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Schizophrenia is characterised foremost by hallucinations, delusions and 

disorganised speech. Deficits in the internal speech monitor may contribute 

to the development of auditory-verbal hallucinations. This study investigates 

potential effects in the opposite direction: could the presence of auditory-verbal 

hallucinations have an effect on speech production? To this end, a recent mimicking/

simulation approach was adopted for 40 healthy participants who perceived either 

white noise or hallucination-like speech recordings during different language 

production tasks with increasing demands: picture naming, verbal fluency with 

and without category switch, sentence production, and discourse. In line with 

reports about real schizophrenia cases in the literature, mimicking auditory-

verbal hallucinations affected verbal fluency (switch condition) and sentence 

production (duration) in a different way than mere noise. These effects were 

not correlated, suggesting that hallucinations may even affect different levels of 

linguistic complexity in different ways. Anyway, in both cases (mimicked), auditory 

hallucination appear to contribute to the emergence of disordered speech. The 

mimicking/simulation paradigm may in future help to identify and disentangle 

the various factors contributing to disorganised speech in schizophrenia. They 

may also support the development and implementation of new protocols, e.g., in 

speech and language therapy in persons with schizophrenia in order to improve 

their communication skills despite the presence of auditory-verbal hallucinations.
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Introduction

Disorganised speech is one of the three most prominent symptoms of schizophrenia. 
According to the DSM-5, two symptoms out of the following must be present for at least 
one month (Tandon et  al., 2013): delusions, hallucinations, and disorganised speech. 
Language use in schizophrenia shows systematic abnormalities at various linguistic levels 
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from the single word to the connected complex utterance, 
suggesting its role even as a potential biomarker for schizophrenia 
(e.g., Covington et al., 2005; de Boer et al., 2020a,b; Voppel et al., 
2021). Problems in lexical retrieval (word finding) are reflected in 
lower scores in verbal fluency tasks (e.g., Juhasz et  al., 2012; 
Creyaufmüller et  al., 2020) and in neologisms (involuntary 
creations of novel or nonsense words) and semantic paraphasias 
(selection of the wrong word from the same semantic domain, e.g., 
“cat” for “dog”). Also, the learning of new words is impaired 
(Tunkel et  al., 2014). At the sentence/text level, narrative and 
pragmatic problems are found (tangentiality, derailment): persons 
with schizophrenia (PwS) lose track of their topic, follow chains 
of loose associations, repeat utterances or ignore rules of turn-
taking etc. (e.g., Covington et al., 2005; Marini et al., 2008; Colle 
et al., 2013; Bambini et al., 2016). These problems in language 
productions go along with disturbances in understanding irony, 
humour, or metaphors (e.g., Kuperberg, 2010a; Perlini et al., 2018; 
Tavano et al., 2008). Syntactic problems also occur in production 
(incomplete sentences, simpler syntactic structures: Stassen et al., 
1995; Perlini et  al., 2012; Zimmerer et  al., 2017) and 
comprehension (difficulties with complex syntactic structures; 
e.g., Condray et al., 2002; Kuperberg, 2010a; Perlini et al., 2012; 
Delvecchio et al., 2019).

Despite the relevance of linguistic deviations in schizophrenia, 
hallucinations are commonly regarded as a far more prototypical 
sign of the disease. In fact, 70–80% of PwS develop acoustic, visual 
and/or tactile hallucinations (Gaser et al., 2004), often subsequent 
to other prodromal Axis-I diagnoses (DSM-IV terminology; cf. 
the seminal work of the Klosterkötter group, e.g., Salokangas et al., 
2012). The acoustic hallucinations are of particular relevance as 
they are often perceived as imperative, commenting, or dialogic 
voices. Conde et al. (2016) give an overview of the four major 
theoretical accounts and their behavioural and neuroscientific 
evidence: memory-based; reality-monitoring; auditory vivid-
imagery; and verbal self-monitoring. These accounts draw upon 
the well-documented alterations in three aspects of voice 
processing: semantic content in the voice, identity (self vs. other) 
transported via the voice, and affective information contained in 
the voice. Each of these aspects is associated with functional 
alterations in different parts of the brain. Whereas the first two 
accounts may describe primary or even causal mechanisms, the 
latter might add the predominantly negative valence of the 
contents of auditory verbal hallucinations. For instance, de Boer 
et al. (2019) showed stronger effects of verbal than of non-verbal 
auditory hallucinations. In addition, Rossell and Boundy (2005) 
provided evidence for the interaction of alterations in both the 
semantic and the affective domain.

The identity account and the semantic account have in 
common the notion of a deficit in top-down processing. Auditory 
verbal hallucinations might be caused by a dysfunction of the 
speech output monitoring system, i.e., the monitoring of inner 
speech (Hubl et al., 2004; Vercammen et al., 2008), causing PwS 
to perceive their own thoughts as external voices (Allen et al., 
2007; Cho and Wu, 2014; Pinheiro et al., 2019; Whitford, 2019). 

Hugdahl and Sommer (2018) suggested that hallucinations may 
lead to gating effects and/or extended refractory periods in 
auditory cortex neurons, causing involuntary shifts of attention. 
Hugdahl (2009) referred to this effect as a failure of top-down 
control to sensory processes. In a dichotic listening study, Hugdahl 
et al. (2013) demonstrated that this failure could selectively occur 
for the one or other ear, depending on which channel had to 
be attended. Along the same lines, Løberg et al. (2015) related the 
emergence of auditory-verbal hallucinations to systematic 
attention deficits (see also Waters et al., 2012). Interestingly, the 
connection of speaking and auditory hallucinations has in fact a 
neurobiological basis: the connectivity strength of speech and 
auditory brain areas is associated with the presence or severity of 
auditory-verbal hallucinations (Li et al., 2017; Zhang et al., 2018).

It is yet an open issue whether this relationship between 
hallucinations and disorganised speech works only one-way, i.e., 
whether a disorder in the speech monitor influences/causes 
hallucinations, or rather both ways: does the presence of auditory 
hallucinations have a potential disorganising impact on the speech 
output system? For instance, the monitoring deficit hypothesis 
may not fully account for the fact that PwS with auditory-verbal 
hallucinations have lower scores in semantic verbal fluency than 
those without (Siddi et al., 2017).

An empirical test of the question whether the presence of 
auditory-verbal hallucinations affects language production is 
difficult in real PwS: people with acute psychosis only show a 
limited tolerance to extensive neuropsychological and 
neurolinguistics testing. Later, on medication, their 
hallucinations may decline, making it difficult to trace any 
residual connections to language. Moreover, it might be difficult 
singling out the individual effects of hallucinations from all the 
other symptoms in order to assess their selective influence on 
speaking. One potential solution to this problem is the use of 
mimicking/simulation paradigms in healthy volunteers in which 
states are induced that bear a relevant resemblance to those of 
PwS in their acute phase of a disease (for a review on 
schizophrenia cf. Ando et al., 2011; for other mimicking studies 
cf. the review by Heim, 2013). Such mimicking/simulation 
accounts have demonstrated their usefulness in modelling the 
behavioural and neural mechanisms underlying developmental 
dyslexia (Tholen et  al., 2011; Heim et  al., 2014) and aphasia 
(Meffert et  al., 2011; Grande et  al., 2012). Even though this 
approach has limitations, in particular that the complex 
constellation of a disorder is at best approximated but never fully 
realised, there are several potential advantages: larger, well-
described samples with clearly defined inclusion criteria can 
be recruited systematically; the participants can endure longer 
testing sessions at lower stress levels; individual factors can 
be isolated and manipulated individually, allowing the systematic 
experimental control with increasing complexity; and replication 
studies are easier feasible. A mimicking/simulation account 
cannot provide a final truth, but it allows pursuing or generating 
hypotheses to be  tested in real PwS who were spared from 
participating in all the trials and errors in the piloting phases.
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Importantly, in the field of schizophrenia, several such studies 
simulating/mimicking visual (Rastelli et  al., 2022) and 
predominantly auditory hallucinations (Brown, 2010; Ando et al., 
2011; Evans et al., 2015; Kidd et al., 2015; Kepler et al., 2016; Skoy 
et al., 2016; Silva et al., 2017; Kim and Wojnar, 2019; Riches et al., 
2018, 2019; Duprey et al., 2021) were published in the past years. 
The major goal was to raise awareness and empathy for the 
particular situation of PwS who suffer from such hallucinations. 
Simulations were applied to students of different health 
professions, and their self-reports on their experiences and also 
effects on behavioural performance measures were assessed. For 
instance, in the study of Silva et  al. (2017), auditory-verbal 
hallucinations were mimicked based on transcripts of reports 
from schizophrenia patients. Two actors recorded audio tracks 
which were presented to healthy volunteers. Real human voices 
instead of computer-generated stimuli were used to increase the 
authenticity. Kim and Wojnar (2019) obtained data for disturbance 
in the domains of attention (alertness, concentration, train of 
thoughts) and memory (memorise and recall), for increase of 
unpleasant emotions and somatic changes (e.g., racing heart, 
shallow breath, higher blood pressure and heart rate), and odd 
behaviour (e.g., fidgeting, nail biting, fiddling with hair and 
clothes, repeated time checking, inappropriate laughing, swearing 
and self-talking). In fact, for 90% of their participants, there were 
changes in their degree of functioning and performance. The 
authors thus concluded that these mimicked hallucinations 
“closely resembled the voice hearers’ actual experience” (Abstract, 
p: 240). “Conceivably students may have reacted to the voice-
hearing experience in a manner similar to patients’ experiences of 
post-psychosis emotional disturbance (Birchwood, 2003). […] 
The distinctive difference between patients and students was the 
use of self-reminders and reassurances by faculty that VHS would 
end soon and the option of stopping the voices was available at any 
time.” (p.  245). Diederen et  al. (2012) investigated the neural 
similarity of mimicked hallucinations, actual hearing under 
auditory stimulation, and imagination of voices using positron 
emission tomography. The activation patterns for hallucinations 
and auditory stimulation were very similar to each other and quite 
distinct from imagination.

Whereas the goal of these simulation studies was to increase 
empathy in unaffected people (e.g., in the education of nurses or 
pharmacists) with the situation of PwS, Kim and Wojnar (2019) 
also reported a wide range of behavioural effects. Thus, the 
procedure might likewise be  used to investigate the selective 
effects of the presence of commenting, imperative or dialogue-like 
voices on verbal behaviour, i.e., the speech-output system in 
healthy volunteers. Consequently, the present study used this 
approach, which in consequence may contribute to generating 
novel hypotheses about the potential loci in the cognitive system 
at which real hallucinations in real PwS might act. The paradigm 
is thus an extension of the well-established picture-word 
interference task in which the presence of distractor stimuli may 
alter the speed or accuracy of the intended utterance (e.g., Klaus 
et al., 2017 or Creyaufmüller et al., 2020 for application in both 

healthy persons and PwS). It is feasible and valid on the grounds 
that PwS with auditory-verbal hallucinations fail to distinguish 
external from internal voices, at least in those stages of the disease 
in which the PwS have no sense of distance to the hallucinations. 
Moreover, if it mimics disorders in the speech output, these effects 
will go beyond the standard Lombard effect (Lombard, 1911) that 
speakers raise their voice when in noisy environments, because 
here noise serves as the baseline. In the present study, all speech 
output levels from single-word retrieval (verbal fluency, picture 
naming) to sentence production and discourse were addressed, 
thus offering a systematic and comprehensive investigation of 
the effect.

Materials and methods

The study was approved by the local ethics committee at the 
Medical Faculty, RWTH Aachen University (EK080/19).

Sample

Forty healthy adults (aged 20–30 years; 19 women) 
participated in the study. We recruited volunteers in this age range 
(mostly amongst the students at RWTH Aachen University, plus 
via some personal contacts). The age range was chosen since the 
majority of people with schizophrenia encounter their first 
episode at this age (Buchanan and Carpenter, 2005). The only 
other inclusion criterion was a self-report of native or native-like 
proficiency of German. Exclusion criteria were a personal or 
family history of psychiatric disorders or mental disability, 
acquired language disorders at the time of testing (e.g., aphasia), 
and auditory and/or visual sensory deficits. Finally, immediately 
before the start of the experiment, all participants were assessed 
for signs of depression with the short version of the Beck 
Depression Inventory (BDI; Kühner et al., 2007; cf. Schmitt et al., 
2006) since they were going to be confronted with potentially 
aversive auditory materials (see Appendix A) which might induce 
negative affect. Volunteers scoring high on one or more of these 
items (i.e., scores >1) would have been excluded. No volunteer had 
to be  excluded in this screening. We did no further cognitive 
assessment of the volunteers in order not to expand the total 
duration of the study. The rationale was that, if any effects were 
found, a follow-up study focussing only on these effects could 
involve more targeted cognitive testing.

Mimicking auditory-verbal hallucinations

In order to create materials for mimicking auditory-verbal 
hallucinations, we followed the procedures by Silva et al. (2017). 
First, transcripts were created based on an extensive literature 
review of the contents of real auditory-verbal hallucinations and 
on the expertise of author SH, professor at the Department of 
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Psychiatry. In addition, a colleague psychiatrist from RWTH 
Aachen University Hospital was interviewed as to any further 
contents and way of “speaking” of the voices, as reported by 
PwS. This helped create 16 min of commenting, imperative, or 
dialogical voices. The type of voice changed in rhythms of 1 min 
in a way unpredictable to the participants, in correspondence with 
reports from clinical cases. Contents included suicide, self-hatred 
and isolation/loneliness but also offhand inclusions of every-day 
objects or episodes (see Table 2 in the Supplementary Material). 
These transcripts were then spoken by one male and one female 
speaker and recorded in the Audio-Visual Media Centre (AVMZ) 
at RWTH Aachen University Hospital. In order to render the 
simulation more naturalistic, the recordings were edited with Avid 
Pro Tools (Collins, 2004) to achieve fluctuations in frequency and 
volume, thus creating the impression of more than two voices. The 
AVMZ also created 16 min of white noise stimuli with comparable 
acoustic properties. The audio files were presented via headphones 
while the participants performed their tasks, thus ensuring that 
the stimuli were not obliterated by external noise.

Tasks and materials

The study investigates language production at the level of 
words, sentences, and stories. Accordingly, the following tasks 
were used: (1) verbal fluency, (2) verbal fluency with category 
switch, (3) picture naming, (4) sentence production (subject-
predicate-object format), (5) discourse. Each task was composed 
in two parallel versions such that the influence of mimicked 
auditory-verbal hallucinations during each task could 
be  compared to a baseline condition with white-noise as 
background audio signal. The simulated auditory-verbal 
hallucinations were not temporally aligned to the different tasks 
but just continued without pause, as reported in clinical cases. 
Thus, there was no systematic balancing of the contents of the 
simulated hallucinations and the tasks. If the presence of the 
simulated hallucinations has any effect on speaking performance, 
a systematic investigation of potential influences of the exact 
content can be performed in a subsequent study.

Verbal fluency
Verbal fluency is slightly more challenging than picture 

naming since there is no concrete object to be  named but 
exemplars must be generated from memory. In this study, the 
standard German verbal fluency test (Regensburger Wort-
Flüssigkeits-Test, RWT; Aschenbrenner et al., 2001) was used. It 
consists of two versions, the simple fluency condition (both 
semantic, e.g., “surnames” and phonological, e.g., “words starting 
with the phoneme S”) and the switch condition (alternating 
between two semantic categories “types of sports/fruits” or two 
phonemes “G”/“R”). In each condition, participants are asked to 
generate as many exemplars to the criterion as they can retrieve in 
2 mins. The switch conditions pose additional requirements on 
executive functions as compared to the simple conditions. There 

are normative values available for different age groups, allowing 
the transformation of raw scores into percentiles of the respective 
age group. Consequently, the different versions of simple fluency 
can be  compared among each other, and likewise the various 
switch conditions. The percentile values per condition/test were 
used for the analysis.

Picture naming
Picture naming was the most simple task in the study: black-

and-white drawings of every-day objects from the Snodgrass & 
Vanderwart set (cf. Szekely et al., 2005) were used to create two 
parallel sets of pictures of every-day objects to be named. Each 
version contained 48 pictures controlled for number of syllables 
(16 per 1/2/3 syllables) and lexical frequency (dlexDB database, 
2008–2012).1 A two-samples t-test confirmed that the distribution 
of frequencies was comparable in the two sets (1629.3/mio vs. 
1795.9/mio; t[94] = −0.223; p = 0.824). The order of items with 
1/2/3 syllables was also kept parallel between the two sets, thus 
creating maximal comparability of the items for naming while 
hearing auditory-verbal materials or white noise. Each picture was 
presented for 3 s. The following parameters were assessed: 
accuracy of the picture name, speech latency, and duration of the 
word. Also, the occurrence of semantic paraphasias was analysed.

Canonical SPO sentences
For the production of language beyond the single-word level, 

stimuli were also taken from the set of black-and-white drawings 
(Szekely et al., 2005). In contrast to simple picture naming, these 
stimuli showed actions performed by one agent with one object. 
Two parallel versions of 24 pictures each were created. Participants 
had to utter sentences in the canonical Subject-Predicat-Object 
(SPO) word order (e.g., “The man is throwing the ball”). The 
following parameters were recorded: accuracy of the sentence 
(syntactically complete and semantically correct), speech onset 
latency, and duration of the utterance.

Stories
For discourse, the use of published materials is a standard 

procedure (e.g., DeLisi, 2001; Perlini et al., 2012). In the present 
study, materials for learning Dutch as a foreign language 
(Schneider-Broekmans, 2015) were used for eliciting story 
generation. They each contain of eight black-and-white drawings 
of every-day situations (e.g., in a café) which have to be integrated 
into one story within 1 minute. Two sets of four stories each were 
created. From the audio recordings of connected speech during 
discourse, lexical information units (LIUs) and thematic 
information units (TIUs) were extracted and analysed (e.g., 
Marini et al., 2008). LIUs are all content words (e.g., nouns, verbs, 
adjectives) and function words (e.g., articles, conjunctions, 
prepositions) that were phonologically, syntactically and 
pragmatically correct/appropriate. The number of all such words 

1 http://www.dlexdb.de/
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was divided by the total number of uttered words (containing also, 
e.g., paraphasias, repetitions, interjections, jargon etc.) and 
converted into a percent score. Similarly, for each story, the 
number of uttered thematic topics was assessed and divided by the 
number of expected topics. This score, again, was converted into 
a percent value.

Parameters
Psycholinguistic studies of language production usually make 

use of the following parameters: Accuracy of the response (i.e., 
success of retrieval; mostly used in patient studies and/or cognitive 
modelling of patients’ performance: e.g., Dell (1986) model. For a 
recent paper, cf. Middleton et al., 2022); Latency of the response 
(i.e., reaction time, response speed; mostly used in studies with 
neurotypical participants and/or cognitive modelling of their 
responses: e.g., Willem Levelt’s (Levelt et al., 1999) model. For a 
recent paper, cf. Mascelloni et  al., 2021); and Duration of the 
response (for longer utterances beyond single words; e.g., (Sarkis 
and Montag, 2021). Moreover, in verbal fluency tasks, a fixed time 
interval (usually 1 min or 2 min) is given and the number of words 
correctly produced in this interval counted. In the present study 
with its exploratory character, we sought to discover all possible 
effects. Therefore, accuracy was measured where possible (i.e., 
correct lexical retrieval of words and correct production of SPO 
sentences). Likewise, response latencies and response durations 
where measured whenever a stimulus was presented to which one 
particular response (target word, SPO sentence) was expected. 
This was not possible for verbal fluency, for which the number of 
words per time unit was assessed accordingly and then 
transformed into the corresponding normative value (percentile). 
Likewise, for discourse, speech latencies and duration would not 
be informative because of the complexity beyond a single word or 
short sentence. Therefore, the lexical richness of the utterances 
was assessed with the TIUs and LIUs.

Design and procedure

All participants performed all tasks under all experimental 
conditions. The tasks were administered in a fixed order: verbal 
fluency (simple, switch), picture naming, sentence production, 
discourse. Verbal fluency was tested before picture naming in 
order not to prime any lexical items that might have occurred 
previously as target pictures. The presentation of the stimulus 
pictures was controlled by a PC running on Microsoft Windows. 
One run of all tasks had a duration of 16 minutes, totaling 32 
minutes for the two runs with mimicked auditory-verbal 
hallucinations in the one, and white noise in the other. In order to 
prevent any order effects with respect to the type of auditory 
background sounds (mimicking hallucinations), the order was 
counter-balanced across participants: one half of the participants 
received the auditory-verbal hallucinations in the first and the 
white noise in the second run while the order was reversed in the 
other half of participants.

Data analysis

The statistical analysis was performed with IBM SPSS 24.2 For 
each participant, task, parameter and condition, the data were 
aggregated. For each task and parameter, a 2×2 ANOVA was 
performed with “Condition” (hallucination/noise) as within-
subject factor and “Order” (order of the two auditory backgrounds) 
as between-subject factor in the sense of a covariate to partial out 
any remaining order effects that might not have been covered by 
counter-balancing the order of presentation. The significance 
threshold of p < 0.05 was Bonferroni-corrected for multiple 
comparisons separately for each task that came in different 
varieties (RWT simple/switch) or with sets of dependent variables 
affording multiple tests (total accuracy/latency/duration for 
picture naming and for sentence production; LIU/TIU for 
discourse). In these analyses, the main effect for Condition was the 
one effect of interest. For the sake of completeness, the main 
effects of Order and interactions are also reported. These latter, 
however, have no immediate significance for the argument itself, 
as the present study did not investigate the potential habituation 
to mimicked auditory verbal hallucinations (cf. e.g., Kim and 
Wojnar, 2019). The Order effects are, however, potentially relevant 
for follow-up studies in which a more fine-grained manipulation 
(e.g., investigation of the effects of the different types of voices) 
might interact with the order of presentation.

In the light of the emerging results (see below), two additional 
analyses were run. First, as there was a significant finding in the 
fluency-switch condition but not in the fluency-simple condition, 
suggesting a systematic difference of the simulation in two tasks, 
we ran a confirmatory 2 × 2 × 2 ANOVA with “Task” (fluency-
simple/fluency-switch) and “Condition” (hallucination/noise) as 
between-subject factors and “Order” as between-subject factor, 
testing for an interaction of the two within-subject factors. 
Moreover, as significant effects of Condition occurred for both 
fluency-switch and for sentence production (duration), we tested 
for potential relationships between the two by a set of Pearson 
correlations (due to the exploratory nature of this analysis, no 
value of p correction was applied).

Results

The average performance on each of the parameters in the 
different tasks and conditions is displayed in Figure 1. The results 
of the 2 × 2 ANOVAs with factors Condition and Order are 
summarised in Table 1.

The set of 2 × 2 ANOVAs for verbal fluency revealed a main 
effects of Condition in the switch but not in the simple condition. 
Main effects of Order were not significant. The interaction term 
was significant for the Simple but not for the Switch condition. 

2 https://www.ibm.com
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Fewer words were generated under the mimicked hallucinations 
than under noise.

The follow-up 2 × 2 × 2 ANOVA combining the two analyses 
for the Simple and Switch variants of verbal fluency into one 
large analysis yielded the following findings: In line with the 
differential pattern in the preceding analyses of the individual 
tasks, there was a significant interaction of Task and Condition 
(F[1;38] = 5.100, p = 0.030). The other effects were as follows. There 

was a main effect for Task (F[1;38] = 28.930, p < 0.001) but not for 
Order (F[1;38] = 0.325, p = 0.572) or Condition (F[1;38] = 2.177, 
p = 0.148). The interaction of Order with Task was significant 
(F[1;38] = 51.557, p < 0.001), but not the interaction of Order with 
Condition (F[1;38] = 0.061, p = 0.806). Finally, the 3-way 
interaction was significant (F[1;38] = 35.916, p < 0.001).

The set of 2 × 2 ANOVAs for picture naming revealed no 
significant main effects of Condition A main effects of Order was 

FIGURE 1

Average performance in the different language production tasks under auditory-verbal hallucinations (black) and noise (grey). Error bars indicate 
the standard error of the mean. * p < 0.05 corrected for multiple comparisons within the task.
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found for Accuracy and Duration, but not for Latency. Interaction 
terms were not significant. As accuracy did not differ between the 
two conditions, no additional qualitative analysis of the individual 
speech errors was performed.

The set of 2 × 2 ANOVAs for sentence production revealed 
a main effect of Condition for Duration but not for Accuracy or 

Latency. Main effects of Order were not significant. Interaction 
terms significant for Accuracy but not for Latency or Duration. 
Sentences under auditory-verbal hallucinations were  
spoken more quickly than in the noise condition. Again, as 
accuracy did not differ between the two conditions, no 
additional qualitative analysis of the individual speech errors 
was performed.

The set of 2 × 2 ANOVAs for discourse revealed no main 
effects of Condition or Order. The interaction term was significant 
for TIU but not for LIU.

Finally, a Pearson correlation analysis looked into the 
potential relationship of the significant Condition effects for the 
verbal fluency Switch condition and the sentence production 
Duration. The difference effects for Condition (hallucination vs. 
noise) for verbal fluency Switch and sentence production 
Duration were not correlated (r = 0.189; p = 0.243). Looking at the 
individual correlation effects of each simulation variant 
(hallucination, noise) in each task (fluency Switch, fluency 
Simple), a significant correlation of the sentence duration under 
both conditions emerged (r = 0.611; p < 0.001; Figure  2). The 
other correlations were not significant (sentence_Duration_
hallucination × fluency_Switch_hallucination: r = −0.206; 
p = 0.203; sentence_Duration_hallucination × fluency_Switch_
noise: r = 0.001; p = 0.996; fluency_Switch_hallucination × 
fluency_Switch_noise: r = 0.240; p = 0.136). Please note that, even 
though no value of p correction for multiple comparisons was 
applied, the one significant effect would remain significant even 
after a strict Bonferroni correction.

TABLE 1 Results of the 2 × 2 ANOVAs for effects of Condition and Order and their interaction.

Task Parameter Main effect of 
Condition

Main Effect of  
Order

Interaction Condition x 
Order

Verbal fluency, simple Percentile (items per time unit) F[1;38] = 0.511

p = 0.479

F[1;38] = 0.110

p = 0.742

F[1;38] = 86.496

p < 0.001

Verbal fluency, switch Percentile (items per time unit) F[1;38] = 7.042

p = 0.012

F[1;38] = 3.370

p = 0.074

F[1;38] = 0.078

p = 0.782

Picture naming Accuracy F[1;38] = 0.087

p = 0.770

F[1;38] = 10,892.569

p < 0.001

F[1;38] = 3.569

p = 0.067

Picture naming Latency F[1;38] = 0.379

p = 0.770

F[1;38] = 3.370

p = 0.074

F[1;38] = 1.610

p = 0.212

Picture naming Duration F[1;38] = 2.696

p = 0.109

F[1;38] = 667.326

p < 0.001

F[1;38] = 3.437

p = 0.072

Sentence production Accuracy F[1;38] = 0.284

p = 0.597

F[1;38] = 0.307

p = 0.583

F[1;38] = 10.591

p = 0.002

Sentence production Latency F[1;38] < 0.001

p = 0.984

F[1;38] = 3.370

p = 0.074

F[1;38] = 1.812

p = 0.186

Sentence production Duration F[1;38] = 9.779

p = 0.003

F[1;38] = 0.685

p = 0.413

F[1;38] = 0.829

p = 0.368

Discourse TIU F[1;38] < 0.001

p = 0.998

F[1;38] = 2.964

p = 0.093

F[1;38] = 16.589

p < 0.001

Discourse LIU F[1;38] = 3.247

p = 0.080

F[1;38] = 0.168

p = 0.668

F[1;38] = 2.184

p = 0.148

FIGURE 2

Scatter plot of the individual performance under mimicked 
auditory verbal hallucinations in the simple (y-axis) and the switch 
(x-axis) conditions of the verbal fluency task.
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Discussion

The present study investigated the influence of mimicked 
auditory-verbal hallucinations (vs. noise) on different aspects of 
language production at the word, sentence, and text level. There was 
a significant influence of mimicked auditory-verbal hallucinations 
on single word production only in the most difficult task (fluency, 
switch condition). The distinction of the two fluency variants was 
confirmed by the significant interaction effect of Task and 
Condition. Moreover, sentences under mimicked hallucinations 
were spoken more rapidly than under noise. These effects of the 
simulation at word vs. sentence level seem to be  of differential 
nature as there was no correlation whatsoever across linguistic levels.

These results indicate that the presence of mimicked auditory-
verbal hallucinations, i.e., a linguistically meaningful source of 
distraction, can exert influence on the language production process 
over and above that of mere background noise, as in the Lombard 
effect which predominantly concerns the loudness and perhaps pitch 
of the speaker’s voice. Moreover, the overall pattern of results is 
largely in line with reports in the literature about the linguistic 
performance of real PwS with auditory-verbal hallucinations. For 
single word production, there is ample evidence for deficits in verbal 
fluency (e.g., Hintze et al. 2022; Wei et al., 2022; for a review cf. the 
meta-analysis by Doughty and Done, 2009). These verbal fluency 
deficits must be distinguished from a rather fair performance in 
simpler tasks of lexical retrieval such as picture naming (e.g., Al-Uzri 
et al., 2004; Tan and Rossell, 2017; but see Vogel et al., 2009). Thus, 
rather than assuming the locus of the effect (only) in lexical access 
per se (e.g., Heim, 2020), a link to other cognitive functions such as 
executive functions (e.g., working memory; processing speed) must 
be  considered as potential causes for these specific deficits in 
schizophrenia (Ojeda et al., 2008; Berberian et al., 2016), as these 
functions are associated with verbal fluency and cognitive reserve in 
neurotypical persons and (at least in male) PwS (Marsh et al., 2019; 
Kubota et al., 2022). Also, the dissociation of verbal fluency deficits 
but no speech-onset latency effects in sentence production is in line 
with observations in real PwS vs. healthy controls (Creyaufmüller 
et al., 2020). Finally, the increases talking speed under mimicked 
hallucinations in the present study could be associated with reports 
of logorrhoea and concurrent hallucinations (Lee, 2004), a set of 
symptoms responding to the dosage of Lorazepam.

To conclude, the simulation paradigm employed here caused 
specific effects with the following properties: (1) They go beyond 
those of the presence of white noise; (2) They reflect findings in 
the literature about symptoms in real auditory-verbal 
hallucinations; (3) Over and above these reports in the literature, 
the effects observed here have a clear direction of causality: the 
auditory stimulation caused the speech effects and not vice versa 
(as was previously investigated in studies looking for the source of 
hallucinations in the impaired speech-output monitor).

The simulation applied here did not cause any further deficits 
in the tasks of connected speech (sentence production, discourse). 
This lack of effects was unexpected (cf. e.g., the systematic study by 
Vogel et  al., 2009 that did report more errors in a sentence 

production task for PwS). Also, the differential pattern for deficits 
in the switch condition of the fluency task but not in the simple 
condition is not immediately reflecting the state-of-the-art: PwS 
tend to be  affected already in the simpler version of the task. 
However, they are certainly affected in the version with category 
switches (Vogel et al., 2009; Creyaufmüller et al., 2020). For the 
sentence condition, one explanation could be  that the type of 
sentences was too simple to be sensitive to the simulation, as it were 
only main clauses of the S-P-O type. Very little syntactic planning 
was necessary here – perhaps too little (Moro et  al., 2015; see 
Creyaufmüller et  al., 2020 for similiarly simple sentences with 
similar effects). Likewise, in the discourse task, the challenge may 
have been too easy since all pictures were presented for the full 
amount of time, and in the correct order: very much structure was 
provided so that the lexical and thematic processing (which was 
analysed here in terms of LIU and TIU) had enough context (see 
Kuperberg, 2010b) on the role and relevance of context for linguistic 
processing in schizophrenia.

This, however, is exactly the advantage of a simulation study, 
as outlined in the introduction: one can derive novel hypotheses 
which can be  tested with healthy volunteers and, later, with 
people with schizophrenia. Two alternative hypotheses present 
themselves: (1) The mimicking method is not strong enough to 
produce meaningful effects beyond the single word level. – (2) 
Auditory-verbal hallucinations have a differential impact on 
language processing at the different linguistic levels: they interfere 
with lexical retrieval under cognitively demanding conditions but 
are less relevant for connected speech (leading to the next 
question which other pathological mechanisms, then, are 
interfering at the level of connected speech). Both alternatives can 
be pursued, (1) by using less structured materials and different 
methods of speech elicitation, and (2) by systematically 
juxtaposing the statistical effect of severity of auditory-verbal 
hallucinations in PwS with other carefully obtained and well-
structured clinical scales and measures of cognitive and linguistic 
functioning. Such insights might help formulate more complex 
models of language processing that take into account processing 
levels beyond (psycho-)linguistics.

In any case, this study is among the first to suggest a potential 
causal link between auditory-verbal hallucinations and (a part of the) 
linguistic problems in language production in people with 
schizophrenia instead of the other way around. With the first 
preliminary knowledge obtained here, more far-reaching future 
studies, both behaviourally and in combination with neuroimaging, 
become feasible. Kuperberg (2010b, p: 600) asked, “Is it possible to 
neuroanatomically dissociate language networks engaged in different 
types of psycholinguistic operations? How and at what stage do these 
networks interact? Are these neural mechanisms reciprocally linked such 
that an over-engagement of one network is necessarily accompanied by 
an under-engagement of another? The study of language processing in 
a widespread functional disorder such as schizophrenia may help us 
begin to address some of these questions.”

In future studies, one aspect which might be considered is that 
of a potential habituation to the auditory stimulation during the 
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tasks. We controlled for order effects by counter-balancing the 
occurrence of the mimicked hallucinations and that of white noise 
across participants. Statistically, the order effects were prominent 
in many cases (even though the actual experimental manipulation 
was strong enough to cause detectable effects). Also, subsequent 
studies might skip the picture naming task and perhaps start 
immediately with those tasks requiring longer and more complex 
connected speech, thus taking advantage of the simulation while 
habituation is still low. Finally, future studies might assess the 
degree of proneness to auditory hallucinations, as this may 
significantly modulate the amount to which the presence of 
hallucination-like stimuli actually affects behavior (cf. the recent 
study by Laloyaux et al., 2022).

Open issues

In this study, the experimental condition contained mimicked 
auditory verbal hallucinations, i.e., verbal materials. These might 
per se have a higher salience than the non-verbal noise in the 
control condition (Rossell and Boundy, 2005; de Boer et al., 2019), 
so that distraction, i.e., empirically induced interference with 
cognitive control mechanisms such as attention, inhibition and 
also working memory, might have contributed to the differential 
effects in the verbal fluency tasks. We  cannot rule out this 
possibility, which can be  investigated more systematically in 
subsequent studies. But even if the experimental condition 
interacted with executive functions, this would be very much in 
line with the processes that potentially interfere with language 
processing in PwS. As outlined in the introduction, several studies 
have demonstrated the role of reduced executive functioning 
(cognitive control, attention) for the occurrence of real auditory-
verbal hallucinations (e.g., Hugdahl, 2009; Hugdahl et al., 2013; 
Løberg et al., 2015; Waters et al., 2012). Also, the well-documented 
problems of PwS in verbal fluency tasks have been attributed to 
reduced executive functions, as discussed above. More generally, 
executive functions are essential also for language production 
aside from verbal fluency tasks (Sikora et al., 2016; San José et al., 
2021; see Ye and Zhou, 2009, for a review), not only in PwS, but in 
every speaker. If now the presence of mimicked hallucinations had 
a distracting impact on the participants in the present study, thus 
affecting executive functions, this, in turn, might affect the 
controlled production of language (In fact, in the study by Kim 
and Wojnar (2019) that investigated the effects of mimicked 
auditory verbal hallucinations, the self-reports of their healthy 
volunteers suggest a significant amount of distraction, leading to 
problems with concentration and memory). A similar mechanisms 
might be  assumed for the case of PwS: auditory-verbal 
hallucinations occur because of executive deficits, which also 
interfere with language production. In this explanation, the 
auditory-verbal hallucinations would thus not exert a direct 
influence on the language system, but would have an indirect 
effect via executive functions. Which model better accounts for 
the effects may be investigated in future studies.

Limitations

The findings should be viewed in the light of the following 
potential limitations. First, as pointed out above, people may 
vary with respect to their proneness to auditory hallucinations, 
which is thus a potential source of noise in the present data. 
People who are potentially less prone to auditory hallucinations 
might also have a stronger sense of distance to them and consider 
them as mere auditory noise unrelated to themselves. Also, the 
effects might vary with the volume at which the auditory stimuli 
are presented. This, again, was only adjusted such that it was not 
unpleasant for the participants, but a systematic variation was 
not applied. Finally, it is possible that different contents 
(commenting vs. imperative, threatening vs. neutral) have 
different effects on language production. This question was not 
within the scope of the present study. Here, we wanted to test the 
influence of mimicked auditory-verbal hallucinations in a 
number of speaking tasks of different complexity – and of 
different duration. We kept the duration so short that all tasks 
fitted into one session. Moreover, the duration of the fluency 
tasks was dictated by the instructions of that tests. Otherwise 
we would not have been able to refer to the normative test values 
to keep the various variants parallel with respect to difficulty. 
Accordingly, we could not analyse the data with respect to the 
contents of the hallucinations.

Conclusion

Based on earlier evidence for the usefulness of employing 
simulations to model language performance in patient samples, 
this study demonstrates that mimicking auditory-verbal 
hallucinations provokes language symptoms comparable to those 
reported in the literature. A refinement of the methods is 
suggested. In future, the simulation approach might help piloting 
studies with real patient samples, allowing more precise 
manipulations and thus increasing the impact of clinical studies 
with real PwS. In particular, the simulation may help formulating 
more detailed hypotheses about the (neuro-)cognitive foundations 
of the first-rank symptoms in schizophrenia and their interplay 
with the human cognitive apparatus.

For clinical purposes, the present findings might have 
implications for speech-language therapy and/or cognitive-
behavioural therapy. For instance, they might inspire the 
development of meta-cognitive strategies of control over one’s 
own utterances (including semantic content and syntactic 
structure) in the presence of distracting auditory verbal 
hallucinations: these could be tested and evaluated in neurotypical 
participants hearing mimicked auditory-verbal hallucinations 
before application to PwS. Success in the management of one’s 
own voice and communication behaviour might be  one key 
feature to interrupt the vicious circle in which PwS find themselves 
trapped (Heim, 2020): neurobiological alterations in the brain 
affect directly and indirectly (via auditory-verbal hallucinations) 

https://doi.org/10.3389/fpsyg.2022.1017865
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Heim et al. 10.3389/fpsyg.2022.1017865

Frontiers in Psychology 10 frontiersin.org

communication success, both in the personal life (reduced social 
participation) and in the psychotherapeutic setting (confuse or 
diffuse interaction with the therapist). Even if the neurobiological 
basis cannot be  changed pharmaceutically, or if this change 
progresses slowly, improved control over one’s utterances despite 
hallucinations might sooner lead to more efficient communication, 
and hence improved participation and therapeutical exchange 
and, in consequence, quality of life (Joyal et al., 2016; Heim, 2020). 
“The field of SLT can contribute at characterizing speech and 
language impairments across life span of patients with 
schizophrenia in a detailed manner, as well as identifying and 
developing efficient approaches to treat speech and language 
impairments with evidence based data.” (Joyal et al., 2016, p. 93). 
In their review, Joyal et  al. (2016) demonstrated the potential 
usefulness of various therapeutic approaches for improving 
language and communication skills, in particular pragmatic skills, 
in PwS, indicating that language abilities can really be modified by 
interventions. At the same time, the large heterogeneity of these 
approaches (operant conditioning; meta-comprehension/meta-
learning; cognitive therapy; rehabilitative approaches), their 
settings (group or individual), and their parameters (duration of 
session: 15–90 min; total duration of intervention: 2 weeks up to 
2 years; frequency of therapy 1x per week up to 2x per day) also 
illustrates that there is a large need for setting standards and for 
model-guided interventions. In a most recent RCT, Bambini et al. 
(2022) demonstrated that their novel approach PragmaCom, 
which included both production and comprehension elements, 
improved pragmatic communication skills of PwS after 12 weeks 
of training and also after a 3-months follow-up. As such RCTs can 
only be run after sufficient piloting, the paradigm used in the 
present study might prove useful for such piloting of intervention 
strategies in neurotypical persons before the most promising ones 
are actually applied to PwS, thus improving their chances to 
benefit from the trial they enrol in.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by Ethikkommission an der Medizinischen Fakultät der 
RWTH Aachen. The patients/participants provided their written 
informed consent to participate in this study.

Author contributions

SH: study concept and design, supervision of the creation of 
materials/stimuli, data analysis and supervision of data analysis, 
discussion and manuscript. SP: creation of materials/stimuli, 
recruitment of participants, data acquisition, data analysis, and 
contribution to and revision of the manuscript. KH: study concept 
and design, supervision of the creation of materials/stimuli, 
supervision of the linguistic aspects of data analysis, discussion of 
statistical data analysis and results, and revisions of the 
manuscript. All authors contributed to the article and approved 
the submitted version.

Funding

This work is funded by the Deutsche Forschungsgemeinschaft 
(DFG, German Research Foundation) – 491111487.

Acknowledgments

We wish to thank the Audio-Visual Media Centre (AVMZ) at 
RWTH Aachen University. The data were acquired for the M.Sc. 
thesis of SP.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found 
online at: https://www.frontiersin.org/articles/10.3389/fpsyg. 
2022.1017865/full#supplementary-material

References
Allen, P., Aleman, A., and McGuire, P. K. (2007). Inner speech models of auditory 

verbal hallucinations: evidence from behavioural and neuroimaging studies. Int. 
Rev. Psych. 19, 407–415. doi: 10.1080/09540260701486498

Al-Uzri, M. M., Laws, K. R., and Mortimer, A. M. (2004). An early marker for 
semantic memory impairment in patients with schizophrenia. Cog. Neuropsych. 9, 
267–279. doi: 10.1080/13546800344000255

https://doi.org/10.3389/fpsyg.2022.1017865
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.1017865/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.1017865/full#supplementary-material
https://doi.org/10.1080/09540260701486498
https://doi.org/10.1080/13546800344000255


Heim et al. 10.3389/fpsyg.2022.1017865

Frontiers in Psychology 11 frontiersin.org

Ando, S., Clement, S., Barley, E. A., and Thornicroft, G. (2011). The simulation of 
hallucinations to reduce the stigma of schizophrenia: a systematic review. Schiz. Res. 
133, 8–16. doi: 10.1016/j.schres.2011.09.011

Aschenbrenner, S., Tucha, O., and Lange, K. W. (Eds.), (2001). RWT - Regensburger 
Wortflüssigkeitstest (1.). Göttingen: Hogrefe

Bambini, V., Agostoni, G., Buonocore, M., Tonini, E., Bechi, M., Ferri, I., et al. 
(2022). It is time to address language disorders in schizophrenia: a RCT on the 
efficacy of a novel training targeting the pragmatics of communication 
(PragmaCom). J. Comm. dis. 97:106196. doi: 10.1016/j.jcomdis.2022.106196

Bambini, V., Arcara, G., Bechi, M., Buonocore, M., Cavallaro, R., and Bosia, M. 
(2016). The communicative impairment as a core feature of schizophrenia: 
frequency of pragmatic deficit, cognitive substrates, and relation with quality of life. 
Comprehens. Psych. 71, 106–120. doi: 10.1016/j.comppsych.2016.08.012

Berberian, A. A., Moraes, G. V., Gadelha, A., Brietzke, E., Fonseca, A. O., 
Scarpato, B. S., et al. (2016). Is semantic verbal fluency impairment explained by 
executive function deficits in schizophrenia? Rev. Brasil. Psiquiat. 38, 121–126. doi: 
10.1590/1516-4446-2015-1663

Brown, S. A. (2010). Implementing a brief hallucination simulation as a mental 
illness stigma reduction strategy. Comm. mental health j. 46, 500–504. doi: 10.1007/
s10597-009-9229-0

Buchanan, R. W., and Carpenter, W. T. (2005). “Concept of schizophrenia,” in 
Kaplan & Sadock’s Comprehensive Textbook of Psychiatry. 8th Edn. eds. B. J. Sadock 
and V. A. Sadock. (Philadelphia, PA, USA: Lippincott Williams & Wilkins), 1329.

Cho, R., and Wu, W. (2014). Is inner speech the basis of auditory verbal 
hallucination in schizophrenia? Front. Psych. 5:75. doi: 10.3389/fpsyt.2014.00075

Colle, L., Angeleri, R., Vallana, M., Sacco, K., Bara, B. G., and Bosco, F. M. (2013). 
Understanding the communicative impairments in schizophrenia: a preliminary 
study. J. Comm. Dis. 46, 294–308. doi: 10.1016/j.jcomdis.2013.01.003

Collins, M. (2004) Pro tools for music production: Recording, editing and mixing 
(2nd ed.). Oxford: Focal. Retrieved from http://site.ebrary.com/lib/alltitles/
docDetail.action?docID=10127917

Conde, T., Gonçalves, O. F., and Pinheiro, A. P. (2016). A cognitive neuroscience 
view of voice-processing abnormalities in schizophrenia: a window into auditory 
verbal hallucinations? Harvard rev. psych. 24, 148–163. doi: 10.1097/
HRP.0000000000000082

Condray, R., Steinhauer, S. R., van Kammen, D. P., and Kasparek, A. (2002). The 
language system in schizophrenia: effects of capacity and linguistic structures. Schiz. 
Bull. 28, 475–490. doi: 10.1093/oxfordjournals.schbul.a006955

Covington, M. A., He, C., Brown, C., Naçi, L., McClain, J. T., Fjordbak, B. S., et al. 
(2005). Schizophrenia and the structure of language: the linguist's view. Schizo. Res. 
77, 85–98. doi: 10.1016/j.schres.2005.01.016

Creyaufmüller, M., Heim, S., Habel, U., and Mühlhaus, J. (2020). The influence of 
semantic associations on sentence production in schizophrenia: an fMRI study. 
Europ. Arch. Psych. Clin. Neurosci. 270, 359–372. doi: 10.1007/s00406-018-0936-9

de Boer, J. N., Brederoo, S. G., Voppel, A. E., and Sommer, I. (2020a). Anomalies 
in language as a biomarker for schizophrenia. Curr Op Psych 33, 212–218. doi: 
10.1097/YCO.0000000000000595

de Boer, J. N., Linszen, M., de Vries, J., Schutte, M., Begemann, M., Heringa, S. M., 
et al. (2019). Auditory hallucinations, top-down processing and language perception: 
a general population study. Psychol. Med. 49, 2772–2780. doi: 10.1017/
S003329171800380X

de Boer, J. N., van Hoogdalem, M., Mandl, R., Brummelman, J., Voppel, A. E., 
Begemann, M., et al. (2020b). Language in schizophrenia: relation with diagnosis, 
symptomatology and white matter tracts. NPJ Schiz. 6:10. doi: 10.1038/
s41537-020-0099-3

DeLisi, L. E. (2001). Speech disorder in schizophrenia: review of the literature and 
exploration of its relation to the uniquely human capacity for language. Schiz. Bull. 
27, 481–496. doi: 10.1093/oxfordjournals.schbul.a006889

Dell, G. S. (1986). A spreading-activation theory of retrieval in sentence 
production. Psychol. Rev. 93, 283–321.

Delvecchio, G., Caletti, E., Perlini, C., Siri, F., Andreella, A., Finos, L., et al. (2019). 
Altered syntactic abilities in first episode patients: an inner phenomenon 
characterizing psychosis. Europ. Psych. 61, 119–126. doi: 10.1016/j.
eurpsy.2019.08.001

Diederen, K. M., van Lutterveld, R., and Sommer, I. E. (2012). Neuroimaging of 
voice hearing in non-psychotic individuals: a mini review. Front. Hum. Neurosci. 
6:111. doi: 10.3389/fnhum.2012.00111

Doughty, O. J., and Done, D. J. (2009). Is semantic memory impaired in 
schizophrenia? A systematic review and meta-analysis of 91 studies. Cogn. 
Neuropsych. 14, 473–509. doi: 10.1080/13546800903073291

Duprey, M. D., Silver-Dunker, K., and Whittaker, S. L. (2021). The use of auditory 
simulation in undergraduate nursing: an innovative teaching strategy to promote 
empathy. Nurs. edu. persp. 42, E125–E126. doi: 10.1097/01.NEP.0000000000000829

Evans, J., Webster, S., Gallagher, S., Brown, P., and Sinclair, J. (2015). Simulation 
in nursing education: iPod as a teaching tool for undergraduate nurses. Issues Ment. 
Health Nurs. 36, 505–512. doi: 10.3109/01612840.2014.1003667

Gaser, C., Nenadic, I., Volz, H.-P., Büchel, C., and Sauer, H. (2004). Neuroanatomy 
of hearing voices: a frontotemporal brain structural abnormality associated with 
auditory hallucinations in schizophrenia. Cereb. Cortex 14, 91–96. doi: 10.1093/
cercor/bhg107

Grande, M., Meffert, E., Schoenberger, E., Jung, S., Frauenrath, T., Huber, W., et al. 
(2012). From a concept to a word in a syntactically complete sentence: an fMRI 
study on spontaneous language production in an overt picture description task. 
NeuroImage 61, 702–714. doi: 10.1016/j.neuroimage.2012.03.087

Heim, S. (2013). Advances in experimental psychopatholinguistics: what can 
we learn from simulation of disorder-like symptoms in human volunteers? Adv. Cog. 
Psychol. 9, 102–111. doi: 10.2478/v10053-008-0137-6

Heim, S. (2020). Kognitive Kommunikationsstörungen bei Schizophrenie und 
ihre Relevanz für die Logopädie/Sprachtherapie. Sprache – Stimme – Gehör 44, 
95–98. doi: 10.1055/a-1043-7838

Heim, S., Weidner, R., von Overheidt, A. C., Tholen, N., Grande, M., and 
Amunts, K. (2014). Simulating reading difficulties in normal readers: novel insights 
into the neurofunctional mechanisms of dyslexia. Brain Struc. Func. 219, 461–471. 
doi: 10.1007/s00429-013-0509-7

Hintze, B., Rowicka, M., and Barczak, A. (2022). Are executive functions deficits 
in early-onset chronic schizophrenia more severe than in adult-onset chronic 
schizophrenia? Clin. Neuropsychiatry 19, 54–63. doi: 10.36131/
cnfioritieditore20220108

Hubl, D., Koenig, T., Strik, W., Federspiel, A., Kreis, R., Boesch, C., et al. (2004). 
Pathways that make voices: white matter changes in auditory hallucinations. Arch. 
Gen. Psych. 61, 658–668. doi: 10.1001/archpsyc.61.7.658

Hugdahl, K. (2009). “Hearing voices”: auditory hallucinations as failure of top-
down control of bottom-up perceptual processes. Scand. J. Psychol. 50, 553–560. doi: 
10.1111/j.1467-9450.2009.00775.x

Hugdahl, K., Nygård, M., Falkenberg, L. E., Kompus, K., Westerhausen, R., 
Kroken, R., et al. (2013). Failure of attention focus and cognitive control in 
schizophrenia patients with auditory verbal hallucinations: evidence from dichotic 
listening. Schizophr. Res. 147, 301–309. doi: 10.1016/j.schres.2013.04.005

Hugdahl, K., and Sommer, I. E. (2018). Auditory verbal hallucinations in 
schizophrenia From a levels of explanation perspective. Schiz. Bull. 44, 234–241. doi: 
10.1093/schbul/sbx142

Joyal, M., Bonneau, A., and Fecteau, S. (2016). Speech and language therapies to 
improve pragmatics and discourse skills in patients with schizophrenia. Psych. res. 
240, 88–95. doi: 10.1016/j.psychres.2016.04.010

Juhasz, B. J., Chambers, D., Shesler, L. W., Haber, A., and Kurtz, M. M. (2012). 
Evaluating lexical characteristics of verbal fluency output in schizophrenia. Psych. 
Res. 200, 177–183. doi: 10.1016/j.psychres.2012.06.035

Kepler, B. B., Lee, H., Kane, I., and Mitchell, A. M. (2016). Voice simulation 
in nursing education. Nurse educat. 41, 66–69. doi: 10.1097/NNE.0000 
000000000213

Kidd, L. I., Tusaie, K. R., Morgan, K. I., Preebe, L., and Garrett, M. (2015). Mindful 
teaching practice: lessons learned through a hearing voices simulation. Issues Ment. 
Health Nurs. 36, 112–117. doi: 10.3109/01612840.2014.953278

Kim, H. J., and Wojnar, D. M. (2019). Hearing distressing voices simulation: 
Students' perspectives. Issues Ment. Health Nurs. 40, 240–246. doi: 
10.1080/01612840.2018.1490835

Klaus, J., Mädebach, A., Oppermann, F., and Jescheniak, J. D. (2017). Planning 
sentences while doing other things at the same time: effects of concurrent verbal and 
visuospatial working memory load. Quart. J. Exp. Psychol. 70, 811–831. doi: 
10.1080/17470218.2016.1167926

Kubota, R., Okubo, R., Ikezawa, S., Matsui, M., Adachi, L., Wada, A., et al. (2022). 
Sex differences in social cognition and Association of Social Cognition and 
Neurocognition in early course schizophrenia. Front. Psychol. 13:867468. doi: 
10.3389/fpsyg.2022.867468

Kühner, C., Bürger, C., Keller, F., and Hautzinger, M. (2007). Reliabilität und 
Validität des revidierten Beck-Depressionsinventars (BDI-II). Befunde aus 
deutschsprachigen Stichproben [reliability and validity of the revised Beck 
depression inventory (BDI-II). Results from German samples]. Nervenarzt 78, 
651–656. doi: 10.1007/s00115-006-2098-7

Kuperberg, G. R. (2010a). Language in schizophrenia part 1: an introduction. 
Lang Ling Compass 4, 576–589. doi: 10.1111/j.1749-818X.2010.00216.x

Kuperberg, G. R. (2010b). Language in schizophrenia part 2: what can 
psycholinguistics bring to the study of schizophrenia...And vice versa? Lang Ling 
Compass 4, 590–604. doi: 10.1111/j.1749-818X.2010.00217.x

Laloyaux, J., Hirnstein, M., Specht, K., Giersch, A., and Larøi, F. (2022). 
Eliciting false auditory perceptions using speech frequencies and semantic 

https://doi.org/10.3389/fpsyg.2022.1017865
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.schres.2011.09.011
https://doi.org/10.1016/j.jcomdis.2022.106196
https://doi.org/10.1016/j.comppsych.2016.08.012
https://doi.org/10.1590/1516-4446-2015-1663
https://doi.org/10.1007/s10597-009-9229-0
https://doi.org/10.1007/s10597-009-9229-0
https://doi.org/10.3389/fpsyt.2014.00075
https://doi.org/10.1016/j.jcomdis.2013.01.003
http://site.ebrary.com/lib/alltitles/docDetail.action?docID=10127917
http://site.ebrary.com/lib/alltitles/docDetail.action?docID=10127917
https://doi.org/10.1097/HRP.0000000000000082
https://doi.org/10.1097/HRP.0000000000000082
https://doi.org/10.1093/oxfordjournals.schbul.a006955
https://doi.org/10.1016/j.schres.2005.01.016
https://doi.org/10.1007/s00406-018-0936-9
https://doi.org/10.1097/YCO.0000000000000595
https://doi.org/10.1017/S003329171800380X
https://doi.org/10.1017/S003329171800380X
https://doi.org/10.1038/s41537-020-0099-3
https://doi.org/10.1038/s41537-020-0099-3
https://doi.org/10.1093/oxfordjournals.schbul.a006889
https://doi.org/10.1016/j.eurpsy.2019.08.001
https://doi.org/10.1016/j.eurpsy.2019.08.001
https://doi.org/10.3389/fnhum.2012.00111
https://doi.org/10.1080/13546800903073291
https://doi.org/10.1097/01.NEP.0000000000000829
https://doi.org/10.3109/01612840.2014.1003667
https://doi.org/10.1093/cercor/bhg107
https://doi.org/10.1093/cercor/bhg107
https://doi.org/10.1016/j.neuroimage.2012.03.087
https://doi.org/10.2478/v10053-008-0137-6
https://doi.org/10.1055/a-1043-7838
https://doi.org/10.1007/s00429-013-0509-7
https://doi.org/10.36131/cnfioritieditore20220108
https://doi.org/10.36131/cnfioritieditore20220108
https://doi.org/10.1001/archpsyc.61.7.658
https://doi.org/10.1111/j.1467-9450.2009.00775.x
https://doi.org/10.1016/j.schres.2013.04.005
https://doi.org/10.1093/schbul/sbx142
https://doi.org/10.1016/j.psychres.2016.04.010
https://doi.org/10.1016/j.psychres.2012.06.035
https://doi.org/10.1097/NNE.0000000000000213
https://doi.org/10.1097/NNE.0000000000000213
https://doi.org/10.3109/01612840.2014.953278
https://doi.org/10.1080/01612840.2018.1490835
https://doi.org/10.1080/17470218.2016.1167926
https://doi.org/10.3389/fpsyg.2022.867468
https://doi.org/10.1007/s00115-006-2098-7
https://doi.org/10.1111/j.1749-818X.2010.00216.x
https://doi.org/10.1111/j.1749-818X.2010.00217.x


Heim et al. 10.3389/fpsyg.2022.1017865

Frontiers in Psychology 12 frontiersin.org

priming: a signal detection approach. Cogn. Neuropsychiatry 27, 255–272. doi: 
10.1080/13546805.2022.2031945

Lee, J. W. (2004). Chronic 'speech catatonia' with constant logorrhea, verbigeration 
and echolalia successfully treated with lorazepam: a case report. Psych. Clin. Neurosc. 
58, 666–668. doi: 10.1111/j.1440-1819.2004.01318.x

Levelt, W. J. M., Roelofs, A., and Meyer, A. S. (1999). A theory of lexical access in 
speech production. Behav. Brain Sci. 22, 1–38.

Li, B., Cui, L. B., Xi, Y. B., Friston, K. J., Guo, F., Wang, H. N., et al. (2017). Abnormal 
effective connectivity in the brain is involved in auditory verbal hallucinations in 
schizophrenia. Neurosci. Bull. 33, 281–291. doi: 10.1007/s12264-017-0101-x

Løberg, E. M., Jørgensen, H. A., Kroken, R. A., and Johnsen, E. (2015). Auditory 
verbal hallucinations reflect stable auditory attention deficits: a prospective study. 
Cogn. Neuropsychiatry 20, 81–94. doi: 10.1080/13546805.2014.977857

Lombard, E. (1911). Le signe de l'élévation de la voix. Annales des maladies de 
l'oreille, du larynx, du nez et du pharynx 37, 101–119.

Marini, A., Spoletini, I., Rubino, I. A., Ciuffa, M., Bria, P., Martinotti, G., et al. 
(2008). The language of schizophrenia: an analysis of micro and macrolinguistic 
abilities and their neuropsychological correlates. Schiz. Res. 105, 144–155. doi: 
10.1016/j.schres.2008.07.011

Marsh, J. E., Hansson, P., Sörman, D. E., and Ljungberg, J. K. (2019). Executive 
processes underpin the bilingual advantage on phonemic fluency: evidence From 
analyses of switching and clustering. Frontiers Psychol 10:1355. doi: 10.3389/
fpsyg.2019.01355

Mascelloni, M., McMahon, K. L., Piai, V., Kleinman, D., and de Zubicaray, G. 
(2021). Mediated phonological-semantic priming in spoken word production: 
evidence for cascaded processing from picture-word interference. Quart. j. exp. 
psychol. 74, 1284–1294. doi: 10.1177/17470218211010591

Meffert, E., Tillmanns, E., Heim, S., Jung, S., Huber, W., and Grande, M. (2011). 
Taboo: a novel paradigm to elicit aphasia-like trouble-indicating behaviour in 
normally speaking individuals. J. Psychol. Res. 40, 307–326. doi: 10.1007/
s10936-011-9170-6

Middleton, E. L., Schwartz, M. F., Dell, G. S., and Brecher, A. (2022). Learning 
from errors: exploration of the monitoring learning effect. Cognition 224:105057. 
doi: 10.1016/j.cognition.2022.105057

Moro, A., Bambini, V., Bosia, M., Anselmetti, S., Riccaboni, R., Cappa, S. F., et al. 
(2015). Detecting syntactic and semantic anomalies in schizophrenia. 
Neuropsychologia 79, 147–157. doi: 10.1016/j.neuropsychologia.2015.10.030

Ojeda, N., Peña, J., Sánchez, P., Elizagárate, E., and Ezcurra, J. (2008). Processing 
speed mediates the relationship between verbal memory, verbal fluency, and 
functional outcome in chronic schizophrenia. Schizoph. Res. 101, 225–233. doi: 
10.1016/j.schres.2007.12.483

Perlini, C., Bellani, M., Finos, L., Lasalvia, A., Bonetto, C., Scocco, P., et al. (2018). 
Non literal language comprehension in a large sample of first episode psychosis 
patients in adulthood. Psych. res. 260, 78–89. doi: 10.1016/j.psychres.2017.11.032

Perlini, C., Marini, A., Garzitto, M., Isola, M., Cerutti, S., Marinelli, V., et al. 
(2012). Linguistic production and syntactic comprehension in schizophrenia and 
bipolar disorder. Acta Psych. Scand. 126, 363–376. doi: 10.1111/j.1600-0447. 
2012.01864.x

Pinheiro, A. P., Farinha-Fernandes, A., Roberto, M. S., and Kotz, S. A. (2019). 
Self-voice perception and its relationship with hallucination predisposition. Cog. 
Neuropsych. 24, 237–255. doi: 10.1080/13546805.2019.1621159

Rastelli, C., Greco, A., Kenett, Y. N., Finocchiaro, C., and De Pisapia, N. (2022). 
Simulated visual hallucinations in virtual reality enhance cognitive flexibility. Sci. 
Rep. 12:4027. doi: 10.1038/s41598-022-08047-w

Riches, S., Khan, F., Kwieder, S., and Fisher, H. L. (2019). Impact of an auditory 
hallucinations simulation on trainee and newly qualified clinical psychologists: a 
mixed-methods cross-sectional study. Clin. Psychol. Psychother. 26, 277–290. doi: 
10.1002/cpp.2349

Riches, S., Maskey, R., Waddingham, R., Benjamin, J., Dishman, P., Tebrook, C., 
et al. (2018). Altered states of consciousness: evaluation of a voice-hearing 
simulation during an immersive art exhibition. Early intervent. psych. 12, 947–950. 
doi: 10.1111/eip.12497

Rossell, S. L., and Boundy, C. L. (2005). Are auditory-verbal hallucinations 
associated with auditory affective processing deficits? Schiz. res. 78, 95–106. doi: 
10.1016/j.schres.2005.06.002

Salokangas, R. K., Ruhrmann, S., von Reventlow, H. G., Heinimaa, M., Svirskis, T., 
From, T., et al. (2012). Axis I diagnoses and transition to psychosis in clinical high-
risk patients EPOS project: prospective follow-up of 245 clinical high-risk 
outpatients in four countries. Schizophr. Res. 138, 192–197. doi: 10.1016/j.
schres.2012.03.008

San José, A., Roelofs, A., and Meyer, A. S. (2021). Modeling the distributional 
dynamics of attention and semantic interference in word production. Cognition 
211:104636. doi: 10.1016/j.cognition.2021.104636

Sarkis, J. T., and Montag, J. L. (2021). The effect of lexical accessibility on Spanish-
English intra-sentential codeswitching. Mem. cog. 49, 163–180. doi: 10.3758/
s13421-020-01069-7

Schmitt, M., Altstötter-Gleich, C., Hinz, A., Maes, J., and Brähler, E. (2006). 
Normwerte für das Vereinfachte Beck-Depressions-Inventar (BDI-V) in der 
Allgemeinbevölkerung. Diagnostica 52, 51–59. doi: 10.1026/0012-1924.52.2.51

Schneider-Broekmans, J., (2015). Taal vitaal nieuw, Nederlands voor beginners - 
tekstboek. Taal vitaal nieuw tekstboek. Almere/Antwerpen, Ismaning: intertaal; Max 
Hueber Verlag

Siddi, S., Petretto, D. R., Burrai, C., Scanu, R., Baita, A., Trincas, P., et al. (2017). 
The role of set-shifting in auditory verbal hallucinations. Compreh. Psych. 74, 
162–172. doi: 10.1016/j.comppsych.2017.01.011

Sikora, K., Roelofs, A., Hermans, D., and Knoors, H. (2016). Executive control in 
spoken noun-phrase production: contributions of updating, inhibiting, and shifting. 
Quart. j. exp. psychol. 69, 1719–1740. doi: 10.1080/17470218.2015.1093007

Silva, R. D. D. C., Albuquerque, S. G. C., Muniz, A. D. V., Filho, P. P. R., Ribeiro, S., 
Pinheiro, P. R., et al. (2017). Reducing the schizophrenia stigma: a new approach based 
on augmented reality. Comput. Intell. Neurosci. 2017:2721846. doi: 10.1155/2017/2721846

Skoy, E. T., Eukel, H. N., Frenzel, J. E., Werremeyer, A., and McDaniel, B. 
(2016). Use of an auditory hallucination simulation to increase student 
pharmacist empathy for patients with mental illness. Am. j. pharmac. edu. 
80:142. doi: 10.5688/ajpe808142

Stassen, H. H., Albers, M., Püschel, J., Scharfetter, C., Tewesmeier, M., and 
Woggon, B. (1995). Speaking behavior and voice sound characteristics 
associated with negative schizophrenia. J. Psych Res. 29, 277–296. doi: 10.1016/ 
0022-3956(95)00004-O

Szekely, A., Damico, S., Devescovi, A., Federmeier, K., Herron, D., Iyer, G., et al. (2005). 
Timed action and object naming. Cortex 41, 7–25. doi: 10.1016/S0010-9452(08)70174-6

Tan, E. J., and Rossell, S. L. (2017). Disorganised schizotypy is selectively 
associated with poorer semantic processing in non-clinical individuals. Psych. Res. 
256, 249–252. doi: 10.1016/j.psychres.2017.06.067

Tandon, R., Gaebel, W., Barch, D. M., Bustillo, J., Gur, R. E., Heckers, S., et al. 
(2013). Definition and description of schizophrenia in the DSM-5. Schiz. Res. 150, 
3–10. doi: 10.1016/j.schres.2013.05.028

Tavano, A., Sponda, S., Fabbro, F., Perlini, C., Rambaldelli, G., Ferro, A., et al. 
(2008). Specific linguistic and pragmatic deficits in Italian patients with 
schizophrenia. Schiz. res. 102, 53–62. doi: 10.1016/j.schres.2008.02.008

Tholen, N., Weidner, R., Grande, M., Amunts, K., and Heim, S. (2011). Eliciting 
dyslexic symptoms in proficient readers by simulating deficits in grapheme-to-
phoneme conversion and visuo-magnocellular processing. Dyslexia 17, 268–281. 
doi: 10.1002/dys.434

Tunkel, M., Fein, S., Pohl, A., Habel, U., Willmes, K., and Abel, S. (2014). Verbales 
Lernen bei Aphasie und Schizophrenie – eine kombinierte Verhaltens- und fMRT-
Studie. Sprache Stimme Gehör 38, e4–e6.

Vercammen, A., de Haan, E. H. F., and Aleman, A. (2008). Hearing a voice in the 
noise: auditory hallucinations and speech perception. Psychol. Med. 38, 1177–1184. 
doi: 10.1017/S0033291707002437

Vogel, A. P., Chenery, H. J., Dart, C. M., Doan, B., Tan, M., and Copland, D. A. 
(2009). Verbal fluency, semantics, context and symptom complexes in schizophrenia. 
J. Psycholing. Res. 38, 459–473. doi: 10.1007/s10936-009-9100-z

Voppel, A. E., de Boer, J. N., Brederoo, S. G., Schnack, H. G., and Sommer, I. 
(2021). Quantified language connectedness in schizophrenia-spectrum disorders. 
Psychiatry Res. 304:114130. doi: 10.1016/j.psychres.2021.114130

Waters, F., Allen, P., Aleman, A., Fernyhough, C., Woodward, T. S., Badcock, J. C., 
et al. (2012). Auditory hallucinations in schizophrenia and nonschizophrenia 
populations: A review and integrated model of cognitive mechanisms. Schizophr. 
Bull. 38, 683–692. doi: 10.1093/schbul/sbs045

Wei, Y., Tang, X., Zhang, T., Su, W., Xu, L., Cui, H., et al. (2022). Reduced temporal 
activation during a verbal fluency test in clinical high risk of psychosis: a functional 
near-infrared spectroscopy-based study. General psychiatry 35:e100702. doi: 
10.1136/gpsych-2021-100702

Whitford, T. J. (2019). Speaking-induced suppression of the auditory cortex in 
humans and its relevance to schizophrenia. Biological psychiatry. Cog. Neurosci. 
Neuroimaging 4, 791–804. doi: 10.1016/j.bpsc.2019.05.011

Ye, Z., and Zhou, X. (2009). Executive control in language processing. Neurosci. 
Biobehav. Rev. 33, 1168–1177. doi: 10.1016/j.neubiorev.2009.03.003

Zhang, W., Li, S., Wang, X., Gong, Y., Yao, L., Xiao, Y., et al. (2018). Abnormal 
dynamic functional connectivity between speech and auditory areas in 
schizophrenia patients with auditory hallucinations. NeuroImage. Clinical 19, 
918–924. doi: 10.1016/j.nicl.2018.06.018

Zimmerer, V., Watson, S., Turkington, D., Ferrier, I. N., and Hinzen, W. (2017). 
Deictic and propositional meaning. New perspectives on language in schizophrenia. 
Front. Psych. 8, 1–5. doi: 10.3389/fpsyt.2017.00017

https://doi.org/10.3389/fpsyg.2022.1017865
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1080/13546805.2022.2031945
https://doi.org/10.1111/j.1440-1819.2004.01318.x
https://doi.org/10.1007/s12264-017-0101-x
https://doi.org/10.1080/13546805.2014.977857
https://doi.org/10.1016/j.schres.2008.07.011
https://doi.org/10.3389/fpsyg.2019.01355
https://doi.org/10.3389/fpsyg.2019.01355
https://doi.org/10.1177/17470218211010591
https://doi.org/10.1007/s10936-011-9170-6
https://doi.org/10.1007/s10936-011-9170-6
https://doi.org/10.1016/j.cognition.2022.105057
https://doi.org/10.1016/j.neuropsychologia.2015.10.030
https://doi.org/10.1016/j.schres.2007.12.483
https://doi.org/10.1016/j.psychres.2017.11.032
https://doi.org/10.1111/j.1600-0447.2012.01864.x
https://doi.org/10.1111/j.1600-0447.2012.01864.x
https://doi.org/10.1080/13546805.2019.1621159
https://doi.org/10.1038/s41598-022-08047-w
https://doi.org/10.1002/cpp.2349
https://doi.org/10.1111/eip.12497
https://doi.org/10.1016/j.schres.2005.06.002
https://doi.org/10.1016/j.schres.2012.03.008
https://doi.org/10.1016/j.schres.2012.03.008
https://doi.org/10.1016/j.cognition.2021.104636
https://doi.org/10.3758/s13421-020-01069-7
https://doi.org/10.3758/s13421-020-01069-7
https://doi.org/10.1026/0012-1924.52.2.51
https://doi.org/10.1016/j.comppsych.2017.01.011
https://doi.org/10.1080/17470218.2015.1093007
https://doi.org/10.1155/2017/2721846
https://doi.org/10.5688/ajpe808142
https://doi.org/10.1016/0022-3956(95)00004-O
https://doi.org/10.1016/0022-3956(95)00004-O
https://doi.org/10.1016/S0010-9452(08)70174-6
https://doi.org/10.1016/j.psychres.2017.06.067
https://doi.org/10.1016/j.schres.2013.05.028
https://doi.org/10.1016/j.schres.2008.02.008
https://doi.org/10.1002/dys.434
https://doi.org/10.1017/S0033291707002437
https://doi.org/10.1007/s10936-009-9100-z
https://doi.org/10.1016/j.psychres.2021.114130
https://doi.org/10.1093/schbul/sbs045
https://doi.org/10.1136/gpsych-2021-100702
https://doi.org/10.1016/j.bpsc.2019.05.011
https://doi.org/10.1016/j.neubiorev.2009.03.003
https://doi.org/10.1016/j.nicl.2018.06.018
https://doi.org/10.3389/fpsyt.2017.00017

	Mimicking effects of auditory verbal hallucinations on language production at the level of words, sentences and stories
	Introduction
	Materials and methods
	Sample
	Mimicking auditory-verbal hallucinations
	Tasks and materials
	Verbal fluency
	Picture naming
	Canonical SPO sentences
	Stories
	Parameters
	Design and procedure
	Data analysis

	Results
	Discussion
	Open issues
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

