p = 0.00002), and for the correlation between residual 

PARAGRAMMATISM and SYNTACTIC COMPREHENSION (p = 0.0001). Therefore, we performed one-

sided non-parametric Kendall’s Tau B correlation tests. We supplemented our frequentist 

measures with analogous Bayesian analyses. Bayesian measures provide an estimate of the 

weight of the evidence in favor of one hypothesis or the other, and thus can indicate support for 

the null hypothesis, unlike standard frequentist measures. We corrected for multiple comparisons 

using a Bonferroni correction with an adjusted alpha threshold of p < 0.025 for the two 

comparisons, controlling the total error at p < 0.05 

 

We found no significant negative correlation between damage to the AGRAMMATISM ROI and 

SYNTACTIC COMPREHENSION, Kendall’s tau B = -0.024, p = 0.301, (Figure 5, left). The Bayesian 

correlation found moderate evidence in favor of the null hypothesis that the two variables are 

uncorrelated, BF10 = 0.143, BF01 = 7. We found a significant correlation between damage to the 

PARAGRAMMATISM ROI and SYNTACTIC COMPREHENSION, Kendall’s tau B = -0.182, p = 0.00004, 

(Figure 5, right). The Bayesian correlation found very strong evidence in favor of the hypothesis 

that the two variables are correlated, BF10 = 487.952, BF01 = 0.002. 
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Figure 5. Scatterplots showing the correlations between SYNTACTIC COMPREHENSION deficits and 

residual percent damage to the ROIs defined by grammatical production deficits, AGRAMMATISM 

and PARAGRAMMATISM, after incorporating lesion volume as a covariate. LEFT: Plot of the 

correlation between SYNTACTIC COMPREHENSION deficits and damage to the ROI defined by 

lesion-symptom analysis of AGRAMMATISM. RIGHT: Plot of the correlation between SYNTACTIC 

COMPREHENSION and damage to the PARAGRAMMATISM ROI. Shaded areas indicate 95% 

confidence interval. 

 

Discussion 
 

We found little evidence to support the classical “overarching agrammatism” hypothesis. The 

presence of expressive AGRAMMATISM was only weakly and not significantly associated with 

impaired SYNTACTIC COMPREHENSION as assessed by reduced Sequential Commands scores 

incorporating Auditory Word Recognition scores as a covariate. Given that patients with 

AGRAMMATISM and frontal damage had lesions much larger than those with damage elsewhere 

(Matchin et al., 2020), we suspected that previous studies finding associations between 

agrammatic Broca’s aphasia and syntactic comprehension deficits might be due in part to lesions 

encroaching on the temporal lobe (Fridriksson et al., 2015). When we incorporated lesion 

volume as a covariate, we found zero correlation between AGRAMMATISM and impaired 

SYNTACTIC COMPREHENSION. Furthermore, damage to regions associated with AGRAMMATISM 

(Broca’s area and posterior middle frontal gyrus) was not associated with SYNTACTIC 

COMPREHENSION deficits. Bayesian analyses provided moderate evidence in favor of the null 

hypothesis, i.e., against the “overarching agrammatism” hypothesis, for both the behavioral and 

lesion correlations. 

 

By contrast, both our behavioral measure of PARAGRAMMATISM, and damage to the 

PARAGRAMMATISM ROI (middle and posterior superior temporal gyrus and posterior middle 

temporal gyrus) were significantly and robustly associated with reduced SYNTACTIC 

COMPREHENSION. Bayesian analyses provided strong evidence in favor of these associations, i.e. 

in favor of a grammatical parallelism hypothesis rooted in paragrammatism rather than 

agrammatism. 
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While our data speak against the notion of overarching agrammatism, it supports a different form 

of grammatical parallelism characterized by paragrammatic speech output and significant 

syntactic comprehension problems. This is caused, we claim, by damage to the same networks 

for processing hierarchical syntactic structure in the posterior temporal lobe. Thus, it appears as 

though Wernicke’s original hypothesis regarding parallel speech production and comprehension 

deficits following posterior temporal damage holds for syntax as well. In particular, our results 

suggest that while both posterior temporal and frontal cortex play important roles in syntax, they 

do so asymmetrically: posterior temporal cortex is critically involved in both comprehension and 

production, whereas frontal cortex is only critically involved in production. This supports the 

framework for syntax in the brain advanced by (Matchin & Hickok, 2020): the posterior 

temporal lobe (crucially including ventral superior temporal sulcus) underlies a hierarchical 

lexical syntactic function for interfacing with brain systems involved in processing meaning, 

whereas the pars triangularis of Broca’s area and perhaps a more dorsal region in the middle 

frontal gyrus underlies a morpho-syntactic sequencing function that interfaces with the motor 

system.  

 

This finding points to a common neurocomputational architecture for phonological and syntactic 

systems in the brain, in which frontal regions play a role at these levels predominantly for 

production while posterior regions play a role in both production and comprehension (Hickok, 

2012; Hickok et al., 2011; Matchin & Hickok, 2020). This architecture, in turn, has a deep 

commonality with the neurocomputational architecture for motor control in which sensory 

systems define targets for motor planning (Guenther et al., 1998; Hickok, 2014a; Kawato, 1999; 

Miall & Wolpert, 1996; Perkell, 2012; Shadmehr et al., 2010; Shadmehr & Krakauer, 2008; 

Wolpert, 1997). The convergence of architectures across linguistic and non-linguistic domains 

suggests a neurocomputational homology, which may illuminate the evolution and development 

of language in the brain (Hickok, 2019; Matchin, 2018). However, our results do not imply that 

we should abandon using the terminology and theoretical postulates of linguistic theory to 

understand linguistic deficits in aphasia or the neurobiology of language. Rather, what we 

suggest is that linguistic theory should itself incorporate the distinct computational demands of 

comprehension and production (Matchin & Hickok, 2020); namely, hierarchical structure and 

linearization, respectively. This is congruent with some recent linguistic proposals (Berwick & 

Chomsky, 2016; Idsardi & Raimy, 2013). 

 

Note that the grammatical parallelism hypothesis rooted in paragrammatism and the posterior 

temporal lobe does not imply that inferior frontal cortex regions never play any role in sentence 

comprehension. In particular, frontal-motor systems are widely thought to play a key role in 

working memory (Baddeley, 2003; Baddeley et al., 1981; Pettigrew & Hillis, 2014; Rogalsky et 

al., 2008). Working memory is important for sentence processing, particularly for difficult 

constructions and perhaps other demands of everyday communication (false starts and stops, 

garden-paths/misparsing, preparing to respond to the interlocuter). In particular, the linear 

morpho-syntactic system in the pars triangularis of Broca’s area posited by Matchin & Hickok 

(2020) is ideal for assisting comprehension by reiterating the heard sequence of morphemes for 

reanalysis by hierarchical syntactic mechanisms in the posterior temporal lobe. This is congruent 

with the hypothesis of a syntactic working memory system (Fiebach et al., 2005; Matchin, 2018; 

Rogalsky et al., 2015) consisting of looping interactions between inferior frontal and posterior 

temporal cortex. A working memory deficit may help explain some of the observations of 



Grammatical parallelism in aphasia revisited 15 

associations between agrammatic Broca’s aphasia and deficits in the comprehension of 

semantically reversible, complex, non-canonical sentences. 

 

A role for frontal-motor systems in syntactic working memory may explain some of the syntax-

related activations that are observed in inferior frontal cortex in neuroimaging studies (Rogalsky 

& Hickok, 2011). While early studies found evidence for syntactic comprehension effects 

primarily in Broca’s area, recent neuroimaging studies have found that posterior temporal cortex 

shows equally (if not more) reliable syntactic comprehension effects (Blank et al., 2016; Brennan 

et al., 2016; Diachek et al., 2020; Fedorenko et al., 2012, 2016; Goucha & Friederici, 2015; 

Matchin et al., 2017; Meyer & Friederici, 2016; Nelson et al., 2017; Pallier et al., 2011; Shain et 

al., 2020; Zaccarella, Meyer, et al., 2017; Zaccarella, Schell, et al., 2017). The fact that both of 

these regions reliably exhibit syntactic effects is well-explained by attributing a syntactic 

function to both of these regions (Matchin & Hickok, 2020), with the frontal contribution 

reflecting production-related morpho-syntactic resources that assist comprehension in demanding 

contexts, but are not necessary for combining words into structured phrases and sentences, a role 

reserved for the posterior temporal lobe. 

 

Some lesion-symptom mapping studies have found an association between damage and/or 

degeneration of inferior frontal cortex and deficits in comprehension of complex, non-canonical 

sentence structure, typically in addition to posterior temporal damage (Amici et al., 2007; 

Fridriksson et al., 2018; Kristinsson et al., 2020; Magnusdottir et al., 2013; Mesulam et al., 2015; 

Tyler et al., 2011; Wilson et al., 2011). However, there are several reasons to question whether 

these results reflect necessary resources for normal syntactic comprehension. First, all of these 

studies did not incorporate lesion volume as a covariate, which is an important variable to ensure 

accurate localization in lesion-symptom mapping (DeMarco & Turkeltaub, 2018; Ivanova et al., 

2021), a particularly acute issue given that agrammatic production is associated with large 

lesions (Matchin et al., 2020) that encroach on the temporal lobe (Fridriksson et al., 2015). 

Second, many lesion-symptom mapping studies have not reported such an association even for 

complex structures (Den Ouden et al., 2019; Dronkers et al., 2004; Rogalsky et al., 2018; 

Thothathiri et al., 2012) (Matchin et al., in review). Third, complex non-canonical structures 

critically involve substantial working memory resources (King & Just, 1991; Pettigrew & Hillis, 

2014; Rogalsky et al., 2008), which could be the source of the associations with frontal networks 

as noted. Fourth, lesion-symptom mapping of sentence comprehension in general does not 

highlight Broca’s area, but rather posterior temporal and inferior parietal cortex, similar to the 

areas we identified here (Baldo & Dronkers, 2007; Dronkers et al., 2004; Fridriksson et al., 2018; 

Pillay et al., 2017; Rogalsky et al., 2018; Thothathiri et al., 2012), and most sentences, regardless 

of their complexity and canonicity, likely draw on at least some syntactic resources in order to 

establish the basic thematic relations of sentences. And finally, a lesion symptom mapping study 

showed that damage to posterior temporal lobe, but not Broca’s area, was associated with 

syntactic acceptability judgment deficits (Wilson & Saygın, 2004). Thus, we believe that the 

focus on complex, non-canonical structures as measures of syntactic comprehension has been 

misleading and that future research should focus on syntactic comprehension measures that 

minimize working memory and other task confounds. We believe our analysis of the sequential 

commands task, which does not involve complex, noncanonical structures, is a step in the right 

direction. 
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Limitations 

 

One of the limitations of this study is that while there was a very strong relationship between 

damage to the regions implicated in PARAGRAMMATISM and SYNTACTIC COMPREHENSION deficits, 

the atlas-based analysis of SYNTACTIC COMPREHENSION deficits did not find an association with 

damage to the posterior middle temporal gyrus. This is the key region posited by (Matchin & 

Hickok, 2020) to process hierarchical syntactic structure. The key part of the middle temporal 

gyrus thought to process syntax lies in the ventral bank of the STS, directly adjacent to the 

superior temporal gyrus, and thus given the somewhat imprecise localization of lesion-symptom 

mapping the lack of a perfect alignment is not surprising. Additionally, we believe that the 

SYNTACTIC COMPREHENSION measure, while designed to avert some of the limitations of working 

memory demands required of complex structures, likely still involved some degree of 

phonological working memory resources which shifted the lesion distribution superiorly away 

from the middle temporal gyrus. Future studies should investigate this issue further, developing 

other measures to determine the more precise relationship to posterior middle temporal gyrus 

damage and syntactic comprehension deficits. 

 

Conclusions 

 

Overall, we demonstrated the co-incidence of paragrammatic production deficits and syntactic 

comprehension deficits in aphasia, resulting from common damage to the middle-posterior 

temporal lobe. Furthermore, we showed no association between agrammatic production and 

syntactic comprehension deficits, and no association between damage to brain regions implicated 

in agrammatism (middle and inferior frontal cortex) and syntactic comprehension deficits. 

Clinically speaking, a new focus should be placed on syntactic abilities in fluent aphasia (both 

production and comprehension), and that syntactic comprehension in nonfluent aphasia is likely 

more intact than previously assumed. Theoretically, this provides strong evidence regarding the 

distinct syntactic functions between Broca’s area and the posterior temporal lobe postulated by 

Matchin & Hickok (2020). 
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