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SUPPLEMENTARY MATERIAL
METHODS

The Bonn Scale for the Assessment of Basic Symptoms (BSABS) 
The Bonn Scale for the Assessment of Basic Symptoms (BSABS) [1], is a semi-structured interview consisting of 98 principal items described in a prototypical manner, supplemented by differential-diagnostic guidelines, examples of questions and suggestions of probes. These 98 items explore self-perceived disturbances in volition, drive, stream of thought, perception, stress tolerance, neurovegetative and cenesthesic experiences [2,3], and are complemented by 5 items mapping primary coping strategies. The BSABS possesses a good inter-rater reliability [4,5] and usually requires about 2-3 hours interview sessions to be administered.

For the purpose of this study, BSABS items were grouped into seven rational scales [6], previously shown to capture essential dimensions of the schizophrenia spectrum pathology 


[7-9,6,10] ADDIN EN.CITE . These seven rational scales were: 

1. Diminished affectivity (DA): comprises items exploring a general decline in the affective potential and emotional resonance (e.g., “I have no energy, no inner spark”, “I lost my feelings, making me almost another person”);

2. Disturbed contact (DC): investigates a subjectively experienced discomfort in the interpersonal and social contexts (e.g., “I am not able to establish relationships with others anymore”, “I feel embarrassed and repressed in social situations”);  

3. Perplexity (PY): describes a disturbed pre-reflective articulation or loss of immediate grip of meaning (e.g., “I had to think about what to think”, “The surroundings appear to me as unreal, changed”);

4. Cognitive Disorder (CD): includes items referring to the subjective experience of changes in cognitive proficiency (e.g., “My thoughts are pressing on the skull from inside”, “It feels as if a swarm of bees was in my head”);

5. Self-disorder (SD): explores anomalies of self-awareness (e.g., “I do not feel myself, I feel somehow changed”, “I have a feeling as if it is not me who experiencing the world”);

6. Cenesthesias (CEN): examines anomalies awareness of the body (e.g., “I perceive that my body is changed”; “My brain has become thinner”);

7. Perceptual disorder (PD): describes perceptual distortions (e.g., “I see faces as collections of individual features such as nose, lips, etc.”, “I hear sounds with changed intensity”).
Internal consistency for each scale was empirically checked [11] before running the subsequent statistical analysis: only the scales that reached an alpha value ≥ 0.55 were retained (see Appendix in the main text).  

The Self-Disorder subscale

After item analysis, the Self-Disorder (SD) subscale turned out to be constituted by the following items: Psychic depersonalization, Somatic depersonalization and Other optic/visual perception disturbances. 

Psychic depersonalization [BSABS [1] B 3.4; EASE [12] 2.2.2, 2.3.2], is a composite phenomenon implying a pervasive and diffuse sense of being alienated from oneself, one’s own mental stream of thoughts, emotions and actions. Exemplar patients’ self-reports are: “I have a feeling as if it is not me who is experiencing the world”; “It feels as if another person was here instead of me”; “I do not feel myself, I feel somehow changed as if there is a distance between myself and what I am thinking”. 

Somatic depersonalization (BSABS D 1.1; EASE 3.3), includes a constellation of experiences characterized by an alteration of the felt-naturalness of embodiment, e.g. the body or some of its parts are perceived as changed, abnormally strange or dislocated. Illustrative statement from patients are, for example: “ I have a feeling that my left and right forearms have switched places”; “I have a strange feeling that it’s somebody else’s body”; “sometimes I feel as if my body is made of separate parts that are not coordinated, but just mechanically fixed together, like a mannequin”.
Other optic/visual perception disturbances (BSABS C 2.3; EASE 3.2.2; 3.9) include a set of self-perceived optical distortions such as changes in object sizes (e.g. as macro and mycropsia), colors, distances and proportions. They also include the changed perception of the patient’s own face (i.e. the so-called “Mirror-related Phenomena”) and changed perception of the face or body of others [1]. Exemplar statements are: “suddenly, I started to see dots in front of me, then they created lines, that remained between me and the other peoples in the room for a while”; “sometimes the walls and the building in the streets appear twisted and the objects look smaller and more distant”; ”when I was looking at myself in the mirror, I had the impression as if the image was not moving or changing, even if I was deliberately grimacing and moving my head”.
Experimental paradigm: stimuli and procedure

The experimental paradigm consisted of the following procedure (see [13] for details and empirical validation). Two professional actors, one male and one female, were used for stimuli preparation. Stimuli consisted of 2-seconds colored video clips showing positive (laugh), negative (cry) and neutral (control) emotions. Stimuli were divided into four presentation modalities: Visual only, Audio only, Audio-Visual Congruent and Audio-Visual Incongruent. Every presentation modality was made of 60 stimuli [24 Laugh (Positive) stimuli, 24 Cry (Negative) stimuli and 12 Control (Neutral) stimuli]. In the Audio modality (A), the sound of the video clips of laugh, cry and control stimuli was extracted from the original video clips and presented alone. In the Video modality (V), only the visual component of video-clips was presented, devoid of any sound. In the Audio-Visual Congruent modality (AVC), the original video clips were presented with both modalities, expressing the same emotion (e.g., laugh). In the Incongruent Audio-Visual modality (AVI), the video of a given expression was coupled and presented with the audio pertaining to a different emotional video clip performed by the same actor (e.g. audio of laugh with the video of cry, audio of cry with the video of laugh and audio of a given neutral sound with the video of another neutral stimulus). Consequently, in AVI Laugh participants saw an actor crying but heard laughing, in AVI Cry participants saw an actor laughing but heard crying, and in Control condition participants saw an actor making an unemotional face while hearing the sound of a different neutral stimulus (actors when performed neutral stimuli always associated the making a face with specific vocalizations). The neutral video clips showed actors making various faces (i.e., “making a face”) that did not imply any particular emotional content, just that the actors were adopting some specific facial expressions. 
The order of the four modality-blocks (i.e., AVC, AVI, A, V) was counterbalanced among participants and a pause was provided between them, where the experimenter assured participants’ well-being and comfort. Each trial (see Fig. S1) started with a fixation cross (i.e., the “+” symbol) lasting 1000 ms, immediately followed by the stimulus, which lasted 2000 ms, then followed by a question mark (i.e., “?”). After question mark presentation, participants verbally scored the emotional value of the perceived stimuli on a Likert scale ranging from - 3 (very negative) to + 3 (very positive) where 0 indicated lack of perceived emotional content, while EMG activity of Corrugator Supercilii and Zygomaticus Major muscles was recorded. The experimenter took note of participants’ response in a record sheet and then started the next trial. The total duration of the experiment was about 40 minutes.
----- Please insert Figure S1 right here -----

Data condensation and statistical analysis
Behavioral Rating
The rating scores of each participant were averaged on the basis of modality and emotion and entered into a 4 (Modality: AVC, AVI, Audio, Video) × 3 (Emotion: Laugh, Cry, Control) repeated measures ANOVA, with Modality and Emotion as within-participants factors.
Facial EMG data reduction and analysis

Offline, data were band-pass filtered (50 - 500 Hz) to reduce movement related artifacts and environmental noise, and full-wave rectified. EMG signal was then visually inspected. EMG data with remaining artifacts were excluded from subsequent analysis (mean percentage of discarded trails: 13.73%). For each participant and trial, the averaged EMG responses of Corrugator Supercilii and Zygomaticus Major muscles were subdivided in four time-epochs (T1-T4) of 500 ms each, that were then normalized with respect to the baseline. Hence, an EMG normalized value above the 100% means an activation of a given muscle with respect to the baseline, whereas an EMG normalized value below the 100% indicate an inhibition of that muscle with respect to the baseline. Mean EMG responses were then calculated for each Modality (AVC, AVI, Audio, Video), Emotion (Laugh, Cry, Control) and Epoch (T1, T2, T3, T4). EMG data were entered into a 4 (Modality: AVC, AVI, Audio, Video) × 3 (Emotion: Laugh, Cry, Control) × 4 (Epoch: T1: 0 - 500 ms, T2: 500 – 1000 ms, T3: 1000 – 1500 ms, T4: 1500 – 2000 ms) repeated measures ANOVA, with Modality, Emotion and Epoch as the within-participants factors. One separated ANOVA was conducted for each muscle (Corrugator and Zygomaticus).

For all performed analyses, P-values < 0.05 were considered to be statistically significant. Post-hoc multiple comparisons (Duncan’s test) were applied on significant main effects and interactions.

Results
Behavioral results

Results of the analysis performed on behavioral rating scores showed that the Emotion factor was significant (F2,34 = 60.31 p < 0.0001 ƞ2p = 0.78). Post-hoc comparisons revealed that Cry was rated by Schizophrenia Spectrum (SzSp) participants more negatively than Laugh and Control stimuli were considered as neutral (all ps < 0.001). Moreover, the Modality × Emotion interaction was also significant (F6,102 = 51.81 p < 0.0001 ƞ2p = 0.75) (see Fig. S2) meaning that during AVI modality, SzSp participants based their ratings following the visual content of the stimuli, that is, cry in AVI Laugh condition (in which participants saw crying and heard laughing) and laugh in AVI Cry condition (in which participants saw laughing and heard crying) (AVI Laugh vs. other modalities all ps < 0.0001; AVI Cry vs. other modalities all ps < 0.0001). Complementing these findings, post-hoc comparisons also demonstrated that Control stimuli were considered as devoid of any emotional content in all modalities (all ps > 0.05). 

----- Please insert Figure S2 right here -----
EMG results

Two repeated measures ANOVAs were performed in order to assess Zygomatic Major and Corrugator Supercilii EMG responses during the presentation of the stimuli of positive, negative and neutral facial expressions and/or related sounds in four different modalities (AVC, AVI, Audio, Video).

Zygomaticus Major muscle
The ANOVA carried out on Zygomaticus Major muscle EMG responses provided no significant main effects and interactions (all ps  > 0.05).

Corrugator Supercilii muscle
The analysis of Corrugator Supercilii muscle EMG responses revealed a significant main effect of Modality (F3,51 = 3.10 p < 0.04 ƞ2p = 0.15), Emotion (F2,34 = 6.50 p < 0.01 ƞ2p = 0.28) and Epoch (F3,51 = 8.78 p < 0.001 ƞ2p = 0.34) factors. Moreover, the Modality × Emotion (F6,102 = 2.68 p < 0.05 ƞ2p = 0.14), Modality × Epoch (F9,153 = 2.32 p < 0.05 ƞ2p = 0.12) and Emotion × Epoch (F6,102 = 2.66 p < 0.05 ƞ2p = 0.19) interactions were all significant. 
Of most interest, a significant interaction of all factors Modality × Emotion × Epoch was also detected (F18,306 = 3.46 p < 0.0001 ƞ2p = 0.17) (see Fig. S3). Since we observed in behavioral rating analyses that Control stimuli had been successfully rated as neutral by SzSp participants, we accordingly contrasted separately for each modality, EMG activity recorded during Control stimuli with that detected during Laugh and Cry stimuli, as already done in the previous study where we employed the same paradigm [13]. Given that the principal aim of this study was to identify only EMG activations, we therefore focused our attention on emotions that in the previous study [13] had been demonstrated to be effective in eliciting EMG Corrugator muscle responses in each modality (i.e., cry in AVC, Audio and Video; and laugh in AVI, where participants saw crying while heard laughing).   
In AVC modality, post-hoc comparisons revealed that in SzSp participants Corrugator EMG responses significantly occurred only during the 1000 – 1500 ms time-epoch after stimulus onset (i.e. T3; p < 0.05). 

In AVI modality, instead, no significant activations were found (all ps > 0.05).

In Audio modality, particularly, Corrugator EMG responses occurred suddenly, even before 500 ms after stimulus onset, that is, in the time period spanning from 0 to 1000 ms (i.e. T1, T2; all ps < 0.05).
In Video modality, finally, Corrugator EMG responses appeared later, in the time-epoch spanning from 500 to 2000 ms after stimulus onset (i.e. T2, T3, T4; all ps < 0.01).

To summarize, EMG activations in SzSp participants emerged only in Corrugator muscle, during the following conditions: AVC Cry only in T3, Audio Cry in T1 and T2, and Video Cry in T2, T3, T4; whereas no activations were found in AVI Laugh condition. 
----- Please insert Figure S3 right here -----
REFERENCES
1. Gross G, Huber G, Klosterkötter J, Linz M: Scala di Bonn per la valutazione dei sintomi di base. Edizione italiana a cura di Maggini C & Dalle Luche R. Pisa, ETS Editrice, 1992.
2. Schultze-Lutter F: Subjective symptoms of schizophrenia in research and the clinic: the basic symptom concept. Schizophr Bull 2009;5:5-8.
3. Schultze-Lutter F, Ruhrmann S, Berning J, Maier W, Klosterkötter J: Basic symptoms and ultrahigh risk criteria: symptom development in the initial prodromal state. Schizophr Bull 2010;36:182-191.
4. Gross G, Stassen H, Huber G, Klosterkötter J: Reliability of the psychopathological documentation scheme BSABS; in: Stefanis CN, Rabavilas AD, Soldators CR (eds): A World Perspective. Amsterdam, Elsevier, 1990, pp 199-203.
5. Vollmer-Larsen A, Handest P, Parnas J: Reliability of measuring anomalous experience: the Bonn Scale for the Assessment of Basic Symptoms. Psychopathology 2007;40:345-348.
6. Parnas J, Handest P, Saebye D, Jansson L: Anomalies of subjective experience in schizophrenia and psychotic bipolar illness. Acta Psychiatr Scand 2003;108:126-133.
7. Parnas J: From predisposition to psychosis: progression of symptoms in schizophrenia. Acta Psychiatr Scand 1999;99:s395:20-29.
8. Parnas J: The self and intentionality in the pre-psychotic stages of schizophrenia; in Zahavi D (ed): Exploring the self: Philosophical and psychopathological perspectives on self-experience. Philadelphia, John Benjamins, 2000, pp 115-147. 
9. Parnas J, Bovet P: Autism in schizophrenia revisited. Compr Psychiatry 1991;32:7-21.
10. Raballo A, Maggini C: Experiential anomalies and self-centrality in schizophrenia. Psychopathology 2005;38:124-132.
11. Cronbach LJ: Coefficient alpha and the internal structure of tests. Psychometrica 1951;16:297-334.
12. Parnas J, Møller P, Kircher T, Thalbitzer J, Jansson L, Handest P, Zahavi D: EASE: examination of anomalous self-experience. Psychopathology 2005;38:236-258.
13. Sestito M, Umilta MA, De Paola G, Fortunati R, Raballo A, Leuci E, Maffei S, Tonna M, Amore M, Maggini C, Gallese V: Facial reactions in response to dynamic emotional stimuli in different modalities in patients suffering from schizophrenia: a behavioral and EMG study. Front Hum Neurosci 2013;7:368.

FIGURE LEGENDS
Figure S1. Experimental paradigm. Photographs illustrate examples of stimuli depicting Laugh (A), Cry (B) and Control (C). After exposure to each video clip, when the question mark symbol (“?”) appeared on the screen, participants were requested to verbally rate how much positive or negative the stimulus was perceived on a Likert scale ranging from - 3 (very negative) to + 3 (very positive), where 0 indicated lack of perceived emotional content.

Figure S2. Averaged rating scores detected for each modality (AVC: Audio-Visual Congruent, AVI: Audio-Visual Incongruent; A: Audio, V: Video) and emotion (Laugh, Cry, Control). Error bars represent standard errors of mean (SE).
Figure S3. Mean EMG responses recorded from Corrugator Supercilii muscle for negative-relevant emotional stimuli in each modality [AVC (Audio-Visual Congruent), AVI (Audio-Visual Incongruent), Audio (Auditory) and Video (Visual)] throughout stimuli presentation (T1-T4). Significant activations with respect to Control stimuli are indicated by asterisks. Y-axis: 100% represents the mean EMG response of the baseline. X-axis: Time-epochs (T1: 0 - 500 ms, T2: 500 – 1000 ms, T3: 1000 – 1500 ms, T4: 1500 – 2000 ms). Error bars represent standard errors of mean (SE).
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