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Dysfunctional social communication is one of the most stable characteristics in patients with schizophrenia that also affects quality of life. Interpreting abstract speech and integrating nonverbal modalities is particularly affected. Considering the impact of communication on social life but failure to treat communication dysfunctions with usual treatment, we will investigate the possibility to improve verbal and non-verbal communication in schizophrenia by applying a multimodal speech-gesture training (MSG training). Here we describe the newly developed MSG training program and the study design for the first clinical investigation. The intervention contains perceptive rating (match/mismatch of sentence and gesture) and memory tasks (n-back tasks), imitation and productive tasks (e.g., SG fluency—similar to verbal fluency where words are accompanied by gesture). In addition, we offer information about gesture as meta-learning element as well as homework for reasons of transfer to everyday life as part of every session. In the MSG training intervention, we offer eight sessions (60 min each) of training. The first pilot study is currently conducted as a single-center, randomized controlled trial of speech-gesture intervention versus wait-list control with a follow-up. Outcomes are measured through pre-post-fMRI and standardized psychological questionnaires comparing two subject groups (30 patients with schizophrenia and 30 healthy controls). Patients and healthy controls are randomized in two intervention groups (with 20 being in the wait-training group and 10 in the training-follow-up group). With our study design we will be able to demonstrate the beneficial effect of the MSG training intervention on behavioral and neural levels.


Clinical Trial Registration

DRKS.de, identifier DRKS00015118.
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Introduction

Dysfunctional social communication is one of the most stable characteristics of patients suffering from schizophrenia that affects not only the personality of patients but also their quality of life. Schizophrenia is a chronic, often devastating disease with the following core symptoms according to DSM-5: delusions, hallucinations, disorganized speech, disorganized, or catatonic behavior and so called negative symptoms (e.g., the 3 A's: apathy, anhedonia, and alogia). These core symptoms are mostly treated by psychopharmacological medication. Unfortunately, medical treatment cannot help all patients similarly (1, 2). In particular the distinct social problems are part of the central issues in modern psychiatry, especially with regard to the bad outcome for life quality (3).


Speech and Language Processing in Schizophrenia

Communication is the fundamental basis of social life. In schizophrenia, it is particularly affected: Two of the DSM-5 core symptoms of schizophrenia include speech disorders (disorganized speech and alogia—one of the negative symptoms). Patients suffer from speech and language aberrations on all linguistic levels. In acute phases, communication is extremely limited—some studies report parallels of schizophrenic speech and aphasia (4). Therefore, referring to the term “aphasia”, researchers call the productive speech of patients “schizophasia” (5). Further linguistic impairments are for instance an incoherent discourse, less referential cohesion and loosening of associations. These symptoms of disordered speech are evidence of formal thought disorder (6), which can also be a symptom of other psychiatric diseases, such as depression.

Not only the production of speech is impaired in schizophrenia, but also the general understanding and interpretation of the meaning of speech and language information is seriously affected. For instance, patients show difficulties in the understanding of figurative speech or abstract concepts being conveyed through metaphors, proverbs, humorous or ironic expressions, which they tend to misinterpret in a concrete way (7–11). Hence, this phenomenon is clinically termed “concretism” (12). In everyday life, metaphors are very frequently used to refer to abstract concepts such as feelings or events (e.g., “out of the blue”). Dysfunctional interpretation of metaphors thus have a huge impact on successful social interactions (13). By contrast, the understanding of concrete speech seems relatively unaffected in schizophrenia (14–16).



Gesture Processing in Schizophrenia

As one integral feature of embodiment (17), gesture “serves as an outward manifestation of several interacting fundamental processes” (18) including speech perception (19, 20), memory (14, 21), and social functioning (22, 23). Therefore, dysfunction in the integration and interpretation of gesture information represents a core feature of disordered communication processes. Aberrations in gesture processing are found across all stages of schizophrenia, in production as well as in perception and interpretation. Patients use less and incoherent, mismatching gestures (24, 25). Furthermore, they tend to misinterpret gestures in a negative way (22, 26). Some authors therefore claim a general disruption of the integration of two modalities (auditory = speech and visual = gesture) in this disease (22, 26–29).

We can classify gestures—according to speech—in concrete gestures and figurative or abstract gestures: Concrete gestures, for example, are iconic gestures (e.g., literal gestures such as forming the shape of a dog's mouth with a hand while discussing a dog), abstract gestures are metaphorical hand and arm movements that accompany metaphors in speech (e.g., forming a cup with a hand while discussing a concept such as love). Moreover, similar to patients suffering from disordered speech, patients with schizophrenia also have trouble interpreting abstract meaning in gestures (30, 31). Strikingly, integration skills interact with symptomatology: Nagels and colleagues found worse integration skills, reflected in the evaluation of the semantic relationship between speech and gesture, in patients with severe symptoms compared to patients with mild symptom severity in formal thought disorders (32).



Speech, Gesture and Its Neural Correlates

As mentioned above, decoding of abstract meaning is particularly challenging for patients with schizophrenia—on the level of auditive (speech) as well as in the visual (gesture) modality. Furthermore, the binding of information from multiple modalities (such as gesture and speech) is a complex unification process (33) which seems to be impaired in patients: Several studies have investigated the neural activity during the interpretation and integration of abstract, especially metaphoric, speech and gesture. According to these studies, neural activity correlates with the processing of abstract speech and the integration of gesture. Compared to healthy controls, patients with schizophrenia show abnormal activation, mostly in fronto-temporal regions, during the interpretation of metaphorical speech (10). During the integration of metaphoric gestures, patients with schizophrenia also show abnormal activation of and connectivity between frontal regions, especially in the inferior frontal gyrus (IFG) and middle and superior temporal areas (30, 31). Strikingly, aberrant neural activation, as well as reduced behavioral performance in communication tasks, has been found in medicated patients with chronic schizophrenia in most of the studies and hence seems to be stable despite of medication.



Current Treatments for Patients With Schizophrenia

As outlined above, the exclusive medical treatment of schizophrenia is not effective for social-communicative functioning. Studies in the last 20 to 30 years have proved psychotherapeutic intervention to be an effective treatment of schizophrenia and at least support the medical treatment (3). Nowadays, several therapeutic programs exist which can efficiently complement the therapy of patients with schizophrenia. Along with psychotherapy (e.g., cognitive behavioral therapy), there exist occupational therapy (34, 35), physical therapy (36)/dance and movement therapy (37), and diverse art therapies (38) [e.g., art therapy—with inconsistent outcomes, however (39)—and music therapy (40–43)] for patients with schizophrenia.

So far, there have been few studies dealing with speech or communication therapy for patients with schizophrenia, although patients show problems in production and perception of speech and gesture integration (44). In a systematic review on speech language therapy in schizophrenia, Joyal and colleagues complain about speech language therapy not yet being a systematical part of a comprehensive intervention. They claim that speech and language deficits “might not always be the most preoccupying symptoms, in comparison with other symptoms such as hallucinations ” (45). Nevertheless, first studies are investigating the outcome of communication therapy in schizophrenia. There already exist some single subject studies showing positive effects of language and speech therapy on speech production in patients with symptoms such as alogia or delusional speech (46–49). Further studies have found positive effects for discourse production (score of intelligibility, appropriateness and elaboration of responses) (50), verbal fluency (51–53) and naming (54). On the other hand, some studies could neither find a benefit of speech language therapy for sentence understanding, repetition and naming (55), nor for verbal fluency (52, 56) and pragmatic non-verbal skills (57). However, except one of these studies, all previous studies focused on speech production, not on understanding language [for more information see the systematic review of Joyal and colleagues, mentioned above (45)]. According to the classic Wernicke-Lichtheim-Geschwind model, speech production is secondary to perception (58). Hence, in speech language therapy, for example in patients with aphasia after stroke where both modalities are affected, speech perception is treated first or at least parallel to the production of speech. Due to the fact that in schizophrenia understanding language is frequently affected, a training of speech perception and interpretation of meaning is appropriate.

Because some of the main communication problems of patients with schizophrenia happen on the pragmatic level, it is important to not only take into account isolated words or phrases, but whole sentences which create a context. It can be assumed that one of the communication problems in schizophrenia results from a lack of integrating words into larger units (59). The integration of words in context is strongly associated with working memory capacities, as Kintsch and van Dijk claim in their model of text comprehension and production (60). Hence, working memory and language processing seem to be thoroughly connected. This is also true for working memory and the integration of gesture (14, 21, 61). For that reason, not only sentence level but also specifically working memory for speech and gesture should be taken into account. For working memory (but not in the context of speech-gesture integration) there already exist some training approaches using n-back tasks (62–66).

Social communication is not only based on speech itself but also on the integration of nonverbal information such as gesture (67). Thus, a potential social communicative gesture training might help to develop, reactivate or promote communication resources in patients with schizophrenia. Nonverbal trainings are rare in the field of psychiatry. One study executed no training, but could show positive effects of transcranial direct current stimulation (tDCS) on gesture integration in a group of patients with schizophrenia spectrum disorder (68). Another study could show a benefit from single session transcranial magnetic stimulation (TMS) also for gesture production in patients with schizophrenia (69). An effect, which could be potentially increased and prolonged in combination with an adequate gesture training program. Despite the lack of previous studies about (perceptual) speech and gesture training for psychiatric patients, there is some evidence about effects of gesture training in other cognitive impairments such as aphasia (which is close to the speech symptoms in schizophrenia as one can see in the term “schizophasia” for speech and language problems in schizophrenia). In a systematic review from 2013, Rose and colleagues state that an isolated gesture training has no impact, but 50% of patients with aphasia are able to benefit from a combined speech-gesture-training. Some of the evaluated studies even showed generalization effects (70). Gesture cues (perceptual modality) also seem to have a positive outcome (71). The majority of the currently existing gesture trainings for patients with aphasia are based on the one word level and were shown to specifically improve naming performance. The influence of speech-gesture-training on the sentence level has scarcely been examined so far, but given the previous findings, it seems to be promising to implement such a speech-gesture-training for patients with schizophrenia.

Considering the potential impact of communication on social life and therefore life quality in general, it is particularly important to focus on the possibility of a holistic communication intervention.



Development of a Multimodal Speech-Gesture Training

To solve the open questions regarding the efficiency of a specific MSG training in patients with schizophrenia, considering 1) natural communication—productive and perceptive, 2) working memory functions on sentence level and 3) integration of nonverbal communication, we developed a specific MSG training program, which will be evaluated with neural, behavioral and social outcome measures. Due to the possible impact dysfunctional communication has on life quality, we also evaluate transfer in everyday life social functioning.

For the first time, a specific MSG training has been tailored to the requirements of patients with schizophrenia. It is therefore important to assess whether the training is delivered as described in practice and whether the training is accepted by the patients. Given the potential difficulties in motivation and regularly attending sessions, we proposed offering eight sessions of high frequent intensive single speech-gesture-training to the participants. A high frequency of training sessions is also suggested by Joyal et al. for speech therapy in patients with schizophrenia (45). This number of sessions appears to be the minimum of sessions where participants can improve in such a novel training program (72).

The training was developed with focus on the main communication problems of persons diagnosed with schizophrenia. These include “concretism” (the inability to interpret abstract meanings considering context) and problems in nonverbal communication, especially in gesture accompanying abstract speech.

The setup of the MSG training sessions follows best practice in therapy intervention. Exercises are executed with increasing complexity (first perceptual, then productive and free productive tasks) and accompanied by an examiner. Items with concrete as well as abstract speech content are included in the exercises. To motivate the participants and to establish a trusting and respectful relationship between participant and examiner, the examiner introduces the training sessions with small talk and offers information about (nonverbal) communication. For reasons of transfer, the MSG training program includes homework which the participant is invited to do with a person he/she is in close contact.



Estimation and Appropriateness of Outcome

We expect to achieve a range of positive behavioural (73), neural (74, 75) and social outcomes (76).

We measure behavioral outcomes through the perception of videos with speech and gesture during fMRI measurements. We further expect that initial difficulties in memorizing gesture and speech information can be reduced due to the MSG training so that behavioral performance in a speech gesture working memory task (see below) is more similar to healthy controls after training. In addition to the outcome measures, we explore improvement over time during the eight training sessions regarding speech-gesture matching performance [reaction times (RT) and percent correct], gesture-speech working memory performance (RTs and percent correct), SG fluency performance (number of correct items) and gesture imitation (experimenter evaluation of accuracy) in dependency from speech content (concrete/abstract).

We measure neural patterns through fMRI during the perception of videos with speech and gesture information using specific experiments with iconic (concrete) and metaphoric (abstract) gesture materials (15) as well as an n-back working-memory task. Furthermore, we correlate the behavioral results with neural activation patterns using fMRI techniques before and after the training. Similar to the behavioral outcomes, we expect the neural activity of the patients in relevant brain regions [specifically the left posterior temporal lobe and the left inferior frontal gyrus, cf. (15, 30, 75, 77)] to converge to the neural activity of healthy controls.

As communication is the basis for social interaction and hence for quality of life, transfer effects will be investigated through standardized psychological questionnaires and a specifically outlined questionnaire about nonverbal communication and social life.

However, we do not yet know which exercises and measurements might be most appropriate in terms of acceptability of completion and variability of outcome. We are going to provide descriptive statistics.




Methods


Aims and Objectives

This study aims to investigate the behavioral and neural effects of a new speech-gesture-training program for patients with schizophrenia.

The objectives are to:

	Assess the acceptability of a MSG training in patients.


	Assess the training effects in terms of n-back task performance for speech and gesture videos in dependency of speech content.


	Assess the training effects on the neural correlates of speech-gesture integration and working memory in dependency of speech content.


	Assess the behavioral outcomes of MSG training tasks in association to neural activation for each condition of stimuli (see stimuli section for more information).


	Assess the effect of gesture training on scores of psychological questionnaires relating to social performance and quality of life.







Setting and Enrollment


Setting

This is a single-center randomized controlled trial of intensive single speech-gesture training versus wait-list control with a follow-up being conducted at Philipps-University Marburg, Department of Psychiatry and Psychotherapy. In this institution, 30 participants are recruited per subject group (30 patients with schizophrenia and 30 healthy controls). Outcomes are measured through pre-post-fMRI and standardized psychological questionnaires comparing two subject groups (patients with schizophrenia and healthy controls) and two intervention groups (wait-training group and training-follow-up group).



Inclusion of Participants

In a telephone screening, interested persons are called by one of the researchers to make sure that both their status of physical health and capability to participate in an fMRI study meet our conditions. Inclusion and exclusion criteria are part of this screening as well as a questionnaire about the progress, the individual core symptoms of schizophrenia and medication in patients.

Subjects are eligible for study entry if they meet the following criteria:

	Aged between 18 and 60 years.


	Capacity to give informed consent.





Additional criteria, patients only:

	Diagnosis of schizophrenia after DCM-5 criteria.


	Relatively stable symptoms (no acute psychosis).





To evaluate the stadium and type of symptoms of the patients as well as for safety reasons, we additionally conduct a pre-scan interview with the patients including questions concerning the illness and medication as well as three standardized psychological questionnaires for schizophrenia [SAPS (78)/SANS (79) and PSP-Scale (80)].

Subjects are not eligible if any of the following criteria are present:

	No capacity to give informed consent.


	Risk of suicide necessitating hospitalization.


	Physical illnesses that interfere with the planned measurements.


	Medical contraindication against fMRI measurements.


	Pregnancy.


	Contraception per intrauterine contraceptive device.





Additional criterion for exclusion, control subjects only:

	Diagnosis of psychological diseases, especially schizophrenia.





If interested subjects meet the criteria, they meet with a member of the research team to go through the study information. Inclusion and exclusion criteria are confirmed along with the assessment of positive and negative symptoms of schizophrenia as well as gesture performance (for patients), social activity and quality of life (all participants). Participants are informed that they are free to withdraw at any time without giving reasons and without prejudicing any further treatment.



Intervention Groups and Randomization

In addition to the fMRI before and after the training programme, we conducted a further fMRI measurement after a period of waiting (no training = treatment as usual: TAU). For a variety of reasons, subjects in our study participate in both—the training programme and the treatment as usual. A first benefit from this approach is the comparability of both groups (perfect matching of the subjects). Secondly, we want to offer our training programme to all patients, which is possible woth our design where patients of the waiting list (TAU) group could also benefit from the programme.

For these reasons we do not divide patients and healthy controls in training and TAU group but in 1) wait-training group and 2) training-follow-up group. The first group initially participates in two pre-fMRI measurements with a waiting time in between (TAU time, assessment A and B) and after that participates in the training program with a post-fMRI measurement (assessment C); the second group starts by participating in the training with pre and post measurement (assessment A and B) and after a waiting time (TAU time) goes on with a follow-up measurement (assessment C, see Figure 1). To assess normal functioning on behavioral and neural level, healthy subjects are also involved as control group in our training procedure, so that we are able to compare the outcomes of the training.




Figure 1 | Flow diagram of our study to assess the neural activation and behavioral outcomes of a speech-gesture training in patients with schizophrenia and a healthy control group. All in all, 60 people will participate in this study: 20 patients with schizophrenia in the wait–training group, 10 patients in the training–following-up group, 20 healthy controls in the wait–training group, and 10 controls in the training–follow-up group.



With this design, altogether, we will be able to compare 30 patients and 30 control subjects pre-to-post (assessment A vs. C, see Figure 1) with an equal number of repetitions (3 measurements each) as well as data from MSG training program of all subjects. In order to obtain sufficient data on specific training effects from MSG training (compared to TAU effects, repetition or general time effects in the waiting list group), we decided to include at least 20 participants per subject group (20 patients and 20 control subjects) in the wait-training group (wait-list control: without training between first and second measurement) and explore possible long-term effects in a small group of ten subjects per subject group (training-follow-up group: without training between second and third measurement).



Criteria for Discontinuation

Participants are withdrawn from the intervention if the participants wish to be excluded for personal reasons, if participants become too unwell to continue, if the patients have a level of risk assessed by the clinical team to require hospitalization or if the team determines that the patient's current mental state, behavior or risk to self or others requires discontinuation of the intervention.



Sociodemographic Information

The 18 patients who finished the MSG training program and all associated assessments so far were diagnosed with schizophrenia (F20). Four of them were women, mean age was 34.9 years (SD = 10.9 years/range: 23–62 years). In everage they had attended school for 11.5 years (SD = 1.8 years).

All patients were recruited from and diagnosed by clinicians according to the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-V) or the International Classification of Diseases, tenth edition (ICD-10). All patients were free of visual and auditory deficits, additional neurological and medical impairments as well as any cerebral abnormality, as assessed by a T1-weighted MRI. All patients reported that they were right handed and German was their primary language.

The study was approved by the Ethics Committee of the Philipps University Marburg and has been registered at the German Clinical Trials Register, DRKS (DRKS00015118, DRKS.de). All patients gave written informed consent and were paid 170 Euro for participation.




Familiarization Session

To reduce dropout rates, we decided to undertake one familiarization session before we start with the actual training program and measurements. In this session, patients and control subjects are familiarized with the MRI environment and specific procedures of the MSG training procedure (specifically, with perceptive tasks and gesture imitation). For this reason, participants undergo two MRI measurements before (pre-fMRI) and after (post-fMRI) a short speech-gesture training of approximately 30 min. After the post-fMRI measurement, participants are asked to solve a memory task.

Before we start the measurement, the participants are informed about the setting of the study. A member of the research team will go through the study information and answer any questions. This familiarization procedure should reduce dropout rates due to problems with the scanning environment or other training related procedures (e.g., compliance regarding gesture production tasks).


fMRI Measurements

For the fMRI measurements, detailed manuals are provided to the researchers who conduct measurements. Furthermore, researchers are trained before they conduct parts of the study with participants. During fMRI measurements, two researchers are present. Protocols will be written for fMRI measurements.

FMRI measurements are conducted in this session before (pre-fMRI) and after (post-fMRI) a short speech-gesture training of 30 min.



Stimuli

In order to gain an advanced understanding in the engine of integration mechanisms and their neural correlates in patients with schizophrenia, participants undergo fMRI measurements watching videos on a screen. The videos were recorded with an actor expressing concrete or abstract sentences (for an explanation of concreteness see “gestures in schizophrenia” in the background section). The videos were standardized, extensively evaluated and had been successfully applied in a large number of fMRI (13–15, 81), EEG (82), tDCS (65, 83) and patient studies including patients with schizophrenia (28, 29). Altogether, we use two categories of videos in the familiarization session: videos containing.

	concrete sentences without gesture (S_CON)


	abstract sentences without gesture (S_ABS)




Videos from pre-fMRI measurement are repeated in post-fMRI measurement.

The videos’ sentences in the short speech-gesture training are repetitions from pre-fMRI measurement, but the videos this time are presented in two different modalities:

	without gesture (auditive modality: S),


	accompanied by gesture (bimodal: SG),





The videos were standardized, extensively evaluated and had been successfully applied in a study (84).

In the memory task after the post-fMRI measurement, sentences are presented to the participants in audio. The sentences are repetitions from the fMRI measurements and the short speech-gesture training.

We developed four different counterbalanced versions of stimuli presentation to avoid sequence effects.



fMRI Tasks

In the task during the pre- and post-fMRI measurement, participants are asked to decide whether the sentences presented to them were concrete or abstract (decision task). This allows us to compare the impact of concreteness and abstractness (due to concretism in schizophrenia) on behavioral outcome and neural activation.



fMRI Paradigm

The subjects are instructed to tap the fingers of their left hand on the buttons of a response box that is fixated at the subject's left leg. Subjects are asked to tap with their left forefinger for videos with concrete content and with their left middle finger for videos with abstract content.

Imaging data are collected with a 3 T whole body MRI system (SIEMENS MAGNETOM TrioTim syngo MR B17) equipped with a standard head coil. Structural image acquisition consists of 128 T1 weighted sagittal slices (slice thickness = 1.6 mm; FoV = 260 mm; TR = 3.15 s; TE = 1.37 s). To measure BOLD changes in brain activity during acquisition, T2* weighted gradient echo planar imaging (EPI) with 34 slices covering the whole brain will be used (voxel size = 3 x 3 x 4 mm; descending slice acquisition; slice thickness = 4.0 mm; TR = 1650 ms; TE = 25 ms; flip angle = 70°; FoV = 192 mm; GRAPPA = 2). Slices are adjusted after the anterior commissure posterior commissure (AC- PC) line. In the three measurements (A, B and C), 936 functional images are acquired during acquisition phase in the passive perception task and 666 in the memory task (n-back task). A gradient echo field map sequence is measured before the functional runs to get information for unwarping B0 distortions.

Data will be analyzed using standard procedures of Statistical Parametric Mapping (SPM12 (85), RRID: SCR_007037) implemented in MATLAB R2018b (MATLAB (86), RRID: SCR_001622). Unwarping and realignment, slice time correction, coregistration, segmentation and normalization to the standard space of the Montreal Neurological Institute brain (MNI-brain) as well as smoothing will be performed.



Short Speech-Gesture Training

Between the two fMRI measurements in the familiarization session, participants are trained with videos containing sentences with and without gesture. They are asked to attentively watch the videos. Some of the videos presented in bimodal condition (speech accompanied by gesture) are to be imitated by the participants.



Memory Task After Post-fMRI

After post-fMRI measurement, participants conduct a memory task, where audios from the sentences are presented, that also appeared in the fMRI measurement's and short speech-gesture training's videos. Participants are asked to decide whether they know the presented sentences from the short speech-gesture training and if yes, if the videos appeared with or without gesture and if the participants were asked to imitate the videos during the short training. That is, participants have four options to answer:

	Sentence was not trained (unimodal control condition: S_C)


	Sentence appeared in the training without gesture (unimodal perception: S_P)


	Sentence appeared in the training with gesture (bimodal perception: SG_P)


	Sentence with gesture was asked to be imitated in the training (bimodal imitation: SG_I)








The MSG Training Program


Social and Quality of Life Questionnaires

To assess the effect of the gesture training on social functioning and quality of life, participants (patients and controls) are asked to complete psychological questionnaires about social life [SASS – Soziale Aktivität Selbstbeurteilungs-Skala (87): satisfying validity and reliability with cronbach alpha = 0.89 (88)] and quality of life [SWLS – Satisfaction with Life Scale (89): satisfying validity and reliability with cronbach alpha = 0.87 (81)] before and after the training program (assessment A/B and B/C, respectively). Furthermore, patients are asked about schizophrenia symptoms to assess positive and negative symptoms [(through SAPS (78)/SANS (79) and PSP-Scale (80)] as well as gesture performance [through the short version of TULIA—Test of Upper Limb Apraxia(82) and BAG—brief self-rating scale for the assessment of individual differences in gesture perception and production (83)] before they start with the training. The ratings in the questionnaires will later be correlated with the behavioral and neural outcome of the training to evaluate the effects on social life and quality of life.



fMRI Measurements (A, B, and C)

For the fMRI measurements, detailed manuals are provided to the researchers who conduct measurements. Furthermore, researchers are trained before they conduct parts of the study with participants. During fMRI measurements, two researchers are present. Protocols will be written for fMRI measurements.



Stimuli

In order to gain an advanced understanding in the engine of integration mechanisms and their neural correlates in patients with schizophrenia, participants undergo fMRI measurements watching videos on a screen1 before and after the actual training and waiting-list program (assessments A, B, and C). These videos differ from the ones presented in the familiarization session and from videos utilized during the MSG training procedure. The videos were recorded with an actor expressing concrete or abstract sentences (for an explanation of concreteness see “gestures in schizophrenia” in the background section). These sentences were recorded in three different modalities: accompanied by gesture (bimodal), without gesture (auditive modality) and gesture only/without speech (visual modality). The videos were standardized, extensively evaluated and had been successfully applied in a large number of fMRI (14–16, 84), EEG (85), tDCS (68, 86) and patient studies including patients with schizophrenia (30, 31). Altogether, we use six categories of videos in our study: videos containing.

	concrete sentences accompanied by gesture (SG_CON)


	abstract sentences accompanied by gesture (SG_ABS)


	concrete sentences without gesture (S_CON)


	abstract sentences without gesture (S_ABS)


	concrete gesture without speech2 (G_CON)


	abstract gesture without speech (G_ABS)




Hence, there are three conditions of modality (bimodal, visual modality, auditive modality) and two conditions of concreteness (concrete and abstract) in our stimuli.

Videos of the n-back task comprise sentences with deictic content, containing pointing gestures. Again, these videos were recorded in three different modalities:

	accompanied by deictic gesture (bimodal: SG),


	without gesture (auditive modality: S),


	gesture only/without speech (visual modality: G).





These videos were standardized, extensively evaluated and had been successfully applied in a study (90).

To investigate repetition effects, the stimuli in the three fMRI measurements (A, B and C) are balanced: 50% of the videos are repeated at each assessment and 50% of the videos are completely new.

We developed eight different counterbalanced versions of stimuli presentation to avoid sequence effects.



Tasks

In a first task, the videos are presented to the participants who simply should confirm that they attentively watched (passive task). This allows us to compare the impact of concreteness and abstractness (due to concretism in schizophrenia) and different modalities [auditive vs. visual modality and the integration of both: cf. (15, 31)] on behavioral outcome and neural activation. In a second task, participants conduct an n-back task (one back and two back), where again different videos (speech, gesture and speech-gesture videos) are presented, but some of them are repeated directly (one back) or indirectly/with one new video in between [two back: see (61) for a review about a comparable approach].



fMRI Paradigm

The subjects are instructed to tap the fingers of their left hand on the buttons of a response box that is fixated at the subject's left leg. In the first task (passive task), subjects are asked to tap with their left forefinger to confirm that they watched the video (and to ensure they stay awake). In the second task (n-back task), participants are asked to tap with their left forefinger or their left middle finger, depending on their answer if the presented video seems to be a new or a repeated video.

Imaging data are collected with a 3 T whole body MRI system (SIEMENS MAGNETOM TrioTim syngo MR B17) equipped with a standard head coil. Structural image acquisition consists of 128 T1 weighted sagittal slices (slice thickness = 1.6 mm; FoV = 260 mm; TR = 3.15 s; TE = 1.37 s). To measure BOLD changes in brain activity during acquisition, T2* weighted gradient echo planar imaging (EPI) with 34 slices covering the whole brain will be used (voxel size = 3 x 3 x 4 mm; descending slice acquisition; slice thickness = 4.0 mm; TR = 1650 ms; TE = 25 ms; flip angle = 70°; FoV = 192 mm; GRAPPA = 2). Slices are adjusted after the anterior commissure posterior commissure (AC- PC) line. In the three measurements (A, B, and C), 936 functional images are acquired during acquisition phase in the passive perception task and 666 in the memory task (n-back task). A gradient echo field map sequence is measured before the functional runs to get information for unwarping B0 distortions.

Data will be analyzed using standard procedures of Statistical Parametric Mapping (SPM12 (91), RRID: SCR_007037) implemented in MATLAB R2018b (MATLAB (92), RRID: SCR_001622). Unwarping and realignment, slice time correction, coregistration, segmentation, and normalization to the standard space of the Montreal Neurological Institute brain (MNI-brain) as well as smoothing will be performed.



Multimodal Speech-Gesture Training: MSG Training


Examiners

The MSG training has been described in detailed manuals developed for the purposes of this study and are provided to the researchers who conduct the trainings. Speech language therapists, linguists, psychologists and medical PhD students with their focus on psychiatric disorders are involved in the training and are trained before they conduct parts of the study (e.g., the training) with participants. Examiners do not alternate between participants to ensure steadiness. During MSG training sessions, at least one examiner is present. Protocols are written during the trainings. Examiners were unaware about our specific neural and behavioral hypothesis regarding the MSG training effects on the different measures.



Setting

Trainings take place in an individual setting for reasons of acceptability by patients, taking into account that exercises including gesture performance are extraordinary and therefore possibly hard to execute when other participants are present. We offer eight sessions (60 min each) of training for reasons of a high drop out rate in trainings with more sessions in previous studies (93). These training sessions are offered with a high frequency (three to five trainings per week) as interventions in communication skills seem to be more efficient in high frequency interventions with short durations than in low frequency interventions with long durations in patients with schizophrenia (45). A higher frequency is not possible in our design because the training includes homework for reasons of transfer, offering the opportunity to do the homework exercises between two sessions.



MSG Training Procedure

Every session has a similar sequence of exercises, following best practice in therapy intervention. A session begins with small talk to establish a respectful relationship between participant and examiner and with a discussion about the homework prepared for the current session. Thereafter, participants should execute four exercises with increasing complexity (first two perceptual tasks, then a productive (imitation/mime) and a free productive (SG fluency) task. As in the fMRI measurements, video material is used where an actor produces sentences with a concrete or abstract meaning and accompanies these sentences with gesture. The videos differ from the stimuli in the fMRI measurements.

In the first perceptual task, the videos are presented through a laptop screen. Participants are supposed to rate the matching of gesture and speech content [see (68, 86)]. Considering the connection between speech/gesture perception and working memory (14, 21, 61), the second perceptual task is a speech-gesture-n-back task (one back, two back and three back with speech, gesture and speech + gesture videos).

In the first productive task, participants are asked to imitate the information in the videos presented to them or mime a given word/concept. In the second productive task, the SG fluency task, a semantic field is given to the participants (e.g., tools). In the style of verbal fluency tasks (94), participants have one minute to produce as many words as they can in this field of words and accompany these words by suitable gesture.

Considering the high impact of motivation on the positive outcomes of an intervention (95), participants are provided with some interesting background information about gesture and how it is related to language and communication (“what it is good for”) that is supposed to motivate them to attend to and talk about gestures in everyday life situations.

Handouts summarizing the content of this information and an explanation of the new homework are given to participants at the end of each session which hopefully allows them to transfer the training effects to their daily life routine.




Treatment as Usual: TAU

In addition to the fMRI before and after the training programme, we conducted a further fMRI measurement after a period of waiting (no training = treatment as usual: TAU). This will allow us to compare the outcomes from the training to a period of no training. This approach is similar to a training-TAU-design with two groups (one undergoing the training and a control group undergoing the treatment as usual, which means no training in our case).




Outcome Measures and End Points

Our interest is the behavioral outcome of an MSG training on communication, social skills and quality of life as well as its neural correlates in brain regions.

Proposed behavioral outcomes are:

	Behavioral data:

	Behavioral outcomes (n-back task performance: accuracy and reaction time for each condition) in interaction with treatment group (wait-training group vs. training-follow-up group) and time point (assessment A vs. B and B vs. C)


	Behavioral outcomes (n-back task performance: accuracy and reaction time for each condition) in interaction with subject group (patients vs. control group) and time point (assessment A vs. C)


	Behavioral improvement during training (speech-gesture matching and working memory performance: reaction time and percent correct, SG fluency performance: number of correct items and gesture imitation: experimenter evaluation of accuracy) as interaction with group (patients vs. control group) and time point (training session one to eight)






	Neural data:

	Neural activation (whole brain and specific regions of interest [ROI]: the left inferior frontal gyrus [IFG]) during the passive viewing and the n-back task in interaction with video condition, treatment group (wait-training group vs. training-follow-up group) and time point (Assessment A vs. B and B vs. C)


	Neural activation (whole brain and specific ROIs: STS and left IFG) during the passive viewing and the n-back task in interaction with video condition, subject group (patients vs. control group) and time point (Assessment A vs. C)






	Social data (self-report):

	Social functioning as measured by SASS – Soziale Aktivität Selbstbeurteilungs-Skala(87) in interaction with time point (t3 vs. t5) and group (patients vs. control group)


	Quality of life as measured by SWLS – Satisfaction with Life Scale(89) in interaction with time point (t3 vs. t5) and group (patients vs. control group)


	Communication skills as measured by a questionnaire for relatives of the patients (created for this study by our research team) in correlation with neural and behavioral measures of MSG related improvements (e.g., t3 vs. t5)








In addition to that, we are planning to correlate the neural and behavioral outcomes as well as neural and social and behavioral and social outcomes.

For a summary/overview of the study see Figure 2.




Figure 2 | Standard protocol of our study. (A) Assessment A (first fMRI measurement); (B) Assessment B (second fMRI measurement); (C) Assessment C (third fMRI measurement); TAU, treatment as usual (waiting time without training intervention). Clinical questionnaires—SAPS, Scale for Assessment of Positive Symptoms; SANS, Scale for Assessment of Negative Symptoms; PSPS, Personal and Social Performance Scale; TULIA, Test of Upper Limb Apraxia; Social Questionnaires: SASS, Soziale Aktivität Selbstbeurteilungs-Skala; SWLS, Satisfaction with Life Scale; Gesture Questionnaire: questionnaire for relatives of the patients (created for this study by our research team).





Trial Status

The study started first fMRI measurements (assessment A) on 21st December 2017 and after treatment as usual and the second fMRI measurement (assessment B), the training started on 20th January 2018 with participants of the wait-training group. So far (end of March 2019), 18 patients and three healthy controls have been measured and completed the MSG training. With a sample of this size we cannot calculate any group differences yet. This will be done as soon as the samples are complete. After the first participants had completed measurements and training, we evaluated our design and the training make-up. By majority, participants were satisfied with the training and so far, we had only one dropout. Satisfaction can be shown through data from our standardized post training questionnaire, where 13 participants answered that the training was very satisfying, five answered that it was satisfying, no one of the patients who finished the training was unsatisfied with the training. Concerning transfer into everyday life social functioning, the training was rated as very relevant from five patients and as relevant from another five patients. Four patients where not sure, three patients rated the training as less relevant and one patient rated the training as not relevant at all. Regarding the ratings from the patients and considering the high rate of dropouts in other training studies involving patients with schizophrenia (93), we evaluated our design and training as feasible for this group of patients.




Discussion


Current Study

As one aspect of embodied communication, (17) gesture is an integral feature of interpersonaldirect nonverbal communication that serves as an outward manifestation of several interacting fundamental processes. The binding of information from gesture and information from speech is a complex unification process (33) which seems to be impaired in schizophrenia. Especially metaphorical gesture processing seems to be disordered (30). Given the fact that in everyday life, metaphors are very frequently used to refer to abstract concepts, (13) a dysfunctional processing of abstract gestures affects integral elements of social skills which may lead to social isolation and therewith to a reduced life quality. These social-communicative deficits are accompanied by aberrations in neural activation (12, 30). Especially hypofrontality (96) and fronto-temporal disconnection (97) are reported in schizophrenia.

Unfortunately, these deficits in interpersonal communication cannot be significantly improved by medication, which might lead to persistent social isolation. Despite this fact, until now, scarcely any therapies can be found which consider specifically communicative and pragmatic skills for those who suffer from schizophrenia (98). Here we provide a first framework, training-procedural description and information about the current study design to solve the open questions regarding the efficiency of a specific MSG training in patients with schizophrenia. In our program, we consider 1) natural communication – productive and perceptive, 2) working memory functions on sentence level and 3) integration of nonverbal communication as well as the important transfer into everyday life social functioning. Furthermore, our newly developed MSG training program will be evaluated with neural, behavioral and social outcome measures, to directly relate dysfunctional neural mechanisms to the potential improvement expected in the intervention groups.

The present study offers an intensive MSG training to patients with schizophrenia and a healthy control group and correlates the behavioral outcomes from this training with neural activation before and after the training as well as with social skills and quality of life. The randomized controlled trial with waiting list and follow-up measurement enables us to demonstrate not only the effect of the gesture training on behavior, self-reports and neural correlates but also to explore long-term effects and potential predictors of treatment outcome (44, 98). While it remains to be seen whether changes can be detected within our proposed measures, the intervention seems at least to be profitable to the patients, who have completed the measurements and trainings so far (see section 2.6 Trial Status).



Previous Studies

Previous evidence on training of communicative and pragmatic skills in schizophrenia suggest that it may be an acceptable and tolerable intervention to conduct an intensive MSG training (45). For example, some single subjects studies have shown positive effects of language and speech therapy on speech production in patients with symptoms such as alogia or delusional speech (46–49). Further studies have found positive effects for discourse production (50), verbal fluency (51–53) and naming (54) However, these studies focused on speech production, not on understanding language. According to the Wernicke-Lichtheim-Geschwind model, speech production is secondary to perception (58). Due to the fact that in schizophrenia understanding language is frequently affected, a training of speech perception and interpretation of meaning is appropriate. A multimodal communication training which also addresses gesture and speech perception may offer the opportunity to complement the currently recommended treatments and enable the patients to broaden their experiences. However, there is no evidence on the feasibility, effectiveness, behavioral, social or neural outcomes of such a training.

Since there is rarely evidence of how to design an effective multimodal communication training intervention for patients with schizophrenia, the design of our novel MSG training is mainly based on findings from aphasia treatment and speech therapy in the context of other cognitive deficits (e.g., on findings from the gesture training in aphasia review from Rose and colleagues (79).

As previously shown, interventions such as psychotherapy can change functional neural processes in clinical populations (99) including psychosis (100) For example, it has been shown that cognitive behaviour therapy for psychosis decreased activation of the inferior frontal, insula, thalamus, putamen and occipital areas to fearful and angry expressions at treatment follow-up compared with baseline. In line with this study, fMRI will be used to demonstrate training effects in two paradigms.



Advantages

Highlighting the advantages of our novel MSG training intervention, in contrast to regular interventions, coupling of social-communicative skills along with motoric features are directly trained in our program. Beyond that, extra-linguistic and pragmatic information found in meaningful hand and arm movement interpretation is addressed. The playful character of the exercises simultaneously trains neurophysiological capacities and may result in a generalisation of possible training effects. Concerning the data that we collect, one of the current study's strengths is the brain imaging techniques that allow us to investigate the neural plasticity effects of the MSG training on social-cognitive abilities in patients with schizophrenia. Furthermore, we focus on cognitive aspects of gesture to facilitate social-cognitive functioning in everyday life. Due to the possible impact dysfunctional communication has on life quality, transfer in everyday life social functioning is one of our main objectives.



Limitations

Limitations might be that we cannot eliminate effects of medication (changes in antipsychotic treatment) or possible (co-)influence of other therapeutic interventions which may influence the study results. Furthermore, some of the behavioral data that we collect are based on subjective self-given information from the patients and/or their relatives. In addition, the study is rather comprehensive and long-lasting, asking patients not only to train but also to participate in neural imaging assessments. This complex study design might result in a high number of dropouts from patients with severe symptoms. So far, at least from the patients who were willing to participate in our study, only one out of 18 patients stopped to participate prematurely.



Future Studies

Approaches using noninvasive brain stimulation techniques such as transcranial direct current stimulation (tDCS) (68) and transcranial magnetic stimulation (TMS) (66), already showed positive effects on gesture integration and gesture production in patients with schizophrenia, respectively. This is an effect, which could be potentially increased and prolonged in combination with an adequate multimodal speech-gesture training intervention.

With the help of functional Magnetic Resonance Imaging (fMRI) and behavioral measures, further implications for future therapy could be investigated, in order to improve treatment methods for patients with schizophrenia.




Conclusions

In our study, a specific MSG training is tailored to patients with schizophrenia for the first time. Given the previous findings about the compelling impact of gesture on communication and the influence of trainings on gesture and other pragmatic skills, it seems to be promising to implement such a training on patients suffering from schizophrenia. Considering the serious communicative and social problems of patients and the insufficient medical treatment of communicative and social disabilities, the invention of a communicative training program is sorely needed.

In the described study design we extend and combine different forms of therapeutic knowledge, as motoric and linguistic as well as extra-linguistic skills are trained. Moreover, imaging techniques are used to find neural evidence for improvement and changes on a neural level.
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Footnotes

1In MRI an additional mirror has to be used for presentation.

2Due to the fact that gestures can only be classified considering the speech they accompany, we classified gesture without speech according the associated sentence in the other modality conditions.



References

1. Hegarty JD, Baldessarini RJ, Tohen M, Waternaux C, Oepen G. One hundred years of schizophrenia: a meta-analysis of the outcome literature. Am J Psychiatry (1994) 151(10):1409–16.


2. Jääskeläinen E, Juola P, Hirvonen N, McGrath JJ, Saha S, Isohanni M, et al. A Systematic Review and Meta-Analysis of Recovery in Schizophrenia. Schizophr Bull (2013) 39(6):1296–306. doi: 10.1093/schbul/sbs130

3. Falkai  P. Praxishandbuch Schizophrenie – Diagnostik Therapie Versorgungsstrukturen. In Fortschritte der Neurologischen Psychiatrie. Vol. 841st ed. (New York: Thieme); (2016) . doi: 10.1055/s-0042-114707

4. Landre NA, Taylor MA, Kearns KP. Language Functioning in Schizophrenic and Aphasic Patients. Neuropsychiatry Neuropsychol Behav Neurol (1992) 5(1):7–14.


5. Covington MA, He C, Brown C, Naçi L, McClain JT, Fjordbak BS, et al. Schizophrenia and the structure of language: The linguist's view. Schizophr Res (2005) 77(1):85–98. doi: 10.1016/j.schres.2005.01.016

6. Cavelti M, Kircher T, Nagels A, Strik W, Homan P. Is formal thought disorder in schizophrenia related to structural and functional aberrations in the language network? A systematic review of neuroimaging findings. Schizophr Res (2018) 1199:2–16. doi: 10.1016/j.schres.2018.02.051

7. Bergemann N, Parzer P, Jaggy S, Auler B, Mundt C, Maier-Braunleder S. Estrogen and Comprehension of Metaphoric Speech in Women Suffering From Schizophrenia: Results of a Double-Blind, Placebo-Controlled Trial. Schizophr Bull (2008) 34(6):1172–81. doi: 10.1093/schbul/sbm138

8. de Bonis M, Epelbaum C, Deffez V, Féline A. The comprehension of metaphors in schizophrenia. Psychopathology (1997) 30(3):149–54. doi: 10.1159/000285041

9. Iakimova G, Passerieux C, Denhière G, Laurent J-P, Vistoli D, Vilain J, et al. The influence of idiomatic salience during the comprehension of ambiguous idioms by patients with schizophrenia. Psychiatry Res (2010) 177(1–2):46–54. doi: 10.1016/j.psychres.2010.02.005

10. Kircher TTJ, Leube DT, Erb M, Grodd W, Rapp AM. Neural correlates of metaphor processing in schizophrenia. NeuroImage (2007) 34(1):281–9. doi: 10.1016/j.neuroimage.2006.08.044

11. Rapp AM, Mutschler DE, Erb M. Where in the brain is nonliteral language? A coordinate-based meta-analysis of functional magnetic resonance imaging studies. NeuroImage (2012) 63(1):600–10. doi: 10.1016/j.neuroimage.2012.06.022

12. Rossetti I, Brambilla P, Papagno C. Metaphor Comprehension in Schizophrenic Patients. Front Psychol (2018) 9:670. doi: 10.3389/fpsyg.2018.00670

13. Lakoff G, Johnson M. (1980). Metaphors We Live By. In Language, Thought, and Culture. Chicago, IL: University of Chicago Press. 124–34.


14. Straube B, Green A, Weis S, Chatterjee A, Kircher T. Memory Effects of Speech and Gesture Binding: Cortical and Hippocampal Activation in Relation to Subsequent Memory Performance. J Cogn Neurosci (2009) 21(4):821–36. doi: 10.1162/jocn.2009.21053

15. Straube B, Green A, Bromberger B, Kircher T. The differentiation of iconic and metaphoric gestures: Common and unique integration processes. Hum Brain Mapp (2011) 32(4):520–33. doi: 10.1002/hbm.21041

16. Kircher T, Straube B, Leube D, Weis S, Sachs O, Willmes K, et al. Neural interaction of speech and gesture: Differential activations of metaphoric co-verbal gestures. Neuropsychologia (2009) 47(1):169–79. doi: 10.1016/j.neuropsychologia.2008.08.009

17. Tschacher W, Giersch A, Friston K. Embodiment and Schizophrenia: A Review of Implications and Applications. Schizophr Bull (2017) 43(4):745–53. doi: 10.1093/schbul/sbw220

18. Walther S, Mittal VA. Why We Should Take a Closer Look at Gestures. Schizophr Bull (2016) 42(2):259–61. doi: 10.1093/schbul/sbv229

19. Kelly SD, Özyürek A, Maris E. Two Sides of the Same Coin: Speech and Gesture Mutually Interact to Enhance Comprehension. psychol Sci (2010) 21(2):260–7. doi: 10.1177/0956797609357327

20. Wu YC, Coulson S. Gestures modulate speech processing early in utterances. Neuroreport (2010) 21(7):522–6. doi: 10.1097/WNR.0b013e32833904bb

21. Straube B, Green A, Chatterjee A, Kircher T. Encoding Social Interactions: The Neural Correlates of True and False Memories. J Cogn Neurosci (2011) 23(2):306–24. doi: 10.1162/jocn.2010.21505

22. Bucci S, Startup M, Wynn P, Baker A, Lewin TJ. Referential delusions of communication and interpretations of gestures. Psychiatry Res (2008) 158(1):27–34. doi: 10.1016/j.psychres.2007.07.004

23. Straube B, Green A, Jansen A, Chatterjee A, Kircher T. Social cues, mentalizing and the neural processing of speech accompanied by gestures. Neuropsychologia (2010) 48(2):382–93. doi: 10.1016/j.neuropsychologia.2009.09.025

24. Goss J. Speech-gesture mismatches and dynamic coordination in schizophrenia [Internet] [Ph.D.]. [United States – Illinois]: The University of Chicago; [cited 2016 Jan 8]. Available from: http://search.proquest.com/docview/914436105. (2011).


25. Walther S, Vanbellingen T, Müri R, Strik W, Bohlhalter S. Impaired gesture performance in schizophrenia: Particular vulnerability of meaningless pantomimes. Neuropsychologia (2013) 51(13):2674–8. doi: 10.1016/j.neuropsychologia.2013.08.017

26. Berndl K, von Cranach M, Grüsser O-J. Impairment of perception and recognition of faces, mimic expression and gestures in schizophrenic patients. Eur Arch Psychiatr Neurol Sci (1986) 235(5):282–91. doi: 10.1007/BF00515915

27. Martin P, Tewesmeier M, Albers M, Schmid G, Scharfetter C. Investigation of gestural and pantomime performance in chronic schizophrenic inpatients. Eur Arch Psychiatry Clin Nuerosci (1994) 244(2):59–64. doi: 10.1007/BF02193520

28. Mittal VA, Tessner KD, McMillan AL, Delawalla Z, Trotman HD, Walker EF. Gesture behavior in unmedicated schizotypal adolescents. J Abnormal Psychol (2006) 115(2):351–8. doi: 10.1037%2F0021-843X.115.2.351


29. Troisi A, Spalletta G, Pasini A. Non-verbal behaviour deficits in schizophrenia: an ethological study of drug-free patients. Acta Psychiatrica Scand (1998) 97(2):109–15. doi: 10.1111/j.1600-0447.1998.tb09971.x

30. Straube B, Green A, Sass K, Kirner-Veselinovic A, Kircher T. Neural integration of speech and gesture in schizophrenia: Evidence for differential processing of metaphoric gestures. Hum Brain Mapp (2013) 34(7):1696–712. doi: 10.1002/hbm.22015

31. Straube B, Green A, Sass K, Kircher T. Superior Temporal Sulcus Disconnectivity During Processing of Metaphoric Gestures in Schizophrenia. Schizophr Bull (2014) 40(4):936–44. doi: 10.1093/schbul/sbt110

32. Nagels A, Kircher T, Grosvald M, Steines M, Straube B. Evidence for gesture-speech mismatch detection impairments in schizophrenia. Psychiatry Res (2019) 1273:15–21. doi: 10.1016/j.psychres.2018.12.107

33. Holler J, Levinson SC. Multimodal Language Processing in Human Communication. Trends In Cogn Sci (2019) 23(8):639–52. doi: 10.1016/j.tics.2019.05.006

34. Liberman RP, Wallace CJ, Blackwell G, Kopelowicz A, Vaccaro JV, Mintz J. Skills Training Versus Psychosocial Occupational Therapy for Persons With Persistent Schizophrenia. AJP (1998) 155(8):1087–91. doi: 10.1176/ajp.155.8.1087

35. Buchain PC, Vizzotto ADB, Henna Neto J, Elkis H. Randomized controlled trial of occupational therapy in patients with treatment-resistant schizophrenia. Rev Bras Psiquiatria (2003) 25(1):26–30. doi: 10.1590/S1516-44462003000100006

36. Vancampfort D, Probst M, Helvik Skjaerven L, Catalán-Matamoros D, Lundvik-Gyllensten A, Gómez-Conesa A, et al. Systematic Review of the Benefits of Physical Therapy Within a Multidisciplinary Care Approach for People With Schizophrenia. Phys Ther (2012) 92(1):11–23. doi: 10.2522/ptj.20110218

37. Martin LAL, Koch SC, Hirjak D, Fuchs T. Overcoming Disembodiment: The Effect of Movement Therapy on Negative Symptoms in Schizophrenia—A Multicenter Randomized Controlled Trial. Front Psychol (2016) 7:483. doi: 10.3389/fpsyg.2016.00483

38. Crawford MJ, Patterson S. Arts therapies for people with schizophrenia: an emerging evidence base. Evidence-Based Ment Health (2007) 10(3):69. doi: 10.1136/ebmh.10.3.69

39. Crawford MJ, Killaspy H, Barnes TRE, Barrett B, Byford S, Clayton K, et al. Group art therapy as an adjunctive treatment for people with schizophrenia: multicentre pragmatic randomised trial. BMJ (2012) 344:e846. doi: 10.1136/bmj.e846

40. Gold C, Solli HP, Krüger V, Lie SA. Dose–response relationship in music therapy for people with serious mental disorders: Systematic review and meta-analysis. Clin Psychol Rev (2009) 29(3):193–207. doi: 10.1016/j.cpr.2009.01.001

41. Peng S-M, Koo M, Kuo J-C. Effect of Group Music Activity as an Adjunctive Therapy on Psychotic Symptoms in Patients With Acute Schizophrenia. Arch Psychiatr Nursing (2010) 24(6):429–34. doi: 10.1016/j.apnu.2010.04.001

42. Tang W, Yao X, Zheng Z. Rehabilitative Effect of Music Therapy for Residual Schizophrenia: A One-Month Randomised Controlled Trial in Shanghai. Br J Psychiatry (1994) 165(S24):38–44. doi: 10.1192/S0007125000292969

43. Talwar N, Crawford MJ, Maratos A, Nur U, McDermott O, Procter S. Music therapy for in-patients with schizophrenia: Exploratory randomised controlled trial. Br J Psychiatry (2006) 189(5):405–9. doi: 10.1192/bjp.bp.105.015073

44. Walther S, Eisenhardt S, Bohlhalter S, Vanbellingen T, Müri R, Strik W, et al. Gesture Performance in Schizophrenia Predicts Functional Outcome After 6 Months. Schizophr Bull (2016) 42(6):1326–33. doi: 10.1093/schbul/sbw124

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

46. Clegg J, Brumfitt S, Parks RW, Woodruff PWR. Speech and language therapy intervention in schizophrenia: a case study. Int J Lang Commun Disord (2007) 42(1):81–101. doi: 10.1080/13682820601171472

47. Allen DJ, Antonitis JJ, Magaro PA. Reinforcing effects of prerecorded words and delayed speech feedback on the verbal behavior of a neologistic schizophrenic. Perceptual Motor Skills (1978) 46(2):343–6. doi: 10.2466/pms.1978.46.2.343

48. Foxx RM, McMorrow MJ, Davis LA, Bittle RG. Replacing a chronic schizophrenic man's delusional speech with stimulus appropriate responses. J Behav Ther Exp Psychiatry (1988) 19(1):43–50. doi: 10.1016/0005-7916(88)90009-2

49. Kramer S, Bryan K, Frith CD. Mental illness and communication. Int J Lang Commun Disord (2001) 36(S1):132–7. doi: 10.3109/13682820109177872

50. Baker R. The use of operant conditioning to reinstate speech in mute schizophrenics. Behav Res Ther (1971) 9(4):329–36. doi: 10.1016/0005-7967(71)90045-3

51. Wykes T. What are we changing with neurocognitive rehabilitation?: Illustrations from two single cases of changes in neuropsychological performance and brain systems as measured by SPECT. Schizophr Res (1998) 34(1):77–86. doi: 10.1016/S0920-9964(98)00076-0

52. Ojeda N, Peña J, Sánchez P, Bengoetxea E, Elizagárate E, Ezcurra J, et al. Efficiency of cognitive rehabilitation with REHACOP in chronic treatment resistant Hispanic patients. NeuroRehabilitation (2012) 30(1):65–74. doi: 10.3233/NRE-2011-0728

53. Vianin P, Urben S, Magistretti P, Marquet P, Fornari E, Jaugey L. Increased activation in Broca's area after cognitive remediation in schizophrenia. Psychiatry Res: Neuroimaging (2014) 221(3):204–9. doi: 10.1016/j.pscychresns.2014.01.004

54. Kondel T, Hirsch S, Laws K. Name relearning in elderly patients with schizophrenia: Episodic and temporary, not semantic and permanent. Cogn Neuropsychiatry (2006) 11(1):1–12. doi: 10.1080/13546800444000137

55. Man DW, Law KM, Chung RC. Cognitive training for Hong Kong Chinese with schizophrenia in vocational rehabilitation. H K Med J (2012) 18 Suppl 6:18–22.


56. Blairy S, Neumann A, Nutthals F, Pierret L, Collet D, Philippot P. Improvements in Autobiographical Memory in Schizophrenia Patients after a Cognitive Intervention. Psychopathology (2008) 41(6):388–96. doi: 10.1159/000155217

57. Kawakubo Y, Kamio S, Nose T, Iwanami A, Nakagome K, Fukuda M, et al. Phonetic mismatch negativity predicts social skills acquisition in schizophrenia. Psychiatry Res (2007) 152(2–3):261–5. doi: 10.1016/j.psychres.2006.02.010

58. Geschwind N. The Organization of Language and the Brain. Science (1970) 170(3961):940–4.


59. Kostova M, Passerieux C, Laurent JP, Saint-Georges C, Hardy-Baylé MC. Functional analysis of the deficit in semantic context processes in schizophrenic patients: an event-related potentials study. Neurophysiologie Clinique/Clin Neurophysiol (2003) 33(1):11–22. doi: 10.1016/S0987-7053(03)00006-6

60. Kintsch W, van Dijk TA. Toward a model of text comprehension and production. psychol Rev (1978) 85(5):363. doi: 10.1037/0033-295X.85.5.363

61. Rudner M. Working Memory for Linguistic and Non-linguistic Manual Gestures: Evidence, Theory, and Application. Front Psychol (2018) 9:679. doi: 10.3389/fpsyg.2018.00679

62. Wykes T, Brammer M, Mellers J, Bray P, Reeder C, Williams C, et al. Effects on the brain of a psychological treatment: Cognitive remediation therapy: Functional magnetic resonance imaging in schizophrenia. Br J Psychiatry (2002) 181(2):144–52. doi: 10.1192/bjp.181.2.144

63. Haut KM, Lim KO, MacDonald Iii A. Prefrontal Cortical Changes Following Cognitive Training in Patients with Chronic Schizophrenia: Effects of Practice, Generalization, and Specificity. Neuropsychopharmacology (2010) 35(9):1850–9.


64. Bor J, Brunelin J, d'Amato T, Costes N, Suaud-Chagny M-F, Saoud M, et al. How can cognitive remediation therapy modulate brain activations in schizophrenia?: An fMRI study. Psychiatry Res: Neuroimaging (2011) 192(3):160–6. doi: 10.1016/j.pscychresns.2010.12.004

65. Penadés R, Pujol N, Catalán R, Massana G, Rametti G, García-Rizo C, et al. Brain Effects of Cognitive Remediation Therapy in Schizophrenia: A Structural and Functional Neuroimaging Study. Biol Psychiatry (2013) 73(10):1015–23. doi: 10.1016/j.biopsych.2013.01.017

66. Subramaniam K, Luks TL, Garrett C, Chung C, Fisher M, Nagarajan S, et al. Intensive cognitive training in schizophrenia enhances working memory and associated prefrontal cortical efficiency in a manner that drives long-term functional gains. NeuroImage (2014) 99:281–92. doi: 10.1016/j.neuroimage.2014.05.057

67. Nagels A, Kircher T, Steines M, Straube B. Feeling addressed! The role of body orientation and co-speech gesture in social communication. Hum Brain Mapp (2015) 36(5):1925–36. doi: 10.1002/hbm.22746

68. Schülke R, Straube B. Transcranial Direct Current Stimulation Improves Semantic Speech–Gesture Matching in Patients With Schizophrenia Spectrum Disorder. Schizophr Bull (2018) 45(3):522–30. doi: 10.1093/schbul/sby144

69. Walther S, Kunz M, Müller M, Zürcher C, Vladimirova I, Bachofner H, et al. Single Session Transcranial Magnetic Stimulation Ameliorates Hand Gesture Deficits in Schizophrenia. Schizophr Bull (2019) sbz078:1–8. doi: 10.1093/schbul/sbz078/5601853

70. Rose ML, Raymer AM, Lanyon LE, Attard MC. A systematic review of gesture treatments for post-stroke aphasia. Aphasiology (2013) 27(9):1090–127. doi: 10.1080/02687038.2013.805726

71. Rose ML. Releasing the Constraints on Aphasia Therapy: The Positive Impact of Gesture and Multimodality Treatments. Am J Speech-Language Pathol (2012) 22(2):227–39. doi: 10.1044/1058-0360(2012/12-0091)

72. Howard KI, Kopta SM, Krause MS, Orlinsky DE. The dose–effect relationship in psychotherapy. Am Psychol (1986) 41(2):159.


73. Wykes T, Huddy V, Cellard C, McGurk SR, Czobor P. A Meta-Analysis of Cognitive Remediation for Schizophrenia: Methodology and Effect Sizes. AJP (2011) 168(5):472–85. doi: 10.1176/appi.ajp.2010.10060855

74. Campos C, Santos S, Gagen E, Machado S, Rocha S, Kurtz MM, et al. Neuroplastic Changes Following Social Cognition Training in Schizophrenia: A Systematic Review. Neuropsychol Rev (2016) 26(3):310–28. doi: 10.1007/s11065-016-9326-0

75. Penadés R, González-Rodríguez A, Catalán R, Segura B, Bernardo M, Junqué C. Neuroimaging studies of cognitive remediation in schizophrenia: A systematic and critical review. World J Psychiatry (2017) 7(1):34–43. doi: 10.5498/wjp.v7.i1.34

76. Subramaniam K, Luks TL, Fisher M, Simpson GV, Nagarajan S, Vinogradov S. Computerized Cognitive Training Restores Neural Activity within the Reality Monitoring Network in Schizophrenia. Neuron (2012) 73(4):842–53. doi: 10.1016/j.neuron.2011.12.024

77. Wexler BE, Anderson M, Fulbright RK, Gore JC. Preliminary Evidence of Improved Verbal Working Memory Performance and Normalization of Task-Related Frontal Lobe Activation in Schizophrenia Following Cognitive Exercises. AJP (2000) 157(10):1694–7. doi: 10.1176/appi.ajp.157.10.1694

78. Andreasen N. The scale for the assessment of positive symptoms. Iowa City: University of Iowa Press; (1984).


79. Andreasen N. The scale for the assessment of negative symptoms (SANS): Conceptual and theoretical foundations. Br J Psychiatry (1989) 155(S7):49–52. doi: 10.1192/S0007125000291496

80. Morosini P, Magliano L, Brambilla L, Ugolini S, Pioli R. Development, reliability and acceptability of a new version of the DSM-IV Social and Occupational Functioning Assessment Scale (SOFAS) to assess routine social funtioning. Acta Psychiatria Scand (2000) 101(4):323–9. doi: 10.1034/j.1600-0447.2000.101004323.x

81. Pavot W, Diener E. Review of the Satisfaction With Life Scale. In:  Diener  E, editor. Review of the Satisfaction With Life ScaleAssessing Well-Being: The Collected Works of Ed Diener. Dordrecht: : Springer Netherlands; (2009). 101–17. (Social Indicators Research Series). doi: 10.1007/978-90-481-2354-4_5

82. Vanbellingen T, Kersten B, Van deWinckel A, Bellion M, Baronti F, Müri R, et al. A new bedside test of gestures in stroke: the apraxia screen of TULIA (AST). J Neurol Neurosurgery Psychiatry (2011) 1; 82(4):389–92. doi: 10.1136/jnnp.2010.213371

83. Nagels A, Kircher T, Steines M, Grosvald M, Straube B. A brief self-rating scale for the assessment of individual differences in gesture perception and production. Learn Individ Dif (2015) 1; 39:73–80. doi: 10.1016/j.lindif.2015.03.008

84. Green A, Straube B, Weis S, Jansen A, Willmes K, Konrad K, et al. Neural integration of iconic and unrelated coverbal gestures: A functional MRI study. Hum Brain Mapp (2009) 30(10):3309–24. doi: 10.1002/hbm.20753

85. He Y, Steines M, Sommer J, Gebhardt H, Nagels A, Sammer G, et al. Spatial–temporal dynamics of gesture–speech integration: a simultaneous EEG-fMRI study. Brain Struct Funct (2018) 223:3073–89. doi: 10.1007/s00429-018-1674-5

86. Schülke R, Straube B. P164 Modulation of semantic speech-gesture matching performance by tDCS. Clin Neurophysiol (2017) 128(3):e97.


87. Duschek S, Schandry R, Hege B. Soziale Aktivität Selbstbeurteilungs-Skala: Diagnostik sozialer Funktionsstörungen bei depressiven Störungen 1st ed. Göttingen: Hogrefe, Verlag für Psychologie; (2003).


88. Schandry R. Die Erfassung der sozialen Aktivitat bei depressiven Patienten mit der Skala, SASS. Psychopharmakotherapie (2000) 7(4):168–73.


89. Diener E, Emmons RA, Larsen RJ, Griffin S. The Satisfaction With Life Scale. J Pers Assess (1985) 49(1):71–5.


90. Nagels A, Chatterjee A, Kircher T, Straube B. The role of semantic abstractness and perceptual category in processing speech accompanied by gestures. Front Behav Neurosci (2013) 7:1–12. doi: 10.3389/fnbeh.2013.00181

91.(2018). Statistical Parametric Mapping. [Internet]. Available from: http://www.fil.ion.ucl.ac.uk/spm/(RRID: SCR_007037).


92. MATLAB (2017). [Internet]. The MathWorks, Inc. Available from: https://de.mathworks.com/(RRID: SCR_001622).


93. Gordon A, Davis PJ, Patterson S, Pepping CA, Scott JG, Salter K, et al. A randomized waitlist control community study of Social Cognition and Interaction Training for people with schizophrenia. Br J Clin Psychol (2018) 57(1):116–30. doi: 10.1111/bjc.12161

94. Wende KC, Straube B, Stratmann M, Sommer J, Kircher T, Nagels A. Neural correlates of continuous causal word generation. NeuroImage (2012) Sep 162(3):1399–407. doi: 10.1016/j.neuroimage.2012.06.003

95. Hubble MA, Duncan BL, Miller SD. Das Augenmerk auf das richten, was funktioniert. In So wirkt Psychotherapie–empirische Ergebnisse und praktische Folgerungen. Dortmund: Modernes Lernen; (2001). 289–344.


96. Ingvar DH, Franzén G. Abnormalities of Cerebral Blood Flow Distribution in Patients with Chronic Schizophrenia. Acta Psychiatrica Scand (1974) 50(4):425–62. doi: 10.1111/j.1600-0447.1974.tb09707.x

97. Friston KJ, Frith CD. Schizophrenia: A Disconnection Syndrome? Clin Neurosci (1995)(3), 89–97.


98. Heim S, Dehmer M, Berger-Tunkel M. Beeinträchtigungen von Sprache und Kommunikation bei Schizophrenie. Nervenarzt (2019) 90(5):485–9. doi: 10.1007/s00115-018-0647-5

99. Straube B, He Y, Steines M, Gebhardt H, Kircher TTJ, Sammer G, et al. Supramodal neural processing of abstract information conveyed by speech and gesture. Front In Behav Neurosci (2015) 7:51–64. doi: 10.3389/fnbeh.2013.00120

100. Kumari V, Fannon D, Peters ER, Ffytche DH, AL S, Premkumar P, et al. Neural changes following cognitive behaviour therapy for psychosis: a longitudinal study. Brain (2011) 134(8):2396–407. doi: 10.1093/brain/awr154



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.

Copyright © 2020 Riedl, Nagels, Sammer and Straube. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers
in Psychiatry





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A Multimodal Speech-Gesture Training Intervention for Patients With Schizophrenia and Its Neural Underpinnings – the Study Protocol of a Randomized Controlled Pilot Trial

      

        		

          Clinical Trial Registration

        



        		

          Introduction

        

          		

            Speech and Language Processing in Schizophrenia

          



          		

            Gesture Processing in Schizophrenia

          



          		

            Speech, Gesture and Its Neural Correlates

          



          		

            Current Treatments for Patients With Schizophrenia

          



          		

            Development of a Multimodal Speech-Gesture Training

          



          		

            Estimation and Appropriateness of Outcome

          



        



        



        		

          Methods

        

          		

            Aims and Objectives

          



          		

            Setting and Enrollment

          

            		

              Setting

            



            		

              Inclusion of Participants

            



            		

              Intervention Groups and Randomization

            



            		

              Criteria for Discontinuation

            



            		

              Sociodemographic Information

            



          



          



          		

            Familiarization Session

          

            		

              fMRI Measurements

            



            		

              Stimuli

            



            		

              fMRI Tasks

            



            		

              fMRI Paradigm

            



            		

              Short Speech-Gesture Training

            



            		

              Memory Task After Post-fMRI

            



          



          



          		

            The MSG Training Program

          

            		

              Social and Quality of Life Questionnaires

            



            		

              fMRI Measurements (A, B, and C)

            



            		

              Stimuli

            



            		

              Tasks

            



            		

              fMRI Paradigm

            



            		

              Multimodal Speech-Gesture Training: MSG Training

            

              		

                Examiners

              



              		

                Setting

              



              		

                MSG Training Procedure

              



            



            



            		

              Treatment as Usual: TAU

            



          



          



          		

            Outcome Measures and End Points

          



          		

            Trial Status

          



        



        



        		

          Discussion

        

          		

            Current Study

          



          		

            Previous Studies

          



          		

            Advantages

          



          		

            Limitations

          



          		

            Future Studies

          



        



        



        		

          Conclusions

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          Abbreviations

        



        		

          Footnotes

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt.2020.00110_cover.jpg
’ frontiers
in Psychiatry

A Multimodal Speech-Gesture
Training Intervention for Patients
With Schizophrenia and Its Neural

Underpinnings - the Study Protocol
of a Randomized Controlled Pilot
Trial





OEBPS/Images/fpsyt-11-00110-g001.jpg
Ellgibilty screen + Informed consent

yos

Clinical questonnalres.

1

Randomized allocation:
Ll walttaining groupn - 20
aining-follow-up group 1 = 10

oneawopue: + owon3

2
Pro-MRI

1 3
‘Shortspeech-gesture tain

11

PostMAI

11

Momory task
T—T

ing

wojsses uopezueiIwes

vV
MRl assossment A

[MSG ralning session |
TAU
[MSG taining session2] | (no training)
[MSG Valning session 3
[MSG ralning session &
[MSG Uaining session s
[MSG valning session 6
[MSG ralning session 7

[MSG talning session &

12 v

MRl assessment B

weiosd Buen oSH






OEBPS/Images/fpsyt-11-00110-g002.jpg
STUDY PERIOD

Famiar Frv——
< [ WSG wainng proga
Tweront [ | o [« [ & o[« [e] & [
T > o
Shon | o [ e [ e | so [ | o [
training | tVRI vy | training MRI
[E—
Eligibility screen | X
nformed conset | X
Allocation | X
[r—
v | | x 1al x |81 x | o
o AL X x ¢
T oo
oo || X al x |e| x |¢
pr—
Gl
questionnaires | X
(patients only)
oot
questionnaires X X
Gestre
‘questionnaire X






