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Abstract 

The inter-brain synchrony mechanisms during the role-playing and role-reversal phases of 
improvisational music psychodrama remain insufficiently explored. To address this research gap, 
the present study employed functional near-infrared spectroscopy hyperscanning to examine inter-
brain synchrony (IBS) in 46 participant dyads during role-playing and role-reversal tasks in 
improvisational music psychodrama. Behavioral results demonstrated significantly lower negative 
emotion questionnaire scores post-intervention compared to baseline. Neural findings revealed that 
the role-reversal task elicited significantly stronger intra-brain activation in the right frontopolar 
brain region relative to the role-playing task. Furthermore, the role-reversal condition induced 
notably higher IBS values in the right supramarginal gyrus compared to the role-playing condition. 
These findings elucidate the neural mechanisms underlying role reversal in music psychodrama and 
provide empirical evidence for future intervention studies. 

Keywords: improvisational music psychodrama; role reversal; functional near-infrared spectroscopy 
(fNIRS); inter-brain synchrony; hyperscanning 
 

1. Introduction 

Psychodrama, founded by psychiatrist Jacob Levy Moreno in the 1930s, is defined as “a science 
that explores truth through dramatic methods.” It aims to reveal not only external behaviors but also 
clients’ inner experiences—unspoken thoughts, emotions, and imagined perspectives [1]. A typical 
session comprises three stages: warm-up, enactment, and sharing, guided by five key elements: 
director, protagonist, auxiliary egos, audience, and stage [2]. Common techniques include role 
playing and role reversal [3]. Since the 1950s, international research on psychodrama has mainly 
focused on two aspects: empirical evaluation and theoretical development. Quantitative studies, 
often randomized controlled trials, assess its effectiveness in treating disorders such as eating 
disorders, substance addiction, and depression [4–6]. Theoretical reviews, in turn, aim to elucidate 
the mechanisms of its therapeutic action and refine its conceptual framework [7]. 

Both music therapy and psychodrama foster spontaneity and emotional expression, engaging 
clients as active participants in the therapeutic process. Building on these shared principles, Joseph J. 
Moreno integrated the two methods to create musical psychodrama, which combines musical 
improvisation and imagery with traditional psychodramatic techniques to achieve synergistic 
therapeutic effects. In this hybrid approach, the protagonist receives musical support while engaging 
in verbal interaction, allowing rhythm to deepen emotional and interpersonal resonance [8]. In 1980, 
Moreno’s article Musical Psychodrama: A New Direction in Music Therapy formally established this sub-
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discipline, followed by his foundational book Acting Your Inner Music, now translated into multiple 
languages and distributed worldwide [8,9]. 

The advent of hyperscanning has transformed social cognitive neuroscience by enabling the 
simultaneous measurement of brain activity across individuals, thus revealing mechanisms of inter-
brain synchrony (IBS) during social interaction [10,11]. Functional near-infrared spectroscopy 
(fNIRS), though lower in temporal and spatial resolution than electroencephalography (EEG) and 
functional magnetic resonance imaging (fMRI), offers advantages such as high ecological validity, 
low cost, and strong motion tolerance, making it ideal for studying naturalistic cooperative behaviors 
[12,13]. Hyperscanning dynamically captures IBS—the coordination of neural activity between 
interacting individuals—particularly in joint musical performance and appreciation. IBS is typically 
quantified using correlation, coherence, phase synchronization, and causality metrics, reflecting the 
strength and timing of neural coupling during shared tasks [14–16]. 

Musical psychodrama is an integrative therapeutic approach that combines music therapy 
techniques—such as musical improvisation and guided imagery—with traditional psychodrama. 
Rooted in Moreno’s psychodramatic theory, it emphasizes spontaneity, emotional expression, and 
self-exploration through creative musical engagement. Theoretically, musical psychodrama bridges 
psychodynamic and experiential frameworks, viewing music as a medium that enhances affective 
communication and facilitates catharsis [8,9]. Empirical studies have demonstrated that this hybrid 
modality effectively promotes emotional release, disrupts rigid response patterns, and deepens self-
awareness, showing greater therapeutic impact than either music therapy or psychodrama alone 
[17,18]. 

This study centers on two core techniques in musical psychodrama: role reversal and musical 
improvisation.Role reversal, often referred to as the engine of psychodrama, requires clients to exchange 
roles with their interaction partners, thereby viewing themselves from others’ perspectives. This 
process facilitates empathy, self-reflection, and integration of fragmented self-concepts. Empirical 
evidence confirms its strong therapeutic efficacy—meta-analyses and systematic reviews identify role 
reversal as one of the most effective and frequently applied psychodramatic techniques, significantly 
enhancing mental health and interpersonal functioning [19–22]. 

According to Clark’s Predictive Processing theory, humans cope with environmental 
uncertainty by constructing internal models that generate top-down predictions continuously 
compared with sensory input. The mismatch between prediction and perception produces prediction 
error [23]. In depression, rigid negative priors and cognitive immunization maintain pessimistic 
expectations, reinforcing maladaptive feedback loops [24]. Role reversal in psychodrama helps break 
these loops by enabling individuals to revise maladaptive priors through experiential perspective-
taking. This process promotes flexible reappraisal of negative events and alignment between internal 
expectations and external reality. Through dialogical interaction between the protagonist and the 
auxiliary ego, role reversal facilitates the integration of prediction errors into a coherent self-model, 
enhancing psychological adaptation. The mechanism involves three interconnected processes: signal 
modification, model updating, and generative reconstruction of interpersonal models. 

Musical improvisation is a form of musical creativity conceptualized as participatory sense-
making, where musical choices emerge through continuous feedback with a dynamically changing 
context [25]. Biasutti and Frezza identified five key dimensions—anticipation, emotional 
communication, flow, feedback, and repertoire use—and emphasized the importance of musical 
practice and foundational skills for fluent, expressive improvisation [26]. Empirical findings show 
that musical improvisation can be either structured (for trained musicians) or free (for untrained 
individuals). Studies revealed significant interactions between instrument type and skill level, as well 
as enhanced creativity during mind-wandering compared to focused states [26,27]. In therapeutic 
and educational contexts, musical improvisation facilitates emotional expression and reward 
activation in children, supports self-expression and social reintegration in dementia patients, and 
enhances memory performance in children more effectively than musical reproduction activities 
[28,29]. 
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Although psychodrama has been shown to effectively alleviate negative emotions, the 
mechanisms underlying musical psychodrama remain underexplored. Building on findings from 
role reversal and musical improvisation research, the former disrupts maladaptive cognitive cycles 
through perspective-shifting, while the latter facilitates emotional expression, reduces anxiety, and 
enhances social engagement without reliance on verbal processing [30,31]. Yet, empirical evidence 
on the neural basis of musical psychodrama remains scarce. This study proposes that integrating role 
reversal and musical improvisation within musical psychodrama fosters emotional release and self-
regulation through experiential interaction. We introduce an innovative paradigm—improvisational 
role reversal with the double technique—to investigate its neural correlates. Musical improvisation 
enhances intuitive affective expression and engagement, while the double technique externalizes and 
integrates implicit emotions [32–34]. 

Neuroimaging evidence indicates that role reversal engages prefrontal and mirror neuron 
systems (vmPFC, dmPFC, IFG, IPL, STS), supporting empathy, perspective-taking, and self–other 
integration [35–38]. Moreover, musical improvisation primarily recruits right-hemisphere regions 
(PFC.R, TPJ.R), enhancing connectivity within emotion and reward networks [39,40]. Accordingly, 
we propose: H1: Role reversal elicits stronger intra-brain activation in the FT.R region; H2: The role-
reversal condition produces higher IBS in the right supramarginal gyrus (SMG.R) than the role-
playing condition. 

2. Methods 

2.1. Participants 

A pre-power analysis using G*Power software (version 3.1.9.7, Windows 32-bit) revealed that to 
detect at least a moderate effect size with a test power of 0.95 in a central single-sample statistical 
analysis, 84 participants (i.e., 42 pairs) were required. However, due to data quality issues and the 
inevitable discarding of fNIRS channels with poor or lost data during the preprocessing stage, the 
final recruitment number decreased. Finally, through convenience sampling, 46 peer dyads with 
social anxiety were recruited from the research participation pools of undergraduate and 
postgraduate students at a university in China (N = 92; 36 female–female dyads, 10 female–male 
dyads). Participants were aged between 18 and 28 years (M = 20.130), and all had social anxiety scores 
of 30 or above. All participants declared that they had no confirmed medical or mental illness, were 
right-handed, and had normal or corrected vision. This study was approved by the local ethics 
committee of the first author’s affiliated institution. All participants are required to provide a written 
informed consent form before participating. A reward of 50 yuan can be obtained for the activity. 

2.2. Experimental Tasks and Procedure 

The experiment was carried out in a quiet room. The two participants of the duo sat face to face. 
Before the experiment began, after determining the theme and role to be role-played, the participants 
answered open-ended prompts on a paper template to familiarize themselves with the theme and 
role they had identified. The experimental tasks were explained in detail to each pair. The experiment 
consists of a task integrating an impromptu role-playing with a stand-in. The task lasts for 3 minutes, 
with 3 minutes of sitting still before and after the experiment. Before and after the experiment, 
participants were required to complete a brief questionnaire, in which they rated their negative 
emotions on a Likert scale (1 = completely inconsistent, 5 = completely consistent). These data are 
used for confirmatory analysis to ensure that the experiences under different role-playing conditions 
are comparable. 

The experimental task was an impromptu role-playing situation. Two professionally trained 
substitute teachers sat at a 45-degree Angle to the right rear of each participant (this position provided 
the protagonist with the greatest sense of security and support, and reduced distractions, 
symbolizing the protagonist’s inner strength and unperceived emotions). Before this, the two 
participants selected specific themes and roles for warm-up. The supporting role and stunt double 
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teachers were already aware of the key information expressed by the main character, the core theme, 
as well as the emotions and conflicting events presented. The specific experimental procedure is 
illustrated in Figure 1. 

 

Figure 1. Schematic diagram of the experimental design. Practice phase → Resting phase → Formal experimental 
phase → 30 s rest period (followed by one additional cycle). During the task, two participants engaged in a 20-
minute joint practice session to familiarize themselves with the theme of improvisational role-playing. This was 
followed by a 3-minute resting period after which the formal experiment commenced. In the formal task, the 
two participants first performed musical improvisation while the double provided verbal expression 
simultaneously. Subsequently, the double performed musical improvisation while the participants 
supplemented with verbal responses. Each task block lasted 3 minutes, followed by a 30-second rest period, after 
which the task cycle was repeated once. 

2.3. fNIRS Data Acquisition 

The instrument used in the experiment was a fNIRS system (SHIMADZU, Inc., JPN), model 
Lightnirs. This device employs continuous-wave measurements at three wavelengths (780 nm, 805 
nm, and 830 nm) to assess cortical hemodynamic activity. Changes in oxygenated hemoglobin, 
deoxygenated hemoglobin, and total hemoglobin concentrations were monitored using a modified 
Beer-Lambert law [33]. The system sampling frequency was 13.33 Hz. Each unit was equipped with 
8 emitters and 8 detectors, forming 20 measurement channels on the scalp surface. The source-
detector distance was set to 3 cm, with each source-detector pair defined as a measurement site for a 
specific brain region. These channels covered the right PFC, right dorsolateral prefrontal cortex 
(DLPFC), and the right TPJ. Regions of interest (ROIs) were identified using the fOLD toolbox (fNIRS 
Optodes’ Location Decider) in MATLAB [34]. Subsequently, the anatomical positions of the optodes 
and channel distribution were evaluated in a standardized 3D head model using the NIRS_SPM 
toolbox (http://www.nitrc.org/projects/nirs_spm/)based on MATLAB, yielding Montreal 
Neurological Institute (MNI) coordinates for the optodes and cortical localization probabilities for all 
20 channels [35,36] (see Table 1). 
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Table 1. The MNI coordinates and probabilistic cortical localization of all 20 channels. The corresponding 
Brodmann areas were identified using a brain atlas. Individual channels could cover multiple brain regions, with 
the sum of probabilities for overlapping areas not exceeding 1. Only channels covering more than 10% of a brain 
area were reported. 

Channels MNI x MNI y MNI z Brodmann’s Area P 

CH01 12 59 40 9 – Dorsolateral prefrontal cortex 0.82731 

CH02 13 73 15 10 – Frontopolar area 1 

CH03 42 29 50 8 – Includes Frontal eye fields 0.93886 

CH04 20 46 50 8 – Includes Frontal eye fields 0.91266 

CH05 24 65 26 10 – Frontopolar area 0.92015 

CH06 28 69 10 10 – Frontopolar area 1 

CH07 52 28 39 9 – Dorsolateral prefrontal cortex 0.67993 

CH08 34 49 39 9 – Dorsolateral prefrontal cortex 0.891 

CH09 37 65 10 10 – Frontopolar area 1 

CH10 45 49 15 10 – Frontopolar area 0.53648 

CH11 64 -64 6 6 – Pre-Motor and Supplementary Motor Cortex 0.97193 

CH12 66 8 19 6 – Pre-Motor and Supplementary Motor Cortex 0.45307 

CH13 70 -35 19 40 – Supramarginal gyrus part of Wernicke’s area 0.9125 

CH14 65 -29 50 40 – Supramarginal gyrus part of Wernicke’s area 0.45353 

CH15 69 -9 31 6 – Pre-Motor and Supplementary Motor Cortex 0.61489 

CH16 71 -10 0 21 – Middle Temporal gyrus 0.55882 

CH17 69 -49 13 22 – Superior Temporal gyrus 0.82026 

CH18 61 -38 40 40 – Supramarginal gyrus part of Wernicke’s area 0.65116 

CH19 72 -22 42 42 – Primary and Auditory Association Cortex 0.63125 

CH20 73 -35 21 21 – Middle Temporal gyrus 0.59621 

2.4. Data Analysis 

2.4.1. Behavioral Data Analysis 

Participants completed both the Negative Emotion Questionnaire and the Visual Analogue Scale 
(commonly used in short-term intervention studies to assess pre-post changes in anxiety) before and 
after the music psychodrama intervention. Independent-samples t-tests were conducted to compare 
pre- and post-test scores, in order to determine whether the intervention effectively alleviated 
negative emotions. 

2.4.2. fNIRS Data Analysis 

Preprocessing: All raw fNIRS recordings were preprocessed using the NIRS-KIT toolbox 
implemented in MATLAB 2024a [41]. Initially, signal quality was checked by visual inspection. 
Channels lacking a distinct cardiac rhythm (~1 Hz) in the wavelet spectrum were classified as invalid 
[42]. Overall, 96.576% of the recorded channels met the criteria and were retained for further analysis. 
Dyads were excluded only if more than 50% of their channels were flagged as invalid [43]; in the 
present dataset, no dyads were removed at this stage. Next, the optical density signals from the 20 
measurement channels were converted into light intensity values according to the modified Beer–
Lambert law using NIRS-KIT, and subsequently transformed into concentration changes of oxy- and 
deoxy-hemoglobin [41]. To address motion-related artifacts, polynomial regression was first 
employed to capture and subtract linear or nonlinear signal drifts. Correlation-based signal 
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improvement (CBSI) was then applied to further correct motion-induced noise [44]. Finally, to 
minimize systemic and environmental interference, a noise regression step was carried out to 
suppress global physiological signals such as scalp blood flow. A temporal band-pass filter (0.01–0.20 
Hz) was subsequently applied to retain task-related fluctuations while removing slow drifts and 
high-frequency noise [45]. 

Intra-brain activation: We concentrated on oxygenated hemoglobin (HbO) responses, as HbO is 
considered a more reliable indicator of neural activity than deoxygenated hemoglobin (HbR) [46]. To 
estimate task-related changes, a general linear model (GLM) was applied to each participant’s HbO 
time series. In this procedure, task epochs were convolved with a canonical hemodynamic response 
function (HRF) to build the design matrix, and β coefficients were obtained for every experimental 
condition [47]. Finally, independent-sample t-tests were performed on the β-values derived from the 
role-playing and role-reversal tasks to evaluate condition-related differences in intra-brain activation. 

Inter-brain synchrony: The preprocessed HbO signals (prior to filtering) were imported into 
MATLAB 2024a, and inter-brain coherence was computed using the Wavelet Transform Coherence 
(WTC) toolbox [48]. For each dyad, coherence values were obtained across 20 channel pairs, 
providing a measure of the temporal correspondence between participants’ HbO time series. The 
resulting coherence estimates were then converted using Fisher’s Z transformation to normalize the 
distribution. To identify relevant frequency ranges, a data-driven approach was applied to compare 
coherence values across the two task conditions (role-playing vs. role-reversal) [49]. Independent-
sample t-tests revealed a significant difference within the 0.121–0.144 Hz band, which was defined as 
the frequency of interest (FOI; see Figure 2). This FOI was further confirmed through post hoc FDR 
correction. Importantly, this range excluded major sources of physiological noise, including blood 
pressure oscillations (~0.1 Hz), respiratory rhythms (~0.2–0.3 Hz), and cardiac cycles (~1 Hz), thereby 
minimizing contamination from systemic artifacts [50]. 

 

Figure 2. FDR-adjusted p-value map for task comparison. Inter-brain synchrony (IBS) was markedly greater in 
the role-reversal condition than in the role-playing condition, with the significant frequency window spanning 
0.121–0.144 Hz. The blue boxes highlight the designated frequency of interest (FOI). 

3. Results 

3.1. Behavioral Results 

An independent-samples t-test was performed on both the Negative Emotion Questionnaire and 
the Visual Analogue Scale scores, revealing a significant main effect of time (negative emotion: t = 
3.417, p = 0.001; anxiety: t = 2.655, p = 0.009). Follow-up analyses showed that both negative emotion 
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and anxiety scores were significantly higher at pre-test compared with post-test (negative emotion: p 
= 0.001; anxiety: p = 0.009). 

3.2. Intra-Brain Activation Results 

Independent-sample t-tests were applied to assess the influence of task type on intra-brain 
activation across 20 measurement channels. A significant effect of task condition emerged in CH05, 
located in the right frontopolar region (FT.R). Specifically, CH05 showed a reliable difference (t = 
3.004, p = 0.049), with post hoc comparisons confirming that the role-reversal task elicited greater 
intra-brain activation than the role-playing task (p = 0.049). A visualization of intra-brain activation 
patterns is displayed in the heatmaps shown in Figure 3. 

 

Figure 3. Heatmap of intra-brain activation by task condition. Neural activation was greater in the role-reversal 
task compared with the role-playing task. The highlighted red region marks the significant channel, CH05. 

3.3. Inter-Brain Synchrony Results 

Independent-sample t-tests were performed to evaluate task-related differences in IBS across 20 
channels. A significant effect of task type emerged in CH19, corresponding to the right supramarginal 
gyrus (SMG.R). Specifically, CH19 showed a reliable difference (t = 3.234, p = 0.046), with follow-up 
analyses indicating that the role-reversal condition elicited stronger IBS values compared with the 
role-playing condition (p = 0.046). The spatial distribution of these effects is illustrated in the IBS 
heatmaps shown in Figure 4. 
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Figure 4. Heatmap of inter-brain synchrony (IBS) across task conditions. The role-reversal task elicited stronger 
IBS than the role-playing task. The red-highlighted area marks the significant channel, CH19. 

4. Discussion 

Although prior studies have examined cerebral activation and inter-brain synchronization 
during psychodramatic role-playing and role-reversal, the distinct neural mechanisms underlying 
improvisational music psychodrama remain unclear. To address this gap, the present study 
employed an improvisational role-reversal task incorporating the alter ego technique and fNIRS 
hyperscanning to explore how musical psychodrama regulates negative emotions and its neural 
correlates. Results revealed a significant reduction in negative affect following the intervention. At 
the individual level, the role-reversal task elicited stronger intra-brain activation, particularly in the 
right frontopolar cortex (FP.R); at the inter-brain level, it induced higher synchronization in the right 
supramarginal gyrus (SMG.R). Activation in the frontopolar cortex suggests enhanced cognitive 
control during emotional regulation [51], while increased SMG.R synchrony indicates engagement of 
the mirror neuron system, facilitating action understanding, empathy, and interpersonal resonance 
[52,53]. Collectively, these findings provide neuroscientific evidence that role-reversal in musical 
psychodrama alleviates negative emotions by activating prefrontal regulatory networks and mirror 
neuron–based social cognition systems. 

Research indicates that role reversal, a core technique of musical psychodrama, effectively helps 
children understand and express emotions, enhancing emotional comprehension, empathy, and 
social interaction [54]. In psychodrama integrating role and object relations theories, role reversal 
externalizes internal objects and bypasses repression mechanisms [55]. Musical improvisation has 
demonstrated therapeutic benefits across clinical populations, including mitigation of neurological 
and psychological symptoms, reduction of stress and anxiety, and improvement of communication 
and joint attention in children with autism. Free improvisation has been shown to significantly reduce 
performance anxiety [56], while improvisational psychodynamic music therapy alleviates depressive 
and anxiety symptoms through modulation of cortical activity in fronto-temporal and temporo-
parietal regions [57]. Furthermore, the double technique activates the mirror neuron system through 
observation and imitation, fostering intuitive understanding, emotional resonance, and perceived 
social support, which in turn reduces loneliness and negative affect [58]. Taken together, these 
findings provide empirical support for Hypothesis 1: Role reversal–based musical psychodrama 
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significantly alleviates negative emotions, establishing its efficacy in emotion regulation and psychological 
support. 

This study yielded two principal findings. First, the role-reversal task elicited significantly 
greater intra-brain activation in the FT.R than the role-playing task. According to predictive 
processing theory, role reversal involves integrating adaptive elements from others’ cognitive models 
rather than abandoning one’s own, following a “adopt–enact–create” pattern. The inclusion of 
musical improvisation introduces emotional memory updating, consistent with the functional role of 
the frontopolar/orbitofrontal cortex in emotional memory revision and reversal learning [23,59,60]. 
This finding also aligns with prior research showing that musical improvisation enhances 
connectivity within emotion and reward networks while modulating activity in the right PFC and 
TPJ [39,40]. Second, the role-reversal condition produced significantly stronger IBS in SMG.R. This 
effect reflects mirror neuron system (MNS) engagement, supporting imitation, intention inference, 
and empathic processing. The SMG.R functions as a higher-order hub integrating perceptual–motor 
information for social cognition, consistent with evidence that both SMG and IFG exhibit perception–
action coupling during self- and other-related actions [34,52]. Furthermore, prior meta-analytic 
findings demonstrate that musical activities enhance IBS across frontal, parietal, and temporal 
regions [61]. These results collectively provide empirical support for Hypothesis 2. 

This study has several limitations. First, the fNIRS device’s limited channel capacity confined 
measurement to PFC.R and TPJ.R; future studies should examine additional brain regions to enhance 
generalizability. Second, as this work focused solely on improvisational role reversal, subsequent 
research should compare musical improvisation with verbally based traditional role reversal to 
clarify the distinct neurobehavioral mechanisms underlying musical psychodrama. Finally, gender 
effects were not analyzed; future investigations should systematically explore how gender influences 
behavioral performance, brain activation, and inter-brain synchronization to advance understanding 
of interactive dynamics in musical psychodrama. 

5. Conclusions 

This study employed fNIRS-based hyperscanning to examine the neural mechanisms through 
which role-reversal techniques in musical psychodrama alleviate negative emotions. Results showed 
a significant reduction in negative affect among participants engaged in musical psychodrama role-
reversal. Compared with role-playing, the role-reversal task elicited stronger intra-brain activation 
in FT.R and higher IBS in SMG.R. These findings elucidate the neurobiological basis of emotion 
regulation in musical psychodrama and suggest that IBS may serve as a potential neural marker of 
therapeutic efficacy, offering new directions for future research on psychodrama mechanisms. 
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