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Abstract 

Introduction:  A central feature of schizophrenia is the disorganisation and impoverishment 

of language. Recently, we observed higher semantic similarity in first-episode-schizophrenia 

(FES) patients. In this study, we investigate if this aberrant similarity relates to the 'causal' 

connectivity between two key nodes of  the word production system: inferior frontal gyrus (IFG) 

and the semantic-hub at the ventral anterior temporal lobe (vATL). Methods: Resting-state 

fMRI scans were collected from 60 participants (30 untreated FES and 30 healthy controls). The 

semantic distance was measured with the CoVec semantic tool based on GloVe. A spectral 

dynamic causal model with Parametrical Empirical Bayes was constructed modelling the 

intrinsic self-inhibitory and extrinsic-excitatory connections within the brain regions. We 

estimated the parameters of a fully connected model with the semantic distance as a covariate. 

Results: FES patients chose words with higher semantic similarity when describing the 

pictures compared to the HC group. Among patients, an increased semantic similarity was 

related with an increase in intrinsic connections within both the vATL and IFG, suggesting that 

reduced ‘synaptic gain’ in these regions likely contribute to aberrant sampling of the semantic 

space during discourse in schizophrenia. Conclusions: Lexical impoverishment relates to 

increased self-inhibition in both the IFG and vATL. The associated reduction in synaptic gain 

may relate to reduced precision of locally generated neural activity, forcing the choice of words 

that are already ‘activated’ in a lexical network. One approach to improve word sampling may be 

via promoting synaptic gain via supra-physiological stimulation within the Broca’s-vATL 

network; this proposal needs verification. 

Keywords: psychosis; lexical access; fMRI; Spectral Dynamic Causal Modeling; Broca’s area; 

disorganization; formal thought disorder  
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1. Introduction 

When we speak, we choose words relevant to the specific context by drawing on our knowledge 

of what those words represent. Semantic memory is seen as the storage of words (”bird”) and 

many related concepts they represent (they fly, chirp, have feathers or even that some of them 

only swim, but they are still in the same category). Word selection process involves overcoming 

competition (i.e., resolution of conflicts) but this occurs swiftly without affecting the efficiency of 

a discourse. A top-down control is said to drive the lexical unit selection within the semantic 

system while preserving the thematic progression of discourse aligned to the communicational 

goal (Levelt, 2001). The rapid and precise production of diverse words is critical to fluent 

language; restricting the use of words to a limited repertoire of concepts may interfere with the 

efficiency of communication.  

Semantic impairment is a prominent linguistic feature of schizophrenia (Brown & Kuperberg, 

2015). Previous studies have demonstrated a failure to inhibit the ‘retrieval’ or ‘activation’ i.e., 

the use of conceptually related words that are not appropriate for the context in patients with 

schizophrenia (Almeida & Radanovic, 2021). This increased semantic priming is seen especially in 

those with clinically detectable thought disorder (Pomarol-Clotet et al., 2008), with a higher 

degree of similarity between words contributing to redundant discourse with reduced 

information content (Alonso-Sánchez et al., 2022). Semantic deficits have been generally 

described as part of disorganization symptoms (Elvevåg et al., 2007; Hoffman et al., 2020) and 

poverty of content (e.g., lower semantic density(Rezaii et al., 2019)). These features often appear 

before the onset of psychosis (Mota et al., 2017; Spencer et al., 2021) and relate to social and 

occupational outcomes in early stages of the illness (Palaniyappan et al., 2019). 

A wide variety of computational tools (Natural Language Processing, a.k.a. NLP) are now 

accessible to detect speech features that are not readily perceptible to the human eye/ear. These 

tools can readily capture surface features such as word repetitions (type-token ratio), and also 
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unravel the content of the texts and the relationship between the words that compose them 

(Levy et al., 2015; Mikolov et al., 2013). One of these approaches, termed distributional 

semantics, clusters words into neighbourhoods based on the frequency of their co-occurrence in 

everyday language (e.g. ‘snack’ and ‘plate’) while distancing widely those that are highly 

improbable to appear together (‘snack’ and ‘planet’). Specifically, the GloVe semantic similarity 

tool benefits from a high-dimensional word vectorization framework and is based on a log-

bilinear regression model that uses both local and global statistics of a corpus, unlike other 

methods (Word2Vec uses only local while Latent Semantic Analysis uses only global statistics) 

(Pennington et al., 2014). The local statistic computation captures the relation between words, 

as shown in the analogy task (king - man + woman = queen) while the global statistics profit 

from all the document and not only by the surrounding words. This approach computes the ratio 

of co-occurrence probabilities between adjacent words within a frame. Thus, we can estimate 

the cosine similarity within words to unravel the semantic diversity in a discourse sample. In our 

study, we infer the lexical unit selection from the putative semantic library using the GloVe 

cosine similarity from a sample of a descriptive discourse (Kanerva, 2009; Pennington et al., 

2014).  

The anatomical aspect of brain network recruitment in lexical/semantic tasks is still a matter of 

intense debate, but a growing body of evidence supports the view that the ventral Anterior 

Temporal Lobe (vATL) is critical for semantic cognition, constituting a putative Semantic Hub 

(Visser et al., 2010). The hub is part of a larger network that comprises the uncinate fasciculus, 

frontal-occipital fasciculus and ventral occipitotemporal areas (Chiou et al., 2018; Jackson et al., 

2019; Krieger-Redwood & Jefferies, 2014). The Inferior Frontal Gyrus (IFG) is related to the 

regulation of automatic spreading activation/inhibition of candidates/competitors within the 

lexical network (Chiou et al., 2018; Python et al., 2018). The top-down control mediated by IFG 

contributes to both lexical retrieval (the activation of several possible relevant responses) and 



5 
 

selection (the narrowing of choices to the most appropriate one) (Conner et al., 2019; Snyder et 

al., 2011; Wagner et al., 2001; Whitney et al., 2009).  

In patients with schizophrenia, the frontotemporal network was reported as underactive during 

semantic processing and the authors suggested that these results might be explained by an 

inhibition impairment (Arcuri et al., 2012). Horn reported a deviant semantic network with 

increased severity of formal thought disorder in which the difference was due to a decreased 

contribution of the left pars orbitalis, and the authors highlighted the possible influence of 

semantic retrieval demands in the context of selection conflict (Horn & Federspiel, 2012). 

Adopting a similar interpretation, when patients with schizophrenia showed greater activation 

in the left inferior frontal gyrus (BA45) while performing a semantic task, the authors argued 

that this greater activation was due to a difficulty in semantic representation access (Chen et al., 

2013). Surbeck reported structural aberrations in white matter tracts underlying semantic 

processing in the ventral language stream of the brain (Surbeck et al., 2020). Taken together, 

these studies support a role for the inferior frontal gyrus in the disruption of semantic 

performance in patients with schizophrenia, specifically related to the cognitive control of 

lexical/semantic selection. Surprisingly, few published studies have examined the aspects of the 

causal connectivity of brain regions in relation to aberrant lexical selection in schizophrenia.  

The term effective connectivity refers to the causal influence that one neural system exerts over 

other neural systems, while discounting other influences. This directed causal relation is widely 

different from the structural connectivity that uses white matter tracts (physical architecture), or 

from functional connectivity that estimates only statistical dependencies (correlation) between 

brain regions. Dynamic causal modelling (DCM) is a generative model framework for effective 

connectivity hypothesis testing between neural populations (Zeidman, Jafarian, Corbin, et al., 

2019; Zeidman, Jafarian, Seghier, et al., 2019). DCM uses a forward model to estimate the 

influence of one brain region over another by modelling the neural fluctuation through Bayesian 

inversion of the brain blood oxygen level response (Friston, 2011; Friston et al., 2003). For 
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resting-state fMRI instead of estimating the neuronal states time-varying fluctuation, we 

estimate the parameters of the cross-correlation functions (spectral DCM) by modelling 

endogenous neural fluctuations.      

Notwithstanding the considerable amount of literature that relates semantic memory with the 

anterior temporal lobe and cognitive control with the inferior frontal gyrus (Binder et al., 2009; 

Chiou & Lambon Ralph, 2019; Jackson, 2021; Jackson et al., 2016; Rice et al., 2015; Visser et al., 2010), 

to our knowledge, there have been no attempts to examine the effective connectivity between 

frontal and temporal regions in patients with schizophrenia and subtle semantic disturbances. 

Several confounds need to be addressed when undertaking such investigations. First, as long-

term exposure to antipsychotic medications can affect connectivity parameters and the inferred 

causal influences (Schmidt et al., 2016), we recruited a sample of untreated, but first-episode 

patients. Second, subjective measures of speech are replete with problems of reliability; 

employing automated measures with corpus-based quantification of statistical co-occurrence of 

semantic distance is critical for a reliable approach. We employ an NLP measure of lexical 

similarity and explore the effective connectivity between two core areas of the semantic network: 

IFG and vATL in untreated first episode of schizophrenia patients (mean 6 days of lifetime daily 

dose exposure). We hypothesize that lexical inefficiency, indexed by higher semantic similarity 

between words, will relate to the effective connectivity of IFG and vATL in patients with first 

episode of schizophrenia.  

2. Materials and methods  

2.1 Participants 

Resting-state fMRI scans were collected from 60 participants at the Prevention and Early 

Intervention Program for Psychosis in London, Ontario, Canada. The sample included 30 subjects 

with untreated First Episode of schizophrenia (FES group) and 30 healthy controls (HC group). 
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68% of this sample has been included in our prior work that focussed on longitudinal speech data 

(Alonso-Sánchez et al., 2022). Severity of symptoms was confirmed with the Positive and Negative 

Syndrome Scale (PANSS) (Kay, Fiszbein, et al., 1987). Language disorganization, poverty of speech, 

and perseveration of ideas were assessed with the Thought and Language Index (TLI) scale. The 

Impoverishment in Thinking is the sum of poverty of speech, weakening of goal and perseveration 

of ideas; while disorganization of thinking is the scores sum of looseness, distractibility, peculiar 

use of words, sentences, and logic. The FEP group was drug-naïve for antipsychotics at the time 

of assessment (total antipsychotic use less than 14 days). The inclusion criteria for the HC group 

were not having (a) personal or family mental illness or (b) neurological diseases. All participants 

provided written informed consent before assessment and ethics approval was granted by the 

Human Research Ethics Board at Western University, London, Ontario.  

2.2 Assessments 

All participants were assessed with the Social and Occupational Functioning Assessment Scale 

(SOFAS) to quantify the functioning level in social and occupational domains (Rybarczyk, 2011) 

and with the Socioeconomic Status (SES) to measure the parental level of occupation and 

employment from 1 (Managerial and professional occupations) to 5 (routine occupations)(Boyd, 

2008). In addition, we used The Edinburgh Inventory (Oldfield, 1971) to define the handedness 

of the participants, the scale is scored from -12 (totally left-handed) to +12 (totally right-

handed).  

2.3 Semantic Measures 

To elicit the language sample, the participants were instructed to describe 3 pictures of the 

Thematic Apperception Test images (Murray, 1943) during one minute per picture and were 

prompted if they stopped speaking before one-minute time window elapsed. The task was 

recorded and later transcribed by research assistants. We analyzed the semantic distance between 

words with the Covington Vector semantic tool (CoVec version 1.0.5912) (Covington, 2016). 



8 
 

CoVec is a natural language processing tool based on data from GloVe Project, with 840 billion 

words in English with 300-element vectors (Pennington et al., 2014). CoVec measures the 

likelihood of co-occurrence of words through vector cosine similarity. The text preprocessing 

removes punctuation, marks ‘stopwords’ (eg. “a”), and finally, ignores words which are not found 

in the GloVe dataset (displays a warning of all the missing words). CoVec reports the average of 

similarity of successive words with an n-word frame segment, using all the positions of the frame. 

In this analysis we used a full frame including all the text per each picture.    

2.4 fMRI acquisition and analysis 

The acquisition and processing are described in detail in our prior work reporting baseline data 

from this sample (Dey et al., 2021; Limongi et al., 2020). In brief, all data were acquired at the 

Centre for Functional and Metabolic Mapping (CFMM) at the University of Western Ontario on 

a Siemens 7T Plus (Erlangen, Germany) using a multi-band EPI acquisition sequence (Feinberg 

et al., 2010; Moeller et al., 2010) with the following imaging parameters: TE/TR = 20 ms / 1000 

ms, flip angle = 30◦, 63 slices with multi-band factor = 3, iPat = 3 and an isotropic resolution of 

2 mm. A total of 360 functional volumes were collected for a total acquisition time of 6 minutes, 

26 seconds. T1-weighted MP2RAGE anatomical volume (TE/TR = 2.83/6000 ms) at 750 µm 

isotropic resolution was also acquired for anatomical registration. fMRI data was pre-processed 

with SPM12 (available free at http://www.fil.ion.ucl.ac.uk/spm/ software/spm12/) on Matlab. 

The pre-processing included manual reorientation on the anterior and posterior commissure, 

voxel displacement maps calculation for inhomogeneities in the magnetic field, realignment, co-

registration and segmentation. A DARTEL template was built with all T1 images of the subjects, 

and the fMRI images were normalized to the Montreal Neurological Institute (MNI) space. We 

fitted a general linear model with six head movement parameters and the white matter and 

cerebrospinal fluid time series and a cosine basis set with frequencies ranging from 0.0078 to 

0.1 Hz as regressors. All images were high pass filtered to discard slow frequency drifts (0.0078 



9 
 

Hz). The volumes of interest were defined a priori as Brodmann area 45 (BA45) in the inferior 

frontal gyrus (MNI: -44 28 22) due to its role in lexical selection (Heim et al., 2008) and the 

sematic hub located in the ventral anterior temporal lobe (MNI: -40 -15 -33) (Chiou & Lambon 

Ralph, 2019) (shown in Fig 1).  

 

Figure 1. Anatomical map of voxel positioning for dynamic causal modelling. a) Brodmann area 45, b) 

ventral anterior temporal lobe. Model for DCM. Plot made with BrainNet Viewer (Xia et al., 2013). 

2.5 Effective connectivity 

To compare the effective connectivity between groups we used a spectral dynamic causal 

modelling (DCM) approach with Parametrical Empirical Bayes (PEB) (Friston, 2011; Friston et 

al., 2014) . PEB is a hierarchical Bayesian model that uses both non-linear and linear analyses to 

measure the group level effects and subject-by-subject variability on parameter estimates. We use 

bilinear modulatory effects with two states per region, excitatory (inter-region) and inhibitory 

(within-region), without stochastic effects (Friston et al., 2014).   

We evaluate the evidence in support of the hypothesis that both group membership and 

semantic similarity better explained the effective connectivity within the two-node network than 

group alone. We also assessed the evidence for an interaction between group and semantic 

similarity in explaining the 2-node network’s effective connectivity. To this end, we compared 
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the following as regressors predicting connectivity: Model 1: Group; Model 2: Group and 

Semantic similarity; Model 3: Group, Semantic Similarity, and group × semantic similarity 

interaction. The semantic regressor was mean-centered and the interaction between variables 

was summarized as the product of the linguistic measure and group. For the comparison we 

estimated the free energy (accuracy minus complexity) of the three models considering group 

and semantic co-occurrence and interaction as covariates. We select the model with higher free 

energy and analyze the parameter of each volume of interest with the intrinsic and extrinsic 

connectivity strength and the corresponding posterior probabilities.  

2.3 Statistical analysis 

Demographic and clinical data were analyzed using descriptive and Bayesian statistics. We use 

Bayesian t test for continuous variables, and a Bayesian independent multinomial test for 

categorical variables. Log odd ratios were computed with the 95% credible interval for categorical 

variables. Bayes factors were considered substantial over 3, strong over 10 and very strong over 

30 for all the hypotheses tested according to Jeffreys schema (Jarosz & Wiley, 2014). All the 

statistical analyses used JASP version 0.14.0.1 (JASP Team, 2020) and the figures plots were 

made on Python in Jupyter Notebook 6.1.5 (Kluyver et al., 2016). 

3. Results 

3.1 Demographic  

Clinical and demographic data are shown in Table 1. The groups did not differ regarding age, 

gender or educational level. There was no group difference in the use of English as the first 

language (83% FES and 90% HC had English as the first language, BF10= 0.281, 95% CI: -0.93, 

1.96), in the self-reported immigrant status as first generation (20% FES and 26% HC were first 

generation immigrants, BF10= 0.317, 95% CI: -1.50, 0.81) and in the ethnicity of the participants 

(67% FES and 73% HC were white, BF10= 0.334, 95% CI: -1.37, 0.77). All the participants had 
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English as their transactional language. In the FES group the 50% was antipsychotics naïve, 

while the other 50% was expose to a mean of 6 days of a lifetime daily dose (SD: 3.2, range: 2-

12). 

 HC (n= 30) 

Mean ±SD 

FES (n= 

30) 

Mean ±SD 

BF10  Effect size  

δ 95% CI 

Age 21.4 ± 3.5 21.4± 2.2 0.262  -0.46, 0.46 

Gender 73% male 73% male 0.277 -1.11, 1.13  

Educational level (<12/>12 

years) 

30% / 70% 46% / 54% 0.713 -1.73, 0.35 

Edinburgh Handedness 

Inventory 

10.4 ± 3.1  9.8 ±4.2 0.308 -0.32, 0.60 

PANSS-8 Positive - 12.3 ±3.5 - - 

PANSS-8 Negative - 7.6 ±4.3 - - 

PANSS-8 total - 26.4 ±7.4 - - 

SOFAS  81.9 ±5.0 39.0 ±14.7 >10000  

Parental SES (<3/ >3) 44% / 56% 30% / 70% 1.00 -0.24, 1.95 

Total TLI 0.29 ±0.3 1.46 ±1.3 736.2 -1.64, -0.53 

TLI Impoverishment in 

thinking 

0.13 ±0.2 0.47 ±0.6 6.8 -1.16, -0.14 

TLI Disorganization in 

thinking 

0.15 ±0.2 0.99 ±1.1 97.6 -1.45, -0.37 

Antipsychotic exposure days 

at time of scan 

- 3.07 ±10.9 - - 
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Duration of untreated 

psychosis 

- 9.5 ±13.2 - - 

Table 1. Mean and Standard deviations are shown for continuous variables, with percentages for 

categorical variables. BF10: Bayes Factor. PANSS: Positive and Negative syndrome scale. SOFAS: Social 

and Occupational Functioning Assessment Scale. TLI – Thought and Language Index. 

3.2 Semantic similarity 

The groups did not differ in the number of words spoken during the descriptive discourse (HC: 

70.5 ±12.8,    FES: 72.7 ±33.9, BF= 0.266, effect size δ 95% CI = -0.50, 0.42), but as 

hypothesized, the FES group had higher semantic similarity than the HC group with very strong 

evidence favoring the between-group difference hypothesis (HC: 0.330 ±0.02, FES: 0.364 

±0.03, BF= 1623, effect size δ 95% CI = -1.71, -0.59) (Figure 2).  

 

Figure 2. 95% highest credible interval of semantic similarity per group. HC: Healthy controls; FES: first-

episode schizophrenia.  

We also examined whether the higher semantic similarity in FEP comes from generating content 

that is non-specific to the picture (i.e., specificity) and/or from content that is ‘stuck’ in 

describing limited features of the picture at hand (i.e. insufficient diversity). These results, 

presented in the Supplementary Materials, indicate that when describing the pictures offered, 
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patients generate content that is likely to be as specific and as diverse as healthy subjects, but 

still choose words that are semantically close to each other.  

3.3 Model selection 

When comparing the models regarding the regressors included on them, the free energy of the 

second model (Group and semantic similarity) exceeded the other models' performance (Figure 

3). The third model (Group, semantic similarity, and interaction) was an overfit for the data.  

 

Figure 3: Top left: Model selection. G: Model group; G+S: Model group and semantic similarity; 

G+S+G*S: Model group, semantic similarity and Interaction between group and semantic similarity. Top 

right: Second level effect of Semantic similarity on intrinsic inhibitory and extrinsic excitatory 

connections. Posterior parameter estimates with bars represent the estimated effect size and the lines 

represent 90% credible interval. Bottom: Brain network with the connectivity strength.  
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3.4 Effective connectivity  

The parameter estimates from the winning model indicated that the intrinsic inhibitory 

connections of BA45 and vATL increased as a function of semantic similarity in the FES group 

(FES coded as 1; HC coded as -1). The parameters (Figure 3) indicates that the intrinsic 

inhibitory connection of BA45 and vATL increased linearly with semantic similarity. The mean 

estimated connection strength within BA45 [intrinsic] is 9.125 (posterior probability, PP = 1), 

from BA45 to vATL -3.464 (PP: 0.90), from vATL to BA45 -3.060 (PP: 0.87) and, within vATL 

[intrinsic] is 11.034 (PP: 1.0).  

4. Discussion 

In this spectral DCM study leveraging an NLP measure of semantic similarity, we demonstrate 3 

major findings. First, patients with FES chose words with higher degree of semantic similarity 

(i.e., lower semantic distance from each other), despite speaking comparable number of words 

when describing pictures. Second, at resting state, we recovered a fully connected network 

between the temporal semantic hub (vATL) and inferior frontal Broca’s area (BA45); the 

connectivity of this network was better explained by considering inter-individual differences in 

semantic similarity along with diagnosis, compared to diagnostic status alone. Third, we show 

that in FES, higher intrinsic inhibitory connectivity within vATL and BA45 at rest relates to an 

aberrant increase in semantic similarity of word choices when participants describe a picture. 

These findings provide a neural model linking speech production and semantic storage regions 

in the lexical impairment seen in first episode schizophrenia. 

Higher inhibitory connections reflect a loss of synaptic gain within cortical microcircuits. In an 

excitation/inhibition framework, an increase in inhibitory tone may be seen as a reflection of a 

primary pyramidal dysfunction in schizophrenia (as proposed by Adams et al., 2022) or an 

increase interneuron-related GABAergic activity (Pinotsis & Friston, 2012). Based on the 

findings from N-methyl-d-aspartate receptor antagonist (ketamine), autoantibody models, 
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postmortem studies and knockout mouse models, Nakazawa, Jeevakumar and Nakao 

(Jeevakumar & Kroener, 2016; Nakazawa et al., 2017) proposed that NMDA hypofunction initially 

occurs in cortical GABAergic neurons during early postnatal development, reducing intrinsic 

excitability and GABA release, leading to a disinhibition of pyramidal neurons and subsequent 

homeostatic down regulation of pyramidal excitability.  

Reduced synaptic gain (reflected in increased inhibitory tone), may relate to reduced precision 

of locally generated neural activity, as well as a reduction in the generation of spontaneous 

neural oscillations at rest. One physiological consequence of higher intrinsic inhibitory tone is a 

reduction in the neuronal disinhibition or 'release' required for excitatory activity. In terms of 

neuronal recruitment in service of a cognitive task, this may make a brain region more 

dependent on extrinsically driven stimulatory processes. If this increased regional inhibitory 

tone continues during speech production, for our 2-node language network model, this may 

mean that aberrant word sampling cannot be overcome in the presence of a physiologically 

normal level of top-down stimulation (from IFG) arriving at the vATL.  

The strength of the connection between the vATL and IFG was not affected by diagnostic status 

or semantic similarity in our sample.  It is possible that such an effect on extrinsic connections 

may be present when speaking, but not at the resting state when fMRI scans were obtained. In 

fact, dynamic causal influence between left IFG and temporal cortex has been linked to the 

‘priming’ activity in a previous study (Matsumoto & Kakigi, 2013). Experimental verification of this 

possibility requires a speech production task in the scanner wherein demands placed on the 

control system from IFG to vATL (thus, extrinsic signals to and from the semantic hub), can be 

studied directly (Jackson, 2021).  

Our results complement previous observations of aberrant Broca’s area connectivity in first-

episode schizophrenia (Du et al., 2021; Li et al., 2017). Interestingly, while previous studies have 

focused on the IFG, few studies have examined the association between the anterior temporal 
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lobe and schizophrenia features of speech. As NLP measures become more commonly available, 

they have the potential to replace subjective rating scales as instruments of psychopathological 

quantification. In this context, eliciting the neural basis of key NLP measures in schizophrenia is 

of critical importance. While a plethora of derived measures are available, we chose a lexical 

measure based on world choices during a discourse, given the wealth of information available on 

semantic abnormalities in schizophrenia (Pomarol-Clotet et al., 2008), This approach provides a 

precedence for examining the neural basis of syntactic abnormalities (e.g. connective use 

(Mackinley et al., 2021)) and linguistic style (e.g. analytic thinking (Silva et al., 2021)) that are 

shown to be relevant in schizophrenia. However, such studies do not address the inhibitory or 

excitatory connectivity of the vATL so it is challenging to compare our results with previous 

reports.  

Our study has several strengths as well as some limitations. To our knowledge, this is the first 

study exploring the effective connectivity of IFG and vATL in patients with first episode of 

schizophrenia in relation to lexical efficiency. We recruited an extremely early-stage sample who 

had a mean of 3 days of lifetime antipsychotic exposure and were still in the untreated state 

when speech and fMRI data were obtained. We also used unambiguous picture stimuli which 

are shown to be more reliable in NLP studies of schizophrenia (Morgan et al., 2021). Given the 

head motion challenges when people are speaking in the scanner, we used resting state fMRI 

data to make inferences about speech outside the scanner. This has conceptual limitations and 

may explain why Broca-vATL connectivity was not related to the semantic similarity measure as 

expected. The relationship between task and resting-state effective connectivity (as inferred 

using DCM) is less well understood. Jung and colleagues demonstrated a strong correlation in 

the effective connectivity among regions engaged in a n-back task between the rest and the task 

states and concluded that the task-dependent connectivity endows resting- state connectivity 

with a context sensitivity that predicts task performance (Jung et al., 2018). Applying these 

results to our findings, we can expect that in the context of online speech production, the BA45-
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vATL connectivity pattern may exhibit ‘context sensitive’ changes in line with their resting-state 

connectivity patterns. More specifically, we can expect the intrinsic inhibitory tone of BA45 and 

vATL to be modulated by speech production when in-scanner speech is generated. We caution 

the readers that this is a speculative interpretation; a conclusive answer requires empirical data 

to test within-subject rest-task concordance.  Finally, we had access to limited longitudinal 

imaging data from this sample, precluding an examination of changes in brain connectivity over 

time to complement our recent report of worsening semantic similarity in FES (Alonso-Sánchez 

et al., 2022).  

5. Conclusion 

In conclusion, we report an aberrant inhibitory connection strength in the IFG and the vATL in 

relation to inefficiency of semantic selection in schizophrenia. Our results suggest that NLP-

derived semantic anomalies in schizophrenia have a likely neurophysiological basis, and lexical 

selection may be linked to reduced regional synaptic gain within the left IFG and the vATL.  
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